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YW 2004/ 107713 PCT/ US2004/ 014851 PACKET COMVBI NI NG ON
\?@bo[ﬁﬁﬁlﬁg§s FIELD [0001] The enbodi nents di SCi)@fmgzoo_uel_‘sql
herein relate generally to packet transmi ssion, and.

nore particularly to conbining 5 packets prior to
transm ssi on. - G sent in
many differ entpwgn%gpnp%ﬁ ﬁ%ﬁ% bet ween -
computer systens (e.g., over.-a. network). In sone '

systens, data is grouped t@gmnmer .and 10 sent as a'
acket. PCl Express (Peripheral Conponent

[00fdr cghﬁe@mbsﬁé@eram A &P Lepoty Bﬁﬁeé“Péﬁlﬁﬁgr gfanerally to
peSAIRONGN ST SONREEL (oY 5 e O SE) S AdIn L

2002) 1s one exanpl & of a .protocol

. pafcmet;ﬁacfkreltqmtn:g temdlsn’tlrsaﬁm tting data. Regardless of

the protocol being used, 15 the transm ssion. of

packets requires some |Qﬁﬁ&K Ogyﬁrhead and m ni mum
packet size. [0003] For one packets require.

[0DORgadeat éecgn, beoyemhead)mahgtdmﬁﬁéaens fntmsnahlan

and/ or .destination

- ding th o
B R R S U I AL

ne&@@@mg t ey paoketsyssems s ysites sviddoupsst ufddether and

dditional bits intg ket that
R SN i s St L

Inie résefelcti © %!éfcﬁ&tu QR taRe stedueri’he reffipHanay Glfmﬁchﬁent .
system [0004 Follomnng are sone exanples of :

- IngRpresgess ﬁx@ﬁ§§§t| Lofts SPR&E Hfs TN y HHRui T L{U-‘—Y 22,

209bYyf fiisnGnleo e&%%lerrbrfl BURRACKRE S&e pfa@ﬁdéﬂl%lﬁfﬁ Snd
First, a sinple sequence to an | O napped

traﬁﬁwﬂ/céamutdaﬁ&ppe ggediles sr eduithes Préﬁ@smdw t%ellcpg used,

| th‘é’r 'tE%n%ﬁﬂ%%@%H QR ?Qcﬂgt'sn‘it%uﬁ%@sﬂs%fmé‘ aldned £ bﬁ’v&‘head

bit 10 cycle to the corresponding data register. .

- an¢hmsnﬂm@ﬁsmapé§tuﬁﬂ@etmo full PCl Express

transactions, both of mninmmlength and eff|C|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 typicélly require bit stuffing to meetﬂ.
minimum packet size requirements. First; a simple-sequencé

to an IO-mapped (e.g.;-input/output mapped).devite'requires .

"an 8-bit IO write transaction to an index register followed

by an 8-bit IO cycle to theICOrresponding'data register.

ThlS translates into two full PCI Express transactlons, both

cof minimum length and eff1c1ency
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1 WD 2004/ 107713 PCT/ US2004/ 01-18-51 [0005] Second, .

L FIFO (e.g., first-in, first-out) or L
‘%@aatgﬁrﬁ?egister consi sts of reading the sanepggﬁﬁé%gmebl
repeatedly with a separate PCl Express transaction

[6668] tS'eEE%ndTh'r%le%%”% $8Y ale . FRNOMRY 1AASACI QNS —out) or_ =

(e.qg.. progranm ng flash menory device) require:
d%@%@ﬁ%ﬁ Wﬁﬁ%ﬁtQW|QQQ§1$¢%oﬁﬁaﬁ@a%e@%eﬁ%% %@@%radﬁééﬁs

i :
et o MBS Rt PR P i R B eacn
tm@ces’b‘rensrd,emmee mﬁm;apl ememy &m@‘s@cu@ma&m ons’

oo almmmd engid, SR, | Soti L8] Vodfi 0 Vel ¥E KBB4

transm ssi o ess

_WJinuisf 1 i1y . cdvbwago eFs eETte a@dﬂiﬂ ond@a@Clo Exphess WBltes

t ansegtlon [ equir ¢ fy§§§$3§§39%£}?§c'n order to form
an o

er's,” to AT anshi pac 0 ackhow edge
packet transm ssion. 15 [0007] The drawbacks of
[ (fHKlet Tbusy headhaod nheseumhmaeketocessesamequlre multlple

i cularl noti ceabl e | si tuati ans re .data
P B S AR T ot bl VT T LCh 9 Likely

tmermpﬂemltheﬂ@naf@@m:htl&@x&mmmef uiddieasi bnts due
of these eV|ces_ can be | ow. _Low gtlllzatlon .

Isé:t ito eéH’ep%we‘%ad?G‘ tﬁ%}ﬁ%ﬁf%%}*?ﬁws

thtS.Yﬁﬂt e irQls Wt Ssed AW edd i1d zddddh €8Nform -
result in inefficient performance and  arhitration

DI citen Gres STRESERPR N GRTIHE BRARNGS qT 0B ket

£ P¥MIaWs 1@bodi ments-are illustrated by way of exanple
- 25 and not by way of linitation in the figures of the

acconpanyi ng drawi ngs in which |ike references
[00Qdilcatle draibagkel ‘efeRegket| Pvgﬁfé‘afié ﬁ@dn'af-eampﬁlapacket

5ikef @reneastilula¥ly nd¥i®eablld8n 'Qieheftions where data

al ternative" .or varlous enbod |nents inthis

trgif§éod §r erararady ﬁ@@é@hrﬁq yQivp bl izl hy m@rlpheral

desTbedi oRat 12 B@vﬁ%‘é@ Ft‘:ree RGES 178N @ c:lfe a3fe Q0 edev1ce s

can be low. Low utlllzatlon translates into wasted power,

“.particularly 1n low power systems For sw1tches, low

utilization can result in inefficient performance and

arbltratlon 1neff1c1enc1es

'DESCRIPTION OF THE DRAWINGS

'_[0008] Various embodiments are 1llustrated by way of example

and not by way of llmltatlon in the flgures of the
accompanylng draw1ngs in whlch like references lndlcate L

similar elements.- It should be noted that references to  "

"an," "one,™ “the,” “other,” “"alternative,” or “various”

"~ embodiments in this disclosﬁre are hot'neceSsarily'to the3_

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 enbodinent of a nethod for
VEQAHAPHE3 a plurality of packets into a S|ngIePCTﬂmﬂm”““$“
packet. [0010] Figure 2 shows one enbodi nent of a :
packet that 5 contains nultiple conbined packets.

[ q@IDIL] FEggueel3ibsaafiboucbhatt fhor ooneemhbddrnmm off a

thod for del a |n resyy hro zatlo i.nk_ . "

meﬂ:rﬂqqf Yot Y RS Ctth onIJa psﬁcnk a@#’ & Slngle -

peaiE ete. [0012] Flgure 4 is a dlagran1of a flrst PCl:
Express device 10 coupled to a second PCl Express

h ble i '
QIS PofiRS Hothire SBECkRarRirFBTTRE Boadhlas e
cHHRAH SRR 1 Sdlseclmz{w gidedddl3] Figure 5is a-

systemincluding nultiple PCl Express devices_capablé '
of combi ning and partitioning packets.

014
[081dyr eFBINES a3 diggRafl oY APfRFEr ERF aaﬁaegpkééwgkﬁagéda

I t '
sy S Mesaa R el P dhens

| CODESORINATICON HE00ES]S [imtche fonoe me deferi ptamplets -

.t he purposes of 20 expl anati on, nunerous specific:

{o%aggllfl esst%£0%t&lé raff 9erat 9; prevbde: EXbQ@%QUQQVlce.
va

rstandi ng o I ous enbodlnents

-coalpﬂax:leruo tao S@m@rsklPlGIecEmprretSm dervti cet/h @tac‘tl'heieVlce capable

e R

va&hbu@t@mﬁ@dﬁ&eamﬁ @awmdesaﬂwhammumted or S|an|f|ed in
order to avoid obscuring the details of the various -

5100161 The fol L oW ng, e%&i#?éi?ﬂp@ﬁ%&ﬁ?ess :

_[Ogggjnp nt%% dt avf nFE® prBvt e &5 T

deRucpesespabliel lofs tdonbliging Homeperrt itthesd rexangpdlests .
shoul d- not" be construed in a 30 limting sense as they.

[O% 3]”9&1&£¥§nged to 3135%5% gP different data streams based
on the enablement of the combining function of the'dev1ces :

in the system of Figure 5. .
. DETAILED DESCRIPTION

[0015] 1In thé following description, 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.éome.of'these -
Specific.details. In other instancés} 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_ekamples'should not be construed in a
limiting sense as they are not intended to provide an

exhaustive list of all possible implemehtations.
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exhaustive list of all possi bI e inpl errent ations.
3 PCT/ US2004/ 014851 [0017] Various
%82§442)]§z7}her ein can be inplenented by using g%[rn%%oml"‘s’l '
machine to read instructions stored on-a nmachi ne-. '
readabl e nedi um and to perform functions in accor dance o
[t H  Vesdeusnsethetsond scAorgehhrEcidadapl Oendainkpnented

by N yde %34&¥ﬂ§uﬂ? éﬂﬁtiﬁgtfﬁé%ﬁ S §€oBkd @ﬁoéeﬁachlne—

and/or  transm t ormatlon I n ormrea

rqaﬂﬂhkﬁ;mqﬁ{pm de4ﬁnnpﬁmﬁqrmFﬁun@ﬁxmmﬁelnaaccordance with

H(-%%?/D, ra%%rg%ggs %ﬁ%ﬁ%%%{%déﬁfg ’R%E%IHEHRQ/U@S éHY

- mestloTaigEn nEth @, poptided | 61 0y agesthedi @, afdash teapsyids)
' _1r}dteormaecs and, el ectri Crae!adaciflt' Cb‘élg 15 G 11'1ecateo _otger o

O?n pagacf ed si ghal's carrier waves,

_conrﬁutaﬂe)d. SHgnadsgmpalred H gmacﬂilrsa—g:rmal@a)bleﬁ QBB um includes

Re er ri ng nowto ure 1,.a nethod for conbi
re3H ey T e RO ey e s S o ot Rl dpagnetic
dltd‘katstolcfag’ﬁ enexing icati oMt hstebpayd incad By ; pf pd ©ic ahemory -

ichengt PR S AT MR e

ofapridpegplteplditgh0fs @orpi,nedk packetwavd D01 frared

Identification |nforrmt|on for each of the conbined

 sigfadgek &g |dsl%fté’sler5\}éﬂlailr? the single packet, at" block .

12. I'n  various enbodi nents, the preservati on of

" [cnoder]t lﬁéﬁé‘it?ﬁ% h&fJO{dSmi‘iQ{iré ngl udese PRbAL @bk BBmbABing .

" headers of each of the conbi ned packets w thin the:

paskngFe igackern | D BB et a, men e L uve ifie soF RaG Rt Bithat

d fi iz [ hnf 0 Si.qul an I
arg! %Bhkl%é%?tgnb%:lﬁlhng pé?;etaés p[Q‘C‘?OZ % Fi %rée 2. Eo lePress

-arancemewplee oty s mgmlﬁa@@etketoont%mmg@l@/mmket is. -

| cofigtbhed.pagkers, Shectilaallon o ngle pRagkel e

20

.25

30

eader pac ets
combduadapa;tket&e_ck ("CRC') 20. In various enbodinents,

.[0019] Idehtification information for.each of the combined
'packets_is preserved in the sihgle packet, at block 12. ‘In
various embodiments, the preservation of.identifiCation

information includes maihtaining the. headers of'each Offthe-

combined packets within the 51ngle packet In one

~ embodiment, the preservatlon of identification 1nf0rmatlon-'

'occurs simultaneously with the comblnlng_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. 1In Varlous embodlments;

header 16 contains an 1ndlcat10n that single packet 14

conta;ns ccmblned.packets 18. In other embodiments, the

'indication.that single packet 14 contains combined_packets'r
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30 header 16 contains an indication that si ngl e packet

.Vﬁﬁémﬁﬁnﬁgéns conbi ned packets 18 In other eﬂbogéﬁﬁgiﬁmmlﬂﬁl

_ ation that single packet 14 contains
conbi ned packets 4 fi- 1 J WO 2004/107713
/014851 be | ted el
L RSV Ry LPaThes G R RELSi nGr - packebthar FAGRYP) EiHnin

'n O
stogbenpdchacket .18 i ncl udes header 22, data field 24,

and CRC 26. Conbi ned packets 18 may be idertical 5 to
er or _di.stinct fraom e anot er For exanpl e
[ %ﬁixpr s G Jf? PR <2 mitffa "hf1

- faekd 24ansadtCRO ﬂepen@embmaadpaayebg conibpedei Dd@AY ical

ce the, various_enbodi nents place no
t?e%?$bc??%ﬁ§ 9h Sh%tl EngFOTnOQﬁl%ﬂoaﬁ?FereﬁPrpQER@PIGr

.P¢ﬂp@£pﬂ@§sb@tQPﬂ@éﬁeﬂlﬂﬁeﬂéﬁﬂlﬂyﬁ@@ §tnghexPackenich are

0022] Al t hough not shown in Figure 1, various
WW derfngeRt et oMU neP RN addi B i ahul manner

siead Wes . v 0T 0 @XM &1 i mONES ﬁfﬁbé'ﬁ&lfegéffgﬁlbﬁs o0 the
created, the single packet can be sent to a dev

MAn}eh| it ofh ks hi fRFeiHd RReke t i bypay nEy pia%kfe@sblmﬁd
wide erRdi |t e thessiingl e packet could be sent over

a PCl Express bus. The receiving device can be, for

exanp a PCl Express root device, a PCl Express
[Qﬂﬁ%kﬁﬁlBhouﬁhPGPtEﬁb@@gslpeFlgheﬁaﬂ deeir¢ensErabpbéments

_ f h | ud
o0l B rRrene L RAAN Al AL OIS SR cvamore,

her.s

-.Ol’lﬂ@céilh@r atied 1@ mh]k(ES: Fi@rtcrea[t@ﬁQ,S)tHef gireyreeqed akdlg can be

vige ever i.ff.erent events, can .
SRt R e bl e A Ching
paskeglse pacmk@me tehE)osi\Am;emlt ,MhesigipIL o Quilcked cAERD be sent

' ket .t d t I 25
oo R R B PR o Hene G AeBCY 4 S8 For

€ SW
exampﬁactarPCI Express root device, a PCI Express: switch, or

~.a PCI Express peripheral device. Examples of a PCI Express
'fperipheral device include, among others, I0 devices such as

'Glgablt Ethernet and Accelerated Graphlcs Port

[0023] If the receiving device is a switch,-seveial |

‘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. Alternatlvely,

25

30

the switch can partition the Single packet (e.g., extract

_the combined'packets) and- send the extracted packets to an

approprlate destlnatlon

[0024) In various embodiments, the switeh uses the header of

thefsingle.packet to determine whether to re-route the -

- single packet or whether to begin eXtracting’thé combihed'

packets If the packets are extracted, the switch can use-

'the headers cof the extracted packets (e.g., that were

R
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pdlaiGE-a 1l

the combi ned packets) and send the extracted packets

, ropriate destination. [0024] In vari _ o
‘gﬁﬁggpﬁgﬁ? the switch uses the header of thggglﬁﬁwgmkmbl
packet to determine whether to re-route the 30 single :

acket or whether to begin extracting the conbined
p’%a‘@%é{ SLY IRTQ¥RCfRitketd F e BRI RACY TS t HRCRWPYERERRTD

pég%éttgﬁbdmﬁuggfgéﬁtthe extracted packets (e.g., that:
were 5 3 WD 2004/ 107713 PCT/ US2004/ 014851 preV|oust

reserved) to determ ne where each extracted packet

1 | dHpEeEent . l[fo@Qs] rEcRAVANT PRVERE AScéi WafgPpheral

AR LE dife & i gsaalet K EE: s i1 51091 Lo PLYEN and the

woul d sinply el ved and the s conbi ned pac

ccésharrm“t acadlmtmﬁmzr@tsaﬁ s&b e/ RN sipes § horer Ay the '
L:The nmet hod shown in Figure 1 can also

e extende By~ ‘coordi nating the conbining with the
~resynchroni zation of a communications |link. For -
[Qﬂ&ﬁkﬂ@hE|meEhdexppess;nlFnbgrgolbeﬁwe@ﬁS@e@Ecayﬁﬁmded by

et t.Q hased me 3 thr

ottt o e b L M TS T
cdmmmdudaﬁhd%henakhaI|Hﬁ¢|exampﬂny(ﬂhtRﬂxxEWpreas;nllnks

der t /1 t data, the, |
b é’g‘?ﬁ’cm%aﬁ%%g \é%ﬂe(rll:%g%grtl |t3pa Ra%reeq@rg%ﬁo%f some

‘thiratseRQ)yl Retiween a he .14 i l’gﬁﬁe(tﬂatﬂé}:ﬁnltrfe’ﬁ gehei dd rﬂKfS:thQaJd:ﬂlvn.ty

be powered up_and the _conpletion o

- Oof EBgndArbni-zafiheR. Yoo A ivars &fﬁ@%l%rﬂ@”?%k@ in

or@@\falﬁba%c@flvtemﬁc dn¥rarertatd attﬁ‘ﬂ;cld iR itk byre synchronl ze.
_ conbining packets prior to and/ duri ng

 NeFgSSAcHLINI FRETEN 16t 3 FE TNk OF ARG BRI fRe

m%@cra%-i}éﬂc '%%' 280l QN kS AR iNYduwe 8] ayethndhene -
additional latency caused by an intentional- delay

'1 COEB&ﬁﬁﬁQ@e@ﬁsK?SaPI niggdiitdronal tine for the

conbi ni ng of packets.
[0027] Various embodiments take advantage of this 1nherent

latency period by combining packets prior to and/or during

'-resynchronization of the link. In other embodlments,

20

_.resynchronization is intentionally delayed. The addltlonal' :
-latency caused by an 1ntentlonal delay advantageously allows

addltlonal time for the comblnlng of packets

'_{0028] In this regard, Figure 3 is a flow chart of one

25

embodlment of a method for 1ntent10nally delaylng
resynchronlzatlon._ At block 28, avallable packets are

combined into a single packet. At decision'blockIBO 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 cond;tlons '

have not been satisfied, the combining of packets continues

‘at block 28. If, however, the necessary condition or

conditions have been met, resynchronization of the 1link .

6




10028]*In this regard, Figure 3 is a flow chart of one
enbodi nent of a nethod for intentionally delayi ng 25 .
WQHIONLHBhi zati on. At bl ock 28, available pack%@%Uﬁ%‘]@m“&’l
conbi ned into a single packet. At decision block 30,

it is determ ned whether a pre-deternined fixed

- prammets,ofatt i dlas?2 el dyserl Ered/lomka i\ nieaim donbnheed,  the

10

15

T
- isigoEede ¢ diSEGOAR St Vit _
" aHReA, Olemso R Afcd eV ayd ol ot hads fp1dessirided above.

r}Ms_atisfi ed. If the

. Jpacket sj.ze t.hreshal d ' '
S o rpeagkcegcndist ion ar?soal%)cﬁgns 30 have not been

ui i'on dr condi
- satisfied, the conbining of packets continues at

[a029dk BB8guté, 4hehevera shephéfesdadyagoadi bifonwor devices -

condi ti ons have -been t, resynchrqnization of th
thaAEs WO 3664 167 PEF T THE Fe ol fEnogs
dd¥ G avawee t pddinki dsl Ines yfnictrtorBzedxghess siagles 36

acket. is sent, at. hlock 34. [0029]. Fi re 4 shows a
%éjgeJltq?a% an b2 sedto

Specifically, first PC_Express device 36 is coupled’

.E%%@Céﬁ@tpgeﬁ 5rress B{evi rEES. AV IGLCh SV ,nd a PC_I.
E:8Aeh d8wiGenean 1baaneof the followi ng: a PC
| gp

ress root. device, a PCl Express switch device, and
a PCl 'Express peripheral device._10 [0030] In_ one i
1093084 di Ferrne cIppe@iment andepadssi Bf y (@Rdi Resagplyj gevice 38)
i sC R 0f, £CQBRINING A PlAld itk Ofo PSS 4 hala@re
lscon‘%lglbgr?t E)v];/i t%h PCIn- Exggr es?s%t into go.s?i ng)l%e packet ‘?hatj_:e
compligofpliight Pt BxPCe s gindss aasdNadist Fiagdet that 1s

cofTTEht AL ReT BRI B o e Tre

ingomgléipacketr ewech afPChebxmmbssied peicked sdevikayBg 36 is

 21G00RLPRKT 68 38,9620 G LOWNG L BE Y 00T Express.

recei ve evice anot her
liBxptesgedévec8f. extracting the conbi ned packets from
the single packet; and 20 sending the extracted.

[Dagi&et[?e\}iocearﬁ FPPLQ a(;ggigfe dé?%ﬁ':é‘@%ix‘?& the single packét,

':receivéd from deviée.36, to another PCI Express device;

.”'extracting the combined packets from the single packet; and

20

25

30

éending the extracted packéts 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'thévcombined packets within the single

'_packet,

. [0032)] Deﬁice 36-ahd device 38 each include.pqrt 35; which

”_is'a group of reléted transmitters and receivers. In

'_ vafious-embodiments, ports 35 should have matching
capabilities (e.g.,.both ports'35 should be able to combine

'and partition packéts in both an upstream and a dowhstream

direction, as necessary). In the embodiment shown, there

are four lanes 37 betweeh device 36 and device 38. A “lane”

is a set of differential transmit and receive pairs. The

7
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- 8ISkt er € -&ha r&ﬁf&?’é’es?nl

1n various enbodinents, the appropriate desti nation is

_ “ﬁgﬁﬁfﬁ‘gﬂlﬁed by the header of the single paCk%?ﬁ?§£095fﬂl4.851'

r for each of the conbi ned packets w
t he si ngI e packet. 25 [0032] Device 36 and device 38
each,.include port 35 which is group of related : '
LRl Bus Srb e Reht stefers
tPAdS @ shaw)d e e hing r capadiddinast {©€g dlanes.
both ports 35 _shoul d be able to conbine and partition

ackets in both an upstream and a downstream 30 .
FHct FagurasSnebevsaryFySER™ hBAENBBGLHERE SRGMRLLCS

cc!irf’cerrcﬂl&”i}e;f oy A:3N8s pir helyeals dew 6& 36 and, df?é{bEe-qO)

l'ane” “is a set of differential transm?t and
CQ‘%C]@Q/etOp&ir@hlﬂﬁe CONND 2Ry 14577 B PCT/ 19852004 / ]@CiﬂSE@reSS

t heir

det\}%TdE le' 'E;k (s%lg:ch Ff)lg) EXpl‘l?es%)}étgﬁ a'%l,ssdjsler{jcﬂ%@é ncentral

ers Wo (or- nore) ports -an

_ 'inmmgneﬂcltlltnq“lcéﬁléé 47 0088l gm & ® s s rmers«ysr et

| t o
COEE) gss%%dg\%%g Q()apllle%%ca?oé}h:{%%lgxe{ D ﬂloe[cgrtag%w:mch 48.
armbreinldplolleut 4@, cang lads gcorak iRCh B&or esbsltrdnwfcerqcet g40 is

st em aI S0 .ncl udeﬁs cent:
o

STV 88 g HAHIE PLEBOTE 43 BHUBIE o WL T THenRPTise

a %mo@@ul&|o%@erlEeQ0hu‘&>0 (d .egacycanipeilddd caypled t® cpu

svmtch 48, and endpoint 52 coupled to switch 48

42p ﬁﬁéaaﬁcnsospnﬁeolléefo o g Ninde aheht th

coFi*tQ}lebll@;e@ hii80t(e4@ . NBY RS eadlii’éigﬂe)d Nt Ii@dreh
north bri dgﬂe} coupl e U 42, graphics =

bré@ﬁ?répgeF°46Wl5ﬁ§ ferory 44) and an 10 controller
hub (e.g., south bridge coupled to the north bridge

100341 o LN AR 35 {00344 R0t cA0.80d 5 LaDL8RCAEng the

apabl e of 1 nplenmenting the nmethods described above
me&eogs desrbihfAgabpaet i(&i emrngomeﬁ@mgoueaﬁgilﬁa@mrg: and
rohttﬁg gsckeegpm N5 Ryl $ el %Qsdg)@%t&' 820 5 TR L IEPAEIE of |

vi ously descri be However,
implementing the previously described methods. However,

legacy endpoint 50 is not capable of . combrnlng and

-partltlonlng 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
en root 40, the packet stream on line 47 would appear as

Stream 0 in Figure 6 (e.g., -each packet sent_separately}r

‘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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- .25
o various embodlments as expressed by the broad general

| egacy- endpoi nt 50 is not capable of conbining and 20
Figure 6 shows differe

‘g‘grt itioning packets. [0035]
2Y4dPT3ns based on the enablenent of the cBRHU ﬁ?‘“ﬁﬂo”s“]
function of the devices in the system of Figure 5.
For exanple, if conbining is disabled on root 40, the
dpackedt somaandnt hé neodyi mong doappeal i@y %n@foeam 0

eﬁ’?rﬁﬁg?‘gul[”?%e ée‘b}g‘? a‘il%g1 rans%‘gﬁgl oﬁ{% S:gc‘ﬁ pac ? r%?%s the

-'r@@@f@édit;ai@k@tti ]:Seﬁiuécﬂldﬁ]g tidescrapedo@hoayee deosnesbtibe. In -

ansm ssi o However

tie 5%%%‘1! a@%r%?%k%ﬁsuip%%%ﬁ%% % +%o%£ﬁ%am Lo Bt gRmeined

peﬂ@kelag@ot: efnekpon PiréZdeﬁﬂen@@CK@ié ]Séqsﬁay’n@}mﬂad)ﬂﬁt45’0, and the
woul d appear, for exa tr 1 of F
PRIFFHCS TR i P Ket’s %b’brzg%r?%‘?gﬁgcmlﬁ% tﬁﬁggdf‘%

. eSdE&in® M0 2004 07THS FEIkLIS20044 A1 A8H L] i Aest b nabioa,

and the conbi ning capability (and/or enabl enent) of

ARPRAGEAT | TGN Ueld B - TIP t CHNAENSP RESke e PECEIgEEe 6/

' hei p o) '
aﬁ_g&géagoewt paci Sn APPLOPE | af &y dest Sg%gegf s bPream 3 of

ets appearl ng as In ream1

 Figueediined 5 packets C and D are destined for Ieg_acy

endpoi nt 50, and the packets conbi ned to contain AB

GRS, o5t haelnLohe AAROLAY B2y; T0USH I8 o5 ea

pac et gt ream on |ne ear ~as
he(® i, the aﬂﬁmamhqa_,ackf‘etcsertﬁmflmﬂ'r estemndcamebe .

PR 40 et et o SLean Al <.
natevines rdi gelosat . hareiny diree efddwirneyeof et at e

%Sﬁs l%%bsgr%l%ﬁaﬁg%??%ﬂﬁ% ﬁ«bs%%gi\élgtr% chipset

s @ ratdey, gﬁbta:rtmel&za\mﬁjh the gheatdry Qlitcreased, which
I SC

enmbodi nent’s

PESHUT? BIATGg@ansdridth i99 2& iwird SYr éddly §

osed herein are used in a% set
sed,

- peMiipiRrals in the same device.

~ [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

B meanlng of the terms of the appended claims.
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permts nore bandwi dth to be used for high traffic
peripherals in the sane device. [0038] It is to be
under stood t hat even though numerous 20
characteristics and advant ages of various enbodi nents
have been set forth in the foregoing description,
together with details of structure and function of

t he various enbodi ments, this disclosure is
Climsustrati ve only. Changes may be made in detail,
especially matters of structure and 25 managenent of

out. departing fromthe scope of the
var|%ﬁgméiﬁﬂw (H&ht s as expressed by the broad genera
n*eamon'glnmg aphealityef paskats thathaee @p}p@mﬂg@ Tlbegl panputefbus interconnect
pr&loain mﬁa a smlgle pacwéethbtqycc%m ey tﬂélsanwmbd&l ng a plurality

c orrp‘tﬁSSP""S LP[§” q‘ﬁ?té’P &”é%ﬂgg’{‘ for %a%‘r%{"% E‘E{Fb‘”eﬁtpsc"ﬁts g g single
pasketieet that is conpliant with the sane protocol;

pr eSe@lE{’Hg %lnﬁlgeﬁiﬁr‘i ioﬁh&%le@écﬂeﬂfo%&@k'tmthBQBmlﬁﬁéBrbanetstJP@
thin the single packet; and adding

Cong'ned‘ﬁ:ﬁ%ﬂa es'n?‘? %ac}i‘”%e singl e packet to indicate that
the conbi ned packets are contained within the single
2.packeb me#d 8 cidine, WRIrEP8dHg cbhaises: 1, wherein addi ng

conprl n a he der 'to the single packet.
'thaC% tar?g?léergﬁ% urther conprising: 15

sendlng the single packet to a device capabl e of

3. con‘onhe hﬁ@lo@&dﬂeﬂﬁﬁt fulthep Bbiigisipgcket s. 4. The met hod of
pac ksgrtxd?’ irig the dsn@'lqe rf)(imke? H)p anéeewge %agﬁblg gfecoﬁ\l:l{ug? andgpaﬁ{tlﬁrgng packets.
deV|ce 20 5. The nethod of Caim3, further

4. CONMThé fiethgd of o’r@aei nhtRg cdniiisig:Ngl e packet; and
ext r&%wm&%e smgle%gc necFI packets.

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 (“PCI”) Express link, and (i)

during resynchronization of a PCl Express link.
8. The method of Claim 1, further comprising;
delaying resynchronization 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.

9. A method comprising:

10




10

15

20

25

30

35

25 6. The nethod of Caimb5, further conprising;

sendi ng each extracted packet to an appropriate
destination. 7. The nethod of Claim1, wherein
conmbining is perfornmed during at | east one of a tine
(i) prior to resynchronization of a Peripheral
Conponent Interconnect ("PCl") Express link, and (ii)
30 during resynchroni zation of a PCl Express |ink. 8.
The WETYiR Biglamagkatingt is pameiignd withod RpH FYTREPT-DerdNigRFPIgSt
ploBYtEdsieyN paakdt Odhtaidingan gReslind esnalined@BR@BaRd a header to indicate

th%nhee £ %ﬂm‘&@ E%ck% BFe%%ﬁa.Léd&)ﬁthR%e s%l%ja CI%E egtﬁ'nacgr‘nbgg:ﬁpagﬁet gelng

C‘g'!'Pl'X%t t”ﬁ*? @g B@TeProgep! gnd I]an%pﬂglacagmfp[ngtlﬁgassqqgated therewith.

receiving a single packet that is conpliant with a

18, 0C A neGAIRMIPERRMS rMLSLAARPEEL  protocol , the single
packete cont al nlrangﬁt@ %rur apﬂ 5 of conbi ned packets and

a heByiap theginglzdp adFH%FtCOt’H’{%’ ®8kH¥Fned packets are
contai ned within the single packet, each conbi ned

1Packeis n#bgdoﬁgf?ﬁw drtﬁé}tco%rkrﬁ the sane protocol and

haV|%&F entification |ntormation associated
t her@WRTIRY ths campinedpacksisBdh ot e PeFRlo, furt her
conprising; routing the single packet to a device

12 OUPH el s A% 11, dver G RLIOD of Clai m 9, furt her
conpri si ntg xtract | na%ﬁt he ‘conmbi ned packets from

t he %‘?F‘i’ﬁ'@q ﬁ?ﬁ'@ﬁ%‘ﬂ packefoto i REPTARSPIRSESHRI® ai m 11,
further conprising; sending the extracted packets to

3an q@pc{pgggtlugggnpqlgiﬁ dnation. 15 13 An appar at us
Peri pher a onent Interconnect

I rsS
( Pd PE‘E‘?S‘F@E‘&"%"@O?’E Bteecopagst P%'f Rt daviRgcagable of
pl urcalnbmnylg o blupig lobriasketditast ager @mplismplvithefftl Ewpreds iGCh single packet
thgwoﬁlﬁl%n{ W@ E%rgﬁl lﬁe Qﬁgﬁg SécketttJ]tgnta'fnsidé?\@ﬁEQﬂdn%ﬂ&m’n‘éﬁ&nhor each

EF acket to
of ST PR ot T SHER Be 1 searer WAl el omLies
Papigeticee sommine mithit the seginghaetpacket and a header to

| ndisgadg tamﬁgléJbekéigmaﬂ@da%%s@mﬁk%s are contai ned

W thin %’92’ ?En"%ﬁ? acket, and sendin the single

pacReEeBIEF dpyss ioeeiys g sindlgRpcERts o cond PO

Express device to receive the single packet. 14. The
14appa'f1@5éb§ra@js oftainm Sls?bherm We%spPéllTﬁ( feld &dvicP gm;ﬁg&r dne 2f a PCI
e ooy L T U e g g%vr&eﬁaﬁrgﬁgﬂ' i, S e
seqpof |P§h§xpm¢ssdiewc93®mpa$ed opfef a PCl Express root device, a PCI Express switch
device, and a PCI Express peripheral device.

15. The apparatus of Ciaim 13, wherein the second PCI Express device is capable of at
least one of (i} routing the single packet to. another PCl Express device, (ii) exiracting the
combined packets from the single packet, and (i) sending the exfracted packets to an

apprapriate destination.

16. A system comprising:
a graphics controlier; .
a first Peripheral Component interconnect {"PCI") Express device coupled to the graphics

controller, the first PCl Express device capable of

(i
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second PCl Express device conprises one of a PCI

Express root device, a PCl Express switch device, and

a PCl Express peripheral device. 15. The apparatus of
Claim 13, wherein the second PCI Express device is
capable of at 30 least one of (i) routing the single
packet to. another PClI Express device, (ii) extracting
the conbined packets fromthe single packet, and
(iiigombengiaryralive’ eacketatbeterie prmplant ity Bgeﬁ%pre%ﬁﬁpfp 8pinplapecket
thelas Ednip@idrit Qith PdleExpnee§ Bhétsﬂﬂﬂe PaIRPHtb Sdrith idendfcafiondfifedAtichTor each

of 1} Eon%LnE%ack&s w;khgp the & I?Jlé Pa'%%{t %!ad %94’5@%1? H&cétﬁkg{ FOR S

Pg@b‘ﬁ??FSICP’é"f"”e"t"ﬂ‘B'"F*lersg‘lg'eP@}ke Mt ess device capabl e of 11
comhsendingtha sipgielpackétioyerafPQpagdtedssnk; bt are conpl i ant

wi th E %no@iﬂ Eﬁ% &dg%c% 8 re%le Ogjthg SEF@& E?(:?( that is

corrp fant” wt press;- e packet to
contain identification informtion for each of the

10 anrreeqlstmcﬂmm 194 vilareih thdirstRQN gkeespaek@icompitea oftadd@Cl
[ {
E)IpPetshl {cg a ﬂEﬁFer&% fPJimJ‘eQ(Eeg a%cpéggﬁéxare@g ;%n&%péﬁ Q(-{E\n:%dand the

W e sin a e sin
seﬁ%{@w&l gRress dgwmomg&ﬁgp @g%of @RSk Expé?f.a ropt g@@sﬁﬁﬁpress switch
deleixqpraed s PGemipess p@ipheseeve. t he singl e packet. 17. The

systemof Caim 16, wherein the first PCl Express

device conprises one of a PCl Express root device
18p B8 ﬁyséegréofg}ﬁlm d& v@gwndl&e segorgl PCI ﬁ&'l’eqﬁ*‘lﬁ\ll@sﬁs‘ capabte of at Ieast
onpef i)phrein@ihe diegle mketmdnotrhEPCtE}prsmﬂe Ei@lextﬁxm_elsaacombmed
pagl%\@ fFo‘?n & gpcjié Ea%ﬁet Oal?u@ el‘?d rP QIIle %Qfﬁ&ﬁ&%cﬁe@sﬁb ag gﬁ’ﬂr&pﬁatea
Express sw tch eV| ce, ress
deﬁqé‘ra'f%‘her al device. 18. The syst em of C aim 16, wherein
the second PCl Express device is capable of at |east

190 ne Aﬂf]a&lnle-réa‘aéﬂlé Hgdﬁr# gon%ilrn%l lﬁstrgaﬁk&tnatt Whefd ré%éﬂ%ﬁ bE gnachme

press device extracting the conbi ned

cabsgéneewgchwmﬁeﬁﬂ@ %qeﬁa?f@ ARNERE; and (iii) Sendi ng the
ext rcaobisidg pelolelty sf Hackestha percoppliaat with adesit condtitenbus ift@connect
proﬁ‘oc%ﬁﬁt’é] lal3frgle %Q&@hhﬁ :él%ﬁ'nblkém \Fa@ﬂﬁeaéaﬂlerbgotécﬁﬁt ructions

when, execut e a machi ne cause the machin
L o BT EPRICBRBD DIRERUB P 4o ALihe SO BIBRBRSHF A e e Sngie

pagetipad i ty of packets that are conpliant with a | ocal

C OWHHJH%{ anhl'"r’cﬁcahmtg Eh%%fr‘uﬁl@ Ghokefth HaR&Rknat b orfbirtk Bgék@ts are
lant wth the sane protocol

|
°°'ﬁ?'%¢§e"¥’\'?l”ﬁ'@eﬁ’l§’@|ﬂaf3'?rlﬁ?catl on information for each of the
conbi ned packets within the single packet; and adding
208N RS HreRadhle B3GR bPOLE RAGKSSn bRidgRH ifoRhfon ch@brises:

t he copbi ned packets are
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:

12
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25 contained within the single packet. 20. The
machi ne-readabl e nmedi um of C ai m 19, wherein addi ng an
i ndi cation conprises: attaching a header to the
singl e packet. 30 21. The machi ne-readabl e nedi um of
G aim19, wherein the operations further conprise:
sendi ng the single packet to a device capable of
combi ning and partitioning packets. 22. The
mac hiepdoadegsiePagiedialtn of O ai m 21, wherein the
oper atra@ng the dérhtneid paeaRIbase on teagRitiitbiy iffdt@asdnngl e
packet; and 35 sending the single packet to another
device. 23. The machi ne-readabl e medium of Caim 21
24her Bienachige-sadablerTosive o (a3, Weeirip thecgerations fyrBereoppisg:
t he shdig] eacpaaiketd paRel teart dppobiiagddshrati@onbi ned packet s
based on the identification information. 24. The
machi ne-readabl e medi um of C aim 23, wherein the
2% per REMFRENG-5R{aRIsrmedymA Claim 19, shergll @pminiaade Rerforpeddipiaget
legxd arheadf atime S prapp rapichahizatde st 4 Paiphadl Cobonehtisterconnect (“PCI”)
ERREDICarlitR AR CoIRAHELRH ol AEMEhdss ifRET €1 N cOmDI i ng
i's performed during at ast one of a time (i) prior
to resynchroni zati on of a Peripheral Conponent
26l nt ehe orrptectreddaPEietiumiok Slais 9, Wherkin th@mglerbiidng fuetbericngprise;
r esyd@%lﬁﬁg?n%b%@ﬁrbr@ﬁtlm of% FP%he@FQBrﬁﬁﬁerlit'l con;llgzt %gnﬁes-ghﬁ( based

machi ne-readabl e nedi u
ONGHEPHPTONS TR aPoEpt & Hﬁ%?ndsaemmmwgq cgspplﬁ@d packet size threshold.

resynchroni zati on of a Peripheral Conponent
27I nt q{hG RRINEE Lt Er%‘@rfeetﬁ &Ia‘n‘lg* 9RAFE dher@R 1Rl clalecﬁnz‘nb %er@onnect

m ni nmum conoil ne

g SEE 2 BrReRS ??ompfgené'ﬂtefﬁeﬁ@e%%%&stsawmahe o d ai s

1, 9 or 19, wherein the | ocal conputer-bus

28' nt GhE RS &t anPBrQet&P 9IQilns'1 Sg & 1@%!’19@\?%@005@5@% RLs interconnect
nt er connect ) Express protocol. 28. The nethod

'5%?m%ﬁ?mﬂﬁ8mﬁ¥'clalns 1, 9 or 19, wherein the | ocal
conput er-bus interconnect is a point-to-point

29pr Ot'rﬂé.‘ QLJthoa?& aR@aneTﬁ@alﬁi@H hé)g' 1@fwl'%'|"5{n tﬂ@@ngﬁé pé&l«ﬁ'léﬁ at:lieasga
he sjngle packet is of | east

m"H‘i“H’F ﬁ'ﬁ?ﬁeg'i"?g f‘?rga'ﬂﬁ"l’%l?”f or transnission. 13
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