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WD 2004/ 107713 PCT/ US2004/ 014851 PACKET COMVBI NI NG ON
PCI EXPRESS FI ELD [0001] The enbodi nents discl osed
weoeilor7iel ate generally to packet transm ssiPCE/USI004/014851
nore particularly to conmbining 5 packets prior to
transm ssion. BACKGROUND [0002] Data can be sent in
many di ffer eqy J@TNTOMBININGO ORUPRT BXPRBOr bet ween
conmput er systens (e.g., over a network). In sone
systens, data is grouped together and 10 sent as a
packet. PClI Express (Peri 388 Conponent
t.er connec eci al L Lphe
T R
padish] itstetmlildyi 29, arRDeR)rd paord cexamile tof coniriotiocpl
for packetizing and transmtting data. Regardl ess of
Pagksd SHFdtetol * D&Y IEEF ™5 the transmi ssion of
packets requires some | evel of overhead and m ni num
packet size. [0003] ForBrcRGROWBNDSsone packets require
a header (e.g., overhead) that contains information
[0002dar BRRg EAB BBnEBAfsitaRaP®yrd4eserRati 6ATHF thed
comRREKAL .5 |t n MNILBINRAL k@inptitzd 20 JrenLqW Ied hafay &
sendi ng 't he packet, some systens will "stuff™
netafdik)i-ondin Hane isitsFepadiedd tifatd e hdtegfddiet mnd
sedP HIUNMS 28 €QWI BN re sEE RIMHHRA- DI torgUHA ! NO

useful i'nformation and reduce the efficiency of the
Intgystaanect Ered]isHol Indwinegg taiGe 3mmes Sediigtheasr aof Jugponent
t te t gl I U |
S R S o oy i
200R)r sits cnssigpinp lsequerc@rateoan [P rmappee (e igig and

i nput./.out put_.nmapp [ r ihre =bit . .
tr av\r}rsP”f leT!t(lrnﬁ s&aac G on %{je)oq agrgﬂl eﬁs e xoef? cLaE gr{ S ?p err@#bo(% lo V\k}eedl ]rgqo yu Saend '
theB-thian shl sogjicire dfo davekedsy mesponding aet al evegli siferovedthead

Tth.trépsléhgﬁjluéétmn full PCl Express
ang ST S Yot 2% mi ni mum | ength and effici ency.

[0003] For example, some packets require a header (e.g.,

overhead) that contains information regarding the contents
and/or destination of the packet. If a minimum packet size
is required before sending the packet, some systems will
“stuff” additional bits into a packet that does not meet the
minimum size requirement. The stuffed bits contain no

useful information and reduce the efficiency of the system.

[0004] Following are some examples of PCI Express
transactions that typically require bit stuffing to meet
minimum packet size requirements. First, a simple sequence
to an IO-mapped (e.g., input/output mapped) device requires
an 8-bit IO write transaction to an index register followed
by an 8-bit IO cycle to the corresponding data register.
This translates into two full PCI Express transactions, both

of minimum length and efficiency.
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1 WD 2004/ 107713 PCT/ US2004/ 014851 [0005] Second,

reading a FIFO (e.g., first-in, first-out) or
waolomrhel7id r egi ster consi sts of readi ng the saneCHUSI088614851

repeatedly with a separate PClI Express transaction

each tinme. Third, some special nenory transactions
[0QQ5]y. SesopdogrannitRg & FLASH (Reffory Ldevitcan r &édaisteout) or
do &1 0T 301 Gk o W 34851 qpfﬂmﬁﬁgue@es&ﬁ@eédd@w

of these Wwites requires separate PCl EXxpress
reperdky i vonth D008 2 TR, P('e"acﬁf?(me?tfheﬁsfeal’eﬁ@'elon each

ocC r 14 pl ,FE% t ons
t“ﬁ% me%?ﬁlsum e%%{g%ﬁs%l%ﬁ ‘ﬁem‘f}% 10 to |nv vée the
progfinicient fiassmerdon &FVics ers%qlbllt% hijlee @0 Wdxd
ar S 11000 WRLEOVEL o &30D SRl Onal o P e BXRLESSyrites
ransaction requi F s system resources 1 n order to?
reaciest 53 separasmiil paaketss tarmhsactaicknow edge
packet transm ssion. 15 [0007] The drawbacks of
Refehmayer Bead apd ALBLMUALRBCKELLILEE LGyire multiple
icularly noti cea e in situations dat
PCI rEﬂpﬁreess stmnsmuiqnsmﬁemhrtmurmv&ebamtw dzlz}lnlch is likely
0 OFVRRGe i e A be T Loty Ut 175 at oSS b aue
to ths:amsétatfe&nml 0 Muas¢ @ poverch iquaridrmcal apdy H:xpieems
t%’ stens.. For switches, low wutjilization ca
r %%%ﬁ*i h THEHIT S PR FoTHAHCE and Qal? Thrat ?Fm
padiedd i cf ®notassmiDESCERHRH N £Fd THE L2BAWWNGEIdH0B ket
Vari ous, enbodi nents are illustrated by way of exanple
ErasSi RS- by way of limitation in the figures of the
acconpanyi ng drawi ngs in which |like references
[000T] cahe dskWbbaksebeénpatset! bvekpebd Badnetiedmubapacket
references to "an " "one," "the," "ot her,

5129 3%§ RAT LU T LY R TIFRAP L @ sl Het sl ¢4 t'Aigre data
tr & S OSUNESr BEL- NOF eSS Al d | Yok A8 i 3h SS¥Bipheral
enbodi nent, and such references nean at |east one.
devices and 10 devices since utilization of these devices
can be low. Low utilization translates into wasted power,
particularly in low power systems. For switches, low
utilization can result in inefficient performance and

arbitration inefficiencies.

DESCRIPTION OF THE DRAWINGS

[0008] Various embodiments are illustrated by way of example
and not by way of limitation in the figures of the
accompanying drawings in which like references indicate
similar elements.: It should be noted that references to
"an," "one," “the,” “other,” “alternative,” or “various”
embodiments in this disclosure are not necessarily to the

same embodiment, and such references mean at least one.
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2 WD 2004/ 107713 PCT/ US2004/ 014851 [0009] Figure 1 is
a flow chart for one enbodi nent of a nethod for
wa@omwbileri7nyy a plurality of packets into a singlBCT/US2004/014851
packet. [0010] Figure 2 shows one enbodi nent of a
packet that 5 contains nultiple conbined packets.
[odoqullkigﬁggrf gs| s publownghartofornenensshod FENG £Oh
a ‘nethdod for delaying resynchronization of a link
me tdypd | £ore greimimigigofa mgcmalsitimtqf- Pasikefise ipdcket siigle
pac%%rga.l ete. [0012] Figure 4 is a diagramof a first PCl
press device 10 coupled to a second PCl Express
devi ce, each device capable of conbining and
[0034]t | Fignreg2pabkes spnacenbdidihgenb ehea packetisthat

nmhaodi nent.s di scl rel 0013] Figure 5is a
co nesmn}uﬁc ll?giené:on%%lq}egfg%ﬁ?ﬁe%xpr ess devices capable

of conbining and partitioning packets. 15 [0014]
[0CAildur BEiGure 3 dsagr Ahvefcdaffefent odat ansodemastbased

n enghl enent of the conbini.ng functi.an of th
re gt e e peeame A e B gy vt
conPHSGRIPHOY{delS ilntd ke Sieldlewpagkiasard pidnayle tfeor

t he purposes of 20 explanation, nunerous specific

tails are set forth in order to oyj.de_a thorouygh.

odkior EXGRBR OF TrotoRr Bt BrboaEhebES ERpLaRP) dhgice
colRPRA &Y 4 s kidl edigre dheiadfited, haladth@levice capable

enbodi nents may be practiced w thout some of these

of geahinindang IR HitIGHEY iRfdkatces acamding to the

va SildHC IR 1 e (N & i ARMI=RS df&-ai tted or sinplified
in order to avoid obscuring the details of the various

enbodi ments. _ [0016] The fol |l owi ng description and the
[00cdonBagyragS dFadi AGStPRovnaLudkaaplestipter Rel Express

! : prEst
o T TR b ConelToad 1 T Bg T T o Ne e S ey

are not intended to provide an
[0014] Figure 6 is a diagram of different data streams based

on the enablement of the combining function of the devices
in the system of Figure 5.
DETAILED DESCRIPTION

[0015] In the following déscription, for the purposes of
explanation, numerous specific details are set forth in
order to provide a thorough understanding of the various
embodiments. It will be apparent to one skilled in the art
that the embodiments may be practiced without some of these
specific details. 1In other instances, certain structures
and devices are omitted or simplified in order to avoid

obscuring the details of the various embodiments.

[0016] The following description and the accompanying
drawings provide examples for the purposes of illustration.
However, these examples should not be construed in a
limiting sense as they are not intended to provide an

exhaustive list of all possible implementations.
3
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exhaustive list of all possible inplenentations. 3 WO

2004/ 107713 PCT/ US2004/ 014851 [0017] Various nethods
wale@eliomexl herein can be inplenmented by usi ngPEI/US2004/014851

machine to read instructions stored on a machi ne-

readabl e nedium and to performfunctions in accordance

[00¥7A vADOSEsT AStRYSET @DSc1AsBBCRE PEL Feadabhe MRPLEMEnted
i ncludes any 5 nechanismthat provides (e.g., stores

Dy aysd/ner o meaesines )ta regdmanise i uat e risorsharesi a5 @ Fpcdine-
redBHIN GBS arld t%orﬂ}%litf%rr)gl uaﬁrctel)@fgjli% a*cordance with

machi ne-readabl e mediumin es read only nenory
thosRON);s trrarmdaranesc c e £s Magisne (tRAMEDL Ieagestiium idicdkides any
t.qr.age i &, Qptjcal, stora i a; % 10
me CEIéa Vi'ces ;tqgagcd erlog’gtdre%c a( Ie, .tgg pt i%gtglr&@a %61 u s/toiqi glrrggig?%ltychsé r
inffoames icof ipr epdgatme d esidgrdles biye .ag maabaind ele \gave s
i_nf.rared i nd _di gi tal _si . - -
co élft(eerrr)i'ng E?%)or\\?v%t@oa?ri;-)l%u’réa1 , cgﬂr?gt ﬁ%&ﬂa?rlecgn%o%m nglnCludes
reagpackatys miesnoghyoWROMAL, blaocloml G ccae 53 mealdry (RAMacketgietic
. that 15 are caonpliant with a particular praotocol
dls%%.sdt.qrafgﬁ "@?éraésﬁp%lgﬁ\g @&%iaﬁ%d TS a fl[sa"l‘—’lnsg gﬂemory
devilaget anthe lsiotglieaiac kett iica 16 omqalouatti osilt o1t e rsaneorms
£ BI ot ocol Legf t.he plurality of __caonbi ned $ack?t S. e&gmg]
of PISMAITEL 15?1 otSor Fatdi-on o 1&4c K 30 Y hé TEdmiSred
sig2QIRaCkeis digyip=aserived lisn .t he singl e packet, at bl ock
In various enbodinents, the preservation of

12.

i.dentjification infor | on_ingl udes i ntai ning the,
00k deke EEFE L8N Gr R G0RB! hedt PP, LPFhPimPhEing
packidtdl & Pagksin. | AOME ociThedi rERMLuhe 1y eFerpeiias afhat

identification information 25 occurs simnmultaneousl
ar WA RIH@ "o mith iy FofT TP&AKErTs PTIO0Rd & -gure Pflsr%ﬂﬁsfe%)
arAR AL i0ft A SINARA PRt CONMRAI NG ILYIAHet is

conbi ned packets. Specifically, single_ packet 14
compddlaide s’ ifdadére Eeme msites® lpackéthe pduraddtyeyd i c
con{b%%%@%%&e@%‘?‘:k ("CRC'") 20. In various enbodi nents,

[0019] Identification information for each of the combined
packets 1s preserved in the single packet, at block 12. 1In
various embodiments, the preservation of identification
information includes maintaining the headers of each of the
combined packets within the single packet. 1In one
embodiment, the preservation of identification information

occurs simultaneously with the combining of packets.

[0020] Figure 2 shows an example of a single packet
containing several combined packets. Specifically, single
packet 14 includes header 16, combined packets 18, and
cyclic redundancy check (“CRC”) 20. In various embodiments,
header 16 contains an indication that single packet 14
contains combined packets 18. In other embodiments, the

indication that single packet 14 contains combined packets
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30 header 16 contains an indication that single packet
14 contains conbi ned packets 18. In other
weepwedioIment s, the indication that single packetT/Lig2004/014851
cont ai ns conbi ned packets 4 WO 2004/ 107713
PCT/ US2004/ 014851 18 may be | ocated el sewhere (e.qg.,
18imaptherlbcetdd) ehsehharesiaghe, pankethd4. £f[0033) &aehin

: [ cket 18 includes header 22, data field 24,
Slgﬁggcﬁe%g]ﬁgg imbi ned packets 18 may be identical 5 to
each other or distinct fromone another. For exanpl e,
[00Z]] Earcds s outd ilnieze padikefteriénti nicpele sofheparketsw,, whitch

: ransacti on, dependent nd_ may, be_  conbi ned i n any
fl%%ﬁn%é' %?ﬁcéﬁeh%gVar?%ﬁ%l%%ﬁd%?ﬁﬁ%Yi b aB@yne identical
toresthicthensoondi sieincanfiesmi snavhaebcide £ { er ot pRE&KSlC,

ypes may be. conbined_10 within the single packet.
P UBETEN RGN ROt TSHOSFETh IR c°4, PYakPbas nnich are
t r&meoch emt Sepofidéire, neidiags ¢ akk | dehbidee @dghtd9Pahanner

. features. For exangl ,__once the single packet is
SINGRaAt'EY, VRHECET ngh O‘EHE%% S RIPHe NIeRSEHL Gt Hews cen the

masePabl @ o i € ndi if S @ bR 1 1 @H HGndP PACKSHSindd
one enbodi ment, the single packet coul d be sent over

W1 PE s pF BREL B URRC RS- recei vi ng device can be, for
exanpl e, a PCl Express root device, a PCl Express

[0G22 ] ChltBbugh REk Ehgp«ﬁs_sanﬁ&'gﬁE}_er al, q'%Wi%%s EX3MRL ftnt s
of a PCl Express  peripheral device include, anong
of dileriethed dean cesc ki add gl aiglabfea tBites netFandexample,

celerat | Por 23], d f & eivi.n
PMevice | srﬁ%eg\/i tc é,:tssleﬁe%raﬁaéeg?’f ?Je}}éen%lgle%teﬁsa%%ént “oan be
serdedift .2 RgVisseamAmab lonce tdwanksivi itreh amrd qed aeist tdreing

j e A si.nply. rout.e or e
pac?%hé;:gés'i ng el%g*aec kée%%l%a%]no h e”‘c?}’ K esvllnrpcgel.e A atce}?%tatcf?}a@,dbezss ent
ovathe Rk Frpoaspdrud t i dihe heecsiinglrey phokiete (@arg.he, for

ract, ghe Ecgmbl ned ckets) and ngﬂId he extracte
exa € :
g‘g{: dts to an apepsrsoprrolooa:j]lcteGlee esti'nat ion. A3 AN, or
a PCI Express peripheral device. Examples of a PCI Express
peripheral device include, among others, IO devices such as

Gigabit Ethernet and Accelerated Graphics Port.

[0023] If the receiving device is a switch, several
different events can occur. For example, once the switch
receives the single packet, the switch may simply route or
send the single packet to another device. Alternatively,
the switch can partition the single packet (e.g., extract
the combined packets) and send the extfacted packets to an

appropriate destination.

[0024] In various embodiments, the switch uses the header of
the single packet to determine whether to re-route the
single packet or whether to begin extracting the combined
packets. If the packets are extracted, the switch can use

the headers of the extracted packets (e.g., that were

5



10

15

20

25

30

[0024] In various enbodi ments, the switch uses the
header of the single packet to determ ne whether to

wo sponae7es t he 30 singl e packet or whether to bBQI/tS2004/014851
extracting the conbined packets. If the packets are
extracted, the switch can use the headers of the

pre&Xidiaatet RACKSLS ) ( &d-de teadi nee i & R 2P H 0l d
PCT/ US2004/ 014851 previously preserved) to determ ne

Paciedr Sheadisl & s&ftted packet shoul d be sent. [0025]
However, if the receiving device is a periphera

[0098M CRowd P&y Si DYl enpacket i wouhdasi npLyibear pegi yadrand
the 5 conbined packets extracted for use/transm ssion

dewjre,hédheperinsher #addali ¢@u OGP Ithderdnsd witbvand rFhe
confB W£ ph S 2lSQ R W%Mtﬁ%@i@dmw hee

_ ining W th the resynchronization o
perdgiansilcatsvérese | i nk. For exanple, in PCl Express,
links 10 between devices can be set to power down

ed t 0 j [ g rede ]

0RPOIRY A8PReq DESRoLY PLUEEL R L8 RursP BOPLELNREH oy

coogidgmatl teichat & hpowembuimiing vartdertheo nesgmichg/drigesitian of a
dat a, the |ink nust synchraoni ze. idy, {t:here

conrgta Cﬁécrliog ngnIrE;t enE{%e/r bet (i_\q‘rel3 "t ﬁl@ fg’bl“l: %é‘ﬁ%g Sisxc/fn ]tlht}lg{s '

be theer idek isteculdhrédepemasr ed gowerd ddwen beswal etri aronef

re chroni,zat.ion. [0027] Var.i ous enbodi nents take L
SRR GE W T S5 ier e RSN P oy ! Lrectivity
of GOIEDIININYY .packesrs ghd drinko iand/ignadwd n® power up in

esynchroni.zatjon of the |link. |In _ather enbodi nents, .
ordsy Yoy RS SRRt G SRy diShy dif SVt coni ze
NecG@dadriaRgl tHeteenGy o gisady fan vt ivytaleddel e
. advantageously allows additjonal tine for the
InddGAG MGG fdck ik e Be Pversshamy and ddie 3

corlpl e ifdr0W € hardty it 1 z &MRedi ment of a met hod for
intentionally 3%Iay|ng 25 resynchroni zation. At bl ock

28, avail abl e packets are o
[0027] Various embodiments take advantage of this inherent

latency period by combining packets prior to and/or during
resynchronization of the link. In other embodiments,
resynchronization is intentionally delayed. The additional
latency caused by an intentional delay advantageously allows

additional time for the combining of packets.

[0028] In this regard, Figure 3 is a flow chart of one
embodiment of a method for intentionally delaying
resynchronization. At block 28, available packets are
combined into a single packet. At decision block 30, it is
determined whether a pre-determined fixed amount of time has
elapsed and/or a minimum combined packet size threshold has
been satisfied. If the required condition or conditions
have not been satisfied, the combining of packets continues
at block 28. 1If, however, the necessary condition or

conditions have been met, resynchronization of the link

6
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conmbined into a single packet. At decision block 30,

it is determ ned whether a pre-determ ned fi xed
waewmune77ed tinme has el apsed and/ or a m ni num BONOsWe4€014851

packet size threshold has been satisfied. If the

required condition or conditions 30 have not been

préé’éééél edy B hs-icomi ni - Of r IRaACket s f@rﬁéé‘#’&é’hré‘ﬁlzed, the

bl ock 28. If, however, the necessary condition or
singkrliRd DFRL hveSHelen detP19@sydbhr oni zation of t he
link 6 WD 2004/ 107713 PCT/ US2004/ 014851 proceeds, at

[odpi k p3guren@e shg sl knking1 &%i%&c'&l&@g'réﬁ]doft heo Slendles
et i's sent, at block [0029] Figure 4 shows a

that nqzﬂrn fhediHAGFARDILQND NG 6 thmawanemv%em@@é@@ 0

i of {gg@
de%’e{eckl% agrﬁ(? fléfgél:fecjp%;é %fess evi ce 3 %‘gggoup ¥ 36
is t@ma@mw@cse@«pi eRGT dexpres S8leviscat 3 ed Aab@tv@ted
each dewi c b he. f 0
ab%‘f(ep’r e%asdlf oog?&l evi (’earg)r}?e P%i‘é Iéipr%lé% fsgvmﬂ?%"fwﬂl w%e and
Ex;areFﬂ z’rb(qmeissvm,l peheH’(aI Khevi €es smlt{cﬂ&)&@vicne,on@nd a PCI
Ex e p er i(é%é¥%éand possi bly device 38) is
p%ﬁﬁﬂﬂ%ecﬁ ROt PG & plural ity of packets that are
conpliant wth PCl Express into a single packet that

[0030] canpbhantmiiotiineat:, Empwess 8hd (eont possibly deVlce 38)
ion . informati of the c nbln

dent.i fi
is Sl Trt L S R Tl X At iR R
corfi A et pap&qetpcoyemx;arm Exm esSsingnk pacikkeyi tcleaesls

0031] Device 38 is capabl e, of routlng he singl e,
CoBRRIRE WHEL b TP AL AT it L Sion
in@:ﬂﬁ@@ﬁorﬂeﬁléﬁeeaclﬁﬂf aefhé NGorhitbten €O iU dleshk PAcked 8ids 0BE is

the sin e packet and 20 sendj ng the extracted

al3ncGaRaO+o Ah P i e ILIINRIOEL VR i ol Express

liﬁ%ﬁ%&hd@ﬁﬂé@ 1de appropriate destination is
determ ned by the header of the single packet and/or

t he header for each of the conbined packets within
[OQ%%]Spﬁgpge 38 is capable of routing the single packet,

received from device 36, to another PCI Express device;
extracting the combined packets from the single packet; and
sending the extracted packets to an appropriate destination.
In various embodiments, the appropriate destination is
determined by the header of the single packet and/or the
header for each of the‘combined packets within the single

packet.

[0032] Device 36 and device 38 each include port 35, which
is a group of related transmitters and receivers. In
various embodiments, ports 35 should have matching
capabilities (e.g., both ports 35 should be able to combine
and partition packets in both an upstream and a downstream
direction, as necessary). In the embodiment shown, there
are four lanes 37 between device 36 and device 38. A “lane”

is a set of differential transmit and receive pairs. The

7
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packet. 25 [0032] Device 36 and device 38 each include

port 35, which is a group of related transmtters and
WO emeilyEls. | n various enbodi ments, ports 35 BECIDUSZTH04/014851

have matching capabilities (e.g., both ports 35

shoul d be able to conbine and partition packets in

te DRI BN Upsd ream Bl Bxgoawst 1 8aw) s dhs €&t hOPeiASrefers
necessary) In the enbodi ment shown, there are four

to | ahes (37 PR arCHeyi 224 36NahH HRVE EEOBBEC IRy ghaRes; g
a set of differential transmt and receive pairs. The

[063§¥)%qgﬁ&£og7%%ORQT%U§%@Q%hp¥ﬁ%511anh@b||dﬂé i@l
Express link) as used herein refers to tmo (or
com@r@;l@@ré@" andf et rPChterrondRcie WiCe afRsd -/ [ D038B] 40)

co@ﬂé&ﬁgﬁeﬁ%ﬁl@s%&ﬁ%w@f Agcl ydes, gs@@&lx&SPCI Express

contr a first PCl Express device (e.g., roo
deviye 5(eompl etiwitoclyréphi csTeontydt¢rradse ameladescopdtral

prg’%?gg&ie&m d?%ﬁ@”ﬂ €44 cou;‘ﬁf‘%%cffht 4§QC%OJ hegg Syﬁ&ﬁg%g'dw

I NC central processin 2 cou
cotpleadoto 4000 ehtr yledacy cepdieeind $@o¢ou|;®le<li e‘g@cywitch 48,

ndpoi nt _50..¢0 0 i c 48 a .
andoUBTRN 15 Yo TotaE R HOUaR bt a0 Thohgh ohedh 48 is
shewsi agl £ eim@hmtelemémguim Eigmn@tSAOrmmy £0nmay seom@rise

menory contro north brjdge cou
@ BT £Oh o eh Bene Foi For Hor I idt HRrS ) St el
42,'10gre§3}§’mi<§§|&@ﬁtftblbléﬁ 96, s@@txherbcsr 04 c o4 egin t DOt he
north. bridge and to switch {g%% %éPQ%4; Root 40 an
CO%E%?%%eQSh%Pe(%d%abl%p%ﬁh ot e nt? © et hioeTt
bri@serihed: aboyer €. g8) . conbi ning, partitioning, and
routlng packets) Li Kewi se, endpoint 52 is also

E of inplenmenting the previ ously descri_bed

[0%% ho&@OtHéQe@QQ sWidGhc v SeRdBoicRPaba & & tndinPdepislitd ng the

me @0 &9 S AL A RO Pard i & | onksigh PRcke! Spaf@p@ﬁ]mlng, and
Figure 6 shows different data streans based on th

routing packets). Likewise, endpoint 52 is also capable of

implementing the previously described methods. However,

legacy endpoint 50 is not capable of combining and

partitioning packets.

[0035] Figure 6 shows different data streams based on the
enablement of the combining function of the devices in the
system of Figure 5. For example, if combining is disabled
on root 40, the packet stream on line 47 would appear as
Stream 0 in Figure 6 (e.g., each packet sent separately).
Most likely, the separate transmission of.each packet would
necessitate bit stuffing, described above, to meet the

minimum packet size for transmission.

[0036] However, if packet combining is enabled on root 40,
switch 48, and endpoint 52, the packet stream on line 47
would appear, for example, as Stream 1 of Figure 6, with

multiple packets appropriately combined based on size,

8
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enabl ement of the conbining function of the devices in
the systemof Figure 5. For exanple, if conbining is
wale@ahbBd3 on root 40, the packet stream on | iPer/832004/014851
woul d appear as 25 Stream O in Figure 6 (e.g., each
packet sent separately). Most |ikely, the separate

deé{ﬁng@iéé' 0 @ftﬁécgorf?@fﬂffﬁ% vx%&blﬁﬂcfsm@y@r bi t

[ ng, escri bed above o meet m ni mum packet
enapremémt) toanthe s@@f@ﬁl%*@@%]d%er SWit@Tac&%trouteS the

re&@f@é@ rﬁ%&%ﬂ@@é@@ £1901 r 40 (ﬁ& %C@e‘l@fné‘@gon In

he packet stream on
th%\rxp@w with pxepte, appedtivamd i Fiyeare b, mwrhcombined

oA L pRckel s, obyOmLaLely catbipcs s oBosi g ene

pat ket € ondonini med capabdhfain (Zaﬁhdalm Ehabtendeas ) inédt her

en ST 4 00 SR P S TRA% LR WP L B8 WS

o7 th appr opria stTha
appé®r Cas eswtddm pzlckeetg app@amnﬂ@lr&sdlpna@teteam df Figure 6,
non- conbi ned 5 ackets C and are estined for_|] egacy
andnpoi PRCERE p]abrk%t‘:s‘, ‘ﬂe%??%a]&oﬁa‘?{ﬁ %\ 3 of
Fighee B6G are desti ned for endp0| nt 52. Thus, the
packet streamon line 49 would appear as Stream 2

‘é)’g.ﬁ. no conbi ned E}@ckets) of Figure 6, and the
[0Q3tkeBystitddmzdnd ithe B thosisd aélﬁlpé&ﬁfl%ss@rlé%@e&f

hellglrh:' oL e @ffi@@&?&:%eﬂf Uéé}_tzmgpéﬁesy@ﬁmysc@ﬂdbe

devi ces discl osed erein, the effici'ency of certain
inppassdthatveam bel0% neyenseen et Weerd b- 4095 oer that do

noégnpﬁ%QﬁﬁggécﬁgééensA @ﬁ%m 0$d§§“¢%§ﬁépa&%§ﬁsthe

advant ages, en t e 15 vartous
vaen@o@l erepedink st odesc hesed nhareiysare i wsed chil pgeghipset

somﬂc}g P%%?,?ngfi)o?@rﬁty%ﬁé%% °I‘s'<§%%£€f% di/?%?@%g@ﬁedwhlch

S noré bandw dt h t
petrniat£$ircorqgémehrpxﬂ1xei®t}s to bdeusedref deviiteh TO@BE}CH is

ool 8,h8, under staod that gven.dhough nurerous

[0038] It is to be understood that even though numerous
characteristics and advantages of various embodiments have
been set forth in the foregoing description, together with
details of structure and function of the various
embodiments, this disclosure is illustrative only. Changes
may be made in detail, especially matters of structure and
management of parts, without departing from the scope of the
various embodiments as expressed by the broad general

meaning of the terms of the appended claims.
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20 characteristics and advant ages of various
enbodi nents have been set forth in the foregoing
wa@lemanoptd on, together with details of structeeBUSIV04/014851
function of the various enbodi nents, this disclosure
is illustrative only. Changes nay be made in detail,
especially matters of strgghwme and 25 nmanagenent of
parts, w thout departing Tromthe scope of the various
enbodilmem:s as expressed by the broad general neaning
of the terns of the appended clains. 9 WO 2004/107713
PCT US2004{0348b ke onfd:AlMB.g! claim 1. A nethod
conprising: conbining a plurality of packets that are
corpinEming Wi tthw gridtocd] Rantketd Sitfl @ fracketr it
. C . - I . .
Wle|r§eant [ |ﬂc(gc{gllo\rl¥r%ér?1)f oatr %triﬁg?n@f%%%géhoaftotlﬁi%%ﬁ rrbianne% with
thepasket $mittddial t he singl e packet; and addi ng an
in - By A - : i ndi
e N e e R e R S T, e
conpicglest .pakefhe wisthhiod tdfe Giaignel ,padiertsi mratidi ng

co |.ses: tt achi.ng a header t. e . sj e cket..

3. r%L&emngeta}‘lno nocfi t%%ﬁ 1{5 1%‘ Snret hsel%l(i:lgE rélékggntg:tpoal dicate
thaendieng-dniiel redchglees iratck etrd ccan toeivieske vwoidpall eclod single
onbi ning and partitioning packets. 4. The nethod of

Pa%ea' 'm 3, further conprising: receiving the single
packet; and sending the single packet to another
devi .ce. 2 Sethel nef Molckiod 1G athmB i wddierg comprises:
conpr,i si.ng:

. receivin thtgksin.l acket : and
exITHATHG Y o K et patfet aioLe Packet.
3. The method of Claim 1, further comprising:
sending the single packet to a device capable of

combining and partitioning packets.

4, The method of Claim 3, further comprising:
receiving the single packet; and

sending the single packet to another device.

5. The method of Claim 3, further comprising:
receiving the single packet; and

extracting the combined packets.

6. The method of Claim 5, further comprising:
sending each extracted packet to an appropriate

destination.

7. The method of Claim 1, wherein combining is
performed during at least one of a time (i) prior to

resynchronization of a Peripheral Component Interconnect

(“WPCI”) Express link, and (ii) during resynchronization of a

PCI Express link.

10



10

15

20

25

30

6. The method of Caimb5, further conprising: sending
each extracted packet to an appropriate 25

wazmtiieratd on. 7. The nmethod of C aim 1, whereiPCT/US2004/014851
conbining is perfornmed during at |east one of a tine
(i) prior to resynchronization of a Peripheral

Cononenty d HAHLRNNECIC1ERCT) f@ﬁﬂk‘%ﬁ:s ddrpei g (i)

during resynchroni zation of a PCl Express link. 10

V\od@d@w@?mm’ryn%ﬂz@@ﬂmsﬁl a gerpphiarhdergronent

Intdr@dAnkct Witd&Ss COMRIU H@Ea HelAYiGist one of a fixed
resynchroni zati on of a Peripheral Conponent

amautteraforinienst aRchrae &5 NN [s5dd nesl 2 Jkedsts igrfe tgfreshold.
fixed anpount of tinme and a m ni nrum conbi ned packet

sizg threshalfby SnpriAifRf:hod conprising: receiving a

singl e packet that i's conp i ant with a protocol, the

si myae ipdciceta comEioninag ke tpltdved] |1tSy qsHp ldenti meith a

ts it
pag%%s are crﬁf‘ ﬁ{acft}%let %r? lgllsn ngl S'lac eq?%wggfch
comrmmmqmm abéxa@gieccortm ilaficgitteh thee gdree combined
to Y [ tifjc

pa e e e a T g A N T
corrfmmelmlerpaccdqmr ke iy crqm:thmagﬂi hel tdi rigiee qmrteke:trqtg)capl and
haé%%“??ﬁé% 1éééf%ﬁi 5¥Hoﬂﬂga%§?fg¥é ftﬁ% .

er conrpr|s ng AT act o € comnbi ne pac ets

fromthe single packet 12. The nmethod of Caim 11,
f urltther T&m‘rmreitshng of §dradjnng9,t Ifelreoherrac:tce@rde&:ike;s to

an appr. %D“ &}jfg %_t' n kefL 3 3 )%éo tuli':>S_Le<:1 to a bus.

rl SI erl pher
I nt er connect (" PCI ") Express device capabl e of
corifdi .ni rMthea el ity Gifa ipacketfinthatr ayrcanprising:

extracting the combined packets from the single packet.

12. The method of Claim 11, further comprising:
sending the extracted packets to an appropriate

destination.

13. An apparatus comprising:
a first Peripheral Component Interconnect (“PCI”)
Express device capable of
combining a plurality of packets that are
compliant with PCI Express into a single packet that is
compliant with PCI Express, the single packet to contain
identification information for each of the combined packets
within the single packet and a header to indicate that the
combined packets are contained within the single packet, and
sending the single packet over a PCI Express link;
and
a second PCI Express device to receive the single

packet.

11
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conpliant with PCl Express into a single packet that

is conpliant with PCl Express, the single packet to
w@oneadr125 i dentification information for eackCDiS10n£014851

conmbi ned packets wthin the single packet and a

header to indicate that the conbined packets are

contai ned, ML ddhes %mjlealmaclkﬁt ,wmlsrﬁrtdwgfltm PCI

si ngl e packet "over a Express link; and a
EXEE@?@@@GICGEW@EJ@%H%@ e P& v & HEHE 55 rrgil%t device, a

pczp?’s!;sr aetsus é%a%”d\ﬂl@”%n%cg Lé‘é%o%!queﬁs@ger%h

im 13, 'wherein the first EXpress
de\dem,ceir@bmhﬁ sExante R @@@Ies@(pieefsls:er ommpehdese, one of a

PCIng F%%Dsr €530 W&eqﬁc%evgcq%la@c ndsgp c@?’sdev and a

peri Al evi ce the se press eV|ce
PCIccﬂmme&ss e ferm 15 deGlidexpr ess root device, a PCl
Express switch device, and a PCI Express peri pheral

devjic F;é agg;%r AR YA f; G m Vﬁ?nerﬂé“ dd¥%na pcI

second &ss devi ce 18 capabl e ot east one
Expofes(d )dervoigte ntgs tcha@a@mgife giacleets tt @ranatthei)P@louting the

51%%Ei§%%%gyl aﬁeﬂﬁe %&ﬁa%%|¥%s§' e Co Qe%xeﬁectlng

Fom t Ke S|n e pac (|||e) sen
theexfaraxitred! packettss tﬁrcan EpEprsaprg lat eadsstt ,naatncbn(11::|)6

) mco n ra cs cantroller: I‘:C>I<
Serééﬂy H&il thr?psch GEtpal ersggcnneicr{ PGPS psrtelsnsatlon

deV|ce coupled to the graphics controller, the first
PCI1 &EX prre sy steani c:mnqap&ldlre; :of conmbining a plurality of
packets t hat are cqnpl iant with PCI Express into a
apogbllge% FH9 dorrpl iant with PCl Express, the
SI n;gH_QrpﬁﬁkEEﬁrﬂpmeQm’ﬂI & damphdroe tr tfd reatr et 4 n(f‘tHCHTHti on

p%{s:?cegf of the |ned ackets}%%tcltg{&rorﬁesrl ngche First
PCI Express dev1ce capable of
combining a plurality of packets that are
compliant with PCI Express into a single packet that is
compliant with PCI Express, the single packet to contain
identification information for each of the combined packets
within the single packet and a header to indicate that the
combined packets are contained within the single packet, and
sending the single packet over a PCI Express link;
and
a second PCI Express device to receive the single

packet.

17. The system of Claim 16, wherein the first PCI
Express device comprises one of a PCI Express root device, a
PCI Express switch device, and a PCI Express peripheral
device, and the second PCI Express device comprises one of a
PCI Express root device, a PCI Express switch device, and a

PCI Express peripheral device.

12
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conbi ned packets are contained within the single

packet, and sending the single packet over a PCl
waxpraes1d i nk; and 25 a second PCl Express derCT/ES1004/014851

receive the single packet. 17. The systemof C aim

16, wherein the first PCl Express device conprises

one of arfll s EdUe St OQtinfleM ,Cahere ROt HX M &SShd PCT
switch device, and a PCl Express peri pheral 30 device,

EXRHRE S e Bl PAPIAs &fs e visds tc st i Sfes(ione Pt ipg the

Serng}_'e %%ﬁée U e Cec TR E,Pgre@sor&e&ﬁ@ém tchy ydewiG®acting
PCl Express gerl pheral device. 12 WO

theZGOIIIIbPGMSDWﬁ% OieB5Lnale PR Systad oflid)ai m
ser{lofﬁl m @é%@&?%ms PPrEs s iadne 4% cppablBirion.

ast one of routing the “si ngl e packet to
anot her PCl Express devr ce, (ii) extracting the

corﬂtﬂ ned FRKEine fregfate e srekainias (nstnuations
ndj, té}?eazeer@ Xe% RAGKELS | QA ARNLHA @ Be to

€stination. machi ne-readabl e nedi um cont ai ni ng
perlﬂrmnr marzﬂtslortsﬁaxomnmr@(ecut ed by a machi ne, cause

Jor GO
%odrﬁgarclngl 2\3 pal lﬂp'ﬁrty f é%ets that ar ea?ilce'nogb(?nrpalnltarl
w1nlu teh rr frastadlc gintintao %rsylr@glr@qd@dke:thatmajts i@rmmntan»uth
pr ot ocol; preserving identification

thel n cl?)nrerrg{kleoon or' each of the conbined packets within

t h@msegd\armakHrrtlahctaa:dahmgreﬁoﬂmm ifarr temdtheof the
co eett ta |hnlq1| ct\&/}\\}t .15 tehatacth canbj ned

"E) are Sortdithdl ethllrﬁjgtlh 55 ngel d arf‘a ket. 20.

The;dmﬁh; e rieatiaddte credicumhef sGlraj e kgs,ckmertej nndicate
thatacﬂg:lrgqg a I%a“ qcets rreI Sceosfltaltnte%c 1r]c%1n hc%adesrlrfg e

packet.

20. The machine-readable medium of Claim 19, wherein
adding an indication comprises:

attaching a header to the single packet.

21. The machine-readable medium of Claim 19, wherein
the operations further comprise:
sending the single packet to a device capable of

combining and partitioning packets.

22. The machine-readable medium of Claim 21, wherein
the operations further comprise:
receiving the single packet; and

sending the single packet to another device.

23. The machine-readable medium of Claim 21, wherein
the operations further comprise:

receiving the single packet; and

extracting the combined packets based on the

identification information.
13
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20 21. The machi ne-readabl e nmedi um of C aim 19,
wherein the operations further conprise: sending the
weRonghe77packet to a device capabl e of conbi ni PQI/ESI04/014851
partitioning packets. 22. The machi ne-readabl e nmedi um
of Claim2l1, wherein 25 the operations further
COnpY | S&ihd GERINAIMG ﬂe'%x%la%l@'n%dﬁﬁk@f caraclnseml RehdE n
si ngl e packet to another device.
t henaiei rid—Liosesd iy re heed iaRRPeTL SEl*ai m 21 vvher ein the
P Hd 1! (ffatgﬂ NSr COMId $8ic130 eV iNg A 1simgl e
packet ; extracting the conbined packets based on
destti@atiigent i fi cation information. 13 WO 2004/ 107713
PCT/ US2004/ 014851 24. The machi ne-readabl e nedi um of
dsm 23 MRISIM R LRENAL iR I @I LTI, S&iherein
sen i ng each extracted packet to an appropri ate _
comipgtiingatiiso e 15 ABmedrid rachiate legddalsine mddiaurkigre (1)
pridAl o ST - WG i NYHQAEE I At
T€ast one "0 | prior to'resynchronization of
Inta reemingiedr a(l“P@'dr‘r‘rjorEemreSISntl@fd@n@éﬁ (R1PCIdYr iBgr ess
(J n ORi ion of a PCI
resé@?r&lr%é"sog{%dz i O)rig}% qj‘lcﬁr%sx %ll*erlrleggdabl e medi um of
G aim19, wherein t he operations further conprise:
del256y| ng?heesrwmmnrmda@ieoﬁne@lw igghérla irCdrfhorditrein
tercaonnect sed on at |east one of a
thef Srs draoca&%unt 0 SIS Jd"% %%m ni mum conbi ned packet
SLﬁedexnguﬁeﬁyndnidhlzatlon of a Peripheral Component

Interconnect Express link based on at least one of a fixed

amount of time and a minimum combined packet size threshold.
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