WO 03/ 042519 09/ 05/ 2006 METHOD AND APPARATUS FOR READ LAUNCH OPTI M ZATI ONS
N MEMORY | NTERCONNECT FI ELD OF THE | NVENTI ON 5 [0001] The Pregfos5/2006
i nvention pé‘&%"ﬁ%ﬂf’o menory connections. Mire particularly, thé present

invention relates to a nethod and apparatus for the _optim i,qn of menory
read operationME\Tll-mDé«M)ABBAE%TMﬁF ﬂ&%h&qwfﬁ%ﬂ@}mwﬂég$é@nnect. 10

BACKGROUND OF THE | NVENTI ON [ 0002] As m

croprocessors becone faster, the
need for faster nenory interNEM@EtYs|N|TE&Cé§§'é§CTM croprocessor perfornmance

has increased dramatically. System perfornmance has generally not kept pace
with the increased performance of mcroprocessors due to a variety of

reasons. ONEELBAPOTHESINVENTION nechani cal nature of nass storage devices
such as hard disk drives. [0003] Another area affecting system perfornance

I's mMenory ephiNalThé Prdseat investiopieresto menidry sonmentiops.ndipreonsi st of both
ext er nal hi@h-speed cache and external generally |ower speed, but |arger

in size, naj 'é]fFéFBr/]' SERTNENtion rébe i@ metitatband apparatys éorlteg ency and
i npl enent gﬁdgtrll co wgﬁ?y that affect 20 performance. The ability to reduce

| at ency and_r i ' |v@xielay ladrgehmiafizatioas in Mepedt ocol
S TR 2 S0 e s

W th optim I'ons rconnecting with a nenory is also. beneficial.
WO 03/ 042849, PCT/ U§02/ 36040 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004] The
present i nvEETGORCYs i 11 ustrated by way of exanple and not limtation in
the figures of the acconmpanying draw ngs, in which |like references indicate

) 10 BACKGROUND OF THE INVENTION

[0002] As microprocessors bacome faster, the need for faster memory
interconnects increases. Microprocessor performance has increased
dramatically. System performance has generally not kept pace with the increased
pen‘orma'nce of microprocessors due to a variety of reasons. One reason is the
15 r;'rechanica! nature of mass storage devices such as hard disk drives.
f0003] Another area affecting system performance is memory external fo the
micraprocessor. This memory may consist of both external high-speed cache and
external generally Iov;ler.spéed, but Jarger in size, main memory. ACCesses to
- .- ) | " external memory may have latency and implementation compléxity that affect
io pérformance. The ability to reduce latency and reduce implementation complexity

" is beneficial. A protocol with optimizations for intercorinecting with a memory is

also beneficial. -




simlar elements and in which: 5 [0005] Figure 1 illustrates, accordin

one enbodi nent, a network environment in which the present 612% )(ﬁ %@506
be practica¥Q0}0@®8] Figure 2 illustrates, according to ond’ odirnent, a
bl ock diagram of a conputer system [0007]Figure 3 illustrates, accor d| ng

to one enbpgifEpESCRIFEON DFoHE CHAWINGS ace; [ 0008] Fi gures 4A and 4B
illustrate two enbodi nents for a read request packet preenpting a wite

request pa bschit BYERL i liludheabyvaesiaxamipgaridnatiiemitatidrodi ment
di spat chi ngjﬁg%] egﬂg%? Srena request to rretrtr)gry,y&?LTS [0810] Fi gures 6A and 6B

I ITustrate ttﬂ@ftguqug‘a'f H%rﬁcéoingénﬁﬁggfd%ﬁng% irPRAich Gkal Fefercheasligticaie0011] Fi gure

7 illustrale ccording to one enbodiment, a menory port interface;

[0012] Figu t ccording to one enbodi nent, a nmenory port 20
protocol ; Bﬁig?le |§§\'réen%dﬁ§ﬁ%strat es, according to one errbodl ment, a flit

requi ring fboggf 3»;%@%&@ A EI RS 1chd LUSHFRRES: ndlGGAY di NG Lo anot her

enbodi ure ustrates, according to one

paylond i né ﬁ@%{éﬁ?! '%fé%%ﬁiﬁ%ﬂ’i@f*@?gm Bhaher, LU Lare 20

to anot her [o%gg]odli:%%re 2 |Iiius[fﬂa {T‘é ch%?c%g td° c5!1oet gl%%dlment a block diagram of a

computer system;

'[00071 Figure 3 illustrates, according to one embadiment, a memory port

10 interface;

[0008] Figures 4A and 4B illustrate two embodiments for a read request packet

preempting a write request packet;

'[0009] Figure 5 illustrates, according to one embodiment, dispatching an early

read request to memory;

15 [0010] Figures 6A and 6B illustrate two embodiments for sending a read return

header:

[0011] Figure 7 llustrates, according fo one embodiment, a memory port
; ) - interface; |
[0012] Figure 8 illustrates, according to one embodiment, a memory port

207 . protacol; | |
| [001 3]. FigureVQ illustrates, according tor one embodiment, a flit requiring 4
transfers, |
[0014] Figure 10 illustrates, ébcording to another embodiment, a fiit;
o [0015] .Figure 11 illustrates, _iaccordiné _fo one er_nb.odimént,'atempora!
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[0017] Figure 13 illustrates, according to one enbodi ment, a nenory conmmand
5 format; [0018] Figure 14 illustrates, according to one enpgplh%;&gﬁ,éZOOG
devi ce com¥Ed3/0f¥dtat ; [ 0019] Figure 15 illustrates, according to one
enbodi nent, a configuration 10 conmand format; [0020] Figure 16

i | | ust r at egjispMeAiHt B0a litk laper eidpajilowtin a fith out bound 1ink |ayer format;
[0021] Figure 17 illustrates, according to one enbodi nent, comon i nbound
link layer rhg{dat FRuts12 HibtRREL Jdctguing td@nbtHenstbadizent, acoem@NRPt o one
enbodi nent,” a read return header format; Figure 19 illustrates, according
to one embodigmeant, a wite [0023] acknow edgenent format; and [0024] Figure
20 illustrates, according to one enbodiment, a status format. 20 WO

03/ 042849 GEF/Y)L EB DESCRNRI) A, RETARRAOUANIQNASH, drmemiorpdommadppar at us

for the optiim Zat | menory read operations via read | aunch

optimz tiﬁgﬁ?&n menory interconnect are described. [0026] In the follow ng
descri ption; "f'or purposes of explanation, nunerous specific 5 details are

set Torth igoPhderighe §f Aliified dBOIARING dHRdRRdREH 8 dElics bemprraedent

i nventi on. however, to one skilled in the art that the
present invent it_on may be practiced without these specific details. In sone
i nst ances, A3 known :

N [0019] Figure 15 illustrates, according to one embodiment, a configuration

10 command formaf;

[0020] Figure 16 illustrates, according to one embodiment, an outbound link

fayer format;

[0021] Figure 17 illustrates, according to one embodiment, common inbound

link layer format bits;

15 [0022] Figure 18 lliustrates, according to one embodiment, a read return header

format;

{0023] Figure 19 illustrates, according to one embodiment, a write

) acknowledgement format; and

[0024] Figure 20 illustrates, according to one embodiment, a status format.




structures and devices are shown in block diagramform rather than in
detail, in order to avoid obscuring the present invention. y (?é', FR GOt
| illustrat®¥Q ¥ E&Mork environment 100 in which the techniques described
may be applied. As shown, several processors 104-1 through 104-P and
menory 106RETNEDIOESTIGPMGN e connected to each other via a network 102,
whi ch may be, for exanple, a conputer bus. Note that alternatively the

net wor k 1?12325] gl mehoarandrRppastusidr eepdptingtationlof mEneorreddtbabesatidnappar at us
descri bed 15 herein may be applied to essentially any type of conmuni cating

means or dguire&d 1aWhel Bstmik Qs i G itercbABhrddapdribe® 111 ustrates a
conputer system 200 in block diagramform in which, in one enbodi nent,

t he presengggoRyent i bh CBHourBYSesSHF ExBIEhatidi nueprsapaclit s a
Centr al Prg]gggjéi Agkﬁowg%)e%%ﬁ 'Rearc)iur%ﬂly I\/br)r(‘gryaZO (nRO\/) 206, Random

Access n@ét&%g@'@n@; @I in B A9 Brovide o mﬂgﬁmﬁg%@ndﬁwj&ﬂhe pregentkeyboard

224, pol nter aneous’ | nput/outp /0) devices 228, and

communi cat fnggﬁtg%ggts wi e e@fﬂ%nﬁ% %?g%o%%lgl% ih%e? SXHR b praBént Miventidri e of

such buses m bus,” Peri phér onent Tnterconnect (PCl),
Advanced G aphics_ Por Smal | . er r CSl),

09/ 05/ 20062 I‘aﬁ%‘&%@ﬁ%ﬁﬁﬁeﬁwﬁ%nﬁ g‘?‘ﬂ% E@%ﬁéﬁe\ﬁéﬁf&g@ aan -

El ect i Engi | EEE) stand b 94 ' ) I
Ser' al BusSTGAAFS BY BoVeR s oBR4n AR B BOLera ol axth e, STOHEE D

di stributed conputi n? resource. . Addi.ti onal ly, the subsystem exenplified by
the CPU 20@ avgi %g@tg‘@ﬁ’é‘?%mﬂﬁ@ b ot her subsystens, for 5 exanpl e,

e oniposts  Fiaway ietaes Anshary atborant 2L uBR el ST aed " e o
206, RAM 2d0e85,cri§édcr'nay be applied. As shown, several processors 104-1 through 104-P
. and memory 106-1 through 106-M are connected fo each other via a network 102,
which may be, for example, a computer bus. Note that aliernatively the network
- 102 might be or include a local network. The method and apparatus described
15  herein may be applied to essentially any type of communicating means or device
whether local or remote. |
[0028] Figure 2 fllustrates a computer system 200 in block diagram form, in
; ) which, in one embodiment, the present invention may be practiced. Bus system
202 interconnects a Central Processing Unit (CPU} 2.04, Read Only Memoryr
20 (ROM) 206, Random Access Memory (RAM) 208, storage 210, display 220,
- audio, 222, keyboard 224, pointer 226, mis_cellaneous input/outpuf (1/0) devices
228, and communications 230. The bus system-202' may bé for example, 6ne or
more of chh buses as a system bus, Peripheral Gomponent Interconnect (PCI),
: Advance’d Gfaphics Port (AGP), Small Computer System lnterfa'ce'(SCSI), |
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“however, this

| )  requested byte. In this way, operations may proceed in paralte! and/orina

[0029] What is to be appreciated, as detailed below, is that a nmenpr ort

interface and/or protocol that can speed up operations and/ %T/l?&‘% 0/ 006
| at ency 10 VEQ@B+28¢onpl exity is beneficial. For exanple, i e fea request

to a menory, it is possible, as is described below, by first sending only

that i nfor nasheR diMderical aneBRetonios Eaginedrs 4 BB standasholrober @8¢ual readi ng
of the nmenory may be started in advance of receiving all of the read

request. FOEirguaR! hivdréal efal W?étcﬁﬁﬁem 204 ety teheesinglerenor y

subsystem nmay beglin the reading of the 15 nmenory contents. It may be that

the read r erghllﬁ@te gpé\)éln\%e@g ib@tel Chptig RfsogrcsoAdditibAatly, the subsysleraccessed,
y i

yte on ntormati on may be sent after the addresses and

arrive in U aEdifEd b TS0 204 HBHL R A 8Os RibthepanBybibis, oequest ed
byte. In thi's \Bay, o¥)era ions may proceed 1n parallel and/or in advance of
others. Simjarly, I h i it adipe AR essed

menory fg a%&%l%lm%@?/@ ;ﬁ%ﬂé@@@.ﬁ?ﬁ%@@@ﬁﬁkﬁﬁ?s possible, as is

described belgu Lo send o oo ibElUENRARE, daAdMaRECPU Jacient val

data. This i'ce receiving ato prepare for it by
knowi ng that if. |s.com FqQr exanple, the read return header may have

i nformati orﬁst*é{\d f%ﬁe%ﬁwgg% e;Xﬁi ch read . request the comng data is
associated with, and allow a device to, deternjne.09/ 05/ 03/ 042849
PCT/ US02/ 3dBORET wiidiet R@eaRPIEGES -@sgd@?%fgﬁ&%%s tgﬁafg\vgeg?&%ﬁg\?endi ng this
read return header information in advance of. the ‘g[pt uadél g?ét?ncthe devi ce
has time tdniggaes ander pREPCOLB3L $HLIRSSH UPAPCIAHRNANY b BN PR '9Y et ual | y
aryives. [0030] Figure 3 illustrates in block diagramform on%qpigodi ment
of a melfor andBrporplaxify isrienedcialo 0 or eamples NehisadirRravest 1 AFFRMY Y " Port 320

is a fast and pin efficient interconnect between a pr oc?ssg{ {Svm thin
Processor Iodsibie, 34 &) desedbed elow, by first sending only that information at

needed to launch a memory read the actual reading of the memory may be.
started in advance of receiving al! of the read request. For example, if the
addresses are sent first then a memory subsystem may begin the readih_g of the
15 memory contents. It may be that the read request only wants a byte out of a word |
that is being accessed, however, this byte only information may be-sent after the
addresses and arive in time for the memory subsystem to then only send the
dvance
of others. Similarly, if the memory subsystem knows that it has accessed memory
20 and will have a result after a. fixed time, it is possible, as is described below, to
send a read retumn header in advance of the actual data. This may aliow the =
device receiving the data fo prepare for it by knowing that it is coming. For
example, the read return .header may have information that identifies which _read
_'_.request- fhé coming data is associated with, and ailéw a device. to determine )
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| ocal nenory (340 and 342). The protocol |ayer of the nmenory port interface
(sonmetimes referred to as nmenory port protocol) is independ%nl_t 5@598@%%/2006
particul ar WOEHBtEH% echnol ogy, thereby isolating a processdic 1O/ A renory
technol ogy and 10 future menory roadmap issues. The protocol |ayer has
speci fi c f adtare dise dathds toggohefore indrrives. sBylssndingthisareat! ectuechesgeanong ot her
things, the latency of nenory requests and reduce inplenentation

conpl exi ty.infbAA&idn imheviicead sisoactivbididts 1B Qeviey hiwiitae tntietefraicedhet o a
vari ety of other devices through, for exanple, 10 302, the Menory Port

320, etc. TeetiNidBIyr thd daBdsdfo@dPadtaaliykerieansi dered a private interface
froma processor nodule 310 to an XMB (eXternal Menory Bridge) 330, as

shown in Fijges® 3righhes Mh&ra389in ek &Q%W‘eai friRe BRI GRBF & phdnsgry 338 and
interfaces to native nenory, such as the two banks of DRAM 340 and 342.

Consequent | ; Mgy 33 GRS S SR PRIE RGh &Sard as nenory
type (tgchr%ftéhg%ﬁgnd s%e@é)ﬁi,g— nemir@érgbthgp%%‘iﬁ? ation (gD%A?ﬂﬁ/lgsi Z(Latf;rhnunber of

DRAMS. ul o e lanfi s i NG,
ot resh amneef in@ietn il betesh o REARSE PR SEIP Mo ARIS (ot T 00

both 2 DY Bl ot FEANAACH 0" TRD ot Pl PEAhe B R iBhece

I nterconnection may’ consist” 0 e considered, s paral | el
031 042849 POTIEDD, SRR € ra Sy asReTRPocAel¥r BRI o1 g o
Communi c At EERRIEIRE0Ry B ERY SoHIT B ACORFERPT B e s o S VSt y por
o ool 1 GHlE BB A RS B P ERRladR e ire TR ES O vy have
' nbound angub?gét%?ltjhri]g diisQ!];JsOJrrerf51 ttoi rggugeuggoggs otrh%?(tjhi-ngs, the latency of memory
requests and reduce implementation complexity.
[0031] The Processor Module 310 may have interfaces to a variety of other
devices through, for example, 10 302, the Memory Port 320, etc. The Memory
15  Port 320 may be considered a private interface from a processor module 310 to
an XMB (eXternal Memory Bridge) 330, as shown in Figure 3. The XMB 330 may
contain the ' memory confroller 338 and interfaces to native memory, such as the
‘) | two banks of DRAM 340 and 342. Consequently, the XMB 330 encapsulates
memory dependencies such as memory type (technology and speed), memory
20 organization (DRAM size, number _of DRAMSs per module, and number of
channels), and memory coﬁtrol (timing, refresh, and power management).
[0032] The Memory Port 320 may consist of both a physical interconnection and

“a protocol. The physical interconnection may consist of, or be considered, several

| paréilel interconnects. For example, there may be a main link for data and

6.




return headers, wite acknow edgnents, status, etc. [0033] Menory Port
traffic may consist of menory, device, and configuration rggpmgﬁ%ﬁ%@oi’QQOG
commands. TYM¥¥MHAH2e XMVB 330 conplexity, for one enbodi ment, the
Processor Menory Interface (PM) 308 initiates all data 10 transfers. To

further regdHs@eERRILGY fo¥ corftrel ?@ﬁ%ﬁﬁ@@di{éﬂaﬂhidebﬁ\ﬁﬂ)wbwtm may320 does
not support data transfers initiated by the XVMB 330. In one enbodinent,

conpl exi ty ohSeist@f o dNist 88a YesminseEtt. cdtniftatsd BiRgthé piyysidaD or _
graphics devices in or via the XMB 330. Additional reduction in conplexity

may be achj - th P@}Qﬁ R &m ' f-aodmognc
traffic. 1@' t?'\ég%]ﬁ%loh' f[f: ﬁe r c%'s@%@oﬁl\/ﬁ%ul e 3?8?@??1121( Eg]r??? g)? Por t gzoy

i ncl udes ftl%}h‘i{sia%;uniitteg; de%ﬁ%qgécguﬁcﬁﬂrifeg; E}%{r’ﬁh?%gﬁn reHa8 afihwriBdS ey

i ncl ude su hings as wite ers, f error handling, and

| + ' : 3
* nol ude’ Z‘Egﬂiﬁfﬁﬁnkﬁaﬁ%@fE@%ﬁ\é%‘&?&f’?‘? 555‘ ButiBYfy fRGmahiO IR eafDr | 920 TRV
XM ) 332. XM, 332 i 0 and wite buffers,
oot ne. s dieate, arie SRRt S UG v e anbod ment | Lhe

Menory Por 20 expl oi .he knowl .e t hat .t he ne . icis only
nMenory r eaé%o §]1dmeagﬁ%{t&aﬁﬁwaﬁ’lﬁ?@’gg%ﬁﬂ?@gw S?V'C%@Hfg%*égg’:ﬁ%{é’i‘t s,
maxi m zi ng performance while ginin zin exity.. This _disclosure
descri bes &R M TGROMAFKE ?ﬁ@'ﬂﬁ”’ﬁ%%%??m@%ﬁ% E%rz?f’?ng to WO
03/ 042849 09/ 05/2006 PCT/ US02/ 36040 reduci % t hg | at enc%/ of launching read
request s temhediment.dhe Processerderaorilrierase GMb P8 initeR fleuse of a
sj_jieband read return header in the Menory Port 320. L0036 FiP%Hr e 4A
i 11 ust 1t esandgshdw fartherdgducectomplevily. for eamsmbedipentd %H@ELQW
320 does not support data transfers initiated by the XMB 330. Inone
embodiment, complexity is reduced by the Memory Port 320 not supporting i/O or
graphics devices in or via the XMB 330. Additional reduction in complexity may
be achieved by the Memory Port 320 not supporting any coherency traffic.
15 [0034] In the Processor Module 310, the Memory Po_rt 320 includes functionality
‘encapsulated in the PMI 308. The PMI 308 may include such things as write
buffers, flow control, error handling, and contro! and siatus registers, gtc. Atthe
) XMB 330, the Memory Port 320 may include such functionality encapsulated in
the eXternal Memory Interface (XMI) 332. The XMI 332 may also include read
20  and write buffers, error logging, control and status registers, etc.
[0035] {n one embodiment, the Memory Port 320 may exploit the knowledge
that the memory traffic is only mémory reads and writes and may thus optimize for
memory requests, maximizing performance while minimizing complexity. This

‘disclosure describes two s;uch'optimizat_ions in Memory Port 320 relating to
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5 A read packet may contain a read command and an address or range of
addresses to read. Simlarly, a wite packet may contain a %Phgéq/)

an addr essWOHOHURL of addresses to wite, and the data to W'ite (Wi
data). The read and/or wite packet, because of the anobunt of information

bei ng ”a”%écﬁfcf@Te%Qné 13irhifg Pbad ReyUESRT Ry aRGathiahnel may be sent
in nore than on O transfer. BeCause, the wite packet has additional

i nformation. g0 the, fA5ENY thehBe ofaistichant feald fetir Readdr it &i2 Memsgen that the
wite packeP nmay require nore transfers than the read packet. [0037] At

402 an inp%tortiﬁor eceived. At 404 it is determned if the input received at
402 is part "of " @’'read packet. If it is part of a read packet then at 406 a

fi
e o ot 003Renr RS ghil iy iy BpAE hateey iRy it pRcketn BRcl e

is conpl et 02 another input is
ived. Lf at 406 it | det ' | t | ete,
{hen 5t 408 raAgReRet i oo el PR spl AR R SRR T "Gt erm e

that the received jnput 402 i.s not. par a enit is ﬂ
det er ni ned 28¢"e5$6S *Of eafle ST qygﬁwkegﬁ\axﬁéﬁ%@ %‘gaﬁe@ﬁ?ﬁé% .E‘P e packet. ‘
If the received input 402 is not part of jte p cget t 416 sone

ot her oper 884T6RS 0§ r3HEr R BAFESSESHR VTHE: Wﬁﬁ%t%@rwrﬁ% “(Hteidggri'eié?ved. I f at
410 it is determned that the received input_ 402 is part of ite
packet, t hsadandiopwitedacksinhasabsdal thg %E#P"rm OHga *Beé”%ﬁéf&%?‘sp%d’s
conplete. If the wite packet is WO 03/042849 PCT/ US02/ 36040 conpl ete, then
~a wite i sapetfowitittobthe sommunications chempehinay RE SenpIee 9 ved. | at
4;I,b it is determined that the received input at 402 is nOt@pa{;{t of a wite
r equest) patredfet. hBecasaethe Wit paniet has addidars! mgrmedre indhademefdi®hen back

to 402 to receive input. _
' data to be written, it can be seen fhat the write packet may require more transfers

2806
te

than the read packet.
[0037] At402 an input is received. At 404 it is determined if the input received

at 402 is part of a read packet. If it is part of a read packet then at 406 a check is
15 made to see if the read packet is complete. if the read packet is complete, then a
| read is performed at 408, then at 402 ahother input is received. 1f at 406 itis
determined that the read packet is not complete,then at 402 another input is
) - received.
{0038] If at 404 it is determined that the received input 402 is not part of a read
- 20 packet, then it is determiﬁed at 410 if the input received at 402 is part of a write
| p’ackét. if the received input 402 is not part of a write packet then at 416 some |
other operation is performed, then at 402 another input is received. If at 410 itis
determined that the received inbut 402 is part of a write packet, then at412 a .

determination is made if the write packet is c_ompiete_. If the write packet is

8




5 [0039] Thus, it is possible for a read packet to preenpt a wite, packet.
For one enbodinent, the read packet consisting of a read cggﬂﬁﬁﬁ 2RO 6
address or WANHE¥ds to read may be a single transfer or a single flit.
The wite packet consists of a single transfer having the wite conmand,

t he addr esscamplatd GRmseritelio peffbritad atad 4othbeat 4pmasithéninpatlis fgobiwedt r ansf er s
with the associated wite data. For 10 conveni ence in description, the read
packet contgibpk{®itid@teR@tes PAIBRGcoded Put AddD esAotPartaddnatises to be read
is referred to as a read request. Thus, a read request and a read packet

convey the gaBstgRECTBLE 96ine Ber ©PBNGEDR N6 thaynakedGia6e b hen bathit part of
the wite packet containing the wite command and the address or addresses

to wite is s awite request. The 15 20 data part of the
. 46.?{0%5%9 an) g q a p
wite packet i1s re e?r Hto as the wite data. Thus, a wite packet

cont ai ns; a F ; j thckdi08 : L R¥IPFer o@ssune a
wite re5que@ﬂtbbilﬁs3 J@gg’ﬁ@ég%g%bl%é%gﬁ%ﬁ% t?oi)p%leéﬁﬁan\x’dmng? being part of a
read packet t 0., At [ ' adgr so
pr oceeds toe'ﬁﬁgﬁmﬁﬁt'%reﬁaﬁaa@}%gto h;»f%nf“}gg%*%fﬁ%{i Clﬁpwdsntdgarﬂdgﬁt?ﬁgar&mi te request
and that the ite data has. not.bee | ve - ' ket is not
conpl ete, s"'t‘fjcrrm‘t;’ssteﬁéﬂ rOLLaR B R 5?’19?%%3'5&%&% Qgﬁ%(ﬁg ?ﬁ%yr#éeg%dep(gf is now
received, then,it, gae 0 404 where it .is rym,ned, £ hat request
is part of @Rkl %%Ei‘@?fagaf%r Fa\ﬂP%ﬁ'@e‘ﬁ%tetCS%%.d%% a?tjé%&g 0clllrté:-‘tIa grre%ngﬁéejlti on is
made as to if the read WO 03t< 042849 09/ 0 /20@? PCT/ U%Oﬁéﬁ&%é%a Racket is
conplete, ItR v <ansaiBern ResHLlY WTply &rege e Win theassadae st-to  contain
tbé conpl ete read packet and so at 408 a read S ﬁerformad acpd CHI]:%n
{0 convenience in description, the read packet containing the read comrhand an
address or addresses to be read is referred to as a read request. Thus, a read
request and a read packet convey the same information. For convenience in

- description, that part of the write packet containing the write command and the

" address or addresses fo write is referred to as a write request. The

15
* data part of the write packet is referred to as the write data. Thus, a write packet
contains a write request and write data.
o ) [0040] So, for example, assume a write request is received at 402. 1t goes to

404 and not being part of a read pécket goes to 410. At410 itis part of a write
| 20 packet and so proceeds to 412. At412itis determined that it is only the write
3 req'uest and that the wrifce data has not'heen regeived, s0 the write packet is not
| complete, so it then goes back o 402. If at 402 a read request is now received,
then it goes to 404 where it is determined that the read request is part of a read

' packet so 'it proceeds to 406. At406a determination is made as to if the read

9




béck to 402. In this exanple then, the wite operation started (b reZei pt
of the wite request) has not been conpleted and the read ’g(zel'iﬂ ?i/ﬁ 2006
preenpt ed t\W@O3BIKH% te. [ 00411 Following the flow of Figure 4A;>6né1s to

appreciate that the read request nay preenpt a wite anywhere up until the

llast of the, Wk [Sof@lidtel In tHieRbY@fhent WeShavklefif¥a M @atl requesrtot e packet
contains the wite request and 4 transfers of wite data, a read request

may pree npgo,g?iwgipé te%,gag%ﬁd}agﬁ@@n\ﬁ% ak Q08 Bhd i pafoMicti Saridegrest , the

first, secon ata. [0042] In another enbodi ment, the read

request may.nah %ntlﬁitfﬂsgx%g@fgltﬁér‘?thé AR dREKRh s W lodtpteriedi ment, a

check for a conplete rea et at 4 y not be conpl ete and under that

when - confirta g ERthds ARt e o ind BEFIR BRI L Coed 1o

408 and_perf.ormthe read, and then return to receiving an input at 402.
[ 0043] ALY eng the read request being received after the wite request or

wite datg tq preenpt the earlier received wite r ite data
results i n?otoﬁi] r é:é’ﬁgwﬁ'gitﬁﬁﬂg‘f(@éh{%'&e %&reoé"(? agfo ?é%%ﬁha%qgfgts&ﬁﬁi%sad\glrl ows the °
menory to respond to the read 20 request faster tqle nif it,had to first
respond t ofaGHESHPAY Bre’&ﬁ?Pt@H@Heﬁﬁﬁwvéﬁd‘pﬁ@aﬁé‘?%ﬂ %@4‘%’]“9#5’(61‘ to be
under stood that the agent sending the read and/or wijte retgﬁ%gséits my
prevent orWsevag Rhvarasexamie ifiaswite Rackel ganiglysdge s ERAYGRIR 0 1init how
the read and wite requests may be issued. For exanple, the se‘gdi ng agent
may deci detransfers oéwsittkdatef a reasUienest omyRrexmpla whilk papket f 26§VPequest may 10
WO/ 03/ 042849 PCT/ US 09I r ~05/ 2006 not preenpt another read request.
10 after; the write request, the first, second, or third write data.

[0O42] in another embodiment, the read request may not contain a complete

read packet. In such an embodiment, a check for a complete read packet at 406

may not be complete and under that circumstance, it would proceed to 402 to

receive another input. If and when a complete read packet was received then at

15 406 it would proceed to 408 and perform the read, and then return to receiving an

input at 402.

[0043] Allowing the read request being received after the write request or write

data to preempt the eatlier received write request or write data results in the read

being executed ahead of the write. This aliows the memory to respond to the read |
20 :request faster than if it had to first respond to the write and then the read request.
| [0044] itis fo be understood that the agent se'ndihg the réad and/or write
requests may prevent ordering hazards. Thatis, the sending agent may want to
limit hoWr the read and write requests may be issued. For example, the sending
: agent may decide for the sake of reducing complexity that one read request may

10




[6045] Figure 4B illustrates 450 anot her enbodi nent of the present

invention in which a read packet may preenpt a wite requyﬁﬁ@ﬁ%éZOOG
exanpl e, weve#HeH2488r only read and wite packets. Additio Y igure 4B

illustrates an enbodinent in 5 which a wite packet nmay be preenpted by a

read requei‘étghéterﬁgtapg%eg%t}g pdiite request as was possible in Figure 4A

In Figure I'S received at 452. At 454 a check is made to see if

(1S a reqda Rackaly d b lifisifef ab@afbRacdRbodifh: GlindploseR ivsadon i

perf or med ecelrving an input at I f the input received
at 452 is not .a read cket the LSl $8@ohdidédi s a wite
10 packet. V\ﬁ-\acq?rq% P}%&egn\%‘/i% eeer&‘pogé?éﬁgtr%@nels\{/\/eﬁ:}g%E"r%%m%)%’ recei ving an i nput
at 452. On the other hand,, if 458 G y i keh then we
enter an "i°R erreagé‘ﬂg'Wrﬂ%f’agﬁé?a(tgﬁgd&H%%F%Bﬁ?de}%4%89%%%E %@ﬁg?&@ﬁl s inner
| oop .al lows for read packet preenption,as can be s 4 &kLVi ng "an
i nput - 462 “HELK? WHlS Pg?'@rt may é’a‘ﬁg‘%ﬁ%tﬁalbyfrfga?f’ eq%esf@ﬂtrﬁgp]y ggorﬂ?%m ng the
15 read 464 and goi ng back to receiyi an input .460. However., . Lhe.only way
back to théeqifstrs WesPOSHBE N SIS é’xmﬁgﬁ‘ga‘”w?ﬂ' kserfec‘%qie{%tr%%% & 468 and
awite is perfornmed 470. Upon entering OE(he L nner lOOFEl@fr%n 4%84 check is
“made at 46@54@ cheek & wiade to peq hliisa repdiackel dhit i 2 Tedifeid B Ho'™Wr i te data
then we proceed to receive input at 460. If there is wjte df’;\ta t hen at
468 a checla reed irguarfarmedeandivwe BOID rerefeiving PaiEREtat492c Hp? BPE. 1f the wite
packet is not conplete then we proceed to receive input at 460. However,
if the wi recepackatasods aorpresdmacketdhemat 4680s i chaekaddtoisse oV Ed and t hen
V\g}proceed to receive input fromthe outer loop at 452. Thus, Figure 48
i T1 ust rgt epagkete MCdinmeatwrita padtiet theontgretursitn gdaeiving areinpplaikée: O al | owed
to be preenpted by a read request (in a read packet) or nultiple ii WO
03/ 042849 RETAHSORARP AN s5ealtk paKueisteswilte packtdben We@ntet@R, ina640BRI ng
traversed one or nore tines before a
of operations [abeled 460-470.
[0046] This inner loop allows for read packet preemption as can be seen at 460
receiving an input 462 checking it for a read packet and if it is then perforrning the
15 read 464 and going back to receiving an input 460. However, the only way back
to the outer foop (452-458) is when a write packet is complete 468 and a write is
performed 470. Upon entering the inner loop from 458 a check is made at 466 fo
3 ) R determine if there is write data. If there is no write data then we proceed to
receive input at 460. If there is write data then at 468 a check is made to see if
| 20 the write packet is complete. If the write packet is not complete then we proceed
to receive input at 460. However, if the write packet is complete, then'at 470 a
write is performed and then we proceed to recelve input from the outer loop at
452. Thus, Figure 4B illustrates an embodiment in which only a single write

packet is allowed to be preempted by a read request (in a read packet) or multiple
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wite at 470). [0047] In the discussion above, we detailed how, for

exanpl e, the read request may contain a read command and tfﬁ% @%50/8@06
addresses t ¥OEHE. 5 Additionall y, other information may & ﬁv’eyed as
wel |, for exanple, error <correcting bits to assure the integrity of the
request, cofieRbrequasisrratipemic@ 482, 441 being frauensethere phmarsitiesPeiBetthe
invention, the term'flit' is used to denote a unit of information

transm ssi o H88b47@ted with an entity or operation and may consist of one
or nore transfers. Packets may consist of one or nore flits. So, for

exanpl e, 1080474 ad nribgdissusgarcikavenwy detailed dowpfor exainpig thefread regwadlt i ng al |
the information associated wwth the read request. This information,
dependi ng upwy enspeairtad conn@ind maditiae addressayaddrgasesdao beread han one
transfer to conpletely send. For exanple, if the read request flit

cont ai nefl 32dHitiosaly, otiwd dnfomitation naaycbd benvepegas el fousxanepid,ckeref f ect a 16
bit transfer, then two transfers would be required to effect 15 the
transfer of comectingastsiteauant thd integribesicthé bepicbe onrairdommationdgt aFbs and
exanples of flits and transfers. [0048] Figure 5 illustrates 500 i
di spat chi ngcévep@inct i BREuSHPIRS inVeRtioR TRE Yorm fHeliSusd B@EnaR 4 mds i s
received. At 504 it is checked to see if the received input at 502 is part

of a read rg@mfdtioh tiahsmissiontask8cia@d MR &Mty B htiocthdiiAay Béhsist ofN 20

early dispatch of the read is possible. If an early dispatch is possible

then at  508ongioPbkyira st FRRYE ind SR BF Rsbrtifhelihen shagk glempi0Z Lo

receive input. | early spatc S not poss en at 510 a check is

made towsee? tdad ‘au% T c&%ﬂr’gg}% éoqs%?ggégngfe fif déﬁoﬁi—nﬁaﬁg{mhﬁ)}rrﬁa?cﬁ{hen at 512 a

read i s periorned a 0 receiveTinput. e read flit

63 / Bg} Zgggp.:—lls%to%iatter}fv@iﬂ? ﬁ'n%kre%ﬁ reSqQJ%sf. Orihi€ ﬁ']‘?ci.)%eatf-oﬂ,pégpeng!%g\{.\gog %/ S%%glﬁél 9
implementation, may require more than one fransfer to completely send. For
example, if the read request flit contained 32 bits of information and the computer
bus could effect a 16 bit transfer, then two transfers would be required fo effect

15 the transfer of the read request flit. Described below are more details and
examples of flits and transfers.
[0048] Figure 5 illustrates 500 dispatching an early read request fo memory.

| } Here at 502 an input is received. At 504 it is checked to see if fhe received input

at 502 is part of a read request flit. If itis, a check is made at 506 o see if an

'. 20  early dispatch of the read is possible. If an early dispatch is possible then at 508

| " a early read dispatch is performed and then back to 502 to receive input. If an
early dispatch is not possible then at 510 a check is made to see if the .read flitis

c_omp!ete'. If it is complete, then at 512 a read is performed and then back to 502

- to receive input. If the read flitis not complete then_bac_k to 502 to receive input. -

12




PCT/ US02/ 36040 If at 504 it is determined that the received input at 502 |s
not part of a read request flit then sone other operation 514 4 (L%l(é

pl ace and tW&MHA¥Yt o 502 to receive input. [0049] Duri nquTéE fng the
read request flit, a dispatching of an early read 5 request to nmenory nay

be made. Thyig %@hﬁsedéttérﬁﬁné@ﬁgt HeGu&ed ihput o6 668 iR gbﬂ\b@a réanl requestcei ved

before dispatching an early read request to nenory. By not having to wait

for the entjig.feade o%‘é;%%re%lhgfgtﬁ?@%aﬁéﬁlﬁbéQHd M sacRltd SUBtoliBesvENDr Y t O

respond to e early rea ter than if It was necessary to wait
for the %éute read request flit to be received before issuing a read
request. Thus if the 10 first portion of a flit contains an early read

request th 1 hggsecond
portion of e[gﬂ?ﬁot bb'ggéf% ‘ﬁr&a@giggd B gﬂ%&q]'ta& dkpgtrcﬁg ftah Pt/t he nmenory
contents_is being received. Thi r SLmt Lyavhat
menory dat 48AYe Sé?fémeﬂ’éﬂwwaé'é}ﬁtmg?% E‘egéudgﬂé {)e%ﬁ Fﬁ?rbssttﬁgy%égsf@gg sendi ng a
read return header 602 1 S I 4 it is
checked to 188 "?‘fe’Vﬁ?doP%“)? qjé%?gcrp%%g@ryre]ad ir li'esgt!ﬁJ me'i'%ﬁjr e@gnort@%]u@ t then
an ot her operation 614 is pagssibl g erfor mad g g) 602 £9 receive
input. | f tiRavatdpithecsts r\?éﬁ regueshit § sbedg?‘?-:'y @aa PWBHE rp%mgrg read
request then two things happen. First, f606 a read return he ﬁder is sent,
and back tresEmg tpdie Papiicad SRauUsEY fogter £ 1 W REERSRRBHCAHE®  ead
results are received 20 at 610, the read results are sent at é’ﬁ and then
back to 60ntite readebquest fiibte be reThived beisre bR RaEad rasiRst v MEHdT ni t i at ed
608 and a read return header sent at 606 nmay happen at subs;@rtl ally
e san@ t ifinst partihhoof at fitecanésins ar eaiyrend seiBiest gymemely (PRLLLAEEEFRE sendi ng
of the read results. Thus, the entire read result does not have to be
recei ved befifeet Mm\gtimenmslecmwmorﬁdneéae‘ﬁt 8e6iblyBiavingt madfier
information for the memory contents is being received. This mpdiﬂer information
may affect what memory data is eventually sent.
[0050] Figure BA illustrates 600 sending a read return header 606. Here at 602
15 aninput is received. At604 it is checked to see if itis a read request. Ifitis nota
read request then an other operation 614 is possibly performed and back to 602 to
receive input. If the input recelved at 602 is determined at 604 to be a read
- ) _ request then two things happen. First, at 606 a read return header is sent, and
back to 602 for input. Second a read s initiated at 608, read results are received
| 20  at 610, the read results are sent at 612, and then back to 602 to receive input.
_Thus, for example, a memory read initiated at 608 and a read return header sent
at 606 may happen at substantially the same time and/or the read return header

may just precede the sending of the read results. Thus, the entire read result.

_does not have to be received before sending a read return header 606. By not
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WO 03/ 042849 09/ 05/ 2006 PCT/ US02/ 36040 havi ng to wait for the entire réad
result, this allows the nenory and/or systemto send a read reQO&/)hé20&H6
606 earlier Wh@4$9it was necessary to wait for the entirePCFRa 8 uest
to be received before sending a read return header. [00511 Figure 6B

Il lustrates, G ; ' I nReABR g nichfsly BRYMT System header  656.
Here at GS?agﬁ'gitﬁ%tqﬂt@?@g%{é&&ﬁ&654 it i's checked to s§éye if it is a
read request,  Lf if i : itAe, Resrd SMtird64 i s

et grsalh i el B8 B BaT PRSI ¥ R R ol

possibly p to recelve 1nput. recei ved

%ﬁ §3§. T Eéq”ﬂsgﬁﬁtbaeifﬁggﬁﬁﬁ ﬁa@ﬁ%%grgﬁﬁ% Rt bR o Teturn
i ] 0 i . .
recet ved aloged, “FReS dsiuRedte pe anghel APbbup SRSy SandFTRAIE O Soo 10

“receive input. Thus, for exanple, .a nenory r LLniti . results
in aread reederoddee %@?[? IV &S re?ﬁ’ivg‘y‘hégﬁg¢'tf%c@gﬁ(%ﬂ%n@eggﬁglal el with
recei ving 656 and sending the read resHI ts 6§éuand %o bgﬁ.reag eturn
header may TpRkEasHEst Ho't ol gadfequsel the an ole) Operation 884 IS RESSBN: i v e r ead
15 result does not have to be received before sendi n%g rﬁgg return header
606. By naerinavethand bagklott52dp resrivednplr & the lpu ercehed & APSiSal | ows t he
menory and/or system to send a read return header 656 earlier than if it
was necessaleterminattesede belraead request then d read;daitiaied 2608 fENPed bef ore
sending a read return header. [0052] In one enbodinment of the read return
header ( sempbinatw®fngsrhaipeh, Firseaebt = exndrretun headerdeseiagndlinckdent i fi er
engoded within it that relates it to the read request that caused it to be
sent. Iyp t 863 faveisiputl Secendmphd resiid ak@caiugd AURAT, itieyreadiresulthera &M return
header identifier which read request it is associated with (and the

resul ting fpsshceritAgh Basielb-602 to receive input. Thus, for example, a memory read

initiated at 658 results in a read return header sent at 656. This header is sent in
parallel with receiving 656 and sending the read results 662 and so the read
return header may precede the sending of the read results. Thus, the entire read
15 result does not have to be received before sending a read return header 606. By
- not having' to wait for the entire read resulf, this allows the memory andfor system
to send a read return header 656 earlier than if it was necessary to wait for the
' } entire read requesf to be received before sending a read return header.
[0052] In one embodiment of the read return header (sent at 606 or 656), the
20 read return header has an identifier encoded within it that relates it fo the read
request that caused it to be sent. In this way, for example, PMI 308 may identify
via the read return header identifier which read request it is associated with (and
the resulting forthcoming data). |

[0053] Itis to be appreciated, that the actual path for transferring the read return
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[0053] It is to be appreciated, that the actual path for transferrjng the
read return_ 14 WD 03/ 042849 09/ 05/2006 PCT/ US02/ 36040 healgj(;e]lrl g@ﬁg%ﬁ@(ﬁﬁ
or 656, whiVE@%¥8%E#bie in the main data path is preferably TH & 8 déband
and preferably with a known fixed offset fromthe data. That is, the use
of a si debaadddrakht 41 408or 65 whilp posditieln the ndiedatat mtipistareiaraslydn €he
sideband path carries the read return header in advance of the associated

read data rpehahd Ay Brefdrablyaas & kngviedotfseiralr tiey datae Thblisdhe Wee data is
to go in advance of receiving the data. Thus, a reduction in’latency nmay

be achi evedyhkidehsnd BaM (it Myver) barderto thesdate phth whedaasideudndtpath dat a.
[0054] Figure 7 illustrates One enbodi nent of a nenory port interface 700.

In this eghogdi t BB i QRTancs oftHbWskodlRligsad daameyrationt (menory
port |ink. @ﬁ%bg%%?ﬁég%@ I'n lt he a|out bound direction (away fromthe

pr ocessgr ol 6, A0HRA 15 88icPMIng e e b oRRvbicilor (@i composed

of two Streans O nf or mati on. e streamis a data stream of wi dth w and

the second t}f%(i&ﬁ?%hl?ﬁaa reiliBor] iﬁYﬁEnéﬁquﬁé QEnideit ih%rfé- red8 ra@\Radéror

discussing { nti-on,” a conveni e€nt ° groupi ng of associated data and -
the pr oces B a6 LETARe Pv 708) the memory port Iink 74015
wdrny an®P TEERT UK TR P B bE e sERA g AREE O e e,
erbod; ment 1 pRPodGEn, A BiEERLaoB1s Ay auPRar e CRb R A oa B
e U R o B B B R D 9
and the PMI 708) the memory port link 720 is composed of two streams of
information. One stream is a data stream of width w and the second stream is a
link layer stream of width x. As above, for discussing the invention, a convenient
grouping of associated data and link Jayer information is called a flit. Inthe
15  inbound direction (into the probessor module 710 and the PMI 708) the memory
porf link 740 is composed of two streams of information. One stream is a data
stream of width y and the second a fink [ayer stream of width z.
' ) ' ~ [0055] For example, Figure 8 illustrates one embodiment of a memory port
protocol 800. In this embodiment, flit 802 is composed of data indicating an idle
20 802a and link layer (LL) 802b information. In similar fashion; flits 804 through 816
(generically 8XX) are composed of respective_&)_(_)(a and 8XXb parts. This
embodiment illustrates one embodiment of a flit having 80 bits where the data bus

‘width w is 18 bits wide and the fink layer bus width x is 2 bits wide. The




enbodi nent illustrates one enbodinent of a flit having 80 bits where the
data bus width wis 18 bits wide and the Iink layer bus width 09/032/RBi0G6
wi de. The IWOU9/08B#2006 WD 03/ 042849 PCT/ US02/ 36040 embodPREH2/36040
illustrated requires 4 transfers for a single flit, and there are 72 bits

in the pa%%@lfiiiﬁf{&églgbﬂﬂatbﬁ'?ec*dri{@g let?’a){‘%fer? %&%5@%?2&, HMaRPere P2 ous B 9

illustrates a f requiring transters. the flit 910 has 72

bits of datfﬁeﬂﬁ} %Beﬁu‘a%qgem{@ of Nformation and 8 link layer 5 (LL) bits
re,

of i nformati on. the transfers are done 20 bits at a tine 910a-0 and
91 0020, thas8l 0%l 2NMoRI Pk o Alliratdll!ift ookl iflifinga HaAYRA g, and LL
transfer otcurting in the sdne tine Trane, this'is hot a requirenent. That
is, LL dat t .AS 18 ' eular. tr 3 i t-hin a
ity b Eas oy PR R PR o S D iy 4% B
Addi ti onal | he fepporal di spl.acepent rass, fli aries.
0057 “The {HhRETat B RRRs iy & BRI e e 85 ARt P IR o e
r edundancy 2C bi,ts. contrpl. bits represen ar anpl e,
head, tail gﬁﬁ"?dﬁ%ﬂ%ﬁ@f”@iﬁéﬂr ?Pfg \&h'{fk F%%Ir?_-gﬂgépgsgcﬁi:@né hbipgs" ?e( not ed
‘that a wite packet 818, 15 would nornmally contain a ite request, and
associ at ed gingrinyne sgie fee frame.dihjg is 'ﬁ)?té’sréﬂk"r?rﬂ@@nt]-%ﬁ‘,sr ‘a‘sgaﬁﬁf@ﬁgt rated in
Figure 8, no such restriction is required. Wite packet 818 is illustrated
as havi ng VINBhPe associatad witg ar@tﬁﬂ@%@r fanster sithin a8k gy bedamaaRly f1its 8086,
808, 812, 814, and 816, as well as a read request packet flit 810. [0059]
 Figure 10 idispieneddran thmsspestivesiotinntden Astditipnally,iha Bowdidvi ng 96 bits 20
wheére the data bus width y is 18 bits wide and the link layer bus width z
is 4 bills dispdesenint srayfisoiressifit pagdaries 4 transfers for a single flit,
and there are 64 data _
f0057] The link layer {LL) may have, for example, control bits and cyclic
redundancy check (CRC) bits. The control bifs, may represent, for example,
head, tall, oridle.
[0058] Referring back to Figure 8, it should be noted that a write packet 818,
15  would normally contain a write request and associated data only. However, inthe
present invention, as illustrated in Figure 8, no such restriction is required. Wirite
packet 818 is illustrated as having within it a write request flit 804, associated data
) flits 806, 808, 812, 814, and 816, as well as a read request packet flit 810.
[0058] Figure 10 iiiustratés another embodiment of a flit 1000 having 96 bits
20  where the data bus width y is 18 bits wide and the link layer bus width zis 4 bits
“wide. This embodiment requires 4 transfers for a single flit, and there are 64 data
bits, 8 check bits, and 16 bits in the link layer. Each fiit 1002 through 1016 may
have a payload packet 10xxa and an associated link layer {LL) packst 10xxb.

Figure 10 may represent an input to a processor module. The link fayer (LL) may
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bits, 8 check bits, and 16 bits in the link [ayer. Each flit 1002 hrou%h
1016 may have a payl oad packet 10xxa and an associ at ed li?&ﬁ&ﬁ%ﬁ%ﬁi 06
packet 10x¥H0 030L23Hlure 10 nmay represent an input to a processof fodule. The
link layer (LL) may 16 09/05/2006 WD 03/042849 PCT/ US02/ 36040 have, for
exanpl e, | hale, Fesamprtiniolaydi ¢ontrahisltsGRE@ ORCits Tiae coniral bits biay demay be,

for exanple, read header, wite header, data, data with tail, idle, wite

ack (acknppkesasErpiz hdabonweienheler, duta, dafDWRRailykias, virike adk be furt her
appreciated is that while a LL control is associated 5 with a payload, it

does not h@a\égng\/aeggerﬁ@fml Riv dongosate tinme. For exanple, a processor nodule
may be able to inprove performance if it has advance information that read

data is to | v fultRESaprr&iated MMlaewhitdla GREbitrdieagssobietader in the
LL may pro(/o{%gfe]]- sﬁgﬁﬁg%@%%iucatf%pn& Ié%r exanple, in Figure 10, the LL

assoc' 2 eduith b *bg&fo%&, flab&, 1A% F¥e Benal i RAR hihen Fenekdmge o time, for

exanpl e, sirtion 1004b. Thus, a flit, such as 1106 nmay contain

payl oad at prggggstoirgrfbduﬂel&ggb@;aﬁe%%pfo%tp@%meéno@%& kd<OsvhhBSb, as shown in

Fi gure 11. us, Figure ustrates a tenporal displacenent of a |ink

| ayer and goul ga b il ddo 1400 90AM) T8 1RBRMRdesidEandal k| ayer

(LL) (int o al'so conta mat1 on on other transfers
and/ or transactions. , For I e |1 Ny :ga%ll; i j s to
acknow edaéea%]%f B‘otﬁﬁéerW?Sf @@@Eﬁgﬁ%ém}#@&gﬁ. t[:ép?or !%’u'ﬁb drrl%l???g%v control

f eedback, status. indicatiqns (idl e vs. dat | 0 ; . Al so, a
LL. associ a}’tleﬁls?HC'lal’:f:"Cgl“"'j\%l1 %hlt 8#3)/1(0@%?\\9@5%0? & ﬁﬁﬁﬁaea??eiw gﬁ%i f)g(r:gxagw?ﬁe,
information, for exanple, the LL codi may indicate eit . i dl e payl oad
or a Hon-gtdositigny084k AR arflitagies ?%ﬂ%@%%@?&?lp Ha¥|°§drag§é$% urn header,
a wite ack, a 20 stop indication, idle control,_etc., Al itifprﬁl lM’ it is
to be apperthaé@qHaggntggat position 1106b, as shown in'Figure 11. Thus, Figure

illustrates a temporal displacement of a link layer and payload in a fiit 1100
[0061] The inbound sideband link layer (LL) (into the PMI 308) may also contain
information on other transfers and/or transactions. For example, the LL may
15 contain write acks to acknowledge outbound write commands, stop bits for

outbound flow control feedback, status indications (idie vs. data payloads, etc.),
etc. Also, a LL associated with a flit may convey more than a single piece of

) informatioﬁ, for example, the LL coding may indicate either an idie payload or a
non-idle payload and in addition whether itis a read return header, a write ack, a

‘20 stop indication, idle control, etc. Additionally, it is to be appreciated that, as '

mentioned above, this information may be temporally shifted.
[0062] Temporally shifting the information may allow the reduction in complexity
of the interfaces. For example, putting a read return header in-band with the read

return data may impose additional functionality in the XMl 332 because the XMl
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- of the inteVpAgaes

menti oned above, this information may be tenporally shifted. [0062

Tenporal |y shiftingthe information may allow the reduction in O& %&29@6
Ffor exanple, putting a read return headeFCTHBERY "wi th -

the read return data may inpose additional functionality in the XM 332

because t h33&hay fa@SicQhiiftlesheatiar GBI Q4LBkRrRAETHI U H36M03B 3 ayray have to
mul ti pl ex header and data information and the XM 332 nay have to buffer

i ncom ng r eéage e buffér ifingng eeadakiirdbtitotrbe mEBRENE memdry feaddwi dth with the
slightly higher inbound Menory Port bandw dth necessary to conpensate for

t he bandw gizhdes iR thodighthehighéd inBoleariemoryTPéS baslit ihakssary to

functionality may inply additional conplexity and |ikely additional

latency. lcBaipRAdateBdr tRE bhhOGdhNG/erifed 6iahe!inind RASERS:, THs bhgitishatle- band
tenporally shifted nmay enable the XML332 data path to operate at the sane

frequensy. s ioRBITP eyiiply adii8haRnAE I drifel beo¥bha fignte operate with

no buffering or multiplexing in the ad return data path. "Thus, the use

of a si debgﬁe@wiﬂtin&hé ?éé%&)et&%@&é 'eigieréiéi@bé:‘? faldraRt dhindhehsy the

si deband p es the read return I'n advance, “possibly

non- cont 1 SURHSIEYe X1 532 dARAN A SHbrb B AL AnIRL AL USS RHoRGL@N

control logic to operate I n‘advance of the recei eduction in

of the dat Jero BN e Xt 55 R R TP S8R e 155
o e LB T Y B SR Pl ST b
en” U B R e 8t st DS HuBRneB it O ¥l The O™ "
E;ﬁf e;s?]or ' pcl;sos(f)f?l? l‘loryc]:gnt%giu%s?(y,ogfftﬁee ta%sol?:}/atg@ i‘e%g c}art]ae mra(;"r% ovrv% éjerrf?lg g_ﬁgder may be
control logic to operate in advance of the received data. A reduction in latency
mayr be achieved if the read return header may be sent in advance of the data.
The header may precede the read return data by 0 flits or more (the read return
15 offset may be determined at initialization time). An early read return header
permits the. processor to move the header decode and data steering logic out of
the critical path and drive incoming read return data directly to the appropriate
\) : destinafion within the processor.
[0063] The time (offset) by which the read retum header may be sentin
20 advance of the data may be fixed af some point in time and/or dynamic. For
exampie,'a fixed delay may be determined at system initialization time.
Alternatively, the system may determine this during operation and may make it

static. Another embodiment may have the offset ime to the data encoded within

the read return header. Thus, one skilled in the ari will recognize that there are
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20 advance of the data may be fixed at sonme point in time and/or dynam c.
For exanple, a fixed delay nmay be determined at systeminitial g{%?% %AZOOG
time. AlteWRIBINSHY the system may determine this during CpePEEPdH" and
may nmake it static. Another enbodi nent may have the offset tinme to the

dat a encodeghry fdakible EfBodigadtsr et urn header. Thus, one skilled in the art
w Il recognize that there are is 09/05/2006 WD 03/042849 PCT/ US02/ 36040

many possi m@eqnbpé%ﬁsﬁn@shn{tiﬂgﬁ%rﬂaemam Aliowsthe éduegor Inf commdsiitgof may al | ow

the reduction in conplexity of the PM 308 interface as well. That is, the

PM 308 maynd philiees GRERA@dstwelfNtHals, thealPBINGYs hiay iréduzenamplaxitpanaditi on vi a
t he sideband in advance of data on the main 5 data path. One skilled in the

art will ap ¥ dhidhRSkT A kit SiasyarRNA/80 &Xdri trie iin be achi eved
in the out Eag%n lg{tsg@{kﬁ@fn&@s WelfI as theai nbgun%ncggji?rggcti on. [0065] Figure

12 111 ustr ahes,aRo! hskgfgpgﬂéhmwmfagarmm RRfbe @iy @halof 200 wher e the

data and conman 6 bits and the Iink layer 1s bits. 10 Idle

flits 1202 4 _ jc%gn Vi an, Lol A@d in their

respecti Vecoéﬁpea%ﬁ%%y%%@ﬂm? Albégﬁ di%%@ﬁamnﬂpésg@%ggﬁ and a link -

| ayer (LL) ,.cantrol code in their respective "b" part (1202b, 1204b, 1216b,
d %i

1220b, and“{% ZPB). A normal wite packet 1240 has only wite associ ated

ot el ML GRS R e R sl A 1
A R L S i N L el
L D kel o PR E L B % 3 bl 1140
respective “a” part (1202a, 1204a, 1216a, 1220a, and 1234a) and a link layer (LL)
control code in their respective “b” part (1202b, 1204b, 1216b, 1220b, and 1234b).
. A normal write packet 1240 has only write associated data, such as a write
request 1206 fit and write data flits (1208-1214). Each flithas a LL control that
15 may indicate additional information. For example, data 0, data 1, and data 2
(12083, 1210a, and 1212a respectively) may have information in the link layer
| “(LL) control (1208b, 1210b, and 1212b respectively) to indicate that the data is
) write data. LL 1214b may indicate that 1214a is write data and the tail of the write
| data. LL 1206b may indicate additional information about the write request 1206a
20 command.
[0066] Flit 1218 shows a read request not preempting a write packet. Read
request flit 1218 has an associated read request 1218a which inciudes a read
- r'eq.uest identification and possible additional information in the associated link

layer 121 8.b. Alternatively, the read request identification and/or additional
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data. LL 1206b may indicate additional information about the wite request
1206a 20 command. [0066] Flit 1218 shows a read request not_ preB@gidnH2806
write packeWO \REES$H request flit 1218 has an associ ated reaﬁgp&ﬁ'ﬁ 684012184
whi ch includes a read request identification and possible additional

i nf or mat i oRsdrMatibe nRIRabeiedid 11 drayeri2184.8b. Alternatively, the read
request identification and/or additional 19 WO 03A) 42849 09/ 05/ 2006

PCT/ US02/ 3&%& iﬁf'\f:vﬂfeg?%k&rbr@@tﬁpﬂé@ Hyar flag Gedubsl RTRAtratdl/ari 222 1Bbre, [ 0067] A
p

wite pack eenpted by a read request is illustrated at 1228. Here, a

wite requegk LNhy ki geasht 1bbo bnd 44k amd fus 1224, data flits
1224, 122%%‘5%%8{%%%@1%%\@%5%é%vxrggn t he dat anl flit 1226 and the data 2

flit 1230 fo 1930 LEMESILdwddPhe B ¢ fltq2sh bAGURSIath ifkt 12388, having a

read reque n-associated link layer 1228b has preenpted the
it flit Ly I it

packet o480 Ra s 27 P R e e it a 111 s
ayer cont an gt GunRe el 22aB e Breeribn RO AR VRARAMREI il

nbodi ts f ds, fiel it finL i.Ak |, etc.
what i 5 o068k e 310V fa e nde BhlurRRe 12D PRI rERBA L, Be”

idered limti t he pri or,, di [ t [ i«@n. Th
cxanpl oo o174 apfipastaaes VESIRBSRe a2 B0, (Buhate Rl PYERh et n o
Figure 3, the PM 308 nay'issgq,wggnr Port 320 15 nmenory conmands and the
iatedh & Ik deusi e

conf i gur at PatpasbaRhayassoe 0N 9fe XM 832 does not issue any

cojmands over Menory Port 320. Additionally, rtial ..
) 10 [0069] Detgiled in the discussion below are gossfgﬁe embodiments for

commands, field bit definitions, link layer Qontrol, etc. What is to be appreciated is
that these specific examples are not to be considered limiting the prior discussion
of the present invention. These examples are for illustrative purposes only.
'[0070] Referring again to Figure 3, the PM! 308 may issue Memory Port 320

15 memory comménds and the configuration commands. in this example, the XMi
332 does not issue any commands over Memory Port 320. Additionally, partial
memory writes are not shown.

: j : t0071] There are three general types of commands: memory, device, and
configuration.

20 [0072] - Memory commands, such as read, write, and cancel, generally farget main
memory, either connected to and/or contained within the XMB 330 that behave as
pure memory (e.g. DRAM).

[0073] Device commands, such as read and write, generally target memory

locations that do not behave as pure memory. For example, writing to flash memory
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menory wites are not shown. 10071] There are three general types o

commands: VusaflgVi ce, and configuration. 20 10072] NEnpé,}z/UQ‘%%ﬁdQOOG
such as rea WI‘I% and cancel, generally target main nenory, eit
connected to and/or contained within the XVB 330 that behave as pure
menory (e. enddRaMgvice ©QRsYrs Depped intomemuls spatecihas theaantea(ahdvaam@mes)
generally target nenory |ocations that do not behave as pure nenory. For
exanpl e, wretilhbavositieafbcteEnsuyh 2685688@ 0B MOUR 84A 6T MiS0R4r8 6D cated/ or
device regi sters mapped into nmenory space where the wites (and soneti nes)
reads have esiadty efideat the tdrgets Uetthemsws, sumblcomrmamdscnaywmant toeyemanbt the
execute exactly once at the target. Furthernore, such commands nay want to
execute at tatyet irt thegaimd ordédie véwmethe tdeimands \Whé BusdBy Brenssands are i ssued
by the source. 5 [0074] Device commands are simlar to nmenory conmands and

may have afepzq Deolcd comniintis ardsliriat ionfetbey shaiRatdsai®f Ry Baveea siPessi bl e
sizes may include, for exanple, 1 to 8 bytes, 16, 32, or 64 bytes, and/or

a full cacheld devigfingightthg tﬁ@ﬁéﬂa@a@ﬁfer%fzet %ssﬂ%&zé Jﬁéﬁﬂ%fudé'féieexatnﬂﬁ
command payl oad may be a full cacheline in size, necessary W th

ones and/ or {3&J BRSs, f1r60@1zt5r%4ciﬂ&@s bﬁ@/ﬂ?é%ﬁn (%éheﬁr%@\‘o‘éf’acrﬁé AiesstOr th9075]

Devi ce commands may al so have ‘mask bits to support partial reads and/or

wites. Fogagy fr&?s@eﬁ@mwconmé?@ap&&@mag%g %Ecr{me km%&ggagé@agh byte

| ocations to read, and which b urn are va wite

command, b@@eé@é?fwﬁﬁ‘%He%d/b%r&@sﬁfoﬁﬁ"‘?ﬁé:EaOtQWag&er B%IHB% &%K%%d are valid.

[ 0076] Contrguration commands as rea e considered a

15/ spegyal [cfdg‘r'i‘fis OLvi8E¥ ERaR TR Aot iRk Sk i3 E:ppdo?—t"bacrﬁaﬁ MY Havor

registers,

writes. For a read command, for example, this mask may indicate which byte

- locations to read, and which bytes in a read return are valid. For a write command,
the byte mask may indicate which bytes in the payload are valid.
[0076] Configuration commands, such as read and write, may be considered a

special class of device commands that may target devices and/or registers, for

o
n

- example, locations in PCl configuration space. Additionally, because of the nature of

fhe comrﬁands, the PMI 308 may choose to have only one configuration command
__ ) ouistanding at a time.
| [0077] Al the command types may share a common base format. For example,
20 - a command flit may contain a 72 bit command encoded in the flit payload as 64

command bits and 8 check bifs. To minimize the latency for memory read

Tequests, the read command format may have all the critical information in the first
half of the flit, thus enébiing dispatch of a read request to memory before the XMI

332 receives the entire flit.
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exanpl e, locations in PCl configuration space. Additionally, because of the
nature of the commands, the PM 308 may choose to have onlycﬂ{]%g,{ﬁgﬁ}/2006
confi gur at i R %3@MPdhd outstanding at a tine. [0077] Al the c¢omtand types
may share a comon base format. For exanple; 20 a conmmand flit may contain
a 72 bit cogomd RAGRAGhdidhidhRr Ekdrhplpayinadthascoithmareonapindickiet s and 8
check bits. To mnimze the latency for nenory read requests, the read
command f ok FRkndFaNe g Rafbf thelR certalriscalfident arfemidtien té lauhttea friemsary hal f of
the flit, thus enabling dispatch of a read request to nmenory before the XM

332 recei vesad he%u@e% o \ﬁhéth%rtthe %gau Y6 BRI 42849 RCTALFRAMEOH B the078]  An

early indicator, for exanple a bit, in the command may i ndi cate whether

the first Bkle @i i€ plidy GAPbeLASosHEmon Rl doffipir®! steviee theunch a

menory read request or

in the Sen%@qg%gﬂ%yﬁ -ﬂn‘@c@j lEqu&ﬂb?&yﬁélﬁgﬁﬁi%JsgfoFEémf@Mra'%iGﬁd conmands;

ot herw Se may 1 ncorrect menory fead requests for

Cont 80 R RTTIRPs o, FRO PR M amruCe.
o S TEL el B RIEGE M AERAGel PR o1
N i AR
SRR L A TR RN e

t ransacti on (ta?) bits, together with t hF . i
) 10 the XMI 332 to consider this information before dispatching a memory read

request. .

[0079] The command destination bits may indicate the command type: memory
command, device command, or configuration command.
[0080] In one embodiment, the fransaction (tag) bits, together with the
15 Read/\Write bit, comprises a unique 1D for each command. A unique ID may not
" be re-used for a subsequent command until either the PMI 308 has received a
respanse far any prior command of that type with the associated transaction 1D or
_ ) ' the PMI 308 has determined that any prior command of that read/write (rdfwr) ‘typg
| with that transaction ID has timed out.
20 [0081] The cancel bitis a modifier which indicates if a pnernory read command
is canceling a previous memory read command.
[0082] In the case of memory commands, the offset hits identify an offset from
“the memory location specified by the address bits for memory reads and writes.

“In the case of device commands, this offset coupled with the address bits may

.22
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15 Read/ Wite bit, conprises a unique ID for each command. A unique |ID may
not be re-used for a subsequent conmand until either the P'%/é lﬁgélgg%%/2005
recei ved a WPd3HdL for any prior conmmand of that type wt VhE"™3250¢i at ed
transaction ID or the PM 308 has determned that any prior command of
that read/ whitify thedhne) (dexien (@.tth atrhemnotyr aapect deyitelregipied: t i med out. 20

[ 0081] The cancel bit is a nodifier which indicates if a nenory read
command i §066%]C Ak RgerfioRE@¥boves theasteayn i sidriyonapeireidefned 82 Entdietthie case of
menory conmands, the offset bits identify an offset from the nenory

| ocation speehii @dvih bhkerasly Tesscdmmand belongsor e remntsy asatl Gamime’d * 1 n the
case of device conmmands, this offset coupled with the address bits may 22

09705/ 2006 rimﬁ%%%ﬁﬁem/ﬁ@%é P dfiferers pelséfusing pelideartgelfieredat i on (e. g.
to a rrem)rf mappe evice register). [0063] As nentioned above, the stream

i d/ pri org t%éméfr)ﬂ%qgﬁéti&n?gr é,&%%gﬁéﬂﬂ&n?ﬁhﬁﬁam it ® meicrh commandry r ead

command “bel ongs “or e nenory read conman priority to enable the XM 332

Lo a0l ¥ IhCISHS) gPIUSAINg sholh Sndsndrofé gredliet sistikendapiest s, For

exanple, thi's Fre Indicate I1f a nenory command belongs to an

oot the | SBEHPINBRENG ST SR IR REE 621 “The mmsk bi T may
reads and Jp0s T bF Y Pk PO AR P e R A Do The i ze
commandy. oS oratiagead M s G ol Yontiaich Mot ' 34 T 8 byt e
(Lh conjunctlon Wl L oS TRy inhiatd e Gald{hRSrer 32 B RiceBaLYL €S, ete.,

configuration commands. Possible data transfer sizes for such commands are: 1

to 8 bytes (in conjunction with the mask bits), 16 bytes, 32 bytes, 64 bytes, etc.,
and full cacheline size.
[0086] The integrity of each command may be protected using an Error
15 Correcting Code (ECC) over the 72 bit command with check bits distributed in the
second half of the flit. However, untif the entire command flit has been received
and 'the.ECC error check has been compieted the XMi 332 may wish to regard the
: ) early bitas a hint and any memory read request dispatched early for the
command as speculative. Consequently, the XMi 332 may want to ensure that it
50 . has sufficient resources o handle such a speculative early memory read request
pefore it is dispatched. For example, the XM 332 must ensure that dispatching
an early read request cannot lead to an overflow of the memory controlier read

request queue.

[0087] For the write command fields, to simplify encode and decode in this
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[0086] The integrity of each conmmand may be protected using an Error

15
Correcting ) over the 72 bit command with check bi tP%TﬂPS%J/E%)?(?E&EaGS

in the second&ﬁa4 of the flit. However, until the entire conman
been received and the ECC error check has been conpleted the XM 332 may
wi sh to regankbdiment, darseyiichistmasbathesi sameasifoathye readooymasdexeerjlest

di spatched early for the comuand as specul ati ve. Consequently, the XM 332

may want t dheoffsstenthaideifieldd0 has sufficient resources to handl e such a
specul ative early nenory read request before it is dispatched. For

exanpl e, tieosdyl BRZramisillusisius ent batbodinsgrabEhnvegnorpoomardng foresd r equest
cannot lead to an overflow of the nenory controller read request queue.

[0087] For 130e. W iHiLeganpBnde bialfls a physisainplarwthgaaatmsrsipetdittcnd in this
23 WO 03/ 042849 09/ 05/ 2006 PCT/ US02/ 36040 enbodi ment, these fields may be

the samg asgfifs féa%ahgﬁel TRAMENA: exafRhd e 72tte defifesed inntlarsfste. fi el ds.
[0088] Figure 13 illustrates one enbodi nent of a nmenory comrand for mat

1300. 1 n t hisuRealihés indeAth THMBIcR (HBMSFal d Y @iredhéntis 9 bhe braaBf ers per
flit and ?Slgﬁ%ig@ﬂ]per transfer. ‘ﬁ'hat is, th@ corﬁ%nd has 72 bits '

del i ver ed itiﬂ)e4aér5§sgl¥|fe%t%rcdﬁﬁ%&r’ﬁto? F%émﬁ(%n%m‘gig tREGt fraAdtel @rarlstdray)st er

0,1,2,3) corresponds to one bit ce ross the i nterconnect. For

exanpl e, d v&&%r&&%bﬂr&%lﬁ%{/ﬁ@% @adﬁvﬂt@%ﬁﬁ{an&may éé)ffgrﬁsf%&f@@qﬁ ess bits

and a read/wite comman transterred. ring ansfer 1 higher
oot 2t g e OB GRS AR i gt errod. uring
adﬁl ' es% t Er%Hs? eFrteéi.OBulrng T(r?nes(f\é?s 2%%“3, bﬁg Er%%gtihg ’cor%‘?a%d a‘é@fi’ﬁaffilon,c@ﬁg@nd’
from address, transaction ID, check, mask, stream ID, size, cancel command,
priority, etc_:., may be transferred.
[0089] Figure 14 illustrates one embodiment of a device command format 1400
wherein we assume a physical layer with four transfers per flit and 18 bits per
15 transfer. Here, during Transfer 0, lower order address bits and al read/write
command may be transferred. During Transfer 1 higher order address bits and
the early read indicator may be sent. During Transfers 2 and 3, information may _
R " be transferred indicating command destination, offset from address, fransaction
ID, check bits, mask bits, size of transfer, etc.
20 [00690] Figure 15 Hlustrates one embodiment of a configuration command format
'1560- wherein we assumne a physical layer with four transfers per fiit and 18 bits
per transfer, During Transfer 0, lower order configuration address bits and a
read/write command may be transferred. During Transfer 1 higher order

¢onﬁguratio_n address bits and the early read indicator may be sent. Quri__ng
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priority, etc., may be transferred. [0089] Figure 14 illustrates one
enbodi ment ?foﬁfﬂféﬁbce command format 1400 wherein we assup@w@&%&bﬂéap(m
| ayer with four transfers per flit and 18 bits per 15 transfer. Here,
during Transfer O, lower order address bits and a read/wite commuand nmay
be transf er fr@asfersu? iapg STinderaraden mayibgHeanskpshindisrtinrgsorna® and the early
read indicator may be sent. During Transfers 2 and 3, information may be

t r ansf er r eddashidation, ioffgetdmmrandress sienaactiosdD, eidokdits fmask kigdeEss,

transaction |D, check bits, mask bits, size of transfer, etc. 20 [0090]

Fi gure 15 ilopat} r Asasedaesiemeotiinednthedink dayso fifli)das dothoan edhaittforaaimt

1500 wherein we assune a physical |ayer with four transfers per flit and 18
bits per tamrefi@boufirmgt TFigmsfiéril@siratesere embedimenhdfizgundtdusd lialidr ess
bits and a read/wite conmmand nmay be transferred. During Transfer 1 higher

order conflagerfathain 680dTee babe bstbancd bitelagarfopmatenal hava| fonesampiey8be sent .
During 24 WO 03/042849 PCT/ US02/ 36040 Transfers 2 and 3, information nay be

t ransf er r ecbifsisdir 9Bt TG bagsTorngt meesé iopadrialin exthtisetfof &xmptel byemsiher
transaction | D, check bits, mask bits, etc. [0091] As previously

nentioned, gk thiaMotdl 2Y 26 bitd-par 2 Fiet Mmoo tike ve ditd ?éﬁfﬁttforrﬂa_ﬁd L&an i nbound
format. Figure 16 illustrates one enbodi nent of an outbound link 5 |ayer

format 1613GhnaTH® RE&EiPEbRAMARatind nrbAyRionl @HoTRdit RYcHRAY Bits §ant exanpl e, 8
bits per flit. This base format may be optional'ly extended, for exanple, by

anot her 8d%#ihgﬁaﬂls@erg@gg?&gr&@fem;to?1p§,rarfd 3 - Tiid ag&mpmmiéw 16 bits

per flit forma I's used for co nicati ng i nformati on (info)

oL Sdue SRR Rl e AR R SR Co s i e, 8 e
the flit Ccs)lrétn%i R G&RP gorﬁr[nugf%clitﬁ'fg !%raajeﬁ té:‘ﬂla%ﬁ clh!sck bits. The tail bit
indicates the end of the packet and the header bit indicates if the flit contains a
command. The header and tail bits may-encode other states, such as: flit payload
is data and is not the last data payload in the packet; flit payload is a data payload
15 and the last flit of the packet; flit payload is a write command; and flit payload is a
| read command and the last flit of the packet. The check bits comprise a CRC
" computed over the 16 bits of the link layer format. The extended mode bits are
} sent on LL signals 2 and 3.
| [0092] Extended mode bits may also be in the link layer and may be used for
20  data flits with lockstep Memory Ports. To support error checking in the XMI (332)
| with lockstep Memory Ports, the extended mode bits may encode the error
~ syndrome of the half cacheline sent to the other Memory Port.
J0093] Aninbound link layer may have a variety of formats. For example, in

one embo'diment, there may be four different inbound fink layer formats: read
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signal | is used for communicating header, tall, and check bits %
bit indi ca,h/% ()Dfsﬁnd of the packet and the header bi t |ndh§?®§§d”§0{{ §06
flit contai comuand. The header and tail bits nmay enco St at es,
such as: flit payload is data and is not the |ast data payload in the
packet; fl irttupapbadel, witeackadbwiepgnbondtaiils, and comfyukatioh. i e of t he packet;
flit payload is a wite conmand; and flit payload is a read command and

the |ast fldnibaafimehte deackiedd beldwe itdbeositik trer theserouskda@rmeatsraut ed over
the 16 bits of the link layer format. The extended node bits are sent on

LL signal s sRapnglndgmbkP802s iffsbamdad Fode 17 ligstiBys elssenbsiimentdfe | ink | ayer
and may be used for 20 data flits with |ockstep Menory Ports. To support

error checkphRndMinbBendNMik 6pF4drmatitts 1fogkst ep Menory Ports, the extended
node bits may encode the error syndronme of the half cacheline sent to the

other MpmDiydagr t Thé S Bit wt%fbaké%bﬂH@%t'p‘a?lBa%l B on-188 5. %aéb‘ﬁtaﬁ?né’@étb &r)is of

formats. FOr exanple, In one enbodi nen ere may e four different

 nbound || | #HETHLOY ! Gt 28D BRC S DR OR! A0 iniErUS02/ 36040
return header, vvrltea owle gnent, st tus configuration

enbodi nment % ﬂ.ﬁgcrl bed below, it is possible for these four link |ayer
formats to are a nunber of bits in comon. Figure 17 illustrates one

nmbod '. h
Cnro bit | Kifos; oEHob BRE HM indidke bAUS P bifRtertirbydd Bk iaper D004 TRE
i idle. h bi h 1 b f th
ok | ayer O BIYSHC phggay f é‘@%s%‘r e S ederl sl e onr o 1t orent
|nbound i nk ¥e

-configuration.

[0096] Figure 18 shows one embodiment of a read return header formai 1800.
Here, the tag bits, may encode a transaction ID in, for example, littte endian order.
The control bit may indicate that the read return has data and the first data
payload flit begins a given offset flits from the beginning of the current flit. If the
15 offsetis 0, the first data payloads begins in the current fiit. The control bit may also
indicate that the read return header is a nack (short for negative
acknowledgement), in which case there is no associated data. The read return
‘) : nack informs the PMI 308 thaf the XMi 332 has cancelled the original memory
| read command as a result of receiving a read cancel command and thus the PMI
20 . 308 must not expect read return data for the read command. The XM 332 only
sends a read return nack if it cancels a read command. Thus, the XM} 332 does
not send a read return nack if it discards a read cancel command without
a canceling a read command.

[0097] Figure 19 shows one embodiment of 2 write ackn_'owledgement format
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formats, such as: read return header; wite acknow edgenent; stath%%
a8
I D i

nd
10 configurgti 096] Figure 18 shows one enbodi nent of r @?2, PR06
header fornﬁbﬁg%jgg Here, the tag bits, nay encode a transg’gt ﬁf(?n n,

for exanple, little endian order. The control bit may indicate that the
read returniB@® ehis exainpigexteptdor thapbsensayaf dwdcdritiot bib &ys frsmat igitheen of f set
flits fromthe beginning of the current flit. If the 15 offset is 0, the
first data paykaadsrihegead réturnthieadeudis@isted Bbove. The control bit may al so
indicate that the read return header is a nack (short for negative
acknow edge[o0%8] , FigurstishopasmetdnerogimantiP08ss aciatefbrdat AheTiemerdtprt
return nack inforns the PM 308 that the XM 332 has cancelled the

ori gi nal negeo yhayneRAhE tEBdrrast far thesuuhciiinst @teh\of ogtbaumdeial canimd|
command and thus the PM 20 308 nust not expect read return data for the

read companghiorfi@iorhd thE3goedsyr; ceEihgrart athchindug sigagikand intitatirantbel s a

read command. Thus, the XM 332 does not send a read return pack if it

di scards a fgady&a8¢at femend W thout canceling a read command. [0097]
Fi gure 19 shows™ one enbodi nent of a wite acknow edgenent format 26 WO

03/ 042849 Pﬁt}igbﬁ 4 t’h%f%@cﬁ?tgi?@%ﬁﬁ@e?% proBeddd snRX AGTRd 2PY GeRd cdihabdieio

absence of contro Is fornmat is the sanme as for the read return

header di SCM%%&%%&H ﬂﬁ@%??%ss%%%éﬁegg s%@é‘\%e?:@ﬁit iR A BY&staA00 Boraiat a

status fornat. nory may use the status format for three

ot Cne SRR SO RNRI | FHE ROPEES oSN BRI hRRePIORRRS 0T

conveyi ng an asynchronous signal; and 1 ndicating ayer is idle

12 L hfigRgbotind e Yoffndics, &3, RFEA Uk xiil SsPAARRAEF eftéetis BYvehend

any wri
threshold. If the stop bit is inactive, the processor may send write commands to the

XMI 332.
[0100] The signal bits may comprise a signal code. The XM 332 may
asynchronously signal some action by the processor, in parallel with read return data,
15 by setting the signal code appropriately.
[0101] One skilled in the art, will recognize, from the examples of the above
- embodiments that a configuration format may be similarly encoded to provide
) : functionality for the inbound link {ayer to convey configuration information.
[0102] These embodiments are described in sufficient detail to enable those skilled
20  in the art to practice the invention, and it is to be understood that other embodiments
may be utilized and that logical, mechanical, electricai, and other changeé may be
made without departing from the scope of the present invention. 1tis to be appreciated
‘that the architecture and functionality described above may have other embodiments.

Any of the formats, commands, etc. may have different bit assignments as well as
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the XM 332 until the processor receives a subsequent flit with I|nk Iayer
status format. and with the stop bit inactive. The XM 332 %g.ls/ﬁ 2 ( Qtocfp
bit when i tYRACAIEY o f1ow 10 control inconi ng wite conman

the XM 332 wite buffer exceeds a given threshold. If the stop b|t |s

inactive, tdifferpnicdefinitions fanbits.e Ao ewanipte, dhemetdstre hbdder fofMat 822 hak€100] The
signal bits may conprise a signal code. The XM 332-may asynchronously

si gnal songifeéniant Msidgriteents acwas el differerpdeddifics ff il dreate brlenraydat a, 15
by setting the signal code appropriately. [0101] One skilled in the art,

wi I recogpigzendibi pathéh@afi@eRh&anof the above enbodinents that a
configuration format may be simlarly encoded to provide functionality for

the i nboun(foioajhdhﬁﬁﬁéuyt Q/hf?@fb‘f‘@ﬁkec%érméé@éd @lrihé Béélfnﬁﬁ&d &he deébi’d ofthese
enbodi ments arée described in sufficient detail to enable those skilled 20

in the grt gFé%eWE RGEhESh M?@re dd'é%&ﬁa%'d‘?ﬁ‘err%@m‘\énté ith P?gg ctttawoah@quthat ot her

enbodi nent may be utilize hat | ogi cal nical, electrical, and

ot her .Changﬁ(ibo%éfd% Jfﬁdﬁus"\‘otb'é%ge%?cﬁﬁ{ ﬁﬂe(yah%&‘l r%)ﬁ&ﬁﬁ’@to ﬁn«@)ogﬁesent

i nventi on appreci ate ure an unctl onal i ty
descr e, ARG Pl ROF G A FEPALPERL o e hoted QOB
O AL T A L et Tl
chtferent fotidh S8 ot E AR A A
oo Phnt B Mhehabeeris et i alaRisie b edines S len 65 2o e 5 e
- under st oodthterl\ﬁftorr%gt%/n may be applicable to both inbound
[0104] A machine-readable medium is understood to include any mechanism for
storing or transmitting information in a form readable by a machine (e.g., a computer).
For example, a machine-readable medium includes read only memory (ROM); random
15 - access memory (RAM); magnetic disk storage media; optical sterage media; flash
memory devices; electrical, optical, acouétical or other form of propagated signals (e.g.,
cartier waves, infrared signals, digital signals, efc.); efe.
) [0105] It is understood by those knowledgeable in the art, that an implementation
| using a computer may require, at power up or reset that the computer configure itself
20 properly before performing a method or task as an apparatus. This is normally referred
| to as initialization and may include, but is not imited to, setting timings of chips,
determining devices attached, configuring subsystems, such as memory, checking

accessing speeds, checking interconnects, etc. What is to be understood is that in’

preparation for fully functional operation, a computer system may perform many
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and out bound. For example, link |ayer data that may be associ at&%égg%os

particul ar r within a flit may be tenporally displ agegy
respecti ve Pat%}sa?%% and this transfer may be in an inbound and/or outbound

direction. For exanple, PM 308 may 10 issue a header that is sent via the
i nk | ayer @f@%ﬁesetmamrame@mz@me%@ syemaleo s fcoaputasmay; aldniiplizetiamt i on.
[0104] A nachine-readabl e medi umis- understood to include any mechani smfor
storing or detafivimetatiened meoonpandyary petingvand paradedidre thgetarmaeHicne (e. g.,
a conputer). For exanple, a machi ne-readabl e nedi umincl udes read only
menory ( ROMptimemdaeridce sipeds stimegselingRaty. ; Addigoret|y cheicokpsieowbide nedi a;
optical storage nedia; flash nenory devices; electrical, optical,

acoust i cal aperatiftemal also pffopnohegatie dssirg padser Opetion andifmecessany es,
infrared signals, digital signals, etc.); etc. [0105] It is understood by
t hose knpw edgealdlettings, étbe art, that an inplementation using a conputer
may require, at power up or reset that the conputer configure itself 20

properly befpaoe] PaHuS drirRehod dRILAppera@ls forfe ERinAratRBRA RISy rebldi S i S
normal |y referred to as initialization and may include, but is not linited

to, setti ngoﬁéré‘ﬁd?&%é)fea@hbtﬁ}ﬁ}h op@ﬁﬁﬂhﬁhﬂnﬂﬂefﬁsw iARScarhEaed begonf i guring
subsystenms, such as nenory, checking accessing speeds, checking

i nterconnecisscrigé®. What is to be understood is that in preparation for
fully functional operation, a conputer system may perform nmany 28 WO

03A) 42849 PCT/ Usqg~, ~( RA/2111 checks, set many paranmeters, etc. For
eﬁrrpl e, a conputer may, at initiali zati on, determ ne attached menory and
vary settings and paranmeters to determne the optinuminterface speeds,
timng settings, etc. Additionally, the conputer while operating may al so
perform checks to assure proper operation and if necessary
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5 change settings, etc. [01061 Thus, a nethod and apparatus for the

optim zation of nmenory read operations via read |aunch optim ZG@(@'BS/Q@OG
menory interconnect have been described. 29 09/05/2006 What is clained rs:
1. A nethod conprising: receiving a wite request in parts; 5 receiving a
read request within a wite packet; and preenpting transfer of wite data
with the read request by not conpleting the wite request until all of the
parts of tWietwrcalndiequest are received. 2. The nethod according to claim
1, wherein the read request preenpting the wite data is 10 received in
time after the wite request. 3. The nmethod according to claim1, wherein
the read request and wite request each have an associated |ink |ayer
control . 15 4. AR RSPABEEccording to claim 1, wherein the read request is

sel ected from t{he. I.stlng of a nmenory read request, a device read
request, and a J(:ng é%ﬁ&gt“%g%ﬂrn}tgggr equest. 5. The nethod according to claim

1, whepein theraskilih@a feB6 HAGdst WithinsPWRe bRMetf @M t he group consisting of a
menory wite request, a device wite request, and a configuration wite
request. 20 6. preemptipp &arssten sf voitagatd withrigs read et by et eplatingaie widle an | nput, an
output, and a control; a nmenory port having a menory input, a nenory

out put, a"§HFRHHRA diahthe Barts of the Mteaeausst arg fepRiMed- a processor out put, and a
processor control, wherein the nenory systeminput is coupled 25 to
receive the nmenory port menory output, the nmenory port nmenory input is

coupl ed tg recChieRethod according to claim 1, wherein the read request preempting the write data is

10 received in fime after the write request.

3. The method according te claim 1, wherein the read request and write request each have

an associated link layer control.

15 4 The method according to claim 1, wherein the read request is selected from the group

consisting of a memory read request, a device read request, and a configuration read request.

5. The method according to claim 1, wherein the write request is selected from the group
consisting of a memory write request, a device write request, and a configuration write request.
20
6. An apparatus comprising:
a memory system having an input, an output, and a control;
a memory port having a memory input, a memory output, a memory control, a processor
input, a processor output, and a processor control, wherein the memory system input is coupled
25  toreceive the memory port memory output, the memory port memory input is coupled fo receive
the memory system output, and the memory system control is coupled to the memory port

memory control, and
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the nenory system output, and the nenory systemcontrol is coupled to the
menory port nmenory control, and 30 09/05/2006 a processor haviag/%Eﬂngb%
output, a nenory input, and a nenory control, wherein the nmenofy’port
processor input is coupled to receive the processor nenory output, the
processor nmenory input is coupled to receive the nenory port processor
output, and the processor nenory control is coupled to the nenory port

processor cont QrocesdoMdEhEh hehbl TBIDE eMBY inpttosha® hEE donP8ineRiOt ocol

allowing a processor wite requéest received in parts to be preenpted by a
processor theaemarepurgsdcedgr inmit iscomfddab rdagvd hepratdsé® memoguwaplt, tat i | al |l of
the parts of the wite request are received, and wherein the read request
s Wt hi rPregeskPl MeNgsuiaRE is coqed o rephike the mamery gt rrpcegsanpvP®, anditfer ei n t he

menory port protocol further copprises a payl oad packet and an associated
link iayef roc?gsﬁ?rr'?ﬁmoﬁé%oﬂt?' s “89‘ﬁﬁg€ﬁ’?eﬁ?fyr‘g’5)é%?sémﬁﬁﬂﬂ°ﬁm havi ng st ored

thereog instrughiORthe rrygﬂ’io%o%g@a %ﬁg'?g&gpmt @d\fﬁtgﬁ/inﬁa VoL &8 dfle redsl SSUE @

wite request in parts; ISssue rea qgues w1 te pacKet; and
preenpt t ransédin pofs toWd gréenthddiby\el drdteddoLreb@RUSS W SIomPMtiRthe w@EP! et i ng t he
wite request wuntil all of the parts of the wite request are received. 20
9. The na&dsesbuntibalichh the eanteead the mriteoeevesli angretaived.| anil wh@ein teaeasi rquebtds r ead
request agﬁgthe_ wite request each further conprise an associated |ink

| ayer cont'FB 2" Packelsy st em conpri sing: a processor capabl e of issuing a
read request within a wite packet, and a wite request 25 in parts; and a
menory devi ce coupled to the processor wherein processor transfer of wite

data #¢ 7. The apparatus of claim 6, wherein the memory port protocol further comprises a payload

packet and an associated link layer control packet.

8. A machine-readable medium having stored thereon instructions, which when executed
causes a system to:
15 issue a write request in parts;
issue a read request within a write packet; and
preempt transfer of write data with the read request by not completing the write request

until ali of the parts of the write request are received.

20 9 The machine-readable medium according to claim 8, wherein the read request and the

write request each further comprise an associated link layer control.

10. A system comprising:
a processor capable of issuing a read request within a write packet, and a write request
25 in parts; and
a memory device coupled to the processor wherein processor transfer of write data is
preempted by the processor read request by not completing the write request until all of the parts

_ of the write request are received.
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preenpted by the processor read request by not conpleting the wite request
until all of the parts of the wite request are received. 31 0

it. The systemof claim 10, wherein the read request and wite raggﬁfe%}f?gg(ﬁ]
further conprise an associated link |ayer control. 5 12. An apparatus
conprising: neans for receiving a wite request in parts; neans for
receiving a read request within a wite packet; and neans for preenpting
transfer of wite data with the read request by not conpleting the wite
request until all of the parts of the wite request are received. 10 13.
The appar atlus dhe gystemef tRIm Whweheein theeeadseduest apd edegiesgedchéurteri t e data with
the read request is a neans for receiving a link |ayer control associated
with the rcé’ggr'steé’aﬁﬁsé’ﬂate‘imk'%éc"é%'ar atus of claim 12, wherein means for
preenpting the wite data with the read 15 request is a means for
receiving a link layer control associated with the wite request. 15. A

met hod sconpr i SiAR@ppakRGSioiphdng? read request flit within a wite packet; and
di spatching an early read request froma read request flit to a nmenory from
t he request 20eddsifor repgivingg viritecrequesstdn partag. 16. The nmet hod according to
claim 15, wherein dispatching the early read request to the nenory occurs
“after recei vi nfeansferreqeiving efreagirequpg witkin g writtpaekst and i t . 25 17. The met hod

according to c|ai wherein the first half of the flit has an indicator
for early di slﬁ'g{"‘rgﬁ‘;’g’f‘*eﬂ%g"g@gﬁfﬁ[0?3'3{8“?%&@@@? retaSr'?qH%StI’ré?fBFV.‘p? 89 t"¢he net hod
accor di Nk ek Dhekdi or MLiaRd & hefnd AIeGRIOfecdifs ©ar |y di spateh of the read

10

13. The apparatus of claim 12, wherein means for preempting the write data with the read

request is a means for receiving a link layer control associated with the read request.

14, The apparatus of claim 12, wherein means for preempting the write data with the read

15 requestis a means for receiving a link layer control associated with the write request.

15. A method comprising:
receiving a read request flit within a write packet; and
dispatching an early read request from a read request flit to a memory from the request

20  fiit during the receiving.

16. The method according to claim 15, wherein dispatching the early read request to the

memory occurs after receiving a first half of the read request flit.

25 17. The method according to claim 16, wherein the first half of the flit has an indicator for

early dispatch of the early read request to the memory.

18. The method acc_m_'ding_-to claim 17, wherein the indicator for early dispatch of the read
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09/ 05/ 2006 request is selected fromthe group consisting of early dispatch
of read allowed and early dispatch of read not allowed. 19. An B@%ﬁgqg%os
conprising: 5 a nmenory system having an input, an output, and a ¢ontrol;
and a nmenory port having a nenory input, a nenory output, and a nmenory
control, wherein the nenory systeminput is coupled to receive the nenory
port nmenory output, the nmenory port nenory input is coupled to receive the

NENDry SYSkeqidsOsiéddited ﬁemdhetd?l&gmwg S BadyRIBpSOINGTd didved GRESING disftent he
menory port nenory control; 10 wherein the nenory port has a nmenory port

prot ocol sdippednttialigvesin early read request by dispatching the read request
froma read request flit to a nenory while receiving the read request

flit, and wherein the read request flit is within a wite packet. 20. The
appar at us gf cIA%ingrgms wherein the early read request is located within a

first half of a readcof"é)aﬂ'ggét flit. 21. A machi ne-readabl e nmedi um havi ng

st or ed st her eon ainisiory bR Rgving Wi, WHERpRXAE UlcEifor GRHSES a system to:
receive a read request flit wthin a wite packet; and 20 dispatch a read

request from t heneneachortdenest mérhdry inp@, BmeRdPoytpuitint @ richeryicoad), wasteiast it
is being received. 22. The machi ne-readabl e nmedi um according to claim 21,
wher ei n ditfeIBawaRY sygtemeput is srypled tagaeeive thegnentmay prstresmpenoenyt. thelmsfrorportecei vi ng
the entire read r.guesk flit. %% 23. The machi ne-yeadabl e nedi um according
to claim ﬂfTOWﬁ'bDF’g' KOYPIFd 19 TPl TieATamagy sySigm quipHt ansle mefpory syslernoBYol For early

di spat ch @fypleR% theALmbG PHESEMES cdrtE: Memory sel ected fromthe group
consisting of early diSpatch of read allowed and early dispatch of read not

al l owed. 33  wherein the memory port has a memory port protocol supporting an early read request by
dispatching the read request from a read request flit to a memory while receiving the read request

flit, and wherein the read request fiit is within a write packet.

20. The apparatus of claim 19, wherein the early read request is located within a first half of a

15  read request flit.

21. A machine-readable medium having stored thereon instructions, which when executed
causes a system to:
receive a read request flit within a write packet; and
20 dispatch a read request from the read request flit to a memory while the read request fiit

is being received.

22, The machine-readable medium according to claim 21, wherein dispatching the read
request to the memory occurs before receiving the entire read request flit.

25
23. The machine-readable medium according to claim 22, wherein the first half of the flit has
an indicator for early dispatch of the read request to the memory selected from the group

consisting of early dispatch of read allowed and early dispatch of read not allowed.
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09/ 05/ 2006 24. A system conprising: a processor capable of issuing an early
read request froma read request flit, wherein the read requesgpofigs/bdoe
within a wite packet; and 5 a nenory device coupled to the processor
capabl e of receiving the early read request and performng an early read
of a menory while the read request flit is being received. 25. The system
of claim 24, wherein the processor early read request is issued within a
first half of a read request flit packet. 10 26. The system of claim 25,
wherein the first half of the read request flit packet has an indicator
for early # spat stepfcomprisingead request to the nenory device selected from
the group consisti ng arly dispatch of read allowed and early dispatch

of Yo
of read not al IZRARESSCLEPIeE of jgsuing hearly frad cogpit fram A grad resuest it yherpg dhei ng an
early readregoe,gb@gltﬂitgsr@mn%“;n:f:-%gclge@%gst flit, wherein the read request flit
et; an ’

iswthin a wite pac means for a nenory device to receive the

early mead requaesdmorydbvipeiduplediodit BadcsYor baRBle otbceRingRiUaly Bk lgudshe read
request flit is being received by the nmenory device. 20 28. The apparat us

of cl ai m Z2nd perfeeming &n epdaread biorménsgywhilg taareabreduestiié acbeing Gaeeséd. i S a neans
for setting an indicator in a first half of a reed request flit. 29. The
apparatus of claim27, wherein neans for performng the early read of the

menory is.,:25 I . an indicator selected fromthe group_consisting
of early F'spafr g%%%%roggﬂgéﬁ %&egdt_}éﬁﬂmce@ﬁ?rleﬁ%dﬁ S14ER! 'HPSYe g’ﬂh'%gprsbl | owed.
34 09/ 05/ BRPG 236hd réyBRIIREKGONDY i Si Ng:
10
26. The system of claim 25, wherein the first half of the read request flit packet has an

indicator for early dispatch of the read request to the memory devfce selected from the group

consisting of early dispatch of read allowed and early dispatch of read not aliowed.

15 27. An apparatus comprising:
means for issuing an early read request from a read request flit, wherein the read request
flit is within a write packet; and
means for a meméry device o receive the early read request and perform an early read
of a memory while the read request flit is being received by the memory device.
20
28. The apparatus of claim 27, wherein means for issuing an early read request is a means

for setting an indicator in a first half of a reed request flit.
29, The apparatus of claim 27, wherein means for performing the early read of the memory is

25  controlled by an indicator selected from the group consisting of early dispatch of read allowed and

early dispatch of read not allowed.
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receiving a first half of a read request flit within a wite packet; and

di spatching a read request fromthe read request flit to a neno
receiving a second half of the read request flit. 5 31. The nep?éggpéﬁ(m

according to claim 30, wherein dispatching the read request to the nenory
occurs before receiving a second half of the read request flit. 32. The
nmet hod according to claim30, wherein dispatching the read request to the

menory  10sooccuyBeth@ifcdmprisaigh or checking an entire read request flit.
receiving a first half of a read request flit within a write packet; and
dispatching a read request from the read request fiit to a memory before receiving a

second half of the read request flit.

31. The method according to claim 30, wherein dispatchihg the read request to the memory

occurs before receiving a second half of the read request fiit.

32. The method according to claim 30, wherein dispatching the read request to the memory

10 occurs before error checking an entire read request flit.
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