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or { WD 2004/ 095299 PCT/ US2004/00421-1 OPPORTUNI STIC
READ COVPLETI ON COVBI NI NG FI ELD OF | NVENTI ON [ 00011

) t invention relates to conputer .
mﬁgﬁ%gﬁes, and nore 5 particularly, to dat a PCT/US2004/004214
transfer at an interface of a conponent within a
conputer system BACKGROUND [00021 A conputer system

typi cal i ssar., ' o 10
menory, LR bR ER T hap e TabRE SRl
processor further includes a cache nenory. Although
. data-is generally stored in the main nmenory, a copy

of the data currently needed is usually stored in the
cache nenory to__allow fast access of the data. A

FIELA SR INAMENEHN, stored in the cache nenory is
conmonly referred as a cacheline. The size of a

RS RGP gl SO Bl

the main nmenory, and the peripheral conmponents wthin
parbicabrfyy te dasy shesfev nbar anpofaenda ofmipheentivifhse a.computer

Typically, data is transferred between the nain nenory

nd ot her conponents within the conputer systemvia a

5ys ry controller hub of the 20 chipset. Large inbound

read transactions targeting the main nenory, a request

for data is usually broken up into smaller reads by

the nenory controller hub..

BACKGROUND

[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 memdry,

a copy of the data currently needed is usually stored in the cache memory to

allow fast access of the data. A single data eniry 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 com.ponents within a computer system via components.of the.
chipset. Typically, data is fransferred between the main mem:ory and other
components within the computer system vja 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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t1 WO 2004/ 095299 PCT/ US2004/ 004214 Each read

retrieves a cacheline of data fromthe nmain nenory, :
W26y /dos20bypical ly referred to as a read comppeiiiRRess/004214
For. exanple, a 64-Byte cacheline system conpl et es a

request for 512 Bytes of data in eight read

conpl etions, where each read conpletion includes a

VEachﬁ‘a%B]qJehnévé%f E’eﬁfh@hn% Fdai%dfrcg%ttﬁé mAnREYREY, wh&h is typléally

conpleted 5 in cac I'ne quantities becau
processors and nenory controllers typlcally operate-

refemed taehalread cqugretion. eBor oA, DGé-Byde cadheling @yaﬁemns
in conputer technol ogies, such as high- speed '

-comg]a?-;ﬁ% lréf%flfeﬁsg chrfSOl&tu%ﬂ' g gﬁ @%tg%% g%%t&e?g %8‘?‘})%6St 'I}Jﬁg where each

Conponent | nterconnect ("PCP') devel oped over ten 10

readyoaiisletion inalmdes al cadgdinenaatats He. d@%’m@i@ A eeqindsg s complpted
speed and bandwi dth. To cope with t demands for

, eed bandwi dth, serial input/outp '
in cothR O BRIt o A PR R RSB RGP Y&?@Bpﬂg@wvcﬂw
i nput/output interconnect is PC ExpressTM( PCl
0p915@5ﬁ§§ché1§1e dara@rger k of the PCl-Special Interest
Goup), which is the third generation of input/output
i nterconnect. PCl ExpressTMis a 15 hi gh-speed ser.i al

[0004] nt eRehineihe inpapaions dfcosepiden ednmologpes snehgs high-speed

conpl etions for one read request. On PCI ExpressTM a

e S DL OLR i B P TR 01 O

returns data that partially satisfies the request.
inter@nenetd Benipghenah €dmponend hteiconaecb¢IPEl hdevalbpethvaer ten

‘years ago can no longer meet the demands 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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¢20 [ 0005] As discussed above, a read request on PCl
ExpressTM could result in several read . conpletions.
We 20041095208 ppr oach handl es one read conpl etion BT s2d+/004214
WO 2004/ 095299 PCT/ 11S2004/ 004214 tinme. In other
wor ds, when the interface receives a read conpletion,
it waits until the PCl ExpressTM port is not busy to

tinge igh ¢ther neadsCeRBh dhé Pleih@ da6ivBEh rBXP E@LQISPTMIM lif wta?ts until
the requester. Read conpletions are sent via the
Eﬁgt ssTM port one at a time at a fixed size, even

the Eﬁpﬁ%ﬂSif ! B ip aglibusiin wnidihe Tead completiomisiathe PCI
into one larger conpletion. The forner approach is

Ex fia%@f“e oP&BaHs ‘?:edé estdrS I§ I%a@mo?nﬁlﬁﬂoﬁéhfe &?{tt‘ﬁ‘ffﬁ‘le PCI Express™.

I'tiplfe request However I'S approach 1 s very

i nefficient because t he bandw dth of the PC ExpressTM

pogome atsa tiote dtu fiyedisive,ieved. thowgh mmléiplesad ephpletions kgn be

a 64-Byte cacheline system achieves only 72%

S LT s R R T —

understood nore fully " fromthe detai |l ed description

is stingpie And faindetwder ratitipharegaestepariiongver, alsngsroach is very
whi ch however, should not be taken to limt the

ind SR R TR SRR A TER B SO iR e
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Figure 1 shows one enbodi nent of an interface of a

AnlRigrfacedaiplelehthg a BBy leQERiNE Gi4kdn AcRRONE chly 7@%{

di agram descri bi ng an errbodl ment of handl i ng

efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Embodinﬁenfs 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

~aread 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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ta read request in a PCIl ExpressTMinterface of a
menory controller hub. [0009] Figure 3 shows one
Bithai/nene9 of a conputer system 20 3 r WO PCT/US2004/004214
2004/ 095299 PCT/ US2004/ 004214 DETAI LED DESCRI PTI ON
[0010] A nethod and an apparatus to conbi ne read
conpl etions are described. In the follow ng
Iﬂi@gﬁéﬂbiﬂﬁﬁgﬁﬁﬂﬁﬂlbbs details are set forth, such as
specific configurations data si zes, buffer
pacrtre in ord o ovrde tho
rooffifer & hined e e st o SR e TPl der isscribed.
It will be clear, however, to one of ordinary skill
In the folewag demﬁpudrb 2SN &as idetdlsdat 3kt HriMmY¥ulPhs BBecific
needed to practice every enbodi nent of t he pr esent-
|nvent|ond@ggolll Fi re 1 shows an enbodlnent of an
configugations siges, é?Ué icapagitiehielc.an eeepieprovide @rfbomugh
enbodi nent, the device is a nenory controller hub. In
undé19fah@ling opeﬁﬂmaﬁﬂgﬁﬁtof ti‘l? gn' érﬁloin 1t {51 be clear, however,
control I'@r hub. The iInterface ecelves area
" request. 110 for data froma nenory 130. In one

to anyef irdistary skibimibweory, that these spealc detagla ma;oﬂoabé needed to

processor of a conmputer system |In another enbodi nent,

3 a computer syste th
prafiice eV Rlbodafend b U CBlosR HFERIOTLL ner "component

wi thin the conputer system such as a processor, or an
{00125 | nPigure dtghtvscanémbbtimetitidt arlhigedssd 199 dﬂw&eﬁaﬂdﬁthm a

the read request 110 is
chipset. In one embodiment, the device is a memory controller hub. In another
embodiment, the device is an IO controller hub. The interface 190 receives a read
request 110 for data from a memory 130. In one embodiment, the memory is an
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 compornient 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 're'quested 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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thereinafter referred to as the requester. The size of

the data requested by the read request 110 varies

fwondsopeed 0 ti ne. For exanple, the data r equeslt,@gug,ﬂ,@mmz“

be one cacheline at one tinme, and four cachelines at

anot her tine. The read request 110 nmay or may not be

broken up into a nunber of reads, depending on the
upShieeieht +ls20080dRdsesit, Jellé)rea’:éptﬁ a @R MREE In hd &8finple in

requeSt for 64 Bytes |s not 'broken up in one

enbodi ment. I n another enbodi nent, a read request 110
Figuge 1pthe mgpest §19 for 5k Rytes isbrokap wotvp edgrgeads 120, referred

PCT/ US2004/ 004214 wup into eight reads 120 by a Ioglc

o B st SSERLEe 1ie  SHBIRLS 0 o e

|nto ei ght reads 120, referred to as reads - reads.

_cadhelihe of datrefrpenthe mefdrg 18@nin tespbhee tosearhyof 1RO réads 120, the

retri eve a cacheline of data fromthe nem)ry 130. In

mebENLD SehinBtrradlne AR o o bsach ton, S egp clehldes of

cachelines of data are referred to herer n as read

- dataciphefered to-hdreathscrend!cbipde@onFofead Rtion8e8Er example,

conpl etion8 148 is sent fromthe menory 130 in
resg?nlse tg iads 128 i Fi gur ed. [0012] The
reag fomplgtiend A4Eisaand frpm dae mekeqryA30iin pespanse sareqrst 128 in
170. In one 10 enbodi nent, the serial input/output
Fighes 1. is a PCl ExpressTM port 170. Al though the
f'oI | om ng di scussion focuses on PCl ExpressTM one
oul d appreciate_that the technique disclosed is

lﬂﬂlaé pl i dliatertrcg iy Figured hasipsariad inputfountpué poshhék tin one
embodiment, the serial input/eutput port is a PCI Express™ port 170. Although
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 compleﬁonl ~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 completion ~ 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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+[0013] It should be noted that on PCI ExpressTM read

conpl etions of a given read request have to be
wolMiARheon order to the requester. For .exanpl @ctju’2004/004214
one 15 enbodi nent including a PCl ExpressTM port 170,

read conpletions is received before read conpletionl -

read conpletion? are received. Since the read 2

type@BPLRLS ceﬂﬁe&quX«§¥ ber Pé?;r eg%%@egd fcerrﬁﬁ &%%elsettﬁfném order

order on PC conpl etiron8 is tenporari
held in the buffer 150 until read conpletionl - read

'for@@mmrea@}rﬂeqaeet recei ved. The eight read conpletions

are then corrbl ned into a 20 comnbi natl on. The

roo i S bbE S iARhy oo b PR R ?thﬁlet“‘éﬁ‘é *s*h dagis devie |
appreci ate that enbodi nents adopti ng ot her

18020 ek D026 FEE PUSEIRIRD pbé 170/p e8leo trretmr: eesm p01t o
may not require the read conpletions be returned in ‘

Q ven read request. [0014
1703 55 rﬁeﬂtcorr@sﬂo% EEpredor SPRLP ﬂé@%twla thgdCl

| ogi c device 180 checks whet her the PCl ExpressTM . ‘
Expﬁ@éd’m bRt 17, | Hlige PUT EkPRosEB pEXAI78SS Bk P e erﬁbé&i@nélﬁ holds

idle, "read conpletlonl received is sent"to the.
requester via_th ExpressTM port 170. If the PCl
rea@%@}re%emlpm hheimffqrﬁa wail afpshentead; sosrpleionsid-e. Feagh

conpletionl in the buffer 150 until all other read

con@ﬂ@ﬂ{)ﬁi LG cém Iei{cﬁ'%dar%l%gﬁﬂg‘éh'aﬁ’fazthen Cfgﬂgs to the requester a

et|o , recel ve then sen
requester a corrbl nation of the eight read conpletions
comlbrinahien of theseight mad chimgletipps dmohe transaction. Thls approach

increases efficiency by fully utilizing the bandwidth of the PCI Express™ port 170.
However, the latency of the interface 190 is increased‘ by this approach. An

alternative embodiment sende 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 Expressm port 170 can send in one

transaction, For example, the buffer 150 in Figure 1 has a capacity of eight

6



«10 increases efficiency by fully utilizing the

bandwi dth of the PClI ExpressTM port 170. However, the

waldnowwssh the interface 190 is increased by t Ricg/us2004/004214

approach. An alternative enbodi nent sends read

conpl etionl received to the requester without waiting

for all read conpletions are received fromthe nenory
cachSn@nde diher #ebodx@its I8HMrEof Forkr/Q cREBREE Sr isfliSen

This inproves efficiency of the interface 190 i5

W t hout unnecessarily increasing the |atency of the '
cachelings glice cande Ysgd1 Sine hopi@ appirsiatedhet mer%sr:@aaon.here is by

conpletion received is stored in a buffer 150

| ' I t [ h
el STERpI fnypah DB El RS RRG cah B hh el

enbodi nents, as long as the buffer 150 can hold at

embedisentaof tacprssemdavettiaat a. The buffer 150 can store

as many cachelines as the 20 maxi mum nunber of

OB D95 PSRRI SER RS oo

has a capacity of eight - 6 WD 2004/ 095299

- In re@TidS20 B ARARYN1 10c AL Ay phesoubly retdied eaRd bR Eon is
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buffers of four cachelines, or sixteen cachelines,

et.c. ., can_be . e shoul d agppreciate, that the |
storgddp Fh%ﬁl@?‘r 187 ghe ?ggvaaw@ﬁhe%ﬁﬁlgegm gompined with the
buffers of other capacities can be used in other

pre€loleN ieRsived ebad BEmPIA@RAR! Fidinent difvs #n EQHD?]Ie She queue of

buffer 150 may have  al ready Stored one.or e rea
. ,conpletions, in response to the request 110. |f any :

eighix %%ﬁli S%ﬁetifé’tsgm%u]? intheclyniperetilo gfhescombmeé d6p gompines the

buffer 150, the last read conpletion received is -
reacE@TADRRGNY 14D 1h3€ combination of eight cachelines of data. Once it is
determined that the PCI Express™ port 170 is not busy, the combination is sent to
the requester via the PCI ExpressTM 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 fof
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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« previously received read conpletions. Figure 1 shows
an exanple of a queue of eight read conpletions |ined
WA 2609/084389 buf fer 150. The conbi ner 160 conbi nepctg20b9004213
read conpletions 140 into a conbination of eight _
cachelines of data. Once it is determ ned that the
PCl ExpressTM port 170 is not busy, the conbination is -

devERNBORnetdtes £12AUSItRIccHBNE 6 tIRChtabdPb LSS TR Ireds® port
in one transaction. Conbining the read conpletions ‘
140 in order to send themto the requester in a single

170+ dansmanssrio theepagef the logis éﬁwed%flx the intprface 98 decides
because the bandwi dth of the PClI ExpressTM 15 port 170

I inhd : Eb 1id,S1 maRdi ﬁﬁﬁ .

Whéi%ﬁgrr %Z%glgé %‘%fr F%éll & htr@%}%{nﬂ?ﬁlg] b’%@fér%( pres g fi p rkta’ TF e

i s busy and reduces |latency the PCl ExpressTM port 170
read sornplatioriihs seaynathand leplogtaddvige 490 dedicates dhdjithe RCT-

to the interface 190 to satisfy both the demand for

hi gh, ef f.i.cl.enc d the,demand.far.|ow | atency. -20
Exppsg o POt/ 038 s MEmued FerroRLs <S0hFEETRBeREr1 70

is available, a logic device 180 within the interface

OthdARisenrat eomplbgoUs demedassthMidfdr 1500 ThElkkestdption héreis
WO 2004/ 095299 PCT/ US2004/ 004214 device 180 generates

out put .accordin 0 status of the PC ressTM
mergly by Wayef Eﬁﬁn}@%-pﬁﬁ%@uicgg? ﬁepalaﬁrg&{ﬂ% S dpgiodsyice T80 can
devipe 180, the interface 190 deci des whether to
perfol® R1diN8nAISRR cEOAPWAHORR .%)P’é béydnd Hﬁarsc%ge -anacﬁoundaﬁ*)er of

exanpl e, suppose read co ion) is received and t

| ogi c, device 180 indicates that the PCl 5 ExpressTM
the gppenderclpiang.dl e, then read conpletions is sent to the

requester.

[0019] Figure 2 shows a flow diagram of 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). Inone
Vefnbodiment, 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 com?letion of a cacheline of data. In one embodiment, read
completionl — read completion8 are returned from the memory in response to

readl - read8 respectively.
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O herw se, read conpletionl is stored in the buffer

150. The description here is nerely by way of

o rgek/eszdot shoul d be apparent that the logic %‘ffl?s‘ioouomm
~180 can performadditional functions w thout goin

beyond the scope and boundary of the appended clalns ,

10 10019] Figure 2 shows a flow di agram of an : _
[Ooeu]bodit@“ rékeidiand! &athta !

ExpressTM i nt facghgl?elgetrjew g% o #%Ié% Cg éﬁet?&{lk(processmg

c i_pset . AIth h-the foll ow ng exanple focuses on

48), prhese e érkfla@@ infeges hetwebrbband Biarceme exziatle, one
the techni ques disclosed is applicable to other

emBOIRABRI MR M {fllefh R 1ee$d) g&‘ﬂ&:ﬁ%ﬁoﬁ% Ig i TED%%O E,t% Eg S *gt%r-ltge

types of serial 1Tnterface
devi ce receives-a read request froma requester

requssist geivicesping blokck 230)) . If kenchesempletiondi et intdider RASE sent to
request is broken up into several reads (processing

the e oS P T Ghe™ edaloTed 1 AT e ameiceise Peezss).

are sent to a nenory (processing block 230). Each read

Othrertvise u P TE Nk ™ o ietcheskef toase@f’vﬁﬁ@chbf‘% oftd$ fle! N
one enbodi nent, read 20 conpletion) - read conpletionS

[ R AR BT DR R

[ 0020] Upon receipt of a cacheline of data, say read

buffept s lolddk BBR SRS pobl B6l1e2Afbh re‘ﬁﬁ%ﬁﬁnﬂ{)lgﬁo%ggx

IS an |n eger ween and in one

combined with any read completion stored in the buffer that is in order to be sent

- to the requester (processing block 270). Then read completion k or 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 (procéssing 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

9
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'comgglhﬁon (BRAGRES Bl as ks %ﬁﬂicablef

-enbodi ment checks whether read conpletion k is in
order to be sent to the requester (processing block
wohosidsogoead conpletion k is not in order to BerARBhosoes214
to 5 the requester, then read conpletion k is stored
in a buffer (processing block 255). Oherwi se, a PC
ExpressTM port is checked to see whether the port i's :
t ; .
i's busy, 'the data i stored&ﬁ%ggﬁﬁ%%§fgfﬁﬁﬁgubpﬁngany
(gyocessing bl ock 255). If the port is idle, then read
serighingiu{aupukiriterconedsi Fivewarhfarhie peagosoabilkisiration, the
stored in the buffer that is in order to be sent 10 to

ol ST SERESE SR LR ATR i T

i ncluding read conpletion k is sent vi.a the PCl

arciiitqutessdddhpert it Bigulbe3r equest er (processing bl ock
- 290). One enbodi nent then checks whether all read

npl etion or the read request have been.sent to g
to0 0 Bleie3 shobis At iblat f g et S pkea i Bz & processor
(processing. block 295). If the read 15 request is not '
310corRbere) ¥naaibes bi # ;d@ﬂ&smpﬁh@%ﬁ{uﬂ@@ﬁbﬁéﬁ&iﬁﬁbml
addi tional read conpletion (processing block 240)" and .
repeats_t he process. Otherwise, the read request is
compmsmis 314, Bl procpssgr 340 i qoupled te ek Badswhichds pasthof a
sent to the requester (processing block 299). [00211

corr@?ﬁelsmpls&. 'Iﬁto?leteﬁ?r;ocﬁ%%nﬁecﬂg ifl;gj%ri? At bRy BAN @Phtrnfgy In

onpl etions are sent tot requester- i n order

not be applicable to other types of serial :
anOﬂﬁﬁ@m@@Hﬁ@&mmthahmbésﬁnﬂé?con&sﬂeuhubbEhaﬁwmé&ﬂﬁm&hnundmr
that the opportunistic read 9 WO 2004/ 095299

-of pgﬁy ﬂ%%ggzéﬁ%%%nt, at 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 eﬁbodime’nt, 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 pe:_iipheral components 350
vary from one computer system to another. Moreover, the chipset may includg
components in addition to the hub 320. The system configuration in Figure 3 is

provided for ilustrative purpose only. Other embodiments of the present

10




. conpl etion conbining technique is applicable to a
conputer system adopting any serial input/output
wologeenect . However, for the purpose of PCT/US2004/004214
illustration, the follow ng discussion focuses on a
conmput er system adopting PCI ExpressTM architecture
as shown in Figure 3. 5 [00221 Figure 3 shows an

inveRBoR hadyadepiditierert s ERM taelititiafitng of HOEESHP IntertbBnect
a hub 320, a nunber of nenory devices 340, and a
nuynber of peripheral conponents 350. The processor
standard; g coupled to the hub 320, which is part of a
conmput er chipset. In one enbodinent, the hub is a

nor b ] -
o0 i APt o POl SRR, el
of ports. In one enbodi nent, at |east one of the ports
comporerpeB5Erp thesprPiessor 818 26 retriave datreirout theemempories 340. The
devi ces 340 are coupled to the hub 320 in one

DA B0l e BB GE SRR IE K BBl e e

separate nmenory device in the system A nunber of

- hulp220 reeivel a requestrientsy GoGagrontboerl ep thorddieeshiittoddumber

10

15

20

via the ports 325. In one enbodinent, 15 the

eripheral. conponents .350 i ncl raphi.cs chip.. In
of rB53s BRHling SRR R GRS podiiest Do P wins afofBeinpy
ExpressTM ports. It should be noted that the nunber
sup@bs eIy ek BESk 3 4 heribeFbefeadls, MBI ISR then sends
conponent’s 350 vary from one conputer systemto
anot her. Mreover, the chipset may include conpponents
the repdsdaiTeitsmvednte oo tie mow@ﬁcéﬁaéb geacy thahub$20

in Figure 3 is 20 provided for illustrative purpose

- recdP/frof HiSE oSHRGHENRRY Seflcel 380 RILEIRMNe o Qata 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 necessarﬂy 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

1
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s

+4 r WO 2004/ 095299 PCT/ US2004/ 004214 invention may

_ ado t different system configurations or different
PYBIRE¥Cct  standard. [00231 In one enbodi neRCIYH4/004214

hub 320 receives requests fromthe periphera
conmponents 350 or the processor 310 to retrieve data

rom h% rmrl es 40 The 5 device thf%gg sends the
Sto?@qﬁbé‘? ugte ?éﬂbr#ﬁéﬁmr@réwas&t Glarpgialisgapacities,
When the hub 320 receives a request, it may or may not

Sudgl:]&?{c%ehﬁg SrABaRklh Rt A, ace{}{llg@ﬁéec} ef A0S, daPeRGhBSs of

e size of the request [ ow ng
di scussion, suppose the request is broken up into a
thP@EﬁﬁﬂﬁlﬂVaﬂBHu “urtheriorb, $20eretiendddiml datrethed qustially
retrieve data fromthe nenDrles 340. For each read,

satfe DN RRRec b SRS TOBEr Bhe R FRPRIH AN BReivea

request. The cachel i ne of data received is herein

s coafténeddritlotradalitiond datan idifonall 2 4d rdeaivemdeafter the read '

enbodi nent, the hub 320 further includes a |ogic

* conishE e el Bl P oS B e B e

ports. It should be noted that for PCI ExpressTM read

reqaestel, ¢hé aAgitial dagl i¥ MMM RitAIR 1888 cohfplbAdn stored in the

requester in order. However, the order requirenent

does nqot necessarily ap ﬁ)to ot her types of serial:
buftesp Jhedogist evwrmgmtorrsﬁ?\@ Cldinpsarstiéport 323 tridalgranine)
ExpressTM port 325, upon receipt of read conpletionl,

N > . g iy h
w. %5@%%?2‘??% Belbrhbl Ay dilH18UONEE theF PEE ERpIEHNBb 1325
becomes available, the combined data is sent via the PCI Express™ port 325 to the
requester 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




20 port 325 is idle. If the port 325 is idle, read
conpletionl is sent to the requester via the PC
ExpressTM port 325. However, if the port 325 is busy,
read conpletionl is 11 WO 2004/ 095299
PCT/ US2004/ 004214 stored in the buffer within the hub
320 tenporarily. Buffer of various capacities, such
as 2-cacheline, or 4-cacheline, etc., can be used in
CHATMS ent enbodi nents of the present invention.
Furthernore, if there is additional data that
partially satisfies the request already stored in the
whwidfigF, the read conpletion just received 5 is
conmbined with the additional data. If additional data
is received after the read conpletion is stored in
the buffer, but before the read conpletion is sent to
t he e additional data is conbined with
Ithe‘%ég congﬁnﬁhgn stored in the buffer. The logic

devi noni tors ST rt 325 to

dot PHE upms%%m%ﬁq%%?@f@%é H5bBies avai I abl e.

Once the lEﬁE e? gﬂﬁfrt 325 10. becones avai l abl e,

t he €Y $H‘éd"& o BNt VPHOPHEYVI® ExpressTM port

325 to the requester in sjngle transaction. [0025]

The [FEIERDAHY ﬂ&it Ratially %ﬁsf#ért@ f;ﬁa‘a Beupst fem %Wémory device;

exenpl ar enbodi ments of the present invention.

ski |fperprding theedatarif a it psaddadormprd the dogof the rﬁadorﬁqwtzlﬁ idle;

di scussion, the acconpanyi ng drawi ngs, and the clains

th atStO”_rElg\ﬂatr davaifor wombiningavitloaklittenal data thatiparialbysetisfies the read

departing fromthe spirit and scope of the appended
reqeal a¥ghe dduétichabdatd preceived $f thbpsrt ishuse andgar ded as

illustrative instead of limting.

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, 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.

5. The method according to claim 4, wherein the port is a serial port capable of

sending a plurality of read completions in response to a single read.

13



12 CLAIM5 We claim 1. A nmethod conprising: dividing
up a read request into a plurality of reads; sending

t he

plurality of reads to a nenory device; receiving

data that partially satisfies the read request from

t he

menory device; 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 partially satisfies the read request as the
additional data is received if the port is busy; and
6.f or wvamghitha@l dohgrigiapbi ned data when the port is not
busy. 2. The nethod according to claim1, further

COMibiRinadpeAd REhRBintd LpRelky bGcaddet er m ne whet her

t he

of

whergj [
ts%iéclﬂgé b EI"i)ty 0 reragé:%

port is idle. 3. The nethod according to claiml1,

ia%ﬁQme%cfe@éQ‘mse to one read
4.

ural ity of reads. he net hod according to

2 155 BT o 190 MR Bt S

retrieves a cacC

t he

at par

unor SR GEERY cpoiphEATE R R S ol Bl il o

a plurali .of  read conpl.etions in response to a
BLAVORS i :

regitsdny

32 18 feqsBeAtde onpri si ng:

forwarding the combined data via a serial port when the combined data reaches a

predetermined size.

7.

The method according to claim 6, 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 capable of sending a

plurality of read completions in response to a single read.

10.

is idle;

An apparatus comprising:
a read tracker to divide a read request into a plurality of reads;
a first port to receive data that partially satisfies the read request;

a sccond port, wherein the data is forwarded via the second port if the second port

14



dividing up a read request into a plurality of reads;
sending the plurality of reads to a nenory devi ce;
receiving data that partially satisfies the read
request fromthe nenory device; storing the data for
conbining wth additional data that partially
satisfies the read request as the additional data is
recei ved; and forwarding the conbined data via a

ser i abhuffpord stwk e dateif dondtorelbodiat ausyeamhes a
predeterm ned size. 7. The method according to claim
6, whenthifer theomtshatheStor@r @ity &tth hddifi Qs NS €hat PartiBky satisfies
read of the plurality of reads. 8. The nethod

tha €8 r€ljubd a EheGldaitiohal daWhig FRER @@ thd B3R, WiBRin the second
plurality of reads retrieves a cacheline of data that

pdPfobb i the 28hb Bk Bia When HRALIRPRIE nothusf he met hod

according to claim6, wherein the serial port is
capabl e of sending a plurality of read conpletions in
response to a single read. 10. An apparatus

co ising.. a read tracker. t ivide a.re equest
U ot efts oG ETAR! 10 Ryl (o Pidali BT o
data . that parti al,l sati?j'es the read request; a
MUHIOH Y BT POUHR ARIPTIPR & PERFTP SeoPBY BRI BV a t he
second port if the second port is idle; 14 a buffer
to store the data if the second port is busy; and a
conmbi ner to conbine the stored data with additiona
124t dhe laRargay aqcarding toldimflilewherein 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 serial port

capable of sending a plurality of read completions in response to a single read.

15.  An apparatus comprising:
arcad tracker to divide a read request into a plurality of reads;
a first port to receive data that partially satisfies the read request;
a buffer to store the data;;
a combiner to combine the data with additional data that partially satisfics the read

request as the additional data is received via the first port; and

15



the read request as the additional data is received
via the first port, wherein the second port forwards
t he conbi ned data when the second port is not busy.
11. The apparatus according to claim 10, further
conprising a first circuitry to nonitor the second
port to determ ne whether the second port is busy. 12.
The apparatus according to claim 10, wherein the data
i s resdalsrlt torforvesp tesembmed date wiken theecopibired|datayreahes a
reads. 13. The apparatus according to claim12,
prefheeraiimedesseh read of the plurality of reads retrieves
a cacheline of data. 14. The apparatus according to
clai m 10, wherein the second port is a serial port
capabl e of sending a plurality of read conpletions in

14.€sS pﬁﬁ%ﬁpﬁr@tu@ a&o?&h?tor @Ak 151 RherBlh BOBAL A MSeived in response to
conpr|S|ng a read tracker to divide a read reques

m%QEﬁa H%Qﬁk&% reads; a first port to receive

at a t {ial Ty satlsfles the read request; a
buf f er to store the data;; a conbiner to conbine the
data with additional data t hat partiaIIy satisfies the

T R A ENENE N SV

conblnedmiata the c nbi ned data reaches a

retHieReTct BF fdats Qﬁat ngtialptratisfins dheeadregier ding to
cl-aim 15, wherein the data is received in response to
one of the plurality of reads.

18.  The apparatus according to claim 15, wherein the serial port is capable of sending

a plurality of read completions in response to a single read.

19. A system comprising:
a graphics chip; and

a hub coupled to the graphics chip, wherein the hub comprises

a read tracker to divide a read request into a plurality of reads;

a first port to receive data that partially satisfies the read request;

a second port, wherein the data is forwarded via the second port if the
second port is idle;

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

a combiner to combine the stored data with additional data that partially
satisfies the read request as the additional data is received via the first port, wherein the

second port forwards the combined data when the second port is not busy.

16



17. The apparatus according to claim16, wherein each
read of the plurality of reads retrieves a cacheline
of data that partially satisfies the read request. 18.
The apparatus according to claim15, wherein the
serial port is capable of sending a plurality of read
conpletions in response to a single read. 19. A system
conprising: a graphics chip; and a hub coupled to the
2@ aphiecsstei qdcording tetlaint he whbeig didiub S@shed co@putses a first
tracker to divide a read request into a plurality of

cifc@RfSo niorlitof thie Bl pb t6 EGEILe FBétRertthetechRT pdrdsbiisy.
satisfies the read request; a second port, erein the

data is forwarded via the second port if the second
port is idle; a buffer to store the data if the second

2100r tTﬂe.Ss?fﬁglz%agc&Hﬂﬁ g? glgi[ﬁp 'l é) %{]ile}é?n %m{a{ls ;‘/écgﬁeé fnq‘%%nse to one

data w Itio ata that partia sati sfies

e request as the additional data is received
szltilg%\pl azi%%ci’f‘r%g d%ioort, wherein the second port forwards

t he conbi ned data when the second port is not busy. 16
20. The system according to claim 19, wherein the hub

further conprises a firs ircuitry_to njtor. the |
Z%ecaﬂﬂ SYBFIR apepr & B hRR et 40T é@&g‘?}'&il‘y&f feaggretﬂeves
busy. 21. The system according to claim 19, wherein
a ¢aplecling0hd8. 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

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

of sending a plurality of read completions in response to a single read.

24. A system comprising:
a graphics chip; and
a hub coupled to the graphics chip, wherein the hub comprises
a read tracker to divide a read request into a plurality of reads;
a first port to receive data that partially satisfies the 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.

- 17



a cacheline of data. 23. The system according to claim
19, wherein the second port is a serial port capable
of sending a plurality of read conpletions in response
to a single read. 24. A systemconprising: = a graphics
chip; and a hub coupled to the graphics chip, wherein
the hub conprises a read tracker to divide a read
request into a plurality of reads; a first port to

2%. ec eTheesyslainarctdrding paclhina 24, ywisadin dfei dag it Reeivedith response to one
request; a buffer to store the data; a conbiner to

ofabdplurtitg bfrestRt @ Wi th addi tional data that partially
satisfies the read request as the additional data is

received via the first port; and a serial port to
forward the conbi ned data when the conbi ned data

2d.€a SysttmRc&HAGHE (LG §,iv;h%reiﬂ' achof tﬁg}ﬁurﬁﬂ L§Pads retrieves
r |¥ 24, m% e

acco g to clal ereint ata’ls received In

one of the plurality of reads. 26. The
a%§§ gﬁigg%%?ding to claim?25, wherein each of the

plurality of reads retrieves a cacheline of data. 27.
The system according to claim 24, wherein the seria

ort_.is capabl e of sendip pluyrality of re X
27gom5'f hersySFg apgpriag Bbﬁ%l@l #48 e e sora ar lﬁpgﬂﬁ of sending a
appar at us conPrjsing: i
plurality of read completions in Tesponse to a single read.

28.  An apparatus comprising:

a first port to receive data that partially satisfies a read request;

a second port being a serial port capable of sending a plurality of read completions
in response to a single read, wherein the data is forwarded via the second port if the
second port is idle;

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

a combiner to combine the stored data with additional data that partially satisfies

the read request as the additional data is received via the first port, wherein the second

port forwards the combined data when the second port is not busy.

29.  An apparatus comprising;
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
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a first port to receive data that partially satisfies

a read request; a second port being a serial port
capabl e of sending a plurality of read conpletions in
response to a single read, wherein the data is
forwarded via the second port if the second port is
idle; a buffer to store the data if the second port is
busy; and a conbiner to conbine the stored data with
addi 4 seonglordapable bitengiag tiphirblyty oéitdad Lom@pletibiran r&pdnse to a
request as the additional data is received via the

sifiglé fdad 1BE Serialvp@t ®i forvidié tieaoaibiheddatatwHeartheddhsbihdiiedata reaches
conbi ned data when the second port is not busy. 29. An

a pRfAsinE gRIPrising: a first port to receive data
that partially satisfies a read request; a buffer to
store the data; a conbiner to conbine the data with
additional data that partially satisfies the read

ﬂfeq%Qiku%§a£§ﬁgﬁ%%itiOnal data is received via the

first port; a serial port capable of sending a
plural ity of.read conpletions in response to a single
reac?,gr?pn%csscé}l)l’a &jport to forward the conbi ned data

when the ¢ i ned data reaches . a det erm ned si ze.
50° HANESETa toafio e g ch P GrE P B oG o hob
coupl ed to the graphics chip, wherein the hub

conpri seg fastipoft3b rdeeivt dhta th pekMBy ShakAed I1@hd RYLdkal | y

satisfies a read request;
a second port being a serial port capable of sending a plurality of read

completions in response to a single read, wherein the data is forwarded via the second

port if the second port is idle;

a buffer to store the data if the second port is busy; and
a combiner to combine the stored data with additional data that partially
satisfies the read request as the additional data is received via the first port, wherein the

second port forwards the combined data when the second port is not busy.

31._ 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
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a second port being a serial port capable of sending a
plurality of read conpletions in response to a single
read, wherein the data is forwarded via the second
port if the second port is idle; a buffer to store the
data if the second port is busy; and a conbiner to
conbi ne the stored data wth additional data that
partially satisfies the read request as the
addi t i onalsedatparticapabdcef seading b phirdlgy bf read cqapietion in response
wherein the second port forwards the conbi ned data
to\alyangld fesd, siecserial foer b forsvafdihc RuSlined data Avhe SHe@iBmbined data
conprising: a graphics chip; and a hub coupled to the
reSihePh pfedeteithiRed Merei n the hub conprises a first port
to receive data that partially satisfies a read
request; a buffer to store the data; a conbiner to
conbine the data with additional data that partially
satisfies the read request as the additional data is
received via the first port; and 19 a serial port
capabl e of sending a plurality of read conpletion in
response to a single read, the serial port to forward
t he conbi ned data when the conbined data reaches a
predet erm ned size. 20
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