WD 02/ 50626 PCT/ US01/ 44580 SCHEDULER FOR A DATA MEMORY ACCESS HAVI NG

MULTI PLE CHANNELS BACKGROUND OF THE INVENTION 5 1. Field of the Invention
The presano oz/sosent i on generally to a schedul er and nore peet/iusul4ssoy to a
schedul er for a Data Menory Access (DVA) having multiple channels. 2.
Description of the Related Art In general, the Data Menory Access (DWVA) of
a devi ce contr ol SCHEDULERSF@R A DA'DA MBEVHORM AEEESS-HAMIDNGI devi ces and
the nenory of the device. TheviugdIPERPGHANNELS8de an i nput DVA and an
output DVA to service data received from peripheral devices and data sent

to peripheral devices, rgapeatrROEND OMEHEINREN RS al device wants to

send data to a device with an 1 nput DMA, the peripheral device sends a
request to the,input. The input DVA can then send an Acknow edgenent 15
(ACK) 5%0 t he p%’ri pﬁfélrea\@t fe}ﬁ’e]tﬁhogl peri pheral device receives the ACK, it
transfers dat,g to the, input DVA, _which tt&egrtr nsfers_ttle data into
menory. Wen daRePiesenf givepdonsganeralyrio fgchedier PhERH PARHIRY e processor
of the device sends a request to the output DVA. The out put DVA t hen

retri evesschiedwerffoo mDatanidlemonndcersa Vi) hauingtmaultiplsehpaelspher al  devi ce. 20
Conventional DMAs typically have multiple channels that can be connected to
mul tipl e peri pher al Bescriplibn pf the RednedeAst on one peripheral, or to nultiple
menory channels on the device. Conventional DVAs al so typically have

arbitrators ory &aBRUYhEDS AL Qﬂ%rtAéU_esé (VR BPh HeRtEcARJINWBE frandfviever, as

Merh
t he nunber of channel's on DMAs has increased, the conplexity of these

o B oG PR B30 g Ao e TGRSy P oo
include an input DMA and an output DMA to service data received from peripheral
devices and data sent to peripheral devices, respectively. When a peripheral device
wants to send data to a device with an input DMA, the peripheral device sends a
request to the input DMA. The input DMA can then send an Acknowledgement

15  (ACK) to the peripheral. When the peripheral device receives the ACK, it transfers
data to the input DMA, which then transfers the data into memory. When data is to
be sent out to a peripheral device, the processor of the device sends a request to the
output DMA. The output DMA then retrieves data from memory and sends it out to
the peripheral device.

20 Conventional DMAs typically have multiple channels that can be connected to
multiple peripherals, multiple channels on one peripheral, or to multiple memory
channels on the device. Conventional DMAs also typically have arbitrators or
schedulers to control these multiple channels. However, as the number of channels on

DMAs has increased, the complexity of these arbitrators/schedulers has also

25  increased. This can increase the cost and reduced the processing speed of the DMA.



WO 02/ 50626 PCT/ US01/ 44580 SUMVARY OF THE | NVENTI ON The present invention
relates to a scheduler for scheduling multiple channels of a Data Menory
Access ( Dn@\p2/sdeme accor dance with one aspect of the presenPCT/URMESs$00N, a
schedul er includes a shift structure having entries corresponding to the 5
mul tiple channels to be schedul ed. Each entry in the shift structure

includes multiple fields.SEROMARVIOY TAIBINVAEITIORS a weight that is
determ ned based on these multiple fields. The schedul er also includes a

conpari son- | ogi i es based
on Thei 1 espochs G aitibiehah o Rer PR o BN AR S kR Pl Y e
present in can be be nder st ood b ference tg,the f IIovm ng
descri pti %ﬁgeﬁﬁ%@%e@ﬂr fﬁeﬁ%@:ﬁl}dgﬂ ?ﬁ‘ %0{%8c%\ézgﬁ%gﬁmeﬁtgotgp%meﬁau figures, in
which |like parts nmay be referred to by |jke nunerals: Fig., 1is a bl ock

di agr am ofvgntiqns @ sehgdgler mcaldeaaﬁ%lﬁasttblp%&hw%%ﬂ?wr@sm@ togh®cessi ng
ASIC (PPA); 15 Fig. 3 is a block diagramof an output DVA, Fig. 4 is

anot hex bmuhipldblmylna]mt@be sdhedwed. pBachDiiryde iecshedl structiEiegncl@des Enwltipls i s still
anot her bl ock di agram of the output DVA depicted in Fig. 3; Fig. 6 is a

di agr am ofields.SEAgHSraldoinclodey HRBight that 1§ derRemel BekcdrIMt the¥e rinlliplepr esent
invention; 20 Fig. 7 is another diagramof the schedul er depi ct ed in Fig.

6; Fig. 8ged4 @HQS&@dulépam ﬂq%luﬁé@as b%}ﬁs‘aﬂ%%ng'c?&ﬁﬁfﬁhﬁfcoﬁﬁ%er 2@ edU! er
5

depicted I n |g 6; and Fig. 15 1 I agra anot her sc rin
accor danc&len sOrt tl?eneentr(lagbo%gédm on tthelr respeghv v(féals i nvention. 2

DESCRIPTION OF THE DRAWING FIGURES
10 The present invention can be best understood by reference to the following
description taken in conjunction with the accompanying drawing figures, in which
like parts may be referred to by like numerals:
Fig. 1 is a block diagram of a line card;
Fig. 2 is a block diagram of a packet processing ASIC (PPA);
15 Fig. 3 is a block diagram of an output DMA;
Fig. 4 is another block diagram of the output DMA depicted in Fig. 3;
Fig. 5 is still another block diagram of the output DMA depicted in Fig. 3;
Fig. 6 is a diagram of a scheduler in accordance with one embodiment of the
present invention;
20 Fig. 7 is another diagram of the scheduler depicted in Fig. 6;
Fig. 8, 9A and 9B, 10 - 14 are additional diagrams of the scheduler depicted in
Fig. 6; and
Fig. 15 is a diagram of another scheduler in accordance with one embodiment
of the present inveﬁtion.

25



2 WD 02/ 50626 PCT/ USO1/ 44580 DETAILED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS
In order to provide a nore thorough understanding of the present invention,
the fol | owbnyswescri ption sets forth nunmerous specific dep@rUsor/4ash as
specific configurations, paraneters, and the like. It should be

recogni zed, however, that such 5 description is not intended as a
l'imtation on DEIACKHEDESCRIPTIDNE OFEXEMRIKRUIEMBODIMENTSt ended to

provi de a better description of exenplary enbodi ments. Wth reference to

Fig. 1, a |linengafddr &8olitle deRdretiffou FRIABIICS thE hlRsQf SaveiBRiECt Of the
present invention, line card 100 can be connected to various peri pheral

devi ces, ﬁ’régtlalqugi | ;c%ggﬁpggﬁ\é}e%gg 1% ﬁﬁrgﬁr’éﬁps écifﬂ:ede(fﬁtsgsécg%s %@%iﬁcecei ve and

send variou S clrcurt:swtc Signal s, packet

signals, and.the.like. Wth continued reference to. Fiqgq. 1, line card 100

i ncl udes ﬁoﬁgﬁ%at}oﬁf’é?aﬁ{ﬁ"eterfoﬁ‘}dﬁjﬁT’#?'aﬁéﬁo‘ﬁél?’érﬁ@ﬁ?lzﬁ‘;g‘r?@’tevﬁr Beb¥e8r ASI Cs
(PPAs) 106, a packet nmesh ASIC (PMA) 108, and a backplane interface 110.
Li ne i fit efewEptiaps nokmtended ap filignitaign oo theoteape of the presant invenbion, ot isf r aner
devi ces. Backpl ane interface 110 can be configured to 15 connect to any
nunber of irdediet itopavide aieettendeksriptiormoNexsmplay embodimentss, and the |ike. As
such, signals can be received fromfraner devices connected to |line

interface 102Wf&1h1%ﬂ‘er_§1@d‘éttotﬁﬂ%qt, heihe bhrdg 003§ dspidibd Ol cbAGKR dReoht er f ace
110. Additionally, signals fromother |line cards can be received through

niorf ac 105 0130 e R kg AR Tt Arta b ETB Y GTRSOMIERLARL D, 0
ot ci phre: Sigprs il Aghars ARt bl d (R B Eadl AT Vo A € 104
can be configured to separate, packet signals, then pass themonto PPAs 106
for prBcebPengl sigaals sueh aedrcuitsadicherbeignals ipgekt sigaals. e theliks-ved from | i ne
interface 102 and
With continued reference to Fig. 1, line card 100 includes a line interface 102,
a framer ASIC 104, packet processor ASICs (PPAs) 106, a packet mesh ASIC (PMA)
108, and a backplane interface 110. Line interface 102 can be configured to connect
to any number of framer devices. Backplane interface 110 can be configured to
15  connect to any number of additional line cards on a mesh, a common bus, and the
like. As such, signals can be received from framer devices connected to line interface
102, then sent to other line cards through backplane interface 110. Additionally,
signals from other line cards can be received through backplane interface 110, then
sent to a framer device connected to line interface 102.
20 As described above, line card 100 can receive various types of signals. Line
card 100 can also receive mixed signals, such as a mix of circuit-switched signals and
packet signals. As such, line ASIC 104 can be configured to separate packet signals,
then pass them onto PPAs 106 for processing.

As also described above, signals can be received from line interface 102 and

25  sent out backplane interface 110. Additionally, signals can be received from



25 sent out backplane interface 110. Additionally, signals can be received
from3 WO 02/ 50626 PCT/US01/ 44580 backpl ane interface 110 and sent out

l'i ne intavdawswel®2. As such, in the configuration depictPdr/ioRolE4g80 1, one
PPA 106 can be configured as an egress PPA, which services signals being
sent out line interface 102, and the other PPA 106 can be configured as an

i ngress PRAckpMcGhtesEY 1 DB SnletN@lind eitBdadeci©el \Vedubh amd dbRfibiagbh ace 102.
It 5 should be recogni zed, however, that a singlie PPA 106 can be confi gured

as both afhfgg%‘?ﬁ%b%ﬁd PR%@S%E{’ ﬁbnﬂ%uéikh%%%ggeg B%&Q%gr SR gi zed that

i ne card can con I gure number con |gured as

any number ress an e AS. r cessed by the
i ngress Pﬁh%“'fﬁé’e & SepLQf SWSH%B‘E elrQE t eﬁgl)gglg)gﬁ?’éh‘éc&?f? d;%?e 110 by
PVMA 108. When a packet is received on backplane interface 110, it can be
f or war ded #BynguRs% PRYS which paviegy s emalPpring nweivesh Soprlineapteariace 102t pr ocessed
and sent out through line interface 102. As noted above, a single PPA 106
can be susetodd bbotdvganzed ipveser, Hratla amgled?RYs $00°82 baidnfignefies botheannow t 0

Fig. 2, PPA 106 is shown in greater detail. Mre 15 particularly, PPA 106

i ncl udes ks kg ngtes PRAE IPSHOLRCKY furthét RS ReRE tRA2ine 3kkd 10D hn bOVA 204,
an i nput-descriptor queue 206, a nenory controller 208, a Free Menory

('\)/ﬁ?ggter 56 %%é&) ntg%wlap |n1|:ge c%%%gnﬁﬁg&gesc hjElijcri' ééf%% SS%@A 106 is

confi gured to p{,ﬁcess packet signals. Mre 20 particularly, a packet is
first recePVdd Fough LIP interface 202. Input DVA 204 is configured to
Ccreate a descrlAgt;{tor of the received packet._ This descrjptor is then stored

i n i nput - descr ‘KB R{GEsHds E’@GGSS%BY@EWE’?&P H19% lbﬁﬂléh%bqwmlﬁm 210 the

| ocation of available space in nenory (i.e., free nmenory), then stores the
packetl0j n backplane interface 110 by PMA 108. When a packet is received on backplane

interface 110, it can be forwarded by PMA 108 to the egress PPA 106. The packet is
then processed and sent out through line interface 102. As noted above, a single PPA
106 can be used as both an ingress and an egress PPA.
With reference now to Fig. 2, PPA 106 is shown in greater detail. More
15 particularly, PPA 106 includes LIP (Line Interface Protocol) interfaces 202, an input
DMA 204, an input-descriptor queue 206, a memory controller 208, a Free Memory
Manager (FMG) 210, memory channels 212, Execution Units (EUs) 214, an output
DMA 216, and LIP interfaces 218.
As described earlier, PPA 106 is configured to process packet signals. More
20  particularly, a packet is first received through LIP interface 202. Input DMA 204 is
configured to create a descriptor of the received packet. This descriptor is then stored
in input-descriptor queue 206. Input DMA 204 also obtains from FMG 210 the
location of available space in memory (i.e., free memory), then stores the packet in
memory. EUs 214 then access the stored packet using the descriptor stored in input-

25  descriptor queue 206. The retrieved packet is then processed by EUs 214 in



menory. EUs 214 then access the stored packet using the descriptor stored
in input 25 descriptor queue 206. The retrieved packet is then processed by
EUs 214 w0 02450683 02/ 50626 PCT/ USO1/ 44580 accordance w t hPEDUBeIA14680
instructions | oaded on EUs 214. After the packet is processed, EUs 214
create an output descriptor for the packet. As will be described in

gr eat er dedcardanbewiiivsoffvsredfstructiens lnadadeont Fids dld. pAiftertbs padkst sr i nt o a queue
in output DMA 216. The packet is then sent out through LIP . interfaces 218.

5 As descpickede@nyeri4drbatt ph Bithac@scrifidr for €8l paeketp agkeilisbe ddbErebed in
particularly, in one enbodi nent of the present invention, LIP interfaces

202- opera A r TRgahakt; ﬁg,gg (¥s) V.

al t hough oﬁ%}E%%?Pﬁltoégﬁagezg%%%"glxr{gt%eefz)%ltled éﬁtﬁ Fliﬁéo. , uitit1 gﬁdg{dl d be
recogni ze P 10 an, i ncl ud ny ,n er of L interfaces 202
dependi nggtl)\}r[\&?hg Eﬁ? P?‘gﬁfﬁgh%{’pﬁlr(&‘ﬁttﬁ@ﬁgh }fl?}&gergalcgsoi f(jgéscri bed above,
packets are stored in nmenory. It should be recogpized, however, that
various i nf or msideseribed gbove; biRnterfases %@oﬂeé%lye%ﬂ?é{g%téf Mpge Bartigylady-dm
executed on EUs 214, and the like) can also be stored in nenory. As

depi ct ed brne EnbodiReni of tberpresond mpicatign, dib duerfases 262 opératepit ebantl bibiyent i on,
PPA 106 i ncludes four nenory channels 212. Each nenory channel 212 can be
15 connecheslelp200egdhahier Adtitisaniy, uitdewihcdes: Lithinthfacar2(Rerpbystiedl | y

| ocated on line' <card 100 (Fig. 1) but not directly on PPA 106. For

exanpl e, gﬁi%g?, Oi?ﬁ%y%ﬁfﬁc reERAHIRAPP £ 268\ c FERBIYe SiPRRRber2E21P S CONNnect ed

to a plur nam ¢ Random Access Menories (‘DRAMs). More

parti cul ar| th DRANS can, i hcl. ahertz DDR (Doubl e Data Rat
SDRAMs (SW%E?‘CSE?%%%%%)OP%% B?ﬁg'gﬁ%%ﬂ%gg%{e%?ecognizzed, gowgvere, thgt ®)
vari ous nenory deyices running at vario peed d. Inth
presenf enbodi ﬁ¥s,° %ﬁ%@g@be‘gﬁ pg@l{e&g "Irrﬁgtl%ffdi‘ﬁgl?gff?i‘fr&? Etoﬁlﬁ'gwglsq%er 288. ©

recognized, however, that various information (e.g., forwarding tables, the sofiware

program executed on EUs 214, and the like) can also be stored in memory.
As depicted in Fig. 2, in one exemplary embodiment of the present invention,
PPA 106 includes four memory channels 212. Each memory channel 212 can be
15 connected to any number of memory devices, which can be physically located on line’
card 100 (Fig. 1) but not directly on PPA 106. For example, in the present
embodiment, each memory channel 212 is connected to a plurality of Dynamic
Random Access Memories (DRAMSs). More particularly, these DRAMS can include
100 megahertz DDR (Double Data Rate) SDRAMs (Synchronized DRAMs). It
20  should be recognized, however, that various memory devices running at various
speeds can ‘be used.
In the present embodiment, PPA 106 can also include memory controller 208.
Memory controller 208 can be configured to communicate with various blocks in PPA
106 (e.g., mput DMA 204, FMG 210, EUs 214, output DMA 216, and the like) to

25  provide access to memory. For the sake of clarity, in Fig. 2, memory controller 208 is



Menory controller 208 can be configured to communicate with various bl ocks
in PPA 106 (e.g., input DVA 204, FM5 210, EUs 214, output DVA 216, and the
| i ke) towdopsweé de access to nmenory. For the sake of cl apCTySoV4asd6i g. 2,
menory controller 208 is 5 WO 02/50626 PCT/US01/44580 depicted as a
singl e bl ock separate fromnenory channels 212. It should be recognized,
however, tépattedase papghtidodkeseparytecionh hentery cRfithetse12bét shedidist ed to each
menory channel 212. Additionally, it should be recogni zed that nenory

cont rol | efeco@flSed ABwBEer! B6AL §aMitd MERoBACIHHFBBDI08 GRMRRHicZEE to Sachn _
accordance wth one aspect of the presént invention, packets are stored in

menory in - LNlHe . I . I

Addi ti onaﬁ%gl?)rf%ﬁa%gﬁgﬁ e2 hb%(-;cg#t?r%nﬁﬁ 5’ %&Jﬁ@é&c%ﬁe@@%@ﬁ%& no'rtrﬁn?fr e

dedi cat ed st.orin , ich is equivalent to about half a mllion
MDUs. |t %@%W%@C%%%}%ﬁv%ﬁm&@mﬁ% packets can be stored in any
increments. It _should be further recogni zed that any 10 amount of nenory
space Tan be dbdicsardatice with oae pipgcifdhepssenhdinvgatien. ippeletareverediten i nput
DVA 204 receives a packet, it stores the packet in nmenory. Mre

parti cul ameyory malf6-DNBiROAnatit edlled MemonyADAEn Pihits {Vi@dJs) MAdditionaldy, o e t he
packet in nmenory. Accordingly, FM5 210 is configured to keep track of

whi ch MDUsnaéfibddigenBsbuth D8 thehieyteed MAe&Sdre AsdifiRSEl BRsheaaDuer, an 15
MDU is 256-bytes long. If a packet is longér than 256-bytes, then input DVA

204 allo r i at Lt . t he
packer. 1| iaris BV AEROROLA ARG, DO IhRlEhe MEkEnikdl BREfr,
detail ed description,of output .FMG 210 se . ~Pat ent plication Serial
No. NN NERRIGEBls e PP sl iR iy oA RGP DeCHEine renahEsb AL oy i |od on
Decenber 18, 2000, the entire 20 content of which is incorporated by

r ef er &hceaMPuntof FesmasE §paasseB be dagdicatedigestonug packefscr eat es a descriptor for

each packet.
As described above, when input DMA 204 receives a packet, it stores the

packet in memory. More particularly, input DMA 204 obtains from FMG 210 free
MDU s to store the packet in memory. Accordingly, FMG 210 is configured to keep
track of which MDUs are free and which are being used. As described earlier, an

15 MDU is 256-bytes long. If a packet is longer than 256-bytes, then input DMA 204
allocates the appropriate number of additional MDUs to store the packet. Input
DMA 204 then creates a link list of MDUs. For a more detailed description of output
FMG 210 see U.S. Patent Application Serial No. NN/NNN,NNN, entitled ‘“Free
Memory Manager Scheme and Cache”, filed on December 18, 2000, the entire

20  content of which is incorporated by reference.

As described above, input DMA 204 also creates a descriptor for each packet.

Input DMA 204 then stores the descriptor in input-descriptor queue 206. In one
embodiment of the present invention, the descriptor is about 64-bits (i.e., 8-bytes)

long and includes fields such as location of the first MDU for the packet in memory,



| nput DVA 204 then stores the descriptor in input-descriptor queue 206. In
one enbodi nent of the present invention, the descriptor is about 64-bits
(i.e., 8MW9oEs)626 | ong and i ncludes fields such as | ocati orCDUSeIMas$0i r st MDU
for the packet in nenory, 6 WO 02/50626 PCT/US01/44580 |ength of the
packet, and the like. It should be recognized, however, that a descriptor
can be anygngtandtie ictletc and tha dike.d® shoyld e regnand Hoyppeenthat o dbdsiptofs

descri bed above, EUs 214 retrieve the stored packet and process it. Mre

par ti cul agdn\be daYSerddt af EEH ifcI8S Shy MirMber QHE t)fe of RS- descri ptor queue 206.
EUs 214 5 then'retrieve the packét from nmenory using the descriptor. For

O e AR B A (110" 1

cont ai ni ng the pac can rea e packet, parse

it, and cl agsi.f cket. EUs 214 ¢ t he dify c ' ields of the
packet beW%P@ﬂgéﬁgﬁﬁﬁﬁnga4ﬁge%ﬁ@EEPPt&ﬁngﬁéﬂﬁﬂﬁgﬁﬁﬂ%ﬁ?gbé?tﬂﬁéﬁiresent
invention, EUs 214 include 16 Reduced Instruction_Set Conputer 10 (Rl SC)

pr ocessor then Fgries the packse fram rmemewsusingihe dascoptosu Fpuexapmde, Ells Zde U. S.
Patent Application Serial No. NN NNN, NNN, entitled "Cache Request Retry
Queue", fédnadad the dBeariptdaeior 4 BoinkD Gdthetfiret MU containmgein parkeiwii e lids

i ncorporated by reference. It should be recognized, however, that EUs 214

can incl ugg RRY tHRWERE: o2k pakRaSpRie it nACESSOS the pAcictt! EDRAIA ¥an thenshoul d be
recogni zed that EUs 214 can execute various 15 software prograns to process

the packefysqie) cXath Pty TRISTack ADe 8GRI ARRY S WNGR ohbEBAIERA: | S To be

sent out, Create an  output descriptor, i ch can be on the
wri ton 1 e gtay Doty SRR SR anodtoRrelRh St FEABMEEk et out on
LIP interfaces 218. 20 Wth reference now.to Fig. 3, output DMA 216 is
shown19 n GHe&) erocaesoss. | Forpmore Hgtagled ﬂ%wiﬁtjoru%fswg%tﬂw Sutep iSO 16 wil |
be referred to as |ine output block
Application Serial No. NN/NNN,NNN, entitled “Cache Request Retry Queue”, filed
on December 18, 2000, the entire cor;tent of which is incorporated by reference. It
should be recognized, however, that EUs 214 can inélude any number and types of
processors. Additionally, it should be recognized that EUs 214 can execute various
15  software programs to process the packets in various manner.
As described above, when the packet is to be sent out, EUs 214 create an
output descriptor, which can be based on the initial descriptor created for the packet.
This output descriptor is written to a queue in output DMA 216, which then sends the
packet out on LIP interfaces 218.
20 With reference now to Fig. 3, output DMA 216 is shown in greater detail. In
the following description output DMA 216 will be referred to as line output block
(LOP) 216. It should be recognized that output DMA (LOP) 216 can be referred to
by various terms.

In one exemplary embodiment of the present invention, LOP 216 includes a

25 queue 302, a DRAM read logic (DRL) 304, a local storage (LST) 306, a port



(LOP) 216. It should be recognized that output DVA (LOP) 216 can be
referred to by various terms. In one exenplary enbodi ment of the present

i nventi onyOLIB62d6 i ncl udes a 25 queue 302, a DRAM read PoOTUSOI(4R0) 304, a
| ocal storage (LST) 306, a port 7 WO 02/50626 PCT/US01/ 44580 schedul er and
FI FO (PSF) 308, and a port 310. As alluded to earlier, when a packet is to
be sent giHedulE s HHO(FST) 309, and tpertan 00 uisplindetbioorailfsr ovhayfa passeigacket to
gueue 302. DRL 304 reads the descriptor out of queue 302 and makes direct

memory (e LSAMRSESs 94 (IBhCH) Wike aRdGtpat dedtipof oMephyke £$0212 (Fi g.
2). The retrieved 5 packtetéijs? t hen st{graed ianSTﬂgiggr PSIIt:tad?I:{)eg reads Eheg

packet out,.0 ST.306,, th g‘sﬁ i Y erence now to
Flh g. 4|, bﬁ%%hﬁi%ss‘%iﬁesé’ﬁ%g"é ioﬁgn , ek@@%@ @gl%ésé%% gtc%%?iggyu@gld with 32
channel s. suc 216 incl.udes 3 u YA ST s 302-0

t hrough 38pesigio femtbw@w%ﬁéﬁ&m@éy é‘éag'ﬂglg%i%ﬁﬁgi é*/bﬁ%? rg%f;é?%‘dgul arly,
queues |0 302-0 through 302- 31 correspond to channel hrough 31,
respest i etket isitherstiogfdn bET 3|0é08§ﬁi39§é?adﬁ8%é??€]r{?t%8? Lgbthélt an be
configured with any nunmber of channels depending on the particular

appl i cat iseiils i&bd bart3Y0. it shoul d be recognized that LOP 216 can include
any nunber of queues 302 depending on the particular application.

Addi tional |y, i sdt0iehet Ry (EEQONIiA 6 frisht SlibodimeR) 2OP1clvan bapped to the
channel s 15 of LOP 216 using vgri’ous r?appi ng schenes. Moreover, IOPhi S

mappi ng schene : e i bHhE UGk : . As
depi cted N ﬁﬁra&%z%}l%?(ﬁh%ﬁegal Sssgdclh’nc Eggg fourela%%gl\g@%%é%@(gg{%@@%ga%&O

Servi o g 0 braiab o Baaraconmpe pararanr MygPieS R Al Fo e
E;gn?]gr@;/;é%ag)h%%é%j?qggrgsp%n% rt]g cl?arrll%glrs] %l tﬁro%lght’ﬁ?, r%gﬁecﬁéelfr.uﬁ%hou%lbe?’oll_ 0is
recognized, however, that LOP 216 can be configured with any number of channels
| depending on the particular application. Similarly, it should be recognized that LOP
216 can include any number of queues 302 depending on the particular application.
Additionally, it should be recognized that queues 302 can be mapped to the channels
15 of LOP 216 using various mapping schemes. Moreover, this mapping scheme can be
altered either through hardware and/or software.
As depicted in Fig. 4, LOP 216 also includes four DRLs 304 (i.e., DRLs 304-0
through 304-3). In the present embodiment, each DRL 304 is configured to service
up to eight channels. More particularly, DRL 304-0 is configured to service channels
20 0to 3 and channels 16 to 19. As such, DRL 304-0 is connected to queues 302-0
through 302-3 and queues 302-16 through 302-19. DRL 304-1is configured to
service channels 4 to 7 and channels 20 to 23. As such, DRL 304-1 is connected to
queues 302-4 to 302-7 and queues 302-20 to 302-23. DRL 304-2 is configured to
service channels 8 to 11 and channels 24 to 27. As such, DRL 304-2 is connected to

25  queues 302-8 to 302-11 and queues 302-24 to 302-27. DRL 304-3 is configured to



t hrough 302-3 and queues 302-16 through 302-19. DRL 304-1 is configured to
service channels 4 to 7 and channels 20 to 23. As such, DRL 304-1 is
connect edvo 02/5@aeues 302-4 to 302-7 and queues 302-20 to BOPURB/44BRL 304- 2
is configured to service channels 8 to 11 and channels 24 to 27. As such,
DRL 304-2 is connected to 25 queues 302-8 to 302-11 and queues 302-24 to
302-27. DBRi@handls1Ztnfi gurddnhads 28t08D. 024 S8B2BRPCNALSE Tbddks8d toservi ce
channels 12 to 15 and channels 28 to 31. As such, DRL 304-3 is connected to
queues 3Qgreded 300-13G:3-302- 13N dGuewRS0308-18802.3 1302shduld bd recsdn@selidhdre

recogni zed that LOP 216 can include any number of DRLs 304. It should be

nmb f
recogni Z 15 Q?é %%ﬁiﬁﬁﬂluhg?f&ﬁgﬁég%%‘ﬁoﬁﬂ Qélélﬁglrcfl?e €4 b TOEr 0

gueues 3 be furt reco |ze that DRLs 304

ﬁZBp?ﬁg"if@ﬁfﬂaicanﬁ%er%o@ ﬁ%@ﬁgaﬁﬂﬁrﬁ Sl o2t Ca PPl ol hor

t hrough har dwar e and/ or softwa re. picted in Fig. 4, LOP 216 also

i ncl udes Sép‘ﬁﬁtbelfwrﬁwg(qze‘éthat D8ts 3@663@1’3 fr@pg%toHueuqsrﬁ()[Zr% thsr esent

enbodi nent, each LST 306 is configured to service up to 10 four channels.
More par tdlamne@rcbf;LO]l’_sﬁ 8§i6g Oatiaisquapping acbemen Merepver thihemapghg 0 to 3. As
such, LST 306-0 is connected to DRL 304-0. LST 306-1 is configured to

servi ce schand@nSetllefedleithdsthseiph, hatdwlars 8fd/dr doftvepainect ed to DRL 304-1. LST
306-2 is configured to service channels 8 to 11. As such, LST 306-2 is

connected to Q@-de?@&ed%ﬁ%sﬂ-ﬁﬁﬁz% 410 ﬁl‘eﬁfdbgéigﬁﬁLé'Ps% 'eCESTEQGG‘@' s 12 to
15. As such, LST connected to DRL-304-3.  LST 306-41s

R T
servil0e chrRlS A gﬁ”ﬁ%ﬂﬂ@rﬁﬁéﬁ (el issonligued U semice cuTEs (R.  304- 2.
Finally, LST 306-7 is configured to service channels 28 to 31. As such, LST
As such, LST 306-0 is connected to DRL 304-0. LST 306-1 is conﬁgured to service
channels 4 to 7. As such, LST 306-1 is connected to DRL 304-1. LST 306-2 is
configured to service channels 8 to 11. As such, LST 306-2 is connected to DRL 304-
2. LST 306-3 is configured to service channels 12 to 15. As such, LST 306-3 is
15  connected to DRL 304-3. LST 306-4 is configured to service channels 16 to 19. As
such, LST 306-4 is connected to DRL 304-0. LST 306-5 is configured to service
channels 20 to 23. As such, LST 306-5 is connected to DRL 304-1. LST 306-6 is
configured to service channels 24 to 27. As such, LST 306-6 is connected to DRL
304-2. Finally, LST 306-7 is configured to service channels 28 to 31. As such, LST
20 306-7 is connected to DRL 304-3. It should be recognized that LOP 216 can include
any number of LSTs 306. It should be recognized that LST 306 can be configured to
service any number of channels and DRLs 304. It should be further recognized that

LSTs 306 can be mapped to DRLs 304 using various mapping schemes. Moreover,

this mapping scheme can be altered either through hardware and/or software.



20 306-7 is connected to DRL 304-3. It should be recognized that LOP 216
can include any nunber of LSTs 306. It should be recognized that LST 306
can be comdoysmwed to service any nunber of channels and BRLES®04580 t
shoul d be further recognized that LSTs 306 can be nmapped to DRLs 304 using
vari ous mappi ng schenes. Mreover, this nmapping schenme can be altered
ei t her t hr oughAsdapdsied m BEisdt.drOR 34 ingludes HupdSESBEHEze PSETAUBO1P 44580 As
depicted in Fig. 4, LOP 216 includes four PSFs 308 (i.e., PSFs 308-0 to
308- 3) . 1308t} e Iptheseedeneerbiostinent; cachdRIY FBFcaB @8 coafigired tosetvigemeth t o
service up to 16 channels. However, in the configuration depicted in Fig.

4, PSFs 3Q81Anand BO®ever, RliBe 6aHdutiiofdehRicah ViE @, BPFS 8040 mha0pe) s, but
PSFs 308-1 and 308-3 are configured 5 to service up to 8 channels. More

particul arl F -0 1 T V4 (e 1 . As
such, Psﬁr%%‘éf‘-f@%{eéﬁ t@%ﬁ%é‘%:ets“é’gtgtqg %%ége?%ggt %?Fsa%®.hm, Eﬂs%%-%%‘%acgﬁh%g- 3. PSF
308-1 is configured to service channel Q9,.15.. As such, PSF .308-1 is
connect edOSEHVISPR 18 éé%ﬁn%% Mﬁf%pagt.lcq??r?% %é&l 3&’%%“?88@%‘}{ P RS Yidhever , t hat
PSF 306- 1 can be configured to service channels 0 to 15 by connecting it
to LSPs 3beuglahtp 19 Aesuch, PPEROBHs ponnecied e Lghs 880-003%ek 3062 @tinnel s 16
to 31. As such, PSF 308-2 is connected to LSPs 306-4, 306-5, 306-6, and

306-7. P3063NSPSF BB8-t dntordignes tb servierchameelc® anifel As @nhf BSB308-Ads such, PSF
308-3 is connected to LSPs 306-6 and 306-7. It should be recognized,

hovever, doRatctREE 1306 D6ChMBPRCDNTtisBoE Be reroghiz¥d, tRwWetiathaePSF 306t 0 31 by
connecting it to LSPs 306-4 and 306-5. It should be recognized 15 that LOP

216 can i P&ln%ecogllf}ég%ﬁ@%w&ta cheie1sP8 154 &%@E’%tﬁlgq{atorm%%dt hat PSF

308 can be confl to service any nunber nnel s and connected to

o R e s 308 ol oA S I rPOR ARy lphoeSey 200 co
MBPPI NG Sehee SaT 85 34 308%. 506 Dhnd ey IPshI30E YL &t o SOf twar e.
service channels 24 to 31. As such, PSF 308-3 is connected to LSPs 306-6 and 306-7.
Tt should be recognized, however, that PSF 306-3 can be configured to service
channels 16 to 31 by connecting it to LSPs 306-4 and 306-5. It should be recognized
15  that LOP 216 can include any number of PSFs 308. It should be recognized that PSF
308 can be configured to service any number of channels and connected to any
number of LSTs 306. It should be further recognized that PSFs 308 can be mapped to
LSTs 306 using various mapping schemes. Moreover, this mapping scheme can be
altered either through hardware and/or software.
20 As depicted in Fig. 4, LOP 216 includes four ports 310 (i.e., ports 310-0 to
310-3). In the present embodiment, each port can be configured to service up to 16
channels. As such, ports 310-0 to 310-3 are connected to PSFs 308-0 to 308-3,
respectively. As described above, however, in the configuration depicted in Fig. 4,

PSFs 308-1 and 308-3 are configured to service up to 8 channels rather than 16

25  channels. As alluded to above, however, PSFs 308-1 and 308-3 can be configured to
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20 As depicted in Fig. 4, LOP 216 includes four ports 310 (i.e., ports
310-0 to 310-3). In the present enbodi nent, each port can be configured to
service wobvws®khe channels. As such, ports 310-0 to 310- 3rar@sSeonssct ed to
PSFs 308-0 to 308-3, respectively. As described above, however, in the
configuration depicted in Fig. 4, PSFs 308-1 and 308-3 are configured to
servi ce ugervige 8p ¢h b nkednpelsatsench, parts 360-25nd Bath3Ialag be sgnfagiredied t 0 above,
however, PSFs 308-1 and 308-3 can be configured to 10 WD'02/ 50626

PCT/ US01/ 4e4%i86 up $€1 ¢ tledmul. Tishdfldteasinized Asat S0P 1 a@htiscldddand, and 310- 3
can be configured to service up to 16 channels. It should be recognized

that LOP 2hEh62T poftebydeTianduld BUFESEnSL BRI boiisHi cahlbe S0Rik PR T eCogni zed

that ports 310 can be configure service any nunber annel s and

connected_to. any n r PSEs 308, | houl d 5, be ecogni zed t hat
port s 310°¢eE By RTRE bRl dlmestor Oty Pt S ord o I EREe

Mor eover, this mappi ng schene can be altered either through hardware

and/ or> sob% ¥r%wgﬁgﬁb aﬂﬁﬁmfigCW%EGH@@R“g€§€¥ﬁ@Q§u§§gW§9Wﬁg four ports
310 and 32 channels, it should be recognized that not all the ports and
channel s meppingscheseas. Muayeover,Ghisrasnping schewa wen bhalterpdeithee thapypgh cat i on t hat
only one port 310 is used and only 16 channels are enabled. Mre

parti cul ahdndwasssdroe sbhatreport 310-0 is used and that channels 0 to 15 are
enabled. In the configuration described above, note that all four DRLs 304

can send four neGURS] BOPI2TY hhaPQAURLNH PR aBBhTind FrPortdBIGampEL i CUl arly,
DRLs 304-0, 304-1, 304-2, and 304-3 can send requests on channels 0 to 3, 4

to7, 81 el%%‘it slgnglgc} égﬁetacggré;ed thsSR %fl it]%(eel%c%ﬁsea_hh c%%gw?s iegggs&td. q;or channel s

to DRLs 304- e sequentra nnel’s assigned to

DRL 304-0, channels 8.to. 15 assigned to 304-1. .channel.s 16 to 23
mosi oo PEIBT. SSBimetab i pe AR 81 D1t OB1Y e DAL D ICHeI ST BRED-3) . ¢ hen
only DRLs 304-0 and 304-1 coul d have been used. )

channels are enabled. More particularly, assume that port 310-0 is used and that

channels 0 to 15 are enabled. In the configuration described above, note that all four
DRLs 304 can send four requests simultaneously to port 310-0. More particularly,
DRLs 304-0, 304-1, 304-2, and 304-3 can send requests on channels 0 to 3, 4 to 7, 8
15 to 11, and 12 to 15, respectively. If the assignment of channels to DRLs 304-0 to
304-3 had be sequential (i.e., channels 0-7 assigned to DRL 304-0, channels 8 to 15
assigned to DRL 304-1, channels 16 to 23 assigned to DRL 304-2, and channels 24 to
31 assigned to DRL 304-3), then only DRLs 304-0 and 304-1 could have been used.
With reference now to Fig. 5, as alluded to above, each DRL 304 is configured
20 to service up to eight channels. As such, in the present embodiment, each DRL 304
includes a scheduler 508 configured to schedule processing of these channels. As
depicted in Fig. 5, each DRL 304 also includes a request manager (RQM) 502, a
DRAM read control (DRC) 504, a DRAM read sequencer (DRS) 506, and a perMDU

(MDU) 510.

11



Wth reference nowto Fig. 5 as alluded to above, each DRL 304 is
configured 20 to service up to eight channels. As such, in the present
enbodi mrewQ oBamwhe DRL 304 includes a schedul er 508 confi geer@stio4ssohedul e
processi ng of these channels. As depicted in Fig. 5 each DRL 304 al so

i ncl udes a request nanager (R%p@ 502, a DRAMread control (DRC) 504, a
DRAM r ead sequihhaelfet@RENow(6 Fig deinathp pravent enbeiibgnt,seheduler S0 carr/ 50626
PCT/ US01/ 44580 Wth reference nowto Fig. 6, in the present enbodi nent,
schedul erinbRde aahifi sinictide6@0, shiel 4s SFirstdhRist-000(FIBOY meamry shift
First-In-First-Qut (FIFO nenory, shift registers, and the like. As

depi ct ed jedistdrd]-an® theSlikel tASdpHEsdingif ) shifChiieRse 6 MBRdes doddithad es) 602

that correspond to the channels serviced by schedul er 508. As described 5

above, ea lgﬁh ' i ! i . nnel s.
Accor di ngfeg, 3 ?@tﬂ%&r%uc?%dﬁl)g té?&e %ﬁgﬁﬁggeésrgl {g%(gﬁ}, E%r?@@%ﬁéss&gog% @%}%Mg oul d be
recogni zed, ho . shift. structure 600.can .include any nunber of
entries ot vaemehig U el cphbt petfiaieCingrrisat e o’ sake of
conveni ence and clarity, the follow ng description and the 10 correspondi ng
dr awi ngs, Asesdingbe shifi¢trdetpraq00snsipdesseighientiics 68d0ltshedd batresvsnizeds DRL

304-0 (Fig. 4). In the present enbodinment, DRL 304-0 (Fig. 4) is configured
to servi bevekarihalshifOsttuotiBe adRicarhianiudé snyl urhioer b enttiss §0Z Hepeathingtonst r uct ur e
600 includes entries 606, 608, 610, 612, 616, 617, 618, and 619

cor r esponghepdrticalae bgsnation.0 to 3 and channels 16 to 19, respectively. It
shoul d be recogni zed, however, that each DRL 15 304 (Fig. 4) includes a

bl oot ol OGRS b SRPLOPT o
RGN SRR SURTEITENCI L T e T
304-0 (Fig. 4). In the present embodiment, DRL 304-0 (Fig. 4) is configured to
service channels 0 to 3 and channels 16 to 19. As such, shift structure 600 includes
entries 606, 608, 610, 612, 616, 617, 618, and 619 corresponding to channels 0 to 3
and channels 16 to 19, respectively. It should be recognized, however, that each DRL
15 304 (Fig. 4) includes a shift structure 600 having entries 602 corresponding to the
appropriate channels serviced by each DRL 304 (Fig. 4).
As depicted in Fig. 6, each entry 602 includes a plurality of fields 604. In the
present embodiment, entries 602 include a channel number field 620, a priority field
622, a packet-in-flight field 624, an output-ready field 626, an input-ready field 628,
20 and an enable field 630. It should be recognized, however, that entries 602 can
include any number of fields 604 depending on the particular application.
Channel number field 620 can be configured to indicate the channel number
that the packet is to be transmitted. As alluded to earlier, software can provide this
information. In the present embodiment, DRL 304-0 (Fig. 4) is configured to service

25  channels 0 to 3 and channels 16 to 19. As such, shift structure 600 includes entries

12



622, a packet-in-flight field 624, an output-ready field 626, an
input-ready field 628, 20 and an enable field 630. It should be

recogni zedo ohisnsewer, that entries 602 can include any nunber/usél/f458 ds 604
depending on the particul ar application. Channel nunber field 620 can be
configured to indicate the channel nunber that the packet is to be

transmi t t €@ haasngxihanad gumbertieldio@p withotheprsl ausdearsgl o and dhaneel | nf or mat i on.
In the present enbodinment, DRL 304-0 (Fig. 4) is configured to service 25
channel s fuhieer81@tudi&hannel s 16 to 19. As such, shift structure 600
includes entries 12 WD 02/50626 PCT/ US01/ 44580 602 having channel nunber

field 620 w t hpehanneld 30TReHE c&lfg@:&i RNAdie8 MNELhanAYTRERB1e0 AL 19. Enable
field 630 can be configured to indicate if a channel is enabled. As

al l uded t i ik . ' fLgur 0 Vv channels 0
to 3 and ﬁgﬁgﬁﬁﬁﬁgﬁga%%ﬁﬁ%&#@&q%ﬁ;§%ﬁﬁ%§$%§§S@%ﬁggﬂg éﬁﬁgﬁééég% be enabl ed
or disabled d ndi n the partjcul ar applicatian. . For, appl e, assune
that ohl yﬁl?ﬁaﬁgiﬁéo g& gPyn&WHQfﬁ[ thesg chapnsls Gaudg en e%%ﬁri}?*ﬁﬁ ble fields 630
woul d be enabl ed for entries 606, 610, and 617 for channels 0, 2 and 17,
respect i vépgndigg apitiee particular appbicattsm dobexangplessuwrge thet odkichanmslsdbg, 612,
616, 618, and 619 for channels 1, 3, 16, 18 and 19, 10 respectively. Enable
fields 63thdcEHharbé betisedurAssych,rentiblalfietdseB0 groudd boenabledIBAertfies 6Gd1 g. 1). It
shoul d be recogni zed, however, that enable fields 630 can be set at any

conveni eng1d,af® 617 forich8nrRIse® @indaTORADSBERELy. FbiPI treldamdY Wdidd B 626 can be
configured to indicate that LST 306 (Fig. 5) is ready to receive data. As

d i bedj; j f t i ted t
S mambor SERNEr s G88 13 CIGIEE 4l oThllor hanfACT DIt PO B0, TN EC o0 '
for channel s

o P APy B TieRB a0 skl be S Mk R SRk ohbof 8 Bed Fbs eanne! o

(Fig. 1). It should be recognized, however, that enable fields 630 can be set at any

convenient time.
In the present embodiment, output-ready field 626 can be configured to
indicate that LST 306 (Fig. 5) is ready to receive data. As described above, with

15  reference to Fig. 4, each DRL 304 is connected to a number of LSTs 306.
Additionally, LST 306-0 is configured to store data for channels 0 to 3. LST 306-4 is
configured to store data for channels 16-19. Accordingly, with reference again to Fig.
6, if an entry 602 is configured to service channel 17, then output-ready field 626 for
that entry indicates the status of LST 306-4 (Fig. 4).

20 Input-ready field 628 can be configured to indicate that there is a descriptor in
queue 302 (Fig. 5) to be read by RQM 502 (Fig. 5). As described above, when a
packet is to be sent out, software writes a descriptor of the packet into queue 302. In
the present embodiment, queue 302 (Fig. 5) then sets the appropriate input-ready field
628 in scheduler 508 (Fig. 5). For example, assume that a packet is to be sent out on

25 channel 17. As described earlier, in the present embodiment, the descriptor of this
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6, if an entry 602 is configured to service channel 17, then out put-ready
field 626 for that entry indicates the status of LST 306-4 (Fig. 4). 20

| nput - r e 04/skel 628 can be configured to indicate that POPUSIIESH
descriptor in queue 302 (Fig. 5 to be read by RQM 502 (Fig. 5). As

descri bed above, when a packet is to be sen ut, software wites a

descri pt oPa‘Cgf;t is jaitisndp greyentlly agsignrd tgg%amqeﬁl%.t ﬁb&bgreé‘émea SglsasioR | queue
302 (Fig. 5) then sets the appropriate input-ready field 628 in schedul er
508 (Fi g. is5yrittende quseaiZel7 dsguhe Thhapprppaicienutireadydidhdo2®ofientyt on 25
channel 17. As described earlier, in the present enbodi ment, the descriptor

of this &3 MEcHATXIGRE vuld thsi be445B0chapackiet Inshivekirhgle, inputgdadie 302
assigned to channel 17. In this exanple, the descriptor is witten to

queue 3027414 6oRicPentsy 617 MouRlRY Qpriate input-ready field 628 of entry 602
in schedul er 508 woul d then be set for channel 17. In this exanple,

Rt geady T ERATGEREH B17 M e R R DL 11

624 can be con

consideredq to be in-f]ight when.the packet |s .bein rocessed, sych as if a
packet isg\t}@F]ﬁﬁ s et t8fbeﬁ’%"2]6$}9,""h88iﬂh?gp9§kﬁtls L BHROSS Ao U885 Tidnd ¢ he
like. Priority field 622 can be configured to indicate the priority of the

channel s. padfet ig heingaegd Qi oA memrpry deieaiehout OB bahupend theflikgured with a
6-bit priority field 622. 10 Accordingly, up to 64 different |evels of
priority can bPBrisgigdidld 622 cAsbarvdnlfighesd ta @siicatdihd priority @éahechahatlal in bel ow,
entries 602 with higher priorities are serviced ahead of entries 602 with

| ower pri gfid édn®iBuratibn WeBeANBOIHIRNbe @bnfidiRePWRE QW bit gﬂ&*ﬂ%ﬂﬂym G2Mriority
fields 622 are set during initial configuration of PPA 106 (Fig. 1). It

Should  o8eLA9AN, g5% ORUBILELVELOBRIA oL LIRICTR b oot ol o

conveni ent tine. conparison-logic circuit
gg? e?(r)rim;lieggs%lg e(jleig(ﬁigarééﬁq%ﬁ%l%gg%, eGn?r%és AOB v%iﬁ?hi%ﬁgrsp%rgritleeggl%dsierr{l?getd’ahgaci/\e fght is
of entries 602 with lower priorities. In one embodiment of the present invention,
priority fields 622 are set during initial configuration of PPA 106 (Fig. 1). Tt should
be recognized, however, that priority fields 622 can be set at any convenient time.
15 Scheduler 508 also includes a comparison-logic circuit 640 configured to sort
entries 602. In the present embodiment, a weight is determined for each entry 602
based on fields 604. More particularly, the weight of an entry 602 is a 10-bit number.
The most-significant bit of these 10-bits is assigned to enable field 630. The second-
most-significant bit is assigned to output-ready field 626. The third-most-significant
20  bitis assigned to input-ready field 628. The fourth-most-significant bit is assigned to
in-flight field 624. The remaining six bits are assigned to priority field 622.
As such, in the present embodiment, an entry 602 with an in-flight field 624
enabled, meaning that a packet is in flight, is sorted ahead of an entry 602 with an in-

flight field 624 disabled, regardless of their respective priorities. An entry 602 with

25  an input-ready field 628 enabled is sorted ahead of an entry 602 with an input-ready
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based on fields 604. Mire particularly, the weight of an entry 602 is a
10-bit nunber. The nost-significant bit of these 10-bits is assigned to
enabl e fivedd2/880 The second- nost-significant bit is assPONEE043580
output-ready field 626. The third-nost-significant 20 bit is assigned to
input-ready field 628. The fourth-nost-significant bit is assigned to
in-flight ffel&p2B &gablediregardassi afitheyr iwi-fighi ﬁgddsa@ié’r asidheineaspeativpriority field
622. As such, in the present enbodinment, an entry 602 with an in-flight
field 624 prien&bd. eAln en® @602 ¢ithhatouspupacddetfield6d6erfabledh sorted abead efhnahead of
an entry 602 with an in- flight field 624 disabled, regardl ess of their

respectiv 605 kiki i ; 8 STr=] 28
cnabl od | < oy oy Y S IR AP PR K I 021 50626

PCT/ US01/ 0.,of i ekd ' I .regardl es f their in-Hli.ght fields
524 and ¢ HERF P ERtpbEAdS L Inf et SRERLTRTolles’ AR oy BB 1 eacy
field 626 enabled is sorted ahead of an entry 602 w t n_out put - r eady
field 626 arasbied 6S3Pé§é?r&ﬂ agpt wt&Y@?rWlflhﬁu?nané&%ﬁ 63 Qablehs,
in-flight fields 624, and their respective priorities. An entry 602 with an
5 enabl ed regasdlgsssd0heis outpnt-reddvfields 626, impntaerdyyicdd628; innflight Beldbp24d fiel d
630 disabled, regardless of their output-ready fields 626, input-ready
fields 628nditheifdebgdetivé pabdises624, and their respective priorities. In this
manner, entries 602 can be sorted utilizing a single-tier conparison,

neani ng that -t vR g8 iddnfsr, BRdief600 Of RALHEM ubNZise TRRLISkricBiphriiaspect i ve
wei ghts. In 10 contrast, if two entries are sorted by conparing their

respecti V%éa&ﬁlgﬁ:ﬁ%@%’ eﬁl’(ijxli'mleg\’}sg?:cﬁ{l Be ?or?efd bﬁféé@ﬁfalé@g thed! re%Bée'cﬁv&?zgiéﬁE. ggeded. 1t

shoul d be rteco ent can sor usi ng

various conparis schenes. For, exanpl e t.ries 602 c e . sorted by
Conmariing ORBR: 1 Bup SRTiey oo sk er gy DL SRS 00F FERB 00 BEReCET
fields 604. Additionally, in determning the weights of entries 602, sone
but not alaf comparggontgianqre caspeeeaded Hisheuld bepepogniged howsuer, that entries

602 can be sorted using various comparison schemes. For example, entries 602 can

be sorted by comparing their respective weights and any number of their respective

fields 604. Additionally, in determining the weights of entries 602, some but not all
15  of their respective fields 604 can be used.

With reference to Fig. 6, assume that the position occupied by column 606 is
the head of shift structure 600 and that the position occupied by column 619 is the end
of shift structure 600. Now, assume that entry 617 is the only entry 602 with input-
re‘ady field 628 enabled. Accordingly, with reference now to Fig. 7, comparison-logic

20  circuit 640 shifts entry 617 to the head of shift structure 600. In Fig. 7, an enabled
input-ready field 628 is indicated with a “1” while a disabled input-ready field 628 is
indicated with a “0”. It should be recognized, however, that any type of indicator can
be used.

In the present embodiment, DRC 504 (Fig. 5) can be configured to rea;d from

25 the head of shift structure 600. As such, in this example, DRC 504 (Fig. 5) reads

15



Wth reference to Fig. 6, assune that the position occupied by colum 606
is the head of shift structure 600 and that the position occupied by

col um 6MO0ys5tebe end of shift structure 600. Now, assuneCT/istl/4astory 617
is the only entry 602 with input- ready field 628 enabl ed. Accordingly,
with reference nowto Fig. 7, co rj.son-logic 20 circui.t hifts entry
617 to tKalrkiedd 6§d§¥’ﬁr!bﬁg§‘?‘?‘i?c?9}% gBclufies ghagne ?P“’;?ﬁr ﬂgt??ég‘a%i nput - r eady
field 628 is indicated with a "1" while a disabled input-ready field 628 is
i ndi cat edndibaths chahfel. 17} tAssiuolul witlbesfererssgremziodie nowRe P04 insHEcE RRN y pe  of

i ndi cator can be used. In the present enbodi nent, DRC 504 (Fig. 5) can be
conf i gur ex2te réa@aebrh fasae BB akdveidneiditotheshifiiel stmbetindiea®00y ts such, in
this exanple, DRC 504 (Fig. 5) reads 15 WO 02/50626 PCT/US01/ 44580 entry

617. As %ﬁﬁ]ﬁﬂélﬁ babﬁéigﬁz@mi%m%ﬂhé Atk a5 i shifnuibrre 600elid 620 t hat
i ndi cates channel 17. As such, with reference nowto Fig. 5 DRC 504

i nst ryct 502 q f i i th the channel
number | PR Cop Rereo BRIk ONEREL R ERIAESE T 0 ) o The entry a
the head of shift structyre 600. In 5 thi | 4 i t

502 (o read qubiied S0ASAIOTBAGRRETRRRLI Y OVRP b PR G4 AT bhe

descriptor, DRC 504 then issues a direct nenory (dm request to retrieve

t he packedireasseniont Gun)wieqiest logcisve tiepegket asgppiatedyuith thedestripor- t he
descriptor can contain the nenory |ocation where the packet is stored. DRC
504 then Mesdissticulaiy, tegdsstiptbocanswntan themendty docafios whergihe packgtisng 10
that address. The retrieved packet or a portion of the packet is then

written tQubSTDRIVS04 thien i LkaMR]uest tb Ateniey cosvelttr peg K. Drusmgpor ti on of
the packet is witten to LST 306-4 (Fig. 4). As alluded to earlier, in one

erbodigrent,pladlle. RRERRRLIIORK bPRAORAGKE IR kot PiHAAARRA 1 0S2-byte

incre ca 4 1s configured to

306. In this example, the retrieved packet or a portion of the packet is written to LST
306-4 (Fig. 4).
As alluded to earlier, in one embodiment of the present invention, packets are
processed in 32—byté increments called MDUs. As such, DRC 504 is configured to
15  determine if a packet exceeds 32-bytes in length. For example, the descriptor
retrieved from queue 302 can contain the length of the packet. DRC 504 can examine
this information to determine if the packet exceeds 32-bytes in length.
Assume in this example that the packet is less than or equal to 32-bytes in
length. DRC 304 then writes entry 617 (Fig. 7) back into scheduler 508 with input-
20 ready field 628 (Fig. 7) disabled. Additionally, with reference to Fig. 8, as all the
entries 602 have input-ready fields 628 disabled, entry 617 is written to the end of
shift structure 600. With reference now to Fig. 5, DRC 504 deletes queue 302-17,
which contained the descriptor of the packet.
Now assume in this example that the packet is greater than 32-bytes in length.

25  With reference to Figs. 9A and 9B, DRC 504 (Fig. 5) then writes entry 617 back into
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15 determne if a packet exceeds 32-bytes in length. For exanple, the
descriptor retrieved from queue 302 can contain the I ength of the packet.
DRC 504 ocemomsmné ne this information to determine if ther@prUR@44630ceeds
32-bytes in length. Assunme in this exanple that the packet is |less than or

equal to 32-bytes in |ength. 04 .th Ltes entr 17 i.g. 7) back
into scheufiistpcmesoy with }rﬁﬁh{eﬁ%eﬁeﬁé&f“gﬁr’%%i%% “(Oﬁﬁéxmg‘ nafglgm ed.

Additionally, with reference to Fig. 8, as all the entrie 60(€?£ave
i nput - r eprtyerfticaibdding28 adidspioteddn Figa Oy ewty 61 scafrha Watier (9 thhen of shift
structure 600. Wth reference nowto Fig. 5 DRC 504 del etes queue 302-17,

whi ch cogiaisaaeutdeomlessili of the otifer titeepaeXiadve itjowrreadyufvads 623t hi s exanpl e
that the packet is greater than 32-bytes in length. 25 Wth reference to

Figs. 9A 120 f Fhiuit BHo(RN6Whh Eiples tiityy 617 bdekak therifead 16 WO
b1 2066 P fds T belc cithuicBH0 (BRG ek Bpplet Pput ready field 628

bl ed. ) fi ti ) . Coted i
o G obiR SRR AR BN s e RUESRTERh B meBoter Co,

of the other entries 602 have j.npuf-ready fields 62 i .

conpar i s6¥lpHghesushy éif?etplcé‘?fbm 'gg.Lﬁé’? a‘?‘%ﬂ CPPE%‘IE gorgﬁ:to g‘lﬁg%l'}ﬁg%k to the
head 5 of shift structure 600. However, this can be ti .consum ng and can
wast e cl orkuic G40 @ig. GAds sudiguraddo gempatecd GHY PRs Vo ten l?f‘rggﬁ‘g? H@%‘
configuration, conparison-logic circuit 640 (Fig. 6) is configured to
conpar e aRu&itd 6008 itingenttiést duerenthp orkshiifa swuctief00. ftocorstingly iBUs t o t he
entries currently in shift structure 600. Accordingly, in this exanple,

entry 617,hsqi kithedl HiaGkitlen babietdateaf ofshift sinaturn 600 rad GGGemaidinzhe
remai ning 10" entri‘es 606, 608, 610, 612, 616, 618, and 619 are shifted

back., | f LAGLeRI&OLETs18M{d B8 608 640 bR diftpudcRady fiel d 628 enabl ed.

t hen 8nt r? ten to the end of those other entries 602. For

CrDl o L L SR B0t B e GRS E3BnBi, i and 008
617 is written back to the end of those other entries 602. For example, with reference
néw to Fig. 10, assume that entries 606 and 608 have input-ready fields 628 enabled
when entries 617 is being written back. As such, entry 617 is written back behind

15  entries 606 and 608. Again, in one embodiment, entry 617 can be written to the end
of shift structure 600, then comparison-logic circuit 640 can ripple entry 617 behind
entry 608. Alternatively, in another embodiment, entries 610, 612, 616, 618, and 619
can be shifted back and entry 617 can then be written back behind entry 608.

With reference now to Fig. 5, when a packet is greater than 32-bytes in length,

20 DRC 504 writes the descriptor of the packet read from queue 302 to perMDU 510.
More particularly, DRC 504 writes the portions of the descriptor relevant to
processing the remaining portions of the packet, such as length of the packet, and the

like. Moreover, when data is written to LST 306, it is written with a ready bit entered

after every 32-byte increment.
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when entries 617 is being witten back. As such, entry 617 is witten back
behind 15 entries 606 and 608. Again, in one enbodinent, entry 617 can be
witten wovhiseend of shift structure 600, then conpari SPOFUSGY4ISI r cui t
640 can ripple entry 617 behind entry 608. Alternatively, in another
enbodi nent, entries 610, 612, 616, 618, and 619 can be shifted back and
entry 617 can tNmwafsemerthdttvdren PRk Me@iigd ) evas nytiglig:d, tanhels 6f Braedd@ now t o
Fig. 5, when a packet is greater than 32-bytes in length, 20 DRC 504
writes thevdlessdbldat Kls@hssub tRatkeinalso@md, b7 %Q@ﬁﬁl&ﬁ)ﬁdﬁtﬂ@@bi\w 510.

More particularly, DRC 504 wites the portions of t escriptor rel evant

Lo Br ocesdl igh 3 e SRICN. NP NS AbidibeAAEkel ene?b‘l@ﬁel@%&(%@t h of the

packet, an tals |ttento LST 306 |t is

witten with.a.r tere ever e Lncreme

02/ 50626 ﬁ&%@@é{ﬂ??ﬁ*&éﬁ“ %S%%% fﬁwhm&fs B ﬁéeipﬁft fias
initialized, channels O, wer e ena Al sq assune_ that channels
0, 1, &nd enablad-lndhis egﬁ@alepﬁmhlq ﬁ‘iﬂé‘é%‘? th?bare em@le%r& ipdicate wEB At ilvel v.
Accordingly, as depicted in Fig. 11, enable fields 630 of entries 606,
608, and 6ilileamsble fwldsd3@ithdt amém’ﬁéfbdsare,in@qat@chwith?,“OF’.eﬁpbcmlﬂ\beI y, are 5
enabled. In this exanple, enable fields 630 that are enabled are indicated

W th a "1'recophizee, iIRvalks that @htlsusaadiciibitcaabe uséds als Adlthar éepidiel @atigd with a
"0". It should be recognized, however, that various indicators can be

used. As fmqﬂ&&y%mst‘éz@%f leftrfel 806, 6B, aer Gleiralré ¥etffb1e;51§’(§1tﬁ§ 200f0, @ﬁ'& ) ?ts 606,

608, and 617 are’set for priorities 2 O, 0, respectively.

i1 zed AR R R Keogh R} é@"%&%”h% %ﬁé@n AR R ord 58 nat o

are sorted, . ahead of entries 602 with enable fields 630 disabl ed.
Addi til8nalM¥izednt ries 602 with hi gher pr| or| ties are sorted ahead of

entries 602 with |lower priorities. Accord ty
As described above, entries 602 with enable elds 630 enabled are sorted

ahead of entries 602 with enable fields 630 disabled. Additionally, entries 602 with
higher priorities are sorted ahead of entries 602 with lower priorities. Accordingly,
with reference to Fig. 12, entry 606 is shifted to the head of shift structure 600, then

15 entry 617, followed by entry 608. In this example, higher numbers (i.e., 20) were
assumed to have higher priorities. It should be recognized, however, that various
priority schemes can be utilized.

Now assume that packets are to be sent out through channels 0 and 1. With
reference now to Fig. 5, software writes descriptors into queues 302-0 and 302-1.

20  With reference now to Fig. 13, software also enables input-ready field 628 of entries
606 and 608. As depicted in Fig. 13, shift structure 600 is sorted such that entry 606
remains at the head, then entry 608, then entry 617. Although entry 617 has a higher
priority than entry 608, entry 608 is shifted ahead of entry 617 because entry 608 has

aready entry 628 enabled.
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with reference to Fig. 12, entry 606 is shifted to the head of shift
structure 600, then 15 entry 617, followed by entry 608. In this exanple,

hi gher nowmber/soefé . e., 20) were assumed to have hi gher prPOT/UBIIRESS0l t
shoul d be recogni zed, however, that various priority schenes can be
utilized. Now assunme that packets are to be sent out through channels 0 and
1. Wth refer\@ﬁ]@éefpmmﬁqf@fgg-gﬁ,%c§%¥%¥@“W@Q6e@lgié§b?ﬁdp‘t“%tﬁ nto queues
302-0 and 302-1. 20 Wth reference nowto Fig. 13, software al so enabl es

i nput - r e@®YMFi0eltd r&@8helleseriptor equetid 80240d THOE S0Athedagiues @dmiraqueisgto 13,

shift structure 600 is sorted such that entry 606 renains at the head,

then ent iy iEA8ihelphakkt @k Mebdry. Midihonaly, PRI 506&hk bbasma%mcgﬂaer priority
than entry 608, entry 608 is shifted ahead.of entry 617 because entry 608

et er ancSomERGhY ik B By RY o R A QURA AR TR s o

502 to re?’g the descriptor in queue 302-0. DRC 504 then issues a dmrequest
to reétrie¥e the packet from menmory. Additionally, DRS 506 can be
configured to determne the address in nmenory to access baﬁgd gn t he
descriptor redlith refpicgeriedis. o X thewaeket isfess dhpad2rytes, fhenRCpPP4t he packet
is less than 32-bytes, then DRC 504 wites entry 606 back with input-ready
field 628viiteseaditye@D6 Bk ovith inghtyreadsnfield 688 disabledwAiccordimghacitrpedd isd entry
619, then entry 608 is processed. However, if the packet is greater than
32- byt es,wiit@heR6cmad chiry 619, Mevdnttyesdganprogesod Hawkven) iflthd papkit-is eady 10
field 628 enabled. In this exanple, entry 606 is witten back at the head

f shift gt ad i } 608. |
of shi @é@ﬁ&ﬁ%ﬁﬁ@%{ tgm&tpﬁﬁéesda, (F123) {ribdsHAGY 606 bAEH ith ilARr&ayr y n

this mand , a higher priority can starve out a channel

oD L SE A OB 1 Wk DS SR 0B Wt bk e RAUFRRNAT packets

structure 600 because it has a higher priority than entry 608. In this manner, a

channel with a higher priority can starve out a channel with a lower priority.
With reference now to Fig. 14, assume that packets are to be sent out through
channels 0 and 17. As such, input-ready fields 628 of entries 606 and 617 are
15  enabled. Accordingly, entry 606 is shifted to the head of shift structure 600, followed
by entry 617. Now assume that the packet processed for channel 0 is larger than 32
bytes in length. As such, entry 606 is written back to shift structure 600 with input-
ready field 628 enabled. Consequently, entry 606 is written behind entry 617 since
they have the same priority. In this manner, channels at the same priority level are
20  sorted using a round-robin scheme.
With reference again to Fig. 5, as described earlier, PSF 308 is configured to
take data (i.e., a packet or a portion of a packet) from LST 306 and send it out on the
ports 310 (Fig. 4). With reference to Fig. 4, as further described above, each PSF 308
is configured to service up to 16 channels. As such, with reference now to Fig. 5, PSF

25 308 includes a scheduler 516 configured to schedule the processing of these channels.
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channels 0 and 17. As such, input-ready fields 628 of entries 606 and 617
are 15 enabl ed. Accordingly, entry 606 is shifted to the head of shift
struct ur w@0D5062®! | oned by entry 617. Now assune that thepCpaskets§r ocessed
for channel 0 is larger than 32 bytes in length. As such, entry 606 is
witten back to shift structure 600 with input- ready field 628 enabl ed.
Consequent Ay depinteryn 606 5] BSMB0] dlem irchhien d ReAiVingadsbduaicac @R $)IHY, frave t he
sanme priority. In this manner, channels at the sane priority |level are 20

sorted usi Bgkpat dRMEtoP TDC§9%%QﬁanﬁHBmH§AE!$H§E)ﬁﬂﬁbﬂﬁﬂﬂ(Fig- S5, as
described earlier, PSF 308 is configured to ake data (i.e., a packet or a

By, et PR Rt iR AR S5 b AR mBHE B 505 ©:

configured 5@ service up to 16 channels. As such, with reference now to
Fig. 5, PSP2%25 308 incl udes a schedul er 516 configured to schedul e the
processi ng of these channels. 19 WD 02/50626 PCT/USOL/ 44580 As depicted
in Fig.55, PSF Sosdgles§lo aperaige simslapxne seieduise sfe ndeve mrs)PF1H8 ian  out put
data control (ODC 526), a output data RAM (ODR) 528, an ACK

(Acknow edgerfegurgd tosatvia upnio d bl chafndiyscsddler atdisannAgitedRMpmstutiee (ARM)

524. 5 Schedul er 516 operates simlarly to schedul er 508. However, as PSF

308 is copf 1@eHaafe]s.0AS 8lioH, GethuBfetdhcd B EfganfatBedutcs Bed ilchided 4Bhifs
configured to also service up to 16 channels. As such, with reference to

Fig. 15, sghedul i ' ' 6 '
R e s R R it
fields 604 i hi. f t 0 Fi.g. , h 10
e S0 0Py Iy 4 0545 00 s B 5 < S9ERED, 2,
L1, 0 oS Lokl ot eneblo.l) o VLR Bl Snes, 0ein (o

ready field, and an enable field.
With reference again to Fig. 5, as described above, data from memory are
st01‘red in LST 306 in 32-byte increments. More particularly, when a packet or a
portion of a packet is retrieved from memory, it is stored as an entry in LST 306 and a
15 valid bit is set. When an entry is read from LST 306, the valid bit is re-set. In the
present embodiment, LST 306 includes a RAM 512 configured to store the retrieved
packets. LST 306 also includes a Packet Data Ram Control (PDC) 514 configured to
set and reset the valid bit in RAM 512 as entries are written and read from LST 306.
At the same time the valid bits are set in LST 306, the input-ready field in
20  scheduler 516 is also set. In the present embodiment, RRS 518 is configured to read
the entry from scheduler 516. ODC 526 then reads out of LST 306 based on the entry
read from scheduler 516. For example, assume that the enable field for channel 0 is
enabled in scheduler 516. Assume that this is the only enabled entry in shift structure

1500 (Fig. 15). As such, RRS 518 reads this entry, then ODC 526 access LST 306

20



stored in LST 306 in 32-byte increnents. Mre particularly, when a packe
or a portion of a packet is retrieved fromnenory, it is stored as an
entry i nwW®2/368 and a 15 valid bit is set. Wien an entryPCHUSEAGSSr om L
306, the valid bit is re-set. In the present enbodinment, LST 306 includ
a RAM 512 configured to store the retrieved packets. LST 306 al so inclu
a Packet aBatcatddamtiCrtchatnel RDEpesndhe chehiglunatber Geldgathegniryr d88Hs t he val
bit in RAM512 as entries are witten and read from LST 306. At the sane
time the eyahbl, DDCS526 Radedatd oIS BOG6-OHig. input -ready field in 20
schedul er 516 is also set. In the present enbodiment, RRS 518 is configu

to read ‘the elhd¥cddifbusshen SS’ES@@%D@%%Q%WH@B%@M@SmthfneLST 306

based on the entry edul er 516. For exanple, assune that th

ST S o U el T PR "Mt OEPER Sl s

518 reads this entry, then ODC 526 acg ﬁ)ﬁ LST 306 20 WD Z/SOEﬁ@{A
PCT/ US01/cenBgged jeapmapiane an aRioReu HEShRBVRRIHBE PPFHARH E08h S nunber
field in the entry. In this exanple, ODC 526 reads data from LST 306-0
(Fig. 4).21AfFer 2 entiihnglaghtod LIF am (Bg. 206\l oitte B shesm dis-ds to ODR 52

t

ST
es

des

id

red

e
S

8.

In one enbodinent, ODR 528 is configured as a FIFO RAM Additionally, ODR

528 i 5 genkd 6k esreldoRp@hilt EIRS] 8 (Figruphratsons: SpEaeocke ks whb,
operating clock of DVA 216 (Fig. 2) and the clock of LIP 218 (Fig. 2).

of the | qghR SRMElafestsicPof @AREAHS BBcAwG@IRKS] ock, while LIP 218 (Fi
2) operates on a separate clock. As such, ODR 528 faC| litates transfer

St o Tooot RSB T FIBSRARID I R L
1520 I SeeoE e, o RS, T ol D bR e, 1
sent out 1?1vgn6‘:1%lr<1a CK illl/te)ltiei 5%1 Est clo%li!ltggrreld%é 1r¥g1<§a?e \Evﬁ;tﬁéreanyg:oei"t _%100 &15? 4) 18 ARM 524
ready to sent out a package. More particularly, with reference to Fig. 5, ARM 524
can be configured with a credit value. This credit value can be set equal to the
number of buffers on the device connected to port 310 (Fig. 4) that will receive the
15 packet sent through port 310 (Fig. 4). In the present embodiment, this credit value is
set to 32. Tt should be recognized, however, that the credit value can be set equal to
any desired number.
When a package is sent out on a channel on a port 310 (Fig. 4), ACM 522
decrements the credit value in ARM 524. When an acknowledgement is received
20 from the device receiving the packet, ACM 522 increments the credit value in ARM
524. If the credit value for a channel is non-zero, then ACM 522 enables the ACK
field 1520 (Fig. 15). Ifthe credit value for a channel is zero, then ACM 522 disables
the ACK field 1520 (Fig. 15). For example, ACM 522 can set ACK field 1520 (Fig.

15) to “1” to enable it and to “0” to disable it. It should be recognized, however, that

25  various values can be used. In the present embodiment, entries 1502 (Fig. 15) with
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can be configured with a credit value. This credit value can be set equal
to the nunber of buffers on the device connected to port 310 (Fig. 4) that
will recaveezsdses 15 packet sent through port 310 (Fig. 4)PCT/mStihasgr esent
enbodi ment, this credit value is set to 32. It should be recognized,
however, that the credit value can be set equal to any desired nunber.
When a pask#EgeelislSn{Figput) embiescihasmeed abeadzofghose VBTOACK! feldst) 320ACM 522
decrenents the credit value in ARM 524. When an acknow edgenent is received
20 from t g deyureblegcei ving the packet, ACM 522 increnents the credit
value in ARM 524. |If the credit value for a channel is non-zero, then ACM

522 enables t hWiﬁ%feréﬂXg{hgg’;‘g%3%-?2%?%%5@%‘1 dovi @eﬂéeifxﬁfﬂe%ic\é%wﬁef or a

channlel is zero, then e ACK fi 1520 (Fig. 15). For
, ACM 52 t Al el 52 Fag 1 Q "1Vt ble it d
o ot ctumedet i BF ot caRLH I Bt PRauh ne Releb@ of e Uar ous”

val ues can be used. In the present enbodinent, entries 1502 (Fig. 15) wth
21 WD D2/ wuestenpte/figeer devisg a5 conpreted 1 € lﬁ@g‘bce(%?bthr%@}g BITQBoYy ¢ sort ed
ahead of those with ACK fields 1520 (Fig. 15) disabled. Wth reference now
to Fig. 20ptelieswonki(SONHI)\wonnertionadesuntethptcibiscamraleviconndasigndd to t he
other end of LIP interface 202. In one application of the present 5

i nvent i onyuntad epdetaiie to 0P €aterOW) @Qinder 43)(ikel, B.488tgigdbiie pe22odd)r ough a
Synchronous Optical Network (SONET) connection. Assune that this franer
devi ce i sTleghgped s Ble 1bPRaBhaSRE 2H8CUR of 8 nERbECH 10 5RATN dh8hndFhodaunber 48

(i.e., 2.488 gigabits per second). This can be a single |ogical channel at

OCc48 f. hcal I ' h
cqual t o BRREaR i e8P FR or EARIREOP AT Pofoeh A st E BBl 85 0T
t h | ti t 12 (i..e., 8 [ d

of gt T narpRiapEr A b gresrelpentpit it OGELis, TaDRsbibpSSEREH for a

sum t ot al

and eight channels operating at OC3 (i.e., 155.52 megabits per second) for a sum total
of OC48. The framer device also has some buffering associated with each of these
channels. This buffering is used to hold packet data for that channel.
Assume that in this application, with reference to Fig. 5, schedulers 508 and
15 516 are configured with priority fields 622 (Fig. 6) that correspond to the OC rates of
the channels on the framer device. In the present example, assume that channels 4
and 5 are assigned a priority of 12 and channels 0 to 3 and 6 to 9 are assigned a
priority of 3.
Also assume that software had packets to be sent out on all these channels and
20  wrote the corresponding descriptors to queues 302 (Fig. 4). 'Initially, the two entries
with the higher priority (i.e., 12) would get serviced one after the other, thus starving
out the lower priority channels. As described earlier, LIP interfaces 202 (Fig. 2) and
218 (Fig. 2) can operate at about 16 bits every 200 megahertz (MHz). After removing
any overhead, this rate can still exceed OC48. As such, data for the channels with the

25 higher priorities (i.e., channels 4 and 5) would get sent out at above OC-48 rate until
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of OC48. The framer device al so has sonme buffering associated wth each of
these channels. This buffering is used to hold packet data for that
channel . wasusws2¢ hat in this application, with reference POT/BSE/44580

schedul ers 508 and 15 516 are configured with priority fields 622 (Fig. 6)
that correspond to the OC rates of the channels on the franer device. In
t he pr esédlnt buffeastinl the framen devitchfat thehatvwrethsngels getdfull. dvt¢hatpeingiedl a priority
of 12 and channels 0 to 3 and 6 to 9 are assigned a priority of 3. A so

assume t haldy sk tahesead daatdseh SchicBulbes enbuld b divabril(sihtehe freh@nnel s and
20 wote the correspondi ng descriptors to queues 302 (Fig. 4). Initially,

the two %@Inc mqﬁ%é}rggg, hffﬁ@ﬁfwe??hgﬁigtﬁ)ﬁ trids-would i#h s diget serviced one

after the ot VI ng ower prlorlty annel s. As

descri bed earI| r..LIP inte ces can
operate &t "act%u?\ f@%ﬁ?@v@g %% &éﬁg?%t H%el\ﬂ?z??eb'%%e? rﬂgerr%@ ng any
overhead, this rate can stil] exceed uch, dat t he channel s
with fhe QG 1RichEelsfirorhamels 4andg). TB%&WP@‘@H%H@“@? {ﬁl S sent out
at above OC-48 rate until 22 WO 02/50626 PCT/US01/44580 the buffers in

t he framaeet shbundschiedulet hds@ig.6) egeam statts toggervieathiose ghiann¢lat Ingsisnt , t he ready
bits for these two entries in scheduler 516 woul d be di sabl ed (since the
framer  Qgaineg phisrifPAdIONEEY (Figd) ¥in bd itlidedwe dividd wy the pamdwidihest thoul d t hen
start getting servi ced As time goes by, the framer device frees sone of

the bUffEH nfltgrm\h SeanehtSpbédse. . channels 4 and 5). The
correspon I ng |npu |elds t hen get set and schedul er 516 (Fig. 18)

i t t t t h t field
Zg?'t ( F:Sgalr 6) dﬁlﬁéﬁ Ceﬁl’fe%eilfﬁ a;%ﬁgb%%a ?e%rlpﬁl Sﬁﬁbﬁiﬁgﬁﬂﬁﬁﬁﬂﬁwﬁr 1 tn'ee. nto
mul tiple | ogical chapnels.o ent s ou e presen
i nvenlt%l or?aﬁg%l lag epypodwagts Plugirat Bgﬁ%wtlr}gﬁ é('fufl?‘@ur)ar enmbodi ment s

illustrated in the appended draW| ng f| gures, variou
modification can be made without departing from the spirit and scope of the present

invention. Therefore, the present invention should not be construed as limited to the

specific forms shown in the drawings and described above.
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nodi fication can be nade wi thout departing fromthe spirit and scope of the
present invention. Therefore, the present invention should not be
construeavas2kiceé ted to the specific forns shown in the BeBwSoIgss®Nd
descri bed above. 23 WO 02/50626 PCT/US01/44580 CLAIMS W claim 1. An
apparatus for scheduling a Data Menory Access (DVA) having multiple
channel s, conprising: 5 a shift stiQIAIM® having a plurality of entries
corresponding to the nultiple channels to be schedul ed, wherein each entry
in said sWefdagtructure includes a plurality of fields, and wherein each
entry includes a weight that is determ ned based on said plurality of

baced on Thei rot 10 o e LR & PH VBRI AR OB BB ER) T e ei n

sai d conparls?n l ogi.c.circuit is conflgured to conpare the weight of an
entry bei Pfo said shift structure with the weight of said

entries in sald shlft structure. 15 3. The apparatus of claim2, wherein
sai d conpari sonshifigiracteterhaying & purabing ofgmitess corrgsnondmetto gisitulsipler y bei ng

witten into said shift structure behind entries with higher weights and
to shift ehatmdle® b scheduded whesdigbdch chaliimehid ahidt stratiuye ineludgs awr i tten into
said shift structure. 20 4. The apparatus of claim1l, wherein said weight

i ncl udes uﬁﬂ@@ﬂ i) iaR@ vwherel &HcR lehiry ifudek b%velgiﬂ ¢haviedRérhigaicdasedf sai d
pIurallty of fields are assigned to a set of
on said plurality of fields; and

a comparison-logic circuit configured to sort said entries based on their

10  respective weights.

2. The apparatus of claim 1, wherein said comparison-logic circuit is configured
to compare the weight of an entry being written into said shift structure with the
weight of said entries in said shift structure.

15
3. The apparatus of claim 2, wherein said comparison-logic circuit is configured
to insert said entry being written into said shift structure behind entries with higher
weights and to shift entries with lower weights behind said entry being written into
said shift structure.

20
4, The apparatus of claim 1, wherein said weight includes a number having a
plurality of bits, and wherein each of said plurality of fields are assigned to a set of

bits of said weight.

25 5. The apparatus of claim 4, wherein said plurality of fields includes:

24



bits of said weight. 25 5. The apparatus of claim4, wherein said plurality
of fields includes: 24 WO 02/50626 PCT/US01/44580 an enable field,
wherein a0 d2ewabl e field is assigned to the-nost-signifieanusobisssoof said
wei ght; an output-ready field, wherein said output-ready field is assigned
to the second-nost-significant bit of said weight; 5 an input-ready field,

wherein sai d i npuEndb®aiddf whdrbinissidasablgiRM IsQséipeed Bitidimossiniftgni f i cant
bit of said weight; an in-flight field, wherein said in-flight field is
assi gned tg;1,hg:;f Qurdyp- nost  significant bit of said weight; and a priority
field, wherein sai riority field is assigned to the fifth-nost 10

significant bit to the tent.h-nost signjficant bi f said ight. 6. The
apparatus of cl &‘?ﬂﬂ“@‘,ﬂ"{%gﬁf tg?qu ‘é’ﬁfrgmpsg‘fct)?‘f?@"qg?@ %elﬁﬁs(ﬁsﬁlﬁgmgo tgFur ality of
priority levels, and wherein higher priority |levels are assigned higher
wei ght's. 15econd-mqst-gigpricant iyt frsaid) weights, wherein the channel s of the DVA
are connected to a synchronized optical network (SONET) having .a
pluralify of optnoput-teady ifield, (MBSein sadrinpubready dicldie nesigned 46 theghigd-al i ty of
entries are assigned priority levels corresponding to the OC nunbers of

t he channehfsiasisaicicait®dit ofishid veagid; pl urality of entries. 20 8. The
apparatus of claim7, wherein: a first set of entries associated with

channel s oper at bgh flonPheliZwAbRiPaR BEEhAeld % REipREd ftht BBh-Bbst12; and 25
significant bit of said weight; and
a priority field, wherein said priority field is assigned to the fifth-most

10  significant bit to the tenth-most significant bit of said weight.

6. The apparatus of claim 5, wherein said priority field includes a plurality of

priority levels, and wherein higher priority levels are assigned higher weights.

15 7 The apparatus of claim 6, wherein the channels of the DMA are connected to a
synchronized optical network (SONET) having a plurality of optical carrier (OC)
numbers, and wherein said plurality of entries are assigned priority levels
corresponding to tfle OC numbers of the channels associated with said plurality of
entries.

20

8. The apparatus of claim 7, wherein:
a first set of entries associated with channels operating at OC 12 are assigned a

25  priority level of 12; and

25



WO 02/ 50626 PCT/ US01/ 44580 a second set of entries associated with

channel s operating at OC 3 are assigned a priority level of 3. 9. The
appar at uwob2/sleaé m 1, wherein said shifting structure i s BCT/US01/44580
First-In-First-Qut 5 (FIFO device. 10. A nmethod of scheduling multiple
channels on a Data Menory Access (DVA), conprising: witing a plurality of
entries in a shisfaondsetndteniriss assheiatadrvidudiannels pyeraigngl @ C Sewd assededi t h a
channel on the DMA, and wherein each entry includes a plurality of fields;
assi gni ngaypsabgtitlsvdlof3ai d entries based on said plurality of fields;
sorting said entries based on said weights, wherein an entry having the

hi ghest weight is sorted to the head of said shift structure; and 15
reading said entry fromthe head of said shift structure to service the

channel ssoci L,th saj. ntry.,. 11.. T. hod_of gl ai Q, furt her
conpri si ng' t helrg% g;%)%%t@s %Cﬁ%lglng ‘é}%ﬁ\{%}né%lfi rsglqﬁré%%ﬁg?nStahglrﬁgrémgr}r&'bggi d shift
structure}gﬁﬁg into said shift 20 structure after the channel associ ated
with said( §evice-servi ced. 12. The method of claim 11, wherein said
witing step further conprises: inserting said entry back into said shift
structure behind entries in said shift structure with higher weights; and
26 WD 02/50626 PCT/ US01/ 44580 shifting said entries in said shift
structurel® t hAlmwtkod vichbddingahulngleshbthetndn y DatadVib@owy Atdesn(Dial, 13. The
met hod of claim 10, wherein said weight includes a nunber having a
comprising:
writing a plurality of entries in a shift structure, wherein each entry is
10  associated with a channel on the DMA, and wherein each entry includes a plurality of
fields;
assigning weights to said entries based on said plurality of fields;
sorting said entries based on said weights, wherein an entry having the highest
weight is sorted to the head of said shift structure; and

15 reading said entry from the head of said shift structure to service the channel

associated with said entry.

11.  The method of claim 10 further comprising the step of:
writing said entry read from the head of said shift structure back into said shift

20  structure after the channel associated with said entry is serviced.
12.  The method of claim 11, wherein said writing step further comprises:

inserting said entry back into said shift structure behind entries in said shift

structure with higher weights; and
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5 plurality of bits, and said assigning step further conprises: assigning
each of said plurality of fields to a set of bits of said weight. 14. The
nmet hod ofw@bzbsmwsed3, wherein said plurality of fields inclpedegsoanssnabl e
field, wherein said enable field is assigned to the-nost-significant 10
bit of said weight; an output-ready field, wherein said output-ready field
i s assigned t cshiftieg ssidconibs mpsaid shifsihetormwithidwvarfweagitsbelendybuid emtry

i nput-ready field, wherein said input-ready field is assigned to the third-
nost - si gniofeGamtenbatkof said weight; 15 an in-flight field, wherein said
in-flight field is assigned to the fourth-nost significant bit of said
weight; and a priority field, wherein said priority field is assigned to
the fifth-nost significant bit to the tenth-nost significant bit of said

wei ght. 20, 15...The h of .elaj m.14 furt.her. conpri Si he step of:
ol no B o PhaePa 35taRh 4P Phifbil b oo iR AR A o b a b it e
wth said_ entry_ is to be serviced. 27 WO 02/50626 PCT/ US01/44580 16. The
met hod of PRefalitnofibits, ginbsard sssigaime sien fyrthencomnaises:i ncl udes a plurality of

priority levels, and further conprising the step of: assigning higher
wei ghts to hi giseignimgieach ofsaikplataity 6f figlds treesetref bisofshidoveighh 16, wher ei n
the channels are connected to a synchroni zed optical network (SONET)
having a plurality of optical carrier (OC) nunbers, and further conprising
the step of: assigning priority levels corresponding to the OC nunbers of
the channgls. The method of claim 13, wherein said plurality of fields includes: '
an enable field, wherein said enable field is assigned to the-most-significant
10  bit of said weight;
an output-ready field, wherein said output-ready field is assigned to the
second-most-significant bit of said weight;
an input-ready field, wherein said input-ready field is assigned to the third-
most-significant bit of said weight;
15 an in-flight field, wherein said in-flight field is assigned to the fourth-most
significant bit of said weight; and
a priority field, wherein said priority field is assigned to the fifth-most

significant bit to the tenth-most significant bit of said weight.

20
15.  The method of claim 14 further comprising the step of:
enabling said input-ready field of an entry when the channel associated with said

entry is to be serviced.
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10 18. The nethod of claim 17 further conprising the steps of: assigning a
priority level of 12 to a first set of entries associated with channels
oper at i ngw@02/8062d.2; and assigning a priority |evel of 3 tpPCHUSEC@EN set of
entries associated with channels operating at OC 3. 15 19. A nethod of
scheduling multiple channels, said nethod conprising: assigning weights to
a pluralitgy ofTigNnheihes of Blan $h) Whersinrstidtptiogity fibldrigdlodeaciuratitafy i s
associated with a channel, and wherein each entry includes a plurality of

fields; ﬁg—icﬁﬂ{éﬁgv@ﬂ,&ﬁiﬂrtﬁ@ﬁédn%sﬁ%ﬁﬁ%t@ﬂo?ai d weights, wherein an entry
[

havi ng t est’ weight i1s sorted to the head of said shift structure;
reading said entry. fromthe. d .of. sai.d.shift structure; servicing the
channel associ%?t“gﬁn\%ihtléiﬁ%gfeag%g%Or}ﬁ}g}}eégﬂo?fygﬂes}%i d shift structure; and 25
witing said entry read fromsaid shift structure back into said shift
structure. 28 WD 02/50626 PCT/US01/44580 20. The nethod of claim 19,
wherein said witing step further conprises: inserting said entry back into
sai d shi f17.st r Tt method ofi clain d At whessinthe elndels latef qonneggtedittair e wi t h hi gher

wei ghts; and 5 shifting said entries in said shift structure with | ower

wei ght s bghtidnizad dpigdl hytwollo (STBNET) hdveig Hplukalit? df optival catibo@@f cl ai m 19,
wherein said weight includes a nunber having a plurality of bits, and said

assi gni ng%lﬁﬁl?a?s %ﬁmﬂt}%@gémégsiﬁg%imﬂ}g: each of said plurality of fields to
a set of bits of said weight.

assigning priority levels corresponding to the OC numbers of the channels.

10 18.  The method of claim 17 further comprising the steps of:
assigning a priority level of 12 to a first set of entries associated with channels
operating at OC 12; and

assigning a priority level of 3 to a second set of entries associated with

channels operating at OC 3.
15
19. A method of scheduling multiple channels, said method comprising:
assigning weights to a plurality of entries in a shift structure, wherein each
entry is associated with a chan‘nel, and wherein each entry includes a plurality of
fields;
20 sorting said entries based on said weights, wherein an entry having the highest
weight is sorted to the head of said shift structure;
reading said entry from the head of said shift structure;
servicing the channel associated with said entry read from said shift structure;
and
25 writing said entry read from said shift structure back into said shift structure.
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22. The nmethod of claim 19, wherein said plurality of fields includes a
priority field having a plurality of priority levels. 15 23. The nethod of
cl ai m 22 wohsswee t he channel s are connected to a synchrpai/psa/4apto cal
networ k (SONET) having a plurality of optical carrier (OC) nunbers, and
further conprising the step of: assigning priority |levels corresponding to
the OC nunbers of the channels. 20 24. The nethod of claim 23 further
conprising the steps of: assigning a priority level of 12 to a first set of
entri es ag&oci @hethetiodbfelanidl sheeipesaid writngttePfurdldr canprigssi gni ng a
priority level of 3 to a second set of entries associated with channels
operating at OgsétingSaid entry back into said shift structure behind entries in said shift
structure with higher weights; and
5 shifting said entries in said shift structure with lower weights behind said entry

to be written back.

21.  The method of claim 19, wherein said weight includes a number having a
plurality of bits, and said assigning step comprises:

10 assigning each of said plurality of fields to a set of bits of said weight.

22.  The method of claim 19, wherein said plurality of fields includes a priority

field having a plurality of priority levels.

15 23, The method of claim 22, wherein the channels are connected to a
synchronized optical network (SONET) having a plurality of optical carrier (OC)
numbers, and further comprising the step of:

assigning priority levels corresponding to the OC numbers of the channels.

20 24.  The method of claim 23 further comprising the steps of:
assigning a priority level of 12 to a first set of entries associated with channels
operating at OC 12; and
assigning a priority level of 3 to a second set of entries associated with

channels operating at OC 3.
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