METHOD, APPARATUS AND SYSTEM FOR POSTED WRI TE BUFFER
FOR MEMORY W TH UNTOTECTI ONAL FULL DUPLEX | NTERFACE
wWo-kaazDosebs THE | NVENTI ON [ 0001] Enbodi nents of P&EUS2006/025752
present invention generally relate to the field of
menory, and, nore particularly to a nethod, apparatus
and system for posted wite buffer for nenory with
unidirectional full duplex interface. BACKGROUND OF
THE | NVENTI ON [ 0002] As the conputing power of
processors increases, so does the need for faster data
transfers with nenory devices. In addition to
i mprovi ng menory bandwidth, it is beneficial to
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BACKGROUND OF THE INVENTION

[0002] As the computing power of processors increases, so does the need for faster data transfers
with memory devices. In addition to improving memory bandwidth, it is beneficial to improve

the efficiency with which memory bandwidth is utilized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The present invention is illustrated by way of example and not limitation in the figures of
the accompanying drawings in which like references indicate similar elements, and in which:

FIG. 1 is a block diagram of an example electronic appliance suitable for implementing a
buffer agent, in accordance with one example embodiment of the invention;

FIG. 2 is a block diagram of an example buffer agent architecture, in accordance with one
example embodiment of the invention;

FIG. 3 is a flow chart of an example method for posted write buffering, in accordance with

one example embodiment of the invention; and



accessed by a device, causes the device to inplenent
one or nore aspects of one or nore enbodi nent(s) of
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foll ow ng description, for purposes of explanation,
numer ous specific details are set forth in order to
provi de a thorough understanding of the invention. It
will be apparent, however, to one skilled in the art
t hat enbodi nents of the invention can be practiced
Wi t hout these specific details. In other instances,
structures and devices are shown in bl ock diagramform
in order to avoid obscuring the invention. [0005]
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an enbodi nent" in various places throughout this
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same enbodi nent. Furthernore, the particul ar features,

DETAILED DESERIPTIHONr act eri stics may be conbined in any
sui tabl e manner in one or nore enbodi nents. [0006]
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in order to avoid obscuring the invention.

[0005] Reference throughout this specification to “one embodiment” or “an embodiment” means
that a particular feature, structure or characteristic described in connection with the embodiment
is included in at least one embodiment of the present invention. Thus, appearances of the
phrases “in one embodiment” or “in an embodiment” in various places throughout this
specification are not necessarily all referring to the same embodiment. Furthermore, the
particular features, structures or characteristics may be combined in any suitable manner in one
or more embodiments.

[0006] Fig. 1 is a block diagram of an example electronic appliance suitable for implementing a
buffer agent, in accordance with one example embodiment of the invention. Electronic
appliance 100 is intended to represent any of a wide variety of traditional and non-traditional
electronic appliances, laptops, desktops, cell phones, wireless communication subscriber units,
wireless communication telephony infrastructure elements, personal digital assistants, set-top

boxes, or any electric appliance that would benefit from the teachings of the present invention.
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wi rel ess communi cation tel ephony infrastructure
el ements, personal digital assistants, set-top boxes,
w@eooanysees ectric appl i ance that woul d benefit PCDIS100€025752
teachi ngs of the present invention.In accordance with
the illustrated exanpl e enbodi nent, electronic
appl i ance 100 may include one or nore of processor(s)
102, nenory controller 104, buffer agent 106, system
menory 108, posted wite buffer 110, wite interface
112, read interface 114, input/output controller 116,
network controller 118, and input/output device(s) 120
coupl ed as shown in Fig. 1. Buffer agent 106, as
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although the present invention is not limited in this respect.

[0008] Memory controller 104 may represent any type of chipset or control logic that interfaces
system memory 108 with the other components of electronic appliance 100. In one embodiment,
the connection between processor(s) 102 and memory controller 104 may be referred to as a
front-side bus. In another embodiment, memory controller 104 may be referred to as a north
bridge.

[0009] Buffer agent 106 may have an architecture as described in greater detail with reference to
Fig. 2. Buffer agent 106 may also perform one or more methods for buffering memory writes,
such as the method described in greater detail with reference to Fig. 3. While shown as being
part of memory controller 104, buffer agent 106 may well be part of another component, for
example processor(s) 102 or input/output controller 116, or may be implemented in software or a

combination of hardware and software.



Fig. 2. Buffer agent 106 may al so performone or nore
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received. In one embodlment, Posted write buffer 110 also stores the address(es) to which the
data will eventually be retired. Posted write buffer 110 may contain control logic to, among
other things, reset and maintain a buffer pointer, to input data to buffer locations, and to output
data to memory devices.

[0012] Write interface 112 represents a unidirectional interface through which data and
commands are sent to system memory 108. In one embodiment write interface 112 is a serial
interface. In another embodiment write interface 112 is a parallel interface.

[0013] Read interface 114 represents a unidirectional interface through which data is read from
system memory 108. In one embodiment read interface 114 is a serial interface. In another
embodiment read interface 114 is a parallel interface.

[0014] Input/output (I/O) controller 116 may represent any type of chipset or control logic that
interfaces I/O device(s) 120 with the other components of electronic appliance 100. In one
embodiment, I/O controller 116 may be referred to as a south bridge. In another embodiment,
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conmands are sent to systemnmenory 108. In one
enbodi rent wite interface 112 is a serial interface.
wo pooasaicher enmbodi mrent wite interface 112 i s BCT/US2006/025752
parallel interface. [0013] Read interface 114
represents a unidirectional interface through which
data is read fromsystem nenory 108. I n one enbodi nent
read interface 114 is a serial interface. In another
enbodi nent read interface 114 is a parallel interface.
[0014] Input/output (1/0O controller 116 may represent
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example embodiment of the invention. As shown, buffer agent 106 may include one or more of
control logic 202, memory 204, controller interface 206, and buffer engine 208 coupled as shown
in Fig. 2. In accordance with one aspect of the present invention, to be developed more fully
below, buffer agent 106 may include a buffer engine 208 comprising one or more of data

services 210, table services 212, and/or retire services 214. It is to be appreciated that, although
depicted as a number of disparate functional blocks, one or more of elements 202-214 may well
be combined into one or more multi-functional blocks. Similarly, buffer engine 208 may well be
practiced with fewer functional blocks, i.e., with only table services 212, without deviating from
the spirit and scope of the present invention, and may well be implemented in hardware,

software, firmware, or any combination thereof. In this regard, buffer agent 106 in general, and

buffer engine 208 in particular, are merely illustrative of one example implementation of one



control logic 202, nmenory 204, controller interface
206, and buffer engi ne 208 coupled as shown in Fig. 2.
wo poogoewpglance with one aspect of the present PCT/US2006/025752
i nvention, to be devel oped nore fully bel ow, buffer
agent 106 may include a buffer engine 208 conpri sing
one or nore of data services 210, table services 212,
and/or retire services 214. It is to be appreciated
that, although depicted as a nunber of disparate
functional bl ocks, one or nore of elenents 202-214 may
wel | be conbined into one or nore multi-functiona
bl ocks. Simlarly, buffer engine 208 may wel |l be
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menasy Addreria lreonesnitodianent, buffemagante]l (drodyoronamynicateioi posttd omite buffer
thereof. [0018] Buffer agent 106 may have the ability
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table of the data in the posted wite buffer, and to
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address. I n one enbodi nent, buffer agent 106 may

usedQO BIHd £ W RhIUD rdyRR R GhVobitRnRY bE Bsmrhdicibe buf fer
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determine if can be written (retired) to a particular memory address or whether a read transaction

is temporarily blocking the ability to write to certain memory devices.

[0020] According to one aspect of the present invention, though the claims are not so limited,
control logic 202 may selectively invoke the resource(s) of buffer engine 208. As part of an
example method for posted write buffering, as explained in greater detail with reference to Fig.
3, control Jogic 202 may selectively invoke data services 210 that may send data to a posted
write buffer. Control logic 202 also may selectively invoke table services 212 or retire services
214, as explained in greater detail with reference to Fig. 3, to maintain a table of the data in the
posted write buffer or to retire data from the posted write buffer to a memory address,
respectively. As used herein, control logic 202 is intended to represent any of a wide variety of

control logic known in the art and, as such, may well be implemented as a microprocessor, a
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aspects of buffer agent 106 to provide a comruni cation
interface to electronic appliance 100, e.g., through
woresogsegont rol | er 104. Control |ogic 202 may BCBHUS2006/025752
enabl e buffer agent 106 to determine if can be witten
(retired) to a particular nenory address or whether a
read transaction is tenporarily blocking the ability
to wite to certain nmenory devices. [0020] According
to one aspect of the present invention, though the
clains are not so |limted, control logic 202 may
sel ectively invoke the resource(s) of buffer engine
208. As part of an exanple nethod for posted wite
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posted wite buffer to a nenory address, respectively.
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systeins kinhven & the artd Acasrding ad ond@ampld implgnentatibs,thaighdh@8ains are not
m croprocessor, amcro-controller, a

so lithit&l, ehepiop@2 GIABPVEL GRhude FblaBle dnff B@ﬁ}lolaﬁﬁﬂﬁénﬁﬁg 'el%fhents possibly
specific integrated circuit (ASIC prograrma | ogic

rand 618 ¥k &8s thBhEy ( 202}531@/& kd68 only ISREE (ROBA) 'ﬁ&ﬁﬁg?@@ t?nay be used to

control logic is intendéd to represent co
store el 1o, PrgAF U8 et R0 vk Eonter 10 B 8RRIe. 50
l"”?‘?&?@&@%ﬂﬂ%ﬁfg&' AP profided sl .'%%g%wﬁﬁ%?%‘@* %ﬁfﬂ(’é‘cw
coros ”d{zsﬁﬁ o PO TR 04 %&&%ﬁa&enéf il s e rceive

mted, nenory 204 may | ncl ude vol ati |l e and
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memory 108.

[0023] As introduced above, buffer engine 208 may be selectively invoked by control logic 202
to send data to a posted write buffer, to maintain a table of the data in the posted write buffer, or
to retire data from the posted write buffer to a memory address. In accordance with the
illustrated example implementation of Fig. 2, buffer engine 208 is depicted comprising one or
more of data services 210, table services 212 and retire services 214. Although depicted as a
number of disparate elements, those skilled in the art will appreciate that one or more elements
210-214 of buffer engine 208 may well be combined without deviating from the scope and spirit
of the present invention.

[0024] Data services 210, as introduced above, may provide buffer agent 106 with the ability to

send data to a posted write buffer. In one example embodiment, data services 210 may send the
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random access nenory (RAM and/or read only nenory
(ROM. Menory 204 nay be used to store a table to

wo ereswpt the data stored in posted wite bufPer/usie/025752
for exanple. [0022] Controller interface 206 provides
a path through which buffer agent 106 can conmuni cate
with nenory controller 104. Buffer agent 106 utilizes
this interface to receive data to be witten to nenory
and to send data and commands along wite interface
112 to system nenory 108. [0023] As introduced above,
buf fer engine 208 nay be sel ectively invoked by
control logic 202 to send data to a posted wite

addRM foS¥hicH @e TRtk Wil hﬁm@atél BJ& Fe Ja efl#]‘% *Bi %1 'thatt ge 381%8 ?e%poranly
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writerhyffere L P kpew befephardithgibufien st éw which ity dataowill teestared pBhe data
and spirit of the present invention. [0024] Data
framgeoyiddedludelzohytaef date ercdwwdebflytes 8o anmymgictothi @mtripsitd effposted
agent 106 with the ability to send data to a posted
writebuffer 1b0bf the write pierobfoasptemn memodi 1080t , data services
210 may send theaddress to which the data wl|

[0025] Ak iratodhsedtBoves tableeRrabes 02 Wia ??rdvﬁ& HidfePadeRt I WHIPHE dbility to
tenporarily in posted wite bu 110. In anot her
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110 may include a bit vector to indicate the b

servRB 310 thay Mhinth %&bfét ?BfeﬂonZ%ﬁt coflali" \é%a% as&:lgﬁed write

bit vectior can t out ere Is a shnar

buff@ 198" &t MHBuRy e%b&ﬁxeﬁ?ﬁle%ab%eem\z{fn A dzugf %e%rclgy Q(?4s may contam a subset of

the data stored in posted write buffer 110 or may contain the memory addresses associated with
the data indexed in posted write buffer 110. Table services 212 may share an algorithm with
posted write buffer 110 to determine in which buffer entry a particular set of data will be stored.
In one embodiment, both table services 212 and posted write buffer 110 know the size of posted
write buffer 110, the buffer entry in which to store the first set of data after a reset, and the
method for selecting subsequent buffer entries. An example method for selecting subsequent
buffer entries would be to utilize the first unused entry.

[0026] Retire services 214, as introduced above, may provide buffer agent 106 with the ability to
retire data from the posted write buffer to a memory address. In one embodiment, retire services
214 may send a column access strobe (CAS) command to a memory address of system memory
108 along with a bit vector corresponding to the data entry in posted write buffer 110 that is to be
retired. In another embodiment, retire services 214 may send only the bit vector corresponding
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wite buffer 110 know beforehand the buffer entry in
which the data will be stored. The data frame could
w0 p@ess9®m byte of data or a series of bytes SPCEHES1006/025752

mat ch the entry size of posted wite buffer 110 or the
wite protocol for systemnenory 108. [0025] As
i ntroduced above, table services 212 may provide
buffer agent 106 with the ability to maintain a table
of the data in the posted wite buffer. In one exanple
enbodi nent, table services 212 may maintain a table in
menory 204 that contains the sane data as posted wite
buf fer 110. In another enbodi ment, the table
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[0029] Next, buffer agent 106 may invoke table services 212 to create (304) a table entry. In one
example embodiment, table services 212 tracks the data sent to posted write buffer 110 and the
addresses to which the data v;rill be written.

[0030] Next, control logic 202 may decide (306) whether data in the posted write buffer can be
retired. In one embodiment, a read transaction from a particular memory bank would prevent a
write to that memory bank from occurring simultaneously. Based on the address to which the
data will be written, control logic 202 may determine whether the data can be retired.

[0031] If the data can not be retired, control logic 202 may selectively invoke send services 210
or retire services 214 to send (308) or retire other data, respectively. In one example
embodiment, send services 210 is selectively invoked to send other data to be temporarily stored

in posted write buffer 110 if there is no other data that can be retired. In another embodiment,
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contains the nmenory address to which the data is to be
retired. [0027] Fig. 3 is a flow chart of an exanple
worgaohoasedpoOr posted wite buffering, in accordaPCEUBRD6025752
one exanpl e enbodi nent of the invention. It will be
readily apparent to those of ordinary skill in the art
that al though the foll ow ng operati ons may be
descri bed as a sequential process, many of the
operations may in fact be performed in parallel or
concurrently. In addition, the order of the operations
may be re-arranged without departing fromthe spirit
of enbodi ments of the invention. [0028] According to

retlrp WrviRBEL B8 gaécglvglg%\%@cf]{oqgﬁ% Q)éhe?ﬁétg thae%?g B%?&i \Qﬁte\%uhgr 110if

data services bei ng 1 nvoke

‘hef%%’gtg}giuﬁé@%?,bﬁﬁp&%%ed wite buffer 110. In one exarrpl e

a coul d be recei ved from network
on DI b S0 5 507 B e O it 0 s 214 an

agent may, i nvoke tabl e services, 212 to _create )
table -%6"2?65;9? é%{%reeﬁ%ﬂ?)ﬂaw apd ypdate lahlesmisies meengrtinehtt. | Inoap pmbodiment,
services 212 tracks the data sent to posted wite
retirgysryiges 21 foncludes it vaetor eosrsaponding i thetdatatie posiedawritel Huffer110 to be
witten. [0030] Next, control |ogic 202 may deci de
retirgd3B@art\off o t0Ay framme that prepatm thosprecpriatd membnyfdeeice aadtomd ehe data.
retired. In one enbodinent, a read transaction from a
Tablp agrivices 2 2 magectear\thdoaiy amuiafédp;m&mhél tataretiréd © tha it A&} be reused.
menory bank from occurring sinultaneously. Based on

[003B)Eigadl et stes Dblobl dibgrbMefda bRanple Etoﬁge Meﬂﬁlh%mﬁﬁﬂfg lcBhtent
| ogi c 202 may determ ne whether the data can

whichSWhérBitceds@PRAd ddvice! st SqEAR 8 ﬁh}g}lpﬁeﬂt%ﬁlé B(F;ﬁ{ore embodnnent(s)

control logic 202 may sel ectivel voke send servi
of thé %Q/entlon, for example buffer agent 106 and/or associated method 300. In this regard,

storage medium 400 includes content 402 (e.g., instructions, data, or any combination thereof)
which, when executed, causes the appliance to implement one or more aspects of buffer agent
106, described above.

[0034] The machine-readable (storage) medium 400 may include, but is not limited to, floppy
diskettes, optical disks, CD-ROMs, and magneto-optical disks, ROMs, RAMs, EPROMs,
EEPROMs, magnet or optical cards, flash mefnory, or other type of media / machine-readable
medium suitable for storing electronic instructions. Moreover, the present invention may also be
downloaded as a computer program product, wherein the program may be transferred from a
remote computer to a requesting computer by way of data signals embodied in a carrier wave or
other propagation medium via a communication link (e.g., a modem, radio or network
connection).

[0035] Many of the methods are described in their most basic form but operations can be added

to or deleted from any of the methods and information can be added or subtracted from any of

10



or retire services 214 to send (308) or retire other
data, respectively. In one exanple enbodi nent, send

w@Eenwvioewss 210 i s selectively invoked to send or¢EUSHAS/625752
to be tenporarily stored in posted wite buffer 110 if
there is no other data that can be retired. In another
enbodi nent,retire services 214 is selectively invoked
to retire other data stored in posted wite buffer 110
if there are no unused buffer entries. [0032] If the
data can be retired, control logic 202 may sel ectively
i nvoke retire services 214 and table services 212 to
retire (310) data and update table entries,

the ders&m Ghds¥Rbywithdut QR BIERsHh BRWasic 56pk b therasefiGfveatidn. Any
includes a bit vector corresponding to the data in

numbPCstVaHa n'sto?thglﬁ\feﬁﬁv%(?]o C%Dglsbfltla Bt%& @)‘i’thﬁlsth@?crgg e Ad SiktdPthe

rame that prepares propriate menory device to

preserﬁtlﬁ’\;e'ﬁns e qﬁ'ig ?ﬁga{aﬁme afta L e ﬁl?%%gt? %ﬁﬁéefén?tﬁoﬁnﬁ&‘?%ﬁ%w

aSSocCl a

0033 bl pck di agram of

prow%ﬁ%%ﬁﬂwptﬁzmgf? ioagt memms i Bt Ty Bacait SO aivacnt

when accessed by devi ce, _causes the vice to
invenfiopys @REiRtbe SRisrBine @eémefeﬁ ﬁ@ﬁ@fﬁé prqyfddeﬁﬁéwer% ARl &y the plain

for exa | e buffer agent 106 and/or associ ated net hod
languagsef thefollowmg clagias-d, st orage medi um 400 i ncl udes

content 402 (e.g., instructions, data, or any

conmbi nation thereof) which, when executed, causes the

appliance to inplenent one or nore aspects of buffer

agent 106, described above. [0034] The

machi ne-readabl e (storage) nedi um 400 may i ncl ude, but

is not limted to, floppy diskettes, optical disks,

CD- ROVs, and nmagnet o-optical disks, ROV, RAMS5EPROMVES

EEPROVE, magnet or optical cards, flash nmenory, or

ot her type of nmedia / machi ne-readabl e nedi um suitable

for storing electronic instructions. Moreover, the

present invention nmay al so be
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downl oaded as a conputer program product, wherein the
program may be transferred froma renpte conputer to a
WO e@amsichg conputer by way of data signals enmporuszoé/ms752
a carrier wave or other propagation nediumvia a
communi cation link (e.g., a nodem radio or network
connection). [0035] Many of the nethods are descri bed
in their nost basic form but operations can be added
to or deleted fromany of the nethods and information
can be added or subtracted fromany ofthe descri bed
nmessages W t hout departing fromthe basic scope of the
present invention. Any nunber of variations of the
i nventive concept is ewn¢nggg§ed wi thin the scope and
spirit of the present invention. In this regard, the
S?%%chlar Ll lustrated exanpl e enbodi nents are not
Yinit the invention but nerely to
illustrate it. Thus, the scope of the present

1. iAn%St‘ﬂf;élg&n rf’s t to be determ ned by the specific

exanp ed above but only by the plain | anguage
of th [?tlV\A‘Yrg}eclalrrsCLAll\/ISV%at|scla|rred|s 1.
Aecﬁﬁ’ﬂgoc %8%& RE MFBRY: i ng data to be written to

menor tarin e.data in a wite buffer; and
P@E&gél rﬁ%tadﬂa"%&gg’éﬁﬁéﬂ% i ndi cation to wite the data
to a rrem)rg address, 2. The nethod of claim further
EsiyinesAnipdengpdent w&w‘w tg3erite ths dafado AERRRQY AtHFSss
out-of -order fromreceiving the data. 3. The nethod of
claim1, further conprising:

2. The method of claim 1, further comprising:

writing the data to the memory address out-of-order from receiving the data.

3. The method of claim 1, further comprising:

receiving the data over a unidirectional bus.

4, The method of claim 1, further comprising:

receiving a buffer index in which to store the data.

5. The method of claim 1, wherein storing the data in a buffer comprises:

storing the data in a predetermined buffer index.

6. The method of claim 1, wherein receiving an indication to write the data to a memory
address comprises:
receiving a column access strobe (CAS) command with the buffer location of the data to

be written to memory.
12



receiving the data over a unidirectional bus. 4. The
met hod of claim 1, further conprising: receiving a

whodo7eesepsidex in which to store the data. 5. TPET/mB10heeRs5752
of claim1l, wherein storing the data in a buffer
conprises: storing the data in a predeterm ned buffer
i ndex. 6. The nethod of claim1l, wherein receiving an
indication to wite the data to a nenory address
conprises: receiving a colunm access strobe (CAS)
conmand with the buffer |ocation of the data to be
witten to nenory.7. An electronic appliance,
conprising: a processor to process data; a nenory to
store data; a network controller to comuni cate dat a;
and a buffer engine coupled with the network

7. GANEEMInRS applifiRe '@iKingNd the processor, the buffer
engine to send data'to the nenory and to send an

i%ykﬁgﬁg In&gggﬁgxion to the menory to wite the data
to an address. 8. 'The el ectronic appliance of claim?7,

Iagé%rg&pég%}g}%rdga_ng: the buffer engine to maintain a

rack data stored in a wite buffer of the
menpr 9. The el ectronic appljance of claim?7,
faJ’renB'FPéF C%FPE;IH O ogmyfate gt E’?‘i engine to send a bit
vector to indicate which data entry in a buffer to
ra&u%fgreer{g@e coupled with the network controller, the memory and the processor, the
buffer engine to send data to the memory and to send an independent indication to the memory to

write the data to an address.

8. The electronic appliance of claim 7, further comprising:

the buffer engine to maintain a table to track data stored in a write buffer of the memory.

9. The electronic appliance of claim 7, further comprising:
the buffer engine to send a bit vector to indicate which data entry in a buffer to retire to

memory.

10.  The electronic appliance of claim 7, further comprising:
the buffer engine to determine a buffer entry that will be used by the memory to

temporarily store the data.

11. A storage medium comprising content which, when executed by an accessing machine,
causes the accessing machine to send data to a posted write buffer in a memory device and to

send an independent indication to retire the data to memory.
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menory. 10. The el ectronic appliance of claim?7,
further conprising: the buffer engine to determ ne a
whodo7eeseesit ry that will be used by the nmenory POI/US2006/025752

tenporarily store the data. 11. A storage nedi um
conprising content which, when executed by an
accessi ng machi ne, causes the accessing nachine to
send data to a posted wite buffer in a nmenory device
and to send an i ndependent indication to retire the
data to nenory.12. The storage nmedi um of claim 11,
further conprising content which, when executed by the
accessi ng machi ne, causes the accessing nachine to

12. dpiesstothgiemeditin fof elaire M1 Mirthdi@bmphisihg Bshtans QhidRywhétexecuted by
menory device to tenporarily store the data based on a

the acc%lé‘s%‘i%ﬁa@ﬁ&? EadsBhe dResstpEmAdhH A0 BetBRAAhY Qb@ﬁ’ercelng'ﬂl mai-ik'?]ll be
by the

further conprising content which, when execute

: . . . : _
wsd o 35S0 APEUL EppSal Sl U ARSRERI B, SN Iy
order in which the data was sent.. 14. The storage
medi um of claim 11, further conprising content which,
en _executed by the cessi ng machi ne, causes, the
13, PR aon Ol ity S s oo iRgt HBlBr Yheareeged by

before retiring buffered data to the nenory. devic

e.
the accpssingyparhiten Falges theancassingrmadhie e 1etire dgtaframyihg pested write buffer
content to send an independent indication to retire
out of thgerdex inawhigh therdetawassar.i ses content whi ch, when
executed by the accessing machi ne, causes the
accessi ng machine to send a col um access strobe (CAS)
conmmand with the buffer index of the data to be
14.  r'Bfeistozapetmoeditenof ylaim 11, further comprising content which, when executed by

>y

the accessing machine, causes the accessing machine to read data from the memory device

before retiring buffered data to the memory device.

15.  The storage medium of claim 11, wherein the content to send an independent indication
to retire the data to memory comprises content which, when executed by the accessing machine,
causes the accessing machine to send a column access strobe (CAS) command with the buffer

index of the data to be retired to memory.

16.  An apparatus, comprising:
a processor interface;
unidirectional memory write and read interfaces; and
control logic coupled with the processor and unidirectional memory write and read

interfaces, the control logic to send data out the memory write interface to be temporarily stored

14



16. An apparatus, conprising: a processor interface;
unidirectional nenory wite and read interfaces; and
W@ e 0ai698 ogi ¢ coupl ed with the processor and PCT/US2006/025752

uni directional nmenmory wite and read interfaces, the
control logic to send data out the nenory wite
interface to be tenporarily storedin a buffer and to
send an i ndependent indication out the nenory wite
interface to wite the data to a nenory address. 17.
The apparatus of claim 16, further conprising contro
logic to nmaintain a table to track data sent out the
menory wite interface based on an al gorithm shared

in a buffiet imdeto sEmicmyindkpendeat indBatichhet depadmery svring intdricertolBrite the data
further conprising control logic to substantially

to a méu@@didressmrenory reads over the nenory read interface
by retiring data to nenory that does not conflict with
read activity. 19. The apparatus of claim 16, further
conpri sing contr ol Iogic to send colum access strobe

" RS SR gy
T SO 0t R R g e

buffer, and control | ogic coupled Mﬁth t he nennry
device, unidirectional interfaces and buffer, the

18.  The apparatus of claim 16, further comprising control logic to substantially expedite
memory reads over the memory read interface by retiring data to memory that does not conflict

with read activity.

19.  The apparatus of claim 16, further comprising control logic to send column access strobe
(CAS) commands out the memory write interface including a buffer index of the data to be

retired to the memory address.

20.  An apparatus, comprising:

a memory device;

two unidirectional interfaces;

a buffer; and

control logic coupled with the memory device, unidirectional interfaces and buffer, the
control logic to temporarily store received data in the buffer and to write the data to the memory

device in response to an independent indication received.
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control logic to tenporarily store received data in
the buffer and to wite the data to the nenory device

WO o esPeise to an i ndependent indication receP@BUSR6/025752
The apparatus of claim 20, further conprising control
logic to determine a buffer index to be used to
tenporarily store the data based on an al gorithm
shared with a nenory controller. 22. The apparatus of
claim?20, further conprising control logic to retire
data fromthe buffer to the nenory device out of the
order in which the data was received.

21.  The apparatus of claim 20, further comprising control logic to determine a buffer index to

be used to temporarily store the data based on an algorithm shared with a memory controller.

22.  The apparatus of claim 20, further comprising control logic to retire data from the buffer

to the memory device out of the order in which the data was received.
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