METHODS AND APPARATUS FOR RECONFI GURI NG PACKETS TO HAVE VARYI NG SI ZES AND
LATENCI ES TECHNI CAL FIELD 5 The inventive subject matter pertains to

nmet hods and apparatus for reconfiguring packets, and nore particularly, to
met hods and apparatus for reconfiguring function packets to create router
packets with varying sizes and packet |atencies. BACKGROUND 10 In a
packet - based, distributed processing system processing bl ocks may perform
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sends the packets to a router, which may then forward the packets 15 to
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deskﬁlp@ﬂﬁﬁ ﬁF@@Eﬁﬂ?ﬁgﬁﬁﬂFQEGBWBF%ﬁ@“ﬂﬁﬁé@@?@&ﬁ%ﬁﬁggﬁpwpﬁé“W$%entive

subj ect whRk HAveMNBOPRRAS thRs aélsuhﬁmaqm@@s&ﬂmodm th the figures, wherein

| i ke-reference nunbers refer to simlar itenms throughout the flgures and: 1

Figure 1 is aadymsal iRribytegpmapssiigsysier Be foa“%ﬁﬁ‘fhﬁﬁﬁeﬁﬁilﬂ%ﬁ?‘eéﬁs? em in

accor dag@frouter packet has the same length). This gives rise to a minimal latency, or delay,

within the system. Packet transmission also can incur latency due to contention for limited

20  resources (e.g., bandwidth and data buffer space). Because of the use of fixed-length
packets, if a fumction executed by a source processing block produces an amount of
information that exceeds the data capacity of a singie packet, within a given time interval,
multiple packets are generated and sent to communicate the information. Sending
multiple packets implies more packet header overhead and grt;ater use of the router

25  bandwidih. If a function executed by a source processing block produces information at a
relatively slow rate, then the processing block may be required to wait until it has enough

information to form a packet. As a result, longer latency is introduced within the system.

BRIEF DESCRIPTION OF THE DRAWINGS
30 The appended claims point out different embodiments of the inventive subject
matter with particularity. However, the detailed description presents a more complete
understanding of the inventivé subject matter when considered in connection with the

figures, wherein like-reference numbers refer to similar items throughout the figures and:
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with an enbodi ment of the inventive subject matter; Figure 2 is a
sinplified block diagramof a communication device, in accordance wth an
enbodi ment of the inventive subject nmatter; 5 Figure 3 is a sinplified
bl ock di agram of a networked circuit, in accordance with an embodi ment of
the inventive subject matter; Figure 4 is a sinplified block diagramof a
networked circuit, in accordance with another enbodiment of the inventive
subject matter; Figure 5 is a sinplified block diagramof a packet-sw tched
prgpesa ng @igmehis a simplified biusk diageare ef goHIERCAEAD SR A 2GPT i nventive
subj ect_.matter,: .Fi AosifeSh If4gd block diagramof a data router
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matter;

Figure 9 is a flowchart of a procedure for generating a re-assembled function
packet, in accordance with an embodiment of the inventive subject matter; and
20 Figure 10 is an example illustrating conversion of a set of associated router packets

into a re-assembled function packet, in accordance with an embodiment of the inventive

subject matter.

. DETAILED DESCRIPTION

25 In the following description of various embodiments, reference is made to the
accompanying drawings, which form a part hereof and show, by way of iltusiration,
specific embodiments in which the inventive subject matter may be practiced. Various
embodiments are described in sufficient detail to enable those skilled in the art to practice
the inventive subject matier. It is to be understood that other embodiments may be

30 utilized, and that process or mechanical changes may be made, without departing from the
scope of the inventive subject matter. Such embodiments of the inventive subject matter
may be referred to, individually and/or collectively, herein by the term "invention™ merely

for convenience and without intending to limit voluntarily the scope of this application to
2




any single invention or inventive concept if nore than one is in fact
disclosed. It will be recognized that the nethods of various enbodi nents
can be conbined in practice, either concurrently or in succession. Various
permut ati ons and conbinations will be readily apparent to those skilled in
the art. 5 Enbodi nents of the invention can be inplenented in several types
of devices and packet-based, distributed processing systens. For exanple,
but not by way of limtation, enbodinments of the invention can be
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100, in accor dance wt ment of the inventive subject matter.
Enbodi nentenghodebsing élenventt dianligdabmitesystam véifne sgge deHeq Pc@O%i t hin a

syst em %ﬁlﬁpﬂ%{a '218%0 %&géf et ?ﬁe@&rﬁﬂ%eﬁpQﬁﬁb@&s%eh belo. the art will

under st escription hereln nbodi ments of the
i nvent i Tiks@b:amptaukaiobilustegion perpoesd andhars notmeant (o lirhit apMisetiangfdle of wired

I d/
o ‘{’l“ss[ Cerhogiments o ’fﬁfpﬁ‘%&%gﬁ @”cap\%ne s’H%\L}{n%ttﬁeo ecii El?zg%:ter;m@s #Xé{b%n

pose exa e and shoul d not
be consikeskaniples] Histead@t wned bé mﬁ.@mislt@mdufslmﬂﬂph Greet, msedmn thiet hi n any

particul ar ki nd of ste S % ti nj.catian system 100
|ncludé¥$@HmW§§§Fnb§% P@@%éﬁgvﬂégg 6%pg%63&wﬁﬂp rr3%38“%E(’:;%;om8mn|cate over
Wi el esgleiiK Forl@mple! ﬁtb@u@ﬁ&é&@ﬁ%d bﬁﬁodﬂﬂeﬁﬂs @nﬁﬁﬁlyaamlb@dlkmbﬁted or full-
dupl ex I'inks, in various enbo%bﬂe %08 Hngl degtone or nore
net wor kpfoﬁ*@éﬁﬁléﬁﬁten@oﬁﬁwrﬁaﬂﬂ %‘é’eﬂt’&?@ 8§° SPRARPICHIARET At i ons,
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Figure 1 is a simplified block diagram of a communication system 100, in
accordance with an embodiment of the inventive subject matter. Embodiments of the
invention can be implemented in devices within a system, such as communication system
100. Those of skill in the art will understand, based on the description herein, that
25  embodiments of the invention also could be implemented in a variety of other types of
wired or wireless communication and/or computation systems. The system illustrated in
Figure 1 is given for the purpose of example and should not be construed as limiting the
invention to implementation within any particular kind of system or system configuration.
Communication system 100 includes at least two wireless devices 102, 104, which
30 communicate over wireless links 106 with a network 108. Links 106 can be half- or full-
duplex links, in various embodiments. Network 108 includes one or more network

routers, computing devices, access points, base stations, satellites, and/or a nunmiber of




3 other types of internediate stations that facilitate comunication

bet ween devices 102, 104. Devices 102, 104 can be, for exanple, but not by
way of limtation, cellular telephones, radios, conputers, personal data
assi stants, pagers, global positioning system 5 (GPS) devices, and/or any
of a nunmber of other types of devices that are capable of communi cating
over a network 108. In one particul ar enbodi nent, devices 102, 104 are
conputing devices that are capable of inplenenting a WAN conmuni cati ons
pr ot 0c @kher LPHCHE iawrmeiRate statims ¢hav Bciitasnernahuriendis beiyveet deliesdP3.cal and

El ectroBi cs Engineers (IEEE) 802.11 Standard protocols or another W.AN

pr ot ocafP? Devi ces 102, 104 produce and 10 consune information. This

i nf or mat i on PERkePE, LBt} fotexangle baeiovedway ef linitatimns cellilat er f ace vi a

antennas 110, 112 and network 108. Figure 2 i j J- £ ck di agram

of a cOMRINTERFIdHs CRIEUESES: PEFOD %ata %éggapﬁa%agg%m? P %{1 gﬁgdé%{)u%}@nﬂgﬁlt of the

| nvent i ks uRki®E lanBRE b of ol findbBieofdeher pPeLtliesitenthat arncapaljapt 2, embodi nent s
of the invention may be inplenented in ?on{'ngn tion vvi.thlﬁ Iﬁg%%et-swi t ched
COMTUNi CORMIUIFAEREELYH & BB i §oh Th oRsRa A SBOdMERL ATACSRil Ui R fiSe devi ce

200, i Noaddifd @idOuRORS LK cloMyaemEiing g VenANommnics:aténssherotalyent | on i n
conj unction th packet-sw tched communi caqtl on between th@ﬁ% yl ce 200 and
a separsatleadmeios motmorsionstadiipstpehilectriondand Hepifrplss EopHeds g syst em 202,

data St@&ﬁ@%t&%dﬁgtw@ ke @b GYAN praRc@0Bevicasion, ioepueneynd RF) i nterface
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Device 200 includes processing system 202, data storage 204, networked circuit
20 206, radio frequency (RF) interface 208, and antenna 210. Processing system 202 may
include any of a number of types of computing modules, including but not limited to,
microprocessors, microcontrollers, digital signal processors, application specific integrated
circuits (ASICs), combinations thereof, or the like. _
In one embodiment, processing system 202 receives or creaies source information.
25  The source information may be generated by the device 200, retrieved from data storage
204, or received from some other information producer (not iflustrated). Source
processing system 202 may pass the source information to networked circuit 206.
Data storage 204 represents articles that include a machine readable and/or
writeable medium. For example, but not by way of limitation, data storage 204 may
30  include any one or more of the following: hard disks, floppy disks, random access
memories (RAMs), dynamic RAMs (DRAMS), static RAMs (SRAMS), read-only
memories (ROMs), flash memories, compact disk ROMs {CDROMS), or any other types




nmenories (ROMs), flash menories, conpact disk ROVs (CDROVs), or any other
types 4 of articles that include a nediumreadable and witeable by a
machi ne such as processing system 202. Networked circuit 206 may incl ude

one or nore routers (described in nore detail in conjunction with Figures
3-5), and one or nore processing elenents (PEs) and/or 5 input/output (1/0)
nodes (described in nore detail in conjunction with Figures 3-5). In

various embodi ments, networked circuit 206 inplenments packet-based
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be relatively short, enabling a roufer. packet to b
associated router packets from oné or more function packets supphe% by one or more
20  functions associated with the PEs or I/O nodes. In various embodiments, the router packet
data length is less than or equal to the function packet length. In addition, in various
embodiments, a DRA may be capable of receiving a set of associated router packets,
generating a re-assembled function packet, and providing the re-assembled function packet
to 2 destination function associated with a PE or an I/O node.
25 In various embodiments, the router packet length is configurable on a fimction-by-
function basis. In other words, a DRA may produce router packets having a first length
for a first fimction, and may produce router packets having a second, different length for a
second function, Variable-sized packets enable packet latency (or delay) to be improved,
particularly for functions that produce a result at a relatively slow rate. In such cases, the
30  router packet length can be configured to be relatively short, enabling a router packet to be
formed and sent without having to acquire enough data to fill a larger, fixed-length router

packet. In addition, variable-sized packets enable router bandwidth to be more efficiently

used, particularly for functions that produce a result at a relatively fast rate. In such cases,
s :




formed and sent w thout having to acquire enough data to fill a larger,
fixed-length router packet. In addition, variable-sized packets enable
router bandwi dth to be nore efficiently wused, particularly for functions
that produce a result at a relatively fast rate. In such cases, 5 the
router packet |length can be relatively long, enabling nore data to be sent
in one packet, thereby reducing the packet overhead introduced by the
router packet headers. In one enbodi ment, networked circuit 206 inplenents
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20  process of networked circuit 206. Changing from one configuration to another may, for
example, allow router packet lengths to be adjusted, as will be described in more detail
later, and/or may allow a communications sysiem to switch quickly from one PHY to
another, one MAC to another, or between any combination of multiple configurations.

Tn some embodiments, networked circuit 206 is part of an integrated circuit. In

25 some of these embodiments, networked circuit 206 is included on an integrated circuit die
that includes circuitry other than networked circuit 206. For example, networked circuit
206 may be included on an integrated circuit die with a processor, memory, or any other
suitable circuit. In some embodiments, networked circuit 206 coexists with RF circuits on
the same integrated circuit die to increase the level of integration of a communications

30  device. Furthermore, in some embodiments, networked circuif 206 spans multiple
integrated circuit dies.

RF interface 208 prepares informétion received from networked circuit 206 for

transmission over the air interface, and/or RF interface 208 prepares information received
6




the same integrated circuit die to increase the level of integration of a
comuni cations 30 device. Furthernore, in sonme enbodi nents, networked
circuit 206 spans nmultiple integrated circuit dies. RF interface 208
prepares information received fromnetwrked circuit 206 for transm ssion
over the air interface, and/or RF interface 208 prepares information
received 6 fromantenna 210 for consideration by networked circuit 206
and/ or processing system 202. RF interface 208 may inc|ude, for exanple

! . [ ac y
but notfronyanienna @0 Forrgonsidarasion by npveiked cIrgibP YandEr BTAgPSHE SYAPBD) and/ or
di gi t alynt 05 (: : 1¥@lkiep FlteR) her el enents.
I n var izgl%’ng%(‘Lﬂlgl rfr:ez%gl% @'lmr%tefg% %a?gl%%h%?%%}yat e at apgr Qpriate 5
f r equeneiles-td-digitslAigd ondoofligitipb-endes @op)cawaiters bpfors, aud vadeHs
enbodi nents, RE interface 208 | ] , ;&6 t hat does not
conmunitCi g If yarioR %@%Od%??\ritsgﬁg %%#gé%@gpgdg 05%%{6i aﬁg TR east one
ant ennareddéhcids forahepretdaoidinpiententedby device 2000 In perye ¢mbddiienta Rdi r ect i onal

1 ¢ BB, 8 SO e pe I Qe R OO, B ikt 10 By vy of

zlrmi -?iiﬁ@ﬁ&de@_nﬁl ant enna, su;:ﬂr; gs a di pol e antenna or quarter-wave antenna.
so for exa e, in sone ,enbodi nent ant enna, 210 may, i a

di recti onal Dgpfiﬁcéﬁ%}mg@ﬁfr\até%as%?nﬁ&?fﬁms%lg’ laiogﬁemg%‘fi@ﬁ%ta%grt agl antenna. In
sone enhadhaRM S dirdBbei AiterhQni/Sr SfhitdiRdtion:Daseams. Fenbeanblephttset RF si gnal s

transmtted or received by antenna 210 m}\{ cor r_&igqond to.voi ce %15_ si gnal s,

datl® sibyrredysof ligritagions ip soves eraRodBReDis, aitenpe 210umay fude /i eqaL g ‘%83 fication is
| mpl emeptad, < éstQthiﬁcﬁ@LﬂtéﬂnﬁQr gliaPge whERlenhAOAISE Herhmpl:, inlshe opt i cal

transm ssion device mag be used instead of the antenna,h210,. Enbodi ments of
t he i nveerboiliomentsamntpad B say inchude paliteshosp! snEnRRISRED 352Paratek dEs  di sti nct

sour ce I ) , gﬁ&;dg | i mited ememevel y or in

addi ti oa%?e\ﬂhig?‘g?%%%{eazt%%t e ilﬁ?l%dﬁ%?%%ﬁ\galg@%% used within a networked
ci r cui tendfodanesits) §Feigtelsiteasmititteoracqeiied by eeterrs 2§ mayceUrPIPorhE94Es vari ous
PEs, .and/or, 1.0 nodes and r . : j : t he

descr i pstlgn&ﬁ’ gﬁq%%g%az%gglaén cgg}%gr%lglﬁg%th@%&?ﬁgg%hnﬁalﬂtﬁ?%ﬁ?]i?éﬁﬁggﬂri(ﬁgg of a networked
Ci r cui timpidmentud| dligie-eativing divdé CLEINdnafshed) dr other optisaliransmisgieed on t he
description h reiegi,.g%}ovc\{ thhe d'{s_:l ed enbodi ments could be nodified to
appl y t9781CF FAY DS BRI e AR 8 t0 a system or network with distinct
sour ce devi @@hodiréH€6Rhe Mnchtide 841 eatsedin a Yeteinor sictwtlethef ineladest he r enai nder

of the cgs?c;[u%fl; s!o%?ce%%tsrigésl, c;[ulte?sr,] alll(f deggttlatigg %Q\'Eicets.o Allferql]a%ivetlgr] §t in addition,

20  embodiments of the invention can be used within a networked circuit of a single device,

where the processing circuit includes various PEs and/or /O nodes and routers. Although
the remainder of the description discusses embodiments of the invention in terms of a
networked circuit, it would be obvious to one of skill in the art, based on the description
herein, how the disclosed embodiments could be modified to apply the inventive subject
25  matter to a system or network with distinct source devices, routers, and destination
devices. Therefore, the remainder of the detailed description is not meant to limit the
scope of the inventive subject matter to networked circuits.
| Figures 3 and 4 illustrate two examples of networked circuits within which
embodiments of the invention can be implemented. The examples illustrated in Figures 3
30  and 4 are not meant to limit the scope of the inventive subject matter to these example
networked circuits. Instead, as would be obvious to one of skill in the art, based on the
description herein, embodiments of the invention could be used in any of a number of

networked circuits having different configurations from those shown.
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scope of the inventive subject matter to networked circuits. Figures 3 and
4 illustrate two exanples of networked circuits within which enbodi nents
of the invention can be inplenented. The exanples illustrated in Figures 3
30 and 4 are not neant to limt the scope of the inventive subject matter
to these exanpl e networked circuits. Instead, as would be obvious to one of
skill in the art, based on the description herein, enbodinents of the

i nvention could be used in any of a nunber of networked circuits having

di fferent cdiigured s sionkfisd dedldinssan showiworkedrigaic 08, pgoeprddnip) i fi ed bl ock
di agrang of o 8 AFLIRLK S ifiotide A0t oldte A0AHEAE Sirat 300 idflughodi ment of

the i nventive subject matter. circuit 300 includes a plurality

of i nt eplalityedimecomatted mufctR“R7EV2, 3W@0A06, swba phrrditaoffhis3dPi 3¢ of PEs 310,
312 andﬁ%réyglgdgsg?@? rFé%g"se E?(ﬁesgxﬁﬁl nq;Ef%qg%g%&H% ndﬁg§3}31]a9e 312 and 110

nodes 3 0 generically a et - based conmuni cati on (PBC)
el enentsfer@s td frpyricatie aapadhaichestd doamesticabem{RB) zldrents, gribeyosel t o

comruni cat e wi th each. ot.her. .| n,sone _enbodi. s h router 302, 304, 306
i s couplasketibgseqd COMARNIFarHEE Prope nctomﬁlﬁl,m%%fgl?nn%f%ﬂ.o ﬁ]%lgr exanpl e, as shown in
Figure 3, PBgs@hesmpddimdis,icactoroupt 802, 3040 30®istconpl30D,a sirgle PBC el ement 312 is
coupled to router 304. In othFr egbod%g?nts ﬁ?ﬁhl 10 %ﬁﬂgg&lk% coupled to

mor et hAEH e BRE2.c1 14nERE cxamRlenHShaWD B RS s &S AV SR Connect ed

t oget hey, rhReSHLI &1 PHOE BRI & codflcd ®IOWEr 303, Fh gthecerthodimertgeach302 and 304

are coupled together directly bé i nt erconnect 320. Conversely, routers 302
andl®Boeroniceiscoviedly ey dierent PREGIFER Y out er 304 and any other  internediate

routers (noty bhl Ustiahed) e Rl ardbsifGbied RE8ESARRGEE] F0ScenpL, b9 | ust T at ed)
could 15 exist between the various routers, in other, enbodlqrt:géﬁ s. In sone

enbodi neaws iFisted, prswsedl2 il eresauplsbiongbraticelly BUinerespedidsl i ncl ude
varl OUSC(Br}(z@ﬁglyOJou%%@ anl 96@?1%'05\%&6&@&%@ %ﬁ‘%ﬁo@t@pmﬁa}@ aRRYhBY a variety
or

of different “architectures rocessing data. In addition, networked

Ci r cui tinB00edidts coutery (tiohtlustdaed)y Bttiepdisect igrserngpctions (ot PlystraleB refe s 314,

whi performl /O functi . | y 20 may be used by networked

Ci riﬂi t X506° Se%g%#ﬁﬁ%éﬁlgé%lﬁﬁ&g er dg#érhggui ts, as indicated by connection
316, whi ch dnabhesmbofimemmbf tha ptesenbevenijout networkad tioruitai@0 pisy iRgteste ci rcui t

200, oSBTk S e T3 Vg g el o v 2
t r ansmi irbigfectuARYornpodesinglata ahadditios esisiongd cRBGt 30eaipniay Btidde 312 and/ or
170 PBCva?iloﬁgm tylr;ttassofg‘%/é)”wc ggm«ianr‘gg i 1%?\%%1011 %e oe'\r}nvﬁ(s ifﬁeﬁl(%:tions, and accordingly
20  may be used by networked circuit 300 to communicate with other circuits, as indicated by
connection 316, which enables information to be input to and/or output from circuit 300.
For example, I/O PBC element 314 may be used to communicate with a host processor or
an analog front end such as an RF receiver or transmitter. Any number of data pro cessing
PBC elements 310, 312 and/or I/O PBC elements 314 may be included in networked
25  circuit 300, and their architectures may vary widely. Furthermore, a particular PBC
element may include both data processing and I/O interface capabilities.
In some embodiments, a PBC element may be capable of performing multiple
functions. At least some of the functions produce function packets. Each of the multiple
functions may utilize different types or sizes of function packets.
30 Tn various embodiments, at least some of the PBC elements convert the function
packets, received from the functions, into “router packets,” which the PBC elements send
to the routers. In various embodiments, routers 302, 304, 306 communicate with each

other and with PBC elements 310, 312, 314 using the router packets. For example, if PBC
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25 circuit 300, and their architectures may vary widely. Furthernore, a
particular PBC elenent may include both data processing and I/O interface
capabilities. In sonme enbodiments, a PBC el ement nay be capabl e of
performng nmultiple functions. At |east sonme of the functions produce
function packets. Each of the nultiple functions may utilize different
types or sizes of function packets. 30 In various enbodi nents, at |east
sone of the PBC el ements convert the function_ packets, received fromthe
f unct i orlenerit A1 ®hdsrinfotrertiopde kesent to R demerid 1BCNeY wHE91_0KEHE to t he

routers. In_ various e ' t.Sp ; Riggate with
each o Htg;p%% Svﬂstoﬁrcgg%q‘gerl@gg’e"ﬁ%lgﬂ%%%?ﬁ%lp%%%tloi%é%?aﬁgﬁf e router packets.
For exadghvery tb PREBEnRnt H2e martor 3bde insmédidto raviars way (e tipy nodxist o PBC

el ement, 312, it ma end, one .or,. nor I, t ce router 302,
o o e s R ke ad B OGS ey, HAMl T baRBR Kb e RaBOHEE® T PUt B
Detvmon 5 o et L nat L op. oLl o Fodt ot packb( o 1By be of
ORI 15ye MRS WA S R A e e o SOl
a singl & £QW gafrs cMbERLIRESA 18loBi¥R Bhbdtithérds, adrikiitated by tihy dkpsisoth er / PBC

el erren"tewg‘gl rs are illustrated, nore

! LT or fewer .giai rs.cotjl.d l%g i ncluded in
ot her chmpedimentseanqtyerked pisgrtspuidivelude s i pLuneiongl R o di nent s, a
net wor ked_ gl b, GRbd-GinlenGbatd Sma ) bhichGhdRIRS indtBbnneéteC tovis 20€. 9.
t wo- di mensi onal , three-dinensional, and Upéf@g whi ch incl.udes_j nt er connect ed
r owtd aneblurgnsodramierdEsF clewent@rirPHDr sramRia bubRqt bE way of ligyiaen. E8MRit not by

way of flllxm'alttﬁ%%:tggidgﬁ%r%%%%‘c‘%rcuft.l |ustrates a two-di mensional circuit. Figure

4 is asinp agram of a networked circuit 400, in accordance
wi t h anot herFigrmbdads nsimplifiéd blpek disaramof ¥ aetyarkesd efcuiipd e 2c8@ 8458 ked circui t

. pl ur a1 e pRO s of 1 i VGE RAREHNRS, NESKEER Al pend . G0
descri pi %)mmitﬁﬁslgérbg?nema ;c;margi@a;ﬁo4,/4aﬁ,f@af@d§m;rabtwf PEs &H0 4.t 0 s in
Sonb erpatiBnyD ol Sk Te gl dlo 3! MURUTR MYTAILOCT 7 pec

el enment grd ¥erreditid gerttiballydk@Blements apthey was is hoyjnndtion Migdtigird3. PBC el enent

410 is coupled to royter 402, and I 412 c router
404. In ot hefsoge @‘ﬁ‘% ﬁ%tﬁte@‘,%l @&@54&58912 r‘isg"s%% 6Sucﬁu8fgaf[ %Q#g% g?ﬁgn one PBC
el ement gjehBntANE 420000 BN tRor NLple ué osmar Bigamup PBA dlagat KEdisi n a t or oi dal

arrangenent. For .
J coupled to router 402, and PBC element 412 is coupled to router 404. In other

20 embodiments, each router is coupled to more than one PBC element.

In one embodiment, the routers are coupled together in a toroidal arrangement, For
example, as shown in Figure 4, routers 402 and 408 are coupled together through routers
404, 406, and any other intermediate routers (not illustrated). Routers 402 and 408 are
also coupled together directly by interconnect 422 (shown at left of router 402 and at right

25  ofrouter 408).

The various routers (and PBC elements) in networked circuit 400 are arranged in
rows and columns with nearest-neighbor intercormects, forming a toroidal interconnect.
Other direct interconnections (not illustrated) could exist between the various routers, in
other embodiments.

30 In some embodiments of the present invention, networked circuit_400 may include
various types of data processing PBC elements 410, 412, 416 having a variety of different
architectures for processing data. In addition, networked circuit 400 also may include

various types of I/O PBC clements 414, which perform I/O fimctions, and accordingly
o .




exanple, as shown in Figure 4, routers 402 and 408 are coupl ed together
through routers 404, 406, and any other intermediate routers (not
illustrated). Routers 402 and 408 are also coupled together directly by

i nterconnect 422 (shown at left of router 402 and at right 25 of router
408). The various routers (and PBC el enents) in networked circuit 400 are
arranged in rows and colums w th nearest-nei ghbor interconnects, formng
a toroidal interconnect. Qher direct interconnections (not |IIustrated)
could %%!&k1@@1Mﬁﬁﬁw&ﬂaiMamheusnfmmﬁmummMawmhmmhemmeM$@ﬂmﬁ@N®éby30 I n some

enbodlnents of the pre ve net rke i i ncl ude

var i ou$orsesaen H* é ‘ﬂ)‘%&)‘?é’é@ﬂ‘?& 21118 éoﬁé}cuﬁqgo E%%/ﬁﬂl ng a

vari et Ly obsidi fid @B@ﬂ*ﬁeme?i[ ghi ﬁzgﬁlﬁduﬁse&tcfmmmghMPmcesﬂsm @ddi tion,

net wor ked CI Tcuit 400 al so may incl ude, varl ous t £ Q PBC el enent s
e B T bt

414, whneng Fentesdmvelyaoan BiCETeBiE O BAETHEE o Y HLed by

net wor keg- ag@%&g &}h(ﬂﬁﬁz 496 gwm PBLRIeMenlk 48 hlﬁﬁz b6 inictidet! $n naawoikadli cat ed by
connection enables information to be input, to gé?out put from

Ci r cui teird@0400;ond theig arshitesiures (PR Bidshe furhemons ¢ PRRICHRENPC o communi cat e
wWith a %%etnt R %ﬁl%ﬁﬁg %otﬂrda@rﬁroc@&ﬁlg%dfﬂ(ﬁﬂﬁerﬁ% Eblﬁf‘tle%s an RF receiver or

transmni‘ data processin PBC el enents 410, 412, 416
and/or 1/0 emmetenlmdtxserﬂslaPﬁézwlmentﬁ@ybee@ablﬁOﬁe%%mkl&)‘m@kcmt 400, and

thell ol Chiohe CAHESS IR oA M Mdie bibgule i iRh FRUSHs, EaBRhEHhRRIPEC el errent

may in processi ng I nt face capabilities. In sone
enbodi emtions maPhilizeldifwatt tymyoxtmzesaﬁ&mbfeoltﬁacm forming multiple

functions. At Ieastwg?{g%lﬁgtsﬁél}astfsgncthggﬁgge@%esJoﬂwmgmagﬁgets Each of

the multipl & Y4PUEg UtTiTze rent types or sizes of function
packet $aclkdls, Yakived SoanRofihervak,Sntoaduttrgasltets winzhdlic R cRBEnT senddAt s convert

the functions _packet d f
wh o heropEes. dhanbneeafers opRE Pouid: S8 iimuliheni@llea bockets.

rout er S0 2nd 484 PEEQSemHRS1 100MBINI 4 at @ushig fhe eatdy paditese Roated pavkets PBC
elenments 410, 412, 414, 416 using the router packets. Router packets 15
may15be Ibfiyléﬁﬂfaé‘}’i’ée Figure 4 illustrates a two-dinensional circuit, which

i ncl udes t hrff%%né @Wﬁlseﬁés QL dime i sHENGircdift, WBidh EclidBCGheleeowstnddtainr . More or
fewer rows an

of her  cbougmsss TR qiar v Mireehever Fpcedor PRygRe SO e EBG: ol (1ied |
bllock dyagrg 5‘5195]( coRldTRG G EAEDbtha Wbl RS & iaib@ed by hb elfipses.

TFigure 5 is a simplified block diagram of a PBC element 500, in accordance with

20  an embodiment of the inventive subject matter. PBC element 500 includes at least one
data router adaptor (DRA) 502. In addition, PBC element 500 includes at least one
accelerator 504 and/or at least one /O interface 506. Although one accelerator 504 is
shown, more acceleratots could be included, or an accelerator could be excluded as long
as PBC element 500 includes at least one VO interface 506. Similarly, although one /O

25 interface 506 is shown, more /O interfaces could be included, or an I/O interface could be
excluded as long as PBC element 500 includes at least one accelerator 504.

In one embodiment, DRA 502 inchides hardware, firmware, and/or software that
enable DRA 502 to receive a function packet from a source function executed on
accelerator 504 and/or /O interface 506, to convert the function packets into a set of

30  associated router packets, and to send the associated set to a router (not illustrated) over
link 510. In addition, in one embodiment, DRA 502 includes hardware, firmware, and/or
software that enable DRA 502 to receive, over link 512, an associated set of router packets

from a router (not illusirated), to convert the associated set into a re-assembled function
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20 an enbodi nent of the inventive subject matter. PBC el ement 500 i ncl udes
at |l east one data router adaptor (DRA) 502. In addition, PBC el enent 500
includes at | east one accelerator 504 and/or at |east one I/Ointerface
506. Al though one accelerator 504 is shown, nore accel erators could be

i ncl uded, or an accelerator could be excluded as long as PBC el enrent 500
includes at least one I/Ointerface 506. Simlarly, although one 1/0 25
interface 506 is shown, nore I/O interfaces could be included, or an I/O

i nt er f gaskes,anl ¢ ad texelasdetied SuctmgpaketPBa edcelvmter 596 0r /Rdntgdecs at | east

| t |
?P(ram?vg(r: % Hg%?p%?ltt%\g@g'gﬁ% ug#%{&et%@%lggg% ba@r%agg)el ve a \Sﬁ(r:'?l on packet

froma p%@twt G, faulReiinaon exetui).ed nore deteite cerbatiorenbDRAGNDEs |/ O i nterface

506, to convert the fungti og]bgacke s into a set of 30 associated router
packet sies@ibg jagpr dn U HOR WER EIBHSY set to a router (not illustrated) over

l'ink 510. | mceaeﬂatdr@mmcma@snﬁrm@dmmte,mm&ssﬂaaﬂemmtmh@ke har dwar e,
firmvare, and/or software that en cei,ve, over link 512,

bl e DRA 2t
an asscerderaiar 304 togerfpridalp Piogeskiag %ﬂcﬁ?lﬁm’%éc‘? Bﬁ?rtog P 6%%]13”‘? st fated), to

Conve”vah&g o%a&té?én%l%ﬁu&%w I Rdceidre ndide e Rk @ 308 Uﬂpﬁdrﬁﬁnl@m}gtec ket, and to
send the reé-assenbl ed function packet to_an accel egator 110

i nt er f doectioB@6canusform nFYirkHEEeUON stuRRAY I frRReally erm‘PFPén O% wi thin the
re-ass eng {Jﬁgra% Hflﬁﬁﬂt&tfb]p %%%f‘fﬁoré becBleratods SRShA Elu@é‘a hrépalin@ible logicnor €

det ai | I ment I's described later 1n conjunction with

Fi glir e aBray Shabweg be configuregioa pérfreh sdwetioylar g Bmotiany Wi @ SEAIOr  sof t war e
that en el er at. Qs f MBGEAONS .

Accel er gﬁ%raccggeﬁgtggr?l%ég%u%nér&%ﬁwE%/rg?llmbt W’? B{é’ ffer edﬁtgit architectures. In
addi t i dpstratiorac @l fertiat exarils, s gwro grom a:cshemgirem‘lf, aRBC dmmet S¢hn per f orm

mul tiple fungti ons sequenti aI but not by
way of fP?WW%W&H}’O%% Qe (e uyngccégﬁi%é b@ét}longg{ftl ng]lgpggaa pr ogr anmabl e
| ogi ¢ 1fteRinf adatd dndbdinpandier deauiirigg dute thothdater dndfomdempdratiopidater | ogi ¢
function, while one or rmre%ﬁ ﬁlgr accelerators may include a processor
cor¥ tI‘Fé"PWHHﬂ}n BrsEY R PPt H%achi ne  instructions. As further

exanpl es, UgjEQRLe SU6 MBY B: we & @naiicsoHh otheRACuE. diveatanidf may
performany one or nore functions fromE glc% of functi qns that i ncl ude
wiiBa dartaee

data fYOiuerfaeg S0¢HRY be HEedds RIERYsLs CoRAt A WSl P%{I P%h and/ or

denmodul ai4i 9@y 2J# RF 3ReRBCI RbdMIReand/ or  decrypti on and the like. 1/0O
interface’ 506 may be used to conmunicate with o circuits. .For exanple,

1/ 0 i nt er f ackccgleRiora§04nd(ps &9 inriagit mes e oo ’tgﬂr o8 SPOSHFEWLor or an
anaﬁd) g Jnd(?ﬂhty have differing levels of configurability or programmability based on their

underlying architectures. In alternate embodiments, some or all accelerators 504 and/or
/O interfaces 506 may not be configurable or programmable.
In some embodiments, a PBC element 500 may be capable of performing multiple
data processing and/or I/O functions. In various embodiments, PBC clement 500 may be
25  capable of performing multiple functions sequentially or in parallel. Each of the multiple
functions may communicate separately with other functions on the same PBC element
500, or on other PBC elements (not illustrated). At least some of the functions produce
function packets and/or consume re-assembled function packets, in accordance with
various embodiments. Each of the multiple functions may produce, transfer, or otherwise
30  utilize different types or sizes of function packets.
Figure 6 is a simplified block diagram of a DRA 600, in accordance with an
embodiment of the inventive subject matter. In one embodiment, DRA 600 includes a

first data buffer 604, a header information storage element 606, a header parser and
11




end, such as an RF receiver or transmtter. Accelerators 504 and/or 1/0O
interfaces 506 may be configurable or programmable, 20 and may have
differing |l evels of configurability or progranmability based on their
underlying architectures. In alternate enbodi nents, some or al
accelerators 504 and/or I/Ointerfaces 506 may not be configurable or
programmabl e. I n sone enbodi nents, a PBC el enent 500 may be capabl e of
performng nmultiple data processing and/or 1/0 functions. In various

enbodi EBRESor REHIEHETR MutdORckFpgrietion2Bodnknb] #hafleyemben modglenul ti pl e
functions sequentially or in parallel. Each of the nmultiple functions may
conmmuni@atzad a sereped fer Yulfiti®4ot her functions on the same PBC el ement 500,

or on ot her pRRGHR 858 Rk & fEbn picketstid PBE @)emeAt inteefast 6020wkichfs t he functions
produce function packets and/or consEge re-as enbl eeﬁi ftuncsphon packets, in
accor dansblegifreseiving roglketefiem ana@ade FES ORI (8- AEITTHPE *Plnct i ons may
proguc £0DRRSFI)S & rhceid@ fiMdtibh packei’§ d @B tenipopeily or si zes of
ey %ﬁd’%‘g@ﬁ@acﬁfgour’_egg e R B ok Lagram of aDBA 600, i
accor datoel inideth baffer 69bio dinprembodimenth Dafahpélst $UAe28 be; BEEHRIS A5 n one
enbodi ne gacl udes a first data buffer 604, a header information
storagén’ Féet-r?e%@@g?df%iheader parser and 11 generator nodule 608, a router
packet f or nathé AmctimchacketBedler & révetvdé and pawsd BV hatser paser gpdLensiPTa second

data buffe 4. DRA 60Q. r LV ' | Gl ement
i nt erf é]&‘ﬁi“%(@,%' %?%%enll%é)gu%%%%ﬁ%?%a?se&g{g&e é&?%é&%gdggf&@geg Eoger% one or more PBC
el apentisadee al/or infoaritnatduded vadkirGhaheiorin he@el mfurpHieRyoBes, Figure 5). A

recei ved functi acket''s data are.te rari ' buf fer 604,
in one %85@2%%{2’? Q’Eﬁﬁp & B‘ﬁ?dg’é?m%%ﬁndc%eﬁl © afe)o,r a"é‘?%e‘%‘? g%&%&%@?ﬁ%?? in,

first- o rubfldn@ucikufchgih, thhaitdrpacet Bngihamkier otheridérmpton kariadd and par sed
by header parser and generatqr nodule 608. | ne ] header

par ser fawdopepdeicadernblg eé“%@@agf’lb%@?g? %gmiﬁrhqgggg%ggiﬁg!f%?eh? ormat i on

i ncl udeg Wirt hitds LAGoNBBEEF typdloNRRMEs orindhaomild dam sséregcageliurel enent 606. For
exanpl e, header parser and geng{rﬂgt or rmd{[ll e._ 60 mat%/t textrﬁfﬁl nar]ld store the
funiéti on padkete gnehpgiment. it the flnghiongRekal e‘%@'ﬁé‘ﬁﬁ‘?e W7 SESCHE | nf or mat i on
from eaa(f{]incﬁ.ﬁ&f:iﬁlieg& RAGHR pahlRREer, Hefdeion tRitQrdtRtestuadtion paekee| ement 606
may be, tor exanple, a set of registers and/or ang;ﬁﬁergtbgﬁge of volatile or

non- vol aetainsdheleputer mcémtalg@ﬂwﬁamﬁgb q of NP sioFRe TRWBORACHEN TS "t he function
packet ém%%%&nﬁ nﬂn§ J?i"gufépbgcﬁét let;)‘@ﬂ(t%la’b 8 'i'!lﬂﬁ;ﬂly configured to assign router
packet lengths to each function. For example, the pre-stored router packet length
20  information may indicate the same or different router packet lengths for any or all of the
various functions and/or I/O interfaces from which DRA 600 may receive function
packets. |
In another embodiment, the router packet length may not be included in a function
packet header. Instead, with knowledge of what function sent the function packet, the
25  header parser and generator module 608 may access a router packet length table to
determine the router packet length. In this embodiment, the router packet length table may
be stored in header information storage element 606, in a computing module or elsewhere.
The router packet lengths associated with the various functions are configurable, in
one embodiment, by enabling the values within the router packet length table to be
30  updated. This enables the latency and/or router packet bandwidth usage to be adjusted,
from time to time, by updating the router packet lengths for selected ones of the supported
functions and/or I/O interfaces.
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are included in each function packet header. A function that produces a
function packet obtains the router packet length froma table of
pre-stored router packet |lengths, in one enbodinment. This "router packet
|l ength table” is initially configured to assign router packet lengths to
each function. For exanple, the pre-stored router packet |ength 20
information may indicate the sane or different router packet |engths for
any or all of the wvarious functions and/or 1/O interfaces from which DRA
600 may recm(y@eirﬂbﬂ&f&ﬂeﬁt}mepaﬂquiasketﬂmgmmlh&rm@ﬂﬁbehnfgmedm dedaout er packet
| ength may not be include tlon I nstead, with
knowl eff@]é‘e%tba‘i/&‘? nf‘ﬁ%'?:cthQf%Dl tot ?tfﬂ?glr? nglégc h@%ﬂgﬁm 25 header parser
and ge@ﬁl'ba&ﬁfenﬂﬁ@déhﬁacﬁ@ﬁ)cﬂﬁsﬂl@ﬁtﬁﬁ&‘@stanIpeﬂ?bxﬁranmkzenetérefﬂgg hlateadyt e t 0
determ ne the router packet length, In thi sﬁg}frﬁbodlage ? &1,:% router packet
8 Jgste

| engt h and{pr kanggifth wasey jonteh Bartrel leneis A Ry IAgHe ge el ement 606, in a

fﬁg@\lj;'rulﬂgm@%' RrfmafbSMIAd Qs bddRa oh wtfegdb@mhmhmm hs associated with

us functions are configurable, one e by. enabl i ng t he
val ues wit hHﬁadelfléarﬁ@@tlégef}ﬁ&’é@@imﬁ@ﬁépﬁp’io%‘?eé aﬁ%“*ﬁé”%‘ﬁ‘ﬁ%@&%@agd Thi s enabl es
the |at S?lge\’heﬁ 1&5&&%&% oRaEkEaiRaRdine %&r&b&ﬁ@ﬁh&aﬁeﬂﬁclﬁd&s gisldedor fromtine

to tine atin e router packet |engths for selected ones of the
suppor meduterf pmb&ftt ilemgél an@tﬂgﬂthﬂrﬂ@lgih {The rererpacked is|povdrd ta FHdi , the
router gs?a%tket o table is initially configured to default values that
confor MEo ccepta b € end-to-end | atency requirenments. |In another

e nhod i ment, Rauﬂee@hﬁcﬂmmﬂon ewdula6ihd taseisesstie router peskpohoadricaddaimsfet er s

dy n am éﬁ ir S},‘lﬂﬁréiaﬁlgett qung € %dé{"' m%ﬁth th%'sflﬁ‘gcﬁlres c?ﬂgaténgﬁué QUi RherPagdpt | engths are

Irnprove ormance paraneters based on the
f eedbagkadenivith Adtacment dfigadenctioapseket faaﬂds gered iatito hufis @0 e TBORSHr oduces a

rout er packet, der based o eader e e enbodi nent,

t he romﬁ%@eﬁ%ag oS fH QHR FOERY %déesﬁf]&b nd)sadfetﬂéa%é ro&?gl%teljdﬁc et length, anong
ot her tehin@isn mbagle 6OV ks ﬂla@&gér paskep bm\uvdﬁdumlnmfabeﬁlqdadt@aputef ormation
nodul e 610. 10 Router pack rrmati o cel ves the router

6
pacdRet Thewauier pagkef 1§ dfFEPag etf"i’lf af%ﬁgﬁﬁso%%ﬁcg@fl GIP?‘F 8trsle enbodi ment, this

i nvol ves congat&ndhhadt fo&ﬁat[dﬂliﬁ&fulmfaKetemiﬁe@dbéthwmdbmm‘ fuagiioant of the
function packet that is stored in data buff 604. Thet |rs f ragnment
i ncl udegclest hasdeemrespagheiized o ?Iﬁé’rfl%?ﬁ"c]foiu@ﬁp?’fgﬁtﬁe 0L AR C PHET r out er packet

I gr ﬁé'p@@a&%ﬂﬁﬁﬁmﬁﬁ%ﬁ@@ﬂﬁeﬁ&% thOpoBEss PRSInBitedtihg BY@iterpAticElicalitt er f ace 612
with a next fragment of the function packet, as extracted from data buffer 604, and sending
20  out anext router packet of the set of associated router packets. When the last fragment is
packetized into a router packet, then the process is completed. In one embodiment, if the
last fragment is less than the router packet data field size, then the last packet may be
smaller than the preceding packets. In other embodiments, the remainder of the field is
padded with zeros, a determinable paitern, or random data. In such an embodiment,
25  additional information may be included in the packet header to enable a receiver to
determine how much padding may exist within a packet.
The foregoing discussion gives one embodiment of how a function packet is
fragmented into a set of associated router packets. Below, a discussion is given ofhow a
set of associated router packets are re-assembled to produce a re-assembled function
30 packet.
In one embodiment, an incoming router packet is received over a router interface

620 by header removal module 622. Header removal module 622 strips off the router

packet header, and stores the data portion of the packet into data buffer 624. In one
13




15 This router packet is a first packet within a set of associated router
packets. The router packet formation nodule 610 determ nes whether the
entire function packet has been re-packetized into one or nore router
packets. If not, then the router packet formati on nodule 610 repeats the
process of concatenating a router packet header wth a next fragnent of
the function packet, as extracted fromdata buffer 604, and sending 20 out
a next router packet of the set of associated router packets. Wen the | ast
f r agnepfnbbEmeRAEKE bhFEQ G214 [L‘tﬁ"IHOlbﬁlﬁbﬂ rn mﬁk@tembt)ﬂmwnt, thes rpwtocRssketi s

Cother b e oD 28 e e Lop 6k HARYBRLS harbARRs YRL o

precedtﬂt&uﬁ&fah E&etﬁm%rﬁfaﬂ&{mmmt624folﬁa1Hsec[mntndmovaibytthe fieldis
padded w zeros, a determnable pattern or random data. In such an

enbodl diffrrent pRopwmgrneskis orPBCHSRon may be included in the packet header

nabl e ayfEeRkYEL ofter R fiftt PRRLBIE BeinTdddonigtetmyta oty thi n.
pac et. The foregoing discussion gives aone enb &6 &erof how a function

packet thes the dagpetiondf theeytea packet ipFludes adencion g pHOR8ts. Below, a
di scus S#%Pd 813{19 A& latnla%fqoutégﬁclgéfts WRISA Bleabest aRutafl r@ﬂ@iﬁbﬁe’fﬁr e

re-ass produ a re-assenbled function 30 packet. I n one
enbodi RERteivahna wmmlmdengf thodatemithadheerigienl fecipy papkeiere-assedledr i nterface

620 by hggbﬁggrtﬁg‘é}% D it 8t§%ﬁmnﬁ@&§£bﬁ?e%¥@is SR BBACSLI i ps of f the

router ores ata portion of the packet into data
bufiber efsafbnt nferfanecZtto drbiestimton PBGatemebUfA@pf@MNhﬁ gt o asgockiid er . In

anot her enbodj nent, the.rout acket ot stripped off by header
r enovalF OB t%’?i’mcﬁff{sdfo%?ag Sragsenble g ﬁ)ﬁﬁlaa{wpth the function packet

i nformati onFighrd N& diaiv&hhwﬁfae;ﬁroﬁﬂérefforg@mtasag]weﬁttofa@watad rogiera  di fferent
processi ng nodul e or acket is a

rec ut
first paeiesy H‘dt‘cc%ifdé@F“ﬁ a&segge ?lﬁgwﬂ%wg@tgaéﬁﬁc?%a&%helﬁ&teﬁe data portion
of the e&%tﬁtenpaﬁé@ﬁ&thbmbmeastusmtla1mymeDM(ngemm 600, Bigurees). embodi nent .
As a renai nder of router packets t hin, th}t‘%‘% as ci ag&g router
packets s Trhééftﬁth?)éd?eglasar‘%hlﬁﬂﬁ% BFecpiymed, \RPP?ﬁkﬁ )% B26F T gi'rnal function
packet % ASSEIHEE: Whrkdiie e dabR, Duf dempkad a filiveodpdckenss t hin t he
data bu 624 |'s sent out over PBC 10 el enentﬁllngttéerfa}%gggﬁ to t he

dest i naﬂumteﬁB@FEll@n?emthhﬁlé@WdFﬁﬁtt?s COPR@ESIRPT B Hoht er packets
i's proc ef&%gsotc%te% a@kc,rte.eSS@S §E1TBbE Gn heebfdah W wittpakaibodh@ubRhE iS a

f1 owchar roce for genérating a set of associated router
inventive subj ect matter
20 Function packet 800 includes a header field 810 and a function data field 812. In

one embodiment, information within header field 800 indicates the function packet length
and/or the router packet data length. The indication of the function packet length can be,
for example, a value that indicates the total function packet lengih or a value that indicates
the function data field length. Similarly, the indication of the router packet data length can
25  be, for example, a value that indicates the total router packet length or a value that
indicates the router data field length. As would be obvious to one of skill in the art based
on the description herein, other values alternatively could be used to indicate the function
packet length and/or the router packet data length, in various embodiments. In still other
embodiments, either or both the function packet length and/or the router packet data length
30  are not indicated in the function packet header.
Referring again to Figure 7, in block 704, a set of associated router packets is

generated. In one embodiment, each router packet may have a router packet data length
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packets, in accordance with an enbodi nent of the inventive subject matter.
In one enbodinent, the nethod is perfornmed substantially by a DRA (e.g.,
DRA 600, Figure 6). 15 The nethod begins, in block 702, by receiving a
function packet froma source, such as an accelerator or 1/0 interface,
for exanple. An exanple of a function packet is illustrated in Figure 8,
which further illustrates conversion of a function packet 800 into a set
of associ ated router packets 802, 804, 806, in accordance with an

enbodi g 1QE iHah@r eduay &Y fun@ion phjleckngtat The set phassomirsed ToHtepBAsKES 800

i ncludes a header field 810 % a function data field 812. In one
enbodlW@ﬁﬁnmﬁﬁﬁéﬁﬁﬂPW6ﬁnﬁP? qm’ﬁgﬁﬁer field 800 indicates the function

packet | enghfine ﬁﬁ@ﬁ(ﬁf ngui@ﬂtﬂbaﬁiﬁeﬁpathdaﬂaéﬂ@tﬂnreﬁﬁmmﬁM| on of the
function packet can

exa , a,value th cates the
total thefundtion Pp@@k ad?fe(ﬁﬁt’ PeaéFrgal rgﬁhﬁ][ar’l%tﬁfné R e!ﬁp Unction data

fi 9%355@%&@{:@?&5& ) i dét&%lﬁdﬂd}'aé‘eﬂtdn@ﬁeuﬁﬁreﬁ kenfigudtion upfamheabndmi a length
can

exanple, a value that indicates t rout er packet
| engt h figridentipéntzne ofthe squpesifeagion of He Hi‘t?ﬁﬁ"icéﬂthaaﬁ’iogu‘?ngﬁ’%uwe%t h. As woul d be
obvi ous tg;.one of skill in the art based on the description herein, other
val ues 3(f<t érnatively could be used to indicate the function packet |ength
and/ or the bpintoar ephodioteniatcgistes frgnitialized to teifenrtion aprkai Fg s, 1n still

oLher  CbOd) eSS M e QfpeOL kel O AN Gk o e astnd) ot he

rout er pack 2 g are not 1ndicated in the function packet
heager .eqiig k@b drovgeralya the tomteEipgukeiadar length, 5 sseentderg.» spegwnt o, HEWSci at ed

router packets i.s nerat éntl hhfiddegrihpasket may
have aSSBBYhé@“ﬁHEIRB% ?Cgerﬁlgbﬁl 9‘%% E{ﬂﬁlﬁq ess han or equal to a
functi QQui]Q&ﬁx@&odt@ﬂﬂblEbtdﬁ%b&ngmxnaﬁleamb@thmn’ced router packets are generated

as follows, in one e i ment the f t and the router
packet dat a d) a Frytes Packet g’ W%%%Z)flsr%%er%&ﬁéﬁﬁlg%% ﬁ}gﬁg pg%Eg(Qﬁeader (e.g.,

header 1318 sTi\GA etk érﬂé@@ , ghenrBlby enbodi nent, the 5 router packet data
| ength 1s det erm ned %mse n.pre- %ﬁjor ed 00:111 t%gru Q{lﬁ{aé’g@f{é son and the
i deHtity or o) §geiominatns isHads & MGFELPSPesl Wrd ace produced the
functiopy nﬂé‘tﬁdﬁ% aifd tdHblﬁeﬁ‘en%é@q{dloﬁ@éﬁbod&néx&ghﬁ;hﬂcoomphahsdl babdized to the

function packe Ten c) after acket has been

an a unctl
recei veauh,thmamlf?@f:@t’ﬂléﬁgqtl’ﬁh@tlﬁ'at?rﬁ%ketﬂ ngﬁ&{;’a}?n% 8’?“ T et Yat1 an the router

packet dat.a, igﬁqg}l&ﬂ 8 SEUIENEiler @eo stépay) BBdVe). 84 fler sEbtgA:ttlﬂg th8yowér t he
functi on pac e ect ed. %’ he segnent has_a se ﬁ (tehngt h that is |ess
t han orpacket data field length, arithmetic logic may then update the regi Stet fo hold

20  decremented vatue. Comparator logic may evaluate the decremented value to determine
whether any segments of function packet information remain to be selected for re-
packetization. In one embodiment, if the decremented value is greater than zero, then at
least one segment remains to be selected;

f) any next segments (e.g., data segments 818, 820, Figure §) that remain in the

25  function packet are repeatedly extracted, and other router packets (e.g., packets 804, 806)
are repeatedly generated until substantially all of the function packet has been included in
the set of associated router packets (c.g., packets 802, 804, 806).

Referring again briefly to Figure 7, the set of associated router packets is sent to a
source router, in block 706, for delivery to a destination router. One or more intermediate
30  routers may exist between the source router and the destination router. In one
embodiment, each router packet may be sent as it is being generated, as soon as its
generation is completed, or after generation of the entire set-of associated packets to be

completed. After sending the set of associated router packets, the method ends.
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equal to the router packet data |length, in one enbodinment; d) a router
packet (e.g., packet 802) is generated, which includes a header (e.g.,
header 814) and the segnment (e.g., segnment 816); 15 e) a determnation is
made, in one enbodi nent, whether any nore function packet information
remains to be packetized. In one enbodinent, this is acconplished by using
arithmetic logic to.subtract the router packet data field length fromthe
current value within the previously-initialized register (see step b,
above). Aft gfoustbibids ihRGatbl herfontioning pecRBA (dat DRA 60U Figmfh, arithnetic

| ogic may then update the regqiste 0, hold th ed val ue.
Conpar &theR tjrepgives ﬁ'ﬁwc%@}hﬂ’%ﬁg?t%%%ﬁﬁé8%%&3'56%3%%5%?%%19 eterm ne whet her
any seguBRg) ahd fiidntsdhe RAGHAT packdt @fioa bitofimukipks, assboiated rewdrect ed for re-

packetization. In one enbodinment, if_the decrenented .S greater than
zero, heksisdhat peepsbsearratly SeHENE T INETPY %boge@%@%’g@ 1%%}5)0 any next

Segyen tc%aaﬁfe' (8 recolVs g,aar SEIBRM St ButeSBketd bgUpOCE)ing aiset efipacketsito t he 25

funCti on packe epeatedly extracted, ,apd, other _route ackets (e.g.,
packet geffde a%@ﬁemuﬂ@ﬁme’@@amaémty%ﬁ@c%éﬂgﬁh?ﬁ esmgﬁﬁfﬁf%"iﬂ ¥ all of the
functi ele Ea?glentd gas been included in the set of associated router packets
(e.g., b%?(sts E}Z, 804, 806). Referring again briefly to Figure 7, the set
of associ at @tpurcdiiserflopabkietia preceerstfon gengralmgy FecBsRlELICHIY bl ock 706, for
delivery to.a destinati.on raqut i dimatoge 30 routers may
exi st ﬂ%f?%é%a‘icﬂ ARG Y EE G Ogﬁﬁ%ﬁgwtﬁﬁevglggei%%%%tgé\d@out er. In_one

enbedi MRAHodin@at o mihet is pacieted nebptaptallydnta RBA(e-gi, DRIePGy FigficPat ed, as

soon as its__generagtian i.s,C eted. . f i e entire set
of associ at &d° B’&gl?gﬁf’gg% “b]éloaggdr%pﬁ%]tegﬂgnﬁ? tsgfﬁifg%ﬁgiﬁ {r?gtnlf“ﬁg pgtél%&%f associ at ed
rout er pagkeatsinatdagonret hadearmi of el gunepadketaid iBsirated st Fgre d0t he
functioning of a DRA (e.qg.,. 600,.- Fi. qur WNQ[4] Lves a function
packet Whighiugherptusipieraetvepsent @ S%{Er?fé%%%lpé?%(g?%lrooo’r I 7”6t0olg ﬁg§?¥§c e), and
fragnenfs.if& fikioh 'E%kepﬁml@,ein Acfdr@ande th ap Embadimby of thedgwmtivat ed rout er
packets that are subsequently sent to a router. In various enbodinents, DRA
i s Hl scubjeetapitst-e of receiving a set of associated router packets, and

processing tdye, fb%:r?ﬁck@ﬁfdﬁ@} F00k01 008 ©RQIdRE £roditdr ackeskatitrelibld (@rent | on packet .
This process Is fur i i

her described in_referen o, Figures. 9 and 10. Figure
9 is a fidloWRHand @ﬁlﬂdiwnﬂé]@ﬂﬁ?@lmbﬁ?%@%r%eﬁﬁl i@gé }neqng%gg)ﬁ%lfrg ?f unction
packet ,, ccordance (i &g 261 ARBedi RO tunefont fagkdt Ittt dndér ishpetet nat t er .
In one ™° °
packet data length. In another embodiment, the function packet length is not indicated in

20 the router packet header.
Referring again to Figure 9, in block 904, a re-assembled function packet is

generated. In one embodiment, the re-assembled function packet length is equal to the
router packet data length. The re-assembled function packet is generated as follows, in
one embodiment:
25 a) the function packet length and the router packet data length are determined from
a router packet header (e.g., header 1014, Figure 10);
b) in one embodiment, a register is initialized to the function packet length,
¢) a function packet segment (¢.g., segment 1016, Figure 10) is extracted from a
router packet (e.g., packet 1002) of the set of associated packets;
30 d) a re-assembled packet (e.g., packet 1000) is at least partially generated, which
includes the extracted segment (e.g., segment 1016), positioned within the function packet

at the appropriate location;
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10 enbodinent, the nmethod is perforned substantially by a DRA (e.g., DRA

600, Figure 6). The nmethod begins, in block 902, by receiving a set of

associ ated router packets froma destination router. An exanple of a set

of router packets is illustrated in Figure 10, which further illustrates

conversion of a set of router packets 1002, 1004, 1006 into a re- assenbled

function packet 1000, in accordance with an enbodi nent of the inventive 15

subj ect matter. Each router packet 1002, 1004, 1006 includes a router

pac ket Peald?’al%di@h]B thafien isfohelegin b4 dbatiniens, Waatker paymoreciuastiosagelisht fi el d
.g., fie | n one enbodi n n header fi

1014 i ﬁ?ﬂ“&%f%%mt“ﬁéo ?’%WFtBﬂ% HAEL eéﬁeé?lﬁeél%ggpﬁécgﬂe ro‘%{t er packet 31’3.'? a

| engt hembBaiaRal Beyis ﬁéﬂ@ﬁ@hé@ﬂtby u&;hg afithfietic bgicpaskttact thmg:mltﬁrpsclqabt i ndi cat ed

in 20 the router packet head n ain 1o Fi

are- aSiS@rﬁ@ldéGngﬂﬂlﬁ@%t%c%’&Ek ue i ’Q]g’r‘? FFA qnﬁm%‘zed e Ser%esﬁ " ? lthk oo
Fe-gSSef fmgﬁmc@%%@%ouke@ pedKat aassa 248 wingthparithectic bg:tcemayrlh@ﬂ(et dat a

| engt h.” e re-assenb function _packet is 8nlarat ed as. fol.l ows, one

enbodi mpdate thesegigterttp bold thecdortsmepied vale| EArgPHEHGB IRy, ALAF Back ket dat a
 ength d%gmgx%@wm%%{e&m vﬂeﬂh@ﬂ&n‘?rﬁx&ﬁ&%?&cka%aéﬁénté fa@in tobeader 1014,

Fi gure I'n one bodi nent, a regis is.nitialized t? t he functlon

packet ekiemggdions Jheaedeined rouer P@d@i@e tin §Wﬂd“{l@t gt the dagyrmaffied i Figure

10) is.extracted fr Ba&

?szgfl & %rfj tg}‘f{“e%em %3366‘% ea%f;gﬁefgr%ﬁﬁg é]z;(g;ce ket é&ﬁt loro)zzzkgz ELSSO;:eIt sO;t
e parti @ dny ngeinegradni(e grhent THEC %Fétaé N G AL

segnent 13%%)(1 B SIO(IE ned la| n tSthdl tiQt% (WolaMNsi-Tet €=18 a[ﬁ?, %:igth@pprt()gr?ate
| ocat i f° dy ih f‘%’fo%pﬁ RES & 6 ngt fiEes

ron’i's na In one e I ment, whet her any
mor e f ymgdion @adkaﬁhﬁﬁ'maticejgimb&m ingindsidrin the foetiox packet (6. backet bﬂ%@) -ot her

recei ved rout acket.s, ne di C hed by usin

arithmetic IRﬁgqr%‘ch@a%’Fﬂ?ﬂﬁ lgltgﬁlg r%&% C%I%?’(Ck%ﬂk %:gf[tg) ?ﬁ%ﬁ%ﬁlleﬁgt h f?/om t hg
current e%\ahﬁlﬁcc\éleialfﬂr%r oaniRe), Gﬂbloy,k pog. tlinahe zmblodlmgmtsmepar'( ofdkee step 5 b,

above). After subtracti n t he, rou% cket dat h][%pgth arithnmetic

| ogiSc rRaetion @pcketis gept wntilike entisy Racke ‘??BII?IaStSFFE ec rnearlflé’ ed val ue.
Conpar af,8f,qtQat Shd FNctRY BhHRE Ray Begin dﬂiérseiﬁf&l@ bEoh a¢ dclieada (d et beademe whet her

any function packet segments re t
rout er PaeKsgwe IQ))ﬁJa@h@c%@mlﬁtq% xflte? pqndmgéh@iﬁé@%ﬁ&%?lge t ea]in %hﬁf ends! cei ved

The foregoing description of specific embodiments reveals the general nature of

the inventive subject matter sufficiently that others can, by applying current knowledge,
20  readily modify and/or adapt it for various applications without departing from the generic

concept. Therefore such adaptations and modifications are within the meaning and range

of equivalents of the disclosed embodiments. The phraseology or terminology employed

herein is for the purposé of description and not of limitation. Accordingly, the inventive

subject matter embraces all such alternatives, modifications, equivalents and variations as
25  fall within the spirit and broad scope of the appended claims.

The operations described above, with respect to the methods illustrated and
described herein, can be performed in a different order from that disclosed. Also, it will
be understood that, although some methods are described as having an “end,” they may be
continuously performed.

30 The various procedures described herein can be implemented in hardware,
firmware or software. A software implementation can use microcode, assembly language
code, or a higher-level language code. The code may be stored on one or more volatile or

non-volatile computer-readable media during execution or at other times. These
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is greater than zero, then at |east one segnent renmains to be extracted; 10
f) any next segnents (e.g., segnents 1018, 1020, Figure 10) that have not
been re- assenbled into the function packet are repeatedly extracted until
substantially all of the function packet information has been included in
the function packet (e.g., packet 1000). Referring again briefly to Figure
9, the function packet is sent to its destination (e.g., an accelerator or
1/0 interface), in block 906. In one enbodiment, no part of the 15

funct i eBmpaekahdibte Sedia map ticlude herdalitks,rempeableatagugtic digesnramavalgenbl ed. |1 n

anot her enbadj nent, the function packet . J : . as soon as thé
header OPB‘.E% disk, magagtic Cfﬁf%fs’ %Sgﬁ%%farﬂgg@%:‘ﬁa%oé&%ﬁgg 2d. “After sending
the funRetii@rsFeskelROMEnTEId10E. Ardadinghe cémmagebniybigassdivmt i on of

speci fic enbodi ments reveals the general nature of .fhe.inventi subj ect

mat t er BUYGREhesR sjedahgye, BRKEPY R{ggf?mﬂvt%fﬁtﬂﬁlﬁ g8 thr) P%ﬁ? anlg\%h é(?fge, 20

readi | Yyn@ihioh SRe& wRtlA R elebtrdn@y devire) rosist iappbodiakite nitheiitveotite departing
fromthe generic concept. Therefore such adaptations and nodifications are

Wi t hi n stbiectvesiisr wdesadicigige of equival ents of the disclosed enbodi ments.
The phraseol ogy or term nol ogy enployed herein is for the purpose of
description and not of linmtation. Accordingly, the inventive subject
matter enbraces all such alternatives, nodifications, equivalents and
variations as 25 fall within the spirit and broad scope of the appended
clainms. The operations descri bed above, wth respect to the nethods
illustrated and described herein, can be perfornmed in a different order
fromthat disclosed. Also, it will be understood that, although sone

met hods are described as having an "end," they may be continuously
performed. 30 The various procedures described herein can be inplenmented in
hardware, firmvare or software. A software inplenentation can use

m crocode, assenbly | anguage code, or a higher-Ilevel |anguage code. The
code nmay be stored on one or nore volatile or non-volatile
conput er -readabl e medi a during execution or at other tinmes. These 17
conput er -readabl e nedi a may i nclude hard di sks, renovabl e magnetic di sks,
renovabl e optical disks, nmagnetic cassettes, flash nmenory cards, digital
vi deo di sks, Bernoulli cartridges, RAMs, ROVs, and the like. Accordingly,
a conputer-readable nmedium including those |isted above, may store
programinstructions thereon to performa nethod, 5 which when executed
within an electronic device, result in enbodi nents of the inventive
subject matter to be carried out.

18




18 CLAIMS: What is clainmed is: 1. A method conprising: receiving a first
function packet, including a first function packet header and a first
functi on packet segnent, froma first function packet source, wherein the
first function packet header indicates a first function packet |ength and
a first router packet data | ength, wherein the first router packet data

l ength is deternined from pre-storldeAiMS st router packet |ength
information relating to a first function; determ ning whether the first
function packet segnent has a length at |east equal to the first router
packet Al gdaigedis: i f so, generating a first router packet that includes
the first function packet segnent, wherein the first router packet has a
first router packet data length that is less than or equal to the first

f uncti onl. packkemethedgemprisggndi ng the first router packet to a first router;

receiving a %@&%&ggné H&uhhlgpo %fée?tmclhéle%&"?ﬂré?%r??%iﬁfa%ﬂg heérH%PEﬂTlcPQ pRAcket

header and a ncti o acket segnent a second function packet
sour ce, fwimtipepacketisegmad dirh a fishihétion ppekestrchedenin thadist metsongpaghest ond

functioncpac ﬁ&fﬁ?ca!e?'g%& H g&&&tle@ﬁ)ﬁlé Jv‘ﬁrs Hu?e} JkHt“cFa‘&d Q@gf?%ﬁ:?&n I engt h,

and a second router pac ta | erein the second router packet
dat a | enlyt Arst soutkstpaekyl detd l¢ngthms pie@nsmgd édmsmc:@mbdrﬁ;ett revtep paskest lepgdingt h

i nfornmatjon . m§;§£ﬁﬁgjggsgmﬁgﬁ nd function; determ ning whether the second
function pac et seg Ras a engt h at | east equal to the second router

packet data |detegniningiwWhethgr thgdins fendiog packelesconeht hour Engthat kest cubdtto i ncl udes

t he secqﬂg&gHg&Eg% §35ﬁ£ pSegnment, wherein the second router packet has a
second router at ngth that is less than or equal to the second

f uncti on pack@ﬂ)B@wgmhgaéﬁﬂr@éﬁdmdqtﬂhbmﬁeéﬁﬁﬂiﬁﬁuﬁ@ﬂkpa@&@ﬂngnmﬁ second
router. V&ere%e RRL R)nga ?gckg‘tl }ﬁg Enﬂils’t rcWﬂe?@ é{tgt c%apﬁeﬂ h&i f R@sctlﬁﬁ %;#29{9%"

information Is store rout er engt tab net hod of
cl ai m 2,thef fipstt fheation prabeti gty : nanually re-configuring the pre-stored rout er

packet | engt Qeﬁcfﬁ{gOLBgﬁlts{ Ber pa%get to a first router;

receiving a second function packet, including a second function packet header and a
second function packet segment, from a second function packet source, wherein the second
function packet header indicates a second function packet length, different from the first
function packet length, and a second router packet data length, wherein the second router
packet data length is determined from pre-stored second router packet length information
relating to a second function;

determining whether the second function packet segment has a length at least equal to
the second router packet data length;

if s0, generating a second router packet that includes the second function packet
segment, wherein the second router packet has a second router packet data length that is less
than or equal to the second function packet length; and

sending the second router packet to a second router.

2. The method of claim 1, wherein the router packet length information is stored in a

router packet length table.

3 The method of claim 2, further comprising:

manually re-configuring the pre-stored router packet length information.
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4. The nmethod of claim1l, wherein the pre-stored first router packet |ength
information is stored in a router packet length table, the nmethod further
conprising: dynamcally adjusting the pre-stored first router packet |ength
i nformati on based on system perfornmance neasurenents; nonitoring network
performance including latency of transm ssion of the first router packet
to the f4.r st Theuhelad drthinpdahérag theaprereeredi firftiroutéracked itheth ifachkaeibn | engt h

table in accordance w th t wor k formance. 5. The nethod of claim
1, furtH&"% F‘Fbar’iogﬁeﬁ%a.&!éléﬁng?ltt%ﬁ%\@Iﬂeé}%{a L FOPRIREE on packet segment
wher ei n t he nBxiémicallysddjdstimge thie pre-parek dtst raeg pecket lkagh anfsagrimnbaseengt h t hat
is rel ateq to tfhe first router packet data | ength; generating another first
router ﬁ§%?8p?r?mﬂa%ﬁ?rﬁwﬁ%qrw&s’the next first function packet segnent; and
repeat edl y sehadbtingnawoderfbintaste indgdigniatcandofyenanatiomel tan Gtshautet i r st
router pa kg%t u&ttil taI,I cPf the first function packet -has been included in
a set ofPSELEPARTOP & rout er packets. 6. The method of claim5,

wher ei n genengtitig vhles ®2lin Gfe rassOgicht ahgthi thitdé inr @udrédncp aith @fenetvaslrpr i ses:
generating a first router packet header, which indicates the first router
packet &5&8“113?1%%gth. 7. The nethod of claimb5, further conprising: sending
the set of associated first router packets to the first router. 8. The

met hod claim1l rein the first. function packet segnment includes first
functi og‘dat Zl.LhequhP\ﬁ’gEﬂﬁ%%émﬁ?r%qnﬁ%nﬁy wherein the first and second

functi on packelectiggnent Srst fuattivt@ackfet segpinedndhaeiacdndxutist fmttichgiaeket

respectively., 10. The thod of clajml. wherei irst and second
routers Sﬁ?ﬁ%ﬁhaé} aﬁﬁ%n‘?nﬁg?%gtgﬁ?f? lsﬁff‘te%?@%rtsﬁ%&ewag%ﬁtt g?%ﬁlef,gtﬁvmer ein the first
rout er packetgetattingl nagehfiissronel addkete wtich halddes theatekeponditivg fackea
relatively slow,rate function. 20 12. The nmethod of claim1l, wherein the
second rSS%?%IF’ Bdcket data length is relatively long, corresponding to a
rel atively f asfcatcdlyeclettingtd taxi {ilsB segfoane tiiogkneatiny isitheg first router packet

until afl of the first function packet has been included in a set of associated first router packets.

6. The method of claim 5, wherein generating the set of associated first router packets
comprises:
generating a first router packet header, which indicates the first router packet data

length.

7. The method of claim 5, further comprising:

sending the set of associated first router packets to the first router.

8. The method of claim 1, wherein the first function packet segment includes first
function data.

9. The method of claim 1, wherein the first and second function packet segments include

first and second function data, respectively.
10. The method of claim 1, wherein the first and second routers are one and the same.
11. The method of claim 1, wherein the first router packet data length is relatively short,

corresponding to a relatively slow rate function.
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a source adaptor generating a set of associated router packets froma
function packet received froma function packet source, wherein the
function packet has a variable length, wherein the function packet
conprises function packet data, and wherein generating the set of

associ ated router packets conprises: determning the function packet |ength
and a rdat er Thaokgbd dﬁd:la‘ml Iewgt:rhipthdmecmidmoxttér@acheodmelbngﬂaiskﬂatidekyrlgﬂig;u i's

det erm ned fro ma ro ter Ppﬁaﬁ Ef Ietn th table; selecting a next segnent of
the functTER PAMKER e ARy segment has a segment |ength that is
| ess than or equal to the router packet data |ength; generating a router
packet, ] |chA| n %lldes t he next segnent; and repeatedly sel ecting the next
segnent ‘and geﬁneer FAPTHE rout er packet until all of the function packet

dat a has beemn dongk udk@@brlgmetrdmg aebt dffassﬂ;ﬁﬁ‘@d lrcat@qbacrkemtfmﬁn pankiiingjackdner ei n

o B A P R PR Sieh ey 1R Busioh Sedab b e ne oot of

associ atvﬁd:rd’uoﬂn‘e Amcpacpeekes coprisesinction packot &ita, aidwehson paeraingithe seta€ndi ng t he
set of assoc U? ter ackets toward a destination router; the

dest | natais%’ﬁla %lpa#(&':;@? PI§* the set of associated router packets from the
destination rdmhemmgttheﬁﬂetﬁdm paaltect damghdap tacbutgepekatdeta dergth;, ehasieibdl ed

function packet fraomt set ociated r r packets; and the

dest i naf?@?fpégéble gtﬁ]s%gapﬂl o4 ﬁ%mla %réjé‘%?ﬂ §?§t€t%‘h§ti on packet to a function
packet ng?asg isalattimna ndd4. seg?(ﬂit&lt rasétl’moﬁimﬁtfonc;iaa&dm Wikreiftier ﬁéx{ﬂ sERRt ﬁﬁsi m% t ge f
re-assenbl e X router packet header o
each paéﬁ%?engeng(ﬁih ggg&%ﬁ“ﬁ%&%ﬁg& gr tpg%npaa%cﬁgg? 15. An apparat us,

conpri si ng: agenéraagtarmnapradwt elrh,lch\Mmhﬁhs tmn@pee@@heamcb comuni cate with
based ni cat.i ons ocessi ng

ol onont s whaPErR LR Bar e eoRac Tt R RrE bt ac prbeeedty P9 foRheront <
i ncl ude faﬁctibjeﬁzs:ket@]ae hadigget mcludananlaetﬁeyof@mmeteﬁ ethtel packetg;out er, which is
operable to wherein each router packet has a router packet data length that is less than or equal to
the function packet length;

the source adaptor sending the set of associated router packets to a source router;

the source router sending the set of associated router packets toward a destination
router;

the destination adaptor receiving the set of associated router packets from the
destination router;

the destination adaptor generating a re-assembled function packet from the set of
associated router packets; and

the destination adaptor sending the re-assembled function packet to a function packet

destination.

14. The method of claim 13, wherein generating the re-assembled function packet
comprises:

removing a router packet header of each packet of the set of associated router packets.

15. An apparatus, comprising;
at least one router, which is operable to communicate with other routers using packet-
based communications; and
multiple processing elements, wherein selected ones of the multiple processing
21




generate a set of associated router packets froma function packet received
froma function packet source, wherein the function packet has a variable
| engt h, wherein the function packet conprises function packet data, and
wherein each router packet has a router packet data length that is |ess
than or equal to a function packet length, and to send the set of

associ at@engngundwdepackets to a router, and at |east one function packet

source, operably Cé?’]@aﬁ%{?éjaéaﬁ%},. 812(91?» eﬁﬁécted"i’{i'%rl%h ,erﬂ&rﬁl.tdg@&bﬁen set of

associ ated router packets cohpri termning t 8 function packet |ength
and t he rout egenpraicleetet dhpmodigetonter pedkets diom & Henctioupaketpaeiet foongt h i s

det er i ned {3 bOULEWABGHEL: BUARDEARLE: nes3RARI Rl JiRKE, dEOMENT Of

the function pacl erein the next segnent has a seg ength that is
| ess than or lundieh paaket dpenprisastienctipmpdelet deftat and|véhwtgitheach gatee packetrigs a rout er

packet . whi ool kel 16 AL ISRATEAL S A ¢ ERRRSIUBELEALLAG, | he next

segnent and generating the“router packet hction packet
dat a has beersendidk sdetasseriatdterontet pagetg sovitatad rout er packets. 16. The

apparatus of clai m35 o‘ﬁ@%@@i%ﬂ@%&@%e%g@%ﬁ?édto%%iédaﬁt%r-dat a buffer,

which is operable to receive unctio rom-t uriction packet
source; a rouviereipagketing e seiol sroaateiubeter peblketdroiprieper abl e to generate the

set of associ at ed 4 lhl, ARG bAAM [N MAGhS A PIGHEL vatheh, 1 OUL €F

interface, which is oper e to se of associ‘ated rou packet s
to the rout evherciythe Ther apgkat lataiisisoftehingdnran®a ronkve peikei letpeh talept or  f ur t her

comprises: a seco r!s@legt%{egfa &gtf sfegrﬁent WinG Hlnicﬁongpgjglgﬁ%%}%regrpthg fi&E E%’gﬁqeﬂt L ferent

set of associated rout packets and re-a a second function packet;
and a packet -drgseeht devatinibit cdess 0rg oetqpkn thei rontentizelsedatadleigth i s operable to

send a re- assenbl ﬁef]:“t'f"%%90?%rpﬁﬁlgelf='%‘f;hg’~t#§ﬂ&“‘fey8‘%31%’9?@@%%%“ destination. 18.

The apparatus of ciaim _ rrsin 'east ‘one antenna, which
is operable to prrendattdlyamlertingehd awe stsetenewd generaling thotaitd aedkeawl t he
appar at us. 2%111%thAf&?c%BH Glicet 8293D! SedIPALMAINAVID FePEOIEA Tl ctions
stored thereon to Ser or mtp aerretﬁgig, ﬁch éawn exegtut e%gd\?\ncﬁgtt%i&%g

el ectroni c dewrksts, result in:

16. The apparatus of claim 15, wherein an adaptor comprises:

a first data buffer, which is operable to receive the function packet from the function
packet source;

a router packet formation module, which is operable to generate the set of associated
router packets from the function packet; and

a router interface, which is operable to send the set of associated router packets to the

router.

17. The apparatus of claim 16, wherein the adaptor further comprises:
a second data buffer, which is operable to receive a different set of associated router
packets and re-assemble a second function packet; and .
a packet-based communications elemeni interface, which is operable to send a re-

assembled function packet to a function packet destination.

18. The apparatus of claim 15, further comprising at least one antenna, which is operable

to provide an interface between an air interface and the apparatus.
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receiving a first function packet, including a first function packet header
and a first function packet segnent, froma first function packet source,
wherein the first function packet header indicates a first function packet
|l ength and a first router packet data | ength, wherein the first router
packet data length is determined frompre-stored first router packet |ength
i nf or mati%n r&lcamputer-realablefmadaim lﬁawmgtpirmam detrectmhmtmgd vileebh &5 pdrfaemf i r st

function kt ) nt has.a.l.ength at ast e to the first router
packet aaa‘gatﬁ? n&fcﬁ%rp‘??e’?ﬁue%‘é’ﬁ%? elﬁﬂ“’gwf Y “fsg]g{“er packet that includes
the first funetddng pdiekdincs@gparhdt, inchukltieg @iffsttinetibn psketriaude@ anpacket has a
first ro ket dat th.t hat ess than.o e first
functi oni%p‘glc?f%g?c SHREPH® Oé?ﬁlﬁﬁbﬁ’flﬁtéonfpa%t oMbt e er%‘aﬁ’ﬁgi?#%c%\ogﬁarcgett rout er;
recei vi rgader seiand af fitscinaion paddetength aad &l dirsn gmaer pecendatd Leagh) eRergacket
header d.a con nct.i o acket . segnent r a second_.functjon packet
sour ce, 6}&7?1&5&%“%?‘"%‘1 eé:fi tﬁdenglﬂhﬁcf ‘gg E]tprﬁélgﬁecé)lnﬁrls%@“@a%@(% eﬂ%ﬁond

f unct i onnfoaakeh rélamgtida figt fuhefoant from the first function packet |ength,
and a second uter t d engt h, wherein.the second rout packet
it a 1 ongen i STRIRERERTIRET FEdGPEACh Gpout SROG A BUPED PaERatTdngt b
informatthe)ﬁrstxroeﬂealﬁachﬁtaleagmecond function; determ ning whether the second
function pack t seq! h_a st.e to second router
packet data Igﬁogtgﬁ g?‘%’flg§ md@l’f@rrggf(%éh E%@?%Sﬁae ﬁaﬁ@&ﬁ“ﬂd@%&f SEEHSTS i ncl udes
t he secwﬂd:reﬁmﬂ]etﬁrsnmmckﬁbt has edii® Rduterphckeedam kehgh Sace kds thaubedqugacket has a

second r cket ta.length that is less than or equal to the second
{(fug tal

functi on pa% mel%(ikﬁ sendi ng the second router packet to a second

router. 20. Tesdiooiptseroutcepabbltea findiourer;of claim 19, wherein execution of
t he met hod further ni ng th flrst cket

ongth and ¢ e Ea Pl oalet Feeiedthstatd 1aih g i alit f on
packet heagénincsied prkétrggacneidm faIsE(S)hd fﬁmaﬁdsn mk@aelkreé vﬁﬁ@lﬁ’emﬁe ,sedtvh@r ein the

next first functi acket hat r eI ated to
Tt el s aittert Babe0 BB e FIREA R B pROFT R FRERAY B g
packet, funtioh pacrked ledgh, dden svexdd foutes bad‘km@ta &ﬂgtb,aﬁfkﬁém khe seegrimmlter and

:: gg,{eg‘: egal Xlﬁi? %:l:lt gﬁigls depe%(tne Ifrrorsnt pre-s %g% secon r::!l & Ie)fgc%gtl lrellggt in orrIII%EIorfl st

relating to a second function;

determining whether the second function packet segment has a length at least equal to
the second router packet data length;

if so, generating a second router packet that includes the second function packet
segment, wherein the second router packet has a second router packet data length that is less
than or equal to the second function packet length; and

sending the second router packet to a second router.

20, The computer-readable medium of claim 19, wherein execution of the method further
results in:

determining the first function packet length and the first router packet data length
from a first function packet header;

selecting a next first function packet segment, wherein the next first function packet
segment has a segment length that is related to the first router packet data length;

generating another first router packet, which includes the next first function packet
segment; and

repeatedly selecting a next first segment and generating another first router packet

23




23 until all of the first function packet has been included in a set of
associ ated first router packets. 21. The conputer-readable nmediumof claim
20, wherein execution of the nethod further results in: receiving a second
set of associated router packets froma router; re-assenbling a third
function packet fromthe second set of associated router packets; and
sendi ng unkikalt dfithafibtuinedtion pagraidiie beeh tnchudediincd se0of ap@ciket fickestitenaicken. 24

21, The computer-readable medium of claim 20, wherein execution of the method further
results in;

receiving a second set of associated router packets from a router;

re-assembling a third fonction packet from the second set of associated router packets;
and

sending the third function packet to a function packet destination,
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