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OPTI M ZATI ONS | N MEMORY | NTERCONNECT FI ELD OF THE | NVENTION 5 [ 0001] The
present iwoanbimsa pertains to nmenory connections. Mre pa&Ctriusot/asohy, the
present invention relates to a nethod and apparatus for the optim zation

nt or conmect 10 RAARERCORE B U R R AN B 6B A O Lo s
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m cr opro r iety of reasons. One reason is the 15

mechani cﬁéﬁgt@?gHE‘flhmA@[\lmage devi ces such as hard disk drives. [0003]
Anot h affectin erfor nce is rnal to the

nicr ogr oi@&@ﬂr {-%PE@ gr%% r{af“e(S'?o%Sf’ﬂneé‘)t%B &\ereﬁi gh- speed cache
and external generall Io e d but e n size, n menory.
Accesses RHCUKl eﬂﬁaﬂre%%}?ﬂ? H‘é(? q(i%ﬁ%tq %F@%&‘% %{Wbar?n%?féﬁé??ﬁb% on conpl exity
that affect 20 performance. The ability to reduce | atency and reduce

i mpl ementRlimERtien @ memary reQ%oﬂ?éﬁf&ﬁsdﬁ‘aaﬂeadA@%t%m'ZaWPf‘ﬁ"b'iB?‘inﬁ‘szat| ons for
interconnecting with a nenory is also beneficial. WO 03/042849

PCT/ US02/iale0:00ne®RI EF DESCRI PTI ON OF THE DRAW NGS [ 0004] The present
invention is illustrated by way of exanple and not l[imtation 1in the
figures of the acconpanying drawi ngs, in which |like references indicate

10 BACKGROUND OF THE INVENTION
[0002] As microprocessors become faster, the need for faster memory
interconnects increases. Microprocessor 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

15 mechanical nature of mass storage devices such as hard disk drives.
[0003] Another area 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

20 performance. The ability to reduce latency and reduce implementation complexity
is beneficial. A protocol with optimizations for interconnecting with a memory is

also beneficial.



simlar elements and in which: 5 [0005] Figure 1 illustrates, according to
one enbodi nent, a network environnment in which the present invention may
be practiwed3olB@06] Figure 2 illustrates, according to omeTdrsbvskionent, a
bl ock diagram of a conputer system [0007] Figure 3 illustrates, according

to one e@?ﬂ?k%&Rl@T’i’@ﬁ%Wﬁ’@ﬁRAﬁ\ﬂgb@ erface; [0008] Figures 4A and 4B
wWo e a

illustrate odi nents for read request packet preenpting a wite

t t;+[0 Fi e 5 ' di :
i apat chitfrd T PFReptd iy T t32d 8) 8y o SERhB 2 R fRaBToA ana b
7 11T ust ared R A e S iR T S e e e ace ©

[ 0012] Fi ui&g %ﬂj\l Itustrat eFl., according to one enbodi nent, a nenory port 20
pr ot ocol ;Sg'[1 B AP IOWNIC st rat es, according to one embodinent, a flit

requiring.4 transfers; 014] Figure 10 illustrates, K according to another
enbodisrre&?qoszl fﬁgvﬁe{@wgfs*écﬁﬁﬁd ) c’l”?lelﬂ%qardsé[f' ; AREMRHi ng to one
enbodi ment, a tenporgl % WO 03(,042 49 PCW'I:'é US02/ 36040 displacement of a
link | ay &PVIEINGIEYN WRIEhithe Aresent inverion&payee) Brastiaes) | | ustrates, according
to anot her enbodi nent, a nenor ort

[0006] Figure 2 illustrates, ac%on%ing to one embodiment, a block diagram of a

computer system;
[0007] Figure 3 illustrates, according to one embodiment, 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 illustrates, according to one embodiment, a memory port
interface;
[0012] Figure 8 illustrates, according to one embodiment, a memory port

20  protocol;
[0013] Figure 9 illustrates, according to one embodiment, a flit requiring 4
transfers,
[0014] Figure 10 illustrates, according to another embodiment, a flit;

[0015] Figure 11 illustrates, according to one embodiment, a temporal
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protocol; [0017] Figure 13 illustrates, according to one enbodinent, a
menory conmand 5 format; [0018] Figure 14 illustrates, according to one
enbodi nenwp oa/oeswd ce conmand format; [0019] Figure 15 il [PaItusar/as®40
according to one enbodi ment, a configuration 10 comrand format; [0020]

Fi gure 1?‘5§§£4ﬁéﬁf§“35?§“1’§‘@§?%d% tgzo?iﬂ% @pbodi nent, an outbound |ink Iayer

format; ure | ustr according to one enbodi nent, conmon

00004 PR iR A S g, oo

illust ra&e}e& cgecor ding to one enbodinent, a wite acknow edgenent format;
and [ 002 El gure 20 illustrates, according to one enbodi nent, a status

et hod o8O dpal BH 1 DR a1Es GG P BB 0% ST kNB 2 BN Y5t vi

read Iaugch ptim zations in nenory interconnect are described. [0026] In
the fol | dXMRy descri ption, for purposes of explanation, nunerous specific

5 detail set fo in order to provide a thorough understanding of the
oresent 1R e Flomre 14 MyptfarSh actoriheo She el motios BRUCERPIVEAY n Tho ar
t hat thefgrrmeas{_ent i nvention

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

10  command format;
[0020] Figure 16 illustrates, according to one embodiment, an outbound link
layer format;
[0021] Figure 17 illustrates, according to one embodiment, common inbound
link layer format bits;

15 [0022] Figure 18 illustrates, 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.

20



may be practiced without these specific details. In sonme instances,

wel | -known structures and devices are shown in block diagramform rather
than in dwoaBlo428un order to avoid obscuring the present PeTArsN2/BG040 10
[0027] Figure 1 illustrates a network environnent 100 in which the

techni qu I e applied. As shown, several processors 104-1
t hr ough %J}g@égrp nenmoﬁ%-l t hrough 106-M are connected to each ot her

via a ne 1 ' g@% : . Not e t hat
al ter nat i(\ng&;; t’%ﬁ”%’%%%’f“ﬂa itggif%'ﬁﬁ - Béfﬁﬁ?g%“ﬁ’c?ﬂﬂé%w rtg?éptﬁ%i%“aﬁ?k_ The
met hod apd apparat us descr.i be her.ei n _may .be |ied to essentially any
type of g%ﬁﬁ%ﬁ%&%ﬁﬁﬁ%ﬁhgn%ﬁ @%@P@éﬁfemé‘{%%’frar?@gg?”b& "renote. [0028]
Figure 21 strates,a conputer. system 200 ip block diagramform.in
whfon. | KAt JhdbeiTaiBe Tsk ol BirpUhioon ol srdhaoBa Bhahs by
syste 02.intercqonnects a Central Processing Unit (CPU) 204, Read Only
Voror 3 285BHORNE SO0 RiUes (RECRUGE RENSPYT KA SBOHN & BIeEsto. - di spl ay
220, audio, 222, ke%qt:oard 224,%})oi nter 226, m scell|aneous i ng_ut/out put
(170 delnveation. o will B evideHnipever 8 ope shed ipemristhal tbe oresendinvadtivie f or
exanpl e, one or nore of such buses as a system bus, Peripheral Conponent
| nt er conAEYtbg peptced witheshthege epegific datalisor in semernstaners, wethdiwpWher Syst em
Interface (SCSI), 4 WO 03/042849 PCT/ US02/ 36040 Institute of Electrical
and El ecsireeilies andglayises ar¢ simmm) inshlegiddiagranuiener rafieg ghan ipjdesaiy inegrder
Universal Serial Bus (USB), etc. The CPU 204 nay be a single, nmultiple, or
even a disavdihabsctripgtpripiesgniieaniiooe. Additional |y, the subsystem
exenplified by the CPU 204 nay have a separate bus to other subsystens, for
5 exabdmpl §027TEndriguretniusitades @ xaivysire enisoribeent 400 i wipibh ¢l teshoibues t he AGP.

described may be applied. As shown, several processors 104-1 through 104-P

and memory 106-1 through 106-M are connected to each other 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 fo 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

which, in one embodiment, the present invention may be practiced. Bus system

202 interconnects a Central Processing Unit (CPU) 204, Read Only Memory

20 (ROM) 206, Random Access Memory (RAM) 208, storage 210, display 220,
audio, 222, keyboard 224, pointer 226, miscellaneous input/output (1/0) 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 (PCl),

Advanced Graphics Port (AGP), Small Computer System Interface (SCSI),
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Anot her may be a nenory port interface to nenory external to the CPU 204
such as ROM 206, RAM 208, etc. [0029] What is to be appreciated, as

det ai | ed weloom28is that a nmenory port interface and/ or pPerasSot/3domat can
speed up operations and/or reduce |atency 10 and/or conplexity is

benefi ci a4 i i % possi bl e, as
IS descr?‘gg‘gﬁg%?fg%ﬁv?&ﬁéﬁla P?s%tl&é@ﬁgilqn% on%f/st g%gi{zﬁ?tn &;%}%ulrdok%erg?%{[l is needed
to | aunch ry.. i t IR ?f be started in
advance o@?g@@vﬁng&g%lé%% I E ﬁ%@%g{l%?(gqﬂgesgéuégg 'ﬂggBrr%?ée,' $ the
addresses_ar.e sent first. then menmr S . 8 [ eadi ng of
the 15 newgﬁlglecc%%%%a'sfr@)u%&/&ﬂ%p%qﬁg%fe%%é%eém%}ﬁﬁ&gﬁggﬂp%%éﬁt s a byte
out of a word ..that s [ accessed, however, this byte only. information
Ty be setenipiie By e cBY AR BRERETEE sePRol i it gl Rhabry
subsystemto then onl end the requested byte . In this Y, perations
my brbocB IR TP BRI Cah A T o L TopdegbirrienaR e AGR T - ¢ ho
menory subsystem knows that it, has _accessed nenor 0 and w_ll have a
resul t af/l\'é‘%/thﬁr Ay bg A Moy port @t%@éﬁ%n@,m%er@r%é@hﬁ@w BEFSWN to send
a read return header in advance of the actual data. This may all ow the
devi ce r e@eROM 08 HRAMZO]. et6- prepare for it by knowing that it is coning.
For exanple, the read return header may have information that identifies
whi ch r eal®028F qY¥hat is iedba-apnragaigs as petabedbrIpw: is dhatia men@RdPet | ow a device
to determne 5 WO 03/042849 PCT/ US02/ 36040 where the data is to go before
it arriveisterBgeseddr piptedal that can speadiip operatiens andieroeaues Biec advance of
the actual data, the device has tine to determ ne the destination for the
dat a bef oarel/ot cancplexlyliy baneficieds Fof €@G0}le,Rn guead Bquekutota saeew®ry, it idl ock
di agram f orm one enbodi mrent of a nenory

possible, as is described below, by first sending only that information that is

needed to launch a memory read the actual reading 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 subsystem may begin the reading 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 arrive in time for the memory subsystem to 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 aliow the
device receiving the data to prepare for it by knowing that it is coming. For

example, the read return header may have information that identifies which read

request the coming data is associated with, and ailow a device to determine

5



5 port interface 300. In this enbodi nent, the Menory Port 320 is a fast and
pi n- efficient interconnect between a processor (wthin Processor Mdul e
310) and wOo93/0kseml nenory (340 and 342). The protocol | apemr/ush2/sdoe0 menory
port interface (sonetines referred to as nenory port protocol) is

| ndependapheraithaatzdtd b6 Bbfe it BRIREY HyERARL AN redd Bk FRBRE] at1 N9 2

processor froma nmenory technol ogy an ure nenory map i ssues. The

pr ot 000l YRR RRBRLS b SR B bR Bl LAl 3 Osure: o

reduce anong ot atency of nenory ahd reduce

|l erment gl GOAPENIY pelPOR L LjeoPrggessor Nodul e 310 may have

interfaces to a variety o rces through, for exanple, 10 302, the
Menory P 0, . ort. 320 may, be copsj dered a private
i nterf acgfopg’g?n Y '%}r( %gé@sgg?%h%gk§%9%r8tf%w W%Bgﬁg\eﬁg?‘! FEWRBIYY Bri dge)
330, S |.n Fi.gur . Th MB 330 cantain.th ry controller
338 aﬁ% i%%?éa%éf 3@@- hﬁ*%@mﬁaﬁm‘?%@%’ﬁw PHQ%IZB\}\%E‘E%SEEE”E&”‘DRAM 340 and
342. Conseguent.| t he XMB 330 encapsul ates _ nenory dependenci es such as
rerory. t yB RO EOURHRDES CARESR B EoR B RO AR MPGUEH O] BFOARE o! o,
nunber of DRAMs per du and nunber of channels), and nenory control
(tT g, PG MRSREY LD BEREA2 e RIBke) ot 4 MemEINeTb IerEsR > 350 iy
consi st of both a h%si cal interconnection and a protocol. The physical
i nter conr‘ée'ﬂ‘ﬁg'ﬁ‘eﬁé%e Bhiq 3% Memony por protecal) igdasgendani of any PdEcder ef
i nt erconnects. For exan‘gﬁl e, there may be a main link for data and 6 WD
03/ 042849NEEPNUSEPNcley4 therabibisplating apkogesye frany A reemevdechingiegytandes cal | ed
a si deband%&.ﬂe The protocol may consist of commands, data, responses, etc.
conmui®i c e sparory Feadsiapsiseuas. The wetosahlayarines sppoific ésedurpsdhe menory port
commands may consi st of: nenory

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 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 controller 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 DRAMs 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

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

6



reads and wites; device reads and wites; and configuration reads and
wites. In 5 addition a |link |ayer may have i nbound and out bound

i nf or mat iwWo 0s0¢eds4as read return headers, wite acknow ed@cenissy/3@s@t us,
etc. [0033] Menory Port traffic may consist of nenory, device, and

configuration . read and [ copmands,, To m ni m.ze, XNMB 330 conplexity, for
one  antmitak b cstlbl o RREr yaIsH € e Raba PNy FRISSTATE) t o al
data 10 tran?fgrs. To f(l;:[tther r educe co%ﬁxi.t@/, for ﬁne enbqdi nent, the
Memory PSISt 8bePmBrREdR Al [ERANS YAt CIYRYTeaEd P tNaPBE'R) the xVB 330.
In one epbodi nept, 'Son% exity is reduced b récshe Menory Port 320 not
suppor t i REFEIMBEGHON.oF apiaEyPlR dgragyY W(‘cﬂmmg § ey [R5 MAHAM i onal
reduction in conplexity nay be achieved by the Menory Port 320 not
suppor t i '¥§9aRPd veiies siskise readsrand writssanseAnfighrating rqﬂ@%@@gwﬁewﬂm e 310,
the Menory Port 320 includes functionality encapsulated in the PM 308.
The FM tighed link lyae@ay have inkPHigd aad owlboyad inderadips sueh asvedsht rol , error
handl i ng, and control and status registers, etc. At the XMB 330, the
Menory P@tyrndzedaty Witk ackaewledementmetatum&td.-t y encapsul ated in the
exXternal Menory Interface (XM) 332. The XM 332 may al so include read 20
and wri t 90BaY f MemoryrRat trafiig giaggoneishefmaeémaryd deviee, mdrosgfigreti®) et c. [ 0035]
I n one enbodi nent, the Menory Port 320 nay exploit the know edge that the
menory treaflifand writemommareiso My miskmize XMB 380 tesplarity, fieyonehus opti m ze for
menory requests, maxim zing performance while mnimzing conplexity. This
di scl osuerabodiment, ks Proeessardiiernptyi Interfate ¢RE1)i308Nkitiatey alPdata 320 rel ating to
7 WD 03/ 042849 PCT/ US02/ 36040 reducing the latency of |aunching read
request stramsfere Mitoyfugthel redtide camnmietitynfor ahe@mboelimértdthedMérneryzet of a
si deband read return header in the Menory

320 does not support data transfers initiated by the XMB 330. In one

embodiment, complexity is reduced by the Memory Port 320 not supporting 1/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 Port 320 includes functionality
encapsulated in the PMI 308. The PMI 308 may include such things as write
buffers, flow control, 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 (XMI) 332. The XMI 332 may also include read

20 and write buffers, error fogging, 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 relating to

7



Port 320. [0036] Figure 4A illustrates 400 how a read packet nmay preenpt a
wite packet. 5 A read packet may contain a read command and an address or
range of waddnesses to read. Simlarly, a wite packet napCTarsvzsa4@ wite
command, an address or range of addresses to wite, and the data to wite
(wite data).

The . read_ and/pr wite pac ecaus . L he anount of
i nf or mat f@HC'@@itHE] Iqt?%qysqfigwgmgéﬁ%é Eﬁ%‘ea){ég{’ pegrﬁory ﬁ@gggmm cati ons channel
may be sent in nore than one 1Q transfer. Because, .the wrj cket has
addi t i on@PtimizateREalated i¢ theuss O?a e@ﬁngﬁ%adBﬁgqrasr\eadgénmq Mew?it can be
seen that the wite packet may require nore transfers than the read

packet. POG32P- At 402 an input is received. At 404 it is determned if the
input received at 402 is part of a read packet. If it is part oI a read
packet t 036kt HpereAAifesiiates400 Bowadead gackes may RreRMPle Y Flis
complete. If the read packet is conplete, then a read is perforned at 408,
then &t Aogadpeckeimayneaitain & read eppE@Nd [andan apgsesstorirangeyeh er mi ned that the
read packet is not conplete, then at 402 another input is received. [0038]
| f at 40addresses thereadmiSinaitariyhawrithpagket Biay s@niaipavriEogoM@andtapart of a
read 20 packet, then it is determned at 410 if the input received at 402
i s part afidressmor rangepafciddiessed tot widter anbiheatata tppuite4odte dataptTheart of a
wite packet then at 416 sonme other operation is performed, then at 402
anot her raxoldind/sr weieegacket, bédauae of @ arhoirg of théerenatim bdingHeansteedr ecei ved
input 402 is part of a wite packet, then at 412 a determnation is nade

i f the wahd eheardtiebf ihe cormlredations tharre! wiaytbe gemt ahoriesth8n Wae 03/ 042849

PCT/ US02/ 36040 conplete, then a wite is perfornmed at 414, then at 402
anot hgr iaRster.i BetRRRI WRdvrite packet has additional information in the form of the
data to be written, it can be seen that the write packet may require more transfers
than the read packet.
[0037] At 402 aninputis received. At 404 itis 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 another input is received. If at 406 it is
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 determined at 410 if the input received at 402 is part 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 at 410 itis

determined that the 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

8



If at 410 it is determned that the received input at 402 is not part of a
wite request packet then sonme other operation 416 may take place and then
back to wO23me@ssecei ve input. 5 [0039] Thus, it is possi pica/udsor/3q40 ead
packet to preenpt a wite packet. For one enbodinent, the read packet

i st d .t d t d b
cingl o trandiel. RS ERROF B ines #ﬁéﬂﬂsﬂﬁﬁ@%@%aa&ﬂeréﬁéa?@%gec%fvreﬁas. ngle
t f i.t add dd t t d
ot her eraﬂéﬁ%&t e FRLRe et POt S bel e dup e data. For - 10
he. addr 48U PaGEF SabEoTs ot PESATPE AT & Ml 1BkF RS A B cRRest . Thus,
aread r gqcest and a read packet convey the same information. For

conveni e Pr'ieced\é%@lpi"btl on, that part of the wite packet containing the
wite corrmand and the ddress or addresses to wite is referred to as a

writeredB@  Thes. i@sd’ﬁﬁ%lblﬁzi?rta twRdieekeltp PeeqraRtice e Packste MOEANE 0 as the
wite data. Thus, a wite packet contains a wite request and wite data.
[0040] SEMbesiMeRt s @adwgm%@oaswngt@f & iegd eemmandransiihe @ddegss #02. |1t goes
to 404 and not being part of a read packet goes to 410. At 410 it is part
of a wri tagldressepie kead mayibe 6 sigiaenrfer o ugingleAlit. Ihe wirte packeét er mi ned t hat
it is only the wite request and that the wite data has not been received,
so t he wdongisisaaflecsingle tizosfer bavipg theawrite sommarite thegrrssedsaariaddees4e2. |1 f at
402 a read request is now received, then it goes to 404 where it is
det er mi néd writatandhaghere pdssildy) ordtiple, drapsfiets with ther asadciateaokde data. i Forpr oceeds
to 406. At 406 a determination is nade as to if the read 9 WO 03/042849
PCT/ U802/c860diflence in description, the read packet containing the read command and the

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 to 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.

[0040] So, for example, assume a write request is received at 402. It goes to

404 and not being part of a read packet goes to 410. At 410 itis part of a write

20 packet and so proceeds {0 412. At 412 it is determined that it is only the write

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. At 406 a determination is made as to if the read

9



packet is conplete. In this enbodi nent, we have defined the read request to
contain the conplete read packet and so at 408 a read is perforned, and
then bacwotos/o4329 I n this exanple then, the wite operatipen/tshzsdoed (by
receipt of the wite request) has not been conpleted and the read request
has preenpted.the 5 wiite. 041] Follow n he flow pf Figure 4A, one is
to apprecPlaﬁlfeg I$ GAPPIEIR lr“é@& eLT&?& it %@a}{ﬁ‘ g%ftfﬂ?td t&e\y\;qcfrgqgﬁﬁ ere up until
the | ast of vvritgi?tdatais gecived Thus, for exanple if a wite

th
packet  cSANEIMECORERFIETEAY BRRiES BLFRIUAO] 3 Lk B PO A MMt . & r ead
request nmay preenpt a wite cket if received 10 after; the ite request,
the fi rstb,ad%&: ,'%P'St%?W'%PFé%ﬁﬂr ite OpeyBla] Stiaﬁear(ﬂf W&?'pgﬂfﬂ%i ment, the
read request nmay not contain a conplete read packet. In such an
enbodi nentrite EEarkaR hag st berbegnietedaed dhe Raddeduesthes PreplyPtadthehe conpl ete
and under that circunstance, it would proceed to 402 to receive another

i nput .5 | fWrgid when a conpl ete read packet was received then at 15 406 it
woul d proceed to 408 and performthe read, and then return to receiving an
i nput at [G@H] [B@w@qingxtheo‘%mn@‘ Rigiredéaane Edoeppresiatadhatdieciopdd after the
wite request or wite data to preenpt the earlier received wite request
or wit e reguest meyyreampha white arysdherdep Hotildhvelagt efthanaigidat it he wite. This
allows the nmenory to respond to the read 20 request faster than if it had
to first reeshwondHus, fdrexamptedf amdite paoket bentaieathe wdegstuestpo®44] It is to
be understood that the agent sending the read and/or wite requests may
prevent aragsfernof Wdizalads .a rehdreduest inag pseamebtraowidigeeicketrfresaimed to |imt how

the read and wite requests nmay be issued. For exanple, the sending agent
may deci deef: @fie Wit alestotherfestysédoad camthiréwiiteydathat one read request may 10
[0042] 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 fo 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 earlier received write request or write data results in the read
being executed ahead of the write. This allows 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 sending the read and/or write
requests may prevent ordering hazards. That is, the sending agent may want to
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

10



WO 03/ 042849 PCT/ US02/ 36040 not preenpt another read request. [0045]

Figure 4B illustrates 450 anot her enbodi nent of the present invention in
whi ch a rwad3pasket may preenpt a wite request. In this ecCAMSOBIcONE
consider only read and wite packets. Additionally, Figure 4B illustrates

an enbodi nent in 5 ich a wite packet may be preenpted by a read request
but not BY g%@%qréeaq@&% t as was possible in Figure 4A. In Figure
4B an input is received at 452, At 454 % check is made to see if it is a
read pacHB945] f Figure 4Bdllysirates #2lieapthen embsinesy of the pigeent évsaHe DI ed and we
return to receiving an input at 452. If the input received at 452 is not a
read pacRétich Aépachpadst may preeraplaWER reguesde In thig @xamplerwe eonsi¢erpacket . | f
it is not a wite packet then we return to receiving an input at 452. On

t he ot heronhare@d and wtitessgketae Adaigraallyi Eigarad B ilbisiieier an enmhosingntdht er an
"inner |oop" of operations |abeled 460-470. [0046] This inner |oop allows
for réad Wielkatwrite peakatingay kespreamptas o2 reagk reqaest bug el by anpthat Wilput 462
checking it for a read packet and if it is then performng the 15 read 464
and goi nge@ee as svasspassibleip Rigure ddutin Aanire UBvanviepyt is hecebreidyat @ay. Back to the
outer |oop (452-458) is when a wite packet is conplete 468 and a wite is
per f or me 5470 chddds neatedpiseg iftitie airaad patkebplffiiriomrda@packehthek dt456nde at 466
to determine if there is wite data. If there is no wite data then we
proceed tzreatdsperfernatparid at rét6 tolrécditieg aniispuiat 482 . déitie inpein at 468 a
check is made to see if 20 the wite packet is conplete. If the wite

packet i sebsivedaPbEisnct BeBad\padreDPeAct 4568 id iecitdcked itd1ped if 8§ adfifle However,
if the wite packet is conplete, then at 470 a wite is performed and then

we pracegcker NEER N& d Witdtpakbk&ihdRe PetueT tol reediviay andlait af #83, Ohi gure 4B
illustrates an enbodinment in which only a single wite packet is allowed
to be pregaBiRA nakd At hessh the Pueret id & Write pAKEt BRAKRS enteF ahieérbsp’
of operations labeled 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 performing the
15 read 464 and going back to receiving an input 460. However, the only way back
to the outer loop (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 to
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 receive 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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11 WO 03/042849 PCT/ US02/ 36040 read requests (i.e. |l oop 460, 462, 464
being traversed one or nore tinmes before a wite at 470). [0047] In the
di scussi owoabo¥xs49 we det ail ed how, for exanple, the read PEFUISsL/360mAY
contain a read comand and the address or addresses to be read. 5

Addi ti onatdag, requdts (i) icUpe0, 252, B REnERAVSEYES 0RS oMBble tirh&d bé%l%r@' e, error
correcting bits to assure t he |ntegr|ty of the request, control

| nf or mat i @fite @ttgo).For conveni ence in discussing the invention, the term
“flit' is used to denote a unit of information transm ssion associ at ed

with an efgo4ry Qp 1P 8isBLdsh Athle RY d%ﬁ:ﬂédj ﬁbwofo]{ e?%gl‘ér th@é&%%@o@%f ers.

Packets may consist of one or nore flits. or e read

request pARKSbniERY 2 S0Pt ShiRhd Nt PkAbLL br dEROLELY, hed gdhe inf or mati on

associated with the read request I's I nformation, depending upon a

SPeCi 140 ARLRIENLALF RforEitn G ErBy&s bORRIOBPels fort 0 cOMPl etely

send. For exanp rea equest cont ai ne s of
oo e gy 0B B LR RPN 0 | L
tr ansf or sgéﬁ%ﬁ%g?sﬁé“ﬁ%s%%?aﬂ%bﬁ IR AR eantet P oF .
St e ST 5€$€%¥€%ﬂ1’§@amg@s'ﬁnq§ checkes
is, a check is mad see if an 20 earl atch of the read is
possi bl e. °7% oawogedﬁﬁgsfa %ﬁcg s-ngaypcaggsbpgo@q@r @%8 S0, L £XpPPIEe ad
ai spal€h %Ee%@{ez‘éég&da@?étdm%ﬁﬁc?@estsv?etsﬁugfq‘iéa&é)méﬁé%& GraBEton ¢ he read
I lh;; Ibzc kaqqr;%%@eédewﬁh ’theI ;ealdsregu% ! -ﬁf”g |nf(t)rrr]r$a{’]uo%t dgple%d%gru%%g aI gpe%?flrcf ormed and
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
15 the transfer of the read request flit. Described below are more details and
examples of flits and transfers.
[0048] Figure 5 iflustrates 500 dispatching an early read request to 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 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 flit is

complete. If itis complete, then at 512 a read is performed and then back to 502

to receive input. If the read flit is not complete then back to 502 to receive input.
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to receive input. If the read flit is not conplete then back to 502 to
receive input. 12 WO 03/042849 PCT/ US02/36040 If at 504 it is determ ned
t hat t he wewaioyzmd9 i nput at 502 is not part of a read requ@st/usbi/ado4a hen
sone ot her operation 514 nay take place and then back to 502 to receive

carly r eaneeor bbbl el Pelrefe i el SRl noline P E N P cquect

1 g L8YS i S 6RO DB RTLA BB ol e

received,, H%i s allows the nenory to respond to the early read request
faster tHAMif it was necessary to wait for the entire read request flit
to be receiyed hefore issuing a read request. Thus if the 10 first portion
of a fIit[Sb%'ﬁta HENG FRGeAHNg,t ésadr@aséféﬂtfﬁwém&m}wofw%rs essed while
at the sanme tine the second portion of a flit possibly having nodifier

i nf or rat i"6AUGSHEC MEENARE APEBAER NI BUS, §heo%ﬁ'tﬁa ractiayest fliteiaes nRbAVE er
informati on may affect what menory data is eventually sent. [0050] Figure
6A i1 ustipRedecaivey befath tigpaichingancatlyrepdreddest tsoemansr By 0t BDINI 15 an
input is received. At 604 it is checked to see if it is a read request. If
it is nottoavaitfeniierantiecrsadiragueshflit & beoiecsjyed athismllows4he mepuxgicnl y perf or med
and back to 602 to receive input. if the input received at 602 is

det er mi nedsgindg04he eathereadrregdest fapterdhan Hérwaswmecehsarg o vap parrihe First, at
606 a read return header is sent, and back to 602 for input. Second a read
i s initiantick @adaequestdiddo be sedeiveddrefore ésseingeadrea?iGequedd.l Thug tither ead resul ts
are sent at 612, and then back to 602 to receive input. Thus, for exanple,
a mentry firstadrtion ofi safliecordsiné @8 earig readrreqaest éieimentoep ey ecatcessetd 606 may
happen at substantially the sane tine and/or the read return header

while at the same time the second portion of a flit possibly having modifier
information for the memory contents is being received. This modifier information
may affect what memory data is eventually sent.
[0050] Figure BA illustrates 600 sending a read return header 606. Here at 602
15 aninputis received. At 604 itis checked to see if it is 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 received at 602 is determined at 604 to be a read
reguest 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 resulis 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 resuilt

does not have to be received before sending a read return header 606. By not
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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 rwD 038428@® 03/ 042849 PCT/ US02/ 36040 havi ng to wai tPCrarsor/b@4entire
read result, this allows the nenory and/or systen1to send a read return

neader ORgRaY év%&.féreﬁeﬁbﬁ&%ﬁ%@’i‘%&ﬂﬁ@%ﬁ@&ééﬁ? oy RBASE AR EB881) i gur e

6B il lustrates 650 anat her . t sendln area 5 header

656, Her Gei 54590 aﬁumﬂaader 807 BhFtlin X waEHeRtg G RESAGYERSD [T s
a read request it is %ﬁ) fa rea request @heﬁ a ot her operation 664 is
possi bl y ® rleﬂb‘faﬁtetabﬁ{ﬁcﬂ‘a G iR ﬁ *1f the input received

at 652 is determned at 654 to be rea reque then a read.is initiated
at 608. AQO%Hl; sFlQHEﬁf?ﬁ”‘HWt?ﬁiGﬁﬁénﬂth go‘ﬁl’"%é‘f for é?mge%aée@% et urn
header is sent, and back to 10 652 for inp ut Second read r‘?sults are
recei Ved heade/sape. t*ﬁ%fer%zﬁézreé’aﬂﬂ’l{tés @Cé‘vg‘én(\t 654 Itdweneckadiiq sRaHT RSk to 602 to
receive input. Thus, for exanp a nenory read initiated at 658 results
inar eadlea‘%ltaﬂruﬁshé’al@@rn@@rf?a@fe%ﬁét thehag Qﬂ@i&@ﬁrqt@n@ﬂtls pessitharal lel with
receiving 656 and sending the read results 662 and so the read return
header magriprreecdad baek toehfdi tageediva inputl dbierdrpirreceiverai$52tthe entire read
15 result does not have to be received before sending a read return header
606. By determird aidsidosia readrequest tenia read émigitiaéasi atiS08t it&hial | ows t he
menory and/or system to send a read return header 656 earlier than if it
was necegpmt ywo things hagpen. tHirst, ab656 a eeackmdurn dgadsttis senhand baek toed bef ore
sending a read return header. [0052] In one enbodiment of the read return
headery ( BBRtforRipaI0 BeronBb@hd réduts aldrecendd e 660, thd eedtreshitssararsentient i f i er

encoded within i t that relates it to the read request that caused it to be
sent. |ngbBE3, aththeh dackieerd . reb¥e BP0t MRhus| fierikample, 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 result, this allows the memory and/or system
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
20 read return header has an identifier encoded within it that relates it to 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] ltis to be appreciated, that the actual path for transferring the read return
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via the read return header identifier which read request it is associated
with (and the resulting forthcom ng data). [0053] It is to be appreciated,
t hat the wotaal2spat h for transferring the read return 14 PODUG82/8:2849
PCT/ US02/ 36040 header sent at 606 or 656, while possible in the main data

RS A MR
covance"sPRehol Rl ool BTl SR PSPPI e 1o
; g\c/l;(r:]'é ieoﬁ: Pfﬁ:ﬁggﬁg?g&%gk fé(e%ﬂ?? %\‘?1918 tﬁ? dgtr?ep"‘]ﬂ%y@eFeeﬁﬁrsh&%géggﬁ% is sent in
por i mt RiEEanS A T PRPASTIBOURTRELRS TR RSCRERS SFopgPES MEVBITUI | dupl ox
g O e Rbe i Vo St St por 1
of wi dt hthe dafa. Thessrastatian indatenrysmay bejaskievay dthe fsaddigfBr NG x. As
above, for discussing the invention, a convenient grouping of associated

data and i$ semi in agancef dimeéathon is called a flit. In the 15 inbound
direction (into the processor nodule 710 and the PM 708) the nmenory port

li nk 740 [0854]onfigsesd’ Bistraies one earbedistent af amrsmenymortdpiertaes &din s a data
streamof width y and the second a (ink |layer streamof width z. [0055] For
exanpl e, tiis @mbedBneént thstmemery pamidis arflbdimeninteseornask tlaeypopdort linkr ot ocol
800. In this enbodinment, flit 802 is conposed of data indicating an idle
Zg 8012&;1 120 dnidrid0).ajrethe (Quthouda 2lrectivindaway iftom therpredassbramotide{itBn, flits 804
t hrough 816
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 layer information is called a flit. In the
15  inbound direction (into the processor module 710 and the PMI 708) the memory
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 iflustrates 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 8XXa 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 link layer bus width x is 2 bits wide. The
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(generically 8XX) are conposed of respective 8XXa and 8XXb parts. This
enbodi nent illustrates one enbodinent of a flit having 80 bits where the
dat a bus waiodiiesw i s 18 bits wide and the Iink | ayer bus WCHtUsox34og0 2 bits
wi de. The 15 WD 03/042849 PCT/ US02/ 36040 enbodinent illustrated requires 4

transfers a single flit, .an hecre_ are 72 Dbits i he payl.oad and 8 in
the Iink ?@%ﬁ';ﬁ‘eﬁb@%ﬁ atﬁéé?édéﬁ‘éﬁ% té%“%%%?ﬁfga SYefiediele GeRRiR3,
requiring transfers, . Her the flit 910 has 72 bits of data and/or
command (H\%ﬁayfﬁﬁg&nﬁipgﬁegmiageq.i nk layer 5 (LL) bits of information.
Here, the transfers are done 20.bits at ime 910a-Q and 91Qb-0, then
0%0a. 1 anPUhy o Suitableyfdis S ilitied s Bibhdealang adelblars' Reieer o
occurring,in.t sa t.j frane, this is not a require .. That is, LL
Gata 1 hat et BB 7B bl dalpncionCosaman i MorRA LN ik IRVa! 111 ray
be tenporally., djsplaced fromthe respective d/c transfer. Additionally,
Che ool Dot B SEeheHe i Besite o014 20 Bt 10patan The | i nk
| ayer (LLé nbws%{' have, faor exar‘rgl e, control_bits and cyclic redundancy check
(CRO) bi t 210brhdhen i 05! andi%! Obrhpte: ejihie diigure Sohowsghgicand Wdeansfarai |, or
idle. [0058] Referring back to Fi g_ur.e 8, it should be noted that a wite
packet 818cculnaipdneisve iae fjarenthisiis nat argauisementieBiat imd Laiséothaht ed dat a
only. However, in the present invention, as illustrated in Figure 8, no
such r est may e @gspeatedyuiihrapartiowips Bangieroxtin 8 fi§ may be temnarallyed as havi ng
withinit a wite request flit 804, associated data flits 806, 808, 812,
814, and @spacersfromlithe sBspactiveadic tragsies t Agditidmetly f thetter8poral [ 0059] Fi gure 10
illustrates another enbodinment of a flit 1000 having 96 bits 20 where the
dat a bus displetergentandyBbédacrossidboandbricke | i nk | ayer bus width z is 4 bits

[0057] The link layer (LL) may have, for example, control bits and cyclic

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

head, tail, or idle.

[0058] Referring back fo Figure 8, it should be noted that a write packet 818,

15 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

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 illustrates another embodiment of a fiit 1000 having 96 bits

20 where the data bus width y is 18 bits wide and the link layer bus width z is 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 flit 1002 through 1016 may

have a payload packet 10xxa and an associated link layer (LL) packet 10xxb.

Figure 10 may represent an input to a processor module. The link layer (LL) may
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wi de. This enbodinent requires 4 transfers for a single flit, and there are
64 data bits, 8 check bits, and 16 bits in the link layer. Each flit 1002
t hrough 1WO0®30%849 have a payl oad packet 10xxa and an asso®CatEsd2/Bdomk | ayer
(LL) packet 10xxb. Figure 10 may represent an input to a processor nodul e.

The 10k oy Bbe Lol T VB AR 24 CRETLAEORL 2004 ey obor exarml e

link |ayer ContT its. r ol for exanpl e,
read header, wite h e i Bl oi.dle awlfe ack
(acknow gcggém% 1reqcf@%o[:e&n\:§rﬁ%ﬁea§% .%a?goﬁé‘ﬁf"%%{" '.81@ ; ?V(r)'wé)éeékf urt her
appreci ated is that i)e L.cqontrol is associated 5 wth a payload, it
does not t(?,pg\qgw{e(ggsge\é\ﬁn%ov%{?oq"thoé, egg‘me time. For exanple, a processor nodul e
may be a 0 ovye rformance. if it, has.advance  informatjan that read
oyt s deaan ; EBLRSS pBjirtn aeprepistecle iR LGP R SOBhiedter 1 t he
LL may proyvide such_an indjcation. For exanple,.in Figure 10, the LL
assoc%at (‘-:“Qiﬂ\évﬁ FP?Y?‘?EIJ’]{" d@’&FQO{lW@é‘O egéatati%egggwgglr?q.oﬁongeaﬁrq $3n time, for
exanple, 10 at rpositi on Oogtﬁ' Thus, a flit, such as 1106 may contain
payl oad RfOG5§8PtMeHHIe IRy & tmAroyR perfgmagee fiasiasyai9®6b, as shown in
Figure 11. Thus, Figure 11 illustrates a tenporal displacenment of a |ink
| ayer andfpuRatioadhatiead datatis 1o agive 5[‘9@8-1?“%3& BRGNS ) SRIYARAY 1 i nk | ayer
(LL) (into the PM 308) may also contain information on other transfers
and/ or t haadeldh ekl MRyPreddepue) an indicationraoriexagiig. 4 Fidwe 1@ tBeks to
acknow edge out bound wite commands, stop bits for outbound flow control
f eedback LLstsgecisted wdindtit daia 3 006aimay e at @arositipn wadign i1 tinse cfoy exareple, Al so, a
LL associated with a flit may convey nore than a single piece of
i nf orlfrat iabposifior 1@0dmplhess, a fid, such@sdilg raycantalh payleadiat pesitien i dl e payl oad
or a non-idle payload and in addition whether it is a read return header,
a wite ddR6aand a LL control at position 1106b, as shown in Figure 11. Thus, Figure 11

ilustrates a temporal displacement of a link layer and payload in a flit 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 (idle vs. data payloads, etc.),

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

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 XMi
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20 stop indication, idle control, etc. Additionally, it is to be
appreciated that, as nentioned above, this information may be tenporally
shi fted. WwOO8@)28Tenporal ly shifting the informati on may alPiCawsohsson@educt i on
in conplexity of the interfaces. For exanple, putting a read return header

i n-band wWdhnbheay Sy A [ A ionality in
the XM 332 begga\éeg@t y‘@M““l%WﬂWﬁ% ﬂgg%og?bigg 9%2 may have to
mul tipl ex, Al t ave to buffer
i ncom ng rﬁgﬁgﬁgﬁﬁﬂﬁcﬁbg re?%g ek d@@??h%ﬁégﬁ’é‘% Q"%ﬁ’ég?g%d;ndw dth with the
slightly Jy L . f i cess 0 onpensate for
the banti Tewi WA BT ohel PebuRERRHSY PoPERTRRM nohessd®
functionagl] i &l on exity,and | ikel ddi ti onal
| at ency. aéofﬁr%etnea ,fb'lro@g%@ﬁgﬂ%ﬂ g%%h?%ggpt&"&md\nﬁ "ha 8reh-h53r?}/d[dﬁ@n§‘i de- band
t enporal | i f may..., en he XM. 332 data path to, operate at the sane
f requesncyfxgé% aﬁﬁgﬂ%ﬂyy%ﬁé}’s‘?&ﬂ“ﬁ‘é‘ﬁ CHYPIFEANY lﬂ(ﬁ& 1 |0}aﬁf1a Yto operate with
no buffer|] r..ultiplexing in the read return data path. Thus, the use
of a si déB%%ﬁg'r}%}’tthﬁhE read ety igadey '@ﬁh? ) F%@”?ge'ﬁﬁ?é"bé‘ﬂ‘ﬁe%me t he
si deband pa arJ. | t re return header in advance, possibly
non- cont |%\ﬁ‘bp?stﬁ9 ){'\)81%%12?%?%9%@3? 2PERte ablge gams rRApCRsY A Shaeny Aysand
control Iﬁ%ig to o.ﬁ_erarté% wﬁﬁvance of the received data. A reduction in
| atency EFPKEEHRIHING g XM 35k &o pReate with pp bHERigr orfayitiBlexisgint then advance
of the data, The header _may @recede the read return data by O flits or
more (t héSRSERIVNAAR Raths THUEciBE Usg ! Bsiapbard rathdlinialayen iperaliel todbe on ti me).
An early read return header permts the processor to nove the header
decodd as@taiaath vdiese fertidehagdaducarses thavead returchgadeairadusacelr i ve i nconi ng
read return data directly to the appropriate destination within the
pr ocessoPossibly non-contiguously, of the associated read data may allow steering and

control logic 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

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

destination within the processor.

[0063] The time (offset) by which the read return header may be sent in

20  advance of the data may be fixed at some point in time and/or dynamic. For
example, 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 skilled in the art will recognize that there are
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[0063] The tine (offset) by which the read return header nmay be sent in 20
advance of the data may be fixed at sone point in time and/or dynam c. For

exanpl e, wofines4del ay nay be determ ned at system i niti alPCTAISODB60U6 me

Al ternatively, the system may determ ne this during operation and nay nake

it statlnq g ﬁ,, t may have the offset tine to the data encoded
W thin the read Té urn er. Thus, one skilled in the art will recognize

(hat theygede 100051 gigt SR E0BL 001 AR, oS

[ 0064] T nporal orna I on Ion’ rn
conpl exi P i Tha 8 may
reduce ct“ﬁ%ﬁ"!é 3@5?%%%4?%% 3'? eﬁﬁ: ﬁ?c%hg? nghgén e}ynr]eét)%??rﬁﬁ%l%qﬁ% Si deband
i n advan i,n the art wll
appr eci af’%ef‘?t/a‘?%r%ag%@%”méfﬂ %¥9§3%8W8Pgn(%t5‘rﬁ§f)§9?‘t 91! OBehea'@ﬁmeved in the
out bo Lrec a | nb cti 00 Fi gure 12
illus tdg ta paf tﬁg?e éﬂ%@dﬂ ?%F;}h%d?‘ﬁu%ﬁg%e& ‘%oo where the
dataand command width is 36 bits t nkla 4 bit 10 Idle
flits 1269MPIOY mayagachioisg '”H?%O‘%E%“CJ;@WH%@S Tagithe gieda i n their
respective "a" part (1202a, 1204a, 1216a, 1220a and 1234a) and a link
| ayer (LIjreciBhtrol code in their respective "b" part (1202b, 1204b, 1216b,
1220b, and 1234b). A normal wite packet 1240 has only wite associated
data, sudPOGBl aFigure &2 Illwetﬁje%@nqtb%emb@d@ﬁat oira mem@st BT Pratecq 1208- 1214) .
Each flit has a LL control that 15 may indicate additional information. For
exanpl e, 128Pavt@re s data andgamanang Vﬂdth(l&@@@@ts ang falinkdayeri® 4 Pésr espect i vel y)
may have information in the link layer (LL) control (1208b, 1210b, and
121280r edgfedlits 1209, 1204, 1216, §22@, artat23dvayhave arsidle payload in their

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 flit has a LL control that

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

(1208a, 12104, 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 includes a read

request identification and possible additional information in the associated link

layer 1218b. Alternatively, the read request identification and/or additional
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wite data. LL 1214b may indicate that 1214a is wite data and the tail of
the wite data. LL 1206b may indicate additional information about the

wite reqweds/iB@a 20 conmmand. [0066] Flit 1218 shows aPCEAS0r/EgUest not
preenpting a wite packet. Read request flit 1218 has an associ ated read

BT PR T B0 L,
ST RSk M e S oo
N b ik R SR
o e i Vel T B, e«
i bl T o B
1224, égﬁlﬁi 2??32%0@2223&@%21 h?a?lxﬁ@d‘};?_ﬁ prsempﬁgﬁﬁ%y&fearﬁausﬁ?@ﬂ& lated "b" i nk
ernbot o083 orAS exalRsaREow b bRl PRRL 200 VAFIESB ol , et .

Consi dor 8815 arkrapsonEiepHTTSR CaolissiRin o 10He JIeCoR DY/ on. These
exanples are for illustrative purposes only. [0070] Referring again to
Fi gure 3paylbad RMWI aB@Ssonigted sbLEnVBMETaPNFELt 320 15 nmenory commands and the
configuration commands. In this exanple, the XM 332 does not issue any
conmaads[0D68] NPetailed iRdne dideassionderlow arebpssible gmbiodiments for
commands, field bit definitions, link 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
15 memory commands and the configuration commands. In this example, the XMl
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: memary, device, and
configuration.
20 [0072] Memory commands, such as read, write, and cancel, generally target 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. [0071] There are three general types of
commands: nenory, device, and configuration. 20 [0072] Menory conmands,
such as rwedg/wesis e, and cancel, generally target main nPaErUsp2/adosher
connected to and/or contained within the XMB 330 that behave as pure

menory (e, L0073 V] n such as read and wite
gener al | )e/a r@z’fﬁ%ﬁé‘? rs %Sé.gﬁ @\ﬁ%ﬁ%ﬁﬁy ggac‘f?o\f’h?ﬁ ?,}é!”%é %ﬁ‘?é"'ﬂﬁ%?ﬁ) For
exanpl e, iting t.q flash menor 20 03/ 042849 PCT/ US02/ 3604 and/ or
Goui be. 1 SERes bR e SHRP AT SURE Ko R T REEaTA ok VR A0 MR G oot | )
reads have _sjde effects. I.n such cases each wite command may want to
execute R4 ¥P'§}°eoﬁt§§e fﬂfg?fhf uﬁﬁpg@?rfe, q?é’l’%’?%ﬁ may,¥Rn t?rﬁ?‘&ﬁﬁtbe Y want to
execute gt the  target in the. order jn which the commands are issued
by the sgﬁﬁg@&” tge[ség”‘? rd@é@i“@@%%ﬁﬁ@%@%ﬁ%ﬁ%wmﬁ $RHEFy commands and
may have 81 size_ fjeld or bits indicating the data transfer size. Possible
si zes *may 00l ulevice spmEiangpage similaf ip r@egwségqmmend%gr}d BRYSRVR @S  and/ or
a full cacheline of data. Regardless of the data transfer size, the
command Pl epRitsHagicaiingthe dafa transfensizse Rossile sizepmay dnrlude, faiexamwlny with
ones and/or zeroes fromthe data transfer out to a cacheline. 10 [0075]
Devi ce coniPehbgesslp, 3Rs@ Gdnbesrasr/apiatfyll cachslipg of datpaReatdlessaadtheand/ or
wites. For a read conmand, for exanple, this mask may indicate which byte
| ocat i on$latdtraesfar sigadhereromapg eylopd may kead fillsaghelingrie sizel paddedas a write
command, the byte nask may indicate which bytes in the payload are valid.
[ 0076] Coecespanawitbroned anglinuzerogs fhnaibie dataltramadenatit teea caglyelibe. consi dered a
15 special class of device comrands that may target devices and/ or
regi d0er 00TGIr Device commands may also have mask bits to support partial reads and/or

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

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

example, locations in PCl 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,

20 acommand flit may contain a 72 bit command encoded in the flit payload as 64
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 flit, thus enabling dispatch of a read request to memory before the XMl

332 receives the entire flit.
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exanple, locations in PCl configuration space. Additionally, because of the
nature of the commands, the PM 308 may choose to have only one

confi gur awpe/oesmarand outstanding at a tinme. [0077] Al roe/usoms@mnd types
may share a comon base format. For exanple, 20 a conmmand flit may contain

a 72 bit mﬂ ode n the I I. d as its and 8
check bi t[g %P ﬁ‘y qd‘faljl%r foéteé%%}ltefaggiyrr@ r%PnP'ga'&d ﬁfaggm (’da[tg the read
comand f r|t| i,nf.or Q0 t half of
the 111t WD BR et A Eoﬁifgea@ttcen bie Rt e P A ek BEPbr ¢ the xu
332 receives the entir 03/.042849 S02/,.3604 [0078] An
early |nﬂ?%‘§feﬁues?grw%§9 %@@ﬁgﬁls%‘i' aPﬁ‘gnE‘BFﬁfgrdnl%ﬂthoﬁ‘d? e whet her the
first half of .t it conta sufficient informatjion to |aynch a nenory
r ead req@é‘gfe b %épﬁﬁa%%y efé@&mﬁmv Lead AR ABETMES Mt on in the
entire flit. This bit maébonl be set f rrermré read conmands; ot herw se
the 5 5xMXM3B2may inrogierltiarnch REROR A3 ?9“?55,% r CRRHEBERLONE or confi gur at i on
commands, devi ce conmands, or nmenory wite commands. However, not all
memory r SRARYAPRAE %‘C%ﬁ9mﬁ5\ﬂ€3»t9ﬁé“%?ﬂywr5?tcog'@ianﬁlét HPéWeVFr@r“Ofs@Jbrrpl e, any
menory read command with specific scheduling infornmation in the second half
of the femorygegd commandsingumaveiteaepbnbivpeiaativei For eXMaPIHRAY the early
bit inactive to force 10 the XM 332 to consider this information before
di spat chinngmeryrmead copmmsand witheepgsific schedifioy infaenaiiomiaiie skeond hafobn bits may
indi cate the command type: nmenory command, device conmmand, or
confi gur aié dih econsteand idediR@jion ror prieritynieyihaed the edily hitrinactize to tonce t ag)
bits, together with the
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 transaction (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
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 fransaction ID has timed out.
20 [0081] The cancel bitis a modifier which indicates if a memory read command
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
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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 command until either the PM 308 has

recei ved WO ispgsense for any prior conmmand of that type wprCh/uShy3@ssoci at ed
transaction ID or the PM 308 has determ ned that any prior command of

t hat reaglgg@ytﬁe(tgﬁewﬁkgﬁ%rpx%gz’ﬁo?a%Eﬁ\%Py ﬁl'éﬁﬁé@&é\h&glre_lg?tms timed out. 20

[0081] Th ncel ier which indicates I't a nenory read

remory oA GaAS ol aPUt I SRR MGRRY ERTBBREm i RRaug s cose ©f

case of dURELCoRRRRaRIRoR g SR REhd StRha TR AP REAT AT EO S " 227
mappad dEUREY PAgPRrans ANioseap SReyHte e e RE R et 1 G o or 1
orthe maRePerEduSTemhane e e drr Bbtsiu AR S gy OO
hi o1 1 olRgl (it el Bonqus S TRety BB R A RO 8 PaC B 7By onous.
T o ot el e R S S SRS s herce LI, o meet the
i tes 1 apoa; dbe ARRIRITAISE PoRCEBhAR s otibatrgsfianbes 2 b o may
indicate the data transfer size for device and configuration conmands.
Possi bl e \@dd in pariigkreags and agitgsdpr deiiee RuheRINGRratiPB.conmangsg pytes (in
fC Slnjl U?Q(;E: ik[ggsgi\jet Qr h;gjezengtzkmgyi/ {[ncsjl)cételtge %%%aet?éns:;)ezlr sti)zyet f(e)? aevfisgfe gr%/c} es, etc., and

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, untii 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 XMI 332 may want to ensure that it

20 has sufficient resources to handle such a speculative early memory read request
before it is dispatched. For example, the XMI 332 must ensure that dispatching
an early read request cannot lead to an overflow of the memory controller 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 command nmay be protected using an Error 15
Correcting Code (ECC) over the 72 bit conmand with check bits distributed
in the swomam4isadf of the flit. However, until the entir@caxarsoms4d| it has
been received and the ECC error check has been conpleted the XM 332 may

wi sh to regard the, early bit as nt r est

di spatchSH‘%QQF‘i‘?Pf%‘PS?ﬁ%‘\és&%@gégh‘%pae%@FS\%%S&E%‘%S&%Z‘%‘W?Pt he XM 332

may want ,to ensure that jt 20 has sufficient resources to handle such a
ieofie A0d i field

specul at i BDY $BABI§'“Pead request before it is dispatched. For

exanpl e, 't XM, 332 st,_ ensure that. di tchin an earl ad request
cannot | &%({}3 0 @Euﬁ/ﬂpﬁt&ﬁ‘é‘f °?%8mEB§HW%§€%FP8P?q¥POW§E&‘d f%g&ﬁest queue.
[0087] For the wite command fields, to sinplify encode and decode in this
23 WO 03/1éﬁ@-ah@fhwqm%‘G%éﬂ%}'m%ﬁﬁb)ﬁ‘ﬁaéiqyg?WEJ%‘“BT%\S%&S Prﬁvﬂfb@“fhe same as
for the read command except for the o%ses nd code fi e% gls. 0088] Figure
13 i | PustBitePeptanslieholhtdnhtthe FOHMRBHBAS 3%&%&‘@8‘?% ARS5YS: In this
exanpl e, we assune a physical | azer Wi tIO"I f our transfqefres per flit and 5 18
bits per Aspumeffeitherthateach trangfer FUARSIRHO A s3)eorimspandidpiansiifelly 4
transfers. Assune further that each transfer (Transfer 0,1, 2’3(1)) corresponds
to one bitimecagrpss thiertateseonpsst. thios exaplecwiecthe firsragsigrpiransta® ng t he
first transfer (Transfer 0), |lower order address bits and a read/wite
conmmand hewertwdenradusees bitsdanduraadivritg cametand manpglransfgraér DHEBY ess bit s
and an early read indicator may be 10 transferred. During Transfers 2 and
3, bits iTnahsfet1 higheoontendddiess bitraancoan eayf roed indigaiaf MaHWPEss, transaction
| D, check, mask, stream|ID, size, cancel command, priority, etc., may be
t r ansioer tradsferred. During Transfers 2 and 3, bits indicating command destination, offset

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 a 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

be transferred indicating command destination, offset from address, transaction

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

20 [0090] Figure 15 illustrates one embodiment of a configuration command format

1500 wherein we assume a physical layer with four transfers per flit 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

configuration address bits and the early read indicator may be sent. During
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[0089] Figure 14 illustrates one enbodi nrent of a device command format 1400
wherein we assune a physical layer with four transfers per flit and 18 bits
per 15 trapgBeu284Here, during Transfer 0, | ower order addresaisbhr/s®4@nd a
read/ wite command nmay be transferred. During Transfer | higher order

address by Je i,ndj my. be sent . ring Transfers 2
and 3, | ﬁr%ﬁﬁgﬁg%ﬁhaﬁyﬁ?%b@‘?%ﬁ%yg%&é@%%ﬁﬁ%ﬁ%ﬁ@%%ﬁ%desti nati on,
of fset frpom.addres transactio | D.,. ck, bits, mask, bit size of
transfer 10%5%%&‘% oﬁﬁ%fﬂm Eﬁ@rﬁ?% Qrfgs%,t‘oﬁgﬁr geek bdﬁ?em@%e'gﬁ’ r‘?idnt of a
confi gur g}.j command format,. 150 rnein assune a physical |ayer with
four t rai@bgﬂs grprﬂfws%émnﬁ@ i B?Vm%é?ye{r(mﬁ%r OlipHgh Pﬁﬁ’@?gﬁg?@f 0, |ower
order configuration, address bits .an read/ wite command may, b
transfer raé'tﬁgar]jﬂ P %’%’ﬁgf %gurf 1?3 ’E‘t‘ﬁg'fa?%sr%‘@ em@%ﬂmeaw AN %ﬂb%‘tﬁjr‘gg‘s bits and
the early read indicator nmay be sent . ring 24 WO 03/ 042849 PCT/ US02/ 36040
Tr ans fer ST e 1608 Jedere ARyt PYRORENALBAY i &en g mEteand
destination, offset fromaddress, transaction ID, _ check bits, mask bits,
etc. [ 00dite nes s, Eiip base jrrimahinap he@ptienally gxigndedy for examylenasamiber an
out bound format and an inbound format. Figure 16 illustrates one
enbodi nerit bits togntagaltab dBifs Penilit. FEHowrey S shayrsrthe 18dits perfibfasmet ldut bound 1i nk
| ayer format may have, for exanple, 8 bits per flit. This base format may
be opt i orsigna) 0dsctieedifsy compruniating | ieformgtiemdnfakit amd phack bits sent ot al of 16
bits per flit. Figure 16 shows the 16 bits per flit format. LL signal O is
used for cwingndrsfeisdy3 i(fofiotransféren0, (1, @f and B).t Thadnfo hésk nsytisdisatatf duri ng
Transfers 0:3 (four transfers: 0, 1, 2, and 3). The info bit(s) my
i ndi cldt e thé flit @ ndreidid, ii.e. whethenihe ditesontaires codwath@ pr tate, é1is idleohlt ai ns command
or data, or is idle. LL signal | is used for conmunicating header, tail,
and checksidrid $.is Gibed faticbmintunicating header, tail, and check 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 (ayer 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.

[0093] Aninbound link layer may have a variety of formats. For example, in

one embodiment, there may be four different inbound link layer formats: read
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i ndi cates 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 weyBoas49is data and is not the | ast data payl oa@Cirrusohssopacket ;
flit payload is a data payload 15 and the last flit of the packet; flit

R o e R
gy S o e T e i
(ranr)(rjgr . tf@ﬁ;%ﬁenc;%gget?fl ' cgmson. \ FIBHS 1 @]’cg%&éﬁaeg@ﬂ%ﬁvgé@me@ %t he ext ended
ot her I\/EﬁB %F‘tbou["@)b@g']a%ﬁ(:fgf%yfﬁgsﬁ nkol a;[/ere rr:gl/f h;\e}ghgl i/ngi Zte;t 0120 the

for mats. nbodi nent, there may be four different

i nbouAd IW‘PﬁA]I a%? ”'ff@rbﬁﬁldéoatf?se'faﬁ"e f@@%@éﬁ? 0o ‘PC‘??QE@?/dg@(DQb'S return
header, wite acknow edgnent, status, configuration

embodi merdls. J@§&hﬁ%alt§)@mﬁw$€|% CR& %@ytw averghe {1 d§e of f@@rhnk .'Eﬁ'rer | ayer
formats to share a nunber of bits in common. Figure 17 illustrates one
ermbodi nedemMAt. conmon i nbound 1i nk layer format bits 1700. 5 [0094] The
info bit indicates if the flit payload is non-idle, i.e. contains data, or

is idl e[00% cHhbelkypsihits raanipdicate @e@@l@cﬂ#ﬁre@fdnbmmd linkdayes bits of the
link ayer format. [0095] The type bits may indicate one of four different
i nbound Iformbats asueh ast teaduaetin Beaderawriterasktowledgementzsidiis; and i t e
acknow edgenent; status; and 10 configuration.
10 configuration.
[0096] Figure 18 shows one embodiment of a read return header format 1800.
Here, the tag bits, may encode a transaction ID 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
15 offsetis 0, the first data payloads begins in the current flit. 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 PM! 308 that the XM 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 XMi 332 only
sends a read 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 acknowledgement format
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[ 0096] Figure 18 shows one enbodi nent of a read return header format 1800.
Here, the tag bits, may encode a transaction IDin, for exanple, little
endi an orwero3/043Blie control bit may indicate that the readpPcatuson3deas dat a
and the first data payload flit begins a given offset flits fromthe

begi nnin .C | i I t;\ﬁs set 15,0, o LI ata
payl oadsg@@gi h@ﬁflﬁggéﬁg%&#ﬁtﬁ qulftfﬁ ! ﬁge gf){bterc&n@ l?'t’ @gﬁ)éllt”g{c’)gtﬂ?%di cate
that the read return header is n t for negative
acknowl easﬁ'é'ﬁeeﬂst g%,rlﬁ?%r%qiargﬁmabg%@e[rﬁaggﬁsée?%&vsssoci ated data. The read
return i nforns,.the PM 308 t hat 3 has cancel l ed t
ori gi nal r}ﬂéﬁ@r yF:'gr“é%abégﬂWﬁﬁﬁe §§'b8g'r”be§ﬁ?§0%<?’4 ?é%‘i’%ﬁ?’ﬂ'@atanﬁ@%e@aﬁ'ce?n
conmmand thus the P 03 st _.not. expect read retyurn data for the
Fona conmEndhax fies o S3s Tom4) lordBiead Ui BAToRER of Rthagid e PRk ncel 5 5
read command. Thus, the XM 332 does not send a read refurn nack if it
di scarlds 'a‘%FfB%P"b*&rFB@lpr%‘%ﬁ%ﬁ%BOW%’WSLﬁ“ asaaﬁ*areﬂwfg&anﬁe%} weisatntne 0097]
Figure 19 shows one enbodi nent of a wite acknow edgenent format 26 WO
03/ 04284dinpdayenispidiesionadit 1900. In this exanple, except for the absence of
the control bit, this format is the same as for the read return header
di scussed0899velf thestom|bis gative, e WRACKISObRWISERTGENFaAY WibDooramaadstoat us
format. The Menory Port 320 may use the status format for three functions:
return oftheXMGsaditl the rreerssel reseives 8sHaseaent Bt witle lipk leyessiatus farsiaieyi ng
an asynchronous signal; and indicati ng the link layer is idle for a flit.
[ 0099] | fandnwitrsthestop bitinactiva.i The XMha3pperastsdbe stapsiit wiagn ik wisteatyflawi t e
commands to the XM 332 until the processor receives a subsequent flit
wi t h 10 nkcontrpencemingusrite sormsmandanel gvivben theeXidt 332 write buftec exaeeds Brgivexm 332
asserts the stop bit when it wishes to flow

threshold. [f 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 XMI 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 layer 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, electrical, and other changes may be

made without departing from the scope of the present invention. ltis 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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10 control incomng wite conmands, e.g. when the XM 332 wite buffer
exceeds a given threshold. If the stop bit is inactive, the processor nmay
send writwooommsmas to the XM 332. [0100] The signal bi PETA®Y2/3OMPri Se a
signal code. The XM 332 nmay asynchronously signal sone action by the

ELSSGZESrdaffgﬁ‘%@%%"f'ﬁ’tm‘ﬁ%&%“fﬁtg&&%‘"ﬁ‘ ik ‘j@%ﬁ"e@fﬂgp?weaéffsfe f%@%@fm g i "am the
i o SRR %efm%c”%“%%'w 4 Po R AR PG el o

convey confi on. [0102] These enbodi nents are described in
suffici eﬁ %Iﬁjé'? '(F'%”\e1 ﬁ{ﬂgemﬁge ski IIed 20 in the art to practice the

inventio s, to e under s at. ot her epbodi nents
11 zed T eibion S, BARE raekat Samoalib it b depe A0 SHTRERPEAS ﬁ@&e may be
made W thout departi n fro gie SCO of the present invention. is to be
appr eCi aPEF® ?mﬂ% ‘?ré’ qsé rIB CHRPOHTRIRLS | ziPWef EPé%‘PLirlS’eﬁi’ above may
have ot her enbadi nents. of the formats, comman . may have
di f f er enPUhOUN é’érﬁeﬁmsnttis f@sbwdpr%%odthamemm@%a@ohp@mﬁusbeme@wd
different definitions for bits. For exanple, the read return header format
may have andiotRausat F@F?X%Eﬁeg'ﬁﬂﬁéﬂ!% dada that maydecasspeiptedtwithed paricilans f or
bits and the order g be big endian rather than little endian. [0103]
Addi t i on&Bngfer ythinea fi mawleéempor@mamspiaéad from tha respectiesicangfer and thisme
aspects of the 5 present invention where described in enbodinents with
respect trensfiebmaydeindn inleundwand/ad iotthoung wérectian. i Fortexatneley, RVE 368 ool t hat
they may be applicable to both inbound and outbound. For exanple, |ink
| ayerl0daissue lzelteauey tHed isssesduiadbe thiviayér ta tipaXM! G2k dm adiamaagbyean vifsdt) of a flit
may be tenporally displaced fromthe respective transfer and this

the information.

[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 storage media; flash

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

carrier waves, infrared signals, digital signals, etc.); etc.

[0105] 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

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

to as initialization and may include, but is not limited 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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transfer may be in an inbound and/or outbound direction. For exanple, PM
308 may 10 issue a header that is sent via the link layer to the XM 322 in
advance (W9 oan4sfid set) of the information. [0104] A nachipegArsezsabd e

medi umis understood to include any mechanismfor storing or transmtting

exampl o, oS UM ARNENE ot For TR oS o Gty R FRae ¢ andom
1 ach. - mofBey N tER0ed oY phE el b PO Y Reler B PSRNk orm o
Gl gnate, - orhATaRraS Baons” MrinaSeiBr b0 saobfheRo B ML I b o i n t ne
eset  { ol AUL I RO GRS o 2sSh DB AR AL BRESHOBT or i ng. &

met hod_or task as_.an apparatus. This is normally referred to as
initiafiz%HQQﬂ?ﬁgﬁPQ%a9°include, but is not linmted to, setting tinngs of
chi ps, dﬁ%grninin devi ces attached, configuring subsystens, such as
menory, cHJORl ng'hugce suthediarg,rpasatus A e RRtIMIFRBeE BHRBEIOE, re@8c. Wat is to
be understood is that in preparation for fully functional operation, a
conput er SRABHORASES rerd BHReR ARiyZatoNdy Be B Y §iercpuealBeYe &0 checks,

set many paraneters, etc. For exanple, a conputer may, at initialization,
det er m nedegarigéfled nenory and vary settings and parameters to determne the
optimuminterface speeds, timng settings, etc. Additionally, the conputer
while operating may al so perform checks to assure proper operation and if
necessary 5 change settings, etc. [0106] Thus, a nethod and apparatus for
the optim zation of nenory read operations via read |aunch optim zations
in menory interconnect have been
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descri bed. 29 WD 03/042849 PCT/US02/ 36040 CLAIMS What is clained is: 1. A
met hod conprising: 5 receiving a wite request; receiving a read request;
and preenpDioa@42sndte data with the read request. 2. The neChasozs@aer di ng to
claim1l1, wherein the read request is within a wite 10 packet. 3. The

met hod acgg&ﬂgg to claim1, wherein the read request preenpting the wite
data is r dintime after the wite request. 15 4. The net hod

accordi ng\gihg cl ?\i.m % wherein the read request and wite request each have
an associ WSS er control. 5. The method according to claimli,
wherein the read request is selected from the group consisting of a nenory
read request, a device read request, and a 20 configuration read request.
6. The melhOd"SHEEOFEMRESTE claim 1, wherein the wite request is sel ected
from the group c,o_nsisti,ng‘r of menory wite request, a device wite
request, and deCRYRPIBQUHEITPEYShrite request. 25 30 WD 03/ 042849

PCT/ US02/ 36040 7. An apparatus conpri sing:
receiving a read request; and

preempting write data with the read request.

2. The method according to claim 1, wherein the read request is within a write

10 packet.

3. The method according to claim 1, wherein the read request preempting the

write data is received in time after the write request.

15 4. The method according to claim 1, wherein the read request and write request

each have an associated link layer control.

5. 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

20 configuration read request.

6. 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.

25
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a nenory system having an input, an output, and a control; a nenory port
having a nenory input, a nenory output, a nenory control, a processor

i nput, a Wo®eMEser output, and a processor control, wherePRT/US0Y/b@40TeNnOr Yy
systeminput is coupled to receive the nenory port nmenory output, the

menory pokt LY s.coupled to receive the nenory system out put,
and the %%ﬁ%ﬁ%@%@@ﬁt@gg is coupled to the nenory port nenory control,

and a processo%ﬁbﬁﬁé&%g%wﬁ% argllrﬁgeytan o@ltdﬁ’,rg?{dya b&ﬂH)tI and a nenory 10

control, where Céssor 'Input 1s coupled to receive the
rocessor nmenmory output. .th [ y J 1+S d to receive

!to he nenory po?%"epw eoé’?(ﬂav p%ﬁ%&%gﬁhppﬁ%ér{naé&gi&&dth%ﬁ%wr ontrol is
coupled to__.the nenor ort, processor tral . us of claim
7, wher e ﬁo'i‘thg' %prﬁg%ﬁpQuthggrogewﬁgp&%gogﬂ% aBrEog?%sCo(g;EQ@fcﬂ%gﬁ\a processor
wite reqyest to be preenpted b rocessor read reguest. 9 he

appar alsug mémrw@ge%@ i'%CQ%éeadntgﬁ%ﬁ}vepg‘letm%m8fyo%°§ﬁmgﬁ]|9fyh%qtplltorrpri ses

20 a payl pad packet and an associated link lLayer control packet. 10. A
machi he r SRR ARV RS & DBl harasi FReteed uRBR AP vien
executed causes a systemto: issue a W] t% request; 31 WO 03/%6849
PCT/ US02/ 3B@dte meﬁyﬁéswt?@é@nlﬂre‘d%%?'e%iﬁt BIRARY RATE MEMAH WPt h t he read

request. 5 11. The machi ne-readabl e medi um according to claim 10, wherein
the read and

a processor having an memory output, a memory input, and a memory
10  control, wherein the memory port processor input is coupled to receive the
processor memory output, the processor memory input is coupled to receive the
memory port processor output, and the processor memory control is coupled to

the memory port processor control.

15 8. The apparatus of claim 7, wherein the memory port has a memory port
protocol allowing a processor write request to be preempted by a processor read

request.

9. The apparatus of claim 8, wherein the memory port protocol further comprises

20 a payload packet and an associated link layer control packet.

10. A machine-readable medium having stored thereon instructions, which when
executed causes a system to:

issue a write request;
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request is within a wite packet. 12. The nmachi ne-readabl e nmedi um accor di ng
to claim 10, wherein the read request and the wite request each further
conpri se wpoad®ssad ated | ink layer 10 control. 13. A syst @crasopsdogé ng: a
processor capable of issuing a read request, and a wite request; and a

menory devi ce, coupled,to trslf ﬁrocessor wherein processor wite data is 15
preenpt ed by {%Beﬁr%@%&%’e ’@8 request. 14. The system of claim 13,

wherein the processor.read request issued within a wite packet. 20
15. The syst eR{%™ IVglt%%f%‘,W\ﬁ}wg‘FéﬁaC%%@Q%ead request and wite request each
further conprise an associated link layer control. 16. An apparatus
conprising: neans for receiving a wite request; 25 nmeans for receiving a

read request. and neans reenpting.wite dafa with the read request.

32 VD503/1642T§|@9“W®5®6§;3%&D’§'68“%0 %%p@?‘ﬁ‘c V@P@Pi‘i‘%eﬁg, wher ei n
means for preenpting the wite data with the read request is a nmeans for

r ecei vi ngeausast KWt @ Wil eFt#t associated with the 5 read request. 18. The
apparatus of claim 16, wherein nmeans for preenpting the wite data with

the read request is a neans for receiving a link layer control associated

wth the wite request. 10 . , ) .
12. The machine-readable medium according to claim 10, wherein the read

request and the write request each further comprise an associated link layer

10 control.

13. A system comprising:
a processor capable of issuing a read request, and a write request; and
a memory device coupled to the processor wherein processor write data is

15 preempted by the processor read request.

14. The system of claim 13, wherein the processor read request can be issued

within a write packet.

20 15. The system of claim 13, wherein the read request and write request each

further comprise an associated link layer control.

16. An apparatus comprising:
means for receiving a write request;
25 means for receiving a read request; and

means for preempting write data with the read request.
32 r



19. A method conprising: receiving a read request flit; and dispatching an
early read request to a nenory. 15 20. The nmethod according to claim19,
wher ei n cwepanedsing the early read request to the nenoryPCTABNE3@AG er
receiving a first half of the read request flit. 21. The nmethod according
to claim20, wherein the first half of the flit has an indicator for early
di spatch of the early read request to the nenory. 20 22. The met hod
according to claim 21, wherein the indicator for early dispatch of the
read request is selected fromthe group consisting of early di spat ch of

read allo and ear| read ot a 42849

PCT/ US02/! imﬁg@ appgrat %gfa‘g Q\P ﬁé d‘g“eéﬂﬁﬁ??aéts ‘Ej,{ prﬁe%%ﬁ‘ ét\é\gﬁt%‘é{ ng an

i nput, an output, and a control; or haV| ry input, a
menory odfiéigad rﬁﬁ‘d)esé'sn%l’ﬂ?rai?s f%ﬁ??lwng avUﬁnE {.}gg%ﬁ B§input is
coupled to receive the nenory port 5 nenDry output the nenory port nmenory
[ nput5|sr@ﬁﬁﬁﬁq§83to receive the menory system output, and the nenory system
control is coupled to the nmenory port nmenory control. 24. The apparatus of
claim 23, wherein the nmenory port has a nenory port 10 protocol supporting
an early read request. 25. The apparatus of claim 24, wherein the early

read requéstThesppeiuedf dairhiG wherginmmeansdor preemating e Wilgwada Wit i + . 15 26.

A machi ne-readabl e nedi um havi ng stored thereon instructions, which when
the read request is a means for receiving a link layer control associated with the

write request.
10
19. A method comprising:
receiving a read request flit; and

dispatching an early read request to a memory.

15 20. The method according to claim 19, wherein dispatching the early read request

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

21. The method according to claim 20, wherein the first half of the flit has an
indicator for early dispatch of the early read request to the memory.

20
22. The method according to claim 21, wherein the indicator for early dispatch of
the read request is selected from the group consisting of early dispatch of read

allowed and early dispatch of read not allowed.
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executed causes a systemto: receive a read request flit; and dispatch a
read request to a nenory. 20 27. The machi ne-readabl e nedi um according to
cl ai m 26, watvaeasmo di spat ching the read request to the nemomyusorswns bef ore
receiving the entire read request flit. 28. The nachi ne-readabl e nmedi um
accordi ng%;go cl ai mt27, vmpﬁrg‘i n the first half of 34 WO 03/042849

PCT/ US02/ dﬁ‘bamﬁ?{auﬁﬁ"{“ 3% i ndicator for early dispatch of the read

request to the nenory selected fromthe gr.o consi stin f early dispatch
of read all om@d“ﬁ'f‘i‘&”yesé'rs%}“%BY‘E%QN'PP%TW}&&BH{%? 3I°I°8{X%Id.gn§ 29. A system
conprising: a processor, capable of issuing an ear| eag reguest; and a
nenory devi ce %’BE@P@’d’quh@\ﬁ%g ﬁ%%@%%@%%%ﬂlé’%?”%@ﬂ@f‘ iNYEPYRY early read
request and performng an early . read of a ry. 10 30. The system of

G i m 29 RN 8T b BE G B IeteR TR iy PIEa eV P TReBE AR hi o
first half of a read request flit packet. 31. The system of clai m 30,

wher ei’n t/RBMPTY Qitpiathe rBeMEREPTEREMARY Pkt 'SfCPFP'egé% ve g@ TGN di cat or
for early dispatch of the read request to the mem)r% devi ce 15 sel ected
from t he Yystam ouhys aad ithey Memasy sysierd copiiebip cowrled iythgimemey RRH ear | y

di spatch of read not allowed. 32. An apparatus conprising: neans for

i ssui ng ameegry gontihd request; and 20 means for a nenory device to receive
the early read request and perform

24. The apparatus of claim 23, wherein the memory port has a memory port

10  protocol supporting an early read request.

25. The apparatus of claim 24, wherein the early read request is located within a

first half of a read request flit.

15 26. A machine-readable medium having stored thereon instructions, which when
executed causes a system to:
receive a read request flit; and

dispatch a read request to a memory.

20 27. The machine-readable medium according to claim 26, wherein dispaiching
the read request to the memory occurs before receiving the entire read request

flit.

28. The machine-readable medium according to claim 27, wherein the first half of
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an early read of a menory. 33. The apparatus of claim 32, wherein neans for
i ssuing an early read request is a means for setting an indicator in a
first halwooB/ossiead request flit. 25 35 WD 03/ 042849 PCTPOBOIRIBHD4Q 34.
The apparatus of claim 32, wherein neans for performng the early read of

the nenory is controlled an i.ndi cat selected fr oup consi sti

gf 35ea'r6\ I y%ﬁl:llgg‘é?@ﬁ "@ﬂ‘cﬁt@ra%’}lﬁﬁrlhbaﬁawﬁﬁ&? r?@gﬁqdé’%atttgﬁﬂ%&?%% ngt al | g\?\eljng
. A nethod conprising: receivi drst | f of a uest flit;

alnd_ dgzpﬁﬁﬁﬁﬁo@ the gepuPLANEStNg BP%arﬁ‘e&quE\i?h %‘é"gaq-ﬁﬁovy%c[ ﬁ@%ea cor di ng Ito’

claim 35, wherein dispatching the read request to 10 the nmenory occurs

bef or e re@éﬁ’aﬁpiﬁngf@agé@i)ﬁ'@?"}%qf of the read request flit. 37. Thg net hod

according to claim 35, wherein dispatching the read request to the nenory
occurs before error checking an entire read request flit. 15 36

5 29. A system comprising:
a processor capable of issuing an early read request; and
a memory device coupled to the processor capable of receiving the early

read request and performing an early read of a memory.

10 30. The system of claim 29, wherein the processor early read request is issued

within a first haif of a read request flit packet.

31. The system of claim 30, wherein the first half of the read request flit packet
has an indicator for early dispatch of the read request to the memory device
15 selected from the group consisting of early dispatch of read allowed and early

dispatch of read not allowed.

32. An apparatus comprising:
means for issuing an early read request; and
20 means for a memory device to receive the early read request and perform

an early read of a memory.

33. The apparatus of claim 32, wherein means for issuing an early read request is

a means for setting an indicator in a first half of a read request flit.

25
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34. The apparatus of claim 32, wherein means for performing the early read of
the memory is controlled by an indicator selected from the group consisting of

early dispatch of read allowed and early dispatch of read not allowed.
35. A method comprising:
receiving a first half of a read request flit; and

dispatching a read request to a memory.

36. The method according to claim 35, wherein dispatching the read request to

the memory occurs before receiving a second half of the read request flit.

37. The method according to claim 35, wherein dispatching the read request to

the memory occurs before error checking an entire read request flit.
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