WO 037042846 1(r) 9 MAY 2006 METHOD AND APPARATUS FOR SI DEBAND READ RETURN

HEADER | N MEMORY | NTERCONNECT FI ELD OF THE | NVENTI ON 5 [0001] The present

i nvention Bvert_ai ns, to nenory connections. More particularly, thé Br¢dnglis
i nvention P& %4280 a nethod and apparatus for the optim zation of nenory

read operations via a sideband read return header. BACKGROUND OF THE

I NVENTI ON 10 [(QRYRDOrAAND APPARATESSEOR SIOEBARD REABRETURNHEADERINT ast er
nmenory i nterconnects I ncreases. Mcr Ooprocessor per f ormance has i ncreased

dramatical ly. System perfor manggeipeikyopetbunegT kept pace with the
i ncreased performance of mcroprocessors due to a variety of reasons. One

reason is the nechanical nature of nass storage devices such as hard disk

drives. 15 ['?I%Zﬂoﬁqﬁ%m\/@mﬁ@@ffecti ng system performance i s nmenory

external to processor. This nenory may consist of both exter nal
e sboe AL SR S SRR hasger 1 o1 ze
oL enent ot o COIR s biksh by R el RGBS S iraRlipivi o T educe
VD 03/ 04264 BRIoRRIENoTPeY/ Bag SpaEas Vibk SetaRa b H R R DRaw Nas
[ 0004] The present invention is illustrated by way of exanple and not
limtation 7
BACKGROUND OF THE INVENTION

) 10  [0002] As microprocessors become faster, the need for faster memory

interconnects increases. Microprobessor performance has increased

dramatically. System performance has generally not kept pace with the increased

performance of microprocessors due to a variety of reasons. One reason is the

mechanical nature of mass storage devices such as hard disk drives.
15 '[0003] Anotherarea affecting System performance is memory external to the.

- microprocessor. This memory may consist of both external high-speed cache and
external generally lower speed, but larger in size, main memory. Accesses to.
external memory may have latency and implementation complexity that affect

) _' ~ performance. The ability to reduce latency and reduce implementation complexity

o 20  is beneficial. A protocol with optimizations for interconnecting with a memory is

also beneficial.




in the fi gures of the acconpanying drawi ngs, in which like references

indicate simlar elements and in which: 5 [0005] Figure 1 illustrates,
accordi ng t qygnsepodi ment, a network environment in whi C%‘%ﬁﬁ %gﬂé%?%ﬁtZOOG
invention may be practiced; [0006] Figure 2 illustrates, acc Ry one

enbodi ment, a block diagramof a conputer system [0007]Figure 3

illustrates, S@ﬁ,ﬁ@@%@g@ﬂ@&fz@p@@bm@m%@ menory port 10i nterface;

[0088] Fi gure l'ustrate t odi nents for a read request
Becor di ho-t o 10088 nTHE blSeh Ao Refliehaten B R oF bR Ge 2ol el PhEITE o .
15 [0010] F ' d
return headd 1e 5o SRS aekor i B el e IR A s R et

menory port ace 0012], Figure 8 illustrates, according to one
enbodi nent , gim;%“%?% 8 JVB'P%I ocol ; [0013] Figure 9 illustrates,

accordi ng_t e rin transfers; 0014] Figure
10 il lustrat @@bq"; ”%gaqe%qygrai%tqqg?rdg%t}g ﬁ%ﬁ'ﬁ’o é{”?’l'ti gnetwaih1s] Figure 11
illustrates, accordin ne enbodi nent, a tenporal 2 WD 03/042846 2 0 0 6
di spl acement eBY‘“H‘m@?’ﬁ%’ Wgﬁﬁgﬁh%ﬂ'@sﬁaﬁlﬂﬁﬂ'oﬂﬁn%/ he practiced; :

[0006] Figure 2 illustrates, according to one embodiment, a block diagram of a
computer system; |
[0007] Figure 3illustrates, according to one embodiment, a me.mory port
10 interface;
[0008] Figures 4A and 4B illustrate two embodiments for a read request packet
preempting a write request packet;
[0009] Figure 5 il[ustrétes, 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 illustrates, according to one embodiment, a memory port
) interface;
| [0012] Figure 8 illustrates, according to one embodiment,ra memory port
20 protocol; | | |
[0013] Figure 9 illustrates, according to one embodiment, a flitTeduiring 4
transfers;
| - [0014] Figure 10 Illuétrates, according to another embodiment, a flit;
| [0015] Figure 11 illustrateé,' aécording to one embodiment, a temporal
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[0016] Figure 12 illustrates, according to another enbodinment, a nenory

port protocol; [0017] Figure 13 illustrates, according to one enbodi nment
a nmenory cow@gﬁmé cformat; [0018] Figure 14 illustrates, @@AWMQG
enbodi ment, a device comand for mat; [0019] Figure 15 i | ust rat es,

according to one enbodi nent, a confi guration commuand format; 10 [0020]

Figure 16 il b i ment, an out bound | i nk | ayer
Jﬁﬁ ]I%CG%S& OI%%‘P aS/ (?ggﬂeaccor &l -

format; [002 rgure |ng t o one enbodi ment, conmon

one- o rHOTEE N U bt g osic 1o Lo

illustrates, co ding to one enbodi nent, a wite acknow edgenent format;
and [ 0024] F‘?Q 20 illustrates, accor di ng to one enbodi nent, a status

et et oot ﬁ%?%@gpﬁgéég?%?gﬁ@ foar DESER(#]E.}W\'S%Q%RJ edflghiod and

i nterconnect via a sideband read return header are described. [0026] In
the fol | ow ﬁ@"ﬁé%cription for purposes of explanation, numerous specific

5 details are set forth in order to provide a thorough upderstandi ng of the
[0018] Figure 14 illustrates, according to one embodiment, a gevice comman .

 present
format;
[0019] Figure 15 illustrates, according to one erﬁbodiment, a configuration
SN command format;
,.w/

10 [0020] Figure 16 illustrates, according' to one embodiment, an outbound link

layer format;

[00211 Figure 17 illustrates, according to one embodiment, common inbound

link layer format bits;

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

15  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.




invention. It will be evident, however, to one skilled in the art that the
present invention may be practiced without these specific details. In some -
i nstances, well-known structures and devices are shown in bl oc@gg’ﬁ;amoe
form rathwoeimesicn detail, in order to avoid obscuring théd

i nvention. 10 10027] Figure | illustrates a network environnment 100 in

whi ch the techni ques described may be applied. As shown, several
processors DEFAILEMDESGRIBOKN and menory 106-1 through 106-M are
connected to each other via a network 102, which may be, for exanple,
conput er bupn2bbt & mbthiodadndeppatatue for thmepmzamkof MENONYi fgﬁ@ OBRagPNg ncl ude
a local network. The nethod and apparatus described 15 herein may be
applied to psaenbivahieycomngctwipe sidebmndwead mhirh gaderars desciiked ce  whet her

|l ocal or renote. [0028] Figure 2 illustrates a conputer system 200 |n bl ock

di agram f or Eﬁozep |WHeCBliowiRg @B scriptioadionpatposedier explesetion muesroi®RPEAIE be
practiced. Bus system 202 interconnects a Central Processing Unit (CPU)

204, Read %t’éud\@@%ﬂ&m i BEMr t2 PPovidiaa desrovirrureissthitding wf HRAIMSE08,
storage 210, display 220 audi o, 222, keyboard 224, pointer 226,

m scel | a“eo*gggiﬁtlb‘ami@ﬁﬂ?% videht, Q)owct%r 46 9ne 2Rifled RAtHe GEITHEINtHe Présensin8ttiorThe

bus system exanpl e, one or nore of such buses as a system
(AcP) Peéhﬁf‘%%%nﬁ%m%%{‘bmﬁé% e Rl e b 8ge T hati tute of
(Firowr o)., e ahy ORufSsfreg Wéf@%ﬁﬁﬁ%@ﬁ%" B IR D e
Subsyst e @@eﬁqﬁpﬁﬁi@e?n‘#ég%&fy%ﬁ%3 hnave & Separate bue 1o of her

subsystems, 91 Figure 1 ilusirates a network snvironment 100 in which the techinidues

described may be applied. As shown, several processors 104-1 through 104-P
and memory 106-1 through 106-M are connected to each oth.er via a network 102,
which may be, for example, a computer bus. Note that alternatively 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 illustrates a computer system 200 in block diagram form, in
) whlch m one embodiment, the present invention may be practiced. Bus system
202 interconnects a Central Processing Unit (CPU) 204, Read Oniy Memory
20 | -(ROM) 206, Random Access Memory (RAM} 208, storage 210, diSp(ay 220,
| audio, 222, keyboard 224 pbinter 226, miscellaneous input/output (I70) devices
228, and communications 230. The bus system 202 may be for example, one or
more of such.buses as a system bus, Peripheral Component Interconnect (PCI),

- Advanced Graphics' Port (AGP), Small Computer System Interface (SCSl),
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5'exanpl e, menory. One such exanple may be for graphics, such as the AGP.
Anot her nay be a nenory port interface to nenory external to the CPU 204
such as R%gggmz M 208, etc. [0029] What is to be appreci 08805 /2006
detail ed bel'ow, 1$ that a menory port interface and/or protocol that can
speed up operations and/or reduce |atency 10 and/or conplexity is

beneficial. For, 0o | tot Lt i ble,

s Gescr | bed BRINR O BjEctie PP G Rp o R o rehth (r e v st PR Polued
to | h I dth f ual [ t o tarted i
advance of r AEBRUITRD Uvergsl Saret P 79, herdFU DT B e, ™ ' 1
The. 15 momor yae it aena dRRpuss GORAUON Expaias. rAARHRIE, 105 SR ETh by e

out of a word that is being accessed, however, this byte only information
may be sent @fxﬁﬁw"ﬁ%bymgb'% rAAGhAe 3 seParaehusdo odter sHEsY Jor
subsystemto then only send the requested byte. In this way, OR ations
may procedd iaxapyieameasnonn s sudh exampic@abe denmarhicsiswch a8 the ébthe
menory subsystem knows that it has accessed nenory 20 and will have a
result after Amotiexsthytbare mémoiypopidpisifateio memory edemal tscttie K81LbP4 s¥rhsend: a
read return header in advance of the actual data. This may allow the

devi ce recei asmPOMBESIRAM £68,mtepare for it by knowing that it is com ng.
For exanple, the read return header may have information that identifies
whi ch read rq¢opggt Whet saoibegppetdates, assiataiiedthetbwyiis that anderablyparta devi ce
to determ ne WO 03/042846 where the data is to go before it arrives. By
sendi ng t hi sifieagke SidsipoRREehat 41 Syerm@tupperationd \wmate refudetistenct ual dat a,
the device has tine to determne the destination for the data before it

actual I'y (ar r LMgg cbBPRty fd KiHeBCAI. | Fdrexbipleeh 4 Redd RGkestita@meMbY itisone
enbodi ment of a nmenory |
| possible, as is described below, by first sending only that information that is
needed to launch a memory read the actual readihg of the memory may be
started in advance of receiving all of the read request. For example, if the

addresses are sent first then a memory s'ubsystem may begin the reading of the

rﬁemory contents. It may be that the read request only wants a byte outof a word

—
L

~ that is being accessed, however, this byte only information may be sent aftér the
addresses and arrive in time for the memory subsystem fo then only send the
) requested byte. In this way, operations may proceed in parallel and/or in advance
- 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 return ‘header in advance of the actual data. This may allow the.
device receiving the data to prepare for it by knowing that it is coming. For
exampl.e, the read return header may have information that identifies which read
- request the. COming_data- is associated WIt.h, and allow a device to determine |




5 bort interface 300. In this enbodinent, the Menory Port 320 is a fast and
pin- efficient interconnect between a processor (wthin Processor Mdul e

310) and itswd@matsspenory (340 and 342). The protocol |ayer PQ&I‘/[EQ&S%:@?WQ'OG
port interface (sonetines referred to as nenory port protocol) is

I ndependent of any particular nenory technology, thereby isolating a
processor froph&eiREBaY | BLRYY 0 lssues. The
protocol |ayer ﬂas spe%ll l%?gagea%'et%%’teﬁeBg&%ﬁ?@gmgﬁé%{%{eg&ﬂ{ﬁgg?%iur e, to
reduce anong i idinGR t [ ests,and.reduce
I npl ement at i olnﬁorg@%rt}l)%;tli ty. nF%@%ﬂ{? a%ﬂ@ﬂ’&%b@%s%r" Yﬁ'@%ﬁtnes{f&eﬁ%lﬂ"ieaﬁé :
I nterfaces taoqas« ' f | t hr ough, for exanple, 10 302, the
Menory Port SCE%F'H%[&@%%’% (i(?g%rggiwe ?%&'—"%Wa@fﬁs'nay be considered a private
interface fr pr sQr. dul e 0, to an XMB (eXternal ry Bridge)
330, as shomﬂBP%D]Fi g@ﬁe .’””gﬁa%ﬁﬂ%%%dﬁﬂgﬁm &St i%eWh@&Wl\Hfgﬁr’% %Fﬂ%| | er
338 and i nt erf Ce%ﬁt 0 gﬁ{)l é’\e mem)é%/fj. such as the _two banks of DRAM 340
and, 342. ‘CorPsogth BrS S0P s raRerinieat g Mamssy PremePys adydaadRtes such
as nenory type.(technolo and speed), menory 20 organizati on (DRAM si ze,
nunber of ﬁﬁfgimﬁﬁﬁﬂﬁé‘?t b&%‘%ﬁrﬁ%}ceﬁof (WHiRIA ﬁép@gasoawedw@r%ﬁwa%ﬁ% rol -
(timng, refresh, and power nmanagement). [0032] The Menory Port 320 may
consi st of béR%R! BERIRFY (34{ anchi{R)c dhrdsetpesl laysd of thepmemenobort Mirsfashy si cal
i nt erconnection nay consist of, or be considered, several  parallel
i nt er connect §Sonmiimes«gigred torasanemenypartpratanal)ris iridekefidant ohary partican\o
03/ 042846 another link layer for control (sonetinmes called a sideband).
The- pr ot ocol meayory desigiokigyothesioyrisolalting alptoagssardpon s essmerydechnologyindat ed
ovefr the physical interconnection. For exanple, nenory port commands nay
consi st &f: frdwemyemory roadmap issues. The protocol layer has specific features, the
subject of this disclosure, to reduce among other things, 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 exémpie, IO 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 controlier 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 control (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

- paraliel interconnects. For exampie, there may be a main link for data and
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reads and wites; device reads and wites; and confi guration reads and
wites. In 5 addition a link |ayer may have i nbound and out bound

i nformati on%% read return headers, wite acknow edg 9?{3%@8’2006
etc. [0033] ort traffic may consist of menory, device, an
configuration read and wite conmands. To m nim ze XIVB 330 conplexity, for

nbodi t terf |1
one, a0 e RGP R B P BRSSP, S ey 1|
Me Port 320 d t t data t f XMB 330.
o RoR T RS RS e LS rimkE SR PrE 0
t /0O hi d t he XMB 330. It
U el 5 SR Bkt nb R iRy e e

supporting any coherency traffic. 15 [0034] t he Processor I310
the Menory P&#a dsanyl WriteSLdRLC TGAES ﬁ%ﬂf'ﬁsya“‘éﬁe KRHAtONdBA AR ﬁ/l 308.
The PM 308 may include such things as wite buffers, flow l(_:lontro error
handl i ng, 5anaddifan edinkdaier saythaye irhpuse &ng oughqund Apfofraglion,dusn 886229 he
Menory Port 320 may include such functionality encapsulated in the

eXxt ernal Menvetyrn ngasiera owite ApnovwdSmmeTtie skalis 389 may al so i ncl ude read 20-
and wite buffers, error |ogging, control and status registers, etc. [0035]
In one enbod{0Ga3], MamokeRor fraflomay3ansishyf mepiony, device, mcbwr@agretwﬂ hat the
menory trafficis only nenory reads and wites and may thus optim ze for
Menory requegdas arpwiie cinmrgamis; {Ter minimize Wi B S3ficompledtndocompl exi ty. This
di scl osure describes two such optim zations in Menory Port 320 relating to
WO 03/ 042846¢mhedinsdritotht Feodadbemaymery Intaifaehi(PMy SeBintietpsaditdatd o menory and

athird optimzation related to the use of a sideband read return header
in the Mpgoryandiart R2Rirther reduce complexity, for one embodiment, the Memory Port
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 X\MB 330. Additional reduction in complexity may
be achieved by the Memory Port 320 not supporting any coherency traffic.

15 [0034] Inthe Proceseor Module 310, the Memory Port 320 includes functionality
encapsulated in the PMI 308. The PMI| 308 may include such things as write
buffers, flow contro!; error handling, and control and status registers, etc. At the

- ) | ' XMB 330, the Memory Port 320 may include such functionality encapsulated in
| the eXternal Memory Interface (XM!) 332. The XMI 332 may also include read
- .20 - and write buffers, errcr- logging, control and status registers, etc.
" [0035} In one embodiment, the Memory Port 320 may exploit the knowledge
~ that the memory traffic is only memory reads and writes and may thus-optimize for
memory requests, maximizing performance while minimizing complexity. This

disclosure describes two such optimizations in Memory Port 320 refating to
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[(0036] Figure 4A illustrates 400 how a read packet may preenpt a wite
packet. 5 A read packet may contain a read conmand and an address or rang

e
of addres read. Similarly, a wite packet may cont ai 94@5/2006
Y5 0hfrate ! PR e Te) cod eEcRSRR e

command, a S or range of addresses to wite,
(wite data). The read and/or wite packet, because of the anmount of

i nf ti bei f d dth i dth of { L cat i h I
my be- sent TRAPHEHBegRaROLTaR s e e e P st B bR I ket Thas
ddi ti | inf ti in.t f f.,t.h data to b it ' b
Seen t hat t RBURRTRR (ReRdo By Pt vesteRs Brbmure et iRt
packet. [0037] At 402 an input is received. At 404 it is determned if the

i nput recei VOH 32% 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 jf the read, packet is

conpl ete. 110436 riadrepttslestrates 4QppPW Ereadnantel m%@eﬁgﬂpbgww RRd<lt 408,
then at 402 another input is received. If at 406 it is determined that the
read packet Areadpackeliaweeantain gepad comomngandal addpss o1 1398 Btei ved. [ 0038]
If at 404 it is determned that the received input 402 is not part of a
read 20 paeHanesseshiorrepd. Simitaslyes writepaciet mey gontaime WrigpaemMpapE 2d at 402
is part of a wite packet. If the received input 402 is not part of a
wite packeaddiees oatangt®f sddmesses foarritepanditheatata to wdief(oritedatal hEle at 402
another input is received. If at 410 it is determned that the received

i nput 402 i segoaard/@fwrite watkes, pmeket of tHeeamaint 41 hfermadien deivgrisanistereds nade
if the wite packet is conplete. If the wite packet is WD 03/042846 - 9 '

MAY 2006 coampd Bleawidihefthe comniumidatione thate: thagthedseht itrhere than 462  anot her
input is received. |If at 410 it is determned that the received input at

402 is 1Pt PafdreOfBetalks Hhe witdpasket RAS kaditibha mBaNEticptiA te foparciithieon 416
may take place and then back to

data to be written, it can be seen that the write packet may require more transfers
than the read packet.
[0037] At402 an input is received. At 404 itis determined if the input received
at 402 is part of a read packet. Ifit 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 another input is received. Ifat406itis
- determined that the read packet is not complete, then at 402 another input is
) ' received,
| [0038] If at 404 it is determined thét the received input 402 is not part of a read
20  packet, then it is determined at 410 if'the input received at 402 is pért of a write
packet. 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 at410itis
determined that fhe received input 402 is part of a write packet, then at 412 a
determination is made if the write packet is complete.. If the write packet is

§




402 to receive input. 5 [0039] Thus, it is possible for a read packet to
preenpt a wite packet. For one enbodinent, the read packet consisti n% of
a read conw(ggz'&gg o he address or addresses to read nay be a siriyjIMAY 2006
transfer o §| ngﬁe flit. The wite packet consists of a single transfer
having the wite conmand, the address or addresses to wite, and other,

possi bly mul i phigre HeANSKASs Peiibimidiraranaomiealzedonehbiherinba is Faeied

conveni ence estription, t read packet containing the read command and

the —addressor, afleRagminey Bt ieotived RbBE stemolionatodt sreafiibequest

Thus, a rea equest and a read packet convey the sane information. For
conveni ence in LR i 415y ke pRRE KRY HEMBRKRG Ng t he
wite commﬂ&qﬂﬁsg%t%’ﬁ%éﬁgggg%@éBgierg’ggiaggégs toély’vvrhg is referred to as a
wite request., The data ggrt of 15 the wite packet is referred to as the
wite data. jl%ut?,re‘ée'vﬁﬂp ‘packet contains a wite request and wite data.

0040] So, f | e,. it t i t

to 404 aha MBsSh e RS LR Par Rl o R e P A By e one 20E°
f it ket d to 412, At 412 it | f hat it
s onl'y t he GRPedmED teiRSRCAr ORI Pk I e pREEGRRSg et 1
rece_i ved, so the wite packet is not conplete, so ]_t .[thenr.gi)ggk&ack to 492.
If at 402 a adskessesd@eand may hew S fransfer o 3,8iRaie ity JLE Wi Where it is
determ ned that the read request is part of a reachiéhé)%@&gé%ép | e#rggceeds

i C

to 406. At 4®Bsistsoefteesingladmensier havingdee water@mman
conplete. In this enbodi ment, we have defined the read, reclgesbégao é\o -
03/ 042846 domtri,randhethero ppssils mudinle. feeerters Wi tpasnociats! WiESaR- o
performed, and then back to 402. In this exanple then, the wite operation
started 10by domeeniphceinh deseription; the read packet chatainieg thegead sempaat @qd t he
read request has preenpted the

address or addresses fo be read is referred to as a read request. Thus, aread

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 to write is referred to as a write request. The data part of
15 the write packet is referred to as the write data. Thus, a write packet contains a

write 'request and write data.

{0040] So, for example, assume a write request is received at 402. 1t goes to
| . ) 404 and not being part of a read packet goés {0 410. At410itis part of a write
packet and so proceedé to 412. At412 itis determined that it is only the write
| 20 - request and that the write data has not been received, so the write packet is not |
complete, so it then goes back to 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

packet is complete. In this- embodiment, we have defined the read request to '

..9




wite. 5 [0041] Following the flow of Figure 4A, one is to appreciate that
the read request may preenpt a wite anywhere up until the last of t

wite data‘t‘?"%{ﬁ@g ived. Thus, for exanple if a wite packelgc.ﬁg&t? gggpgﬂ@G
€

wite requ transfers of wite data, a read request may preenpt a
wite packet if received after; the wite request, the first, second, or

third weite dakdn wked 0042l oR0R BRE s37RAdh BRBLa iltrorfal] diBdHgst My not

contain a conplete re such an enbo ra
conplete re t: 40 t Let.

ci rcunstanc?aclﬂt%%}%l @‘%‘é&?‘é“é‘fﬁ% g{éﬁ.ogyl%ﬁgﬁ@r ggaltt@g@%gkgp Rgﬁ‘?“tﬁ%t&mﬁ and
when a conpl ete read.,packet,was received then a 4086 i t rLoceed to
408 and. per e rTIHESp R oL RAe: ReRPRS R P el mapnigias B EA °or 402
[0043] Al'l owi 33 the read request being received after the wite request or
wite dataW&®preenpt the earliier received wite request or wite data

results in the rea bei ng executed ahead of the wite. This allows the
ooy 16 JOBATG Falcrmind eew pUadWE A4, A50ds (o RRRG S thaliaSreRY {1y st

respond to the wite and then the read request. 20 [0044] It is to be
under st ood t'Ba¥est mayRyeemprsa walmaere B gnHI{he st orthe vt d8iddSt s may.
prevent ordering hazards. That is, the sending agent may want to |imt how

the read andes@iyade Thagutesexamale ibe wrise packet Fefaias fiepveie repeest @Aditng  agent
may decide for the sake of reducing conplexity that one read request may
not preenpt transfereof widadate auead requ@stDag PrestB 4owdte paxkeObBcpiged 5] Fi gur e
4B il lustrates 450 anot her enbodi nent of the present invention in which a
read packet aftay iy edtertgaesty thedirstespoesit!, orl third farite éatanpl e, we consi der

h 10 [0042] In another embodiment, the read request méy not contain a complete |
read packet. in such an embodiment, a check for a complete read packet at 406
may not b.e complefe and under that circumstance, it would proceed fo 402 to
receive another input. If and when a complete read packet was received then at
4086 it would proceed fo 408 and perform the read, and then retumn to receiving an

15 inputat 402.
[0043] Allowing the read request being received after the write request or write
data to preempt the earlier received write request or write data results in the read

| ) being executed ahead of the write. This aflows the memory to respond fo the read
request faster than if it had to first respond to the write and then the read request.

20 [0044] ltis to be understood that the agent sending the read and/or write |
requests may prevent ordering hazards. That is, the sending agent may want fo
limit how 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

not preempt another read request.

10




only read and wite packets. Additionally, Figure 4B illustrates an

enbodi mrent in which a wite packet nay be preenpted by a read request Q@tﬁ
not by anot%roswmsgoe 5 request as was possible in Figure 4A. |n'Fi kA

an input is recerved at 452. At 454 a check is nade to see if it is a read
packet. If it is a read packet then at 456 a read is perforned and we

return o eRpigk NGigRePistralesiR) aldthériumbonient of éuspresentanveaton s not a
read packet en"at 458 is it checked to see if tis a wite packet. If it

B ot @ Wi LEiRAal phEeR sy %I%Epr'ﬂa_tvﬁité Re@EM N9 tHe ekanppie, we cafsideron 10

t he ot her han acket is a wite packet then we enter an

~1nner | oop” QPEE AR SadkaRe! afitthan Fyuré AB4Rstritissan emisodihentpnal | ows

of
for read pacf%'%i%"r reénpti on as can be seen at 460 receiving an input 462

and goi ng batkei VEBGARE e PP R He LY Ao B P Po N TEN vy back 15

and goi ng ba Vi-ng ut 460. " However, the only way back 15 to

the outer | °%@gﬁ%ﬁgﬁbﬁ%%ﬁgigtﬁhé"ﬁé\.t f ﬁ@t?rlggfpi?: b IfpAATRlret el s50d /Wit e

i's perfo?ma e i nner rom 458 a check i s nmade at
466 to deternmine if there | s w. (= I s | ditgerfatssst hen we
pLocE\ed to df‘@‘t%éicbﬁc}f ﬁ?ﬂ?fﬁto %@dtﬁfsﬁ%ﬁ%p@?%&sﬁ. \;\hﬁ {%ed gtal :%lgn at_:l68 a k't
check is nmade to see | e Wi cket. j ¢ ‘ite packe
is not conpl aread BASTREMEH GRANE rgng{?go 'F%S‘;X{'@ea%ﬁﬁg‘lﬂﬁ%?zuéféﬁ ﬁ'I-i(lf))%ver, if the
wite packet is conplete, then at 47 e LS rf ; xen we
proceed to reaseived & Apdls P?tcﬁﬁe@aé’%mqégerf %YB‘%%A? i Cﬂgg’fe%% Q 'flii’:ggau\?@l%B
il lustrates agd(%bnbggi_nenéai nﬁu%gtfh%@e?@%g l%g‘é{v;r;[gg?n ﬁ’ﬁﬁ tyshS G | owed
to be preenpp yitd 13 BaWR h@ I'ple Tread
requests (i.e. loop 460, 462, 464 being traver seg one or_, nore. %b%g before
a 11 WO 08/ O#RStherPENHURGL 458 thelpaybet iad wilte pacikeilien we enter an in P

of operations labeled 460-470.

* [0046] This inner loop allows for read packet preémption as can be seen at 460
receiving an input 462 checking it for a read packet and if it is then performing the
read 464 and going back to receiving an input 450. However, the only way back

15 to the outer loop (452-458) is when a write packet is complete 468 and a write is
performed 470. Upon entering the inner {oop from 458 a check is made at 466 io
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

the write packet is complete. If the write packet is not cqmp!ete then we proceed

20 to receive input at 460. However, if the write packet is complete, then at 470 a

write is performed and then we proceed fo receive input from the outer foop 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

' read requests (i.e. loop 460, 462, 464 being traversed one or more times before a




[0047] In the discussion above, we detailed how, for exanple, the read
request nmay contain a read conmand and the address or addresses

read. Addi t wenelssie ot her i nformati on nmay be conveyed as vvelptw[fgof/ E’(/ZOOG
exanple, error 5 correcting bits to assure the integrity of the request,
control information, etc. For convenience in discussing the invention, the
term flit' iwrites2d70p denote a unit of information transm ssion
associated with an entity or operation and nay consist of one or nore
transfers. Pojokerjs athecdisqissionchboosavddetaMscehd fobexapplef BB réacreplest a
read request packet may consist of a single flit denoting all the '

i nformation lapsssiginat RfhdddntmamtParieme dcRIfERIr adlifdsses tf B faRldl on,

dependi ng upon a specific inplenentation, may require nore than one

transfer to cayutddasy Yote&MHformation ﬁé?@selc%nvéjedtégewéfﬁ% éx%mﬁeﬁtepbht

contained 32 bits of information and” the corputer us co fect a 16

bit transfser 1co‘i~r*é€ifhgtté‘&i ftof 235fEihe rrYtg oPfhe 18 égtegorgr% c}rﬁ'fértlot& é}@ Fganster

of the read request Describ I"ow ar ot e s an exanpl es

of flits and dnanst&lsin C[I%égi}lg &@M@&té}goyeﬁ% aﬁIFE R tgﬁgﬁﬁﬁém%fan " .

early read request to 'S recel ve t 504 it
it it i oty f‘%l%n"?sﬁé%é?%f'a@% % si%ffora%%%éfapf’aindavé?%‘*gk?%#’et he
read i s possibl spatch is.po e then at_5 20 a .early
Fead d shat o PL BT SPRS S Re (e TBACRTYS § 58k ek e SPriBLxer M San

ly di tch t i th t 510 a f th
a1 e e s PBR O iy el ah rcerso LS et f o nec

and then back to 502 to recejve input, If the read flit is not conplete
then bacR0t o38ergiated WEbdhe eeadysauest; higrintsgmation, jdepgediag HPerRa SPREFC t he

received input at 502 is not part of a read request 12 WO 03/ 042846
implementation, may require more than one transfer 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 to effect

the transfer of the read request flit. Described below are more details and
15 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 the received input -

-

at 502 is part of a read request flit. Ifitis, a check is made at 506 to see i an

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

| 20  aearly 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 flit is
complete. If it is complete, then at 512 a read is performed and then back to 502
" to receive input. If the read fiit is not complete then back to 502 to receive input.

If at 504 it is determined that the received input at 502 is not part of a read request

12




flit then some other operation 514 may take place and then back to 502 to
receive input. [0049] During receiving the read request flit, a

di spatchi ng wboanizsas |y read request to nenory nay be nade.P(Thusaﬁsé%/2006
entire read request flit does not have 5 to be received before dispatching
an early read request to nmenory. By not having to wait for the entire read
request flit fitdhéresomeethardperativs 5a# Intaystakd elage rpd yhancbadkds pOA b resetvie
early read request faster than if it was necessary to wait for the entire
read request ifigutt to be received before issuing a read request. Thus if the
first portion of a flit contains an early read request the nenory may be
accessed 10 49 aDutihgresaivingt theeeddheqgaesidiitda pizphichimgaff aa datly tequbssi bl y
having nodifier information for the nmenory contents is being received.

Thi s . nodi fi esqudat eF Makicdpmayy mddeecThush @ile eremPreaddagded: fit duenhotdidve sent .
[ 0050] Figure 6A illustrates 600 sending a read return header 606. Here at
602 an i Bputp bg ré@GRiMeSHorelisgiitdhing ah SafRAKGE gyt &PRiehfory. t By Rotthdvaraf
request. If it is not a 15 read request then an other operation 614 is

possi bl'y per {0pBR%ANE chtekreh® réfiRst Mt foetic¥Bived RN allblvs ttEmbmMBH tor ecei ved
at 602 is determned at 604 to be a read request then two thindgs happen.

First, at GOgga%oﬁﬁqgtﬂeeéé’ry}tht?g%%fes{ fés%?'fﬁan if{?g/aslﬁ%‘c‘gssta@{ ©Q¢aif OF tHeput .

Second a read I's Initiate read resu are received at 610, the

read results ﬁié)r? é?ggtre %ff;i?to k?eggcéi.t]?@b @gg&{sﬁigggzreﬁg S REEL VhhdsPie- 20

Thus, for ex& read TRITT a and a'read return header
"ot ur n headel Ry SRRER BrosBtl e Bkt Rt PR BBy AL BF RORSRES, (e
O R AR 3t B ok e S s B RTBAR 2 o2, o
al Tovs the nipﬁ?c?r{n%tigg?c/)rotke ?%’esnﬁer" CE)T?’[&%’?S is being received. This modifier information

may affect what memory data is eventuaily sent.

[0050] Figure 6A illustrates 600 sending a read return header 606. Here at 602

an input is received. At 604 it is checked to see if it is a read request. Ifitis nota

15  read request then an other operation 614 is possibly performed and back to 602 to
receive input. If the input received 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 is initiated at 608, read results are received_

at 610, the read resuilts are sent at 612, and then back to 602 to receive input.

20 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 retun header 606. By not

having to wait for the entire read resuilt, this allows the memory and/or system to

13




WD 03/ 042846 send a read return header 606 earlier than if it was
necessary to wait for the entire read request to be received beggr:gél/zoof).
sendi ng a r ¥AMo¥Eeewon header. [0051] Figure 6B illustrates G%fy

enbodi nent for sending a read return header 656. Here at 652 an input is
received. At 654 it is checked to see if it is a 5 read request. If it is
not a read rszubsteadveturahecaddrdiObmasliarthamif Bovisi recpessasy to waip éarfilee enfie and
back to 652 to receive input. If the input received at 652 is determ ned
at 654 to bereadrrequbst énbe sdceiviedbefore sadding a read rettiecheatle608. At this point
two things happen. First, at 656 a read return header is sent, and back to
652 for i npuppo5PecC Figlire BBalustratasl 850 anathgramehodiderttiotGmdirighe raseladiuresul ts
are sent 10 at 662, and then back to 602 to receive input. Thus, for
“exanpl e, a nismiey 656aderd A d52dreidpat is bedeiverls UALEE4 iNis @hedi@d toekyiifit ibeader
sent at 656. This header is sent in parallel with receiving 656 and

sendi ng the reaadedirst! i iShct ARhdTeqldR the@psh othef UbdtalitiPERY islPu¥siBlyecede t he
sending of the read results. Thus, the entire rea result does not have to

~be recei ved haipied $AEHa00 t@SSE%}eEéiUH'irlﬁbldﬂeﬁ‘ﬁ?é inB06recEiVed at 694 ishaving to

wait for the entire read result, this allows the nenory and/or system to

send a read JLufiRdBRSIer o0 RA! reRlicdiith b fedd is WARERSFERRT i i vai t for

the entire read request to be recel'ved before sending a read return

header. [00 I j 1 606

656y i nerou e ffasHEAHT st o €505 LA fel i HMARASHE ity 20O ©f
| at it t.h i t | ,

o s CAPPSBEe AR BTSSR cSANBE R Bop! P PEad s B AT v

whi ch d tojr i i d wth t ti forth

fint 2) . [B053% Oz, and heh BetRBpiutboaeede fkd "Tines Bk ppny ead " "

transferring the read return header sent at 606 or 656, while possible in

B
the main daftigygd At P28 prseiie frudread retyn header sent at 656. This headeris sentin

parallet 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
-result does not have to be received before sending a read return header 606. By

not having to wait for the entire read result, this allows the memory and/or system

e
th

to send a read return header 656 earlier than if it was necessary to wait for the
entire read request to be received before sending a read return header.
) [0052] in one embodiment of the read return header (sent at 606 or 656), the
read return header has an identifier encoded within it that relates it to the read
20 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).
-[{]053] It is io be appreciated, that the actué! path for transferring the read return

header sent at 606 or 656, while possible in the main data path is preferably in a

14




14 WO 03/042846 f 9 MAY 2006 si deband and preferably with a known fixed
offset fromthe data. That is, the use of a sideband path (Iink ?/%i% 06
paral | el tevdhgodaisca path where the sideband path carries the réa erﬁ
header in advance of the associated read data nmay allow the receiving
device to determ ne where the data is to go in advance of_receiving 5 the
data. Thus, sidabadde@ndqmeferabhavitngknewy f ﬂaeg gtfeatSfosytherdai e Thaldy ﬂ?%t‘%
header is sent in advance of the data. [0054] Figure 7 |IIustrat es one
enbodi ment  off sasideandypatiodink ayeergaaske! kolbe data pathiwheserwasideland P nenory
port is a full duplex interconnect (nmenory port link 720 and 740). In the
out bound di r@@rﬁe&ﬂhe&eammtmmamﬂezanmmammthma&nomteqUea:tﬂaéﬁmaymﬂow 708)
the menory port link 720 is conposed of two streans of information. One
streamis a tHatecehlifiasies toretérmine andrd the duéisrio gstin edvarice ohredeiving | ayer
streamof width x. As above, for discussing the invention, a convenient

groupi ng s0f RS aaE atRA, daéducand id latdncl aysrbe adhtewetii the read ealmhddader | it. In
the inbound direction (into the processor nodule 710 and the PM 708) the

menory 15 pgg kehiinkdddRd of teoamased of two streams of information. One .
streamis a dafa streamof wdth y and the second a |ink layer stream of

wdth z. | 0%@%%58?:(9%?‘%@3 u§ﬁra’{5§. GHE @rhddirh&tidt %ﬁﬁém@@éxﬁﬁh@dﬂaﬁemt}o ofn a

menory port his enmbodinment, flit 802 is conposed of data

7 S A O T et i

fashion, fli 'y 8XX) are conposed of

crbodi ment %ﬁ%n@%ﬁﬁ%‘ﬂﬁg‘&%ﬁﬁﬂl& oy W%%q*f’?}?f”e %5’:%%5’{ ﬁi"ﬁ%‘*ﬁ? 18 bits
:N: Idﬁsflpgtoterd]%t“Qdﬁé(P@%%Q E‘%rs{gg@gtg’hﬁcﬁ Frgzlséﬂ 53‘38%’?;&%“ her e ar gt 72 bits
" 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 [ayer information is called a flit. {nthe
inbound direction (into the processor module 710 and the PMI 708) the memory
15 ‘port link 740 is composed of two streams of information. One stream is a data
“stream of width y and the second a link layer stream of width z.
[0055] For example, Figure 8 iiustrates one embodiment of a memory port
) "~ protocol 800. In this embodiment, flit 802 is composed of data indicating an idle
802a and link layer (LL) 802b information. In similar fashion, flits 804 through 816
20 (generically 8XX) are composed of respective 8XXa and 8XXb parts. This
" embodiment illustrates one embodiment of a flit having 80 bits where the data bus
" widih wis 18 bits wide and the link layer bus width x is 2 bits wide. The |

embodiment illustrated requires 4 transfers for a single flit, and there are 72 bits in

“the payload and 8 in the link layer.




the payload and 8 in the link layer. 15 WD 03/042846 5 [0056] For exanple,
Figure 9 illustrates a flit 900 requiring 4 transfers. Here, &B@ﬁ ?)]q
has 72 bitsy@bs6aka and/ or command (d/c) information and 8 pdny P? /2 6
bits of information. Here, the transfers are done 20 bits at a tinme 910a-0

and 910b-0, then 910a-1 and 910b-1, etc. While, Figure 9 shows a d/c and

LL transfer jo@sequr Ediahipld, tﬁg@aryamtstmeeéé 1800 tdYirinigss tratsfersr égue.r enent .
That is, LL data that nmy be associated with a particular transfer within

aflit my bg HRIPERAY Jm’bﬁé épti@tgeﬂdfdremnhmdr(awmﬂmmd/am & (Il nafeer .

Addi ti onal | y, the tenporal displacenment may be across flit boundari es.
[ 0057] The Qﬁﬁ{%b “%r@%ﬁ@traﬁ%r&?ﬁ‘f@rﬂﬂnﬁ 200613t Qltinkd 9 R0=a0dndycl i c
10 redundan { Q e control bits, nmay represent, for

exanpl e, 99"’}83 d, e 910 :‘9&31%@?5@:1:. D! Fioife S3fbd 8 dié 8 L fandfbr shoul d

be noted that y contain a wite request

d ted dat |
?|n| ugts fgg IesoleHUTﬂFI'%ﬁ'}@n no suc EI?“ gﬁt a%&ﬁt?étﬁeﬁtm’['ﬂgf O, d8 that

onIrs require Wite 15 packet

818 is illust rgje%@g% hay] wptgitw t'tgct:'HEaréllftélgfe\g@:th l%ﬁlﬂfﬁ% beltbinb on%ﬂﬂ associ at ed

data flits""8Y6° rea request packet
flit 810. [005 10 illustr es anot f aflit 1000 -
havi ng 96 bFts® C\‘Rﬂ@% %ﬁere&)ﬁcgv%ggc KT yc{&@.%ﬁb%ﬁ’%{é‘?ﬁ]%& 51and the |ink
layer bus width z is 4 bits wde. This enbodinent requires 4 transfers for
a singl e fl displaggmenhi@ay b&r@“@?@@l"a@%’”ﬁ@“%ﬁts 8 check bits, and 16 bits in
the link layer. Each flit 1002 through 1016 nay have ago%‘y fid packet
10xxa and éﬂﬂﬁﬁsoﬁtaaltréidawrr{k‘-]fa?éhaY%lf?r‘ii@?@N%@a copgelits and cyclic

Py

10 -redundancy check (CRC) bits. The control bits, may represent, for example,

head, tail, oridle.

- [0058] Referring bact( to Figure 8, it should be noted that a write packet 818,
would normally contain a write request and associated data only. However, in the
present invention, as illustrated in Figure 8, no such restriction is required. Write

15 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.
[0059] Figure 10 iilustrates another embodiment of a flit 1000 having 96 bits
) ' where the data bus width y is 18 bits wide and the link layer bus width z s 4 bits
wide. This embodiment requires 4 transfers for a single flit, and there are 64 data
| .'iO' ~ bits, 8 check bits, and 16 bits in the link layer. Each flit 1002 through 1016 may
havea payload packet 10xxa and an associated link layer (LL) packet 10xxb.
" Figure 10 may represent an input to a processor module. The link jayer (LL) may

have, for example, link layer control bits and CRC bits. The control bits may be,
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Figure 10 may represent an input to a processor nodule. The link layer (LL)
may have, for exanple, link layer control bits and CRC bits. Th

bits may beWQe34A28B3/ 042846 for exanple, read header, wxiﬂéﬁﬁégagggiégpgﬁ
data with tail, idle, wite ack (acknow edgenent), flow control, etc.
[0060] What is to be further appreciated is that while a LL control is
associ ated fertaxampieayeahbicader, wide header, Halredatg Wb taibidle. vriteiéksanme ti me.
For exanple, a 5 processor nodule rmay be able to inprove performance if it
has advance (aakhowiedgement)hiiaw eerdebl,ddt.a is to arrive shortly. Thus, for
exanpl e, an early read header in the LL may provide such an indication.
For exanpl e, [0080Fi givhet is@o be fether bppresiatadais daptwitila af UL condfat is aseo@ietny be
at a position earlier in tinme, for exanple, at position 1004b. Thus, a
flit, such awithkQmyload, daobanot ipasltodd saht pidke seme tib@e. Fod@xamplt, & LL
control at position 1106b, as shown in Figure 11. Thus, Figure 11

i |l ustrates grdcesgmmadduk afzlyaeeitiato infprevd perfortnayies if ithds payaraad in a flit
1100. [0061] The inbound sideband Iink |ayer (LL) (into the PM 308) may

al so cont ai NinforizAbARABaPBtRIRY artiv@BiRdrEy S TR feexanpits antdadnsead-or
exanple, the LL may contain wite acks to acknow edge outbound wite

conmands, st QEadr§StHeON thay PHWVRRUA hfdrandieafidn. OforfeRBRIBRC I FigliRl 105 the

indications (idle vs. data payl oads, etc.), etc. Also, a LL associated

with a flit L Sé(vdﬁﬂ.rﬂﬁ_dtag)afb@a%é’?b@ aPh §6§itieh cariBf iAMINRL, FeHbxaiple,
exanpl e, the coding nmay indicate either an idle payload or a non-idle
DR oo MR ORA AL i Subifa8 11 66 thefy oblehy BRRSIRS at fosiioh | © Aok,

stop indicati | € contro I ona , I's to be appreciated

L S TR O AL P OB B PR

conpl exity

Q

ilustrates a temporal displacement of a [ink layer and payload in a flit 1100.
[00641] The inbound sideband link layer (LL) {into the PM! 308) may also contain
‘information on other transfers and/or transactions. For example, the LL may
‘contain write acks to acknowledge outbound wiite qommands, stop bits for

outbound flow control feedback, status indications (idle vs. data payloads, etc.),

—
th

etc. Also, a LL associated with a flit may convey more than a single piece of
information, for example, the LL coding may indicate either an idle payload or a
) non-idle payload and in addition whether it is a read return header, a write ack, a
stop indication, idle conirol, etc. Additionally, it is to be appreciated that, as
20 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
- returﬁ data may impose additional functionality in the XMI 332 because the XMI

332 may have to multiplex header and data information and the XMI 332 may -
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of the interfaces. For exanple, putting a read return header in-band with
the read return data may inpose additional functionality in the

because t he WM03/03%26 may have to nultipl ex header and data iR€ géll/wg@%agogs
the XM 332 may 17 WO 03/042846 have to buffer inconming read return data
to rate match the nmenory read bandw dth with the slightly higher inbound
Menory Port Ueavehip dtifieriscasisgrgad mturnalabe teratemiitoh théedpeomgvéadk h over head
of the inline header. This additional functionality may inply additional
conpl exi ty arshndividth withdick slightighighat eboynd Menmsy Sad, bahywiliit hecegsatydor ead
return header in the side-band tenporally shifted may enable the XM 332
dat a pat h- t o copgrerbatedbr thb andwiith oesthead yf the idinedeadsr. This,additbasieby
permtting the XM 332 to operate with no buffering or multiplexing in the
read return datciopalth maliimdly dduitionsecshplaxis) sebiaee arfitonal lafdacy.ayer )

parallel to the data path where the sideband path carries the read return

header i nsadyqdiead, %Lﬂﬂ@qh@lryam@mmq@aueﬂﬂqﬁé g;deﬁﬁana*ﬁ@ng@@wsrﬂit@@irrra@ad

data may allow steefing and control logic to operate in advance of the

recei ved dat gnaficitRe Wii1332 dath bﬁh‘%@%}ﬂera”t@é& e s@ﬁ'Lé' fgégggn%aé Rendrf&9 st ur n.

header may be sent i1 n advance of th data y precedé the read

i initial 0o prTR KR ?’39?0 A R R

n ear rea return permts

rocessor ol R B RATEA BTF  wi
approRr e Spé%fﬂah%?%@“a“@td‘eﬁapd A o o B3 >

fixed at some n t dnamc d del a
b add or ReS apnEpbiETuEl of e S Re Rty EAtkdata may Albw Stberthg and ! 4°! &

control Jogic to operate in advance of the received data. A reduction in latency
may be achieved if the read return header may be sent in advance of the data.
~ The header may precede the read return data by O flits or more (the read return

offset may be determined at initialization time). An early read return header

15 permits the processor to move the header decode and data steering logic out of
the critical path and drive incoming read return data direétly to the appropriate
destination within the processor.

| ) o [0063] The time (offset) by which the read return header may be sentin

advance of the data may be fixed -at some point in time and/or dynamic. For

20 :exa'mp!e, 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 time to the data-encoded within

" the read return header. Thus, one skified in the art will recognize that there are

- many possible embodiments.
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Alternatively, the systemmy determne this during operation and may nmake
it static. Another embodiment may have the offset time to the data Epgodemis .
Wi thin theWOeBd@4?8dé urn header. Thus, one skilled in the art will recognize
that there are many possi bl e enbodi ments. 18 WD 03/042846 9 MAY 2006
[0064] Tenporally shifting information may allow the reduction in

conpl exi ty goos4]heTeboagshiftingrinfavsatien mey Rllowrthetrefluctionia cpmplestsOtmy
reduce conplexity and/or latency if it sends information via the sjdeband
in advance afe @alB00intetiacenas well. dBhat ipdhe PMD3IOS siay reddca eormnplexilrandspn |
appreciate that reduced | atency and/or 5 conplexity may be achieved 'in the
out bound di ngehiyi itasnseinformatibieia thb sidetdand inrastyahemof Jad@esthemgliy e 12

il lustrates another enbodi nent of a nmenory port protocol 1200 where the
data and cogmfai dirfe $id1edbn bid &t aiitagprecibtenkatiragierediiatedcpandor 1dle flits
1202, 1204, 1216, 1220, and 1234 may have an idle payload in their 10
respective "@y ity mal2028chich2R4A thel 8dBaund dikddtion astvell 284ag irdodnad | i nk

| ayer (L\E) (%Bnrf??{ﬁ’nﬁode ??1 their respective "b" part (1202b, 1204b, 1216b,
1220b, and @34, A normal wite packet 1240 has only wite associated.
data, such as a wite request 1206 fit and wite data flits (1208-1214).
Each flit h LL t L pdi |l smabedto@d i on. For
exanpl e, daigo%s,] dgl‘tag%ﬂ?g%% a%g %%E&?Eg%ggnﬁﬁl%gﬁ%ﬁ 1212a

12106, ana. 12290NeREYE et Ao pRrdlEfie Spe o Mo iberiS IR, tata. LL
1214b I ndli 21448 i ' . 4.8 W
data. Lt 12098 iy 2ok & Gudped i SR Bl by AL IR T Squest

1206a %gmggbective “a" part (1202a, 1204a, 1216a, 1220a, and 1234a) and a fink fayer {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 flit has a LL control that

may indicate additional information. For example, data 0, data 1, and data 2

15- (1208a, 1210a, and 1212a respectively) may have information in the link layer
| (LL}) coﬁtroi (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
| command.
20 [0066] Flit 1218 shows a read request not preempting a write packet. Read
request flit 1218 has an associated read request 1218a which includes a read

" request identification and possible additional information in the associated link

- layer 1218b. Alternatively, the read request identification and/or additional
- information may be located in 1218a and/or 1218b.
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20 [0066] Flit 1218 shows a read request not preenpting a wite packet.
Read request flit 1218 has an associ ated read request 1218a Wn'b@ d%??ﬁ@%s
a read reoquestongentification and possibl e additional i nforrfbsednsa:
associated link layer 1218b. Alternatively, the read request

identification and/or additional information may be located in 1218a
and/ or 121810088 08/\ifé 2aBCet pWRrABIEE 4388 rddudSOR/IRRBARd 4tQ08d] HAraw i t e
packet preenpted by a read request is illustrated at 1228. Here, a wite

request packplrifaaui ikt parkdt having Rete rbhidst 47422 it i§ddd ts 1224,
1226, 1230, and 12%2 hgg bet w\geg t he o{a%a 1 flit 12 y‘ﬁ\%t?m data 2 flit

1230 a rea q i i r i I a read
r equest 122ga2r 2%' %’ gﬁaggg%ﬁigg%} g%%%ntbgIagtﬁefm{%béida@e#%g%%}F Z}gﬁ?%e wite

cduest 1) boddRuect ROREE, AbecuBlatod BR948n (b i 0LRl Yodhe packe

, [i
T
o1 ot ki et g T e caml e T o
be appreci atedrs A%%&f@b%%gg&’sepééﬂi tﬁ?i'b@%{r%it%ggé?eéq%é' tﬁ%“ﬁ' e@@H\é\%&der ed’
limti he..pLi di j ,of th i i h |
for 111 st r B Roee A BstEElsAlyite ot B TR er 26,2500 122 & B ¢ he M.
308 may issue 320 commands and the configuration

Mepory Port . r
comands. |Ha¥’ﬂ?£g@¥aﬁﬁ§§90lqtﬁ% gﬁl\/ﬂr?k P:égers@@tfabes not issue any commands over

Menory Port_320. Additional lé” partial nenmory wites are not shown. [0071]
There are t H88l gdifdrilad ipfnpdiseHssiasnprinu are pesaily empedimants faid

configuration. _ . . )
0 commands, field bit definitions, fink layer control, 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 PMI 308 may issue Memory Port 320
memory commands and the configuration commands. In this example; the XMt
- 15 332 does not issue any commands over Memory Port 320. Additionally, partial

memory writes are not shown.

- [0071] There are -three general types of commands. memory, device, and
: ) configuration.
[0072] Memory commands, such as read, write, and cancel, generally target main
- 20 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

and/or device registers mapped into memory space where the writes (and sometimes)
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[0072] Menory commands, such as read, wite, and cancel, generally target
main 20 nmenory, either connected to and/or contained within th%m;@@)OG
t hat behavav@sswopsse nenory (e.g. DRAM). [0073] Device comBfId¥SUZGTEN as
read and wite, generally target menory |ocations that do not behave as
pure nenory. For exanple, witing to flash nmenory and/or device registers
mapped i nt 0 read®hyvesside effedierla suble casdstemsh (aitelcoromand mey)wa to execute

PCT/ USgP11- 720/ 2006 WO 03/ 042846 reads have side effects. In such cases
each wite caBmnehdemst th@tirgdto Fexbemare, ®xhcbhynanisenay wahigotexegde at the
Furthernore, such commands may want to execute at the target in the sane

order in whitgfyet fiethe eamBRIISerdh vhicisthe dolyndntie asoisse by fRBburdevi ce
commands are simlar to menory commands and may have a size field or bits

i ndi cating thgz4at petic@psinfiands 2fe sitfiasicthémsiyz@emayds gl meg hat®a seeeanpl e,
1 to 8 bytes, 16, 32, or 64 bytes, and/or a full cacheline of data.

Regar dl ess qfgd &eonsdﬁqjaaﬂnrgamé tata Harkfor si72e FeREPBR YL hY dlutey fdp@xambig, |
cacheline in size, padded”as necessary with ones and/or zeroes fromthe

data transfery Qif Lo (@ 353G EQH% a[ngg:f%lfull%‘é&nsfﬁwémm@.dﬁegawle%bwmwve
t r €ads and/ or

mask bits to support parti al 10 wites. For a read command,

T e e g S

eturnare v conmman t he byte mask

my | ndh cat & i ch Gyl g5 0 he, AU 08 AL Bak e LOPEEL cSpfigur at o

comands, onsi dered a. spécial class of

devi t hat t t devi 1d/ or, . i st | e,
locations U crgrETORS SIS g Ty sopBuhadtlti SN 7
of the commands, the PM 308 ma choosF Eo have onl,x .onte (:norm)&grati on
conmand 10outEitein di H@ rgpdé:omm@d,}/or example, this mask may indicate whic

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
15 example, locations in PCI configuration space. Additionally, because of the nature of

the commands, the PMI 308 may choose to have only one configuration command
outstanding at a time.

) [0077] Al the command types may share a common base format. For example,
a command flit may contain a 72 bit command encoded in the flit payload as 64

'2.0 -command bits and 8 check bits. To minimize the latency for memory read
requests, the read command format may have all the critical information in the first

half of the fiit, thus enabling dispatch of a read request to memary before the XM

332 receives the entire flit.

[6078] An early indicator, for example a bit, in the command may indicate
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[0077] Al the command types may share a common base format. For exanpl e,

a coomand flit may contain a 72 bit command encoded in the flit gpaypead®ge
64 20 conm¥AdP3M0#2846 and 8 check bits. To nininze the | at enBgTASN2/I3F8I00r y
read requests, the read command format may have all the critical
information in the first half of the flit, thus enabling dispatch of a
read request Whethee s rsblalbefdhe flie conirins 38fficieat infaremtiphéo Bneh 2nfaniary [ 0078]
An early indicator, for exanple a bit, in the command nay indicate 21

whet her t he féadgequestior gihethee thd XMl 83 truishscamnidlateities infornfationimi then t o

| aunch a nenory read request or whether the XM 332 nust accunul ate the

i nf or mati on enfirelfid. Toist bit may bnly beHet sorrhémonyyread cymibreansiet othemviseetter y r ead
commands; otherwise the XM 332 may incorrectly |aunch nenory read

request s for XpbE82 guaydhcarecly tumehnesnogevad equesEddSonfiguratemory wite
commands. However, not all nenory read commands nmay have the early bit set

active. For eoramphds, davice oUBTMENS! ORMeERIPRAE: WrhMakhe CHbWEves Gl | ng
information in the second half of the flit, e.g. streamidentification or

priority, nemehrverdddeohRfidntdsthly hads el Ditfsef 88ve! Mor &dmpd2akP consi der
this information before dispatching a menoiy read 10 request. [0079] The

it ormat | on. bet ol __ L i
comand dest hBajohPralidotmBe WRTSAIR édga%d?tggg@?@rln%}?m tHE EBédhd IEATBTED

devi ce command, or configuration comand. n one e ment, the

transaction gt af)e.§! dfoart ﬁﬁﬁt%‘ﬁoeé“qcyblr@hﬁzégﬁgﬁyv%%é Bafl Eit ingOMRITb 9622

uni que I D for each”conmand. A uni € reé-use

ot or commri ST ciace Eopguefls R e e S R RV B e P
308 has 1%et %%e%%d that any prior command of that read/wite (rd/w) type
[0079] The command destination bits may indicate the command type: memory
command, device command, or configuration command.
[0080] In one embodiment, the transaction (tag) bits, together with the
Read/Write bit, comprises a unique ID for each command. A unique ID may not
15 - be re-used for a subsequent command until either the PMI 308 has received a
response for any prior command of that type with the associated transaction iD or
- the PMI 308 has determined that any prior command of that read/write (rd/wr) type
") - with that transaction ID has timed out,
[0081] The cancel bit is a modifier which indicates if 2 memory read command
20 is canceling a previous memory read command.
| [0082] In the case of memory commands, the offset bits 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

,spe(:ify the target location (e.g. to a memory mapped device register).
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with that transaction ID has .tinmed out. [0081] The cancel bit is a nodifier
which indicates if a nenory read command 20 is canceling a prey ey
read conmmando 08288 In the case of menory conmmands, the ofﬂ%ﬁﬂgo‘ﬁ?gg% d
identify an offset from the nenory |ocation specified by the address bits
for menory reads and wites. |In the case of device commands, this offset
coupl ed wi t H00BY addmessstionied abowey thesgieenh id/privsity maybe defived foencpdede to a
menory mapped device register). 22 WO 03/ 042846 PCT/ U [0083] As mentioned
above, the sitrepantoi whiph aonémgrymegd bemohehd betbnge oetieodemphereadcogditando whi ch
a nenory read conmand bel ongs or the nenory read command priority to

enabl e the XWori833 enabkpipk KMIiF3Leo epplystifferdnl schgdyingimiieiss tadiffefeher ent
menory requests. For exanple, this field may indicate if a nmenory command 5

bel ongs to anemsgOkyOEsES Fot SHemmia ttistieht by irelicay if ranembey eonaparnd f i c
service tinme to neet the isochronous data delivery deadline tinme. [0084]

The mask sbi tseidhay thendsdihtorcts kRreamydrel theefork ek yaabilingawbecilic bytiee are
valid in partial reads and wites for device and configuration conmands.

[0085] The Sigetdthbst tABYsdcRnGas BafehrlideyaichamnsiRs. size for device and 10
configuration commands. Possible data transfer sizes for such commuands are:

L L0 8 DYt qhodn $AOHARYOhaYiely R GestBlyBhistk indathyon Bcbitees. o4

bytes, etc., e sl ze. integrity of” each command

e PR AT B Olor B 48R 00 GRAGEERRpRcle, 7 1L
Foneer s RN BTekb e DR R SpEh i e ECC error
10 configuration commands. Possible data fransfer sizes for such commands are: 1
to 8 bytes (in conjunction with the mask bits), 16 bytes, 32 bytes, 64 bytes, efc.,
and full cacheline size.
[0086] The integrity of each command may be protected using an Error
Correcting Code (ECC) over the 72 bit command with check bits distributed in the
15 second half of the fiit. However, until the entire command flit has been received
and the ECC error check has been completed the XMi 332 may wish to regard the
~ early bit as a hint and any memory read request dispatched early for the
= ) ~command as speculative. Consequently, the XMl 332 may want fo énsure that it
‘has sufficient resources to handle such a speculative early memory read request
- 20 -before it is dispatched. Forexample, the XMi 332 must ensure that dispatching
an early read request cannot lead to an overflow of the memory controlier read |
request queue. | |
[0087] Forthe writé command fields, to simplify encode and decode in this

embodiment, these fields may be the same as for the read command except for
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early bit as a hint and any nenory read request dispatched early for the
command as specul ative. Consequently, the XM 332 may want to e yQ@toe
it has suf WQP¥HES46esources to handl e such a specul ative edildyU read
request 20 before it is dispatched. For exanple, the XM 332 nust ensure
t hat di spatchi an early read request cannot |ead to an overflow of the
nenory cont tig PgﬁeflaB@GOd‘?ﬁ@fd%st queue. [0087] For the wite command fi el ds,
to sinplify encode and decode in this enbodinent, these fields may be the
sane as for [8088]r ebigureotmilvdiratascens embpdipemief @ greoxrgsemPEndiEm®izs42 /2 0
0O 6 the offset and code fields. [0088] Figure 13 illustrates one enbodi nent
of a menory 1888mimdistexamile, wesagsunena phisicaxayiep with four teaosiane per fiast cal

| ayer with four transfers per flit and 18 bits per transfer. That is, the
command has 13ditbipestraedfen erted is, thelcamanast &as 72 bitdssliveeed inr4 tiansfeisat each
transfer (Transfer 0,1,2,3) corresponds to one bit cell tine across the

i nt er confiecAssivoe frkmmphat ead trangfet (rafsfesd, 112 Hnstrespdriisan ohebit@el! | ower
order address bits and a read/wite conmand may be transferred. During
Transfer 1 tingherossitieinteddness. Pot sxangleaduripgrthy fifst édnsfod{Teatser Ojpy be -
transferred. During Transfers 2 and 3, bits indicating conmand desti nati on,

of fset 10 foRiopdiagafessbitdanactieal/wri cohRrRid MRt tratdiensa. | Durisd ze,
cancel command, priority, etc., may be transferred [0089] Figure 14

i11ustrat eST%@fe?vrw@rér%r&er%fdd?e&%%d%r@@gdr ALY, pather ei n v

assunme a physi cal er wmth four transfers It and 18 bits per

rreggff/v(ralrte fe'géﬁliggrﬁ%mﬁg rans err’e(sS %J%%Elﬂgg@%ans t&fetsﬁnﬁféﬂhgfrfsegrder
addr ess (P ! gf?%[gr?a%grets%ag c}foﬁ ﬁ?dche@ﬁi rﬁgélp trg'?ﬁﬁ IBesﬂEg Q:tahcg‘&rohﬂrgar;g ansf ers 2

and 3, inf
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
transfer. Here, during Transfer 0, lower order address bits and a read/write

15 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
be transferred indicating command destination, offset from address, transactibn

) iD, check bits, mask bits, size of transfer, etc.

[0090] Figure 15 illustrates one embodiment of a configuration command format

20 - 1500 wherein we assume a physical layer with four transfers per flit and 18 bits

per transfer, During Transfer O, lower order configuration address bits and a
read/write command may be transferred, During Transfer 1 higher order

configuration address bits and the early read indicator may be sent. During

Transfers 2 and 3, information may be transferred indicating command
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be transferred indicating command destination, offset from address,
transaction 1D, check bits, nmask bits, size of transfer, etc. [C'EQ,Q@]_,MA\{ 2006 -
Fi gure 15 WO A¥e28ies one enbodi ment of a configuration command format 20
1500 wherein we assune a physical layer with four transfers per flit and 18

bits per transfer. During Transfer 0O, L 4 COnf i gtk adtk on addr ess
bits and a dﬁéﬁi’@ﬂ%-iQ@eﬁﬁgﬂﬁqgrﬁy{rﬁgﬁcbg&ﬁ'gﬁ%%&tsmﬂ{rgshgﬂ%‘r ansfer 1 higher

order ' configuration address bits .he, ear L ndi 41e sent.
During Traidddls As Ié{ﬁhlmﬂ?iyimﬁrﬁiPﬁﬁgﬂgﬁﬁl%VyBreeLn é%%?%d?% g'd | n(ﬁ{ngg?hmg
command 24 WO 03/ 042846 9 MAY 2006 destinatio of f r Q1SS
transact i onah®andnhssid Bprmeat frigixe Bﬁﬂlg‘,sg'@{eé.onﬁﬁﬁgjf’f"%rﬁ?rf Sbiogtﬂgﬁﬁgm“ oned,

the link layer (LL) has both an out bound for mat nd i _ raat .
Figure 16 i tdyesfaramab$6QheTleness cpﬁ,ih@wzs#"%ﬂa%ﬁ%ﬁmﬁyﬁ%?epﬁgggg“@%@ngt
1600. The base outbound link |ayer format may haye, for ex | e bits
per flits Thits pbesie Thisriese fommatieaibe p@lmanawe@ﬁﬂ%@ﬁié%r,exﬁmp?%g’gr?&ﬁléby
another 8 bits to a total of 16 bits per flit. F%:gu.re 16.5#1%5_? 16 bits
per flit fommis.tokliotabbigreabitsipardlitugeaire 36 sbewaiha tabisee” T grRt on (i nfo)
bit and check bits sent during Transfers 0:3 gfogr transfers: Q, 1, 2, and
3). The inf qigiaf § ®usemyol culipatieatig inftiendtiont(iniay biterd; (ieek Bits gMlwhet her the
flit contains command or data, or is idle. LL 10 signal 1 is used f(%r
comuni cat i REG ke TEkTers 8id (folrntineferso, i Rsandide Thae Infobik(s) madindigale 't he end
of the packet and the header bit indicates if the flit contains a comand.
The header andat @ilonhiiksi davhetnsade inichbeminstoatesandsarciatawr i ide: Wayl oad i s
data and is no{ the last data payload in the packet; flit payload is a data

payl oad ,,andg, febs hidstimpsésdsr, thllidndugtiobits.i hatabitt e command;
and fli tmpagigg]g? §Sgﬁgdfé§éoerg@ucomr‘gd and the last flit of the packet. The

check bits ?r?&fpartziess t%eaen% 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
and the last flit of the packet; flit payload is a write command; and flit payload is a
15 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

data flits with lockstep Memory Ports. To support error checking in the XMl (332)
20 ~ with lockstep Memory Ports, thé exiended mode bits may encode the error
syndrome of the half cacheline sent to the other Memory Port.
[0093] An inbound link fayer may have a variety of formats. For example, in

one embodiment, there may be four different inbound link layer formats: read

return header, write acknowledgment, status, and configuration. In the
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conputed over the 16 bits of the link |ayer format. The extended node bits
are sent on LL signals 2 and 3. [0092] Extended node bits na lgsC '
the |ink | s@o3/E2giénay be used for data flits with |ockst€§m$§?&@_6
To support error checking in the XM (332) 20 with | ockstep Menory Ports,
the extended node bits may encode the error s ndrorr\e\.(?(}c thef ha%)é 0cachel I ne
sent to t heembhdimentneeseribed belowyidspossiple fsduess PHRINK gyl Tomg ve a
variety of formats. For exanple, in one enbodinent, there nma bte f our

di ff erent i sihararchuriipac df fitein ¢ammans : Figwad 7 iHustrgiss %%L?dlwreﬁ @

acknow edgnent, status, and configuration. In the 25 PCT/ enbodi nents
descri bed betrampeniitbaundpios $ayver forfrat bitgdg@0.f our 1ink |ayer formats to share

a nunber of bits in common. Figure 17 illustrates one enbodi nent of conmon
i nbound | i nfodsay erTHednfuedit intlicates 100e fpagIoRd Bhron-idfes i.Bi ¢oNtaiBs €8eQT 15T t he
flit payload is non-idle, i.e. contains data, or is 5 idle. The check bits

conpri sesa @QRC TihERbite\emprise alGRBIdomputed dver khienkS bids ef thefligk el [ 0095]
The type bits may indicate one of four different inbound link |ayer
formats, sugfn@s: read return header; wite acknow edgenent; status; and-
configuration. 10 [0096] Figure 18 shows one enbodi nent of a read return

header for 0Ghe thiss Bits 12§ indiBatBidng of fay defeed énbunddink dyel on 1D in,
for exanpl reTij)g'%ftle e%an orger. The control bit may indicate that the

read return dat f i 1idaddRtviite BRMIIRGHddrdntheigiussarl gi ven of f set
flits from {Og@aﬁégﬁj@nﬁgeﬁ]@%@ %Jl‘l’ént flit. If g{he offset is 0, the
first data 89&'1‘{98%%§mbegi ns in the current flit. The control bit may al so

10 [0096] Figure 18 shows one embodiment of a read return header format 1800.
Here, the tag bits, may encode a transaction [D in, for example, little 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
offset is 0, the first data payloads begins in the current flit. The control bit may also
15 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 that the XMI 332 has cancelled the original memory
o ) o read command as a result of receiving a read cancel command and thus the PMI
| 308 must not expect read return data for the read command. The XMl 332 only
90 sends aread return nack if it cancels a read command. Thus, the XMl 332 does
‘not send a read return nack if it discards a read cancel command without
canceling a read command. |
[0097] Figure 19 shows one embodiment of a write acknqwledgement‘format

'1900. In this example, except for the absence of the control bit, this format is the
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15 indicate that the read return header is a nack (short for negative

acknow edgerment), in which case there is no associated data.- -The regdg MiaY 7006
return na®R BR#FSAes the PM 308 that the XM 332 has cancelled the

original menory read command as a result of receiving a read cancel

command and thus the PM | 308 st, nat ex ead return data for the read
conmand. Theamgps iyAhg fesd @8‘-‘@%&985‘9‘?%588&%%@{% nack if it cancels a read
command. Thus, the XM 332 does not sen read retu ke d ol pbggar ds
a read cancH098bmtugiegOhews O@ﬁfﬁléqq?rﬁﬁrq'afqoga? a 6%&.‘33(“%?0%547?9&0 uF §ﬁ19
shows one enbodi rent of a wite acknow edgenent format., 190Q. | S
exanpl e, ex32pmaydisetthe stabiscloraalder iiee %g?cl‘rﬁf r%‘i‘@,oqt%Hfbé)ngaﬂvé’tCBP{sr&t he 26
WO 03/ 042846 9 MAY 2056 sane as for the read return header disc %ﬁl%above.
[0098] Fi guinforttish dmEhecpracesson HoRERND 80 @SWTCHEPNOUE S(ahak SR .'Calfhﬁé mory
Port 320 may use the status format for three functions: return of outbound
f 1 ow cons r olink liapérds ik Fayra fiib t he processor; conveyi ng an asynchronous
signal; and indicating the 5 1ink layer is idle for a flit. [0099] |f the
stop bit i s[ougo] vaf thelstopbibiserdive, theproasssorgayal nah%%@&Vewe%ﬁﬁﬁﬁﬁé'dﬁéo t he
XM 332 until the processor receives a subsequent flit with Iink If%%/er
status for mafe XMNSENLEH thd prostssprbeteiiasarsubsequartiditwih BGlayes SIS Rat st op
bit when it wishes to flow control incomng wite conmands, e.g. when the

XM 332 wri bgy hth e stey BRaSEctRe JTHeXMIB 32 rssstiotie: sto bit mbestitopsis oifow
I nactive, the processor may send wite commands to the XM 332. [0100] The

signal bit >cdial iljlqsﬁrri% SirffahdsS A whERahedivi 332 writy butisymchedha gbey
I on by

si gnal sonme"ac e processor, 1n parallel with read return data,
V 10 - threshold. If the stop bit is inactive, the processor may send wriie commands to the

XMI 332.

[0100] The signal bits may comprise a signal code. The XMI 332 may
asynchronously signal some action by the processor, in parallel with read retum data,
by setting the signal code appropriately.

15 [0101] One skilied in the art, will recognize, from the examples of the above
embodiments that a configuration format may be simifarly encoded to provide
functionality for the inbound link fayer to convey configuration information.

) | {0102] These embodiments are described in sufficient detail to enable those skilled
| in the art to practice the invention, and itis to be understood that other embodiments

20 . may be utilized and that ogical, mechanical, electrical, and other changes may be

.made without departing from the scope of the present invention. Itis to be apprec_iated

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

- different definitions fo_f bits. For example, the read return header format may have
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by setting the si gnal code appropriately. 15 [0101] One skilled in the art,
w Il recognjize, fromthe exanples of the above enbodinents_tha 2006
confi gurat 50 08/8173G may be simlarly encoded to provide fﬁﬂypg%l?’? y for
the inbound link |ayer to convey configuration information. [0102] These

enbodi nent s d ribed in sufficient detail .to enable those skille I n
the art to pﬁfg%f?rﬁzﬁtaﬁg'gpﬁ\%?ﬁ?so ‘?‘F%a‘%f?fe“.i geérgtacmg feﬁagr%ﬂd&ga Ofcfﬁitm%% Rr
enbodi ments 20 be utjlized and that |ogical, nechanical, electrical,
and ot her chglﬁﬁ%?%tm@ﬁ%ﬁ?ﬂaﬂt departing fromthe scope of the
present inveption, |L is to be appreciated that the architecture and
functional i t{b'l@gg’%‘fjé'mﬁﬁb‘%’@ fﬁhg‘?%@f@'%tﬂﬁ%ﬁ'orb'ﬁﬁ'@ﬁlﬁﬁ%'%m Sy asPegip ef the
formats, conmands, etc. may have different bit assignnents as well as

di fferent dePieseetiByRNticHWisre desqrped dx ampprdimantewite sespeettainbavpd @8e f or nat
may have 27 WD 03/042846 PCT/U50?/3 _ W2006 different bit assignnents as
wel | as df f feftbaundidireciions.dhis t¢ be uprerstanddhatitbeyméwberapplitable to bpta inticand
rather than little endian. [0103] Additionally, while for sake of
clarificati oand eutbbendieEerdqampdm lisk tayeadpadhat rody baessquiatst nith iarpestitilam
where described in enbodinents with respect to i nbound and 5 out bound
directions, transfer withirba fliiimoeys lss otbdraiyt disgiegednfeym e appédtivelitansteo ahdtis

i nbound and out bound. For exanple, link |ayer data that nay be associ ated
with a partitcanséer may be &f &t inbbtiid andlof duthouray/dibsttibemper @tdnyplel vl asehalyr om
the respective transfer and this transfer may be in an inbound and/or

out bound di rigsiel ®ReadeRtheiasPhi&ia MR CfefBythel AL BinReRdede bhah disepat
via the link layer to the XM 322 in advance (by an offset) o 10 the

i nif or matyipon thd &Hatidnechi ne-readabl e nedi umis understood to include any
mechani smfor storing or transmtting information in a formreadable by a

machine (e. ga104 CRMAIFRI-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
access memory (RAM), magnetic disk storage media; optical storage media; flash

15 memory devices; elecirical, optical, acoustical or other form of propagated signals (e.g.,

carrier waves, infrared signals, digital signals, etc.); etc.
f0105] Itis 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

properly before performing a method or task as an apparatus. This is normally referred

20 to as initialization and may include, but is not limited to, sefting timings of chips,
: _determining devices attached, configuring subsystems, such as memory, checking

accessing speeds, 'checking interconnects, etc. What is {fo be understooed is that in

~ preparation for fully functional operation, a computer system may perform many

checks, set many parameters, efc. For example, a computer may, at initialization,
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For exanpl e, a machi ne-readabl e nmedi umi ncl udes read only nenory (ROM;

random accgess. nepory (RAM; magnetic di sk storage nedi a; qgii' /&R0 6
medi a; flagﬁ§%§“ﬁgﬁbry devi ces; electrical, optical, acousti gﬁﬁ?&é% her

form of propagated signals (e.g., carrier waves, infrared signals, digital
signals, etcylsu . } I in the
are that - arcqenfinG atbicbnelon) Snd WAFISLABE oY bR IR B EIHERIE T

reset that the. cqnfli i ) oRerLd. fore r ,Ag a
met hod or ¢ s Ao el il s8fibbs, Sk RA T, edoBEURE ke
initializati ar {.ncl is.not limted tq, setting timngs of
chi s dot Ay TR =0 e By s B aRire iPborhel oy SPl ettt oS
menory, cheg%{ng agcessnng speeds, checking interconnects, etc. Wiat is to
be under st oot!a '8¢ SHH PP pr eparation for fully functional operation, a
conmput er sy may_ perform many checks et many paraneters, etc. For
exanpl e, 2a jh% eryrhﬁﬁ’ya, mg[nqdrﬁnpiagpp ¥$ @ﬁ?h@@PW@mWr%ﬁﬁ%s R2/ W 2006
determ ne attached nmenory and vary settiggs and paraneters to determne the
opti num i nt EtPERRIONS Yiaa sidepand fradgetun Rgaderdeye bagadessiball y, the conput er
while operating may al so performchecks to assure proper operation and if
necessary change settings, etc. 5 [0106] Thus, a nmethod and apparatus for
the optim zation of nmenory read operations via a sideband read return
header have been described. 29 9 May 2006 What is clainmed is: 1. A nethod
conprising: receiving a first part of a read request froma processor
nodul e;
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initiating a read in response to the first part of the read request;
receiving results fromthe read; receiving a remaining part of the read
request; sending a read return header to the processor nodyghgybeogenabl e the
processor nmodule to prepare for receipt of read data in response to the
read rﬁﬂuest determning read data fromthe results, which read data is to
be sen ?B“%QQ Mfdysessor nodul e, based on the remaining part of the read
request; and sending the read data to the processor nodul e, wherein the
read return header is sent to the processor nodule in advance of sending
the r thod according to claim1l1, wherein the read return
heade?pﬁéﬂggﬂ?dﬁﬁ %"Egeband 3. The nmethod according to claim2, wherein
the tirgeivingedl¥ipniqart 8f abad ReqIRSt #fom lalPrbtaddor dhddile; 4. A met hod
conprising: initiating a read in response to a part of a read request

r ecei vieitiatingra @eapriocesmomse todtalfiest pad dfeheread eepiest;ng al | parts of the
read request; and sending a read return header to the processor nodule in
advand@C@VmQé@§VW$ﬁ@“ﬁé@ﬁﬂqads fromthe read. 5. The nethod according to
claim4, wherein the read gehurn eader is sent in a sideband. 6. The

net ho%‘eg%'%'lgoq FE{;EBQQI%WHP ;i iEHUERe time in advanc; i s det erni ned ag
initi aldgn MY, i stor e
her e g e ﬁ%%t}éﬁf SR S e Bt dPett

determining read data from the results, which read data is to be sent to the processor
module, based on the remaining part of the read request; and

sending the read data to the processor module, wherein the read return header is sent
to the processor module in advance of sending the read data.

2. The method according to claim 1, wherein the read return header is sent in a
sideband.

3. The method according to claim 2, wherein the time in advance is determined at
initialization.

4. A method comprising:

initiating a read in response to a part of a read request received from a processor
module, and before receiving all parts of the read request; and

sending a read return header to the processor module in advance of receiving results
from the read.

- 5. The method according to claim 4, wherein the read return header is sent in a
sideband.

6. The method accordlng to claim 5, wherein the time in advance is determined at
initialization.
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begin receiving a read request froma source; initiate a read before the
read request is conpletely received; receive data fromthe read; send the

source a read return header in advance of the data; and sgrﬂ,% rz&% sour ce
the data. 8. The nachi ne-readabl e nmedi um according to claim 5 wherein the

read 12t W HabeAgSEaddtte furh abig SBHILthersdh fis 'fts Wnich Whehan the
data. gechrety 6{9 %@P@fgm,rﬂfaﬂsﬁggai@ s?@rﬂ%?ﬁer?cﬂ'ﬂfaegg I;}%ﬁu'lhg%ebead

request, a wite request, and control Tnrormatron, a menory interface
devi cehea BB RIViRG atrB8d PEQRRS FRIm agbAcdiemory, wherein the nenory interface
device receives a read requests, and control information, initiates a read

t o redoitidae a rass befateatie weadirédquest éacomplauelgtretdiosd;t he mermory, before the
read request is conpletely received, and sends to the processor data from
t he nmeRBeye dakalfrosbtie adsi gnal s that are sent to the processor before the

data fro he menory i ent, tp the processor. 10. The systemof claim?9,
\AhereiSﬁnFﬁbeéé’fJEF%?\Bl‘?ﬁ‘f'F?zu% rérhéd‘t’?{'!?ec‘afrsﬁ?\ecﬁatéi ¥hl s are sent to the
procesafk t}ﬁie%ofltéefﬁ{eeﬁﬁt links. 11. An apparatus conprising: nmeans for
receiving a rea reques?'from a source and to begin accessing a nenory in
response to a part of the read request and before the read request is
conpletely received; neans for sending a read return header to the source

i n adBanTee afachitrdicagdalbieatedatmeaccoaditig teaiing PO, wWeadinthd Redreddndirbder 31
15 sent to the source via a different link than the data.

9. A system comprising:

a processor capable of issuing a read request, a write request, and control information;
and

a memory interface device coupled to the processor and a memory, wherein the
memory interface device receives a read requests, and control information, initiates a
read to read data associated with the read request from the memory, before the read
request is completely received, and sends to the processor data from the memory, and
control signals that are sent to the processor before the data from the memory is sent
"~ to the processor. '

10. The system of claim 9, wherein the data from the memory and the control signals
are sent to the processor via different links. .

11. An apparatus comprising:

means for receiving a read request from a source and to begin accessing a memory in
response to a part of the read request and before the read request is completely
received;

means for sending a read return header to the source in advance of sending read data;
and _

means for sending the read data.
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9 May 2006 12. The apparatus of claim 11, wherein neans for sending the
read return header is not the sane as neans for sending read data. 13. The
apparatus of claim 12, wherein sending the read return hea%wayiﬁoéjone
before sending the read data. 14. The apparatus of claim 11, "wherei n neans
for sending read data further conprises neans for sending read return data
in aread return data path at the sane data rate as a nenory read data
rate. 13. Theeapparausbdsiarh Tl aivkeldn mdsTbn séhfing %ﬁédlrézﬁ{ HitOrrfiRd el 3 € and

the memgy sher ek aslaicant #beséiding RéacP@i®, as an external menory interface
data rate. 16. The apparatus of claim15, wherein there is no nultiplexing

of the nmenory read data in the read return data path. 17. A nethod
conprising: receiving a read request froma processor nodule; initiating a
read wh#d _g‘h? [ROPREakES PEGlaist 1 3, whsspingsanding thedead retsp deader is donedmforeed
port i oieNgIna te repdgl@ta.equest, and in advance of receiving the read request
inits entirety; receiving results fromthe read; and sending a read return
header to the processor nodule, in advance of sending the results. 18. The

g?gggoﬁ A4C ﬁgﬁo%'pﬂgrqttﬂs GF faith 47, WHIRER rﬂeénhseforres%%dirnstrlégg dag2 ?Lﬁ'rche'arscosn%onrtlselsn a
Hhan r sending read return data in a read return data path at the same data rate as
a memory read data rate.

15. The apparatus of claim 14, wherein the read return data rate and the memory read
data rate are the same as an external memory interface data rate.

16. The apparatus of claim 15, wherein there is no multiplexing of the memory read
data in the read return data path.

17. A method comprising:

receiving a read request from a processor module;

initiating a read while the read request is being received in response to a received portion of the
read request, and in advance of receiving the read request in its entirety;

receiving results from the read; and

sending a read return header to the processor module, in advance of sending the results.

18. The method according to claim 17, wherein the read return header is sent in a sideband.
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