WO 03/ 042846 PCT/ US02/ 35920 METHOD AND APPARATUS FOR SI DEBAND READ RETURN
HEADER | N MEMORY | NTERCONNECT FI ELD OF THE I NVENTION 5 [0001] The present

i nvent i orwpaBiaisas t o menory connections. Mdre parti cul aricy/usoiresope esent
invention relates to a nmet hod and apparatus for the optimzation of nenory
read operations via a sideband read return header. BACKGROUND OF THE

| NVENTI ON 10 Migbidop /%@Drﬁpo?w&iﬁs!:&? SIDRAND READ KETURM HRARERON f ast er

menory interconnects increases. M croprocessor erfornance has i ncreased
dramatical ly. System perfor maMEMORY IQIS'EQ@NNEG t 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 AIBOD3F Ahiet INMENIHON af f ecti ng system performance i s nmenory
external to the mcroprocessor. This nenory nmay consist of both external

hi gh- spéed [08@t]e Ahe presentinuantiogpgrestais|ty meyery coprecdionbuMdrar ger i n si ze,
mai n menory. Accesses to external nenory nmay have | atency and

i mpl enent atpasticutartypttexpreyeritlimtentidh edates frea hostiechared aggeraibifbithy t o reduce

| at ency and reduce inplenentation conplexity 20 is beneficial. A protocol

Wi t h opt i mopditriigatianiod menmdre reanassrbiions wa & Bicebardresad refurn dkagerbenefi ci al .
WO 03/ 042846 PCT/ US02/ 35920 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004] The
present invention is illustrated by way of exanple and not limtation in
the figures of the acconpanying draw ngs, in which |ike references indicate

simlar el gEROKSROUND OFIHENNVENTION

10 [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
mechanical nature of mass storage devices such as hard disk drives.

15 [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
performance. The ability to reduce latency and reduce implementation complexity

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

also beneficial.



5 [0005] Figure 1 illustrates, according to one enbodi nent, a network
environnment in which the present invention nay be practiced; [0006] Figure
2 illustrapas/o4mecordi ng to one enbodi nent, a bl ock di agr aerafSozs3sseonput er
system [0007] Figure 3 illustrates, according to one enbodi nent, a nenory
port 10 interface; [0008] Figures 4A and 4B illustrate two enbodi ments for
a read redBREF PESKRIPTIONOFPIHREPRAWINGE request packet; [0009] Figure 5
illustrates, according to one enbodi nent, dispatching an early read
request t o[00e4pr Yhe Irededd iVEnforgisiilestréiddaydvaBofi dxample apdnotimniedibodi nent s
for sending a read return header; [0011] Figure 7 illustrates, according
to one enbiadh¢rfigires af therapcgmpanying idrdveingsadrewhicB0ike fefEiepoeeir@idatd ust r at es,
according to one enbodi nent, a nmenory port 20 protocol; [0013] Figure 9

i 11 ustrat e§milacslem@ntitariddinaiectenbodi ment, a flit requiring 4 transfers;
[0014] Figure 10 illustrates, according to another enbodinent, a flit;

[0015] 4ig bas 1F|%dré'3tll|lﬁr%€es a6ediey g oh® embediatEmd nework a termoral 2 WO
03/ 042846 S02/ 35920 di spl acenent of a link layer and payload in a

flit; [00 1@]vn’5h9'lérn?|n]\3hlbll\ kHeShreaéRsnvenas® hidlyt@ drcteat her erbodi ment, a
menory port protocol;
[0006] Figure 2 illustrates, according 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
réad 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

2



[0017] Figure 13 illustrates, according to one enbodi nent, a menory conmand
5 format; [0018] Figure 14 illustrates, according to one enbodi nent, a

devi ce cowpmnd428fi©r mat; [0019] Figure 15 illustrates, acc®cdiusg2/sione
enbodi nent, a configuration command format; 10 [0020] Figure 16
illustrates, according to one enbodi nent, an outbound link |ayer format;
[0021] Fi giigacemdntloBatin@iager amdt payldadin 4 fitone enbodi ment, conmon i nbound
link layer format bits; [0022] Figure 18 illustrates, according to one
ermbodi mentjoofe]r eRGuFet 2 stigtas edccolding ramther [pR@Imdntgameni@y ipottust r at es,
according to one enbodinent, a wite acknow edgenment format; and [0024]

Fi gure 208drbﬂok!§l”at es, according to one enbodi nent, a status format. 20 3
WO 03/ 042846 PCT/ US02/ 35920 DETAI LED DESCRI PTI ON [ 0025] A met hod and

appar at us 1pe477t NRigeRd h BTIaEAIRS, &corEBidyorieedfbeRMEARL, BANSmorytomeaINdY

i nterconnect via a sideband read return header are described. [0026] In the
foll owisng fgssge i ption, for purposes of explanation, numerous specific 5
details are set forth in order to provide a thorough understandi ng of the
present i fi ' ' SHEMBSI nfavidel doflandy t he art
that the gi nt P&#&%?\?W&%{ra%gy&?gﬂ%&aai ced ﬁ?lrﬁ%ﬁ%gt hese specific
details. lfarrﬁgt[m i nstances, well-known

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

command format;

10 [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;

[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.

20



structures and devices are shown in block diagramform rather than in
detail, in order to avoid obscuring the present invention. 10 [0027]
Figure 1 wbhloag®yasaé es a network environnent 100 in which tReTtESoNsi9qUES
descri bed may be applied. As shown, several processors 104-1 through 104-P
and nmenory 106-1 through 106-M are connected to each other via a network
102, whi dMETANEDEDESGRIRKIQN! e, a conputer bus. Note that alternatively
the network 102 might be or include a | ocal network. The method and

appar at us [0e25]r i badethbd aadapparatys foetrapgptindzation of sssendry aédd opergtiongpe of
conmmuni cati ng nmeans or device whether local or renote. [0028] Figure 2

i Il ustrat as nierserymtbRonAytiveaa 2d@band hiadaktuln agadendredascribed. whi ch, in one
enbodi nent, the present invention may be practiced. Bus system 202

inter connqobzﬁ]a (rethkrfallovith® Besciptien, Wor purp6&dd) of2lanBe&t noMerodéesmycific20
(ROM) 206, Random Access Menory (RAM 208, storage 210, display 220,

audi 0, 22Z%etdiRyre36Ef0AR4n o Brovita thatGigml raerRasihdiptheprdganmt (1/ 0

devi ces 228, and communi cations 230. The bus system 202 may be for

exanpl e, QRgrbn. TRLIF bBlevRIEAD HBWRSE!, &5 ofe §M§éoeiﬁ1tlb?é'§|ft tlﬁ’é%rthé’h@séht ifPEmRpRE Nt
| nterconnect (PCl), Advanced G aphics Port , Smal | Conputer System

and B oot ot 2 PEeRE ROt R el nﬁg"r‘ei@%%“ée?é? B o
Uni ver sal sst%%ct)ﬁ% %Hc? RS ‘f@ areesth%wnm%lo(c\fﬁﬁ daéq?mrf@r qg’ch@[ ﬁdaﬂ% ﬁetallnﬂlc}r&ié’rj € or

even a di resour ce
exenplified by th separate bus to other subsystem; for
5 exanpl eet ﬁlg % %@ﬁ%ﬁ{g@ﬁﬂ@\é@'ﬁ%y be for graphi cs, such as the AGP.

gﬂgahelro rTB[}S()P‘l:‘] aFlrg';%peDWIILgPra%es'anrt\e Ceen\}irgnrrﬁgﬂp 'WO I% th nﬁllle tegnnlq esCPU 204

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 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
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, miscelianeous input/output (I/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),

4



as ROM 206, RAM 208, etc. [0029] What is to be appreciated, as detailed
below, is that a nenory port interface and/or protocol that can speed up
oper at i onwoan@isie r educe | atency 10 and/or conplexity is remafSowssake For
exanple, in a read request to a nenory, it is possible, as is described
bel ow, by first sending only that information that is needed to |aunch a

menory rearhstitite eCEledlricaleadi BlgctednitEngirears YIBEE) stendasd aurmber 1384advance of
receiving all of the read request. For exanple, if the addresses are sent

first thenrreVeir®)r Yniehsy SbaanBuRYUSE) étct TRe I0FARO4Y iy Hehe sibBlemenor y
contents. It may be that the read request only wants a byte out of a word

that is bejp@ipht eReseS a diIMBtEd comPlindMeb6ures! WddtibraIatHeosubpstee sent
after the addresses and arrive in time for the nmenory subsystemto then

only send ph&mpiiiRaWythe €HLY £64 iy Haltb S sp¥ratOBas & HBBEsUBRysRARCRRd 1N

paral l el and/or in advance of others. Simlarly, if the nmenory subsystem
knows t hiat eidmpBiaSmffdRsS BheRER EXariBlednsl ¥é Fdr ghatics? sLEFHS thedddspr a fi xed
time, it ig prggsirtglée, g's isergglescr?bgg b%i ow, rtgo sehg a read return header

| 0 advance sgbiheagHed f%g%oﬁytérfé'@eyto%énﬂ%/téﬁemgﬁlﬁitl‘?é‘CrP‘EFfd i the

data to prepare that 1t 1s comng. For exanple, the read
return hea a i rgation that identifies which read request the
com ng dat ggshsd@)ség(e)tqég\ egéé)'et i, and allow a device to determne 5 WO

03/ 042846 S e y i i ves.
tscra]ndidng_ t hfg%rawgﬁgiﬁ bﬁgggfzeefé'att%ﬁfag%;ﬁgﬂ":egr?te?)r\{\gisd@%&lgb?eo BW%éHa\éteﬁal B)(gat a,

e device, t t t 1 t i I f i
nctually i SEGRrRspRepgpeses SHerd R apebdions BB RS dERRY o m one.
enbodi nent of a nenory . 5 port interface 300. In this enbodinent, .the
Menor y 1or pn@/gbccprgplgx%égb%ﬁgmﬁlz. ﬂ'—for example, in a read requést to a memory, it is

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 allow 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 allow a device to determine

5



efficient interconnect between a processor (within Processor Mydul e 310)
and its local menmory (340 and 342). The protocol |ayer of the memory port
i nt erf acewo(isomsté nes referred to as nmenory port protocol pCrasonspendent
of any particular nenory technol ogy, thereby isolating a processor froma
nmenory technol ogy and 10 future nmenory roadmep issues. The protocol |ayer
has speci fi/lterbeiad daiess td e befordit entves! Bylsieadidg siuib omad efurhdiendetuce anmong

ot her things, the latency of nmenory requests and reduce inplenentation

conpl exi t Yinfol@88dd inTdtvaRt® 6EHs ectudbdathcthd W viteihaBavie fordeteriranethet 0 a
variety of other devices through, for exanple, 10 302, the Menory Port

320, etc. JhanMummy thelatbektors2QchRYy Beiveensi dered a private interface
froma processor nodule 310 to an XMB (eXternal Menory Bridge) 330, as

shown in HoggbE Rigufde idBaa0n BRIk dePdrifernt Bife BRBBAIVNHOBE & Aldnfiry 338 and
interfaces to ‘nati've nenory, such as the two banks of DRAM 340 and. 342.

Conse%en%aff inEé}%céyéo?’?ngﬁ@eﬁﬁBé&ihﬁn@%e WRARSTY PORIE00E BGhGana L as menory

type (t'echnol ogy and speed), menory 20 organi zation (DRAM size, nunber of

DRAMs per a%&@ﬁﬁnte%n@ﬂf@éﬂve?ﬁ a[pg%%@% & @thim@cg@wmdgmmlangqtgm ng,

refresh, power managenent e Menory Port 320 may consist of

both a p hy@{:@%erhg@e@% g %‘ﬁgf ?T@&gto%oPIQQéP&Qﬁe mg%rg Pgﬁ li@race

i nt erconne onsi st e considered, sev par al | el

o SO e SIS 2 G B BTyl e S 1O,
e MY e MR M N T
C D TS A e o  IEE St A epalift EhulRaR and writes:
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 éncapsulates
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



5 addition a link layer may have i nbound and out bound i nformation such as
read return headers, wite acknow edgnents, status, etc. [0033] Menory
Port trafWwoDm3es4€onsi st of menory, device, and confi gur atPcCarnusor/smad and
wite commands. To minimze XMB 330 conplexity, for one enbodinent, the
Processor Menory Interface (PM) 308 initiates all data 10 transfers. To

further reghstreCimkphgstifbrycontror (sometimeh ediletka sidebard)VEmerprofécoitmaB20 does
not support data transfers initiated by the XMB 330. In one enbodi nent,

conpl exi t ycorfsigtof b6@ehabis t difa VespurnseBodtt. cbatmomitated pRer thephysitad or
graphics devices in or via the XMB 330. Additional reduction in conplexity

may be aciutsshdyioh hEoMERiple, PAEhoRbrNedme L AR fral RENEBYoTCMBRTORNCY
traffic. 15 [0034] In the Processor Mdule 310, the Menory Port 320

i ncludes fyneELiARRritby de%l&%@@édﬂ aﬂ’{q‘v\ﬁrlﬂeg Aktecdigurtitign rdae 4 whes, Ry

i nclude such things as wite fers, flow control, error handling, and

controls ang%éi#néﬁ H9ink b?%&%av@irfbouﬁ@ ah@%utb&(ﬁd 33GmdtiaR SMBARE YeRPr t 320 may

i ncl ude suc unctionality encapsulated in the eXternal Menory Interface

(XM) BBZéBen rf@é'd ?%n‘f@%@oﬁﬂédgﬂ%n‘t@%teﬁﬁ@%ﬁ@o and wite buffers, error

| oggi ng, status registers, etc 0035] In one enbodi nent, the

Menory POfLo ﬂ drmé(mﬁéﬂi’ fﬁE?n Weie eﬁq'aﬁ{, gEUﬁer@r{H)é&hﬁgﬁr%%hc is only

nmenory reatls hus ™~ opti m ze 'for nenor quest
doscr i bes 18 AnHB RTINS k) %Fﬁﬁfﬁs%ﬁ@%‘%@%@‘@%ﬂ kiR r.’eﬂgsf oS
B R e i LB e
return 1(?)1 ea’?rgrrlsflerrs]s tToefulr\’{ﬁer reducep 8ompIeX|?y, for one embodiment, the Memory Port
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 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 relating 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 range
of addrewees/sms4e¢ead. Simlarly, a wite packet may cont RCA/US0n8IE
command, an address or range of addresses to wite, and the data to wite
(wite data). The read and/or wite packet, because of the anmount of

i nf or mat i asdbehgtnetlatens§ ef laadching teadrequests ko miemadngagdentiird cat i ons channel
may be sent in nore than one 10 transfer. Because, the wite packet has
addi t i onal optinfizatiatrelated to thérasé of asiebadreadatturn beddenin tftet Mamort can be
seen that the wite packet may require nore transfers than the read
packet. [Q8svh2t 402 an input is received. At 404 it is determned if the
i nput received at 402 is part of a read packet. If it is part of a read

packet t hq]uoss] 48R ure BAGIRUStrates 400 Hordle réay sasket al Ipeeereptch weitekozickets
conplete. 1f the read packet is conplete, then a read is perforned at 408,

then ats 40% raRPEREt AP ¢bniath & BSRI dMEmahd afd aA@@didssios rari@tasfr m ned that the
read packet is not conplete, then at 402 another input is received. [0038]

| at 404 jdqrbssedd Pédl. "SifhilbhRla WhR PRREl Mgy comtaitta #A donmatd,part of a
read 20 packet, then it 1s determned at 410 if the input received at 402

|s part Ofaec{?jri‘-‘;\%é-enﬁg{\&%%?&dre%gestta%vrft@,%@fd‘&ﬁ@,dbfboﬂétwr‘ﬂé’?\miit% da@d). et of a

wite pack f _ some other operation is perforned, then at 402
anot her i npyy a'na/orr%‘ﬁé Ks&et,lﬁecaﬁ?(éapthbtarﬁé“um dehfrmanedbéingtrahbrRrregcei ved
part of a wite packet 412 a d

i nput 402 7S , then at eterm nation i s made

beT) Usos) SuELBRNISh drnd B8RERRanbls Sl nbf pB3EHER MereSnAiRuS) 012876

PCT/ US02/ 3 _ ete, ena witeis p ormed at 414, then at 402
?ESLP egq ' ngg%qfc'grs %%ﬁ%%ﬁﬁ%wrigef eﬁktegpigs bl Shdl FHir&hHBA th iHadbrrh BftHeeCcel ved
data to be written, it can be seen that the write packet may require more transfers
than the read packet.
[0037] At402 aninputis received. At 404 it is determined if the input received
at 402 is part of a read packet. If it is part of a read packet then at 406 a check is
15 made to see if the read packet is complete. If the read packet is complete, then a
read is performed at 408, then at 402 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



request packet then sone other operation 416 may take place and then back
to 402 to receive input. 5 [0039] Thus, it is possible for a read packet

t o preenpwoa3misie packet. For one enbodi nent, the read pagksn2/33906i Sti ng
of a read conmand and the address or addresses to read may be a single
transfer or a single flit. The wite packet consists of a single transfer
havi ng t he comptete, doemandite tsheerfdued a64 t4, thelt ab4ieanother imputtierecaivddot her ,
possibly nultiple, transfers with the associated wite data. For 10
conveni encé# atd10déds deferinomed thatehe esxbivaaldhmit at 402 & motparitdiea wtad command and
the address or addresses to be read is referred to as a read request. Thus,
a read requesst packebthcaadnEactket ogratiey4 16 @ag take pladeosmthinen hack ey

conveni ence in description, that part of the wite packet containing the
wite coméog taratetviednp@ddr ess or addresses to wite is referred to as a
wite request. The data part of 15 the wite packet is referred to as the

wite datajooBeys, TrusMtiis Sodefsik &ir adeBl phitetdo pifehip? alAfit PakkaN@olbhdé € dat a.
[ 0040] So, for exanple assume a wite request is received at 402. It goes

to 404 andnmpebinfsitn@eRaad péﬁke@cér‘?ﬁ’ﬁm@@ﬁ@%a@@@rﬁnﬁﬁd%g thébddrdSs bt 1S part
of a wite packet and so proceeds to 412. At 412 it is determned that it

IS only thequesids #deh8iilHe égﬂpmns?é?%r‘é(rélﬁ eﬁl‘?t @h@?ﬁltiﬂéckgﬁen rece| ved,

so the wite packet is not conplete, so en goes back to 402 at

402 a read 5|%‘?é’l§% g]éé%ﬁs‘?&er\é(/ﬁfb thet\l\nﬁé‘c{;nlnrr%ﬂasthte%dﬂlpt%svm%rdgre'sgeéS

determ ned t hat request SO It proceeds

to 406, Al A0 aﬂlgg gg?mg{b%hﬁ.ﬁféﬂﬂsréﬁgl Bl the a'%‘éo& 2 w858 £ 1o

Iete I's e men ave erea

03/ 042%66 E%/ ﬁé‘%%%/ iﬁaggﬁlgﬁ&pttﬁe ?e quac(ﬁg{rgon?é ﬁlngefﬁe ré%%cc%%mgﬁddaﬁé)t ar 408 a

read i s
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 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 to 410. At410itis part of a write
packet and so proceeds to 412. At 412 it is 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. At 406 a determination is made as to if the read

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

9



back to 402. In this exanple then, the wite operation started (by receipt
of the wite request) has not been conpleted and the read request has

pr eenpt edwDla/o428n6 te. 5 [0041] Followi ng the flow of Fi guPe€eTAS02/88920iS to
appreciate that the read request nay preenpt a wite anywhere up until the
| ast of the wite data is received. Thus, for exanple if a wite packet
cont ai ns t hentainithe compleds teamiphcket andestséitet(8 afeadris perfarateml, and thesd r equest
may preenpt a wite packet if received after; the wite request, the
first, secbacktocfO2t Hntthis exampledhem.thd QrifdOdeRdtidmstaried (yrreesibootithent , t he
read request may not contain a conplete read packet. In such an

enbodi ment write caeest) has nat meemroeipdeted add plee keatl ratiuebdbas prsenéd the conpl et e
and under that circunstance, it would proceed to 402 to receive another
input. If eamt.when a conplete read packet was received then at 406 it
woul d proceed to 408 and performthe read, and then return to receiving an

15 inpus afoo4ap. HdIOW#g thé lew oTFidure 4neark isal uppiechid fat frRaehyed after the
wite request or wite data to preenpt the earlier received wite request

or wite dpdquesensy bﬁeénﬁpttd\ﬁrit@%?whé@ WU BfBShfaheAflteOdath e Write. This
0

allows the nenory to respond t he read request faster than if it had to

first resppidived. thgs ol ERarARE it et kéﬁ?o%(tjéiﬁfgﬁ%mer dsPRdfl 1t is to

be understood that the agent sending the rea or wite requests may

prevent orgderdaq BIFRL dsta, 27844 | ueél}}ﬁa?gfé%b‘g)? a?&ﬁ%ﬁg@f ife8iydp. 1imt how

the read angﬁwr ite requests nay be Issue _ the sendi ng agent
s e R A W
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 to 402 to
receive another input. If and when a complete read packet was received then at
406 it would proceed to 408 and perform the read, and then return to receiving an
15 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
request faster than if it had to first respond to the write and then the read request.
20 [0044] Itis to 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

not preempt another read request.
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[ 0045] Figure 4B illustrates 450 another enbodi nent of the present
invention in which a read packet nay preenpt a wite request. In this
exanpl e, weo ocomsiseler only read and wite packets. Additi ecalusyg2/3Begure 4B
illustrates an enbodiment in which a wite packet may be preenpted by a
read request but not by another wite 5 request as was possible in Figure
4A. I'n Fi glf045H B Figure dflitlusteteset) arniherteraaalimpnt of ABzipresehdiokentionimde t o
see if it is a read packet. If it is a read packet then at 456 a read is
per f or med whith\eerené packettnoay preeimpt agvriaeraquest latthig 8Rample, weeconaigat

received at 452 is not a read packet then at 458 is it checked to see if
tis a witenlypeackanid whife packet. ralditonally, FgyradBdliustiates areembodiment
receiving an input at 452. On 10 the other hand, if at 458 the packet is a
write packehichhkemritegaekétanapbe praemesied 0pp'read fequest iadtinohby babtibkeedri®s0- 470.
[ 0046] This inner loop allows for read packet preenption as can be seen at
460 regei MoDgstas waPpbssiiie irthigakd M Iri Fiore 4B ae adtpupakediveddt 452.1At i s then
perform ng the read 464 and going back to receiving an input 460. However,

the only vays Bagkcilis rhadd Rescuf iels 4 ARl dadhkat 468k d adhproket then beagmcket s
conplete 468 and a wite is perfornmed 470. Upon entering the inner |oop

from 458 a5 ¢88£iK ﬁe?foﬁﬁé@aﬁél wtGBtUrR to RRERING difinplit dthiene IitheWMpute data. |f
there is no wite data then we proceed to receive input at 460. If there

is wite d?éc%w%@%%@é i4R& @re%@%%bkéﬁhé@é’t%é@s #QPetited bhrReW id £wRRcket is

conpl ete. the wite packet is not conplete then we proceed 20 to receive

i nput at 4€Q?keﬁo W?hgté@vrﬁé‘é‘a\ed%{ fh%ng\gecrléﬁfrn'téré%‘émgeér?m Pf‘m@t &0 a

wite is orne hen roceed to recelve Input fromthe outer | oop

5 A R LR ST e 270

wite preenp a read reque

gﬁgkg'ﬁ)mcgig lt'tﬁngé%cﬁ%’ﬁ%ﬁ%‘?ssm (i.e. Ioop 460, 462 464 being traversed

[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
read 464 and going back to receiving an input 460. However, the only way back
15 tothe 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
the write packet is complete. If the write packet is not complete then we proceed
20 toreceive 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

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

11



WO 03/ 042846 PCT/ US02/35920 wite at 470). [0047] In the discussion above,
we detailed how, for exanple, the read request nmay contain a read conmand
and the aworee®s28e¢ addresses to be read. Additionally, otPegrusonssseoati on
may be conveyed as well, for exanple, error 5 correcting bits to assure the
integrity of the request, control information, etc. For convenience in

di scussi ngwiiteeatdm@ention, the term'flit' is used to denote a unit of
information transm ssion associated with an entity or operation and may
consi st of[004Tle Of thediscussipnsdbers, wédelaiié s homyfoc exesngie, e readremuesor e
flits. So, for exanple, a read request packet may consist of a single flit

denoti ng ahhy tbgtaind psadedonaMandans tecadiress ovdddrddses tebelreauest . This
i nformation, depending upon a specific inplenmentation, may require nore

than one tAgdigdrilly [ SthePRRIr@iagby n§é conveyedaawpll, dor éfaniple, aremd r equest
flit contained 32 bits of information and the conputer bus could effect a

16 bit 4ragstfRiing biet hedrd tRNARFE oFane fbdaest eamttdl @floinmathf et Fof he
transfer of the Tead request flit. "Described bel ow are nore details and 15

exanpl es Oéorfvéhiteﬁc?‘ﬁfidifs,ét@%ﬁfgeché invieRAGBIth&team git Fs idddiidenbrsa BRI

di spatching an early read réquest to nmenory. Here at 502 an input is

55818, gl o o e st iy i,

of a read reques _ _ ma 506 to'see if an
Coon i SOV B B P AT i 1 B S Al R sl
made 1o sok 540 ERUENeAERe e bERRKE e Sl i peRiNE A haffaflent 1 2751, 3
o DR A R BBl R Bl R B o i o2 11
determ nedirr%prllé%el:[ltg loﬁ,erﬁgyi/ P/e%%iria rr]rpolf’te tr?e}n gr?eztréﬁsfenr% cB?nrpEetglg/ s%né.eﬁgr request
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 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. If it is, a check is made at 506 to see if an
early dispatch of the read is possible. If an early dispatch is possible then at 508
20 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. Ifitis 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.

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

12



12 WO 03/042846 PCT/ US02/35920 flit then sone other operation 514 may take
pl ace and then back to 502 to receive input. [0049] During receiving the
read requeeto3fokiste a di spatching of an early read requesPCr@sowsey my be
made. Thus, the entire read request flit does not have 5 to be received
before dispatching an early read request to nenory. By not having to wait
for the erfiithenseme ateepuapsratidni §14troaphtake giasieand, thembaclato Fidkstotraeeivenory to
respond to the early read request faster than if it was necessary to wait
for the dnputte read request flit to be received before issuing a read
request. Thus if the first portion of a flit contains an early read
request t hjeodsyoDuringyedeviag thesead rdqueshilit, e dispattiéng afran eanereable second
portion of a flit possibly having nodifier information for the nmenory

contents irgqbedtng meredry\vesl bd agenTdus,ithe entboeattéquest fifbgoesi ot bavevhat
menory data is eventually sent. [0050] Figure 6A illustrates 600 sending a

read ref urtp deeadeivedBEforéiaispathingQh eaaly readquest toes@hygd.ByXotb@dingt i s
checked to see if it is a read request. If it is not a 15 read request

then an ot{3efaitRe it dritite Bl legueRTRitd bl réeiver thslalows thaekerheryG2 to
receive input. If the input received at 602 is determned at 604 to be a

read requegkpbitetd thd@ahlréefrdytendhsteHnaa bf it Was Aes8ary@advditgbrihe header is

sent, and back to 602 for input. Second a read is initiated at 608, read

results ar t{r@?@éd’r‘%ﬂue@ﬁﬂit&&{% r%@ﬁoelgé*o#eeﬁéﬁiﬁ&a & RROEstiTHd % thand then

back to 60 0 recelve input. us, for exanple, a nenory read initiated

the same« Taebde B4 HhBoREREh il readlorktt BRIncH iRy albe BUUHET. crai g
o Loy 2ol Bk Bk e pe BBl R R FRBkb o Aelndrve o Do
information for the memory contents is being received. This modifier information
may affect what memory data is eventually 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 not a
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 results 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 resuilt
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
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having to wait for the entire read result, this allows the nenory and/or
systemto 13 WD 03/042846 PCT/ US02/ 35920 send a read return header 606
earlier twervsjoi2siié was necessary to wait for the entire PeadSopssest to be
recei ved before sending a read return header. [0051] Figure 6B illustrates
650 anot her enbodi nent for sending a read return header 656. Here at 652
an i nput issndecrendeeturihediiss 606 epdiec treakiitiwvas neeessafy forwaitfosthesentied
request. If it is not a read request then an other operation 664 is

possi bl y pead esquest trisk feaeivet be®iR seringe eeadbraturpdeadef. t he i nput received
at 652 is determned at 654 to be a read request then a read is initiated
at 608. At[o0bils FhurabBtiwstrates@fe dmafipe embedinsgnt fatsebbigen readdetuet ur n
header is sent, and back to 652 for input. Second, read results are

recei ved aieddeP656. hElefeeattbs2estinpat iarecepedt At@G5att i66Reclkeddotsheif itiaak to 602
to receive input. Thus, for exanple, a nenory read initiated at 658

resul ts i ryead régst. etfur@ndswtt@a régust &lentrbothdihoseraterdes4 ispossibly in
parallel with receiving 656 and sending the read results 662 and so the

read ret WddnRadaind Bk BS 65E#ereb&ife it Mehedhplihvecsiesdiat @52ist s. Thus, the
entire read result does not have to be received before sending a read

return heageefiléy abysd e lﬂ% rétMefbedt®netPh tedd0s iniftReg Bt 608 Aewmk resul t,

this allows the nmenory and/or system to send a read return header 656

earlier t nt‘t{/vo'tltnngg‘ﬁaﬁg&?sﬁ tyattGQG%Edfr@tﬁrﬁﬁ%de?&téér@ drRshckesuest to be

recei ved before sen read return header. [0052] In one enbodi ment of

the read r@éﬂop@gglﬂ\?mg%%l e, |FLT£ dfr%s@%?aerﬁ e attd@%t Lhreefégd r&ds Brdieader has an

i dentifier enco ates i1t to e read 20 request t hat

tcﬁgsreceig r%t&??ﬁaﬁi%&ﬂq%ggbag @Pr/e V\I\{grm r'eggbggaﬁ%ﬁngﬁ% IS assom aI )édV:Mat h
(and the ”%a%J o 't%%Bfrgéﬁl SR rQrggd ré%urr) header sent at 656. This header is sentin
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
result does not have to be received before sending a read return header 606. By
15 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
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).
[0053] It is to be appreciated, that the actual path for transferring the read return

header sent at 606 or 656, while possible in the main data path is preferably in a
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[0053] It is to be appreciated, that the actual path for transferring the
read return header sent at 606 or 656, while possible in the nmain data
path i s pwefosaishy in a 14 WO 03/042846 PCT/ US02/ 35920 ecadaisarnssand
preferably with a known fixed offset fromthe data. That is, the use of a
si deband path (link layer) parallel to the data path where the sideband

pat h car r Bigebarntbandpieferabiywithrekinwn fixedmafisehfremdhe dhta. aBwb i, tecdber ead dat a
may allow the receiving device to determi ne where the data is to go in
advance of ot ®sidebamypatht(liek ldper pareielsto the datdpeth wheienthkatdahand path be
achieved if the read return header 1is sent in advance of the data. [0054]
Fi gure 7 i tariss tret readoeteire hbadbr ine advamice @f thenamsyciptad reqd detd mag all®®. | n

this enbodi ment, the nenory port is a full duplex interconnect (menory port
link . 720 thededdilihg denicthe determimendhate tiectiatans foay@in ddvantd berepsioingssor
nodule 710 10 and the PM 708) the nenory port link 720 is conposed of two
st r eanss of tHenfatd.NEhuL ™ redueticht in &a8hdySmay dataahisle@ e feadirdiuin Weay t he
second streamis a |ink | ayer stream of width x. As above, for discussing
t he i nvent js@ant m sVAVES bethke dagd oupi ng of associ ated data and |ink |ayer
information is called a flit. In the inbound direction (into the processor

modul e 71010p84] tmﬁﬁh M&B‘ibatésh&é@r%éd’meﬁ?oipé)merddﬂﬁbo&ﬁﬁeﬁ&&fﬁﬁjqaed of two

streans of "infor ion. One streamis a data streamo dth y and the
second a | jfkehBY&Giment, tREM QFthséf [ Mk 8
illustrates one en@odl ment o rrermr yu"po t lgﬁgc%oorﬁ?é?{@%egno&#%h i

enbodi ment 7%(505{1)& @g#h%@Bﬁ%B r?cﬁjdi?éctlﬂ %ﬂbﬁqﬁé?ﬂ?cges@ghgq%g%é and 1ink

| ayer (LL) mat 1 on n sIm Ion rough 816 20

(gener el é%qﬁ@;%ra?@@%@%z@eﬁﬁxmw LR A R el e
data bus 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
inbound direction (into the processor module 710 and the PMI 708) the memory
15 portlink 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 illustrates 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
width w is 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.
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width wis 18 bits wwde and the link |ayer bus width x is 2 bits wde. The
enbodi nent illustrated requires 4 transfers for a single flit, and there
are 72 biwe of4288he payload and 8 in the link layer. 15 WRC@A/S0Z2B26

PCT/ US02/ 35920 [0056] For exanple, Figure 9 illustrates a flit 900
requiring 4 transfers. Here, the flit 910 has 72 bits of data and/or
command ( djo®$6] nfFor ewample, Rigdres? iliuakateapdlit 900LENVIBNG 4 tesnsians.orlai i on. Here,
the transfers are done 20 bits at a tine 910a-0 and 910b-0, then 910a-1
and 910b- 1thedlit@10\Wais| 72, bitsi afuiata andibosmmmand (d/aridfarmatieraand 8linkslayecurring in
the sane tine frane, this is not a requirenent. That is, LL data that may
be associ afL&)bité bfinforpation.cHeee; ther trarsfiers aveé tonen2@ bit$ at a tiwrg dI€atCeangbr al | y

di spl aced fromthe respective d/c transfer. Additionally, the tenporal

di spl acenegtobydthée 9404-dsshdf 9 10b-1 @te) ddtile skiglire@bsHowsheediciamid UlatyarsférLL) may
have, for exanple, control bits and cyclic 10 redundancy check (CRC) bits.
The comd r obcduiiirsy inthy sa@BtRsEMamef tls iexetg reyuireheatl, Thatiid, LLatata tHae. [ 0058]
Referring back to Figure 8, it should be noted that a wite packet 818,
woul d nor niglal, YeGRBbEBRJAWIN 4 bertit@EHatsfangitias aGriradele tmbpgorally) y. However ,
in the present invention, as illustrated in Figure 8, no such restriction

I's requiregispdbéd Rorhn®fedRtiEl G citankier UAHBBbR&lyathet@pb@aIW thin it a wite
request flit 804, associated data flits 806, 808, 812, 814, and 816, as

wel | as angiggllg%éelﬁtghl@ﬁggggﬁgfgs%glgigbuﬁa&ies[ 0059] Figure 10 illustrates

anot her e having 96 bits where the data bus wdth

y Is 18 bi f0%5%d%h%q%k:|£rkgeﬁgl_gﬁgéfﬁﬂe W%x‘é}r@ﬁ%}lclﬁ?ﬁraéoﬁtagmgyclw de. This

enbodi ment*requi res or a sin e are 64 data 20

bi ts, ng(g,Chree%ll(mgér%csy’ chaérc]:f%i (&QCS) lo}tf h[\]e Eg'rﬁchI ‘oﬁg rh%y Ferpreéé%i:, r?onj é)!aﬁ*npw 02 through

1016

head, tail, or idle.
[0058] Referring back 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 illustrates 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 is 4 bits
wide. This embodiment requires 4 transfers for a single flit, and there are 64 data
20  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

have, for example, link layer control bits and CRC bits. The control bits may be,
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have a payl oad packet 10xxa and an associated link layer (LL) packet 10xxb.
Figure 10 may represent an input to a processor nodule. The |ink |ayer (LL)

may havewofos4msxanpl e, |ink layer control bits and CRC biPC/usetiasse®dnt r ol
bits may be, 16 WO 03/042846 PCT/US02/35920 for exanple, read header,
wite header, data, data wth tail, idle, wite ack (acknow edgenent),

f 1 ow cont riol exahple, fcabGRRds awrite Bedderbdata datdwith dabidieiveritedcks that while a
LL control is associated wth a payload, it does not have to be sent at
the same t({agknowWedgernentylflew aconfropetacessor nodul e may be able to inprove
performance if it has advance information that read data is to arrive

shortly. Tjooeo] f ovhaianpbeiurtar &eprbslateddsithahedier LiLrcohtrel ik lasseojatpd ovi de
such an indication. For exanple, in Figure 10, the LL associated with flit

dat a 1006ayipy p@?loaél iBdPeShdtinane @Abé ket dtithd are tiel Foxar@inple, aat position
1004b. Thus, such as 1106 nmay contain payload at position 10 1106a

and a L4 C&r@&éé%’or AlodRRSinky 88 abldBhmpasefepiormancdit ghasaddancehus, Figure 11
illustrates a tenporal displacenent of a link layer and payload in a flit

1100. [ O006ikiordBgorh 2@ WY $dtd RbRnrivd storl@dYhiud| Fdrlexample) ahkarlPhdad308) may

al so contain |nf or mati on on other transfers and/or transactions. For

|l e,
géﬁggngs ﬁb;a |ts aﬁigmld@rédcﬁ Gk@chraddievhRgreirribbeuUITd tw i t e

out boun flow control feedback, status

| ndi cat | DIeL éééHc%t%wutHﬁ‘l&%a&%dd&% ay ﬁté BOSIﬁél‘Fearﬁéﬁlﬁ’tm‘?e kdr XaRiA, at ed

with a fl convey nore an | ece i nfornmation, for

exanpl e, %&eq %hlogol%'oﬂg fﬂ’t Csﬁ{:ﬁa?'ﬁ@@h Q:ohfylr?ﬂsﬂﬂ% PAGbdftiop  non-idle

[S)?glpo?d :512 d|t|on I'S arlea rletur ader, a wite ack, a
o ' SHind %Lﬁ°§§@§)@?"°Pﬁ'ﬁéﬁ”¢€°dr?§§ﬂ§ﬁ"‘ gl 16, SRR o
illustrates 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
contain write acks to acknowledge outbound write commands, stop bits for

15 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
stop indication, idle control, 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
return 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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[ 0062] Tenporally shifting the information may allow the reduction in
conplexity of the interfaces. For exanple, putting a read return header
i n-band wwohss4s ead return data nmay i npose additional framatSopssbety in
the XM 332 because the XM 332 may have to nultiplex header and data
information and the XM 332 may 17 WD 03/ 042846 PCT/ US02/ 35920 have to
buf f er i nogvertg buffadintehingmedatetutnadataterat@naict the rmemonyyreactad bandwi dt h
with the slightly higher inbound Menory Port bandw dth necessary to

conpensat epdriawidth avitbane eiighitly Hotesr tading MearheryiFrori iemdsdtt elcesBarstoaddi t i onal
functionality may inply additional conplexity and |ikely additional

latency. Scdnfisdriath fobthePbdridwidih okerheaads fretitine Meride Thisaddigorsil de- band
tenporally shifted nay enable the XM 332 data path to operate at the sane

frequency f@ﬁc@orﬁwfeﬁé{y ﬁWéIy adauh@ﬁael@usmp@xnybhd neely AeditdAal Bendyp operate with
no buffering or multiplexing in the read return data path. Thus, the use

of a si §jeblﬂ§%a8al§)hplﬁt|tlh fhd @48 rrétuﬂﬁﬁé’éde?in e s‘id@barﬁﬁfeﬂ‘lp@?él? sHiRkenafe

si deband path carries The read return header in advance 0 possibly

non- cont i guous %gﬁemg dg@ﬁ;% ajg% t?aa@'tﬁiaaéa?nérﬁ%%@éﬂcg‘ﬁssatﬁﬁmo%%ﬁgn -

control logic to operate In'a the received data. Are

of the dar Qe hetyt 5"3?2 R R Ao B R e s o
o e (e B0 80 T B P )
eturn dat EPRLL b@%tﬁeﬁ o8 pofrebias B R SRR oo RE Dt ocessor
acvantid of PESHPWERRRCRREHB0YY] Teh ateED froetn el g EhToe e c. For
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
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 directly to the appropriate
destination within the processor.
[0063] The time (offset) by which the read return header may be sent in
advance of the data may be fixed at some point in time and/or dynamic. For
20 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

many possible embodiments.
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20 exanmple, a fixed delay may be determined at systeminitialization tinme.
Al'ternatively, the systemmay determ ne this during operation and may make
it statiwoodoasher enmbodi ment nay have the offset tine t@®Crhesozaivao encoded
within the read return header. Thus, one skilled in the art will recognize
that there are many possible enbodi nents. 18 WO 03/042846 PCT/ US02/ 35920
[0064] Terpeoss! | Yerapofaly spiftingfinformati@nmag alial troawretdinetioneid Lompdaxitly of
conplexity of the PM 308 interface as well. That is, the PM 308 nay

reduce conpé PKilt30s aitefface aé aelnTial i, the PMIEDS may mduae complexitly ahé/osi deband
in advance of data on the main data path. One skilled in the art wll

appr eci at @atbhgy if ite8HES thibrai=EiBa Yistthe/sifeband tmpdvamce wf datg drethacimieved in t he
out bound direction as well as the inbound direction. [0065] Figure 12

|| ustr at etRpahn Tnce ol TR aiwiRapsrapibe el fedacdl laticy ahd@f where the
data and command width is 36 bits and the link layer is 4 bits. Idle flits

1202, %?O%o,ngﬁéa@tg 20e aBREvILR4nEBYRANE dREctioR! R WayA®mE ihtbunaei r 10
respective part (1202a, 1204a, 1216a, 1220a, and 1234a) and a |ink

| ayer (LLé]”r g%@%r ol code in their respective "b" part (1202b, 1204b, 1216b,
1220b, an f ). A normal wite packet 1240 has only wite associ ated

dala. SUCuges HLS 12 IEBHERE aHBIRr RSl Apdi rhtipiod2on. 1200)

Each flit "asa may | n i'nformation. For

Piome 4P Rl AR AR BRI AR 1o,
O, A SR S g o5 G e BBl iy e ot
fgf)gé ILOL 1r2eggebctir\;g¥a”l pnadrjt E’l%toga,a&c&tai, ?S’Péa, i1 5585 %%%‘1%42)‘3% aﬁirr?l? la\’}'trer.l {L?) request
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) 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
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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command. 20 [0066] Flit 1218 shows a read request not preenpting a wite
packet. Read request flit 1218 has an associ ated read request 1218a which
i ncl udes woOroaadks46 equest identification and possi bl e addi Pcanaso2/839eor mat i on
in the associated |link layer 1218b. Alternatively, the read request

identification and/or additional information nmay be | ocated in 1218a
and/ or 121§106719 A\DriG8parke8geRpTied ISP 2 feePizgue$td Bludtrdicumat t 225 ad&el
preenpted by a read request is illustrated at 1228. Here, a wite request

packet havangit@reguesepackatinating hiviritd Ptiesifilt 222t anddatite data fiiss 1224, 1226,
1230, and 1232 has between the data 1 flit 1226 and the data 2 flit 1230 a

read requesp2d,lM2B01aRB123hhas betadeh Bi@sh 1fiif 1206227, thb utd W fiR108@md r equest
1228a 5 and an associated link |ayer 1228b has preenpted the wite request

flit 1222. redi0B§GdstAn 228! ghradadpeyrst fio1248)Raling 'ﬁerleaéi\”récf&spmt 1240,
the wite request flit 1222, and associated wite data flits 1224, 1226,

1230, and 3R$dn aB8YSatdA linRiayeP 2¥I NARhAEeMPIASRO WrRd Ruelt fiil 12Y¢. | ayer
control. [0069] Detailed in“the discussion bel ow are possi bl e enbodi nents

for 10 contouedf, Ad Slhikéd aBsld, ’Fértth?%nme{livmf? bé‘M@e‘iﬁ@(‘i‘,ttﬁé’lmritéerte‘&uewat Is to

be appreciated is that these specific exanples are not to be consi dered

limting tepsd %rnddais%b‘lﬁ%idm}}gg‘&%%ﬂgglﬁzgs?é‘ie 1DYE U Lrb3oTREREAF AP €9 ar €

for illustrativeé purposes o ferri'ng again Igure the PM

oo AR kg PRGBS e Cont g ation
Veror Y PO" B A A ol T PR SRR R o 1007
10 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
memory commands and the configuration commands. In this example, the XMl
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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configuration. [0072] Menory commands, such as read, wite, and cancel,
generally target main 20 nenory, either connected to and/or contained
wi thin t hwoXiB4830 t hat behave as pure nenory (e.g. DRAMPCT[IB0Z392(Devi ce
commands, such as read and wite, generally target menory |ocations that
do not behave as pure nenory. For exanple, witing to flash nmenory and/or

devi ce r egiestshavesjpadicctst in stomuages pacrewrifeasoenrhbred mialy twestht (ekcaiteTet | nes)
20 WD 03/ 042846 PCT/ US02/ 35920 reads have side effects. I n such cases each

write comexuttigeyicsatthettargek eFutitermeraicutly comamnads nidyewdrigexecutebt her mor e,
such commands nmay want to execute at the target in the sane order in which

t he commangsgetiie tHesssnes oller irhehish e comm@AdstareDesticdebyctag@anms. are sinil ar
to menory conmmands and nay have a size 5 field or bits indicating the data

transfer sjopz4] PEseide eonsmakdgs aredsitmi i dfomdrg ok &nd riaf Bavé Hyizes, 16,
32, or 64 bytes, and/or a full cacheline of data. Regardless of the data

transfes sfi@g or bACINARAIRE theddath AaAsBRYiZOE PBsdibik lsiZe8 Pha) ihBRdé ToBbéfnpieadded
as necessary with ones and/or zeroes fromthe data transfer out to a

cachel i ne. 4 E@@%?iesp%,i% o&ﬁﬂ@%@?amr @hﬁl%&xeﬁé’iﬁ\er@g%t%)g?é%ér&e%’gpf%t

partial reads and/or For a read comman xanp this mask

may i ndi Ca&ﬁa‘mjng*éﬁgl’;%ethel &ﬁgﬁ%@;@%@d r‘ﬁ?ﬂ be %;}ﬂllewér%ﬂn% 3?%15%38@?5 gad

return are valid a wi m e Wwhi ch

and e L e, Mooy 8 B Al CreragS M e B B B RS Tl
target dev P

confi gur at ‘Og)zg% Sﬁég?c%&ﬁw%?%ﬁsﬁq?yfa%@é%ﬁa Eriaasg]% it(rc‘a i lsﬁ?léqa({). @an'ﬁ?lirg??ﬁga%q{%ands,
the PMO BOV%ritré%y F%Pg?gaed Egm%%‘ﬁﬁ, 1%? le%an%r)]lg, t?'n?snrwag(urrn% iinocl?ca(ig vmvmrrlmdbyte
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 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] All 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
20  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.

[0078] An early indicator, for example a bit, in the command may indicate
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outstanding at a tine. [0077] Al the command types may share a common base
format. For exanple, a conmand flit may contain a 72 bit comrand encoded
in the flwDopayisead as 64 20 command bits and 8 check bi PE€T/UR02/85920 M ze
the latency for nmenory read requests, the read command format may have all
the critical information in the first half of the flit, thus enabling

di spat ch ofwhetheeduk firsg balf of the flireoptainskseffaient irfermédon t8 BRinch@ahemeryt he
entire flit. [0078] An early indicator, for exanple a bit, in the comand

may i ndi catread 2uded 3G 40e RUT/AB30RsE a8&MMulatecthb dnfotnhetiohiin #e hal f of the
flit contains sufficient information to |aunch a nmenory read request or

whet her t hendidflit3 thisrbis magamiynibe eéteort iemionf @ataiohtmands; binerwieathiag e flit.
This bit may only be set for nmenory read conmands; otherwi se the XM 332

may i ncor r gl 32l ragn doreciy MurickatiemeAueat SedistsRAtbEAYURAticRN S commands,
devi ce commands, or nmenory wite commands. However, not all nenory read

comands Ma¥mArirRist HevieREdmBhds, TR ineridry VRite EOMNRMATP HOWeRBY nof@MOry read
command with specific scheduling infornmation in the second half of the

flit, e. g. nfdrm&3TeadBhiranediiayhaE the ESHY biY setRYvd1al6r daenidrdny bit
inactive to forCe the XM 332°to consider this information before
i

di spat chi ”%é}nﬂ:g@éd’ coifi né%ifh%%é@ﬁi& sciﬂéb%ﬁﬁ% ng&%dégﬁﬂ‘?ﬁﬂ% é&%ﬁ%ﬂﬁfgi})f’” bi'ts

may indicate t comand type: nory co n Vi ce comand,

cont S AT TIRG ] QSRR SEFSAVSHERle L ARBRIKOPfi0)

bits, together 'w conprises a

conmmand. Atwwggﬁ % Wsi&c}.tthis ﬁg%ati%ﬁ'blé?o%g dﬁs?)ratc%ir?gu&) ﬁ%‘%‘?‘m‘ea%omnd unt i |

ei ther the has recei ve
10 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

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 D 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 a memory read command
20 is canceling a previous memory read command.

[0082] [n 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

specify the target location (e.g. to a memory mapped device register).
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response for any prior command of that type with the associ ated transaction
ID or the PM 308 has determ ned that any prior command of that read/wite
(rd/w) twpes/owisth t hat transaction ID has tinmed out. [O00@C/Ushm3zancel bit
is anodifier which indicates if a menory read command 20 is canceling a
previ ous nenory read command. [0082] In the case of nenory commands, the
of f set bi t 083k ntAsf meationsldf abeve f the streaimed ipeionityyndokadéfinedstpeocoddetheby t he
address bits for nmenory reads and wites. In the case of device conmands,
t hi s of f sestresmpd wlichia tmetrioey seddromssndnd lselomgs orsthe ondnyory mead esrgeantiocat i on
(e.g. to a menory mapped device register). 22 WO 03/042846 PCT/ US02/ 35920
[0083] As pmigrity tnerhhdd thee)XMi B2 &1 amdydiffdigmt schiadujingrpylidies tWdefifferest t 0 encode
the streamto which a nenory read comrand bel ongs or the nenory read

command  pmieaory yeduesnéurexameleXMis 833 may iapiehte itlh hepfierpicomatedul i ng
policies to different nenory requests. For exanple, this field may

i ndi cat® i belangetedryis6CiioRogs Strdeh ang ther@fordImiag PEUIRNPISecHd Rantand
therefore nmay require a specific service time to neet the isochronous data

del i very deadléd Afeet tHEIsodtORds dg dEREy Bbddineawde a bit vector byte mask
i ndi cating which bytes are valid in partial reads and wites for device

and confi gwo@hjf O HROHEBGiEs mkg%%] bitNtcTibgfe RiabR iriﬂ%égi;@@lﬁh%ttﬁ/tﬁ&rgdat a

transfer size Tor device and 10 configuration commands? Possi'bl e data
hameLel e el ARHICE Pl koo e urct on v
ool CooRE ARGy i VLR Do RkgegpL 0, B
int he10 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
Correcting Code (ECC) over the 72 bit command with check bits distributed in the
15 second half of the flit. However, until the entire command flit has been received
and the ECC error check has been completed the XMl 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 to ensure that it
has sufficient resources to handle such a speculative early memory read request
20  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

embodiment, these fields may be the same as for the read command except for
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15 second half of the flit. However, until the entire command flit has been
recei ved and the ECC error check has been conpleted the XM 332 may wi sh to
regard thwooamusisye bit as a hint and any nenory read reque®CTdisepaivehed
early for the command as specul ative. Consequently, the XM 332 nmay want
to ensure that it has sufficient resources to handl e such a specul ative
ear | y nenothe offsatiamceqonesfiel@d before it is dispatched. For exanple, the XM
332 nust ensure that dispatching an early read request cannot |ead to an
over f| ow of008BE rRigureyl 3dkustratdsl @re erslaatimentefestemoeueomim@fd fdrnfadr the wite
command fields, to sinplify encode and decode in this enbodinent, these

fields nmay1360.tInehisaxampte, iner adshmereploysicanmaysdwitix frptrahsiers @25 fW@nd3/ 042846
PCT/ US02/ 35920 the offset and code fields. [0088] Figure 13 illustrates

one enbodi n®bits pér tPariEEeO Mhae BNRRNDNMantRhas 2360s délvetdd id Lxa1Epdre, We assune
a physical layer with four transfers per flit and 18 bits per transfer.

That is5 thesAETRINGT ks edeh BhhTet@ranstsresl1 2IB) 4otreahsiidets ond bgsmme furt her

that each transfer (Transfer 0,1, 2,3) corresponds to one bit cell tine

across t hetihBlRFRANRE ftercbMect X RO @msielr duriglg tRefidst frahsfér @ngisedr o) Tr ansf er
0), lower order address bits and a read/wite command may be transferred.

During TrRist efdet aRHAREhiteaHE %Sr?QWﬁescﬂhh%né%ya& @%ﬁéfé’rréd?@uﬁ%ﬁgt or

may be transferred. During Transfers 2 and 3, bit's I1ndicating co

destinati ofy,Qf rﬁg{ci) héﬁ)&éérodgd?&@rb‘?t%sa’ndta{naébﬁﬁ%éﬁgwd!éator%ge mask, stream

| D, size, cance i rrority, etc. rans red. [0089]

Flgure 14 FhiUStLR" BRi00f ahoda IRl B RlENhS SRR ER! o9

wherein we assune 'a p C ayer w our ans and 18 bits

er . .
P 10  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
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, transaction
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 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

Transfers 2 and 3, information may be transferred indicating command
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transfer. Here, during Transfer 0, |lower order address bits and a

read/ wite 15 command may be transferred. During Transfer | higher order
address bwoDl3ams46t he early read indicator nay be sent. DiCrngpoyssnsfers 2
and 3, information may be transferred indicating command desti nati on,

of fset from address, transaction |ID, check bits, mask bits, size of
transfer, dastnatfodQefdetfioguaddress, ittanaactioat!Bschnek bitshdeskbits, 6t a
configuration command fornmat 20 1500 wherein we assune a physical |ayer
with four [posdisf As predoudy mentored] SiedinkdayqudlL)thesrottean ootpoung formabsf er 0,
| ower order configuration address bits and a read/wite conmand nmay be

t r ansf er r eshd duinboghdifoamaf. eFiglirehiajtigstrabesdene embodimgot aft droouthdandelk bits and
the early read indicator may be sent. During Transfers 2 and 3,

i nf or mat i qayéraymie 1608nThebaed outhdundlingyeoivrmaatindy ha@, 067 Sdapls 8
PCT/ US02/ 35920 destination, offset from address, transaction I D, check

bits, maskyifdiges fiitetiis béQ@M&maA&apm@\dpﬁumlw axearided od exarhple| byanotager (LL)
has both an outbound format and an inbound fornmat. Fi gure 16 illustrates

one embodi ge#y 102 totd) o@%mg per fiit. NkiguleaBshdvway thet16 168 Ger T orlas eLlout bound
l'ink ayer format may have, for exanple, 8 5 bits per flit. This base

format rmayg &%I@QE UQéWl‘drléoﬁ'%ﬁlﬁ%Hﬁﬂg ihRIrMBtGITIME) bibnd BIRddRasits s@nbi ts to a
total of 1 bits per fl Figure 16 shows the 16 bits per flit format. LL

I 0
:Ie%tna dur:@glf@regﬁéﬁé?sg@g‘:@m ﬁéﬁéf@r‘% oM, 2 BRY '38” Tﬁw'eﬂﬁ@)blt@)tmémﬁdﬁbt%qk bits

our transfers: The info

bi t(s) naythéqﬂ'lé:%r?ldd%t tlﬂ/ﬂefh!elf {he'd‘ﬁt é}fﬁ?‘i_hggﬁnm'anﬁorﬁ@t%t ek |(§IQeLf_| it

cont ai ns comrand nal 1 1s used f

comun B e kS R AUSGAGH 1 PPyl et s e end
The headerlnglcates%e ePul:l tc>?the p}/acﬁe Caon%ethgth criersk;[ta §Rated 'Tﬁne fi 'con];tgints aoayl oad
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, the extended mode bits may encode the error
syndrome of the half cacheline sent to the other Memory Port.
[0093] An inbound link layer 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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is data and is not the |ast data payload in the packet; flit payload is a
data payload and the last flit of the packet; flit payload is a wite
comand; wod3ikiste payl oad is a 15 read command and t he | a®CTfUS02/33900 t he
packet. The check bits conprise a CRC conputed over the 16 bits of the
link ayer format. The extended node bits are sent on LL signals 2 and 3.
[ 0092] Extemblstimantdeidsctisechipgiow] isis pmssible fonthese deurlinl éayesafimets/tobe used for
data flits with | ockstep Menory Ports. To support error checking in the XM
(332) 20 shiardra lnootostr epbikdimmoynnion.t Figurdd7 divstraise dnesdebdsimentrafy encode t he
error syndrone of the half cacheline sent to the other Menory Port. [0093]
An i nboundecdmmén [rdopend fimly ldyaviermattsits B100. of formats. For exanple, in one
enbodi ment, there nmay be four different inbound link |ayer formats: read

return hegdeod] WThenfebitiadibatdg ifemmd flit payddatsis ronddiepind. iogntadrs data, dirist he 25
WO 03/ 042846 PCT/ US02/ 35920 enbodi nents described below, it is possible

for these jHiRUIMTHe dNeck Bits Eompriseh CRO compated oventihabidr bitsfoflihé Bnk layeronmon.

Figure 17 illustrates one enbodi ment of comon inbound |ink |ayer format
bits 1700.50kAR94] The info bit indicates if the flit payload is non-idle,
i.e. contains data, or is 5 idle. The check bits conprise a CRC conputed

over the é@gbi]} s TRE thhenitd Mky irdii@tte oh@bMLr difERI®INbOLR lioRy& t s may

i ndi cate four different inbound Iink |ayer formats, such as: read

return heaﬂﬁgaté%déheas@?%é&ﬂ@uﬂﬁ%?@@ﬁ writd AkHDwIEBmenedtatas i on. 10 [ 0096]

Figure 18 s one enbodi ment of a read return header format 1800. Here,

thg tag biéoﬁ*ﬁigﬂ}%}’ioﬁ.nmde a transaction IDin, for exanple, little endian
or der.

10 [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
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 PM! 308 that the XMI 332 has cancelled the original memory
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 XMI 332 only

20 sends a read return nack if it cancels a read command. Thus, the XMI 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

1900. In this example, except for the absence of the control bit, this format is the
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The control bit may indicate that the read return has data and the first
data payload flit begins a given offset flits fromthe begi nning of the
current fwoto3/okf84¢ he offset is 0, the first data payl oadeCragonssan the
current flit. The control bit my also 15 indicate that the read return
header is a nack (short for negative acknow edgenent), in which case there
i s no assosganae ed fodhe redatheeturedeadet discussadakovenf ornrs the PM 308 that the
XM 332 has cancelled the original nmenory read command as a result of
recei ving [0008hd Figure 0 shomsaong exnisbditest 2000 dPlsl statd® Sormatt The Meexqre ftory ead
return data for the read command. The XM 332 only 20 sends a read return
nack if it32@negluseahs emtusclonmaiidr thideifunctidre: X33 dutesd fldatcomheod a read
return nack if it discards a read cancel command wi thout canceling a read
conmand. [ P@flatibh gutre grBcedseononneyitgran dbyihtordlus dighal; add asdicaingargement
format 1900. In this exanple, except for the absence of the control bit,

t hi s f os mafink |§yérh§|d|@ﬁ)r\é0||ﬁ3/ 042846 PCT/ US02/ 35920 same as for the read
return header discussed above. [0098] Figure 20 shows one enbodi nent 2000

of a stat uPIofggj At the BRSH IMBRRICHVE QRS prod@Ssdraudd it §41R1 shakite doriEtasier

three funciions: return of outboundflowcontrol information to the

Pr OCesSOr: G ONMEYi i BRSO RSN S Rscade R kuévér%%euéfarmak

| ayer is idle I's active processor

nust not sgng hé"gtbb?'ollt‘?ﬁ’mgdﬂwé MR e?é%rtg’ﬁ'%séf% bit whBR iRYSEERHaw. st op

receives a SUWﬁ uent | ayer sta r mat

control i h%%ﬁ%°l£“ i e Rifiends, BiF R E SV B LR,

aﬁ ?It \ée mfrl%sgwefcgol{ ﬂ*@ tgp E)lq‘les f‘?\%gthel?jtl{[e }%rgcels%%f: Fniayestanctsl r\}verité3 E:c())r(r:mren%?xgé ton@\% send

XMI 332.

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

15 [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 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 it is to be understood that other embodiments

20 may be utilized and that logical, mechanical, electrical, and other changes may be
made without departing from the scope of the present invention. It is 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

different definitions for bits. For example, the read return header format may have
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XM 332. [0100] The signal bits may conprise a signal code. The XM 332 may
asynchronously signal sone action by the processor, in parallel with read
return dawe,o3/oims4cetti ng the signal code appropriately. 1PCIOB0OL3598ne
skilled in the art, will recognize, fromthe exanples of the above

enbodi nents that a configuration format may be simlarly encoded to provide
f unct i onal idifferémirbit dssignnienisids iveh las ldiffeeent tdeficionsefpr biis fing) theadrdenmay be

i nformati on. [0102] These enbodi nents are described in sufficient detail to
enabl e t hodi shkdibh eather thah fitleantliano practice the invention, and it is to be
under stood that other enbodiments 20 nmay be utilized and that |ogical,
mechani cal [0B03}additionally, aunile édriseke ohelagicatiomin the desdiptiohtsoamé aghepardfiting
fromthe scope of the present invention. It is to be appreciated that the
ar chi t ect upeesemtlinvenidn whetd degscriestini dpgisbdihents witireSisace toinbeiineatedi ment s.
Any of the formats, commands, etc. may have different bit assignnents as

wel | ass dlobfkﬁ'fuﬁdtdlrdefcbn’@ i @depitbed trﬁ@fhegﬁémb@apyﬁlf&@bfe&@%oﬂﬁhldblﬁhd
header format may have 27 WD 03/ 042846 PCT/ US02/35920  different bit

assi gnment gnasutiundaF ol ekb@prRNlinidaléridia f2s nfagrbebéés%c@féa Witea ‘Braﬁ%[xla‘?ray be
big endian rather than littl e endian. [0103] Additionally, while for sake

of clarifi Qr%hbfé?vvltﬂmté"ﬁlt ﬁ%%e't@ﬁwb@ﬁll?‘a&%la%éﬁ%Wth%freé tlvé)frﬁﬁﬁgF %r‘nd“fh tion

where described in enbodi ménts wth respect to 1 nboun 5 out boun

directi 0”S1tr3h§fel' Enoun(?bﬁ a‘hﬁﬂﬁétﬁm/ér R(J %n‘%@ﬁor’&’%&%lﬁéj'mﬂﬁs

I nbound and out For exanpl e ayer data that be assocYat ed
th I f
the r espectTE 1 yeef ERISteAthE ik kLT R S8R ALk (B SR aREFE ot O

out bou dig e or exanpl e, PI\/I 308 may 1ssue a header that s sent
Vi a thggl Itlﬁe ﬁ‘i‘i}%@*‘?g the XM 322 in advance (by an offset) of

[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
access memory (RAM); magnetic disk storage media; optical storage media; flash

15 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
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, 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

checks, set many parameters, etc. For example, a computer may, at initialization,
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10 the information. [0104] A machi ne-readabl e nmediumis understood to

i nclude any nmechanismfor storing or transmtting information in a form
readabl e Wy ca/omsehi ne (e.g., a conputer). For exanple, aPeadaisonasseeadabl e
medi um i ncl udes read only nmenory (ROVM; random access nenory (RAM;
magneti c di sk storage nedia, optical storage nedia; flash 15 nmenory

devi ces; eldetarmineatiachpeinemoryangvery seitingsranst pasametarsitodctpripadiae ed
signals (e.g., carrier waves, infrared signals, digital signals, etc.);

et c. [ 0105ppfimunsinigrtese speeds, iinhesitinde etd. ctigititoially.ithe thmpater whilbat an

i npl enentation using a conputer may require, at power up or reset that the
conput er coperajinganay aed perfonnopleadky thessure ppapef operatign andiiftrieodssary t ask as
an apparatus. This is nornmally referred 20 to as initialization and may

i ncl ude, buwhange seitings, mic.ed to, setting tim ngs of chips, deternining

devi ces attached, configuring subsystens, such as nenory, checking

accessi Ag §@t08]s, Tl akhethod ahd pppanrast for thetaptimifeionios niendrg redter st ood i s
that in preparation for fully functional operation, a conputer system nmay
per f or m manperatioas kin, a sidébarmimeap astarreheider hav€ bedrdeRXi@g®l €, a conputer

may, at initialization, 28 WO 03/042846 PCT/US02/ 35920 determ ne attached
menory and vary settings and paraneters to determne the optinmuminterface
speeds, timng settings, etc. Additionally, the conputer while operating
may al so perform checks to assure proper operation and if necessary change
settings, etc. 5 [0106] Thus, a nethod and apparatus for the optim zation
of nmenory read operations via a sideband read return header have been
descri bed. 29 WD 03/042846 PCT/ US02/ 35920
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CLAIMS What is clainmed is: 1. A nethod conprising: 5 receiving a read
request; initiating a read in response to the read request; receiving
resul ts fwormswins46 ead; and sending a read return header i rCadsarz®2of
sending the results. 10 2. The nmethod according to claim11l, wherein the
read return header is sent in a sideband. 3. The nethod according to claim
2, wherei "CLABMSinme in advance is determned at initialization. 15 4. A
met hod conprising: initiating a read in response to a read request; and
sendi ng a Whatlisratdioned ikteader i n advance of receiving results fromthe 20
read. 5. The nethod according to claim4, wherein the read return header
is sent in a sideband. 25 6. The nethod according to claimb5, wherein the
time in adyapafethed deimprisinged at  initialization. 30 WO 03/ 042846
PCT/ US02/ 35920 7. A processor system nenory systeminterface conprising:
5 receiving a read request;
initiating a read in response to the read request;
receiving results from the read; and

sending a read return header in advance of sending the results.

10 2. The method according to claim 1, wherein the read return header is sentin a

sideband.

3. The method according to claim 2, wherein the time in advance is determined at
initialization.
15
4. A method comprising:
initiating a read in response to a read request; and
sending a read return header in advance of receiving results from the

20
read.

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

25
8. The method according to claim 5, wherein the time in advance is determined at
initialization.
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a nmenory systeminput coupled to receive data froma processor system 5
source; a nenory systemcontrol input coupled to receive nenory control
signal s WpDORI0418d6 pr ocessor system source; a nenory syst e®Cauispussoeoupl ed
to send data to the processor system source via a first link; and 10 a
menory system control output coupled to send nenory control signals to the
processor system source via a second |link. 8. The apparatus of claim?7,
wherein the data sent to the processor system source via the first link is
sent after the nmenory control signals sent to the 15 processor system
source via the second link. 9. The apparatus of claim7, wherein the first
i nk and the Aecaredsor systean enenadry shstemsinieefate okmp€ind:0. A machi ne-readabl e
medi um havi ng stored thereon instructions, which when executed by a

system causes sandmspssy@terh inpuecduplien tdvectiokldatd figh saseesisopsyst@d request
froma source; initiate a read in response to the read request; receive
data from tdomreeead; 31 WO 03/042846 PCT/ US02/ 35920 send the source a read
return header; and send the source the data. 11. The machi ne-readabl e

nedi um accor di n@g hemehaéyBtdr corth g Ut cblifled eREEcEREWEMON cf&)ﬂﬁglesﬁgt;rilaﬁs sent in
advance of the data. 12." The machi ne-readabl e nmedi um according to claim 10,
wherei n t herdrg @k prabedddr system source;
a memory system output coupled to send data to the processor system
source via a first link; and

10 a memory system control output coupled to send memory control signals to

the processor system source via a second link.

8. The apparatus of claim 7, wherein the data sent to the processor system
source via the first link is sent after the memory control signals sent to the

15  processor system source via the second link.

9. The apparatus of claim 7, wherein the first link and the second link are not the

same link.

20 10. A machine-readable medium having stored thereon instructions, which when
executed by a system, causes said system to perform the following:
accept a read request from a source;
initiate a read in response to the read request;

receive data from the read;
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header is sent to the source via a different link than the data. 10 13. A
system conprising: a processor capable of issuing a read request, a wite
request, wod3oemsté ol information; and a menory i nterfacePd@uison3seupl ed to
the processor and a nenory, wherein the nenory interface device receives
read and wite requests, and 15 control information, and sends to the
processor data feaftheoufegdrgad mhdndeadernhndsi gnal s. 14. The system of
claim 13, wherein the data fromthe nenory and the control signals are
sent to the proé&ersdre sauwicalthefdatant | i nks. 20 15. The system of claim 14,
wherein the control signals are sent to the processor before the data from
the nmenory is sent to the processor. 16. An apparatus conprising: 25 neans
for receiving a read request; 32 WD 03/042846 PCT/ US02/ 35920 neans for

sendi ng a ridadrhegnachingresatizble madiumeasterding tseaiti 1@ witeeindad adrelfn The
apparatus of claim 16, wherein nmeans for sending the read return header is
not t he Ssareadsr isBentinfagvasendlithg dead data. 18. The apparatus of claim 17,
wherein sending the read return header is done before sending the read
data. 10 19. The apparatus of claim 16 wherein neans for sending read data

further
12. The machine-readable medium according to claim 10, wherein the read return

header is sent to the source via a different link than the data.

10 13. 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 read and write requests, and
15 control information, and sends to the processor data from the memory, and control

signals.

14. The system of claim 13, wherein the data from the memory and the control

signals are sent to the processor via different links.

20
15. The system of claim 14, wherein the control signals are sent to the processor
before the data from the memory is sent to the processor.
16. An apparatus comprising:

25 means for receiving a read request;
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conprises neans for sending read return data in a read return data path at
the sane data rate as a nenory read data rate. 15 20. The apparatus of

cl ai m 19, watvaqeisne t he read return data rate and the nmenorpCTrEsan3®at a rate
are the sane as an external nmenory interface data rate. 21. The apparatus
of claim 20, wherein there is no nultiplexing of the menory read data in
the read retur nmeansifqgssending@ read ret@d header; and

means for sending read data.

5 17. The apparatus of claim 16, wherein means for sending the read return header

is not the same as means for sending read data.

18. The apparatus of claim 17, wherein sending the réad return header is done
before sending the read data.

10
19. The apparatus of claim 16 wherein means for sending read data further
comprises means for sending read return data in a read return data path at the

same data rate as a memory read data rate.

15 20. The apparatus of claim 19, wherein the read return data rate and the memory

read data rate are the same as an external memory interface data rate.

21. The apparatus of claim 20, wherein there is no multiplexing of the memory
read data in the read return data path.

20
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