WD 03/ 090414 PCT/ US03/ 11506 1 2 A Controlled Shared Menory Smart Switch
System 34 5 6 7 8 Related Patent and Patent Applications 9 The

di scl osedweysemiand operating nmethod are related to subj ect/ushfiirrad t er
disclosed in the follow ng patents and patent applications that are | 1

i ncorporated by reference herein in their entirety: 12 1. U S. Patent No.
5,996,020 entitled, "A Multiple Level Mninmm 13 Logic Network", nam ng
Coke S, Reed as inventor; 14 2. U S. Patent NO 6,289,021 entitled, "A
Scal eabl e Low Latency Switch 15 for Usage in an Interconnect Structure",
nam ng, John Hesse a 6 j nye r; 17 3. Unjted _State atent application
seri a& no. 09/693, éﬁ%ﬁpﬁﬁéﬁmﬁéﬂemryi %ITISS(Y‘IGCI\/@Y e Interconnect",
nam ngy, John Hesse as 19 inventor; 20 4. United States patent application
serial” no. 09/693,357 entitled, 21 "Scal abl e Wr nhol e- Routi ng
Concenjrator”, nam ng John Hesse and 22 Coke Reed as inventors; 23 5.
United States patent application serial no. 09/693,603 entitled, 24

"Scal emabl e I nterconnect Structure for Parallel Conputing and Parallel 25
Menory Access", nam ng John Hesse and Coke Reed as inventors; WD 03/090414
PCT/ U$D3/ 11506 1 6. United States patent application serial no. 09/693, 358

entitled, 2 "Scalable Interconnect Structure Uilizing Quality-O-Service
7

8 Related Patent and Patent Applications

9 The disclosed system and operating method are related to subject
10  matter disclosed in the following patents and patent applications that are
11 incorporated by reference herein in their entirety:

12 1. U.S. Patent No. 5,996,020 entitled, “A Multiple Level Minimum

13 Logic Network”, naming Coke S. Reed as inventor;

14 2. U.S. Patent NO. 6,289,021entitled, “A Scaleable Low Latency Switch
15 for Usage in an Interconnect Structure”, naming John Hesse as

16 mventor;

17 3. United States patent application serial no. 09/693,359 entitled,

18 “Multiple Path Wormhole Interconnect”, naming John Hesse as

19 inventor;

20 4. United States patent application serial no. 09/693,357 entitled,

21 “Scalable Wormhole-Routing Concentrator”, naming John Hesse and
22 Coke Reed as inventors;

23 5. United States patent application serial no. 09/693,603 entitled,

24 “Scaleable Interconnect Structure for ParallelAComputing and Parallel

25 Memory Access”, naming John Hesse and Coke Reed as inventors;
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12 Field of the Invention

13 The present mvention relates to a method and means of controlling an
14 interconnect structure applicable to voice and video communication systems
15 and to data/Internet connections. More particularly, the present invention is
16 directed to a shared memory interconnect switch technology with intelligent

17  control.

18 Background of the Invention

19 A simple data packet switching system found in the prior art consists
20 of a NXN switch fabric S (often a crossbar) connecting N mput ports Io, 11,
21 ... Ing to N output ports Op, Oy, ... On.;. In a common configuration,

22  illustrated in Fig. 1, there are buffers IBo, IB;, ... IBx.; 102 at the inputs that
23 hold packets waiting to enter the crossbar switch 104. In some

24 configurations, there may also be output buffers OBy, OB;, ... OBy 106.
25  Additionally, there is some logic (not pictured) to control the crossbar.



5 port buffer ]BP(0) and selects a packet po that it nost desires to send
through 6 the swtch. If the target output port or target output port
buf fer iswelB®itns 7 recei ve a packet, then the | ogi c setsPCrassstsoh
connection to send po to its 8 target. If the target output of po is not
in a condition to receive po, then the 9 logic attenpts to send anot her
packet pl in IBP(0o) to its target. This process is 10 continued until
either: 1) A packet pn in IBP(o) is found that can be sent to its 11
tarhet; or In)omdosimpla epzhddiment witlhuhbinpub podsethere nerosmbsdban connecti on
Is 12 set._ In case_ .2, no rressagllg fromIBg(o) will be sent in the next

nes%aa@eﬂ@@fm@nntgolb@gitbﬁ.sm&cﬁt rf@liwndtrp tthpracgguee %@t@ermmeiw tch t? send
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wheg e theswitcHOEhE ey geohiffut b@rﬁ&"fﬁfﬁ@dpﬁ%oﬂ bhfer Idwblpagkets are 20

sent and the procedure is repeated w a new pernutation 0), Q21), ...

21 T Neetivehpacketsthienfthe 1ogie sovihpamwitthadormection ttiaénd bgteds! y menbers of
the 22 sequence have an advantage over the later nenbers and in order to
be § ai targdtt If 48 tasgetcnputiofpe isatotime donditien to teseivsapa, dyethef or each

setting of the switch., 24 There are a punber ,of di sadyantages to the
oS agDeALRBREO Sepd AnoNaPasket RopHiry tae targel ﬁ"@%chpwsof the
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. 'S e case \ prrori nessage in
| BPX J) bl 96 kasé2 Mg dish 8 1355 A0 bdsdih the n%%%ss]args K. 3 Wile there

are nunerous vari ations go shared‘menory swi tching syste 4 the sane
thrze gnaeperindr fitthispadint,ahe fogf séfehy awighitorend Anpaskapnl e of a

14 IBpq) through the switch. For a packet q to be sent from IBpj) to it’s target,

15 itis necessary that the target is in a condition ready to receive a message,

16 and moreover, it is necessary that p and q are not sent to the same output. In
17  general, this process is continued subject to the constramt that no packet in a
18  buffer [Bpg; is sent to an output already scheduled to receive a packet from
19  IBpg, where J <K. Once the switch is completely set, then the packets are
20 sent and the procedure is repeated with a new permutation Q(0), Q(1), ...

21  Q(N-1). The reason for the new permutation is that the early members of the
22 sequence have an advantage over the later members and in order to be fair, it
23 isnecessary that the integers be rearranged for each setting of the switch.

24 There are a number of disadvantages to the message management

25  scheme of the prior art: 1) the setting of the switch is time consuming; 2)

26 the setting of the switch is not optimal; 3) no two output ports can

27  simultaneously receive distinct messages from the same mput port. One



5 systemthat overconmes di sadvantages 1 and 3 is described in "A Miultiple 6
Level M nimum Logi ¢ Network" (M.M. network) is described in U S. 7 Patent
No. 5, 996w020/09uent ed to Coke S. Reed on Novenber 30, 19®@71/US83/(isheiventi on
#1"), the teachings of which are incorporated herein by 9 reference.

Anot her exanple of a system overcom ng di sadvantages 1 and 3 10 is
described in U S. Patent Application Serial No. 09/009, 703 filed by John

11 Hesse on January 20, 1998. ("Invention #2" entitled: "A .Scal eable Low 12
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2 Latency Switch for Usage in an Interconnect Structure™). Disadvantage 2 1s

13 overcome in the system described in United States patent application serial
14  mo. xx/xxx,xxx entitled, “Means and Apparatus for a Scaleable Congestion
15 TFree Switching System with Intelligent Control” (Invention #8). This

16 system uses interconnect structures of the type described in Inventions #1
17 and #2. A key idea in Invention # 8 is to control packet entry into the data
18  switch by jointly considering all of the messages targeted for a common

19  output port.

20 Tt is the purpose of the present invention to use novel new techniques
71 to overcome disadvantages 1, 2, and 3. These techniques use a key idea of
72 Invention #8, of establishing control of the system based on comparing

23 messages targeted for a common output port. However, the present

24 invention does not require the use of self routing networks but rather relies
25  on a novel new data management technique. The present invention shows

76 how to manage shared memory switching systems effectively.



6 NXN switch S2 that sends the data to the output data buffers. It wll be
7 shown later in this patent that the spreading out of the data in a
certain vy o3®9mmkes it possible to have a good strategy fram/ush®osieilg whi ch
nmessages to 9 send through the switch S2. Mreover, the switches S 1 and S2
switch in a 10 systematic fashion governed by a clock so that there is no
time consumng 1 | data dependent method of setting the switches Si and
S2. 12 In the foll ow ng discussion, sequences of Nitenms, such as

corlt r cbLgnsnary of thef invantion | be used. These items will be |abel ed using
the integers 0, 1, 14 2, ... N1, so that one of these sequences would be

denot ed by Réfer i@mgez which 1s1@seherﬁéud digarh lof\Wrle! eniSo difieprent to tal k
about XJ+K or XJ_K, where each of 16 J and Kis an integer in the range 0

t 03N- ithe @mmt‘ha]\adﬁtmmndl’ﬂeldﬂa enterting thexdyseerh iie fedthirbegh agst 0 to N-1,
rmdul nod N) arithnmetic will be used. 18 Thus, when "J+K" or "J- K" S
us éd SWH@hrSlprleh spvends beingle data segmharttanto Hamks bfihatesl shor t hand f or

+K+J%@n bkﬁ“ws t"ﬁgﬁ deﬁﬁu%%n@@nt hanﬁﬁ&grth@%%éﬁ]fi%)&m%%sgq% eﬁ:ﬁkﬁm'ﬁf N =
5 7+ Eac N 202
b G parbaN pvitghsSe o sPEds @ﬁtcfa&gr%#lt?n&ﬁﬁ& drecmtse °;rsngB8Tﬁ§|H ihe card
. ' | Co,
?%P ’ shbﬁﬂﬁf"%kﬁfﬁ%%%ﬁ e st R8e PF oE e BB e hNESt <1 n o
N
A %ﬁ# 00 shakhy ot P?ésmé@v@eﬁgﬁgé?%efﬁg”e”t sine
PCY/ USBRd Hireghthenrdifth $2.eMdesosr, e bWich&- SNEnd8sfieBén wo val ues are
optimzed wt 2 respect to the size of the switchi ng system and the size

ofl Ot heypteniaticsfashimn gaveredbydl deck b ¢hatrthette isant timklcensueang ai n 1 ogi ¢ and
rrem)ry buffers (not shown 4 in FIG 2). The mgut controllers performa

nlkbedats depensdens meth qd@y‘?sgiém the SIV\h‘éDhﬁS StlsanchBdugh 1ines 208 to S1 210.
Cf)a passes, {fom L L augh |1 nes 220 € 0, Lhe shared bufiprs 8o, SBL

13 orI)uffers, will be used. These items will be labeled using the integers 0, 1,

14 2, ... N-1, so that one of these sequences would be denoted by Xo, Xi, Xs, ...

15 XN_I.. At times it will be convenient to talk about X5x or X;x, where each of

16 Jand K is an integer in the range 0 to N-1. Since “J+K” and “J-K” must

17  also lie in the range 0 to N-1, modulo N (mod N) arithmetic will be used.

18  Thus, when “J+K” or “J-K” is used as a subscript, it will be understood that

19  “J+K” is shorthand for (J+K+N)mod N and “J-K” is shorthand for

20  (J-K+N)mod N. For example, if N=8, J=5 and K=7, then (J+K+N)mod N =

21 (5+7+8)mod 8 =4 and (J-K+N)mod N = (5-7+8)mod 8 = 6.

22 Each of the N inputs feeds into a line card 202 that prepares the data

23 for entry into the switching system. The line card sends the data through

24  data lines 212 to the input controllers ICy, ICy, ..., ICy.; 204. The mput

25  controllers break the packets into segments of length SL bits and then further

26  break the segments into N sub-segments (flits) each of length FL bits. FL



7 data in all of the shared buffers. In fact, each segnent is conposed of N
flits 8 (denoted by Fo, F1, ... FN-1) and for a given nessage segnment, an
i nput 9 cwotwmbdses places one flit in each of the shared pafffeosi11shé g. 2
shows grey 10 areas 234 where the flits of a nmessage segnent are stored in
the sane 11 relative location in each of the shared buffers. Data passes
fromthe shared 12 buffers to switch S2 224 through |ines 228. Data then
proceeds fromS2 to 13 the output controllers 252 through |ines 230.

Fi dal land Sktaae ghesassd -Fizmulm@a@ twornalegs| ase optignzed withe cards 202

t hrough the interconnect lines 232. 15 The switches S and S2 operate in a
sygterfﬁﬁp@,dﬁﬁﬁﬁ%ﬁ!zel theswitching sysieand 6@!4%#&513@@0 gts %‘Uﬁfedpt hat Si

SQ?@?@#&%&?@? il bl santindBbR SR %@%feﬁ?{ﬂﬁ'ﬁhégﬁ{ b!k{‘ ““'hder |
¢ abee IPFIG: 2) nEn Brdut bolafrofiely Mitfortf a mifabict SHHIRGo) Thetftond 00S Lha 1
bi t5s fme%g@%nﬁ@;ms)hd St 219. q).ﬁt*aqfa%ée@ﬂbhﬁmwo%gahﬂeimo 21 208,

swtch Si e 220. The systemis designed so that it also takes T 22

cl gck thithk shadnifféri SBWSB:h. . SBBR2DeA swenungutaconkiollet stures shared
buffer 23 to an output data buffer through line 228, switch S2 and |ine

230. Ala?d4 inreH sdidglke skaped tuffeys.| b fact ceavhaeghant ifcompesschoENIts, each of
length T, 25 and will be_identified by [0, T], [T, 2T], ... [(N-1)T, NIT].
Ne§at i(denowddueFs.ifui entfsri) @ndfor 8 gaYeramepsage SSRMaRt. an Bdulised t o denot e

ti I nt |s,in the .27 I ' he,_.. ' di d.
Sulposriielier Blars oRglit ByfAct Of et budutes TBETHSBBYFIESH0 1 M5 at

[ t t | | t.h duri ti ' ), I t 2

B oa 3 abern s Fymet ageraer oronenl M BB b bap 1T O Gata

t ' f | ti

| er g1t logatph hESach df g shfed S IS M e S 1 C8 o 111+
of) odatyd fdrs e SWitehIS T 224 Maoagh IinkyRR8! I9RKthen Proceeds FERaSX@Nt i nues
through time interval [(N-1)-T, N-T], 6 in which ICK sends the Nth and

| g8t fthé toughuttdomtrotiesads2 segughiinbk 280s Finallly, data passes from the

14  output controllers to the line cards 202 through the interconnect lines 232.

15 The switches S1 and S2 operate in a systematic manner. In this

16  simplest embodﬁnent, it is assumed that S1 and S2 are crossbar switches.

17  Data can move bit serially or in wider paths. In the simple embodiment

18  described here, data moves bit serially. A time unit T is defined as the

19  number of clock ticks that it takes to set the switch S1 and then to move a flit
20  consisting of FL bits from an input controller to a shared buffer through line
21 208, switéh S1 and line 220. The system is designed so that it also takes T
22 clock ticks to set the switch S2 and then to move a flit from a shared buffer
23 to an output data buffer through line 228, switch S2 and line 230. A

24  message segment cycle is composed of N time intervals, each of length T,

25  and will be identified by [0, T], [T, 2-T], ... [(N-1)-T, N-T]. Negative

26  coefficients for T, such as [-T, 0], will be used to denote time intervals in the

27  cycle previous to the one being discussed. Suppose that a message segment



7 buffer SBK+(N_1). At the end of this nmessage segnent cycle, each of the 8
shared buffers contains FL bits (one flit) of the nessage segnent M 9 The
novenent wbh mBleo4dat a from one | ocation to another is sumcTAsd3/ 15061 n t he
Table 1 timng chart. This timng chart also shows the novenent of 11
certain control signals including those control signals discussed in the
next 12 paragraph. The timng chart of Table 1 summari zes data and control
signal 13 novenent described in a nunber of sections of this patent. 14 In

addilt i avl isaatdepdi oentt bideniss aben dagmprtimbintervalg0sNgy 8d ibufhers, 15 the
input controller 1CK al so sends control information. Wereas |ICK sends 16
dat 2 bisesting sedbat the inpet comeollen Ky sdrsdy the gt flitf Gatajthrough (He- 1) - T,

N-Tg, the 17 input controller |1CK sends a control information packet (ClP)
to SBK sviltlgh Sh tothe ik shared butfer vBik. [Dwringjtimesnisrvald luZed],tol tenot e t he

'piiée‘s%%?%i@aﬁgahét%éﬁehsn%’gHS%kﬁ%ﬁé&%ﬁf@gﬁ%ﬁb?téisl%%%ofﬁétkfércgp
FORA . . oo s g
- Ete bﬁ@%ﬁ%&lke%%ﬁéééﬁ%%oiﬂh@%giﬁfqr‘#gi%gﬁg%f%?ﬁ&?&??ﬁﬁ@ﬁ% ed buf fers.
5 . e Tl :

Chebe naviich 1N sidsthe Nih gl bt BittoDic{ihbdatgh edinchl M ghate] Toobade

| ocat ednifferaS BRI AT ﬁfeeén@dft}ﬁﬁm&@a{%é géa?thénﬂ@ym&é)’eM(ﬁﬁﬂleSBK- 26 The

i nput controllers direct the witing o a tothe shared buffers. 27 The
out But shargd bufferscatitamstFL betsi(endifht) of thdatesshposegimens My ed buffers. 7 WO
03/090414 PCT/ US03/ 11506 1 Both the input controllers and the output

con®rol | er s Tdenaoventensiof the datarfiiemi ene lasating to esether issnmmérizedor mat i on
fromthe shared huffers. The__3 amount of time NT glhat it takeg to wite a
cogrg t

ohpl et t 8 lségweschag. (s tiningaghat plsp sbPWs|taerBpEPment 06 as a cycle

T i R P B e e s PRl R BB 20
seggent, i biRg P! iffinb ShdtdPSple™ Sufdifaribes data and control signal

13  movement described in a number of sections of this patent.

14 In addition to sending the message segment M to the shared buffers,

15 the input controller ICk also sends control information. Whereas ICy sends

16  data bits in each of the time intervals [0, T], [T, 2-T],... [(N-1)T, N-T1, the

17  input controller ICk sends a control information packet (CIP) to SBk only in

18 the time interval [-T, 0] (which is used to denote the last interval,

19 [(N-1)'T, N-T], of the previous cycle). The packet CIP passes from ICk to

20  SBy through line 264. This control information packet contains information

21  concerning the message segment M including: 1) the relative memory

22 location of the flits of M in the shared buffers; 2) the target output of M;

23 3) the priority of M; 4) a unique message identifier; and 5) an end of

24  message flag. The control information is located in a special reserved

25  location in memory buffer SBy. '

26 The input controllers direct the writing of data to the shared buffers:.

27  The output controllers direct the reading of data from the shared buffers.



7 time intervals [0, T], [T, 2-T], ... [(N1)T, NT]. 8 A set of l|lines used
for passing control information froman input 9 controller to an out put
control | ewoas/opesem an out put controller to an input 10 ceatrusobersosv | | be
referred to as a "control path" and consists of the 11 following: 1) a set
of lines connecting each input controller to its 12 correspondi ng shared
buffer, 2) a set of lines for comrunicating within the 13 shared buffer

system d,3). a set of |ines connecting each output controller 14 to its
corﬁes %thﬁ Wr%ﬁfﬂlﬁ%ﬁﬂg%@HW?DWOI&@Séend@DHHO&ontroI path does 15

ches Si, or S2. Twg_control paths are 16

i th f th '
o el G et s o0
' ' : . CK
o il B RS DT (B AR RS CRlne i sl SERBEOR Weconsi st ng
of i nehadlibutférs es reflaed o L e tingY dr ARG BLAM AR Bithocont rol | er

OCJ to send control information to an 1 npu . A packet P
or i §i naimergr simplpmsta cydler N hissagd-sabmerd Wwiitin® LAY i§ lhgr OCL will be
said to "pr ozagat.e" or "percol at e@_te%%ugh 22§?he sha?%%ﬁ%gftﬁer systemif

thePe ias axysiepenod. of messsgcsdgmenttvtitng pedodas divided ko thé N - - . 1 N_I such
that Pis in SBL+M at the beginning of tine interval IM 24 where Mis an

i nt bgefmnievalsdigd Jo[T.o2-Mi ... {@¥d)thaN-Tdach i nput controller 25 | CM or
CniErval T MASea LDER sed Koy Bing SoMEoliBGmaNeg emean BDuA er val Al |

05 boo st al oY paB cBE Sfin b Foimbar Pidut AuROfe i b ingpt puc
rons ag S OGP E ReRrieao fha “ ol W A AL BRER olghehe & me i ner val

[ 011 T] folldWikic€ PNh i | QU i SBK to SBK+1 and
al so fr%m SB tg %Of%ﬁ %%QS&?P@W&E@%{H%&%- T], this sane

cotil r oboirespunding shared bugfer] 3) & 88t of KB fof cOBlitdnicatimBYithiafee al so from
SBK+1 to OCK+1l, This process continues
13 shared buffer system, and 3) a set of lines connecting each output controller

14 to its corresponding shared buffer. Importantly, note that a control path does

15 not pass through either of the switches S1 or S2. Two control paths are

16  present i FIG. 2: a control path consisting of lines 264, lines 260 and lines

17~ 270 that allow an input controller ICx to send control information to an

18 output controller OC;y, and a control path consisting of lines 266, lines 262

19 and Lines 274 that allow an output controller OC; to send control information
.20 to an input controller ICk. A packet P originating in input controller IC; or

21 1in output controller OCy, will be said to “propagate” or “percolate” through

22 the shared buffer system if there is a sequence of consecutive time intervals

23 Io, Iy, ... Iy such that P is in SBy4q at the beginning of time interval Iy,

24 where M is an integer in the range 0 to N-1. Note that each input controller

25 ICy or output controller OCy is in position to read packet P during time

26  interval Iy since P is in SBy, at the beginning of this interval. All control

27  information percolates through the shared buffer system.

8



7 throughout the cycle so that at the end of the cycle, each output
controller 8 has read the control information packet associated with
nmessage MvoAs@maontrol information packet travels from a Paaresds/bishéer to
an output 10 controller through line 270. Wien an output controller OCJ
reads a control 11 information packet for a nessage segnent packet
targeted for output port J, 12 the output controller stores this
information in its output control buffer 13 OCBJ. In the present

enmbbdi ment , Dutingdhe tioret mi¢rvel [-O00] dinpubeatstrdlter Idkosemalsiaccontarcer ni ng
nmessages, targeted for_output ports distinct fromJ. 15 |In this manner,

each pmfgﬁ?at&;hpadmt &rIP moc@t%g&hmess@gp segmient M thoeughdineocat i on and

ori 1 ofb4 toPr. cDRERE the vRae tgial 0. T S aobflol idforBRtiEohmnt "ent er ed

ok e PSP I St StoTSRACHES N, iy Wb Tbah S K4 RS  DREGEIRE T o O
T or vamerBprel [ 2TEL B pabl ol iRl ndck Byl Bt T T e

| nt@er VEBy[-th, SBL» andealsdFibn? SBRZ; 10Tk, | MR pricess comidiggat i on packet CI P

advant ageousl y need not include 23 input port information. 24 The out put

cort r ofhrewghod] tlexeydloss thatChitht @ndexfthe sggleeshch vatput edntrdBerd nt o t he shar ed
buffers. If there is a message segnent in the shared buffers 26 targeted

f o8 ouhasucad dhe contzplinfimation paclet metpaiated avith massagaM.aA i ne 27 interval
S oslienibanPnie ook Rl bt PTSE R OFRONSu:puk om0 1o
crShe SRtERIER Birciieh RS b S0 &F S GE RoRGalie: i gradS 2 ne8Eabos “Bur i ng
b origsiiatis T pachl B # nibsade scedt digké BPEARATESbUPPO T, GO0 Soes ™"
fljt Fpel 360%%0% Eﬁfressﬁﬁﬁ aﬁ?ﬁ'iﬂt@ro%gp%tfc%Knu%l 5tifegnd P = J-K. But

out put controller can calcul ate e valu
13 OCB;. In the present embodiment, output controller OC; discards

14  information concerning messages targeted for output ports distinct from J.

15  In this manner, each output controller OCj is able to keep track of the

16  location and priority of all messages targeted for output port J. An output
17  controller OCj is able to tell which input port a given segment entered based
18  on the time interval in which it extracts the control mnformation packet CIP
19  for that segment from the shared buffer SB;. Thus, for example, OCJ’

20  calculates that the CIP read from SBjin the third time interval [2-T, 3-T] was
21  originally loaded into SB;; by IC;., in time interval [-T, 0]; i.e. K=J-2.

22 Hence, the control information packet CIP advantageously need not include
23 input port information.

24 The output controller OC; examines a CIP for each segment inserted
25  into the shared buffers. If there is a message segment in the shared buffers
26  targeted for output port J and OC; has examined its CIP, then at a time

27 interval [0, T], OC; begins to transfer one of these message segments to its



7 because O previously read the control packet inserted in SBK by I1CK. 8
Therefore OCJ can cal cul ate the value of P. Thus the packet segnent is read
9 out in wohesopees Fp, Fp+l, ... , FN-1, Fo, Fl, ... , FpPrtr/ush3/isoeone of
the tasks of 10 the output controller OC3 to place the flits of the
segnent in the proper order. 11 In time interval [-T, 0], OCJ sends a
special nenory |location available 12 packet MA through line 266 to SBJ

i ndicating.that.t ess, spegified, i 13 A will be available at the
endlof Of “é@?% Bﬂﬁg%@gﬁ%htfhéé&}f% C@?@PQ’PT IS 1o Dakech TRABORHDRY MLA i S
conpl e cripti 0 | eal, | ti.on of .a.15 flit in a shared
buf er?i&é]{iggoﬁlnéé OWQ@eF%ﬁBégéi ‘lfh?r?gﬁ% lg%geli PHEOHY BEPSARCS 6 st or age
addges I?Gﬁt??% t nghy r [ 17 woul d
ind?cat% g%ﬁia{%e T itgssgge% lsjeh&'g@ﬁ!tim \%?’eq} lglggghi\égtsf%gﬁgﬁo f(?‘f shared 18
buf4er megsageeé@ﬁib?ﬁ@@lﬁbﬁﬁ%a%d%f@f 8By 16 isJutHiit ddth‘buﬂ%mBEa”ks MK At
19 time interval [(K-J)-T, (K-J+1)-T], I1CK reads this MA packet from SBK
20 $ ndbbat Nafidenthat Hod pleces it B i shzred baiffea SBx .+ and ahatfee, fressage (MLA is
21 noved frombuffer to buffer in the shared buffer systemin a manner

si n® | aK+Foand B K a Buisagputeantrabiov ©C; ¢an caleulpte thesyades 6fKd i s K, then

ICKéasl\gs t he | ocation SA to its list of free nmenory |ocations;
ot hér wPesause GC; Brerusly sead ihg coptrotpacketjoserteshin 8BkdislGr.e responsi bl e’

f di ' Kk 6 fl diti i.s i nmm t.
such o oiaetrRoC of FELRREETh valhl, 12" Tl BiThaciRl seB0om £3Ped: sends
ld i hi Lo t t 0 - 9 / US03/ 11506 1 t
21; %Lféﬁtlﬂgggt&qépﬁvéﬂ%*éq?a? e'Eo Ogeﬁdz’ ’rr%?‘f‘i P 1§%{n§v\%(ﬂﬁ%rt$gio¥§ nessage 2 0
t ghet i Iy hat d i bl e.
i T e B e B 1 8eF 0 on the

i nput 4 conltortaheenterbal THE, O, €3€ndends \eespdcotil héaosy rvatbn s&BRaBleof directing
message sub- 6 segnents into the correct physical data storage |ocations
wi 12hi npadket MbAethrough line 266 to SB; indicating that the address specified in

13 MLA will be available at the end of the current segment reading cycle. The

14  information in MLA is a complete description of the physical location of a
15  flit m a shared buffer, giving both its input port number and its relative

16 storage address SA. For example, port number K and relative address SA
17 would indicate that the flits of a segment were placed in the set of shared
18  buffers at relative address SA within the set of flit memory banks Mg. At
19 time interval [(K-J)-T, (K-J+1)T], ICk reads this MLA packet from SBx
20 indicating that address SA will be available for another message (MLA is
21 moved from buffer to buffer in the shared buffer system in a manner similar
22 to CIP as described above). If the port specified is K, then ICx adds the

23 location SA to its list of free memory locations; otherwise, ICx ignores

24 MLA.

25 The input controllers are responsible for discarding message packets
26  when an overflow condition is imminent. Such conditions could arise if

27 more than one input controller sends multiple high priority message packets

10



7 buffer. The storage address is sent by a separate channel and arrives
before 8 the nessage so that the switches internal to the shared buffer
that direwDodav@i149 fromSi into the proper storage | ocatipon/Eo®15ed | ust
intime for the arrival of 10 the nessage. Simlarly, the address of the
sub-segnment to be output fromthe 11 shared buffer into the swtch S2
arrives just intinme to direct the proper data 12 sub-segnent into S2.

Nei t her, i nf or.mat i..0 o, control information 13 pass through Si or
S2, tlwhé? g‘ﬁgbq“iﬁlt qul%tlhgv 3&%’4%%@%“4%1} © BRWR EWP%&.SS%M The separate
novemne . rel tion.l.n the 15 ared buffer
o FrpareRets 3, CAEHT SRS GtRidng VeRGR it adlied i nio
sub3 s e gpthes didchibdion FMHisRbAR! Wl b8 fnd ' on'the iddud T ONt Oof each
of the rressages? vvolul d beSti ‘angu%ldr%g&é%gp@rei e?aﬁgsogrtﬁ%tl l%ltf of the

Dr ai ngenitOllér G 1 is a schematic bl ock di agram showi ng an exanpl e of a
generic 20 B/(rei or art switching systemconsisting of line cards, shared
buffers, a $hetpresen? inveathiondiasanmoveltsphemb dffdiresting ndssgge Bubs a schematic
bl ock diagram.lluystrating the intelligent shared 23 nenory swtching

sys? ensegments iplocthernorrest dhysieal datnsterpge dosationsomigsinahe sharedcar ds, i nput

shared buffers, an_output. 25 switch S2,

! o RS e LA e e e

sCheebpbLonk o) g AR SR SAL ek S B o 55 0, L1,
infb § | ne, S | o b : 5FIGS i

packel it ot i 6 pBRLOUB-AABEREH! reLotis SUEE A Ao T O 1o @

FIM6 i Meshibemiifilablyotke SidesatT tHe Aib-Smetit tBUY siRbhefrotSafk I n the 8

present invention.
11 shared buffer into the switch S2 arrives just in time to direct the proper data

12 sub-segment into S2. Neither header information nor control information

13 pass through S1 or S2, whereas all of the data passes through both switches.
14 The separate movement of the addresses and control information in the

15  shared buffer is important and advantageous since each segment is

16  decomposed into N sub-segments (flits) and placing the identical header in

17 front of each of the messages would be time consuming.

18  Brief Description of the Drawings

19 FIG. 1 is a schematic block diagram showing an example of a generic
20  prior art switching system consisting of line cards, shared buffers, a switch
21  fabric, and output buffers.

22 FIG. 2 is a schematic block diagram illustrating the intelligent shared
23 memory switching system of the present invention. The system includes

24  line cards, input controllers, an input switch S1, shared buffers, an output

25 switch S2, and output controllers.

11



9 FIG 7 is an illustration of the shift register that carries the CIP 10

packet. 11 FIG 8 is an illustration of a Banyan switch that is a suitable
design Iwofwmouse as Si or S2. 13 FIG 9 is an illustratipem/ush3/asssm t ch A
with nmultiple output lines to 14 switches Bo, B1, ... ,BP, ... , BMI. 15

Detail ed Description 16 In order to understand the operation of the system
200, it is necessary 17 to have in depth know edge of the operation of the
input controllers, output 18 controllers, shared buffers, and switches S|
and S2. |t FHGaB dpaschemstie plock digramddusiraimg aap soBAPIEMd for mat of
the data carrying packets as well as the 20 content and format of control

i nf2or maseiddn thaPreseny IHEakeTs. 21 Description of Packet Formats and Layouts

and fur f'ﬁte‘?Fﬁ‘g@5%3@53533%%@#ﬁhﬁ@%@@?ﬁs@%ﬁﬁ%ﬁ%ﬁ@% em and ar e
an _ S _ re
rodk agh NS o bR B st iRl Sy L "ports fo out put pors

12 40D 03/ 0 B0 ; : L put
o C;IV\?I ?{t%% RGTs R 16106k dlamma theredVWifidrast (Be paexdnS2. | n

on t e nessage packets, t 2 are a nunber of control
I nf@r mpkeoackets that are sent fromlocation to 3 location in the
system The control information packets do not travel 4 through the
swit ches SiFEG® 82 s@hdrmtiablo@kggagmmmgf aheutpwisontaller usd Mthst rated in
system 200, the formats of the data carrying packets and 6 control packets
wi 1§ bprefefonveton.7 FI G 4A shows the format of a message packet as it is

recei ved by l'ine.card. and. pas on to.an input..co ol ler. A nessage
packet con&@?’sgéﬁ angu'é&?g]&@e?f@ﬁcﬁﬁﬁgﬁ%@?tﬁﬁmé}lﬁaﬁ%sﬂﬂ%‘?& shows how this

age i;s,10 deconposed into segnents and flits. The nessage | ength
mr nPHEEL.

t he
11 FIG. 8 is an illustration of a Banyan switch that is a suitable design
12 foruse as S1 or S2.
13 FIG. 9 is an illustration of a switch A with multiple output lines to

14 switches Bo, Bl, ,BP, cev s BM_1.

15 Detailed Description

16 In order to understand the operation of the system 200, it is necessary
17  to have in depth knowledge of the operation of the input controllers, output
18  controllers, shared buffers, and switches S1 and S2. It is also necessary to
19  understand the content and format of the data carrying packets as well as the
20 content and format of control information carrying packets.

21 Description of Packet Formats and Layouts

22 The data packets entering the system are decomposed into segments
23 and further decomposed into flits. These flits move through system and are
24  teassembled into segments, which in turn are reassembled into output

25 message packets. The flits are directed from input ports to output ports

12



11 nunber L of associ ated segnents. The nessage packet 400 is deconposed

12 into segnents So, S 1, S2, ... SL-1. Each segnent Sx in the segnent
sequence wbdsjogo4fiurt her deconmposed into N flits FO F1, . PCcTRS0V11sBach flit
contains FL bits 14 and each segnment contains SL bits, where SL = NNFL. 15
FIGs. 4B to 4G show the structure of the various control packets 16
referred toin this docunent Follow ng is a brief description of the

ond. ¢ gl 1; 't@%ﬁq o5 R 20t ;ngﬁégew Seﬂgé{aaigﬁgzaﬁge i, Sero v |1
0 . M, dad h
de i e POtk %@ﬂl e PRRBAIRl 501 B S t%ﬂet (I\j/l?‘A s
. 23 SA -
e Ygﬁa%.@ﬁﬁ%@%%&%d@h&%?‘% ‘ﬁ%’s%l?ﬁeﬂbﬁﬁk@%e Sared buffer 24
Sy 3t ey Qﬁesvﬂﬂﬁ%%”ﬁiﬁ SP! PR{drity dedbiibing the RofffbrRAts he qual ity of

service ( val ue 1n the header of the I ncom ng nessage. 13 WO

03509%2%341!:@9%&115% the ¥Birbats ofhlee detscigeying paekets@ngel ect ed by the

i nput controller to identif 2 each segment of a given nessage packet. 3
EOH - céntrehpadietswalidgedésothibedt or. A one bit field included in several 4
control packets to_ indicate that a conpl ete_nessage ack(i has been 5
pracessed FE6GVi4A sbewsttbe fermat ofri msssagecpackst asit 195@4‘&!1’3 By &soci at ed vvith

N TRl i By SRR RIR, A Bl DAt bR L LT

s som P RARY o IR AT S B 2 9, 1 com
ang TiJILOgpBsS4 iiitBdeBhents and flits. The message length determines the

11 number L of associated segments. The message packet 400 is decomposed

12 into segments Sy, Sy, Sy, ... Spa. Each segment Sx in the segment sequence

13 is further decomposed into N flits Fo, Fy, ... Fy.1. Each flit contains FL bits

14  and each segment contains SL bits, where SL = N-FL.

15 FIGs. 4B to 4G show the structure of the various control packets

16 referred to in this document. Following is a brief description of the fields

17  within these control packets:

18 BIT - A one bit field set to one to indicate the presence of a packet.

19  Changing BIT to zero will “erase” the packet.

20 MTA - The message target address, i.e. the destination output port of an

21 incoming message packet. The MTA is derived from information in the

22  incoming message packet header.

23 SA - The relative segment address for a set of flits in the shared buffer

24 system.

25  SP - The segment priority, which is based on the quélity of service (QOS)

26  value in the header of the incoming message.

13



12 In order to have a conpl ete understanding of the invention, it is 13
necessary to have an in depth conprehension of 1) the operation of the 14
sSwi t ches 80 B00482; 2) the operation of the input control lperajso®)isvhe
operation 15 of the output controllers; 4) the construction and operation
of the shared 16 buffers; and 5) the timng of the system Each of these
topics wll be 17 discussed in a separate section. The input controllers

troll f unctiops .t hat imlar to th f th
ot B e rdeesaad pabfi D) seleeial Merapie ol e 10enii¥e | nt or connect
| i ded by the 20 t i ti d patent 8 mak
poce: oyl o R it misdto R 21 Tound of seuher o. This control is
acgw%o;\}re%mna'dﬂbé%aggﬂﬁdsigantgz %S@Bit’}%@'iﬂclﬁ{ied HF;&%?ﬁages targeted to

a given output port an s information to route the data.

Thel shayeebl patketstoaaichtd ﬂltaﬁatcbﬁlpléﬁé%ess%gﬁ%@k@% y and |l ogic that

are at the heart of the patent. A’key aspe the invention is the

novel processgds @M is Jdtaveers, inlgdsahalcoatrot satlettis dsdockited 2t he system
Message packets are deconposed into segnents and segnments 14 WO 03/ 090414

PCf/ usbelast sogmentfer 4 meskage prokehpnsebichrase subssegnemt.s referred to as
flits. A,Hlit C nSio%tS .2 of FL bits, and a segnent_ consists of SL bits,
18- gy

whér e fRpm [ pog that sy the segmentoasspiated withither om one
| o ationt?a ther. A global clock GC 4 (not illustrated) initializes
tife (9O Ba%KH: s cl ocks steps sequentially to 5 time NT (the amount of

undn 10 ERETE e SRR S%@@%@@%?éﬁ@ﬁ?ﬁ#@ﬁé"f ST SZ?EE”F?Ea
S0t cREUNE TR, O st A Ry et ure of the present i nvent i on

is the presence 10 of the data switches that are reset by a central clock

rqqheermEdwent:gn@t’p’gmi%ngé@@rmﬁoﬁata dependent. In the tine interval
0 th

[0, T], swtches SI and™S2 are” 12 set so that, during that tine

Pghi od, daja FAVR AR 4 BEAPe BhablsBiilite HF A1 invention, it is
13 necessary to have an in depth comprehension of: 1) the operation of the
14 switches S1 and S2; 2) the operation of the input controllers; 3) the operation
15  of the output controllers; 4) the construction and operation of the shared
16  buffers; and 5) the timing of the system. Each of these topics will be
17  discussed in a separate section. The input controllers and output controllers
18  have functions that are similar to those of the input controllers and output
19  controllers in patent 8. ‘These interconnect controllers provided by the
20  present invention and patent 8 make possible a level of intelligence not
21  found elsewhere. This control is accomplished by simultaneously
22 examining all of the messages targeted to a given output port and by using
23 this infomiation to route the data. The shared buffers constitute the novel
24 shared memory and logic that are at the heart of the patent. A key aspect of
25  the invention is the novel timing scheme. There is a global clock that drives

26  the system. Message packets are decomposed into segments and segments

14



13 ICK to SBK and data traveling through S2 travels from SBK to ODBK. In
the 14 time interval [T, 2T] data travels through Si fromICK to SBK+i and
data 15 twewslogo4ihr ough S2 from SBK+l to ODBK. This sw t cliCmgiSoaitse6 n
continues 16 so that in the tinme interval [MT, (M1)T] data travels
through Si fromICK 17 to SBK+M and through S2 from SBK+M to ODBK. 18

I nput Controllers 19 FIG 2 depicts a switching system 200 with intelligent
control. A 20 nessage packet enters a line card LCK 202. The nessage packet
carl bearerfarthed de¢ompeosed mty sab-ségmantsseferceditt agflits hafhtcondistser net

Protocol, Sonnet Frane, 22 and ATM _ The |ine_ _card LCK sends a nessage
packet ofUEL ibits; ared Asegment gensistsof M. biss, wheke Sort Nl et 1e@kire$he packet MP

ndl udl e AR femouge: fihdirbARa o SR fhelidn s el Rk elook G m:ah ?ES
. (MTA) i : 06 1 i ved.
I”E?E:ﬂ@%@it%iﬁa;%ﬂﬂbﬁfaiaz%%aiofﬁ%ﬁ%g?%9002%%%@%%5?%’5@%#& Ton 2 from
IS he . Lart ! . d ! A
of “an S ToIRE aoRinf of ihe Bfref20 rfBfe o SbEmet) B RIS Pogicr 4 10
31G  agerb N thidalcRubiént Svhe R i8 %ﬁhlt_e@- thdtst cartaif\ewthieddrs hptied Huffer 5

storage locations ASL 330, and a list of available nessage packet IDs AMD
6 340.it Thienpligalthat o8 the! detting 6Kthreeglobalesl ook vemgethefavent acéirse card t hrough
7 interconnection |ine 212 and sends nessage flits to S| through Iine 208.
The 8 input controller sends control information packets to SBK through

i 8 ZEh@SaNﬂCfl@:SaiS'bsadosgge | ocation available information from SBK
thorough line 10 274. In response to the arrival of a nmessage MP fromthe
lime card, ARgvehind impdrtastifeatoré of thdfsrasent mivertion inthegiresdndeasks
including the following: 12 The data 1n the nessage packet MP arriving at
| Q0 (ioftthe diatgswitehesifhat peekestt by acentiah Chockatathen)thas bdacsrgteged i nt o
nmessage packet 14 segnents as illustrated in FIG 4A. The segnents are all
ofl 1t hethetisedata dependent. In the time interval {0, T1, the switches S1 and S2"are

12 set so that, during that time period, data traveling through S1 travels from

13 ICk to SBg and data traveling through S2 travels from SBg to ODBg. In the
14  time interval [T, 2-T] data travels through S1 from ICx to SBk+; and data

15  travels through S2 from SBg+; to ODBg. This switching pattern continues
16  so that in the time interval [M-T, (M+1)-T] data travels through S1 from ICx
17 to SByrwv and through S2 from SBg.y to ODBk.

18 Input Controllers

19 FIG. 2 depicts a switching system 200 with intelligent control. A

20 message packet enters a line card LCk 202. The message packet can be one
21  of a variety of formats including Ethernet, Internet Protocol, Sonnet Frame,
22 and ATM. The line card LCx sends a meésage packet MP in the form of

23 FIG. 4A to input controller ICx. The packet MP consists of a header and a
24 payload. The header contains information including the final destination of
25  the message packet from which the message target address (MTA) is

15



15 length SL. The nunber of segnents depends upon the length of MP. 16 The
segnents consist entirely of incomng data and do not have 17 header

i nf or mat i wo o3ngEmi ed by the switch system 200. |nstead, 1®crasos/isde

i nformati on needed to route nessages through system 200 is 19 placed in a
separate control information packet CIP, as illustrated in 20 FIG 4B. 21
A segnent S is deconposed into N sub-segnents (flits) FO Flad. .. Fglz\z. 22
each of  length L. as.illustrated in FIG _ 4A 23 A segnment address S
chogen dezveds hEHg hegder dlso spptaigequaitialservioa (Q@S)tmgmmjmnt S. This

Focdes rePl BRI ot SPSiRe AL Sl N e § Tihoden,
' T I Si. . e gual i of servi
o ©he oldnentBor g b ROfol1er 0% GpiBRlink DA A e ka0t 301 Ve v ey

al s4 dgognsi0iRaninpiub dhta REFG B 1320 Hﬂis@%f??%}%ﬁ%@t@hﬁé} 2 the shared

buffers. 3 A uni que message packet i denti . ~chosen for the
nesgagetoragwmdatmmtmsmeamhfm;ofﬁkvaﬁame&ﬁemgé pagket T AMIMsed by the
5 output controllers in re-assenbling the segnents’ into a nmessage 6
packet 349. Tiieinpas coireller ifx smeives Beisugeh&onnd lvk smdshamghndi cat or EOM
Thi 8 is aone bit field whose value is set to one to indicate that a

gi ven thisecomagetion ling212:and sengivanessege fhits tpaS:lkﬂﬁouagtdli'ﬁe 2@8}1 The zero
h .se., 1 his bit alerts.the out controller that the unique

ﬁés@ggﬁpﬁ%@%"{l# g%@rﬁ?‘ﬁ%tg{l q%fﬂr@%iﬂg’%fﬁ% etsopeBx threaghiime 2tbt her packet .

12 gA .1 tqy . ke | P_gont al ni t leld A, SA SP, 13

MPI D, gﬁgtﬁ;&%ﬂg@%@ l:oggfil@rg%Vﬁaeb% 05‘:1‘@2‘8? &‘@ﬂiﬁfm@}qra@aymwﬁ FIG 14 4B.
10 274. Inresponse to the arrival of a message MP from the line card, the input

11 controller ICk performs a number of tasks including the following;

12 * The data in the message packet MP arriving at ICx (including the

13, packet header information) is decomposed into message packet

14 segments as illustrated in FIG. 4A. The segments are all of the same
15 length SL. The number of segments depends upon the length of MP.
16 The segments consist entirely of incoming data and do not have

17 header information inserted by the switch system 200. Instead,

18 required information needed to route messages through system 200 is
19 placed in a separate control information packet CIP, as illustrated in
20 FIG. 4B.

21 * A segment S is decomposed into N sub-segments (flits) Fo, Fy, ... Fy
22 each of length FL as illustrated in FIG. 4A.

23 e A segment address SA is chosen as a shared buffer storage location
24 for the segment S This address is taken from the list of available

25 shared buffer memory locations stored in ASL.

26 * A priority SP for the segment S is chosen. This priority value is based
27 at least in part on the quality of service of the packet MP. The priority

16



15 In the tinme interval [0, T], the flit FOof Sis sent fromICK to SBK
16 through line 208, switch Si and line 220 and is stored in shared buffer
17 SBK atweagmeoti4 address SA in flit nenory bank MK | n tPETIUSO® 11586
interval [T, 2T] the flit F1 of Sis sent through line 208, switch Si and
19 line 220 for storage in SBK+l at address SA of MK This process 20
contlnues until in the tinme interval [(N—l) T, NT] the flit FN-1 of S is

subleri pts SRUeNBAY ARpAerrud gy ler f | érﬁ%dun“”é&%@&%fﬁuﬁ?{ on 23
fl]%‘ T, O capP 264
: zca'?lngnrm %%aieglbﬂg%}@ég gtselr?/?USE rat ed] in F G: 555e2t7 \C/)\?) 0|C~‘,/r]890414t O
/
cpeci al 19c2t aguezeSBEC patiR hARAAMu Atk for ke §HBELTRe Bn 1 nput

pord |P 3 NIPRIm the AMITD Huffgd gqgﬁ e flag EOM |f
4 an M.A packet is present in @W?@S%ﬁlﬁﬁ?ﬁ%ﬁgse ﬂ% then the 5

valdle of SAoutput coMfollérs inwemssembling the sgumadsintold'giess4g¢ adds the 6 val ue
of SAtoits ASL and "erases" MA by changing the first bit 7 (BIT) to
zer®. In adpaekasn, if IPis K 1CK also checks to see if the 8 EOMfield is
one. If so, |CK alters the AMD buffer to allow the reuse 9 of MPID for
anof her rfes?hgéai’ééiﬂl@@feﬂ@h RdP satheatnd of messageeintlicatot BOM1Thial ue is in a
buffer M. with Iléﬁ/gl inct. fromK, then I CK does not 11 npdify its ASL nor
does it nodiSfd0 Whpsﬁ‘f?éuq f st @ ong tq mcgpatq that a@ieen SA (as a

ield of I 13 26 SBK b t he. | f SBK in
the time | MBI e Bt i qtdhe Daekeh N BSShi o GbRAGe- | ocat | on.
0 : cycl e.
s, T ¢ nahit BB TRC Bulpl chiuiofh i TR LAKER Yol bAGKEER" The
coptrol I er jdefitifie MPID i'fee to be reused for another packet.
12 A control information packet CIP containing the fields MTA, SA, SP,

13 MPID, and EOM is constructed. The CIP packet is illustrated in FIG.
14 4B.

15 e In the time interval [0, T], the flit Fy of S is sent from ICx to SB¢

16 through line 208, switch S1 and line 220 and is stored in shared buffer
17 SBx at segment address SA in flit memory bank My. In the time

18 mterval [T, 2T] the flit F; of S is sent through line 208, switch S1 and
19 line 220 for storage in SBg+; at address SA of Mg. This process

20 continues until in the time interval [(N-1)-T, N-T] the flit Fy.; of S is
21 sent to SBy.n.; for storage at address SA in Mg. The shared buffer

22 subscripts are non-negative integers less than N because the addition
23 is done mod N.

24 ¢ In time interval [-T, 0], CIP is sent on line 264 to location CM1 530 of
25 SBx as illustrated in FIG. 5.

17



17 storage location for FO. 18 |In any switching systema data overfl ow
situation may occur, forcing 19 nessage packets to be discarded. In a

si mpl e emvodBmenti4 of this 20 invention, two nmet hods of selpeatisosyirmessage
packets for discarding 21 nay be enployed: 1) A nunber MAX can be set such
that each input 22 controller and each output controller wll discard any
nmessage 23 segnents that remains in the system |l onger than MAX cycl es. And
24 2) 1If an input controller I1CK receives a nmessage packet fromits line
25 jcard @ndnidaghithngtintéatah [QUT {€x-1)IBKICs enamines & spdcjaltibeatiorCK conpar es

26 the priority of the incom ng nessage packet with the set of 27

unpr ocessedSMﬂﬁk&fiSlBﬁf@lﬁnngjApamb@t MiLifo eontpins) aaKinpié RO Btar ds- 18 WO
03/ 090414 PCT/ US03/ 11506 1 the %acke having. the | o STE@ orjty, either
thé i nconi mympbark atsegment address S’y and apend tlﬁe*’tﬁég?gﬁg i\)é Eﬁat an

Ul has mory bl A RackR RO i ?@ﬁéﬁﬁﬁ?ﬁi RS ke ol urt or
ot ML ARy LSares nts set 26
comiti on oalvdab ATt ik, TR0 AL RO PGk AARE 2 Tlout port

L B & SANG LA HASIohid LR8P A SRig the ISt Bit 1y of 11 s

message 8 packets targeted for J. To do this, Creates a change priority
packet 9 gﬁng'té LeEs T B gddition FFEP 4R, 10k albo shedisf foeseedf tessage t ar get
address 10 MIA of J, the nessage packet ID MPID of the packet to be
changed, IHOMficldé ooy HrsogICk It fher AMID paffketa allox thpadensss t he

priority for 12 any segnents of the packet not yet sent and sends CPK via a
codtrol 13 qfaMP[D%I aslothenmessage packetpull nondy wlpe isprespit etliSol at es

t hrough the 14 shared buffer system usi.n ti . _|n enmbodi ment s
udithg 15 cHealgeispin @ pufior %c‘iwg ,leEhQ%é{égﬁqntf@ﬁgf\’% PﬂCs fromICK to
SBlKl 16 fré)lg}h ?tstXS]cﬁlSoradB%s?tertnvc\)%%éﬂﬁ.ed buffers. Each output controller

12 e In time interval [-T, 0], ICk sends SA (as a subfield of CIP) on line

13 264 to SBx to be used by the logic of SBx in the time interval [0, T] to
14 route Fy to its proper storage location. [-T, 0] is used to denote the
15 Jast time interval in the previous cycle. Thus, in the T ticks

16 immediately prior to sending Fy to SBx, the controller ICk sets up the
17 storage location for Fy.

18 e In any switching system a data overflow situation may occur, forcing
19 message packets to be discarded. In a simple embodiment of this

20 invention, two methods of selecting message packets for discarding
21 may be employed: 1) A number MAX can be set such that each input
22 controller and each output controller will discard any message

23 segments that remains in the system longer than MAX cycles. And
24 2) If an input controller ICx receives a message packet from its line
25 card and its input data buffer IDBy is nearly full, then ICx compares
26 the priority of the incoming message packet with the set of

27 unprocessed entries in IDBy with lowest priority. ICk then discards

18



17 will exam ne CPK, and OC3 will note that CPK is directed to port J, is
whil e the other output controllers will ignore the packet. OC3 wll 19

t hen change wBleodps i ority for all of the segnents of the speaidsozdisa®
nmessage packet in its output controller buffer. 21 1In a second additional
control enbodi nent, an input controller 1CK 22 may al so discard a
partially processed nessage packet in order to 23 avoid overflow To do

oot e R R TSR PR e e, o
[ wh hy f in i 6 .1 DBK., The DWK
O e ek AT AL PG bSO oA BTl o o
o per SHEIELS AR ,
L1180 Bl Ay e RS 8y V2 B3OS o 1o

OCy and 2 QeiN@RE sehrtoafle RUAFRY Buff&raGRtant put controller OC5 will read the
3 DWK packet and ignore it if MTAis not J. If MTAis J, CC wll 4 delete

al I5 segmant b & $igstcidalieshal dotrioh piiboddment ifds oV el LEh@itipmpp! i ed, thus
cogpl eting the deletion of the requested nessage 6 packet. 7
Add

ti onal | arisestedirputesontmller 10k diet tectangesamuapostpubpertel, (G 8 correcti on
functions performed by the input controller. 9 Al so, the input controller
car/ send i mm@newgﬁhlsmwagﬁnE)Wgngmaamgrtbgmmtﬁ@fnﬁsmessaga (or in a

PRt of - an BEkCFOHRETE0OL ﬁ&%@;ﬁsﬁ&%ﬁ’c&%&«ﬁ% Q?oh%ﬁp\%%%% el af us. of

he, i < h A i S i i
roqul ave. t RePOIRGRERIFRG: AR) SR SRp Gl atiSale 't%g{eﬂa@cirg?%'e"é‘otg? ol
e mat i onEEh O a IRCRRSEE kel PER ISR BRak AR Pllgh” = = T

11 and the new priority SP for the packet. ICx updates the priority for

12 any segments of the packet not yet sent and sends CPx via a control

13 path (not shown) to the output controllers. CPx percolates through the
14 shared buffer system using location CM3. In embodiments using

15 change priority packets, there are additional lines from ICx to SBxg,

16 from SB; to OC; and between shared buffers. Each output controller
17 will examine CPx, and OC; will note that CPy is directed to port J,

18 while the other output controllers will ignore the packet. OC; will

19 then change the priority for all of the segments of the specified

20 message packet in its output controller buffer.

21 ¢ In a second additional control embodiment, an input controller ICx

22 may also discard a partially processed message packet in order to

23 avoid overflow. To do this, ICx sends a discard message packet DMx
24 (see FIG. 4E) to the appropriate output controller via a control path
25 (not shown) and discards whatever segments of this packet remain in
26 IDBg. The DMk packet percolates through the shared buffer system
27 using location CM4. In embodiments using discard message packets,

19



17 Qutput Controllers 18 FIG 6 illustrates the nmain conponents of an
output controller. The 19 output controller contains a logic unit OCL 610,
an out putwoasaddaui f er ODB 20 650 and out put control buffeCcT@SB3/6206t hat
hol ds the output control packets 21 (OCP). The OCP packets are built using
information in the CIP packets. 22 The logic unit takes the information in
the OCP packets as input, and based 23 on this information, it manages the
flow of traffic fromthe shared buffers 24 222 to the output data buffers
650 and f r dherchareadditionad dinas icdih éCg toSBihefrom=SBj tocOCaiaad 202. Li ne 270

delivers CL P packets, and_line 266 sends an MA 26 packet to notify an

2
i ngut cont rastween sharedbutars, fach oatpwreantraliss Qhrwillireasl the 03/ 090414
PCT/ US03/ 1 1 huffers is f. . .in t ent .a ut, controller is
agoci at edm%%p%c t%ﬂlg@fgd{@iﬁﬁ%ﬂ?fﬂcﬁmﬁﬁ%}s ?’naﬁig‘é‘hcase, an out put
data buffer ine L t traller m nes all of the
trEalffi C thﬁe?ﬁqg aﬁaiegg}eé@?éggqqageg%ggﬁg&f?p@ge@&@pth?W and controls the
fl gw of da i i bRRAM put port. The
routi ng of %%Egg%e%ﬁﬁgég%?%%ﬁlgs%@%ggl soﬁ%%ﬁfao%%ﬁsa%re nmessages at
di 6f erent ipapkét ports targeted for the 7 same output port is a key feature
of the present invention as well as patent 8. 8 In order for this to be
pogsi bl es iAdditionglbe thereymhhde drher dutbotidn andposdibRyerddr 9 be informed of
all of the traffic targeted for output port J. The information 10 needed
by 8t he out potrection faindteons pesfaromedby de mput bentroklen: ol i nf or mati on 11 packet
ClP. In case a nessage packet MP targeted for |line card LC) arrives 12
fr 8m out ¢i ddsebesppuiceamirollarcansend midkmatipe thrgwgh itontrol | er | Cx segnent s

13 the nessage and,. correspondi ng to each, nessage segnent M the input 14
coftroller cpmesamgﬁﬂ@@scaagzgmwewmmﬁ@ﬁ%saﬁn@tp@qo. During the |ast

510 A SRS B T o e AR ip o S
| Rpeach 1@%&%5&0&'%05@%%8 Hatd of iR hPUDoNTheupdifElant OF ten referred to

as’[-T, O]

13 devices could use this information to regulate the flow of data to the
14 switch 200. The path of the control information between separate
15 switches is not indicated in FIG. 2. This information can fan out

16 upstream through the entire system.

17 Output Controllers

18 FIG. 6 illustrates the main components of an output controller. The
19  output controller contains a logic unit OCL 610, an output data buffer ODB
20 650 and output control buffer OCB 620 that holds the output control packets
21 (OCP). The OCP packets are built using information in the CIP packets.

22 The logic unit takes the information in the OCP packets as input, and based
23 on this information, it manages the flow of traffic from the shared buffers

24 222 1o the output data buffers 650 and from the output data buffers to the

25  line cards 202. Line 270 delivers CIP packets, and line 266 sends an MLA

26  packet to notify an input controller that a memory location in the shared

20



18 enphasi ze that an event occurs in the last tinme interval of the cycle
before its 19 use). The output controller nakes deci sions based on the

i nf or mat i wo wBload414 20 the input controllers place in the CWtTasos/izne of the
shared buffers. 21 The output controller OC perfornms a nunber of functions
including 22 the following: 23 During the tinme interval [T, 2T] the

out put controller OC) reads the 24 control information packet CP
(inserted by input controller ICJ-1% 25 fraom | ocatiqn af SBJ. During
thé tibwifarniefeal Ason pagent 8tancoutpyt gontsollerds assomp AR the O P

P T et Fe R g pabisionS s ot St by A fbsatd). o Perver

COHAt | o ‘I nterva

| nder (EF yfbpsottp St Bbfer Bl caffic R GG EREHO R Y se) (N D) 1o
SBY+1 ag,?o%?@q @g&@ : %ﬁn%&ﬁ{grﬂeév_dﬂﬁa%mbi@@nhe@ﬁ@a CIP and the MIA 5

field aces I n mation fromClP in an output control 6

pasketysEXdatid Witk thatRsutplt ?éﬁtr AR dulbing | B médsagddhBased guthecont rol I er 7 then
stores this OCP packet in the buffer 620, and "erases" the 8 CP

paéketcobypagivangifitera dendore stessages(atidifferant inputtpdrys tageted dor the t he 9
si npl est "enbodi ment, OCJ ignores control information f)ackets whose 10
medsagameaouput pordnis akelyi fetire of tlae presentiinvention asiwall anpatent 8 here are any

O kS5 Rl B B Sl 11 02 17
LQ@@%%%?’&%&%&‘%H@&%?&%&@%{S Aliep Pt 3?8%836?'%%3%2;55;?% s
GOl e B bl contttiefs R AT FEE QBT ARG Segrront o

hiighesfacket CIP. In case a message packet MP targeted for line card LC; arrives

12 from outside the system at line card LC, the input controller ICy segments
13 the message and, corresponding to each message segment M, the input

14  controller ICk constructs a control information packet CIP. During the last
15 time interval of each cycle, ICk places CIP into the CM1 section of SBx. In
16  this manner, the input controller ICx writes to location CM1 of SB in each
17  cycle time interval of the form [(N-1)-T, N-T] (often referred to as [-T, 0] to
18  emphasize that an event occurs in the last time interval of the cycle before its
19 use). The output controller makes decisions based on the mformation that

20 the input controllers place in the CM1 sections of the shared buffers.

21 The output controller OC; performs a number of functions including
22 the following:

23 e During the time interval [T, 2-T] the output controller OC; reads the
24 control information packet CIP (inserted by input controller ICy.1)
25 from location CM1 of SB;. During the time interval [2-T, 3-T], the
26 output controller OC;j reads the CIP packet (inserted by input

27 controller ICy,) from SB;. This process continues so that in time

21



18 priority to be sent to ODBJ. The output controller causes the segnents
19 of a given nessage to be sent in order. In case there are two nessages
20 with twe sape1hi ghest priority, the output controller eam/usazeisnés 21
choice on the tinme the segnents entered the shared buffer. 22 1In the tine
interval [(N1)-T, NT], OCJ creates an M.A packet, 23 which contains the
SA field of OCP*, and sends it through line 266 to 24 the CM field of
SBJ. Notlcethat because of the use of npdul ar 25 ar tic (N-l)-T,
N UL T eyl P pbsE] the auipst eentraieniGC: radaghe MBwacketsegnent i n

Io ation SA fo,be sent t dur e,.ne 2 9
) US03/ 1ﬁ%’@hW@@S@e&é’é&bw—mhoﬁhhcﬁﬂwﬁ%‘ﬂ @%’@{ ?ﬁ@?? ﬁlaér val

cr%ates a %]% 1%h contains an SA field, and sends it to the CIV[L fleld
SBT. 3 Q'S interval [-T, 0], OCT sends the values of K and SA

I | AOf wh
IKn4§nI g %?@&gﬁ%l ¢ 1‘# | npucﬁﬂlf:og{)frﬂanéﬁ\)ﬂﬁtgggggeﬁ;%éﬁ# ghge?ngsﬁfocesggg
6 Ehe purpﬁd%&td@l@ jagc abés ﬁ&oﬁlétmﬁﬁslﬁ CIP i 88 oubpuithiontsdpace in its 7

ASL for an er nessagé segnent I'n sonme enbodi nents of this invention,

angout put  gRirkeOICH ofXhe @p@&ﬂ@ﬁrﬁédm@l@]f@r Mt outpudcaditrolddr t he i nput
controllers. There are four 10 ty 1L;es of status infornation that OCT can

sefid to thd¢héemporecting OCP packet in1 E’ﬂwffenﬂﬁ]i}ﬁﬂoandsems the an out put

port status packet OPST (see FIG 12 4Q flrst type of information is
a §equence@ﬁ’ by qhangingi tberﬁymblt(them ‘}M@rzé‘ffwuﬁkﬂﬁ ves the number

f 14 h X. Th f

" Por | oISt FEPORiBSH lgﬁéﬁsggfm@?@ Fmating BasbeaREash | nf or mat i on
t 16 illustrat th nb f f 17

(gﬂl ous ;)rllﬁ%ség"egargﬁ{]?‘ﬁée%ﬁ%d% er tehgt_;J arera ?ar ggfzggsofe%gm §rhg 18

sqqond typgrgf il QA5 ﬂfér@ﬂﬂa%wﬁ&qﬁﬁoﬂﬂhtfoﬁep%s nagket or' sent

12 OCB buffer of OCy, then in the time interval [(N-2)-T, (N-1)-T], the

13 output controller OC; chooses one of the OCP packets OCP* and

14 initiates a sequence of events associated with packet OCP*. Asa

15 consequence of the choice of OCP*, the segment associated with

16 OCP* will be transferred from the shared buffers to ODB;. In the

17 simplest strategy, OCP* is associated with a segment of highest

18 priority to be sent to ODB;. The output controller causes the segments
19 of a given message to be sent in order. In case there are two messages
20 with the same highest priority, the output controller can base its

21 choice on the time the segments entered the shared buffer.

22 e In the time mnterval [(N-1)-T, N-T], OC; creates an MLA packet,

23 which contains the SA field of OCP*, and sends it through line 266 to
24 the CM2 field of SB;. Notice that because of the use of modular

25 arithmetic, [(N-1)-T, N-T] = [-T, 0]. One purpose of this action is to
26 cause the segment in location SA to be sent to ODB;j during the next

22



19 in a separate control packet. Athird type of information that an 20
output controller can send is information that it has received froma 21
down str eamo3oputi4 port or downstream i nput port control | erpcusoaiiisge 22 one
that receives data fromthe output port associated with OCT). The 23 third
type of information can include the status of the downstream 24 buffer or
any other information that is useful to the network system 25 managenent.
This third type of information can be . sent with the 26 i rmati on of type
ond or typeyelee Becalhthapdusiagdhissametimgntervaly [gaeleates a rth type of

| nbor el O LR SRSOUEM CaD! ek CNo 534 ISR, POTILS0ST 11506 1
ouSpuL DR BRI, 0T LTS PESDR GFR LSRR 03 pecke
sefarate Col o ARt Tl (OGMYRIR VI GRIBLiSR | leakes 2 s

doynst r eam;g fl@'éub@@fi{at Qﬁﬁ@u!ﬂ%nﬁéﬂér_ Whobs ndsBAgy ﬁ%diﬂ%‘p@@@dﬁs@& 7 OCL, or
else it does not send this information back ina tinmely manner. 8 An input
cogtrol | er TRpurpesé bf this attomd icalléw ICkItb fhemup dsiy spachiitout put port Is
and use this know edge in selecting which segnents to 10 send. An out put
pof/t st at usA$ladéedn iessagengegmienta control path (not 11 shown) in the
sanme manner as an M.A packet. Qther possible control 12 packets for

i nBor mat # odn sbmeygmbodiments o€ ghis davension, ampuialwongroller 84di ti onal buf f er

| ocati ons and_control _lines, al t shown. OR and ot her possible

p seadsstatsgatamall {ocall of theiRpRt, t{ﬂé%]f& %&ﬁ%ﬁ%%odﬁff
Sui ﬁ;tsfg:; e buffer l.ogations d 16 E(Ppi ionil lin not sﬁz)v\n?sgrﬁ?s
eth i nput f%&%ﬁ%ﬁ@%@f%ﬂﬁ%&@é%@@#&&ﬁﬁ&?ﬁ% ?R“&%ﬁ@la%w or ot her
oyput portipAgket St { Anfd érg%utpjuiﬁ polt §hiRpircket OPS; (see FIG.

12 4G). The first type of information is a sequence of numbers NUM,,

13 NUM,;, ... NUM;, where NUMx gives the number of message

14 segments in OCB; having priority X. The second type of information
15 that the output controller can send may contain information (not

16 illustrated in FIG. 4G) about the number of message segments of

17 various priorities in the shared buffer that are targeted for OC;. The
18 second type of information can be included in the OPS; packet or sent
19 in a separate control packet. A third type of information that an

20 output controller can send is information that it has received from a

21 down stream input port or downstream input port controller (usually
22 one that receives data from the output port associated with OCy). The
23 third type of information can include the status of the downstream

24 buffer or any other information that is useful to the network system

25 management. This third type of information can be sent with the

26 information of type one or type two or can be send in a separate

27 packet. A fourth type of information that an output controller can

23



19 1In an alternate enbodi nent, the output controller has the ability to
20 di scard packet segnents in its buffer. In this case, the output 21
control | ewogenersat es an additional control packet to inforaTiusesimpat 22
controllers of this action. 23 The information that the output controllers
send back to the input 24 controllers allow the input controllers to apply
a level of control not possible 25 without this information. In
particular, information of type three froma 26 downstreaminput port of a
sephr at e desdneklistathe nymibler padipaweily of messages woently secaivekbyed from yet
anot her separate device stjbI‘L f&rjt he 24 WO 0;{%90414 PCT/ US03/ 11506 1
dowhst r eam therPUtARED@REN A&y Defore PHRAHER CAR enf B3 &COBAPE r om switch to

ﬁﬁs %_tnéh'noIﬁéﬁﬁei%ﬁ{ W@%ﬁﬁ@&ﬁﬁf@%%ﬁéa‘ﬁz{é?érét%i‘%‘%?ﬂﬁ]c%%%%ﬁiﬁ%h? fores
cont r ol Ter RRAEQRESY ReBReh i Qi Sredt AR fiGtesf T o) O e 7

shag ed bUff]%fegXEﬁfg? d&%ﬁﬁidrbb?ﬂ%w%zsﬁéhﬁ]ﬁlg?& A nd ¥ asdif fes. FIG 5 is a

8 detailed agram of a shared buf 2. A systemw th N input

porgs 9 hagheNshdsteshnd wihport foednatisendestdtus iwfoethabivhfeck teont ai ns a
nunmber of 10 conponents including Nflit nmenory banks M), ML, ... M\-1 510;

twd7 11 cont©6);, onélse nedogrmatt senddhisanfermativh Bk mraltiGiddy G@82neand a | ogi ¢
unit 12 SBL 520. Menory bank MK is reserved for data that entered the
system 13 Annapghcanipaliersantusk thisdntormatior tedellbww hogeeseh f or any out put
port. In 14 sone enbodi nent t he N.nepory banks _ are of %ﬁggé size. In

ot her 15 fen@b‘gﬁm’rﬁﬂfté? apﬁé’tj@f , l@oﬁ’éﬁ@g? ﬁ@é@gf"ﬁé‘ﬁh?‘l"% diffferlen;tNh
1 . . " Thi .

STt of o8 TRt 4 o0t PP RC LR T SokEaie s Usell e

ifips Tecel R A3liR thilaftte HARAUAs HPIAAPaRRet AO0G RIRBILCORERC 11t

menory ban

12 packets for information of type two, three, or four may require

13 additional buffer locations and control lines, also not shown. OPS;
14 and other possible output port status packets percolate through the
15 shared buffer system using storage buffer locations CMS5 and

16 additional lines not shown. Thus each input controller will have an
17 opportunity to read OPS; or other output port packets within N time
18 intervals.

19 e In an alternate embodiment, the output controller has the ability to
20 discard packet segments in its buffer. In this case, the output

21 controﬂer generates an additional control packet to inform the input
22 controllers of this action.

23 The information that the output controllers send back to the input

24  controllers allow the input controllers to apply a level of control not possible
25  without this information. In particular, information of type three from a

26 downstream input port of a separate device can itself be based on

27 information received from yet another separate device still further
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19 corresponds a list of addresses in MK that are not in use and are
therefore 20 available to store new data. This |list of avail abl e addresses
I s storedwornstobe14 21 ASL 330 menory unit in input control lpem/usekiisohe
storage location CML 22 530 holds a single CIP packet that is inserted by
the single input controller 23 ICK and is read by all of the out put
controllers. The storage location CM 24 532 holds a single free nenory
packet M.A indicating a free nenory 25 positjon in ope of the flit menory
banks downsiseaaq J@ﬁg@ mepnmm%nnaw ¢an rgveliupstigm Er@aww&n t®s single

an .out put controller /090414

data item.frqm. ] tha 25 WO

PCP, USR5 DB EGHRAon 3K I RulHRSEieghaRg At PP AER ADENCcont rof I er | CK.
Wh %] r i | of MK, then OCj indicates that
pogilnt i'on ﬁgaﬂgo\%mee"%g(??%g}lﬁéf@%gv%%g€§y§§%nserti ng the address MP into
CM. CM2 is read by all of 4 the input controllers and is used by a single
I nput I ﬂieq;§ The shared 5 buffer SBK is governed by a |ogic SBL
SZglthgﬁ%ﬁéécdeiB;gs control input from 6 SBK. 1 through lines 260 and 262

ni " cont r ol i @ik G akets R Sl soRPRr MBS0 anaal so
CoR 0l e 80 Aok SAPUR ik S 15he TR thAGHE AL SBL 520

contro Ow of a sedfrent from e SW 0 the correct

| ocaat is%re?%uﬁerééb%ds&aé%ﬂroﬁghfﬂtodm%@f)wwa butRes. @I sivpit 11 SBL al so

controls the flow of data fromthe correct nenory location SAOin 12 the

sh& edidilé®bldok dibgramniofatshdesdebiliésl 222, ATyasemowith dCinpuweporty | ocati ons
13 are passed to the shared buffer as SA packets. 14 The timng of the data

an@ t Hasddshandd buffersndtadnof the dY ishared bufters lcentaifis 2 onmber obper ati on of the

shared buffers. A flit of data arriving at a shared_ 16 buffer SBL through
| ilfe xmapenentsinsdudingaN fhcaemeny baaks Mo,ddu.er. rMheSH); e 17 SA fiel d of

A ket. {hat . ' | i ' ti interval 18 [-T, O
B I R T N I S
19241 8P ol MRS Vi R 1 28IVBE FoPENT DG Sotéleihe W§HER @ © P packet
13 through input port K. Data in Mg can be targeted for any output port. In

14  some embodiments, the N memory banks are of equal size. In other

15 embodiments, there is a memory manager that allocates different amounts of
16 memory to different input ports. This feature 1s useful when some input

17  ports are not connected to data lines or when different data lines receive data
18 at unequal data rates. Associated with each flit memory bank My, there

19  corresponds a list of addresses in Mg that are not in use and are therefore

20  available to store new data. This list of available addresses is stored in the
21 ASL 330 memory unit in input controller ICx. The storage location CM1

22 530 holds a single CIP packet that is inserted by the single input controller
23 ICk and is read by all of iih& output controllers. The storage location CM2
24 532 holds a single free memory packet MLA indicating a free memory

25 position in one of the flit memory banks in the sequence My, Mj, ... M1

26 510. CM2 receives its single data item from an output controller OC; that
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20 contai ning segnent address SA to SBK through line 264. This Cl P packet
Is 21 stored in location CML. At tine 0, the shared buffer internal nenory
switch 2®Rois/opmsétioned to place the next arriving data @Ecrasoditsoéo
arriving in time 23 interval [0, T]) in menory |ocation SA in nmenory bank
MK of SBK. During 24 the tine interval [0, T] while FO is arriving at
storage location SA in nenory 25 bank MK, SBK sends SA to SBK+1 t hrough
line 260. This address is in place 26 when the second flit F1 arrives at
SBi+1 readish dgtaritethamrimnating fom mpat dongelleDiCisAWhemPforpadeak MK. This
process continues with the proper _storage 26 WO 03/0 14 .PCT/ US03/ 11506 1
adar esitons from lodatignadviPseiMead ther DEndndisatesihabpesien ME 1B 5P time to

new 3 tﬁ@%@%ﬁ%ﬁ &gégﬁa@g%@gﬁm&&mhﬁ% S5t By qﬁﬂéfslliaif “he
i RIS ABUTTE _

ilélai o8 int chutioBerSind }ﬁe%sge'filﬁf o higle Rt VRPet 1GE 19 otk 7 4 o

1 ustyg gk 095 0f AR 4 B9% Rii@SRECIN g rédve Gnmasikput fowp Lhr ough ¢ he

Iment, CML Is a shift reglster.gh8 During tine
[-E O] ' ' | plerenasd ssidscdontff ospwtnerSBe, tthesugh CI P 9 packet
fl -§ws %?%Wﬁgggg%ﬁgggnt roller to the shift u?I()af(\;i ster CIJ\/L During all 10
ot her 15RGPE0arkEP6L MDhisilogici wtiecomttals dvé storagiodf datacptnSBrd switch 706 is

11 closed. During all tine intervals, CP packets,shﬁ# irgto t he out put 12
cost r cthtergh line22hand mismeontrols ¢he sending op datecdut e &%¥-atlé€up t hrough t he

ond " Sogiiutst SBL 570.cona0BI0P A f & FoEent 0B HErUATRONISD & plural ity of
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19 ;sendls VR ARG 103RB it Whtd BRARAI PRSseYbridot tombR} Rebfignsegnent to

13 are passed to the shared buffer as SA packets.

14 The timing of the data and the control information is critical to the

15  correct operation of the shared buffers. A flit of data arriving at a shared

16  buffer SBy, through line 220 is stored at a location that is determined by the
17  SA field of a MLA packet that arrives on line 260. During the time interval
18 [T, 0] an input controller ICx scheduling flit ¥ arrival beginning at the next
19 time O (the beginning of a segment sending cycle), sends a CIP packet

20  containing segment address SA to SBx through line 264. This CIP packet is
71  stored in location CM1. At time 0, the shared buffer internal memory switch
22 is positioned to place the next arriving data (the flit Fy arriving m time

23 interval [0, T]) in memory location SA in memory bank M of SBx. During
24 the time interval [0, T] while F, is arriving at storage location SA in memory
25 bank Mg, SBg sends SA to SBg. through line 260. This address is in place
76 when the second flit F; arrives at SBxs+; causing F; to be stored in address

27  SA in memory bank Mg. This process continues with the proper storage
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20 shared buffer SBJ through line 266. Thus at tine O, this address is in
place 21 in location CVM of SBJ. During the tine interval [0, T], SBJ
sends thewbDlosi4ms 22 | ocation SA to ODBl. Al so, during tRCI/sase1své me
interval, SBJ sends MLA 23 through line 262 to SBJ+1. Thus at tinme T, the
address SAis in location 24 CV2 of SBJ+1 so that SBJ+1 is able to send the
flit in location SA through line 25 228 to ODBL. This process conti nues
until the entire segnent is successfull 26 sent fromthe shared buffers

t o It headdloesses amaviagiishareddpeiers on lye 260 ebtwproperrisoie/starsos i Syst em

Cont 2 The. i t trol e th i f. data f the |i
cands e 5% B It siFRgags, DUFFEE OGS SEBER: SOTRTRdh REFY mnage ¢ he. movi ng
f ,dat 4 f h ; 1 h t of
hd” ayiusss RS AEIRN A DS PRI p0 4 MBICHAS, B gt he ot
cont ' Adgrtss 18P ehd st TP e 264 81 thE BlordY AddREL Forltfle” UNCt i on
effectively, 1t 1I's necessary for control information to be passed between

the i nephifies Rl dreikes afdidemeout put 8 controllers. In the nost basic
system an input controller places segnents in 9 the shared data space.

Associ at ed REQ.H7 {sharsillistratioh lof one muthod afrpeirt @lating tlds CiP padkebont r ol

I nformati on packet to the outﬁ)lut_contro.l l er informng the output 11

cofit r aipl through thesshavedbiiffarsofIntthis emmbedimenindMhas g@gtfemglqtclr.ori ty. This 12
information .is contained in the contro] pack G P which:is ated in

shér edwring Hows e aQ]aé‘é’ﬂticbrVrbéI\lﬁ.Clqﬁﬁ’ %‘M}tdéghﬁrl%Ppﬁ? SB&%&EV\HI’E of all

ou gﬁ?ﬁa@%‘f?ﬁl v dfoahy iri’éw:ecbnﬁﬁﬂerpéiﬁv%?sﬁ%rﬁéfs%ﬁ?rfﬁlsmb?ﬁgﬁﬁ% ity f?BEn the
=R YR SeBlonfehSRRAHR e R PR R UPEE B SR 6 BN Vet em
Wign ¢ eﬁ?t[tﬁﬁfeiné%llctﬁﬂériﬂﬂeﬁ‘dls,r sk A il et Gutpar ed buffer space, it

must inform 9 I nput controller of the freed up space in the shared

bydf ercontrBilsrs. S manfet! $hé Goithel savkietoperatiteuphhrouphithh i s stored in
shared buffer |ocation

13 shared buffers in a long shift register. In some embodiments, the bus is one
14 wide as illustrated in FIG. 7; in other embodiments, a plurality of shift

15 registers carry the data and the lines 264 and 270 are busses.

16 During the time interval [-2-T, -T], the output controller OC;

17  determines which segment in the shared buffers will be sent to ODB; in the
18 segment sending interval [0, N-T]. During the time interval {-T, 0], OB;

19  sends MLA packet containing the address SA of the selected segment to

20  shared buffer SBy through line 266. Thus at time 0, this address is in place
21  in location CM2 of SB;. During the time interval [0, T], SB; sends the flit in
22 location SA to ODBj;. Also, during this same time interval, SB; sends ML A
23 through line 262 to SBy;. Thus at time T, the address SA is in location

24  CM2 of SBj+; so that SBy is able to send the flit in location SA through line
25 228 to ODB;. This process continues until the entire segment is successfully
26  sent from the shared buffers to the output data buffer ODB;.
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21 CM2. 22 Wen several buffers send data to the sane output port, the
system 23 can becone congested. There are a nunber of methods of managi ng
the 24 cwogesbison. 25 In a first nmethod, (nethod 1) when Pam/iSopuisoe
controller's shared buffer 26 space becones full (or nearly full) and the
i nput controller's input data 28 WO 03/090414 PCT/US03/ 11506 1 buffer also
becones full (or nearly full), and the input controller receives 2 new
data, the input controller can discard the new data ND or replace old 3
datja @ygmemstrmpol data buffer with ND. This replacenent is done when 4
OD représents a conplete nessage and the priority of NDis higher than OD

2 e ord . . | ! ine tdids met hod, since
- (};@ahl:[}uE BSnﬁBH«%]% e{:?:e eQHE Yo ARg Wlidath Mo e life &

e old S never In the shared buffer, there is no need to
pags %oqR8khated dyta bulfer OTHeasrputosomtEslees nianage the movingof data second
met hod, (nethod 2) nmessage packets placed in the shared 9 buffer space are
al l4owefiomcthechured datatbufeade tholina chidse dTkamanaganent oftheAystend t he end of
that tinme, all se?mants of the ,rressg%g acket are iscar(ﬂ d. The 11
nfs i

di Scarid@odvi qgiedamitseassoeioteds @ A cONTQLEHan controller 12

buffer, several seg ts in the qutput cagntroller .buffer and several
sedne mlgPUtl@ntFPIfqé q%%fte &%‘.‘&W{éP eetively, HdTReESSHYSO cont r ol

aoda. o) aospatios 1 heopond i@l e b e @Rttt BHARY RuGREC R 1 011 B
Tt CReBORES., REMY Blokhasic By 6, MABLor I DI SRRni B 1 2

opty ongk shﬁfécg%%fgfgggé?.aﬁ@ba%mm @t ﬁheuﬁ?mmueerséﬁds 49 shared

buffer space (or nearly full) and the input controller's 20

T gk s ko dupl oot e e e
bufif ercattoiles pdcke location of the segment and the segment priority. This
12 information is contained in the control packet CIP which is located in shared
13 buffer location CM1. The output controller becomes aware of all segments
14  targeted for it and, based on priority of the segment, the output controller
15 removes the packets with the highest priority from the shared buffer,
16 reassembles the message packets from the segments and sends the message
17 packets to the line cards as output from the system. When the output
18  controller removes data from the shared buffer space, it must inform the
19  input controller of the freed up space in the shared buffer. This is done
20 using the control packet MLA which is stored in shared buffer location
21  CM2.
22 When several buffers send data to the same output port, the system
23 can become congested. There are a number of methods of managing the
24 congestion.
25 In a first method, (method 1) when an input controller’s shared buffer
26  space becomes full (or nearly full) and the input controller’s input data
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22 by discarding a nessage packet Malready in the shared buffer. Wen this
Is 23 done, all segnents of M (in the input controller buffer, the shared
dat a 24 bwbfoemnsi41end the output controller data buffer) mest/uses/diss€ar ded.
Because 25 the input controller assigned an SA to each segnment of a
nmessage packet and 26 is inforned by MLA packets of segnments renoved from
the shared buffers, 27 the input controller can keep track (in a nenory

| ocation not illustrated) of 29 WD 03/090414 PCT/ USP3/ 11506 1 where all of
théd sdmffertads@becomes fdllorneerlstfull).candotbsrinput comrollearaceiyes 2 di scar ded

he acems Stdar;ﬁlil%fn%t %B bblies st BRI, AL R A acket (o the
" ocht 1456 Bl T s G RAFEE ptEND “TH (BIAR Rt RS WHRG 0. "ot e
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of sm%amfswﬁttﬁelspa&@?rmﬁﬁ obbiihied by OPRCH thigmekitat, simcedo this, the
i nput controller nmust informthe target output 10 controller of the new
pr gor ithy otd dhkeis pr&seplacttiis theflersd budfer) theoois wo neatl tonpaskl packet CP
which is stored in shared buffer |ocation CM3 (not illustrated). 12 The
ouf7putcontrol imfolmaton dased shanethhd 1i operatioontrol lers in nmaking the 13
proper | ogical decisions when applying nethods three and four., This is 14
ac8onpl i shédd ab@eceadﬁn@thpéuém@tbﬁdr?&m@s‘rsagﬁmapﬂ?ﬁsgﬂ%ﬁqd 1o, eisﬁ%‘iﬁd controllers
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12 buffer, several segments in the output controller buffer and several segments

13 in the shared buffers. There is no need to pass control information between
14  the input controller and the output controller when aged messages are

15 discarded. This is because both the input controller and the output controller
16  are aware of all of the data (and the age of that data) in their own buffers and
17  in the shared buffer.

18 In an optional third method, (method 3) when an input controller’s

19  shared buffer space becomes full (or nearly full) and the input controller’s

20  input data buffer also becomes full (or nearly full), and the input controller
21 receives new data, the input controller can free up shared buffer data space
22 by discarding a message packet M already in the shared buffer. When this is
23 done, all segments of M (in the input controller buffer, the shared data

24  buffers, and the output controller data buffer) must be discarded. Because
25  the input controller assigned an SA to each segment of a message packet and
26  is informed by MLA packets of segments removed from the shared buffers,

27  the input controller can keep track (in a memory location not illustrated) of
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22 to denote the nunber of ticks required to send one flit of data from one
23 location to another, e.g. froman input controller to a shared buffer

t hrough Wo Wjope1£08, switch Si and |ine 220 or froma shacadiSosrifses to an
out put buffer 25 through line 228, switch S2 and |line 230. Since a segnent
I's conposed of N 26 flits, it follows that it would take NT clock ticks to
nove a segnment from 30 WO 03/090414 PCT/ US03/ 11506 1 one |ocation to
another. Wth this in mnd, the global clock GCis _designed 2 so that it

r epeatshdre al afithe asgmentsenfat messapenyadkiet ate losatadal WhcAglata el f to zero, 3

ticking sequentially until time NT, aﬂd t hen, reseiti ng itself to zero. The
4 2| odiscaydedsusing secthed Be the Wpyt captraller muskinforma RSPEPEY 11, [T, 2-T],

o Scusanbglenet i i fordbpl BT SABS B RRRAL T one i ook
NTI. T TR Buffbage duri
E:y%cﬁp%&ﬁtﬁo thy o GeiBLEh T Bk BiERat ?‘l%%&‘ﬁf%ﬁ nﬁ"ésage segnent

- _ : i f shared
bu?; Z}(g(gaqg)?]lgﬁ%i Wlﬁﬂ&r@édwr e input 10 controllers to the set of share

segnent retrieval process in 11 which one or nore output
cogtroll er%nﬁhro?ﬁbnhhﬁ)lﬁ@ﬂ%ﬂﬁa@fasfthé trpukt contrblier beffer iktomiesshar ed buffers

to their respective output data buffers for reassenbly into 13 nessage

sepnemls anihé enpuesatrioler’ prsharsklasiragpaen beoomes felhtthg mpwey 14 will be

di scussed separately for clarity sake. Refer, %g Tﬁbl 13E0r details of 15
espqIg

da8a tbatwoller eatnisé the prioEiy el mesmgsaaekats i _ ess 17 During the
{1 al Spoes Frobisr db dodhiss (hempus SapEougrust e ARt PRE hoxt * 1o

a0 ngohotar abieidy Deigron Ot RGNS, T inf A ARST i R8Il & (Chs The
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the Segmentrye gutput controllers can assist the input controllers in making the

13 proper logical decisions when applying methods three and four. This is

14  accomplished by each output controller informing all the input controllers of
15  all of the message packets (and their priority) in the shared buffer space

16  targeted to the given output controller. This information is passed in control
17 packet OPS and is located in shared buffer space location CM5 (not

18  illustrated). |

19 System Timing
20 As previously discussed, timing is controlled by a system global clock

21 GC (not illustrated). The basic clock time unit is called a tick, and T is used
22 to denote the number of ticks required to send one flit of data from one

23 location to another, e.g. from an input controller to a shared buffer through
24 line 208, switch S1 and line 220 or from a shared buffer to an output buffer
25  through line 228, switch S2 and line 230. Since a segment is composed of N
26 flits, it follows that it would take N-T clock ticks to move a segment from
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23 address SAK as a subfield. Thus SBK has the address for storing the
first flit 24 FO of data when it arrives in tine interval [0, T] of the
next cl ocwoapmbei425 In tine interval [0, T] three events poraisn3/1kps Each

i nput controller 1CK 26 that is sending a nessage segnent in this cycle
sends the first flit FO via line 27 208, switch S1 and |line 220 to shared
buffer SBK for storage at address SAK 31 WD 03/090414 PCT/US03/11506 1 in

MK 2) The control information packet CIPK is vgd ér.o SBK via line 2
260 t condkocatinito angthsr. S¥KkthisTRusndakhg global %‘i‘%a &Eds degigaeg t he next
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corgroKNe T Q¢ Processing a nmessage segnent sends the second flit F1 10
via line %8’ s]ﬂ/itch Si and line 220 to SBK+1. F1 is stored at address SAK

ing 11 MK ofinSBE-fdr th) sybten et beodeguaibiedtbyCtlBsugsimm thei fowgof3k i s moved
from12 SBK+1 via line 260 to the CML field of SBK+2. And 3) |CK checks the
CM7  1Rohi leicdtioh tGRicatioa during ameiclosk cycleelhdY Tl oddieroaratd | abl e packet

MA. If 14 ICK finds that the input port value IPin M.Ais K then the
valfue wairspraogsserbthet mkedplase during acfogk syelei Lbfesegms g}%sqrgeﬂtion buf f er

ASL. ICK th 16.f h | i. f f . " the MLA
padket PisweaniBRigh Meswaseameat T ar Srat Foil e SERBPe imier o™ 11" e s
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13 message segments. While these two processes happen concurrently, they
14  will be discussed separately for clarity sake. Refer to Table 1 for details of

15 data flow in each time interval.

16 Segment Insertion Process

17 | During the time interval [-2-T, -T] of each clock cycle, each input

18  controller finalizes the selection of a message segment to be sent in the next

19  clock cycle. In the last time interval [-T, 0] each input controller ICx having
20 amessage segment ready for sending in the next cycle sends the control

21 information packet CIPx for that segment through line 264 to the shared

22 buffer SBg, where it is stored in CM1. Note that CIPx contains the segment
23 address SAg as a subfield. Thus SBy has the address for storing the first flit
24  F, of data when it arrives in time interval [0, T] of the next clock cycle.

25 In time interval [0, T] three events occur: 1) Each input controller ICx
26 thatis sending a message segment in this cycle sends the first flit Fo via line

27 208, switch S1 and line 220 to shared buffer SBx for storage at address SAx
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22 MLAK 1 to denote this value. 23 Fromtinme interval [2T, 3-T] to
[(NN2)-T, (N-1)-T] the process begun 24 in the second tine interval

conti nueswolBosy414n tinme interval N1 the 25 foll owi ng hapeansod/i)soé CK
sends flit FN_2 via 208, S1, and 220 to SBK+(N_2). 26 2) SBK+(N_2) sends
CIPK via 260 to SBK+(N_1). Note that SBK+(N_ 1) is SBK |, and 27 thus ClPK
has now been sent to each of the shared buffers. 3) |ICK checks 32 WD

03/ ?90414 PCT/ US03/ 11506 1 SBK via 274 for an M.A packet freeing a value in
i t s1AsIn Mk 2) dbecongiol apfosmatien\packet PIAKiNmoyyd fiese SRasviading n SBK_(N_2)

in ti l.nterv -J,.,0 by L.CK (N 2), e addj tional process takes
pl aéen%pi}oithem @éﬂ{i Sﬁw- ﬂlh t Kté‘% llb?qg%gor:‘j]@?ﬁ%l{g(thﬁzf)@i’r?ﬁk N1)-T]:
| CKyco es degi gl ' ew. mpss nment to process in
 heS neit bﬁ%&k%@@‘ﬁ?ﬁ@éﬁo@c@?@%ﬁg&?&@ Véawgﬁﬁig’?r@ﬁ%i‘{‘émﬂgt, and builds a
congr oh,d r ' 192?(?3&& IAPK ' efag= l.psthe last tine
i ntﬁérvg?ddgﬁo?ltﬁgaﬂgﬁ% e EI—%‘?‘ %_sfﬁﬂl l%%:ggflgﬁslégw ngé ée cgﬁFs: 1) I CK sends
t he5 | aRetifievdl Frdcesk, e MICATBEAA G S%&@MSgBMm% iAR#valJ 01 T] vk pad 220 to
SBK+(N_1). 2) I1CK sends CIPK* via 264 to K, which preloads ~ 11 SAK* in
pr epar #idgroyf OCytdaingetimeantsdreal [ATH0R)andGKus bax be iphtreditay BG4 for 12 an
M_A packet that frees an address that lies in its ASL. SBK now contains 13
t he’ vabiee M akdqeas not send data to peiput ppadkKhas now checked each MLAJ pl aced
14 into SBJ_by OJ dyrjng.the last _time interval of the previous cycle,
provi ded 1B é}?a%ecgnaéﬂmmt : alg"fs%'&ﬂusmnl%mrés&akwl@@@:sk) Kachhe process
of retrieving,s ts fromthe shared buffers and 18 send;. themto the
out%ut MFP@FPE&%%PW?%@&%WS% Wlﬂﬁﬂ% ﬁﬁn&)&"r@coﬂaﬁl{]ﬁé cards is
sifglar:t r Iy ] t heni nserii cess, It 20 also
beg? ns{/}anl%?%gg§’i #’gﬁ?}g? 2?‘#191 lﬁfg %O % %E%f Fh% %P%?ff%é&ﬁﬁ% sAKE]Qch out put
211 PonMObE 8B AT 2) e Corftfs1adcReP CIPE FeorttRinkilP SARY s ke el | zes the

12 SBg+; via line 260 to the CM1 field of SBg.,. And 3) ICk checks the CM2

13 field of SBx via line 274 for a memory location available packet MLA. If

14 ICxk finds that the input port value IP in MLA is K, then the value of SA in

15 MLA belongs to ICx’s available storage location buffer ASL. ICk then

16  frees that location for future use and “erases” the MLA packet by changing

17  the first bit (the traffic bit) to zero. IfIP is not K, ICxk ignores MLA. Data

18 is placed in CM2 by an output controller IC; during the Segment Retrieval

19 Processed, which is discussed in the next section. At the second time
20 interval the MLA found in SBx was initially sent to the shared buffer SBx_;
21 by output controller K-1 during time interval [-T, 0]. Thus Table 1 uses
22  MLAg, to denote this value.
23 From time interval [2-T, 3-T] to [(N-2)'T, (N-1)-T] the process begun
24 in the second time interval continues. Thus, in time interval N-1 the
25  following happens: 1) ICx sends flit Fy via 208, S1, and 220 to SBy.qy.a).
26 2) SBrm-2) sends CIPx via 260 to SBK+(N_1). Note that SBK+(N-1) 1s SBx.;, and

27  thus CIPg has now been sent to each of the shared buffers. 3) ICx checks
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22 of an entry fromits output control buffer OCB and builds a nenory

| ocation 23 avail able packet MLAJ for it. MAJ contains both the nunber of
t he i nputwodd/pimd | P that sent the segnment and the rel at ipca/@dsisss SAJ
where flits of the 25 segnent are stored in the set of shared buffers SB.
33 WD 03/090414 PCT/US03/11506 1 In the time interval [-T, 0], each output
controller OCJ processing data 2 in the next cycle preloads its MAJ]

packet via line 266 into the CM2 field in 4$n time interval [0, T]
t hrke §Bmua2t7ékf@rpné\dLAm§wlsﬁaﬁ@mg>afwa@ielsabs tPPBVON flit Fp fromits
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t hr@ugBAb €rame i AShgasd dudds huwbhérod HﬁBﬁlﬂéthISBKﬂl&;t CIPx+$BNthisi n 14
successive time intervals. Consequently, the AP in CM at time [0, T] was
15 T nseagmentt here by 1CJ and will be ignored since | C) does not send data

to 16 output port J. 17 In tine interv T. 2- i mi.lar. events occur: 1)
SBJ&l r et r | Bue lastitime antepval afdhe gyels ahlfgaﬁfi%lge W& o it as part of

L Lﬁgétggoffﬁi“ cpits B Tagt it 5 E%ﬁ?@l&rﬁin%ﬁ%%%@ﬂeﬁ @%@s%i?l.sﬂmngcg) >
‘ﬁﬁbgé{c@é%ﬁmﬂf@éﬁ nserté’%)Kb;y?all %%ﬁfo gg)éont ?%pfeeﬁg Cl-1 duri n?

J. | ,

! e IR AYieone s e 1

romthe information

an MLA packet that frees an addIess that lies in its ASL. SBgx now contains
13 the value MLAg qv.1y. At this point ICx has now checked each MLA; placed
14  into SBy by OC; during the last time interval of the previous cycle, provided
15 that Jisnot K.
16 Segment Retrieval Process
17 The process of retrieving segments from the shared buffers and
18  sending them to the output controllers for reassembly and shipping to the
19  line cards is similar to and runs concurrently with the insertion process. It
20  also begins in the time interval [-2-T, -T] of the previous cycle. Each output
21 controller OC; Having data to process in the next cycle finalizes the selection
22 of an entry from its output control buffer OCB and builds a memory location
23 available packet MLA; for it. MLA; contains both the number of the input
24  port IP that sent the segment and the relative address SA; where flits of the
25  segment are stored in the set of shared buffers SB.
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24 in CIPj-1 and stores it inits ODB. OCl also "erases" CIPJ_1 by changi ng
the 25 first bit (the traffic bit) of the packet to zero. If the nessage

target adwoas®90426 MTA in CIPJ_1 is not J, then OCJ ignor @sTiUses/psoket . 34
WO 03/090414 PCT/ US03/11506 1 The process begun in the second tine interval
continues through the 2 (N-1)th time interval. Thus in [(N-2)-T, (N1)-T]

(which is interval 3 [-2T, -T] of the next cycle) the follow ng happens: 1)
SBJ+(n_2) retrievyes flit 4 Fp+ 2 and sends,it. vig.,line 228, .switch S2 and
link 230 t olcthsstimeinterwaldgE, k%ﬁﬁPHWiWEﬁghﬁF@Z;’@Qﬁ‘?s%g 4@ (N 2) sends

M.A] vi.a, line 268 to SBJ+(rr, ), 6 thus.c ) h ' 4. of M.AJ

t hr dugh? $19 REt CyRle e %EIESJW&&CAW@W%@%‘%‘%&&?%B%%e|d of SBJ
Vi aqli 270 for CIPJ_(N2) to see if a new 8 segnent is being sent to
out%ut@%drt J. Since this is the time interval [-2-T, - 9 T] relative to

t hegnext cyﬂ%et- 840l R)fﬁg%?&d&énwe@%qiﬁﬁ%ﬁdg%ﬁgsggace 10 only

In each inter avi ng form[(N-2)-T, conpletes 11

sel gct irewmicos fihFsfeanEins buffelsausing theeaditesnS Apéwhicht whs peelogded® and bui | ds
an 12 M.AJ- packet for this segnent. 13 During the last tine interval

[ (N6 1) i CNIR B patt ofdlo)land(seinds Fpivaa line 228¢switich [S2randline230he next
cycle) the follow ng occurs: 1) SBJ+(N_l) retrieves 15 the I?itst flit FN-1
of 7hetstmeutputdaia ODBsi 2)IYBesends thesmemarydocatien ayalablas 230 to

O e TR SR B B A 220,
Serh: DL g i R ) Pt A TSR M 0, 10,
teI bodi é@ﬁltf& ﬁ%ﬁ“ﬁ&%@?@@nmcmt ggﬁgﬁﬁgb‘ﬁ? es. t! 23a2\(r)1t g% banyan
B G b A

12 inserted by ICx into shared buffer SBy at interval [-T, 0] and sequentially

13 rotated through the remaining shared buffers SBx+1, SBx+, ... SBx.1 in

14  successive time intervals. Consequently, the CIP in CM1 at time [0, T] was

15 inserted there by IC; and will be ignored since IC; does not send data to

16  output port J.

17 In time interval [T, 2-T] similar events occur: 1) SBy:; retrieves flit

18  Fpy; using the value of SA;y passed to it as part of MLA; in the previous time

19 interval and sends it via line 228, switch S2 and line 230 to ODB;. 2) SB;

20  sends MLA; via line 268 to SBy. And 3) OC; checks the CM1 field of SBJ

21  via line 270 for the control information packet CIPy, (inserted by input

22 controller ICy.; during [-T, 0]) to see if a new segment is being sent to output
© 23 portJ. Ifso, OC; builds an output control packet OCP from the information

24  in CIPy, and stores it in its ODB. OCj also “erases” CIPy; by changing the

25 first bit (the traffic bit) of the packet to zero. If the message target address

26 MTA in CIPy,; is not J, then OC;j ignores the packet.
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25 the tinme interval [0, T], the banyan switch is set to the all bar
position as 26 illustrated in FIG 8B. In the tinme interval [T, 2T], the
first | evwoofoodshe 27 switch is set in the cross positi orcarnhos/msoot her

| evel s are set in the bar 35 WD 03/090414 PCT/ US03/ 11506 1 position as
illustrated in FIG 8C. In the tine interval [2-T, 3-T], the first 2 |evel
swtches are set in the bar position, the second | evel switches are set in

3 the cross _position and all other swtches e set in,the bar position.
The lei ght 4 hecariopggssbegun methe, secend s wierval Continusy ¢ 8B to 81 In

| 50Db it ch fa Sy 2N. -t he i h |1 t t
O re S ar (o Tt SRR i R SRt AR N Gt BBtV D L 50r i L ehes
! B 7 o
ot PondsEasoT] B A A Me) b ifowhicHtlens T PSBREON fetrfeyge AN [ €S &1 €
eveny fm@ffzg ahd BBndsTiivia Bhe 228s sWiteR :Eﬂt?ﬁ%é g%o hatOPB; Ifev §lordge t he

SW t ches sw tched every 2K-1-th tine. O By this process, Si puts one

fl1i6 ofataelatios addrezs Brent2) SBaaek) sehds ML Aheizkine 248 hofSBar g gnd S2 renoves
one flit of a nessage segnent from each of the 12 shared buffers. The

r emdv edhsegompletingy therotcuitnofoMieh ;. thFaugh #ll of theashaned buffets And banyan

swi tch enbodi nent the ou;gut processqors have a bit nore \Annék 14 to do when
r eads e Qg cherksithe &M Intieldofs¥raatlinehdd) tanHbage terseedba 16Wanyan

B AL oL, oo R BRI 2L 170
e b AR Nl LT e RV RG E S i | oL 2L o
1,169 S5y Ay LR b AR 09251 N0 Y OO, Al Iy ces oD

evi ces v It1tonal 22 input

lings feRELdR\UfeRS ségmbhﬂfa bé kétbieded Imnttenes:e e tysletand theldiemi ces 23 Bo,
Bl, ... , BM1l are al'so switches. The switch A may be of the type 24
i | 11ast el gg« packdt@or this geginentray be of anot her construction. For exanple

t he’i3 During the last time interval [(N-1)-T, N-T] of the cycle (which is
14  interval [-T, 0] of the next cycle) the following occurs: 1) SByiqe.1) retrieves
15 the last flit Fy.; of the segment and sends it via line 228, switch S2 and line
16 230 to ODB; for reassembly. 2) OC; preloads MLA;« via line 266 into
17 ODB;. And 4) OC;checks SB;j via line 270 for CIP;.qv.1), which would have
18 been sent by ICs. Thus, during the cycle OCj has examined every CIP
19  submitted by the set of input controllers that inserted new segments at time
20 interval [0, T].
21 Banyan Switch Embodiment
22 In another embodiment, the switches S1 and S2 are banyan switches.
23 An 8X8 banyan switch is illustrated in FIG. 8A. When the banyan switches
24 are employed, there is a simple algorithm for effectively switching them. In
25 the time interval [0, T], the banyan switch is set to the all bar position as
26 illustrated in FIG. 8B. In the time interval [T, 2-T], the first level of the

27  switch is set in the cross position and the other levels are set in the bar
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25 switch A can be of a type described in the incorporated patents. O 26
particular interest is the case where Ais a switching systemof the type
27 descriwedsiop4pat ents 8 and 9. The data t hrough the pl uraltiusps/ofsos i nes
from 36 WO 03/090414 PCT/US03/11506 1 switch A to device Bp can be
controlled by the input controllers in a nunber 2 of ways. There are J
data lines fromswitch Ato device BP, which are 3 denoted by Lo, L1, .
LJ_1. Asin FIG 2, switch A hasN|nut contrHsjg ﬂgiﬁ{lQ

| CNLI . pmannaasdﬁustr@igdld@tmlﬁl 3Gy é@ﬁb@l ed T sth 5 A i nput
controller 1 CK the input ntrol CKch eleh'CPl of t et_#}

t r ahsmlevel switcheearq gt 1 th arposl 9“» 0%89% %‘fe SHHEPRY 2P e proper

PP Sk bR A 0 ﬂw&%%e@%i FhRh2 7 bﬁppﬁé@m%éiﬁﬁégé’@?CESb?La“ed
chega gefaﬁggg?ﬂ%ﬁméhgﬁﬁa@ﬁiu%%dhﬁm 98 581! TRGendraplfofal ity G of

dev 11 positionedto send data to a
deSS' ng Ruitehey §f §zb 9NX 981 theaswhesticyearerallaset 1@ tizobiwesssitionof devi ces.
Inthls etting, the transmssion lines Lo, LI, ... , LJ-1 13 are all

capgbl gorahe gkt tinkdnttatal. eThdﬂﬁrstdevécsm;ches are divitehed yort eachheewlest i nat i on
14 D. Therefore, as in the first setting, a nmessage Mthat arrives at A and
is 15 tlﬁregmtcﬁd'al‘ orTh®seeond mhsmtcmwgrsvamhaﬁk evary-otherdHBe: §3Ron 1ines Lo,
L1, ., 16 LJ-1. Once again, .the chooses one of the

t r ahis ntlesnext levelethe @771’[2]@35 are switched q_\J.%IYL ‘FH'tl gﬁ'%‘-’: b‘ ABEWSnent, the input
8? bt o8 oL SOLERY o sy SaS R R Sl vol e

o S T A S T g e e e

hoFe DO B Sl R B e A D e ot 24
com r Okﬁé‘r%dqﬁﬁferﬁ‘oq‘h*éar%ﬁldﬁeﬁ sepfientLMe 0t ih vedei aFer s tdasomuimput ports

13 the banyan switch embodiment the output processors have a bit more work

14 to do when reassembling the flits into a segment. The advantage of the

15 banyan network over the crossbar network is that there are only N-logy(N)

16 switches in a banyan network compared to N? switches in a crossbar

17 network.

18 A Switch with Trunk Output Lines

19 FIG. 9 is an illustration of a configuration of devices with a device A

20 902 with multiple input lines 904 and multiple output lines 906 to a plurality

21  of devices By, By, ... , Bae1. The devices By, By, ... , Bm have additional

22 input lines from devices distinct from A. In one embodiment, the devices

23 Bo, B, ... , By are also switches. The switch A may be of the type

24 illustrated in FIG. 2, or it may be of another construction. For example the

25 switch A can be of a type described in the incorporated patents. Of

26 particular interest is the case where A is a switching system of the type

27  described in patents 8 and 9. The data through the plurality of lines from
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25 the J trunk lines to B. 26 In a second enbodi ment, the input controller
uses a technique taught 27 in patents 9 and 10. In this enbodi nent, the

I nput cormvoaBlogo414 equest s 37 WO 03/ 090414 PCT/ US03/ 11506 Pcparss/ssoen of an
out put ,controller associated with a particular line to Bto 2 send a
message. This strategy can be used in conjunction with the strategy 3 in
the first enbodinent. That is to say, the input controller chooses a line 4

cont r.oPPAEh fg?ééé%‘é.%ﬁ%%éa?ﬁ? RoliRSfed B ohe 6T L FRER iobnBBRR: ™t e i nput
: : i i f all of
he ouPbeyforner bl Pl Etle i seledf ARBGES B B T4 F Knowi ng

thiz spaisied E% Ir,ecei Ving AUPRIGPY! kwichiRhdS N Hpet BBhir8llersThi s

I nvention describes thi's status information as bein 10 passed in the

cont r ofCpdcket.. ORSy., Bad@dn anddth packetiDP tacted f@tBisarrives atspdtch 11 port
sends the data to an output port having a small queue of nessages 12

wai i i nd mpubeosntrolier IC3 the inpis cosoller 03¢ 0boddes whithugaBe 11506 1 2 Table 1
3 Timing Chart 4 5 _6 _Tine Interval Origin Data Via To Location 7
Pr &vi otiansmsswn(lmasLodr ai- n ke yo e Aensanding DB« The prpper; choice

7  of the data line keeps the inputs to B, from receiving unbalanced loads, and
8 importantly, keeps the inputs of Bp from being forced to discard a high QOS
9 message.
10 In another setting, a plurality G of devices in By, By, ... , By are
11 positioned to send data to a destination D, where D is itself a device or a
12 collection of devices. In this setting, the transmission lines Lo, L1, ... , Ly
13 are all capable of carrying data either directly or indirectly to the destination
14  D. Therefore, as in the first setting, a message M that arrives at A and is
15 targeted for D can reach D through any of the transmission lines Lo, Ly, ... ,
16  Ljy;. Once again, the input controller chooses one of the transmission lines
17 Lo, Ly, ..., Ly
18 In a first embodiment, the input controller utilizes a simple strategy of
19  sending a nearly equal volume of data through each of the lines and also
20  sending a nearly equal volume of high QOS data through each of the lines.
21  In order to carry out this strategy, the input controller must keep a record of
22  recently sent data. While this minimal strategy is preferable to no strategy at
23 all, there can still be a problem of overloading a trunk when an input
24 controller does not base its decisions on the state of the output ports leading
25  the J trunk lines to Bp.
26 In a second embodiment, the input controller uses a technique taught

27 inpatents 9 and 10. In this embodiment, the input controller requests
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8 [-2-T, -T]: I1CK selects next segnent and builds CIPK 9 OCJ sel ects next
segnent and builds M.A 10

--------- WO-03M090444 - = - == - = = == === e - e e e oo oo oo - - PCTUS03/11506 - 11
[-T, 0] ICK CIPK 264 SBK CML 12 ICK DW SBK CM3 13 ICK CPK SBK Cv4 14
......... 15 OCJ MLA] 266 SBJ CM2 16 OCJ OPSJ SBj Cvb 17

------------------------------- 18 Current, QIcIe 19 | Osé | CK Fo 208/ S
1/ 220 $BKmSSKEIVES anmtmswoatmﬂezzassosmted a PRI KP1 CMB 22 SBK

CPK SBK+1 OVA 23 SBiS MLAK 274 | . 24 SBK OPSK. | a 25 .........
26 2B sepdzxmessage3olipsirateey can GOnFEBCt §’§J‘¥1 SirgleesR) ops) SB)+1
_G_V?_ 250 T i et B iy, Mt Ls?ip_aaf tté mp%gn&&lqr?&xq%_?%s §iheS) 2 32

SBK 1 M ggﬁggoéﬁ%{eﬁ%%%ﬁﬁ%ﬁéw ﬂ%ﬁle%ﬂn Ghgle 26RuoRkE2 M 35

5 associated with that line.
In a third embodiment, the input controlier chooses an output port
based on status information of all of the output ports associated with the

lines to Bp. One method of knowing this status is by receiving output port

O 00 3

status information. This invention describes this status information as being
10  passed in the control packet OPS. Based on the output port status, the input
11 port sends the data to an output port having a small queue of messages

12 waiting to be sent.

13

14

15
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37 SBK MLAK 1 274 I1CK n/fa 38 SBK OPSK 1 ICK nfa 39 ......... 40 39 WO
03/090414 PCT/ US03/ 11506 1 SBJ+1 Fp+1 228/ S2/230 ODBJ n/a 2 SBJ+1 M.AJ 262
SBJ+2 CVewO38Bii+d OPSJ SBJ+2 CMb 4 SBJ CIPJ.1 270 OCJ n/paT/ts08BH0OM - 1
OCl nfla 6 SBJ CPJ 1 OC]J nla 7

------ 8 9 oo, 10 11 [(N-2)-T, (N-1)-T] I CK FN-2
208/ S1/ 220 SBK+(N-2) SAK(MK) 12 SBK+(N-2) Cl PK 260 SBK+(1r-1) OML 13
SBKI(N-2) DMK SBK+(N-1) CMB 14 SBK+(N-2) CPK SBK+(N 1) CM4 15 SBK

MLAK. (N-2) 274 1CK nfa 16 SBK O@@él\lﬁ) ICK nfa 17 [-2-T, -T] ICK
sel écts next segnent and builds CFPK* 18 ......... 19 20 21 SBJ+(N-2)

FP+(N-2) 228/ S2/230 ODBJ n/a .|22 SBJ + MLAJ 262 SBJ+(N-1) Cwv2 23
SBJ3(N-2) OPSJ SBJ+(N-1) cwve IIMINg
4
5
6 Time Interval Origin Data Via To Location
7  Previous Cycle (Only certain key transactions are shown.):
8 [-2-T, -T]: ICk selects next segment and builds CIPx
9 OC; selects next segment and builds MLA;
10
11 [-T, 0] ICx CIPx 264 SBx ~ CMl
12 ICx DMk SBx CM3
13 ICx CPx SBx CM4
4 .
15 0oGC; MLA; 266 SBj CM2
16 OC; OPS; SBj CM5
17
18 Current Cycle:
19 [0, T] 1Cx Fo 208/S1/220 SBx  SAx(Mg)
20 SBx CIPx 260 SBx+1  CMI1
21 SBx DMgk SBx+;  CM3
22 SBx CPx SBr+1  CM4
23 SBx MLAx 274 iCx n/a
24 SBK OPSK ICK n/ a
25
26 SB; Fp 228/S2/230 ODB; nl/a
27 SB; MLA; 262 SBis; CcM2
28 SBy OPS; SBy1 CM5
29 SBj CIP; 270 0GC; n/a
30 SBy DM; 0GCy n/a
3 1 SBJ CP] OC] n/a
32
33 [T, 2°T] ICx Ty 208/S1/220 SBxs1  SAx(M)
34 SBx+1 CIPx 260 SBx+2 CM1
35 SBx+1 DMk SBx+y CM3
36 SBx+1 CPx SBx+2  CM4
37 SBx MLAg.; 274 ICx n/a
3 8 SBK OPSK.l ICK n/a
39 L
40

39



24 SBJ ClPJ-(N-2) 270 OCJ n/a 25 SBJ DMJ-(N-2) OCJ n/a 26 SBJ CPJ-(N_2)
oC) nla 27 [-2-T,

SBJ+( N

38
n/ a

PCTAUS03/ 11506 1 TabBBr1 Ti mi ngMghart notes:

9 [(N1)-T, NT]
| CK Cl PK*

OoPSJ*

264 SBK CM 31 | CK DMK
MLAK- (N-1) 274 1CK n/fa 34 SBK OPSK (N-1)
1) Fp+(N-1) 22
SBJ CMb
41 SBJ CPJ.(N_ 1) SBey

S2/ 230
%égl SBJ Cl

n/ a
(I\Fl)

29gsefz30n) 905

PSJ. ______________

-T] OCJ selects next segnent and builds M.AJ* 28

S cWOO0BA90444 - - - - - - - - - - - o m oo — oo PCTAFS03/11506 - - - - - - -
| CK FN-1 208/ S1/ 220 SBK+(N-1) SAK( M)
SBK CM3 32 | CK CPK*

30 [-T, 0]
SBK CM4 33 SBK

| CK n/a 35 .........

266 SBJ VR
DI\/IJ (N-1) OCJ
J+2

_SBJ+2 __.CM5

CIss 44 28 46 4&CG\D 03990414

2 1. OGK reptesents a generic

i npbt controller insefBing a ne€Bage segnent into Of& 3 ®hared buffers;
OC 7represents a gener+e--eutpui---eont-r-otdef--r-et+i- ewm—-a—-mss&ge—-% segnent
fro® the shared buffers. .

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

[(N-2)'T, (N-1)T]

[-2-T, -T]

[-2T, -T]

[(N-1)'T, N-T]
["T: O]

['T: O]

ICxk
SBg+x-2)
SBx+qv-2)
SBr+-2)
SBk
SBx

Fua 208/S1/220
CIPx 260

DMx

CPx

MLAgmn2 274
OPSk.v-2)

ICx selects next segment and builds CIPkx

SBx+v2) SAx(Mg)
SBx+n.1y CMI1
SBg+av-1y CM3
SBx+av1y CM4

ICK n/a
ICK n/a
ODB J n/a
SBrov.ny CM2
SBr CMS5
OCJ n/a
OCJ I]/ a
OCJ n/a

SBr:av2) Fpiqvz) 228/82/230
SBrn-2) MLA; 262

SB JHN-2) OPS;

SB; CIPyan2) 270

SB; DMJ.(N.2)

SB; CPJ.(N.Z)

OC; selects next segment and builds MLAj«
ICk Frna 208/81/220
ICk CIPg+ 264

1ICx DMg+

ICx CPx+

SBk MLAg.x.gy 274

SBx OPSx.v-1)

SBriav-1) Friquny 228/52/230
0C; MLA 266

0Cs OPSy

SB; CIPrqvn 270

SB; DMJ’.(N.l)

SB; CpP 3(N-1)

SBx+v-1y SAx(Mk)

SBx CM1
SBk CM3
SBx CM4
ICx n/a
ICK n/a
ODB ¥ n/a
SBy CM2
SBj CM5
OCJ n/a
OCJ n/a
0GCy n/a
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5 2. APK*, MA*, DW*, CPK*, and OPSJ* are loaded in the Nth tinme interva
for use 6 in the next cycle. 7 3. [x-T, (x+l)T] is used as shorthand

not at i on Woro3jogostN) nrod NT, (x+l +Nynmod 8 NT]. 9 4. Negati pveTasosiesoo©f T
denote time intervals of the Previous Cycle (relative to their 10 use). 11
5. This timng chart is for the crossbar swtch enbodinent, there is a
different 12 timng chart for the banyan switch enbodinent. 13 14 15 16
1711 18 gl T\;\D 03@%%31&4 PCT/ US03/ 11506 WE CLAIM 1) An interconnect

st ductTable Ichimmei Splurality of input ports and a plurality of output
poPts wi Lh I6x repsesengea Beiisa ipubedntrolerdnsering 2 pRStAse St glltoa{hgr edet er ni ned
ouBput por tsharéd mufphs, QCs wipresntSa gengaie CBtPHE ¢HMETOSEEIIRY SR TERI%®LEh S is not
degendent gpgient frem the sdetdduffersed out put port to which ne ﬁg%e Mis being
seRt. 2) 2 ATIPA! BILEGH DAL, €P¢-LatduORS are dpdet mamc@ﬂwnmntqr%? S§vher ei n t he
segting of jSwktheh cecles determ ned by a master clock. 3) An interconnect
StHUCt Ur ¢ GRIPE:+$) TPisased atrsabitliand abtatiopfot [(EoNysodNd, CarlpMNmadi ty of out put
pots wi thyariressage M being sent froman input port to a predeterm ned

ougput pgr %I?Qt‘ix%%e@o?%&ﬁaﬂe Sine Sdrdals GRIBSP@eiods Cydis (rslrfivefodlicin header

sqgment and & data segment, wherein the setting of switch Sis not
d% endemS. Lﬁusncmglﬁ'g c]pa?ﬁg €8¢ the crossbar switch embodiment, there is a different

12 timing chart for the banyan switch embodiment.

13

14

15

16

17

18
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segnent of nmessage M 4) An interconnect structure in accordance with claim
3 wherein switch Sis conprised of two separate switch sections, a switch
section SvDoango4ad switch section S2 with nessage M bei ng PemUSos/nmns an

i nput port to an output port through both of switch sections S1 and S2. 5)
An interconnect structure in accordance wwth claim4 wherein the settings
of switch sections S 1 and switch sections S2 are controlled by a nmaster
clock. 6) An interconnect structure in accordance with claim5 wherein at
any gi vvEtGIbAIMnht erval controlled by the master clock the settings of

switch section Si and switch section S2 are th@@i.arre. 1%1’% An | nt erconnect
structure l)n advointareangict BracEIGEEMRRSS A P! QEIpUL RRSES @ ering sai d

i nput t is divided i | urali. 42 WD 03/090414 .PCT/ US03/ 11506 of
'sggléenf gr w:ts haﬁbﬁﬁﬁé{g}q@ﬂl Otl%BEP%géﬂh FW%Gg?%é’eﬁ%ﬁﬂtﬁTﬁl of fIits? 8)
e L j \ ( . L oh

fact Hone QM e tmS it pEit 10 8 BB BRI Gpll DB OB a ORI & S LD e
whi ch shared b ar i : f itch
T o WidiEh BERAAE G XwERE iR adrldest upah demves Trom St eh

Wi th claim8 waetgdBrhiifed 6&@;@ 6ft to WiBishatiessae@ Mt bairgy sérored in the same
relative location 1n each o tRe shared buffers as nessage M noves between

switch seqgti omSirtepdushneot sighctaesii accosdancel @jthArlaimtlewbormedhest ruct ure
conprising a plurality of input ports and a plurality of output ports, and
wherei n | ogi c astnrg af ewitehtShisateteimiped yoa mastgrdecls message Min a data
storage un3i t Uzﬁ? (ijntlegc%n%ect structure comprising a plurality of input ports and
a plurality of output ports with a message M being sent from an
input port to a predetermined output port through a switch S, said
message M consisting of a header segment and a data segment,
wherein the setting of switch S is not dependent upon the header
segment of message M.
4)  An interconnect structure in accordance with claim 3 wherein
switch S is comprised of two separate switch sections, a switch
section S1 and a switch section S2 with message M being sent
from an input port to an output port through both of switch sections
S1 and S2.
5)  An interconnect structure in accordance with claim 4 wherein the
settings of switch sections S1 and switch sections S2 are controlled
by a master clock.
6)  An interconnect structure in accordance with claim 5 wherein at
any given time interval controlled by the master clock the settings
of switch section S1 and switch section S2 are the same.

7)  Aninterconnect structure in accordance with claim 6 wherein

message M, upon entering said input port is divided into a plurality
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associated wth an output port OP of said interconnect structure is used
in nmoving nessage Mfromdata storage unit Uto output port OP. 11) An

i nt er conn@oto3dvasuct ure in accordance with claim 10 furthercTiusob/udoeg a
switch S through which nessage Mis sent fromsaid data storage unit Uto
said output part OP. 12) An interconnect structure in accordance with claim
11 wherein nessage M consists of a header segnent and a data segnent
wherein the setting of switch S is not dependent upon the heaider segnent

of message M dRdeghients} aithorachcegatent beingsubdiatdest wiaédMraliycl ai m 12
wherein switch S consists of a switch section Si and a switch section S2.
14) An intercom@its. structure in accordance with claim 13 wherein the

settings of switch section S 1 and smt%gpsectjﬁn 32 rel?c trolled 43 WO
03/ 0904148 PCT/ ABGBICI ¢OWBE LS LAICHESHB ACEPEARCH; W Fi?én%ZtV{ ?{gﬂ%f swi tch
section S 1 and switch. segtion S2 heing. | |G i me interval
det erm ned by %t Sﬁ%@%?gilaaaﬁwlﬁ Seﬁiﬁlqnﬁfﬁ@@ﬁkgéﬁﬂgﬁﬁ&%e conpri si ng
a plurality of .in rts i Plurality of
nmessages M bei%@rg&?fl%q§’o‘ﬁﬁ@§1 Sélaﬁ%y{éﬁek%/%o ?‘ﬁ%ﬁ% @g%?t%i g@e{‘gs géi d plurality
of output port g, £360 §lond dficHREEREES IMAVItE séctiure8Rt er m ned stat us

within said @qtgrconnect s?epuct ure, said interconnect structure further

conpri si ngy | ogig iA&§e6hAbaGtMichitedn apdbRitncpovith CRinhB orhérefiothes  sai d
plurality of input ports of said status of nessages Mw thin  said

| nterconnect sflftyeifurMessape separagase Monbd i the samargletiza 10e3t10But put port
OP. 16) An int erconnect structure in accordance with_ claiml15 .{lelr t her
in each of the shared buffers as message M moves between swi
section S1 and switch section S2.
-10)  An interconnect structure comprising a plurality of input ports and
| a plurality of output ports, and wherein logic associated with an
input port stores a message M in a data storage unit U and logic
associated with an output port OP of said interconnect structure is
used in moving message M from data storage unit U to output port
OP.

11) An interconnect structure in accordance with claim 10 further
including a switch S through which message M is sent from said
data storage unit U to said output part OP.

12)  An interconnect structure in accordance with claim 11 wherem
message M consists of a header segment and a data segment
wherein the setting of switch S is not dependent upon the header
segment of message M.

13)  Aninterconnect structure in accordance with claim 12 wherein
switch S consists of a switch section S1 and a switch section S2.

14)  An interconnect structure in accordance with claim 13 wherein the

settings of switch section S1 and switch section S2 are controlled
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including a swwtch S through which nmessages Mare sent fromsaid input
ports to said output ports, nessages M consisting of a header segnent and
a data segoaatgosnherein the setting of switch Sis not depandesiisopon the
header segnment of nessage M 17) An interconnect structure in accordance
with claim16 wherein switch S consists of a swtch section Si and a
swtch section S2, said interconnect structure further including a nmaster
clock to control the settings of switch section Si and s(\ivitch section S2.
18) An i nt er cajjngehasiér clotkimetiAtieasatting axf swatelt seshieoni hard seich p with a

| ogic L being associated with said input port |P, r]cd at_|east e out put
port OP, said seotien&hbeing identiesl dpeeach/ iy @teﬂ’ﬁlr‘i? P %atsut 1ines
LO, L1- Lj 1 for sending a nessage Mto a device Bp, wherein when nessage
Mt ar get ed f orm@gtenctdokes at I P, said logic 44 WO 03/090414 PCT/ US03/ 11506

L ch t put t OP i ated. w i [ t
Feceive. nEen aghnRterbyIngs sHberes RBETiSRs AifalRy oTRBuCH R andl | et 1O
18 wh i | ogi L. t i t t OP.
20) "An { nter conpietbrPERHLRES ARG Al DIRERELR M B P g ¢ L
k | QI1.6: 41" i ¥ i f t t4, d
mekes a requez%?%§aq8g?€fawogw(ﬁ%§ﬂ) ¥iid plewlipy of patput (AR t3,0 sen

message Mto I nterconnect structure in accordance
with claim?20 éé%ﬁr@f id heGisgods WhRLwIag sopitedeterpuned shtaswithentsaidet for
e on the | ogi

nmessage M bas gic L possessing information concerning
avai l abi | ity Ofer@ehRbét Raictu@Pstid intareoneetstmiggueNirthey An i nt er connect
Bor 5w th- & heaapgain i gswelniet v an CHPRROTHOR MEKIOS o1 i ned
output port S:aiig pihrlllt'aelirt§ %rf]ri]r?g&t ports of said status of messages M within
said interconnect structure, for messages M which are targeted for
output port OP.
16)  An interconnect structure in accordance with claim 15 further
including a switch S through which messages M are sent from said
input ports to said output ports, messages M consisting of a header
segment and a data segment, wherein the setting of switch S is not
dependent upon the header segment of message M.
17) An interconnect structure in accordance with claim 16 wherein
switch S consists of a switch section S1 and a switch section S2,
said interconnect structure further including a master clock to
control the settings of switch section S1 and switch section S2.
18)  An interconnect structure A having at least one input port IP with a
logic L being associated with said input port IP, and at least one
output port OP, said interconnect structure having a plurality of

output lines Lo, L1 — Lj-1 for sending a message M to a device Bp,

wherein when message M targeted for Bp arrives at IP, said logic
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zg;gftrrg further including logic for generating control data, said
¢ argt ;?a.belng carried on paths within said interconnect 1structure
inpaccofdagggma??ﬂscfg{Ly&ggm;ald_nessage M 23) An inter ®omMNsos/18506 uct ur e
erein said nessage Mis ¢ [
header segnment and a data se [ id i P mect otra
_ ~segnent and wherein said interconnect str

?gngsgffsb?ccess i nformation indicating whether a particular outputuggrge

able to receive nessage M and wherein said Qantrol data contai ns

:2; or ggt:gz qté%ﬁbggm ggﬁpﬂ#t@eaﬁ?_i{’ dseboiatet Wil eniobsd OUAah said access
_ . 2 | of sending control information through a
plurality of lisepw mceivdenessageiM. an i nterconnect structure co?rpri sing the

steps of transmitting a nessage Mfrom a pluralj '
X t
VO b3/ 05094 RehtesoGiuassEvsRapANAEoBeasRrTH s & "SRR g cont rol

i nformati f | oqi ; . OTt e
send ng sai d legie foreathTeRass oo ok Pe s bs S il WA PBELS of 2o

U 0, A B TSRS S ligg®) yharsna
settings of Sf‘oigqc T EkEORVEGest 1S ﬁqufc%V‘é?ésBcﬁt;@;Eéf oﬁt]?@h;;gtrtr ?1|6| e
OP to send message M to output port OP.

21)  An interconnect structure in accordance with claim 20 wherein
logic L chooses output port OP as the target for message M based
on the logic L possessing information concerning availability of
output port OP to receive message M.

22) An interconnect structure comprising a plurality of input ports and
a plurality of output ports with a message M being sent from an
input port to a predetermined output port, said interconnect
structure further including logic for generating control data, said
control data being carried on paths within said interconnect
structure separate from paths carrying said message M.

23)  An interconnect structure in accordance with claim 22 wherein
said message M is comprised of a header segment and a data
segment and wherein said interconnect structure generates access
information indicating whether a particular output port is available
to receive message M, and wherein said control data contains
information other than said header information and other than said
access information.

24) A method of sending control information through a plurality of
separate devices in an interconnect structure comprising the steps

of transmitting a message M from a plurality of input ports to a
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plurality of output ports, generating control information from logic
associated with one of said input ports B and sending said control
information to logic associated with one of said output ports Aona
path separate from message M.

A method in accordance with claim 24 further including the steps
of controlling settings of said interconnect structure with a master

clock.
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