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WD 2004/ 095299 PCT/ US2004/ 004214 OPPORTUNI STI C READ
COVPLETI ON COMVBI NI NG FI ELD OF | NVENTI ON [ 0001] The
wonres@as2 nvention rel ates to conputer technol egras2004/004214
and nore 5 particularly, to data transfer at an
interface of a conmponent within a conputer system
BACKGROUND [0002] A conputer systemtypically
i ncl u¢ESPORATONESFIT RFA DITCOMPLERION COMBINENG Y,
and a nunber of peripheral conponents. The processor
further includes a cache nenory. Although data is
generally stored in the main nenory, a copy of the
data currently needed is usually stored in the cache
FIEL@WDNVEN’H*ONW fast access of the data. A single
data entry stored in the cache nenory is conmonly
referred as a cacheline. The size of a cacheline
[0001Y ar i Ebe syt évendioarielatestaenmpputar teghyialagies [ gubaore
Data may be transferred between the processor, the
. 10yl
partt%%lﬁ%lﬁ ééé ttrﬁpsqer 30 191‘?%%@2%?&8&! ?&Rﬁ&%}ﬁl t/(zfthi’ﬂ 5 bbfiter
Typically, data i's transferred bet ween the naln nmenory
systeand ot her conponents within the conputer systemvia a
menory controller hub of the 20 chi pset. Large inbound
read transactions targeting the main nenory, a request
for data is usually broken up into smaller reads by
the menory controller hub. 1 WO 2004/ 095299
BACRURURZNDY/ 004214

[0002] A computer system typically includes a processor, a chipset, a main
memory, and a number of peripheral components. The processor further
includes a cache memory. Although data is generally stored in the main memory,
a copy of the data currently needed is usually stored in the cache memory to
allow fast access of the data. A single data entry stored in the cache memory is
commonly referred as a cacheline. The size of a cacheline varies among different
computer systems.

[0003] ‘Data may be transferred between the processor, the main memory, and
the peripheral components within a computer system via components of the
chipset. Typically, data is transferred between the main memory and other
components within the computer system via a memory controller hub of the
chipset. Large inbound read transactions targeting the main memory, a request

for data is usually broken up into smaller reads by the memory controller hub.
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Each read retrieves a cacheline of data fromthe main
menory, which is typically referred to as a read
woaogles29en. For exanple, a 64-Byte cachel i ne BETUSR04/004214

conpl etes a request for 512 Bytes of data in eight

read conpl etions, where each read conpletion includes

a cacheline of data, i.e. 64 Bytes. A request is

Each madpetfetsa dachehadof dae foprarthe mhais rhemaung ewhidciesgpicslly

and nmenory controllers typically operate on cacheline

referr{i it gL OISl 1) RSB TD LT SOPGBESHTE

running at 10 GHz, the existing parall eI i nput / out put

complefésSd EQRSE for ﬁQrﬂyﬂé@éﬂﬂa’c@ﬂEﬁgiﬁﬁbadl RbeIplONREs twhere each
("PCT") devel oped 'over ten 10 years ago can no Ionger

neet. the demgnds faor hig peed bandwi dth. To
read coppRlefipnAngiHEes @ raskalinest ’f@ﬁ & 8@ ga’t%ﬁqor& BaddRt & gpmpleted
serial input/output interconnect has been devel oped.

in cacﬁ@ﬁ"ne ?ﬁ&ﬁﬁtxéseﬁéc%hsé P%ﬂe/s% RUH he ng%@ﬁﬁ%lletsstypf’cgﬂly

ExpressTM ess" is a tradenmark of th
PCl - Speci aI Interest Group), which is the third
operatepie caghiedinesfuaniisies/ out put i nterconnect. PCl ExpressTM
Is a 15 hi gh-speed serral |nterconnect capabl e of

sen
[0004]r qu%s td"@‘l lb%kgg( ress ;rar e re%ﬁ%gﬁc?e%’g?le geed

data fromthe nenory could be conpl eted in several
micropracessarsiransingact) Gitm dacevismng paralted injlal eutphdt
partially satisfies the request The data returned may

e 385, P BRSTR Ry It Bl RS, A5yl RAETAY o,

several read conpletrons. The prior approach handl es
years @ge chfao loagpt gidebtheaderiands for high speed and bandwidth. To
cope with the demands for high speed and bandwidth, serial input/output
interconnect has been developed. The latest serial input/output interconnect is
PCI Express™ (“PCI Express” is a trademark of the PCI-Special Interest Group),
which is the third generation of input/output interconnect. PCI Express™ is a
high-speed serial interconnect, capable of sending multiple read completions for
one read request. On PCI Express™, a large request to retrieve data from the
memory could be completed in several transactions. Each transaction returns
data that partially satisfies the request. The data returned may contain a cacheline
of data.

[0005] As discussed above, a read request on PCI Express™ could result in

several read completions. The prior approach handles one read completion at a
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WD 2004/ 095299 PCT/ US2004/ 004214 tine. In other
wor ds, when the interface receives a read conpl etion,
woRowaws®ountil the PCl ExpressTM port i s not POUAR2M08/004214

send the read conpletion via the PCl ExpressTM port to
the requester. Read conpletions are sent via the PCT
ExpressTM port one at a tine at a fixed size, even

time.t hroofyler mudrdispivhendhel irderfpletaceives earad ot et newaits until
into one | arger conpletion. The forner approach is

ed _bgcause | .S, Si fair ween
the PEERRLERS " ERES rioh bbT et EnRe Bl BB SR e
i nefficient because the bandw dth of the PCl ExpressTM
Expressft post toathefradliystert i Réazlecbmplationstes sattesia tipd BAOR Bkpregs™
a 64-Byte cacheline system achieves only 72%

efficiency. 0 BRI EF DESCRI PTI OF THE, DRAW NGS
port Gea Gl P 8261 hanpHELaRELHAlG &4 ERmHIoTsan be
understood nore fully fromthe detail ed description
combiRéd irftel drevarg@idohislBlidh e TRE EMIRE B R@adh ahd@Sted because it
whi ch however, should not be taken to limt the
. .invention to the specific enbodjnents shown, but are
is Smﬂﬁe apddriRatvssn andltiplersaaiesters nhlosvaRer, this apmprepph is very
Figure 1 shows one enbodi nent of an interface of a
ineffICRMR ¥ cHARRBUHE bRl wiliof thAFREIE LT ror RAYS tﬁllﬁrld%ﬂ'ized.
di agram descri bi ng an enbodi ment of handling a fead
_request in a PCl ExpressTMinterface of a nenory
An irdexipeimplentaring @ 66 By tecapheking systemsadrievesaydyi7Rent

of a conputer system 20 3
efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Embodiments of the present invention will be understood more fully
from the detailed description that follows and from the accompanying drawings,
which however, should not be taken to limit the invention to the specific
embodiments shown, but are for explanation and understanding only.

[0007] Figure 1 shows one embodiment of an interface of a memory controller
hub.

[0008] Figure 2 shows a flow diagram describing an embodiment of handling
a read request in a PCI Express™ interface of a memory controller hub.

[0009] Figure 3 shows one embodiment of a computer system.
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WO 2004/ 095299 PCT/ US2004/ 004214 DETAI LED DESCRI PTI ON
[0010) A nethod and an apparatus to conbi ne read

woaoes29ens are described. In the follow ng PCT/US2004/004214
description, nunmerous details are set forth, such as
specific configurations, data sizes, buffer

capacities, etc., in order to provide a thorough 5
DET ERARIFTIONNbodi ments of the present invention.

It will be clear, however, to one of ordinary skill

o010} 0 o AePod,RE b cBPRGRD FEborbfifEh Rt P R alescribed.

invention. [00111 Figure 1 shows an enbodi nent of an
In the fulbrviaged k@8 paibnanaeei@es dethlis areset dhithsaich dsspenific
enbodi nent, the device is a nmenory controller hub. In
.another 10 enbodi pent, the device is an |/0O, )
confiGRRETT SRt PHECT RIS tHogh PEdE: Davoideathorough
request 110 for data froma nenory 130. In one

undeestRRGINFRS emb @i ni@HTD bY theSpRBent idkeAfigh. Pawill Bé cRar, however,
processor of a conputer system |n another enbodi nent,

th nenory s a_ distinct device from{he processor.
to ongREOFAETY stilleinithe ae, thatdbete snesific datatinaraycuheieaded to

wi thin the conputer system such as a processor, or an

pract?c%eévr'%gjr'étaﬁ@igd%ten‘c: QPfHe%IJe?%ntriHQentT&‘?. device that sends

d request 110 i's ereinafter referred to as
the requester. The size of the data requested by the
[0011} eadFiguae lisbowhm arabp@disndnterhani interfaret i9%wf ardgvice within a
exanpl e, the data requested can be one cacheline at

- i . Li ne [
cnip B35 OB UL 15 fin BRI ol e, Wigngrter
nunber of reads, depending on the size of the 20 read
embadéoeastthe Hevideds apXddpbetroBer lvalol Theieetfatel 9GdedBitess read

is not broken up in one enbodinent. In another
1‘equees¥df%i A f?orﬁ%argleﬁeog}lf'l 930, 3nd 81rnb%%1%m%¥1£ %Re Irr“?ergcr)lgykl%nan

integral part of a processor of a computer system. In another embodiment, the
memory is a distinct device from the processor. The read request 110 is sent from
another component within the computer system, such as a processor, or an
input/output controller hub. The device that sends the read request 110 is
hereinafter referred to as the requester. The size of the data requested by the read
request 110 varies from time to time. for example, the data requested can be one
cacheline at one time, and four cachelines at another time. The read request 110
may or may not be broken up into a number of reads, depending on the size of the
read request 110. For example, a read request for 64 Bytes is not broken up in one

embodiment. In another embodiment, a read request 110 for 512 Bytes is broken
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4 WD 2004/ 095299 PCT/ US2004/ 004214 up into eight
reads 120 by a logic circuit, the read tracker 115. In
woOher4amsropl e in Figure 1, the request 110 for PELAIS2004/004214

Bytes is broken up into eight reads 120, referred to
as readl - read8. Each of the reads 120 is sent to the
menory 130 to retrieve a cacheline of data fromthe

up inteaighy rd31. 120rbyr @ S siecuit thackadfratker Ylidads the @xamipde in
5 menory 130 sends a cacheline of data to the

terf 190~ Th h f . dat. d
Figureq). Fit SineRet kA SO R0 i Moo gl fefiired
exanple, read conpletion8 148 is sent fromthe nmenory

to as 13Q1i-Nrdael8p GASA of the AadS 1288 sant thitgeireerdory] BBl relheve a
interface in Figure 1 has a serial input/output port
In one 10 enbodi ne the seri al / out
Cach%tofid«zat%\flp@l @xﬁﬁ@%yﬁq@éoﬂ% TQSRINSALY ﬁ%{iﬁﬂf therfghdds 120, the
foll owi ng di scussion focuses on PCl ExpressTM one

mem8RPH(As ARRLEIREENE Bﬁaattahs thé aabas1e90li BkéRs@dhéles of
applicable to any serial input/output interconnect.

[00131 It should be noted that on PCT ExpressTM read
data ggrrsfestedishereimagrepsiromplationbqaead compietiandpdor example,
returned in order to the requester. For exanple, in

read ?cé}ggl&fbn%rﬂ%% g%“ffg&?‘gbg %élgoﬁgf@o irt 7 ESQ?eTM RAGE 154 Pn

conpl etion conpl eti onl
- read conpletion7 are received. Since the read
Figurednpl eti ons have to be returned to the requester in
order on PCl Express, read conpletion8 is tenporarily

oot2f1S) Oy B0l B A PHES St SR FRTRLG bz, TSR

conp el v e el I'etions

are t hen conmbi ned into a 20 conbi nation. The
embociimient)ahe earialsinpeoutputt et ica B Expredsd poet 170. Although

PCl - Express port
the following discussion focuses on PCI Express™, one should appreciate that the
technique disclosed is applicable to any serial input/output interconnect.
[0013] It should be noted that on PCI Express™, read completions of a given
read request have to be returned in order to the requester. For example, in one
embodiment including a PCI Express™ port 170, read completion8 is received
before read completionl —read completion? are received. Since the read
completions have to be returned to the requester in order on PCI Express, read
completion8 is temporarily held in the buffer 150 until read completionl ~ read
completion? are received. The eight read completions are then combined into a

combination. The combination is sent to the requester via the PCI-Express port

170 in one transaction. One should appreciate that embodiments adopting other
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170 in one transaction. One shoul d appreciate that
enbodi nents adopting other 5 WO 2004/ 095299
WOCH4982004/ 004214 types of interconnect may ROT/US2004/004214
require the read conpletions be returned in order for
a given read request. [00141 In one enbodi ment, upon
recei pt of read conpletion), the logic device 180
typeschicioksrcohrédtenay het féGuifexhe esad bbipldticnélbd setivfHeel inl drder
the PCI ExpressTM port 5 170 is idle, read
f coqpletion) r%ceived is sent to the requester via the
or a gHerEaddeqifitnort 170, If the POl ExpressTM port 170
i s busy, one enbodi ment holds read conpletion) in the
[0012puf f BY oA Bmibddidneat, ipdhheteipeaflr&@nimpicpios, theSoglceidrice
conpl etion2 - read conpletion8, are received and ?hen
ﬁeagf gg t he requester a conbi nation_of the eightT
180 chegis whapieatho RS Expesset ParidaOis sHe. Hnhe Bpldbareps Y port
increases efficiency by fully utilizing the bandw dth

170 i@fdl&,%a&@bnf@i@ﬁ@ﬁfﬂ_%%ﬂtis 3 to tHe e Gdsterl G thePency
f the interf by th h

0 ace 190 is increased IS approach. An

alternative enbodi nent sends read conpletion) received
Express™f pory Bl ds the PG Express™peitilg if busyalaneresalgodiment holds
conpl etions are received fromthe nenory 130 once the

e e A P

unnecessarily increasing the |atency of the interface
compieion] 00dx] complrimnérbedieceintd anlkethesadnds hpthet iegnester a
received is stored in a buffer 150 tenporarily if the
170 bus acit

PCl .. ssTM port i ... The ca .of the
comtiiys <5 B GE5ERRRH DAmeRory Riped Banff e Rib o ReRpeSedks

| ong as the buffer 150 can hold at |east two
increaseshedficiensy bi fdiy atilizhey ihieflfaeid wiidleh oathesPOI ExpeessBhigort 170.

cachelines as the
However, the latency of the interface 190 is increased by this approach. An
alternative embodiment sends read completion] received to the requester without
waiting for all read completions are received from the memory 130 once the PCI
Express™ port 170 becomes idle. This improves efficiency of the interface 190
without unnecessarily increasing the latency of the interface 190.
[0015] In one embodiment, the read completion received is stored in a buffer
150 temporarily if the PCI Express™ port 170 is busy. The capacity of the buffer
150 can be varied in different embodiments, as long as the buffer 150 can hold at
least two cachelines of data. The buffer 150 can store as many cachelines as the

maximum number of cachelines the PCI Express™ port 170 can send in one

transaction. For example, the buffer 150 in Figure 1 has a capacity of eight
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20 maxi mum nunber of cachelines the PCI ExpressTM port
170 can send in one transaction. For exanple, the
wouddsmws250 in Figure 1 has a capacity of ei ghPCTASYID4/004214

2004/ 095299 PCT/ US2004/ 004214 cachelines. |In other

enbodi nents, buffers of four cachelines, or sixteen

cachelines, etc., can be used. One shoul d appreciate
cachdlirass. Thetesonbedinmmts) dudlers obfounumyhelinesy arpixéeenn| v,

and buffers of other capacities can be used in other

nbodi ment s, of the present.invention. 0p16]. The .
cachd] iR 0T 6o R kil SR SBP SR s b igPie f fere is by

conpletions in response to the request 110. |If any

way pf evirmpk only eared veflersedothanpleicittn dag besiseddd dthet he
buffer 150, the last read conpletion received is
canbined.wth the . previously received read

eme?@ﬁtﬂ%% Pf)ﬁ]{f.mlg?%r&r%eﬁmé%\/\s an exanpl e of a queue of
ei ght read conpletions lined up in the buffer 150. The

[0016F ONDTRE bukeP 150 ARy e eldlfeally dt6RA GO Ri0r®ASadldSnblétdns

a conbi nation of éight cachélines of data. Once it is
) deternmined that the PCl ExpressTM port 170 is not
in regppgipe to e tastasphbkl dhanyg pserpusly regeized agadsemipletion is
the PCl ExpressTM port 170 in one transaction.
storet@ﬁﬁtﬂlg bt M50, thedlt ?@c{@écﬁﬁg% 1400183 9% ASHBIR SR the

emto the requester 1n a single transaction
i ncreases efficiency of the interface because the
previpgalinegeivedfread éoxmpl}{eti@q@r d4gmv 1 sheius en erXamgde obe queue of
better utilized. [00171 This enbodi nent i ncreases

g S AN 06 Pk BTG IV P ey o Ribines e
idle. This dynam c approach provides flexibility to
read tdwpletiers HOan kO combiatticaf ¢f dighhcadhelidesaidiathoOnce it is
determined that the PCI Express™ port 170 is not busy, the combination is sent to
the requester via the PCI Express™ port 170 in one transaction. Combining the
read completions 140 in order to send them to the requester in a single transaction
increases efficiency of the interface because the bandwidth of the PCI Express™
port 170 can be better utilized.
[0017] This embodiment increases efficiency when the PCI Express™ port 170
is busy and reduces latency the PCI Express™ port 170 is idle. This dynamic
approach provides flexibility to the interface 190 to satisfy both the demand for
high efficiency and the demand for low latency.

[0018] To determine whether the PCI Express™ port 170 is available, a logic

device 180 within the interface 190 monitors the PCI Express™ port 170. The logic
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hi gh efficiency and the demand for |ow | atency. 20
[00181 To determ ne whether the PCl ExpressTM port 170
woOo0@wasdabl e, a logic device 180 within the parast@aesos214

190 nmonitors the PCl ExpressTM port 170. The logic 7

WO 2004/ 095299 PCT/ US2004/ 004214 device 180 generates

an output according to the status of the PCl ExpressTM

deviqeck80 getipBates AN oesponseotdingite thesatts of thelRCl Bypiess™ port

device 180, the interface 190 decides whether to

170. T FeSpdit (4388 oIS b BT bl i 4P e bty Mon i
| ogi ¢ device 180 indicates that the PCl 5 ExpressTM

whether to §té6e tie dedteontipletion éacheclomiieetitoMoriexamgyle, duppidse
requester. Oherw se, read conpletion) is stored in

read s R B B i ot b
device 180 can perform additional functions w thout

Exprégimgobeynd idkReilagoRaed abehpledonRiysedt to tHereapprefded
clainms. 10 [0019] Figure 2 shows a flow diagram of an

enpodi ment of handling a read_  request in PCl . .
Othepyisee PleFiPREES BPras HeeduatIaon Téleég%npapn here is
chi pset. Al though the follow ng exanpl e focuses on

meref}%y mgﬁé&%sﬂ@ ¢ JIRffd bela Qéﬁﬁhgfthqugﬁr &Rlicd 199 can

ni ques di scl osed i s applicable to~other
conmponents within a conputer system adopting other
perforppeddisionsbfungtions maticigggoing beyiend vowsitaperand boendsy of
devi ce receives a read request from a requester

theaé@&?&&f@liaﬂﬂ bl ock 210). In one enbodinent, the read
quest TS Br oken up into several reads (processing

bl ock 220). For exanple, a read request for 512 Bytes
[0019] s bFigkeea 2spoivstafleivgliagramadé an embodiment of handling a read

request in a PCI Express™ interface of a device within a computer chipset.
Although the following example focuses on PCI Express™ interface, it should be
apparent that the techniques disclosed is applicable to other components within a
computer system adopting other types of serial interface. In one embodiment, the
device receives a read request from a requester (processing block 210). In one
embodiment, the read request is broken up into several reads (processing block
220). For example, a read request for 512 Bytes is broken up into eight reads,
readl-read8. The reads are sent to a memory (processing block 230). Each read
retrieves a read comioletion of a cacheline of data. In one embodiment, read
completionl ~ read completion8 are returned from the memory in response to

readl —reads8 respectively.
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readl -read8. The reads are sent to a nenory
(processing block 230). Each read retrieves a read
woaolesz9en of a cacheline of data. |In one enbedrmsmios/004214

read 20 conpletionl - read conpletion8 are returned
fromthe nmenory in response to readl - read8
respectively. 8 WD 2004/ 095299 PCT/ US2004/ 004214

[0020] 002Upodpeneipeofa pachefina of @kl |sapecad coapleticral (peadssing
conpl etion k (processing block 240), where the index

block ekt e ARRRE R et nepePLae sy 85 BA PR rafiile, one

order to be sent to the requester (proceSS|ng bl ock

embatifentchetleaghebrpreid esmisldt®niols inrordet 8y bé sereoshot
to 5 the requester, then read conpletion kis stored

in a buffer r bl ock I‘WIS
requiser b a s T e e AL e G aale B dt RAIPLER T © ftent to
idle (processing block 260). If the PCI ExpressT™M

the r&?letstérstﬂé‘#lsﬁéadtcbﬁlpi@tﬁ@n kSs 8{oRe@h hbudfer Pp#dREsing block 255).
(processi ng bl ock 255) If the port is idle, then read

onpletlon kK is onbi ned with any read conpl etion
Othegwiseea FG Eomacsslf Pert isisheckest fores lathen tisebaiis idio t o
the requester (processing block 270). Then read

(proc‘éQ%ESﬂd)&nZé@ Off hB ?’CIEE%?%E%@M gﬁgt f%fbds?a%ec(?ﬁ@l? EoP8%in a

i ng redcorrple ent via the
ExpressTM port to the requester (processing bl ock
buffepgpyocegring gm&%nﬂ thiagort ishdlek thanheeadaonzpletion ddis
conpletions for the read request have been sent to

COIIIBESQ&I %ﬁ%}?&c‘% 9%3}%)&@1@%%&1 sﬁ@t tdﬁ tnythg I?Dglf%g ?ﬁatf 1§9H§§aer to pe sent

processi e rea request 1S no
conpletely satisfied yet, one enbodi nent receives an
to thewcktjitestamgprocessitg dbioghd 2510).0Thép rexbeshpiptivinde br 2460) and
repeats the process. Ot herw se, the
combination of read completions including read completion k is sent via the PCI
Express™ port to the requester (processing block 290). One embodiment then
checks whether all read completions for the read request have been sent to
requester to completely satisfy the read request (processing block 295). If the read
request is not completely satisfied yet, one embodiment receives an additional
read completion (processing block 240) and repeats the process. Otherwise, the
read request is completely satisfied as all read completions have been sent to the
requester (processing block 299).
[0021] One should note that the requirement that the read completions are sent

to the requester in order may not be applicable to other types of serial

interconnect. Furthermore, it should be appreciated that the opportunistic read
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read request is conpletely satisfied as all read
conpl eti ons have been sent to the requester
wopo@mes®d ng bl ock 299). [00211 One shoul d not eCThaR004/004214

the requirenment that the read conpletions are sent 20

to the requester in order may not be applicable to

ot her types of serial interconnect. Furthernore, it
compdéthorh doldirdipgtedindeeist dpgilidabte topparthpotetsystehe adoptiMany

2004/ 095299 PCT/ US2004/ 004214 conpl eti on conbi ni ng

. t.echnj I, licab to a go ter syst adoptin
srtl LRl PRI GAr e R TR BT e
the purpose of illustration, the follow ng discussion

folloWREUSREUSORI OB h cOUSHERT SRR APy BRPERBEEMM
a?gﬁitecture as shown iﬁﬁ%iguﬁgﬁs. 5 fgofal Fig%re 3

.shows an_exenplary conputer systemincluding a
archijgchaeasshowmmin Figlggi$ 320, a nunber of nenory devi ces
340, and a numnber of peripheral conmponents 350. The

[0022P" OCP3%04 3%1119wis%m_°é9<'éﬁ{yﬁgr)1 Ebrhgﬁté}léz’s@%q indMERTE 4 Bro@5dor
of a “conputer chipset. I'n one enbodi nent, the hub is
a menory controller hub. In another enbodi nent, the

310, shab B20,zrnunbet ehesergrdaiess SiReatdip rauoberef peripiral
10 of ports. In one enbodi ment, at |east one of the

r ' r .
compARhE A%, G IRELESIN AT ine P BTt TP
enbodi nent. I n another enbodi nent, the nmenory is an
computeredripbetpdn nefentbmelipremt ehie dvulBit @ rarchory lkengrollsr hub. In

separate nenory device in the system A nunber of

enct BBl SIS 33 ShEaEHBIEY Bk PR
peri pheral conponents 350 include a graphics chip. In
of pogse Ievhedninlimennert least one of the ports is a PCI Express™ port 325.
A number of memory devices 340 are coupled to the hub 320 in one embodiment.
In another embodiment, the memory is an integral part of the processor 310 and
there is no separate memory device in the system. A number of peripheral
components 350 are coupled to the hub 320 via the ports 325. In one embodiment,
the peripheral components 350 include a graphics chip. In one embodiment, one
or more of the ports 325 are PCI Express™ ports. It should be noted that the
number of memory devices 340 and the number of peripheral components 350
vary from one computer system to another. Moreover, the chipset may include

components in addition to the hub 320. The system configuration in Figure 3 is

provided for illustrative purpose only. Other embodiments of the present

10
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or nore of the ports 325 are PCI ExpressTM ports. It
shoul d be noted that the nunber of nenory devices 340
wand4amunber of peripheral conponents 350 yargstoaenv4214
one conputer systemto another. Mreover, the chipset
may i nclude conponents in addition to the hub 320.
The system configuration in Figure 3 is 20 provided
inverftton iralyustopd tdifferept spsism amifiguretibes oediffaenemitercohnect
the present 10 WO 2004/ 095299 PCT/ US2004/ 004214
¢  nyention may adopt different system configurations or
San%ﬁ ferent interconnect standard. [0023] In one
enbodi ment, the hub 320 receives requests fromthe
[o023per i I}h@rﬁ@émb@dfméﬁ@ s h3b 320 fredeeesiequests ¢rom 1he peripheral
retrreve data fronrthe menori es 340 The 5 devi ce
that s he re S herein erred to
compafeSiRIESk B ProReor Al TSV Hetd RgEes S4py The
may or may not break up the request |nto a nunber of
dev1deetﬁg§sé¥%€tﬁg 8GR i Rerefl AR 9bfek Rl 100BUBS reqlidstéNEWhen the
| om ng di scussion, suppose the request |s br oken
into a nunber of reads. The hub 320 then sends the
hub ?rﬁ)aregelves p EeqUesy At B0 ghnoh Brepknwp iesrasamst rde agutRber
read, the hub 320 10 receives fromone of the nenory
V, I t I
of fe%%r%&f%w? 3 REERE o e o iR i Mo RPaE Hibussion. 4
is herein referred to as a read conpletion. [0024] In
supposetherieqdestes brokdreup itozpgumibper béreadsc lidyim32®gien sends
device, a buffer, and a PCl ExpressTM port 325. Clher

tre r GRS O R ol oB O st bR e HR B,

conpletrons
receives from one of the memory devices 340 a cacheline of data that satisfies

partially the request. The cacheline of data received is herein referred to as a read
completion.

[0024] In one embodiment, the hub 320 further includes a logic device, a
buffer, and a PCI Express™ port 325. Other embodiments may include different
types of serial ports. It should be noted that for PCI Express™, read completions
for a given request are sent to the requester in order. However, the order
requirement does not necessarily apply to other types of serial input/output ports.
In one embodiment including a PCI Express™ port 325, upon receipt of read
completionl, a logic device within the hub 320 checks whether the PCI Express™
port 325 is idle. If the port 325 is idle, read completion1 is sent to the requester via

the PCI Express™ port 325. However, if the port 325 is busy, read completionl is

11
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for a given request are sent to the requester in
order. However, the order requirenent does not
woecrgesn |y apply to other types of serial PCT/US2004/004214

i nput/out put ports. In one enbodinent including a PC

ExpressTM port 325, upon receipt of read conpletion),

a logic device within the hub 320 checks whet her the
storeBGh thx puéfss Mith20 thehtib326 tempodirdy. Buffdreofparioud2apadties,

idle, read conpletion) is sent to the requester via

the P Ex sT meve f.th
such pd S eIHE 08 o RERT S5 o Do oA g hodients of

PCT/ US2004/ 004214 stored in the buffer within the hub
the p3&nt arpetiani IFurtiBuhiee, dthetans @@ﬁltmyahdata et pastiedhy

as 2-cacheline, or 4-cacheline, etc., can be used in
satlsfng;ﬁ erég&%ﬁ%sz Odaﬁgréd?é ﬂé‘ﬂgﬁf?%r’ﬁ ¢ r gfyr{elaiﬁtwn just received

partially satisfies the request already stored in the
is coBirdedl withBe RBANI G:UTRI84.1 B dSEnA1RE8L Kb cBivied after the read

conbined wth the additional data. |If additional data

i.s received after the read conpletion is stored in
complpgonif stered Buhefartiebuheclpeaihieasap canintios iswmt te ghe

the requester, the additional data is conbined with
requ%ﬂ@r ﬂ?@gd&?lmla?ab’%% d Yifthe 1BHE fcgflgalgﬁ&q LRFES in the

evice nonitors t press port

determi ne whether the port 325 becones avail abl e.
buffefndbedbgicPevic@xpraieivhediGl Based(" (perb s tadeickmihe,

the conbined data is sent via the PCl ExpressTM port

A i8N 51

whedlgPtl 8327 BECHERt Slaildb 8 Opo i LEF PRBEL S0k 23

exenplary enbodi nents of the present invention. One
becosies bivaitable, theeoathined data Badht yia the Padrixpeefs™mpaatiB2b to the

di scussi on, the acconpanyi ng draw ngs, and the clains

requéstggrt in a single transaction.

[0025] The foregoing discussion merely describes some exemplary
embodiments of the present invention. One skilled in the art will readily
recognize from such discussion, the accompanying drawings, and the claims that
various modifications can be made without departing from the spirit and scope of

the appended claims. The description is thus to be regarded as illustrative instead

of limiting.

12



10

15

15 various nodifications can be made w t hout departing
fromthe spirit and scope of the appended cl ains. The
wdesarooppon i s thus to be regarded as il |l ustr BCTAS2004/004214

instead of limting. 12 WO 2004/ 095299
PCT/ US2004/ 004214 CLAIMS W claim 1. A nethod
conprising: receiving data that partially satisfies a

CLAINM®&d request; 5 forwarding the data if a port used to
forward the data of the read request is idle; storing
the data for conbining with additional data that

Weclgyptjally satisfies the read request as the
additional data is received if the port is busy; and
forwardi ng the conbi ned data when the port is not
busy. 10 2. The nethod according to claim1, further
conprising nonjtoring the port to determ ne whether

1Lt Hempdhed fFRMPESES 3.  The net hod according to claim 1,

further conprising breaking up the read request into

ar&e’i‘&iﬁgi&aﬁfa tlatrRadslly WhedtRisn fehé rdqtiestj s received in

response to one read of the plurality of reads. 15 4.
The met hod according to claim3, rei,n _each read of
t fiervpnging the/detm if A Poasusesk ﬁqr?@%@@%eea%@i ‘?afrjfBe 6?an Eest
that partially satisfies the read request. 13
is idle;
storing the data for combining with additional data that partially satisfies

the read request as the additional data is received if the port is busy; and

forwarding the combined data when the port is not busy.

2. The method according to claim 1, further comprising monitoring the port

to determine whether the port is idle.

3. The method according to claim 1, further comprising breaking up the read
\
request into a plurality of reads, wherein the data is received in response to one

read of the plurality of reads.

4. The method according to claim 3, wherein each read of the plurality of

reads retrieves a cacheline of data that partially satisfies the read request.

13



WD 2004/ 095299 PCT/ US2004/ 004214 5. The net hod
according to claim5, wherein the port is a PCl
wezpr@esidM port. 6. A nethod conprising: receP@Tmg2004/004214

data that partially satisfies a read request; 5
storing the data for conbining with additional data
that partially satisfies the read request as the

5. 2l hlanrl adetainsstordsel 5etheri tHoporrisa Ry Ttxpress™
conbi ned data via a serial port when the conbined data
reaches a predeterm ned size. 7. The nethod accordi ng

port. to claim6, further conprising breaking up the read
10 request into a plurality of reads, wherein the data
is received in response to one read of the plurality
of reads. 8. The nethod according to claim7, wherein
each read of the plurality of reads retrieves a

6. cachethodecopipdang: t hat partially satisfies the read
request. 9. The nethod according to claim®6, wherein
the ser | Lt bk isfi Et:port. 10. An
sSeih B, Boreit phitifly Sis(ieos Sl SSROSE
PCT/ US2004/ 004214 a first port to receive data tha% fi
pstotinglthy dast fasfioesbiningwithrastliignal data dbafpptbighy satisties
wherein the data is forwarded via the second port if

the regg ?:quees% %Q ?hg gaait{o%ail Q!ai%; is ?Q&ived; and
forwarding the combined data via a serial port when the combined data

reaches a predetermined size.

7. The method according to claim 6, further comprising breaking up the read
request into a plurality of reads, wherein the data is received in response to one

read of the plurality of reads.

8. The method according to claim 7, wherein each read of the plurality of

reads retrieves a cacheline of data that partially satisfies the read request.

9. The method according to claim 6, wherein the serial port is a PCI

Express™ port.

10.  An apparatus comprising:

14
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a buffer to store the data if the second port is busy;

and 5 a conbiner to conbine the stored data with
waddistoosreal data that partially satisfies therceas2004/004214

request as the additional data is received via the

first port, wherein the second port forwards the

conbi ned data when the second port is not busy. 11.

Thefisppartabusceioe dad that parttdlyi satibfies hwedd eequest;

conprising a first circuitry to 10 nonitor the second

ort to.determ ne. whether.the second. port is busy...12.
e PR e haten) Wi i (T uRRr e viek Gersind oY i te
conprising a second circuitry to break up the read

gecoﬂ@guﬂsgidm,t@@ plurality of reads, wherein the data is
received in response to one of the plurality of

reads. 13. The_apparatus according to claim 12,
wheaTer t:seareradigt ke SHBAAE {5 BisY; #5Yr eads
retrieves a cacheline of data. 14. The apparatus

AGCRREr IO cSMBIB the. st MBI RIAWiNEa &R RMAL BAF tHa® partially
PCl  ExpressTM port. 15 WO 2004/ 095299

. PCT/ US2004/ 004214 15. An apqg%rat us conprising: a
satisfigsithe reast trequest ag theadditipnal date ipeaceivad vyiadhe figstiparta
read request; a buffer to store the data ; a conbiner

Wher%fh &%@Fgﬁ% ; I?t %?%ra\%{}ﬁ]&%ﬁg& ks Wsite% tﬁnla%tecéond port is not

arti al sties e read reque as th
additional data is received via the first port; and a

busyserial port to forward the conbi ned data when the
conbi ned data

11.  The apparatus according to claim 10, further comprising a first circuitry to

monitor the second port to determine whether the second port is busy.

12.  The apparatus according to claim 10, further comprising a second circuitry
to break up the read request into a plurality of reads, wherein the data is received

in response to one of the plurality of reads.

13.  The apparatus according to claim 12, wherein each read of the plurality of

reads retrieves a cacheline of data.

14.  The apparatus according to claim 10, wherein the second port is a PCI

Express™ port.
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reaches a predeterm ned size. 16. The apparatus
according to claim 15, further conprising a circuitry

woaoo4dmsal up the read request into a pluralityycofus2004/004214
reads, wherein the data is received in 10 response to
one of the plurality of reads. 17. The apparatus
according to claim 16, wherein each read of the
plurality of reads retrieves a cacheline of data that
partially satisfies the read request. 18. The

15 agafar at us accor ding to claim15, wherein the serial

© pott APBARBEFOMERSHESSTM port. 15 19. A system
conprising: a graphics chip; and 16 WO 2004/ 095299
PGB8 40004d %4 dats thubpeaimlyeshtistiet Beead a@hiiaas chip,
wherein the hub conprises a first port to receive data
t hat Earti ally satisfies a read request; a second
perfuiiegiesiese thadlaghit a i s forwarded via the second
port if the second port is idle; and 5 a buffer to

St biRer €Rtémbind fhe 385 Mth Rditionsl QH@V’chaﬁPQrt?al% satisfies

conbi ner to conmbine the stored data with addlition

data that partially satisfies the read request as the
the repgliiequentas hatesl digonal claty isregeiyed vda the Hestpert and
wherein the second port forwards the conbined data

acoor i Rgrre ToRuRR! by e M R R oG T

conprises a
reaches a predetermined size.

16.  The apparatus according to claim 15, further comprising a circuitry to
break up the read request into a plurality of reads, wherein the data is received in

response to one of the plurality of reads.

17.  The apparatus according to claim 16, wherein each read of the plurality of

reads retrieves a cacheline of data that partially satisfies the read request.

18.  The apparatus according to claim 15, wherein the serial port is a PCI

Express™ port.

19. A system comprising:
a graphics chip; and
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first circuitry to nonitor the second port to
determ ne whet her the second port is busy. 21. The
weysismasmgcording to claim 19, wherein the hubptumshmsoo4214
conprises a second circuitry to break up the read
request into a plurality of reads, wherein the 15
data is received in response to one of the plurality
oh hidactaipldd to Tiive gaystielapc ot@ireig the halbaiom2dses
wherein each of the plurality of reads retrieves a
. _cacheline. of data. 17 W) 2004/095299 PCT/ US2004/004214

a firsia0Tt eyt drPdabPERt ygbeiss ffess! TeERGI n t he
second port is a PCl ExpressTM port. 24. A system
CaRPEdrd E_@'rt, whe@biaRhk aatLRIfpiwantkdvia thuBeealirpsd if the
t he graphics chip, wherein the hub conprises a first
port to receive data that partially satisfies a read

Seconldeléﬁfééf’t idlg sk fer to store the data; a conbiner to
conbine the data with additional data that partially
saty, i : .tih@nal data is
R gl T R S P el port to
forward the conbi ned data when the conbi ned data )
r egohdyner for eiebimerthastpred data with additiopst datadbaopatiadly
to claim24, wherein the hub further conprises a

R A . st 4 :
st L o By S T s o
wherein the second port forwards the combined data when the second port is not

busy.

20.  The system according to claim 19, wherein the hub further comprises a
first circuitry to monitor the second port to determine whether the second port is

busy.

21.  The system according to claim 19, wherein the hub further comprises a
second circuitry to break up the read request into a plurality of reads, wherein the

data is received in response to one of the plurality of reads.

22.  The system according to claim 21, wherein each of the plurality of reads

retrieves a cacheline of data.

17
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received in response to one of the plurality of reads.

15 26. The system according to claim 25, wherein each
wohoddvespbural ity of reads retrieves a cachel Pa&US2004/004214

data. 27. The system according to claim 24, wherein

the serial port is a PCl Express port. 18

23.  The system according to claim 19, wherein the second port is a PCI

Express™ port.

24. A system comprising:

a graphics chip; and

a hub coupled to the graphics chip, wherein the hub comprises
a first port to receive data that partially satisfies a read request;

a buffer to store the data;

a combiner to combine the data with additional data that partially satisfies
the read request as the additional data is received via the first port; and

a serial port to forward the combined data when the combined data

reaches a predetermined size.

25.  The system according to claim 24, wherein the hub further comprises a
circuitry to break up the read request into a plurality of reads, wherein the data is

received in response to one of the plurality of reads.

26.  The system according to claim 25, wherein each of the plurality of reads
retrieves a cacheline of data.
27.  The system according to claim 24, wherein the serial port is a PCI Express

port.
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