WD 01/ 84879 PCT/ SE01/ 00853 A METHOD AND AN ARRANGEMENT FOR MANAG NG PACKET
QUEUES IN SWTCHES Field of the invention 5 The present invention rel ates
to a net ivoooasud7an arrangenent for managi ng packet queueBCT/RE®&vI0833hes. The
switch has a shared nmenory split in a small internal nenory and a | arge
ext er nal rrermry There is limted bandw dth to the external nenory.
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transmission flow control system having a divided buffer. The Japanese published
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Thus, there is a need for a queue management system in packet switches

enabling the internal memory and queues to co-operate with the external memory,

30 without unnecessary blocking output ports serving well-behaved traffic. The
amount of data sent through the external memory should as be as small as possible.
The invention solves the problem by dividing the incoming data stream intended for
one output port into one part corresponding to the capacity of the output port and a
second part to be sent to the external memory. The division of the data stream is

35 performed on a priority and/or flow group basis. Also, data is integrated back to the
internal memory such that the packets are not reordered within separate data flows.

Summary of the invention

The invention provides a method of managing packet queues in a switch
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figure 2 is a schematic illustration of the data flow, and

figure 3 is a schematic illustration of priority groups of the data stream.

25 Detailed description of preferred embodiments

The general function of a switch is to forward data received on input links at
a number of input ports to output links at output ports. The data is in form of
packets and each packet has its own destination address corresponding to an output
link.

30 In figure 1, the memory structure of a switch according to the present
invention is shown.

The switch comprises a chip 1 having a primary memory for temporarily
storing data packets received on the input ports 2 before they are sent on the output
ports 3. The primary memory is generally a small and fast memory internal on the

35 chip. A logic function block 4 on the chip detects address portions of the data
packets so that the data packets are forwarded to the appropriate output port.

According to this embodiment of the invention, data packets are not stored at
the input ports 2, but are stored at the output ports 3 in buffers or output queues 5
awaiting their turn to be sent on the output links. Each output port 3 may have a
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(external) memory instead of the whole data stream when it becomes larger than the

output capacity of the output port. Thus, it may be seen that a first part A of the data

stream is sent to the internal queue of the primary memory and a second part B is

sent to the external memory (via the store queue 6). The first part A may be selected

30 alittle smaller than the output capacity D of the output port, so that a small data

flow C may be integrated back from the external memory to the internal queue for

reasons that will be explained below. The division of the data stream results in that

the capacity of the output port is always utilised to the largest possible extent. The

output port will not be blocked by diverting the whole data stream to the external

35 memory.
To divide the data stream, the switch must be able to separate the packets

into identifiable flow groups. As is discussed below, the identification can be based

on priority or some other non-priority (hash) value. Each output port has at least one

queue. As every queue requires space, the number of queues should on the one hand
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25 on that part, so that the packets will be evenly distributed in four groups, provided
that the data parts are randomly distributed. Suitably, flow information is used that
is constant during a session, e.g. an originating or destination address part of the
data packet. This will result in that there is a logical continuity within the hash
groups.
30 As is shown in figure 3, the priority groups are subdivided into hash groups 9
(shown only for group 2). Since all the hash groups within a priority group have the
same priority, any one of the hash groups can be selected without breaking the
priority order. This means that it is possible to select a hash group currently having
the most suitable amount of traffic in view of the varying traffic loads among the
35 hash groups.
The incoming traffic is sorted and directed to the appropriate output queue.
In order to achieve a suitable division of the data stream, some sort of measure of
the load on each queue is required. The simplest way is to calculate or set a fixed
value for each output queue, e.g. an equal part of the total load. A better result is



the | oad on each queue is required. The sinplest way is to calculate or set
a fixed value for each output queue, e.g. an equal part of the total | oad.
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25 threshold must still be set just under the hash group so as not to risk overflow. If the
traffic load varies, the threshold cannot follow until the external memory is emptied,
and the threshold may appear too low for a period.
The division threshold is set dynamically so that it may be adapted to the
current traffic situation. With reference to figure 3, it may be moved downwards,
30 i.e. more flow groups are sent through the external memory, or upwards when flows
are integrated back to the internal flow. Switching more flows to the external
memory is straightforward, since the order of the packets is not disturbed.
The idea with the external memory 7 is that the data after a time should be
returned and integrated back into the flow and then sent to its respective address.
35 (After a long time, some data may be discarded.) Thus, when it is detected that the
data flow in the first part A of the incoming data stream is decreasing, i.e. the direct
flow to the internal queue in the high priority and hash groups is decreasing or the
capacity of the output port 3 is increasing, it is possible to send packets also from
the external memory 7. Thus, when the traffic in part A is decreasing, the scheduler



data flowin the first part A of the incomng data streamis decreasing,
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it is possible to send packets also fr&em the external nenory 7. Thus, when
the traffic in part Ais decreasing, the scheduler WO 01/ 84879
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division thr € m)veg}?n 1psot agart u1 gﬁrlt group
Cor hash or oo Fope ebfusR i S Mgl BhridS ket o ooty hash
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| nt er naI auu@dﬂee satpe quaue Wé@lkéh%qmwegs @up)twdpﬁ)es/mam thad novlealeipriorig
ext er nal o IBPRY ¥mptisA LA theeBtal PRoihe ext ernal nmenory. If the external

f’ ﬂe”ﬁf‘?é?. 3 y'ﬁg,w?ﬁrp%oz pdandi tehdas 8%%%«3 SahE HRESOReIGRBeR BV (e data
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included in the data stream flowing directly to the internal queue. In this example,
the threshold is placed between groups 4 and 5. However, before group 4 is
switched to the internal queue, the data packets in group 4 previously stored in the
external memory 7 should be sent from the external memory. If the external
30 memory 7 is emptied of all the data packets belonging to group 4 before the priority
group 4 is switched this means that the order of the data packets is preserved. Thus,
the priority group 4 in question is not switched immediately to the internal queue.
The incoming packets in priority group 4 continue to be temporarily stored in the
store queue 6, but they are not sent on to the external memory 7. First, the external
35 memory 7 is emptied of data packets belonging to priority group 4. When the
external memory 7 is empty in this group, the contents of the store queue 6 is sent to
the internal queue. Then, the incoming data stream in priority group 4 is switched to
be sent directly to the internal queue.
If the division threshold is to be moved in the other direction, i.e. the traffic



store queue 6, but they are not sent on to the external nenory 7. First,
the external 35 nenory 7 is enptied of data packets belonging to priority
group 4. winens4she external nmenory 7 is enpty in this groRQT/SEN®8BNt ent s
of the store queue 6 is sent to the internal queue. Then, the incom ng
data streamin priority group 4 is switched to be sent dlrectly to the
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possible. The order of data packets is preserved within each session when returning
25 data from the external memory.

A specific embodiment of the invention has been shown. A person skilled in
the art will appreciate that the numbers of ports, priority and hash groups etc may be
varied without departing from the scope of the invention which is defined by the
following claims.



CLAIM5 1. A nethod of nmanagi ng packet queues in a switch having a limted
primary nenory including a nunber of queues for switching data packets
bet ween iwpuot/s4sports and out put ports, and connected to aPCESB@Eroo83condary
menory al so including a 5 nunber of qugues, conprising the steps of:
dividing a data streaminconmng on the input ports intended for respective
output ports into two parts, of whighafggfirst part contain flows to be

sent to an_ outp ort queue of the primary nmenory and the second part
contain fl (l)wsAtDéeti?@g of apanagyg packebaveieany aviphyhaving 2 lintited prinssy

accor di ﬂﬁeh@rﬁh@dlﬁdﬂag a/\ﬁ‘@rhﬁblnoﬂ u@@‘f@r fbitéhigg ﬂﬁfﬁ%k@@rﬁetWt%en fled in a
third nenor rtcfefore it ent b econdar nmenor The hod

accor di i Quipibp WT qg)npﬁge PAEChE A Ysg ‘%@ta SOMBRBIANE At er nal
on a éhlmumbet shpueses,cruapysing tins stepsofixt ernal from the chip. 4. The

stor e queves JoRi9g st Pehm IRGTHR drtfe sinlhoTRIRlGe B RSHEREST i ng 10
cl ai m 1, ouwthetponts inte teatpartsf of whichrtbe firsigpagticentaist flesasrto be seteriviahi ed as
bel ongi gyt Cﬁcd,& ugué)HP?neﬁ‘?rﬁ gflln% o2y QHA tﬁé)ﬁl%c?:na Vgagr@omaums &b {' ovs. 6.

The net ho to cltaim ere| n eac oup contains traffic
20 with S&ngbzeﬂxerseeon%a PENEE- and the division of the data streamis

per L qoned Qucifrhét firthoPadberdiag t@tcla‘ihpwm@@ﬁlsth@{c@@g{ @&;sﬁgoﬁe&gtli gpt f lt 8

sai u Q rim irs a w

gr oupg greéléﬁt %gdfrﬂgn?é%gﬁﬁ?%lgﬁﬁwpﬁﬁ?ﬁeqwagéwlﬁart the sel ection

3e| ng based. dthd imfetﬂadaabmedlmg to ichainr2jevhdrein mdcmimzﬁﬂy&némbsy 1mfetﬁt of tﬂed
ata str [t e net ho

accor di Aemstg b Bl lin FRARC coBiablReBbS ) B8 ilp Bl T oot 10

a fixed vaFlueThQBmeﬂThEi asohdidgae e hovharen therthBd mémori is ptrheldledad val ue

is's @{5@”& n the flow groups. 9. The

met hgg accor I n%b?%l%lﬁtgl r% E@?el n@gg%%ﬁ%t a packet of the incomng 30

data streat | Eheasthadeaccardingrio ¢laiel, b’é@@él é@ﬁﬁs@%‘ﬁlﬁ ippgmingdarmat i on and

the fl M@E@i&ﬂﬂeﬁﬁﬁe(ﬂ Qs Bednbih eb]@ﬁﬂo@ @p cbftaiding amet hod
accordin rﬁg?ru?@m 9, wherein the di VI SI on “of the ta streamis perforned

such th OWHE f1 ow groups are selected to be sent to said queues
of the pri darfhemrathiod accotdiagfto cktimp® rwheraidedcheflot peoud tovamsatyficar e sent

20, S BSCRRLRIY TR TR B kB ST, B PR B
The rret hotumbenpbifloy groups afnscdectedtr bé sertthie sahaltcalquas: kéthe mimate i ncom ng
oo o, 1 RAERSRIL f6 p yB oS LLPT SR SERIB TS, 10
memory 1n the second part, the selectlon being based on e load value, in order to
adapt the first part of the data stream to the current capacity of the output port.
25 7. The method according to claim 6, wherein the load value for each flow group
is set to a fixed value.
8. The method according to claim 6, wherein the load value is set by measuring
the amount of traffic in the flow groups.
9. The method according to claim 5, wherein each data packet of the incoming
30 data stream is assigned a hash value based on constant flow information and the
flow groups are formed by means of the hash value.
10. The method according to claim 9, wherein the division of the data stream is
performed such that a number of flow groups are selected to be sent to said queues
of the primary memory in the first part, and the other flow groups are sent to the
35 secondary memory in the second part in order to adapt the first part of the data
stream to the current capacity of the output port.
11. The method according to claim 5, wherein the data packets of the incoming
data stream have a priority value and are identified as belonging to priority groups
and the flow groups are formed by means of the priority.



WO 01/ 84879 PCT/ SE01/00853 9 12. The nethod according to claim5, wherein
the data packets of the incomng data streamhave a priority value and are
assi gned wo hasfs7oval ue and the flow groups are fornmed by PE€RABI1GI8I3he
priority value and the hash value, eachh flow group having a certain

conbi nation of priority value and hash value. 5 13. The nethod according to

claim 1l ofok ' ; ' ] i ng the
sare pr r?‘%gjtea%f%?ﬁl%&%ﬁ%ﬁteﬁ% S oAl hack YRGS

wher ei n $3t@ SHpamMdayR agriqriy alucandieasmiensd phiesl vablg aaddhe float eprumsr ity
ar oups  haxeifoened by inédrs\ofaRoelostytyaus bl thé RaseShkel AL eNbxdp sai d
queues e prinar mor.y in the firs rt, e priority groups
havi ng glaﬁ'ﬂl?%?icf’?a%g%aﬁ@ﬁ{lénPﬁpjélgﬁg’f Haléfpér‘%ggﬁlshivﬁf@he secondary menory in
t he sécondl1parie methodTveonding ool chimol dontL twherkai ambmbehef gueued donndiar of
flo r | of the primary nenory and the

ondar o bfios BRZhEMEA, FAGHIVANE Paim 1 wherel

secondary . _ ng to claim1, wherein the division
of the dat a4sthemeihogd acrorgisgtocknea, 11sd 2tdral3, mhereiotthe divasionaif thérdatal ows of

the fir i - : t capacity of the
out put ?ﬁé%’; ifgﬁfd%ﬁ%ﬂ?gﬁh"%ﬁ cé%ﬁg?é%‘%%%‘?%‘?%? IR RED RS RRRRE,
out put

ho | 3
argsephto saidi gReesdrthe Prignagy merpory i the dirgt-pagh whide The

net hdd aei@ity goupoheviagm prforityttl @l Raldn@rdsabRl arelsetio waRacdddarpf the 20

output ports is set b asuring the traffic passing the output ports. 19.
The met HBSWE%H?@T%;CC%B&%F‘% m 1, wherein a schedul er sel ects packets from

t he pri mar ¥5 iEromgtiadadchsding ¢o obiamys, vemarein. a @0mbdihef fletvhgrdupsaer di ng to

| ai m 19 | - £ f [
merory, FRACUE B ary e Sy SheRr il uRAG B dary hAObE® B o T
packets frdf Th@m&mﬁwpwlnﬁﬁ@ﬁh@ﬂl whereinrtbe idbdisincdithie dgtat sbraaiaism 19,
wher gisn JeiorfiRida s b At ehS tdiaMBad oP ThOHbRY of YiRd ﬂfsﬁgaﬁqs 1diSeSHARY 'etaﬁgls el ects

packets on a strict priority basis fromthe primary nenory an
secondarly th%ﬁ‘ff@{/?u@ﬁgcﬁlﬁacﬁé{&f SONRVEPPHE same priority, packets fromthe

primary neddrPhevetttr] aebedingitd 8laim3Ib, 22herdinehaesthbouPac odfticity dfahe! ai m 21,
wher ei n t"ﬁﬁ {)ut uf ﬁg{ts sh&re t he same bandwi dth fromthe secondary
menory, AHay 1545 %g‘lxg ]rlr‘&vm dth is occupied by the other output
ports, as 3$8erhd methashaccordipgto phaim, 1€, vehereintthe sathbdutpet cagasitglifeht o r ead

25, Phe Pl [RBEY mdBN i, S A g s Bile DY BB TP o ot e back from
the second@rThamethod aordiag e chaamyl, velkaseip a sghedulen selsttsitaekeisiframi ng
steps: tie p_rfrﬂléijg Ihgmbpfaﬁ@Hpevsﬂgggngg@qﬁelhgrfhe secondary nenory i s bl ocked
and stor ede.nT ﬁe r%ethod according to claim 19, wherein the scheduler first selects packets
from the primary memory, then, if the primary memory is empty, the scheduler
25 selects packets from the secondary memory.
21.The method according to claim 19, wherein the data packets have a priority
value, and the scheduler selects packets on a strict priority basis from the primary
memory and the secondary memory, and if packets have the same priority, packets
from the primary memory are selected first.
30 22.The method according to claim 21, wherein the output ports share the same
bandwidth from the secondary memory, and, when the whole bandwidth is
occupied by the other output ports, as seen from one output port, then, the scheduler
is able to read from the primary memory, even though the priority order may be
broken.
35 23.The method according to claim 2, wherein flows are integrated back from the
secondary memory to the primary memory, by means of the following steps: the
flow in the relevant group to the secondary memory is blocked and stored in the
third memory, and the queue of the secondary memory is emptied; when this is
done, the contents of the third memory is moved to the internal queue of the



third nenory, and the queue of the secondary nenory is enptied; when this
is done, the contents of the third nenory is noved to the internal queue
of the WvO01/84379 PCT/ SE01/ 00853 10 primary nenory and PO®RSE@/megmnt fl ow
is switched to the first part. 24. Thggnet hod according to cl aim 23,
wherein the integration process only starts if the I engths of the

respecti 9@%@ gt i menory are snall er
t han preIde g%lﬂﬁg}j&g a?llt}glslé%] %Clﬁtaaccﬁg? i 0 claim 23, wherein
the integré 5‘6&?@@ Hhagsaccording fe é@@pﬁ%mhqrelntth@mtéﬂwnmmtsw ad¥pect i ve

queue ofstﬁ@@ﬁﬁ@w@hyom@%ypercm@aue@&qyﬁh@ se@idPneh oS H theltgagi ng the

bl ocking in the t lg ‘g on the flowto the secondary
nenory. D& Oﬁérerﬂpﬁ ﬁ%@%@%l?ifeﬁﬁmlﬁe ]Vgll ‘1, wherein at |east one flowin
the fiSrst P&arThd metidl amoeding do t:h&mSZéh@mbrﬁarthe intbgtationl jradeswsfist he fl 0\35
currentl i e [eam exceeds
tﬁe capaéelt %(?,S Elttaﬂéoltgﬁ gthtéft% rgﬁe t}vé’ H&ger ?gﬁég%ﬁ%ﬁgﬁﬁégﬁﬁe& packet
queues mbcaemetrtam walderhy 1 daﬁmgt&aa bleaking iy theghidynemotydindgeralingwoer  of

queues f1ok fRWY tCTH\BcHREAY Qg&gggs between input ports and output ports,
econdary menory, also 15 including a nunber of

and connec er
queues, &rgdnﬁlﬁ’&h g eT41BE Q| CAFia; Ingvherein & %QSFQQ%ﬂ%B?ﬁmgﬁl‘éhP@%ésl nput

por t 40i rlh@ﬂél@ﬁb fiRrsecoed p@ﬁtﬂf\ﬂ@e maﬁmﬂth@@rom du@ﬁ@lﬂfy%cd&eatiﬁ theofirsthpiagth t he
first par conta i n ort queue of the primary

%1? t to an OLFE A
menory atdf FRCURIDg %a‘ir‘fa%ﬁ? Pe SRRACLY Olfae QUL PO he secondary
menory. 20228\n ‘ﬁhangeman(gbmmnﬂnagmg)pa:hkmgqumesIlalamwﬂf’ch hhengarirhhed dat a of

h
Lhe eomBAl ool gy ShAThY Ludubbl O IRRSIY, RERGTR K SuBEphRethe
primary mpubmrts andoutpys poﬁemndycqnm@nedéo adaur@r stdomdarpimeneoryedsndar y
menony |1§1le% Q%'urrftfg?@fﬁgéué‘shb&ngrﬁﬁr&-rhe arrangenent according to claim

29, wherein i ded as store queues formng part of
the prinmary ri%?ﬁﬂsyfm §1V1dtﬂgea é@%ﬁ@@@éﬁ@owwathﬁgmwt poEs tondedisr ei n t he
data of ﬁebpedtmqmtm pdi@tlﬁtcstw@gmtg ofiveioh ithd ﬁﬁkt ?ﬁrtbﬁin@eﬁﬁ Iﬂt@vé © hé it

h fl nb t
ccor af g ouepd aets 510 AT B Pl e By Ao e kAR nert ssplBRATVE Dy {1

speci fi cbd mdtw&iaﬁe,coadmtytrhmndtyvi si on of the data streamis performed such

that ,g numberipf,f ARl REUEEH 89, hAcRTn AR dach rSRL Sbbiglgs, of the
pr|mary nefio an PEINEPRIPE 1 o the
secondariy Smﬂ%ﬂlyalthlrdmem@ﬁfdmfoﬁalms Setnhéoms@@ondmybeemgmased on the | oad
val ue, i n29rﬂ%a&&g@ﬁ&ﬁ aw@rdiﬁgﬁ}cwﬁa ©80fhbREn B FristhlP BN GyliBg current

capacity. of the output
P yfast memory lijmtermal ona (ﬁllp and the secondary memory is external from the chip.

30. The arrangement according to claim 29, wherein the third memory is
25 provided as store queues forming part of the primary memory.
31. The arrangement according to claim 27, wherein the data of the incoming
data stream is identified as belonging to flow groups, each flow group containing a
number of flows.
32. The arrangement according to claim 31, wherein each flow group contains
30 ftraffic with a specific load value, and the division of the data stream is performed
such that a number of flow groups are selected to be sent to said queues of the
primary memory in the first part, and the other flow groups are sent to the
secondary memory in the second part, the selection being based on the load value,
in order to adapt the first part of the data stream to the current capacity of the output
35 port.
33.The arrangement according to claim 32, wherein the load value for each flow
group is set to a fixed value.
34.The arrangement according to claim 32, wherein the load value is set by
measuring the amount of traffic in the flow groups.



33. The arrangenent according to claim 32, wherein the |oad value for each
flow group is set to a fixed value. 34. The arrangenent according to claim
32, wher avaoi/bu879 oad val ue is set by neasuring the anbunPCODREdwm@8s3i c in
the flow groups. WO 01/84879 PCT/ SE01/1Q0853 11 35. The arrangenent
according to claim31, wherein each data packet of the inconing data

£l ow or Lﬁp?ﬁ%@ flafaal a‘é%ﬂ%%%s&ﬁnﬁmc%af Atall Ol BLREMBE N _and the
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sai d queue rimary me an er ow
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adapt 5t hstrefain fstpqmﬁjrtnadf suchhikatdahamber ebffotvazrbhps anersetsttepeesdnt tof t he

out put p r I I.n. the data
packot s oid pdfes ol tie BEERAS SHERLAARARE HRELE Rathbier 7 GBS, ¢

i dent i f i ssat xsthseleongdary memopyr 1rbﬁh|etsyc<grcbpm inaptfler e ad:miWhg rﬁnstmaraoﬁ f or med
by rrean&hefdatahﬁréa&ﬁ%tﬁacurﬁerﬁcaﬂmtﬂ)fr@e%gﬁﬁ;po%pcord' ng to claim3l,

wherein th ackets o stream have a priority val ue
and are aSSVdﬁ%a@a%ﬁemﬂcﬁ%f%tq q;,lgun oWh§redn Hae ﬁ@@ﬁa@k%@fﬁ@e means of

the o th@)ﬂllﬂg’ﬂlﬂ&l@ sdeent ey o ﬂoM@J Viue aﬁ@Iard‘ id@ﬂtlﬂiédgé GeRniAYd fi0 a certain
conbi nati on.of priori \ Iue and hag‘g i tgﬁ arra errent accordi ng
to clai MEFIer ggps% ﬁ'éqﬁo‘é’ AR ﬂaﬁ‘ér?@éne%rﬂ ?IPFIIO ‘gr oups havi ng

t he same pBBOFhd yrramdeneent4@cortineg t claimg8ienhersin oicldatg paoketk aif the37, 38 or
39, wher; rf

i o 1yt el 4 louBAAE hE AR AR ST LA ¢ sen
to sai d fewgeups anerferlpcd %arryearérﬁrthe priotie valuesndphe hasiwhilue, gachoiowy

groups mgglael é@éﬂtéﬁi c%%hﬂiﬁ‘éﬁ? Gf}gﬁé 18e 3h&ha&alue, t he secondary
menory [ e_second part e ran enent according to claim 31,
wherein a A %a%angq%wt@ﬁs 11&1?% S/ S, Mheseint miraber of JUes pr i mary

memor y mtalhmmwmmm@ysanz@pﬁam mgu@rrangenem according to claim
di vision of t perf or. d sotha&the

27, wh

Cotaltoacr T Eriadiehsrcetiing flaisd pr 7€ or oDRheriA T SR NERAF to  ne

total oulgtattreapds peyfonhed bectotitap ptiopior gmoupd Baviligen priodtygeymrta divghoni ng to
| 4

o 11 200 e RS P B8 quelt i e BRREL L imAhont BN YRTe 7 Fhe

total OWRIPUILYPHRS h@vmgapzmr@ﬂda:qbw sgm}ﬁlsesml e dept tfea@wccmeume traffic

passi ng ﬁlgﬁlogqurptﬁe RRbh§ naftd>. The arrangenent according to claim 27,
wherein a a&;rﬁ?u er sel eg packets ~ framthe primary nmenory and the
secondary g/arrangement accordmg to claim 31, wherein a number of ﬂow groups are

assigned to each queue of the primary memory and the secondary memory.

25 42.The arrangement according to claim 27, wherein the division of the data
stream is performed, so that the total load of the flows of the first part is lesser than
or equal to the total output capacity of the output ports.

43. The arrangement according to claim 42, wherein the total output capacity of
the output ports is set to a fixed value.

30 44.The arrangement according to claim 42, wherein the total output capacity of
the output ports is set by measuring the traffic passing the output ports.

45.The arrangement according to claim 27, wherein a scheduler selects packets
from the primary memory and the secondary memory.
46. The arrangement according to claim 45, wherein the scheduler first selects

35 packets from the primary memory, then, if the primary memory is empty, the
scheduler selects packets from the secondary memory.

47.The arrangement according to claim 45, wherein the data packets have a
priority value, and the scheduler selects packets on a strict priority basis from the
primary memory and the secondary memory, and if packets have the same priority,



46. The arrangenent according to claim45, wherein the scheduler first
selects 35 packets fromthe primary nenory, then, if the primary nmenory is
enpty, tveoossfsedul er sel ects packets fromthe secondary PE€ISEY/00438. The
arrangenment according to claim45, whgnpein the data packets have a
priority value, and the schedul er sel ects packets on a strict priority

basis fr rl t ary nenory, and if packets
have theﬁa[sakéﬁqg?lpot;lig?;#n%qgﬁ 8@5% ngé%fegﬁﬂél ‘00853 12 packets fromthe
primary mefior NGrgangsgraentageerding to dgim $eWheran femewpunpeds shaig the cl ai m
47, \Aher@iméb bdﬁﬁiv@i'dl{tlﬁﬂ*omnﬁﬂ’lfet secohddr® é{lﬁﬁprﬁ aneg, @ﬁ_@ﬂ\éﬁ%@vﬂgié @Aﬂdﬁh@t}ﬁﬁfon ?ar y
menory, and,.when ol e bandw i occupi e e ot her_ outpu
ports, a%CCEB%XHm%th B‘HPBEPO%%@IS,SG?IHgﬁ,m ?]ﬁ%g‘é@l}@ﬁéﬁe? g, ﬁ? s&BF‘EUIFB read
f r om theis pbierarneaddimon yhe priemary hongdryt becrpthioagh ttye pridety omier bexy the oken. 49.
The arr eppnt according to claim28, wherein flows are integrated back

fromthe secondary nmenory to the primary nenory, by neans of the follow ng
steps: t he4P|'bie utangrment|asoendingtooeiping 88t wherain dlodes arerrtvgraied badkt ocked

and st orggmlfleisBeditiiry MhdoRRERAY ggiﬁti’dg% E@@g?ﬂ? #Z rﬁ{:]aﬁrsgt?f tREFOMAR g, Menory is

enptied; when this .15 done, the Ird nmenory 1 s hoved to
the int eﬁi%ﬁf%aﬁj (1 ’éifti?%le"%‘?ti%Pgt%ﬁmo%@ﬁi}’tlﬂ@ﬂ%)r é?\}éﬁ@k@rdy Bl sterashii t ched
_tot the Ii!nrtﬁé tipiad merﬁ&yl, ahe tI%’d Q%%QQQ{CTQF% s@i%@hﬂihﬂﬁrr%&%rﬁé aptitd; whbgkigkn the f
i ntegrat.ion process, on starts i e lengths.of. fhe respective queues o
the: Secodars: (T6 Oy Umbt frdhiATREmORE AUy e IeiaRal o cn gh e

pr edet erprimery mahuey.andlhe Tdlevartfhovg enenitcladaortte figsttparc! ai m 49, wher ei n
the integragi i i it u A0l of the respective
queue of ot 10 O ARl ool R LA 40, it M Carklioh B AT B g ne
bl ocki ngstauts tfithe dengths abthsrpspastive qudiesgoithe seerendarpwanonyendstbe dhiddr y

menornyg. ' o0 claim27, wherein at |east one
flowin %ﬁ%f%i: rag{ﬁnggélfmiggﬁn%a\%%ﬁgg&?K%ggec nd part, if the |oad of the
i

flows currehttie PaRegssRentacerding fosglaimp 49 WhpraihEng Hgesinhien BERESS Y eam
exceeds ihberngAe@arthe Rhgthef e trBifectivé aeue of the secondary memory rises

above a certain value by releasing the blocking in the third memory and sending on
the flow to the secondary memory.

20 52.The arrangement according to claim 27, wherein at least one flow in the first
part is moved to the second part, if the load of the flows currently located in the first
part of the incoming data stream exceeds the capacity of the output ports.



