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This invention relates to the field of processing conmands to a resource,
and in particular to systens and nethods for rearranging the order in which .
commands to a resource are processed. Related Art Mdern conputer systens
include a variety of devices that are coupl ed through one or nore buses to
access different resources in the conputer system For exanple, a conputer
system may i nclude a central proceSS| ng unlt (CPU) a graphics system and
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arbitration scheme employed in the computer system. The speed with which

commands are implemented at the resource is detemuned by the nature of the resource

and, in many cases, by the order in which the resource processes commands from the
1n1t1at1ng device. The faster the resource implements commands, the sooner the device
' can continue its operations and the sooner the resource can be made avaﬂable to other
" devices.

" 'The deperidence of resource efficiency on command order may be understood
with reference to storage resources such as random éccess memories (“RAMSs”), hard
and_ﬂdppy discs, compact discs (CD) ROMs, digitial video discs (DVDs) and the like.
Each of these Storage resources is a two dimensional array of addressable data storage
locations, with each location spemfied by two parameters, e.g. row/column,
track/sector, page/column, etc. Commumcatlng each parameter to the storage dev1ce

- and activating the associated row column track sector, page, eic., contributes a time -
' delay or overhead to the access. To the extent that storage locations can be accessed
without ﬁpdating both parameters, access times for the resource can be reduced and
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menor i es vames/gg7B@r nenory architectures-are designed to dop¢TIEs9sisss. For
exanple, a nmenory operating in page node can access a range of addresses
(colums) on the sane (open) page wi thout incurring the delay associ ated

. With updating the page paranmeter. Certain storage resources, e.g. DRAMs,
are al so characterized by a cycle tine, which represents the tinme necessary
to precharge the resource between accesses. The cycle tine limts the speed
wi t h- whi ch consecuti ve accesses can'be made to a DRAM Interl eaved nenories
are-organizeqg into gro nennr¥ banks to mnimze overhead due
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cases. For exanp , SOME processors can reor er structl ons '[O I m nat e
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used. Sone cintepleating, amdlotree stratégdieszallowr a tcﬁﬁmandmhrgeting\metdata block to be
implemented with reduced latency. However, these benefits extend across command
- boundaries only when contiguous commands to the resource happen to access data
. that falls in the sequence prescribed by the memory organization. In effect, paging,
interleaving, and like strategips enhance efficient resource operation with respect to the
data targeted by a given command, but do not provide any mechanism to extend these

efficiencies across multiple commands. Such a mechanism requires reordering
' commands sent to the resource according to the state of the resource.

Command reordering has been implemented in a few specific cases. For
example, some processors can reorder instructions to eliminate data dependencies and
avoid pipeline stalls attributable to unavailable resources. However, this reordering
occurs within the processor and does not implicate the efficiency with which resources
outside the processor are used. Some chipsets implement “lazy writes”, which wait
for a read hit to an address before implementing a pending write to the same address.
However, this is a passive technique which does not actively reorder commands .
within a command stream. '



for a read hit to an address before inplenmenting a pending wite to the
.sanme .address. wever, this is a passive technique which does EOt actlvely
reorder YOMEREY. within a command stream 2 WO 98/ 457 1/USI8I01598

PCT/ US98/ 01598 There is thus a need for a systemthat reorders commands” t o
a resource in a manner that allows the resource to operate nmore efficiently
and reduce the latency with which commands to the resource are inplenented.
Summary OF The I nvention The present invention is a system and nethod for
reordering commands to a resource to increase the efficiency with which the
resource is utilized. The invention is applicable to resources having
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efficiency owhitietbramahds taRhe legshréoart M@pkaidarads, and a command sati sfying
the criterion is transferred to the resource for processing. In one

- enbodi ment of the invention, commands are coupled froman initiating device
to a resource through reorder logic. The reorder logic includes two or nore
reorder slots that are coupl edummany QfShe Bevédtiomuigh conmand sel ecti on

| ogi c. Conmands sent by the initiating device are | oaded into the reorder
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the criteri aesonfee dperatibad art aplegiepeticd comand targets. a resource address
on the open page. Brief Description O The Draw ngs

In accordance with the present invention, an initiating device sends commands
to a resource chara_ctenzed by an efficiency criterion. The efficiency criterion is
applied to the commands, and a command satisfying the criterion is transferred to the
resource for processing. '

In one embodiment of the invention, commands are coupled from an initiating
device to a resource through reorder logic. The reorder logic includes two or more
reorder slots that are coupled to the resource through command selection logic.
Commands sent by the initiating device are loaded into the reorder slots. The
command select logic monitors.a paraineter that reflects efficient operation of the
resource and selects a command for issue to the resource according to the monitored
parameter. For example, where the resource is a paged memory, the parameter may
be the current open page and the criterion may be that the selected command targets a
resource address on the open page.

Brief Description Of The Drhwings_

The present invention may be understood with reference to the folldwing
detailed description and the drawings indicated therein. |

Fig. 1 is a block diagram of a computer system including co_mmand reorder
logic in accordance with the present invention.



The present invention may be understood with reference to the foll ow ng
detail ed description and the drawings indicated therein. Fig. 1 is a block
di agr am of w® 9sespset er system i ncl udi ng command reorder | ogi FOTUSAYEEIYance
with the present invention. 3 WD 98/ 45780 -
PCT/ US98/ 01598 Fig. 2A is a block diagram of one enbodi nent of the command
reorder logic of Fig. 1. Fig. 2B is a block diagramof the conmmand- -
selection logic of Fig. 2A. Fig. 2Cis a block diagramof an enbodi nent of
command reorder logic of Fig. 1 in which a subset of the comands are
reordered. Fig. 2D is a block diagram of an enbodi nrent of the command
reorder ‘logic of Fig. 1, .suitable for yeordering wjite conmmands. Fig.. 3 1is
represents a net hod19 %#Aﬂ%f’laglfﬁﬁéfa%‘?ﬁ?&ﬁ@%é“@eﬂf B’LS%EFE’@“}“‘HG rordr dogic e

wi th the presesftFignvention. Fig. 4Ais a detailed flowhart representing .
one enbodi nent of the nethod of Fig. 3 for reordering read commands. Fig.
4B is a detail ed flEigchRida blogk disgrani ofghenorambaod selentiondégic bEFige2Aod of Fi g.
4 for reordering wite commands. Figs 5A and 5B-are flow charts of nethods

for. returning data Figo& ircablogk diagrgerefantemhodimens obepmmart rcordentngic of
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- accordance with the present invention.

Fig. 4A is a detailed flowchart representing one embodiment of the method of
Fig. 3 for reordering read commands. |

Fig. 4B is a detailed flowchart representing an embodiment of the method of
Fig. 4 for reordering write commands. .

Figs SA and 5B are flow charts of methods for returning data provided in
response to reordered read commands in original command order. '

Detailed Description Of The Invention

 The present invention is a system and method for reordering commands sent
by an initiating device to a resource. The commands are reordered in a manner that
maximizes the efficiency with which the resource is utilized. The invention may be
implemented using reorder logic to couple data between the initiating device and the
resource, and is applicable to resources and initiating devices that meet certain criteria.
In particular, suitable initiating devices are those that can pipeline commands to a
resource and have at least one class of commands that can be reordered prior to
transfer to the resource. -~

Suitable resources are those that may be made to operate more efficiently
through command reordering. For example, DRAMS, flash memories, CD ROMs,



In particular, suitable initiating devices are those that can pipeline
commands to _a resource and have at |east one class of connan 'ﬁﬁﬁﬁmﬁﬁﬁ
reordereéd pMOSISM5B% ransfer to the resource. Suitable resources Ose
that may be nade to operate nore eff|C|entIy t hrough command reorderi ng.
For -exanple, DRAMs, flash nmenories, CD ROVs, 4 WD 98/45780 .
PCT/ US98/ 01598 DVDs, hard di scs and fl oppy discs are resources that may
operate nore.efficiently by reordering commands to reduce nmenory access
times or elimnate nenory cycle tine del ays between successive conmands.
Suitable efficiency criteria may include spati al Iocality of targeted
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targeted to a |tergeladzddreasesa of nenory, e.g. a page, row or track, in

clusters. This allows clusters of commands to be processed to the sane
page, row, track, et©negmbedimentnf thespatiallocqlitt erifenonyednass memary gedsesl. An .
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resource is suiinahisters.ofhig aBows Chlhferqpfwmandn tebe propessedito the swae pagsf, row,

Fggﬁggdr gig%g:\? cKCOBTBURGR thepAe! i) tARR baRESR fhliily. GlelBodiftfifsed Wi th.
a]tematmg locality criterion selects commands in anticipation of the memory bank
alterat-iqn that occurs in interleaved memories. This reduces the overhead attributable
to the cycle time of any one memory bank.

These efficiency criteria are intended to be illustrative and not exhaustive.
Essentially, any criterion that selects commands for processing in a manner that
reduces access or operational overhead of a resource is suitable for use in the present
invention. In the case of memory resources, commands targetmg addresses that can .
be accessed with reduced overhead of |

In the disclosed embodxment, the initiating device is a graphics systems and

ihe resource is a memory device having a paged memory structure. In this discussion,
“paged memory structure” means a memory that is designed so that at 2 given time,
sorne subset of available memory may be accessed with lower latency than the
remaining portions of the memory. Typically, the memory is divided into equal sized
pages, of which one (or occasionally more) may be “open” at any given time. The
‘remaining pages are “closed”, and accessing addresses on these pages consumes
additional overhead. For convenience, the following discussion refers to an open

page with the understanding that the invention also encompasses those resources for -~

which more than one page may be open at a time. In addition, resource addresses



In the disclosed enbodiment, the initiating device is a graphics systens
and the resource is a nenory device having a paged nenory structure. In
this di scyasesMs780 paged nmenory structure” nmeans a nenory t he@T/U898@WasI8gned
so that at a given tinme, sone subset of available nenory nay be accessed -
with lower |atency than the remai ning portions of the nmenory. Typically,
the nmenory is divided into equal sized pages, of which one (or occasionally
nore) may be "open" at any given tine. The remai ning pages are "cl osed",
-and accessi ng addresses on these pages consunes additional overhead. For
conveni ence, the follow ng discussion refers to an open page wth the
under st andi ng t hat _t he inyention | so encoqpass§$ thoseﬁégsources fBr whi ch
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shown a bl oc kccl)rgr\{'gtln'isdtlaf'jl E gciHrgsfsesognethe same page. Commands may thus be reordered

according to the addresses they target and the currently open page(s) in memory.

Referring first to Fig. 1, there is shown a block level diagram of one
embodiment of a computer system 100 incorporating the reorder logic of the present
invention. Computer system 100 comprises a processor 110, a memory device 120, a
graphics system 130, and a bridge 140 that includes reorder logic 150. Processor

' 110, graphics system 130, and memory device 120 are coupled to bridge 140 through
a processor bus 112, an interconnect 180, and a memory bus 122, respectively. Also
shown in Fig. 1 is a bus 170 (optional) for coupling peripheral devices (not shown) to.

. computer system 100. The configuration of computer system 100 is provided for
illustration only and is not required to implement the present invention. '

In one embodiment of the invention, interconnect 180 is an Accelerated
Graphics Port (“A.G.P.”) and /O bus 170 is a Peripheral Component Interconnect
(“PCTI”) bus. A.G.P. is described, for example, in Accelerated Graphics Port
Interface Specification, Revision 1.0, published by Intel Corporation on July 31,'

© 1996. PClis described, for example, in Shanley & Anderson, PCI System
Architecture, Addison-Wesley, Reading, Massachusetts (1995). '



enbodi ment of a conputer system 100 incorporating the reorder |ogic of the
present invention. Conputer system 100 conprises a processor_ 110, a nenory
devi ce 120WQH#Bhi cs system 130, and a bridge 140 't hat i nc PGHYSIY Y er

| ogi ¢ 150. Processor 110, graphics system 130, and nenory device 120 are
coupled to bridge 140 through a processor bus 112, an interconnect 180, and
a nenory bus 122, respectively. Also shown in Fig. 1 is a bus 170
(optional) for coupling peripheral devices (not shown) to conputer system
100. The configuration of conputer system 100 is provided for illustration
only and is not required to inplenment the present invention. In one
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whi ch they are processe device 1 reor
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t he reordered nwgb@mwdﬁ;amdrdeauiesc)he recei ved data to graphics system
130. In one enbodi nent of the invention, reorder logic 150 returns response
data to graphics syRefmid8fow o FigeZA;thereiisrshadnﬁabldchehagmmefp@mdhrﬂggxc 150

commands were ;q g;gﬂgl Y, r W
order or OCO) . %‘a?leeﬁ?’% %r%gi\}\l/% Eg %Pﬁ’e%e?%ng&:ség a\% résg(ﬁ@ctﬁ I agr am of
reorder | ogi ¢ PByided in response to reordered commands. Reorder logic 150 comprises command

' reorder logic 210 and response reorder logic 260. Command reorder logic 210

reorders commands sent by graphics system 130 to memory 120 according to an
efficiency criterion. In one embodiment of the invention, the criterion is based on the
‘memory address targeted by commands and the current open page of memory 120. In
this embodiment, command reorder logic 210 picks out commands according to an
indication of the last page accessed in meniory 120 to reduce the number of page
breaks generated by accesses to memory 120. For example, reorder logic 210 may
select a command for issue that specifies a memory address matching an open page
indication provided by memory 120, or it may select a command targeted to the same
page as that of the last command issued to memory 120. In the latter case, command
reorder logic 210 does not require input from memory 120. The order of commands
genérated by reorder logic 210 to increase the efficiency with which a resource
operates is hereafter referred to as resource order (RO).

~ Response reorder logic 260 is included where an initiating device must receive
read response data in the same order in which the initiating device issued the
corresponding read commands. For example, where interconnect 180 isan A.G.P.
interconnect, responses are expected to be returned to the initiating device in the same



suitable for reordering read commands and, where necessary, restoring to
OCO data provided in response to reordered commands. Reorder |ogic 150
conpri'ses woms@smdor eor der | ogi ¢ 210 and response reorder | oBFEUSBYISBmand
reorder |ogic 210 reorders comands sent by graphics system 130 to nenory
120 according to an efficiency criterion. In one enbodinent of the
invention, the criterion is based on the nenory address targeted by
commands and the current open page of nmenory 120. In this enbodi nent,
command reorder l'ogic 210 picks out commands according to an indication of
the | ast page accessed in nenory 120 to reduce the nunber of page breaks
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expected to bente&tdmrceﬂmnandtqueue Zﬂ()taxxdtfongardm;tomrder sldie23hareording to\dD
98/ 45780

@éﬁﬁ’s 98
order as whi chetteﬁnung%%%lnge bx\éarmengl% ?rﬁ'emrlbn %r{tr n evil (E:ele%9I§1 Vet
Accor di ngl y, - trepgihewmmand aequertegqoedez@b)tsf raéirst-xaé"xrsr-qw @éarcby Nﬂmry
120 in res ponaeohﬁme%ﬁ%me h@ﬂﬁoﬁ‘dbﬁiﬁeﬂﬁ ufaﬁ@md?gdﬁtg 16&@258@&@@99 still
to Fig. 2A, conn and r r.der. i.c 21 corrpréﬁstgl ‘E%%aeue 20 whi ch
i's coupl ed to"fh? teoqsme forwar progress of the semand tq. Pt 288| ect | ogic
240. Gating | cﬁgumr&ﬁﬁe csmoang terbotder slotsB30dviipnaoaditisns asduitabla Ferad

| example, gating logic 250 may stall a read command until space is available in RDRB

270 to accommodate response data. For write command reordering, gating logic 250
may stall a write commapd until the data to be written is received in a separate write
data buffer (not shown). '

To avoid deadlock, gating logic 250 checks the availability of buckets 272 in
RDRB 270 to accommodate data provided in response to a read command. Here,
“buckets” refers to locations for storing data, while “slots” refers to locations that
store commands. Gating logic 250 determines the size of data being requested by a
read command and compares the requested data size with available buckets 272 in
RDRB 270. The read command is forwarded to reorder slots 230 when sufficient
buckets 272 are available in RDRB _2‘70 to accommodate the data size requested in the
read command.

Many initiating devices expect read response data to be returned in the same
order in which the device issued the corresponding read commands, i.e. OCO. For - -
these devices, space is reserved for read response date in RDRB 270 in OCO, withthe
reserved locations wrapping around RDRB 270 in circular fashion. Read response. ... ..
data oecupies one or more buckets 272 of RDRB 270, depending on the size of the



data return buffer ("RDRB') 270. Commands received from graphics system 130
are entered in nd queue 220 and forwarded to reorder s

accor di ng ‘YS*‘Q"‘%@mm nati on made by gating |logic 250. In orll;gtrgjr%%gllsrgrsent
commands are noved through command queue to reorder slots 230 in first-in
first-out (FIFO order. Wen a command reaches the head of command queue
220, gating logic 250 determ nes whether conditions permt forward progress
of the command to continue, and forwards the command to reorder slots 230
when conditions are suitable. For exanple, gating logic 250 may stall a
read command until space is available in RDRB 270 to acconmpdat e response
data. For' wi tdatat0soKasguesrabgend rad cominand Aoglabildp of eath batkdt R72isvtrdcked

command until {he d be wiitten. | i ved. i A
U Tor (ot gt aerseiared Al e Bie 274 FRFip R, JaBa BERRUATY Pkt ndt ' °
avai | ability datalisided¢dinkyassociatRbsiet 272) and resctwhenthia datadswmogted\fiaged i n

response to a 2 ¢ ¢ tJ storing
data, while " salE s(e;bt{ti’s te%%?g 'tdgﬁfr%clgglfh%ﬁé ﬁ%&?i%%rb@c%%s%@g 2 te:; ﬁ{;atl ogi c
250 det er m ne<llpwe cemnmand feogdaringie prrgeedyitbedtdgadiocks r ead comand and

. conpares the requested data_size w,th avail able buckets 272 in RDRE tt%J\?O.-
The read command i dnPBe AEPEiEeRE SRR 198ic 20d1es vabid bifs &4 & AetP BN WhBiEk et s
27 2dar e av aidl 2hbesh d_%nﬁtﬁﬁﬁts %ﬁ&cefctim'mﬁ@ ﬁ%ﬂﬁle?o hébagﬂﬁécﬁtesﬂlé ﬁalg%ﬁu esjuested n t he
read conmand.- lnitlating VI Ces .expect .read.r onse .data .to pe
returned in tﬁ’gﬁg‘%’iﬁ@d gogEAn ‘nhb\ﬁfsc"lﬁ?%“%g\ﬁaggg ?%‘bzid) m@%’&sﬁ?@%ﬂ%ﬁgﬁ %y
read conmands first.availdBl budker 272N adeterhineds aasymbep Noef buskete 2 €2 nepdssagr tor ead

response dat a 0. FRER, 240 b CORaal . LI SRS Sh AL BASWIARD! O

around RDRB 27\ ncirc . _response data occuplies one or
mor e bucket s Fotowing foribugke 278 cqre auiilagles he-thaue syspeiate valid bis 274 mepto df 45780
PCT/ US98/ 01598, 0@t BolahfARY iy REWATEEh fR¥rdel 8ofs23d afn Ritflan MdfatiaPbf whithof

h bucket 272 ' i
each bucke bucllcest(sg_ b9y haes%een reserved for the read response. If not, the command is

=

retained in command queue 220 until sufficient buckets 272 are available for the
response data.

" An alternative embodiment of gating logic 250 uses a counter c_ircuit to track
the amount of data currently outstanding in the system and, consequently, the number
of buckets 272 available in RDRB 270. A pointer tracks the first available bucket
272. The data size requested by a read command is compared with the number of

~ available buckets 272, and the read command is forwarded to reorder slots 230 or
stalled, depending on whether or not sufficient space is available for the response in
RDRB 270. -

Once gating logic 250 determines that forward progress of a command may
continue, e.g. when space is available in RDRB 270 for data requested by a read
command, the command is forwarded to one of reorder slots 230. Reorder slots 230
are coupled to memory 120 through command select logic 240. Command select logic
240 monitors an indication of the area of memory 120 that was last accessed.
Command select logic 240 also monitors reorder slots 230 to determine which
memory addresses are targeted by the read commands in these slots. According to
one efficiency criterion, command select logic 240 selects a command from reorder



t hrough an associated valid data bit 274. For exanple, valid data bit 274
is set when data is |oaded into associated slot 272" and reset when the
data i s unlwadgasfspom associ ated slot 272', Gating |ogic 250 poxagsodnisesat e -
buckets 272 in a manner that allows command reordering to proceed w thout
deadl ock. In one enmbodi nent, gating |ogic 250 uses valid bits 274 to

det erm ne whet her enough contlguous buckets 272 are available to
accomodat e the data size requested by the read command. In this

enbodi ment, gating logic 250 nmaintains a pointer to a first available

bucket 272', determines a nunber N of buckets 272 necessary-to-accommodat e

t he requested data_si ze, and deternines whether NI buckets—272fol1owing
first bucket 23Pts 23Qtapgpiad tgpp édgqessem ey 420 baving adediged acqsss 18tenoy e set .

If so, the commﬁlm&dftgrgaaﬁ d &ﬁ@@(sqiﬁ{apégeﬂsn along with an
I ndi cati on of which bucket (s has been reserved tor the read response.

Ibf EOt t he comand Asnotet mbowe,cpalgad nemoey 20 cannecddz @ tarpéted neenfoky addreds

ts 272 t
o aat g Log) EBEBHcER. Fndibe B EARANIG AR palduplebl DBk S BRAH""
current |y out sthgessiig differentpagssgeneratepage breaks adnioht thke longer to servise. Qe
buckets 272 -avaiiidfintenk Bf SiRRard 7éaeecﬁo§w ﬂb%eékrs%ﬁ ‘fxﬁh%a'ﬁ%n bF frdlcuféa dvﬂeﬁl e

bucket 272. The data size request a read command 1S conpared th the
nunber of avai PaS & TBERS! 1@02‘?@ detgHRintHE anp gomagnd i Tgordsr $leﬁs@épa%fargesed to

reorder slots 230 page. srméi:ﬁ@baud@ﬁﬁy@e@goﬁdedﬁhetdmawf k. Bof édagippé)t space
Is avail able for_the resgor’i FYTL%% tufenq %}vﬁgﬂl C zgo detterm nes
that forward pPoPLad %We&v&ﬁipﬂ & eéno ay 9t Fuprent open
?vai I agl g |t n - RPRge. Zl?lﬁs ﬁpproat:iﬂms thecpderanteg dfjtraaking pdgecirapeuetth eommandsid i s
orwar de 0 o (o]
menmory 120 throunﬁ&(}:}%ﬁ%}r& Esé? ectn@gco%gg‘éo%%QZ@&agﬁfo I C %ﬁ%&
nonitors an i né@‘@&?fll mcd‘:edtm@%laﬁaommn@ igssped. OWhilp this amm@sioean@t@ffg@mt
Command sel ect fhQel e@hﬁlﬁcémfy 4cRésied BOrh Geer ALALS, ﬁmelaﬁvgl?tsﬁﬁﬁlh@@ whi ch

menory addresses re targe the read conmmands I n these ot

According to ofgP Pﬁlé‘igfg@er@#?%éﬁ“fedﬁ %MWS‘@&%{O"I gyed %93@ té%laétct s a

command from.r eomsend Selected by command select logic 240 when a page break is detected in
memory 120.

When a command targeted to the current page is present in reorder slots 230,
command select logic 240 selects this command for issue to memory 120. If more
than one command is targeted to the current page, command selection logic 240 may
apply an additional or secondary criterion to distinguish between the commands. In
one embodiment of the invention, command select logic 240 selects the command that

 has been in reorder slots 230 the longest and issues it to memory 120. Other possible
criteria for selecting among commands to the open page include selecting the
command assoc1ated with the largest or smallest data block or selecting a command

' randomly ‘

- If none of the commands in reorder slots 230 is targeted to the current open
page in memory 120, command select logic 240 may select a command according to
-the secondary criterion or still another criterion. |

- A secondary criterion that selects the oldest command in reorder slots 230 may
be implemented in a number of different ways. In one embodiment, the locations of
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PCT/ US98/ 01598 sl ots 230 targeted to an address in nenory . i a
“reduced WOSELSTH atency, e.g. a command targeting the open g&%@%‘gﬂ

paged nenory. As noted above, paged nenory 120 can access a targeted nefrory
address nore quickly when the targeted address is on the page currently
open in nenory 120. Access to different pages generate page breaks, which
take | onger to service. One enbodi nent of command sel ect | ogic 240 checks
an indication of the current open page in menmory 120 and determines if any
command in reorder slots 230 is targeted to this page. This indication may

" be”provided gjgis fscmay 3 Mséﬂfto‘i‘@dléate i re 1R T Of cEAMIRAS cdnefhdin skd?ﬂ?fo. 240
~may .receive_a hint from nio gj tQ Its current open p Thi's
appr oach hafOF ﬁ@%?é‘??‘?&ggs gF %3 ﬂ??g‘”ﬁ%@f@ﬁhﬁ‘?gé%b%@nﬂé‘d 8fa f r om

ot her devi ceem:ﬁnﬁeraﬁlaém&ﬁlryordmwz@bmém heﬂtﬂapé‘sn?cﬂﬁtaaﬁ iek afteokdse NMENOrY
| ocati on spe b:gg@n ﬁgﬁ t co dit b{ssued Lle this ap oach does

- not account S gyig 58% nepe of thecommands in FOFsF Sig

relatively $arg§:dede td melcnnémrpage of mmnbf)enﬂabdimmaﬂd selectilagic 240 issumb théat e an

indication t b ogi c
240 when 5 SORRAEA A HRLD Afoel A of SRR eSSy 120, H1E e RE BRI 0 o
t he current apmjveftqccgumeéemslowr%%waepwsqomnsanﬁss);ramﬁ&nmirfmmebmtanﬂogu c 240
sel ects thiguegemamd for issue to nmenory 120. If nore than one command is
targeted to the current. page, conmand sel ection logic 240 may apply an-

‘addi tional or secgagmdtive ,eatoardomamancuys:retﬁﬂslsm EEWHEET is 168deaqn@@ands. | n

mbodi t .of th d t I th
Commangt nacodrds’ b0, Wil il of BEPRRSs3E: ﬁ%ﬁ?f&ﬁ’gﬂetﬁ e asd 6,1 o
menory 120. ti dverenpopsi falge ircmetnery, eorfunand sdleat ﬂoglgzmrdregks:uhmamrnps dfhe

open page ijg g&ls%a' getb R csﬁma% 9@@3@ @hﬁé tifle thrﬁrﬁ]erﬂlgéﬁq?ﬁ&chor

snmal | est data or se ectl ng a comran
conmands i nTeques eddlemaﬂ logicig identifysthg oldest commang, butis eliminaige the need to

shift commands in reorder slots 230 each time a command is issued to memory 120.

Referring now to Fig. 2B, there is shown an embodiment of command select
logic 240 in accordance with the present invention. While the embodiment of Fig. 2B
is shown with four reorder slots 230, the invention is not limited to this number.
Command select logic 240 comprises a buffer 242, comparison modules 244(a)-

. 244(d), and selection logic 246. Buffer 242 stores an indication of the last page |
accessed in memory 120. As noted above, the indication may be obtained from |
memory 120 or from the last command selected for issue by command select logic
240.

Comparison modules 244(a)-244(d) are each coupled to one of reorder slots -
230; as well as to buffer 242 and selection logic 246. Comparison modules 244(a)-
244(d) compare the target address specified by the command stored in their associated
reorder slots 230 with the current open page indicated in buffer 242. According to
~. . one set of criteria, selection logic 246 issues to memory 120 the command in the top
- most one of reorder slots 230 (secondary criterion) targeted to the same page
__ (efficiency criterion) specified in buffer 242. If none of comparison modules 244(a)-
- 244(b) indicates a positive comparison, selection logic 246 issues a command

1



page in nmenory 120, command sel ect |ogic 240 may select a command accordi ng
tothe secondary criterion or still another criterion. A secondary
criterionwdwed/sssy ects the ol dest command i n reorder sl ots ERIVUSHRINLENS

i mpl enmented in a nunber of different ways. In one enbodi nent, the | ocatiens
of 10 WD 98/ 45780 _ '

PCT/ US98/ 01598 slots 230 may be used to indicate the relative age of
comands contained in slots 230. For exanple, reorder slots 230 may be
ordered fromtop to bottom and the |onger a command has been in reorder
slots 230, the higher the position- it occupi-es in reorder slots 230. Wth
this configuration, if none-of -the-comands i n reorder slots are targeted

to the currenBSGPEdRE b2 default Gritemen. Orgsheh gritssion dssugsdhy command Bthe R he

command in thﬁlotsﬂlihemf&boﬁeﬁsl@ffs 230,dles thé dnianEiREddérdibts ZB@Iongedi ni ng
commands are shifted upward in slots 230 and a new command is transferred

from command queuevmmédﬂdmanam oﬁ/thbxzurrﬁn@bexcpag&amdmemyy bmmpmwmecﬂmoed
when it is lo

reorder sl otsﬁg‘s gﬁ‘re {ésggfﬁﬁéas ? L&{‘%gg%%? m{%p%g@ﬁ‘e‘ﬁ% thi;r%s]l D1 qa%‘i’){r}lmnd
sel ect logic mmdcn@uffsﬂ% thﬂeofbcmscesﬁcqeheawm&mnspawspé t he
command havin %' Egdggm R Qﬂéll![) I:onal
logic to i dentﬁhle Q@Sﬁgﬁ%ﬁmn r%%fa%l t e éleélnﬁrllgdtj es {%gq?l‘ggﬂk{nolﬂshl ft
conmands in rbﬁ@#zﬂlgt@t@@%@%lﬁ ARaltemativepmhediment eEcpramard salees jagic) 20,

Ref erri ng now4q vhifer 2428may betsupled @Wﬁo@@@@b%& ﬂﬁrtbn@fnswmsmiymffeﬁt
l ogic 240 in L nventi o e...t he enbodi nent of

or dance t.h.the present
o 28 1's Shothay bR aler e AR bt Aootes GOy el B ASPEER o |1 i t e
to this nunbeembé&limentef corineanid sblegmn 1agio 240 iffes 242 map rdckive ad ddjicativampdr i son
nodul es 244(a
I ndi cation of }ht é?t&f%ge H?a%hgg Crgglérérglﬂg a@&%&a%ﬁ;ﬁ%‘i‘{s Sﬁteg'g %8&3&%5&@ %ﬁ he
i ndi cati on nagermaldb@ QPfFTEEﬁgf: insheationoray bPZ@SQﬁrOIT intsmall storedsdata ordatmd
sel ected fOr }egemed BnfAIeRlHalS6heet.gl fid!résource controller, and in either case, an
- - external agent may prov1de additional “hints” by, for example, invalidating the page

indication in buffer 242.

Referring again to Fig. 2A, command select logic 240 is shown coupled to a
resource order (RO) buffer 294. When command select logic 240 issues a command
to memory 120, it also provides an indication of buckets 272 assigned to receive the

‘corresponding read response data. ‘This allows commands issued to memory 120 in
RO to be loaded into RDRB 270 in OCO by load logic 280. This process is discussed
below in greater detail. '

As noted above, not all commands m:iy be suitable for reordering. The
verification logic necessary to 'sulpport réorder_ing of some commands may be too
cdsﬂy and complex to justify the e_fﬁciency gain. Alternatively, commands 'rnay be
ordered by the initiating device according to-a different criterion, and reordering these
commands may interfere with the ordering scheme 1mplemented by the initiating
device.

Referring now to Fig. 2C, there is shown'a block diagrani of an embodiment
of command reorder logic 210"(210*) that accommodates different classes of
commands. For example, the disclosed embodiment of command reorder logic 210’
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.240. Conparison nodul es 244(a)-244(d) are each coupled to one of reorder
slots 230, as well as to buffer 242 and sel ection |ogic 246P gﬁﬁﬁﬁﬁﬁﬁ £n
nodul es 24ﬁ?37“5@ﬁ4(d) conpare the target address specified 8 e commuand
stored in their associated reorder slots 230 with the current open page
indicated in buffer 242. According to one set of criteria, selection logic-
246 issues to nmenory 120 the command in the top nost one of reorder slots
230 (secondary criterion) targeted to the same page (efficiency criterion)
specified in buffer 242. If none of conparison nodul es 244(a)- 244(b)

i ndicates a p05|t|ve conpari son; selection |l ogic 246 issues a commuand WO

98/ 45(7180 - is sdu1tfable for initiating dev1ces that generate high and low priority ré&d érl]rleﬁgﬁfeo 1538
fhe top most GROTGRG. CoPUERLS aGmIpe tsued SISk b S g
230 | ongest. ‘pﬁeﬁtytdmmmﬂspatd mq:pﬁcaﬂlbxexocsumabletfonmerdemgeln thiseews®yry 120 is
provided by the targe f ogic
210, this inf SPWﬁanné?rg&g 6’ sebgﬁ %ﬁhfﬁlém%@gd“ﬁﬁh @g{ﬁog%éﬂ cc[eiss
addr esses on deﬁdsénginpnqragegmmand%wdngh mmtﬁi@omnd(qumnmds from graphi cs

system 130, the pa ndication in buffer 242 will not be accurate. In an
al ternative enbodi %imﬁldéf the saseamkpre epamand merder dogic 2 i reerders Aow prigritye

coupl ed to mepmyy, &&ﬁém%%&itymﬁemlﬁ pritity 'i@e{d%ﬁd%ftés%-e BtbéedtBY tde

|nvaI|dated if such £Ss 0 curs I t her
enbodi ment of TR0 iDL b Bgbediment of sammndtper 4%[%#32@% SmgRand
i ndi cation of ghtwe Zmibelovppﬂmwrreaimhswmanﬁﬂly asindicgted deBigs2AnHowelet,a i t s

Corerna 1y oy ik BRGRl  YGRI 22 e BR PR Srad Y RO A Al 2oF O
resour-ce:cont mﬂu@d in mndqrdosc 20 Inadditiona mmmdadeca@ea 2i4 isipclpdedi de

addi tional " hiy en Yap &rs &eﬁl”ﬂ%b%nd 'caﬂﬁ{ﬁlﬁ_%:&%g P 22@!0%%&!‘ in
buf fer 242. Refer ig. 2A ect |c 240 1's shown
coupled to a pe@méealvfr@ewtbmfo faPBROPHSiE qUEWFan commnd sel ect |ogic 240

. Issues a conmmand

* Reorder logic 210’ also includes a command arbiter 248 for receiving
commands from queues 220, 222, 224 and selectively forwarding them to memory
120. In this embodiment of reorder logic 210°, low priority read commands are

_reordered to minimize page faults, as described above. High priority reads and writes
' are issued to memory 120 by command arbiter 248 according to a different priority
scheme. Typically, high priority reads and writes will be issued prior to low priority

~ reads and writes. Since high priority reads must also return data, command queue
224 will have associated gating logic (not shown) for ensuring return buffer space is
available for response data, The gatmg logic may be incorporated in command arbiter
248 to monitor slot availability in a dedicated high priority read data return buffer (not
shown). Alternatively, the gating logic may share RDRB 270 with queue 220. In this
case, h1gh priority read commands must be tracked in OCO and RO buffers 290, 294,
respectrvely, to ensure that read response data is properly correlated with slots 272.

- In general command arbiter 248 provides an addmonal level of command
selection to ensure that high priority commands are not delayed by low priority reads
or writes, Inone embodiment of reorder loglc 210°, command arbiter 248 may be
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to menory 120, it also provides an indication of buckets 272 assigned to
receive the correspondi ng read response data. This all ows_conmands issued
to nmemorWOPBMESI8A RO to be | oaded into RDRB 270 in OCO by FEAFSPYRE 230.
This process is discussed belowin greater detail. As noted above, not -al
commands nmay be suitable for reordering. The verification |ogic necessary
to support reordering of some conmands may be too costly and conplex to
justify the efficiency gain. Alternatively, commands may be ordered by the
initiating device according to a different criterion, and reordering these
commands may interfere with the ordering schene |nplenented by the

i tiating dBWbER 1o EIREE Dith BECARMAILs il ugttggéfga Pageboighuan 8 gk di agram

of an -enmbodi of--eomrand- reor dat es
- different cll%F§§’§§m6f1°\Y@ﬁﬁ§Wd‘§m°If’6|mm dfyaitel scl osed enbodi ment of
command reorder ic 210", 12 98/ 4
PCT/ US98/ 01598 |sR ering pean foFig %Xioi eSPIG r%@qré%fgc ghresipEssd, QO RBh and .

| ow priorit prowidet lagnﬂxentorjt t2Cinrespotise toGoordered seddtaimmarmls. Bs dissassed with | ow

| at ency. are | I %psn% re.typi | of
suitable fof’d’§ d?@ gr&{}d&l ébgggﬁ ﬂ!l%éﬁcf” Voa?’(qgfmﬁg ??t?)ﬁ)(‘q aé‘gpar ates
out | ow pri erdmgryd@thperedsses ﬂxeS¢@edd@nmagdsam¢eamt¢s'ead xgqumsq: data iyROormands
to high pri }aaq Hey ! huin BRTBERAS der -
| ogi ¢ 210 (ri{eégé%]esrgg o | or?%syﬁfaegéfﬂ%h\%&%ceﬁgﬁ pri or| ty wi teé&éa}éld hi gh
priority redOCEhd wri. tes are processed to menory 120 in OCO In this '
enbodi nent of co nd reor .0
priority reads i s SBORSFIFRT %fIIP§’°§Q8 Wﬁfd&éf@g%" 2?@ %)Qd% ﬁég%vrﬁgﬁl ow
priority wi20e, asiginil 28maraid arder (0CO) iboffett 300rmd d/regontee apda (RO) Daffer e al so
i ncluded.in OR%B
I ncl uded betz\?\gen b (?%:sscoaélgfi ﬁm%gxggﬂi%d %gomggléa%mgggsse%ggoeéféﬂ]éand 224
to decode system1l Ot ough unload logic 284. OCO buffer 290 is coupled to monitor
' ' commands sent to reorder logic-150 by graphics system 130 and to provide
information on these commands to unload logic 284 for use in retrieving data from
RDRB 270. OCO buffer 290 monitors the size of data requests in OCO.

._)

RO buffer 294 is coupled between command select logic 240 and load logic
280. RO buffer 294 records the order in which read commands are issued to memory
120, i.e. RO, as well as the location in RDRB 270 reserved for the corresponding
response data Load logic 280 uses this information to load read response data into
the appropriate buckets 272 in RDRB 270. As noted above, buckets 272 are allocated
in OCO by gating logic 250. In the embodiment of command reorder logic 210° of
- Fig. 2C, information on the allocation of buckets 272 may be provided to RO buffer
294 by command select logic 240 or command arbiter 248.

Unload logic 284 transfers read response data from RDRB 270 to graphics
system 130 in OCO. For this purpose, OCO buffer 290 provides unload logic with
the size of the data response expected for the next read command in OCO. Unload

logic 284 uses this information to determine which of buckets 272 holds the response
data corresponding to the next read in OCO and when the data loaded in these buckets
‘is valid for transfer to graphics system 130.
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comands and route themto the appropriate queue. Reorder |ogic 210' also

i ncludes a conmmand arbiter 248 for receiving commands fro §ﬁ§%§@%§§? 222,
224 and ¥ ¥45¥|y forwarding themto memory 120. In this 2
reorder logic 210', low priority read commands are reordered to n1n|n12e
page faults, as described above. H gh priority reads and wites are issued
to nmenory 120 by command arbiter 248 according to a different priority
schenme. Typically, high priority reads and wites will be issued prior to
low priority reads and wites. Since high priority reads nust also return
data, command queue 224 wi || have associated~-gating |ogic (not shown) for

ensuring return”bghf &hbécﬁﬁﬁﬁtdﬁmﬁié@'l&gi@b@fe@ﬂﬁ%?%ﬁ&?s@ dRtRoCH /@t i ng
| ogi ¢ may be .i.ncorporated ﬁg‘hg"b? maaj ter.248 to

avail abil i tfollﬁwglgdeen@&t Halqa Wmﬁ%ﬁﬁaéw&t?fe@kﬁ%)b‘ﬁ#*éiPO’(‘&‘R)t
shown). Al t&bmaébu&bmhaﬁﬂaﬁo@athen@t degires SaRfiremROBRB270. Wtt h queue 220.
Fg

burfors S0 snisal Bl RBTR it e Bl BRDRIEZIY. Taeh b HRLAE
proper |y corthedatasitespedifiesd 1nt(K3QBﬁffeﬂ2909°emheab>_;treaﬂnmndaxﬂﬂmdb&nnﬁlé&
provides an adLs CAPRL b RNCn o RRNIROAFHESLLANA LY EISHE Brobhh ' O

pI’IOI’Ity Cco ST are ‘not %l or-wri I n one
ermbodi nent ofsponse thethis reed @omgnd Eqsrwma eaifishehebuckaghaidsa Q@/oxd;of WD

98/ 45780 response data and the requested data length at the head of OCO buffErGboyYep8/ 01598
coupl ed to burfer 242 of nd select logic 240 to reflect pages targeted

by an mten@WPﬁ’é PREY pI’IOI’Ity wite or high priority read/ wite. Referring
again to Fig. 2A response reorder ofes to OCO data.provided
by nenory 120 in response to reorde%éi@qﬁ)’ﬁi&g “As di scussed above,
commrand reor der C 1 O?ﬁt and :
menory 120 proces@gctu tﬁé’gﬁ&gﬁéﬁﬁ%g?%g‘%gﬁ%g@? l@rgéaa sbglcgge data in
RO Responseindicated by VISKR. .cThis validbit iscietiwben thatlast Q@vnrd paavided inrespprseton t he
response datfe [qbfdmand has been loaded in RDRB 270 so all of the data for the read is
ready for transfer to graphics system 130. Unload logic 284 unloads the L Qwords,

transfers them to graphics system 130, resets the valid bits on the L slots, and resets
RPTR to VPTR + 1.

- An alternative embodimerit of reorder ldgic 210 uses tags to track command -
order. In this embodiment, tagging logic associated with, for example, gating logic
250 or command queue 220 tags a cortinand to refléct the order in which it is received

- (OCO). Tagged commands are forwarded to the resource through reorder slots 230
and command selection logic'240, as before. In the case of a read command, for
example, load logic 280 uses the command tag to load the command response into an
appropriate bucket(s) in RDRB 270. One advantage of this approach is that it allows
the resource, e.g. memory 120, to do its own command reordering in addition to that
done by reorder logic 210. Since the OCO data travels to the resource with the
command, any reordering of commands by the resource does not affect the appended
0oCco mformatmn

Although the precedmg descnptlon focuses on reordering read commands,
write commands may also be reordered to improve the efficiency with which memory -
120 operates. In the disclosed embodiment of the invention, a write command and the
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Response reorder |l ogic 260 includes l-oad |ogic 280, unload | ogic 284, RDRB
270, an original command order (OCO buffer 290-and a resource order %FK»
buf f er 294 WQPRM578%70 i s coupl ed to menory 120 through | oad Icfé‘?"é BO5%nd t o
graphi c system 130 through unload |ogic 284. OCO buffer 290 is coupled to-
noni tor commands sent to reorder |ogic 150 by graphics system 130 and to
provide information on these conmands to unload | ogic 284 for use in:
retrieving data from RDRB 270. OCO buffer 290 nonitors the size of data
requests in OCO RO buffer 294 is coupl ed between command sel ect |ogic 240
and load |ogic 280. RO buffer 294 records the order in which read conmands

. are issued to I ' |
reserved- for t corresponglllp%dtr%g)‘:;orgt?lrsnégi 1? 9%3%?&3&! O(A%Eéra%gpuses tlﬁ%
i nf or mati on toleoo\adl ipelude awmﬂ%b@ﬁ@ra(wlaBoFxgh%th@emeala@ gsutisseasivedy i n

RDRB 270. As nqi egloglpve, buckets 272 are allocated in OCO by gating |ogic
250. In the enbodi ment of command reorder logic 210" of Fig. 2C

|2 gz OL mation on the néﬂeﬁﬁﬁgtnmzdgﬁxgmltaé@ %&f&wm éﬁ%d@ﬁﬁaﬁtdﬁdomaﬁﬁ}éwaé%ﬁr

y conman or comrand ar iC
transfers reag é@ﬁ&]&ﬁ%ﬁ%ﬁ?ﬂ%@ﬂ%’ ﬁﬁh?é@c@?@t ofha“B th oco
For this purpomngmBlﬂfse:ouﬂ@d)tquDBiéﬁtcrmomd)rlthtgarnvadndflwrtthdata.l hethi§ t he
data response I f :pg)@t 4
uses this inf O%ag%ag? (%an% ﬂ)%%n fe a%?ﬁﬂg%” e agd%rﬁgﬂldﬂﬁ%ﬁe r%sp&ol?\se
dat a corresporiéﬁqfvgfeﬁmrﬁmWé&tda@éaﬁlbmwmm&ﬂ%h@maﬂwd%ed in

these buckets feseiVadi, itk Wite dofdimihn be pticafbi, Ghd $¥e LIt 380 whfl forwa¥ihe
98/ 45780 PCT/ US98/ 01598 O"_Ie

enmbodi ment of ‘M’H‘}ecf%-"mgﬁll to regsderslgts 230 es response data in OCOin the
ol oning mner U Becte BBl N s i BT RIS, s
270. At initi awnmamnmnndﬁzﬁfﬂ?smd i metnoryt 120 ihiRGtcommdne treorderRBEIS 220 Goustn| oad
l.ogic 284 us ©Sdentify which buckets 256 in WDB 254 correspond to a write commands being
issued to memory 120. This translation may be handled, for example, by tagging
-write commands to indicate their OCO, and réading the tag as a write command issues
to determine which buckets 256 hold the associated data. Other methods, including.
variations of those described above for translation between OCO and RO for read
commands, may be used to associate data in WDB 254 with reorder write commands

issued by command selection logic 240.

Certain hazards may arise when commands are reordered. One such hazard
arises when write commands targeting the same location in memory 120 are
reordered, since a subsequent read to the location may retrieve stale data. For this
reason, a preferred embodiment of the preéent invention does not allow writes to the
same location in memory 120 to be reordered. Reordering of read and write
commands may also create hazards. For similar reasons to that given above, a
preferred embodiment of the present invention does not allow a read command to be

- reordered ahead of a write command to the same location in memory 120. On the
" other hand, the present invention may reorder a write command ahead of aread
~command to the same loca’aon in memory 120, since this provides the read command -
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the data size specified in OCO buffer 290 for the next read conmand to
determne _a pointer (VPTR) to the |ast bucket that should b | by
t he data p¥® $I80 i n response to this read conmand. For éxaﬁﬁ?&w%ﬁg%ch
bucket holds a Qwrd of response data and the requested data | ength at the
head of OCO buffer 290 is L Qwrds long: VPTR = RPTR + L - 1. 'In this
enbodi nent, unload logic 284 nonitors the valid bit at the bucket indicated
by VPTR. This valid bit is set when the |ast Qwrd provided in response to
t he read command has been | oaded in RDRB 270 so all of the data for the ,
read is ready for transfer to graphics system 130. Unload | ogic 284 unl oads
the L Quords. vithdRShBlTedelfatllaBlodall Somenbat i) be IGHRRST hltPirehfld O DI LS
on the L slots, and resets, RPTRto VPTR + 1. An_ allernati.ve.enbodi-nent..of .
reorder | ogi caceprding tosthe gigks they pesgdR aeawaRPcsssingof dafa.t hi s enbodi ment ,
tagging | ogic assogiated with, for, exanple, gating |logic.250 or conman
queue 220 tags a cgﬁ%ﬁﬂﬂg P?)wrt%ﬁ&eét&ﬁ?e‘ 5y%x?a%lﬁwgmr&ﬂrquﬁp%aq YEVIFEO
(OCO . Taggeda gemeralikthed 300 for vevrdbeihgtconinads Gsotesigcd v eogrdanceovidethes| ot s
230 and command sel.ecti.on Logi ¢ 0 fore. .l.n the case.of g r '
command, for et rEvenigh Aot ioR et infiioh 4% BARS g0,
command r espoissmeied 310 and pry precondlitionsie Kerwas) progreROBBhe comm@nd asalvant.age
of this appro | hd WS4 tOSma88 i1k 1204 to do its
éﬁé&g&éﬁd?%th ik bp .qagxt Q'cti!‘(i)e%ane g@:lglgodrfgg%r 2Eh

own command reordering in addition to t r | ogic 210. Since

the OCO data rqsnmbugfsr,tekge RIRB 370.ds ghedked.nIn the gasernd a wilp cosumansywhgye of

Z f’ {ngandﬁ PK tmdfvﬁﬁe%o@%rﬁ@qs:intmémez}téﬁd mhmize@p&@gm _sﬂ@tw%:eédmﬁ@n- :
oug e preceding. description fqcuses on reordering.read commangs,

wite commndg‘aﬂgﬁ%éalt PB@P%E?E]%E%V&Q{CSHF &he gsouIes ?%qréﬁﬁ cﬂﬁ“ﬂ?'“ahi ch

menory 120 opsypes, it oriy ptebendifieirinay bel thanthedomenind oéach tiee head @fi theaommandr i t e

-command and tH\?eu]e.S o _ _

When any -féquired preconditions are met 320, the command is added 330to a
pool of other commands that are candidates for issue to the resource. An efficiency
criterion is applied 340 to the candidate commands in this pool, e.g. the command that
targets an address on the current open page of memory. A command meeting the
criterion 340 is forwarded 350 to the resource for processing when it meets the issue
criterion. ' '

Referring now to Fig. 4A, there is shown a more detailed flowchartof a
method 400 for reordering read commands to a memory device in a manner that
reduces page breaks. The disclosed embodiment identifies Jow priority reads (LPRs)
from among high and low pridrity read and write commands and reorders the LPRs to
reduce page breaks.

Initially, a command is decoded 410 and the command type is determined 420.
If the command is determined 420 to be a low priority read (LPR), i.e. a candidate for
reordering, the length of data requested is recorded 430, and the command is added
440 to an LPR command queue. Other commands, e.g. low priority writes, high
priority reads and writes, are transferred 424 to their respective command queues.
When the LPR command reaches the head of the LPR queue, ¢.g. after LPR
commands ahead of it in the quene have been processed, it is determined 450 whether
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WO 98/ 45780 : PCT/ US98/ 01598
data it wites are coupled to reorder | ogi ¢ 150 separately Accorq gly
reorder MJP¥478®D will include a wite data buffer (VDB, 0%93 store
the data as it is received, i.e..in OCO Referring nowto F|g 2D theré is
shown an enbodi nent of connand_reorder | ogi c 210 suitable for reordering
write commands. In the disclosed enbodi nent, gating logic 210 is coupled to
a WDB 254 to nonitor the arrival of wite data. In this configuration, ,
gating logic 250 can stall a wite command in command queue 220 .until its
corresponding wite data has been received in WDB 254. Once the data is

recei ved, thﬁe%ddtrgg%m%an r ¥ suf 1&9{&?&%&?@5@ i theﬁﬂe«hﬁﬁﬂﬁt@ﬁpbé’“ A

forvvardthe wite c er s s” 230 e di sc| osed

enbodi ment , TWiyrRed @desponse @ttB‘T’ bBR camppend 2 Hcapaciydspnayailelie. fpe ¢amuaithitnds
are issued tQallgmHiY cadpabity Becaﬁesﬁfﬁﬂﬁﬁledlﬂcﬁﬁﬁdil@ﬁsﬁmaﬂe&hgcm:@hndﬁ;entIfy

“nQLS?yb‘i%?t%ﬂ%@%bmm%i%;ﬂﬂg@%?ﬁﬁ%&%@%@%ﬁrseflae g w0
Saues To det orm ARGt ik st ool Be SRR RS Tl i o ARE

met hods, i ncéuaified Wssragmnstras eﬁchnwséteni@sc a0 mjemmentmf thenamrt:@m o n
between OCO g g@fmﬂc? lerite?if i e I'éblr@c? g4l tﬁit@ax‘gl@t"sﬁn' n V\DB

254 with reorder wite conmands |ssue by comra I.on oglc 240.

‘Certain hazafdfsesiey the FUER{ARSR RASFFEFIEMOBH Jf pebPResommanda ta Ravl mestr d
arises when {iig érﬁeﬁ&fmﬂdmpwoﬁﬁﬁm&r@se&&m&@@hbm ¢. the'sla8st LPR20 are

: der ed, t the | t t. tal e dat
Far i o 1 oatBFmas! §1BF BRI "BFih HERPETn e GLEY e REH CBF e not

all ow wri tesret:ordbﬂdseantmslsmdaﬂmqmemorgrﬁmrgtodezﬂngo be reordered. Reordering
of read and wite commands may al so create hazards. For simlar reasons to
that given above; Rafem@mwagnﬁBdhmnsslmfwmmommmﬂquénlltloﬁh does not

al | ow a readycoRHRARE fo?ré?ﬁdérﬁxg il er han%d‘ (Ahst fe&&r%%ﬂe?ﬂ{a e sane

| ocation in nenory esent 1 nvention A

reorder a vwretiecqzcéhmmasswew ottert of sethadaita grg simpidardo stepy ofraethe
menory 120, 400 14bsled witithe daifie fdféreR@athntRiS eI major differences are step 420’

identifies a LP write, step 440’ transfers the write command to an LPW queue, step

(..L-

450’ checks that the corresponding write data has arrived, and step 480’ retrieves the
write data when the write command is selected for issue. '

- Referring now to Figs. SA and 5B, there are shown flowcharts 500, 502 -
representing a method for returning read response data to the initiating device in
original command order. Methods 500 and 502 correspond substantially to the
functions implemented by load logic 280 and unload logic 284, respectively, of Fig.
2A. :

Referring first to Fig. 5A, data from the resource, e.g. memory 120, that is
provided in response to an LPR, is detected 510, and the bucket(s) allocated for the
data is identified 520. The data is loaded 530 into the identified bucket(s) and the

- valid bit(s) assocmted with the bucket(s) is set 540 to indicate that the data is ava11able
for unloadmg '
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16 WD 98/ 45780

PCT/ US98/ 01598 with t he npst recently avai | abl e data. Cther hazards may be
ident i'f i eWQBHST80eat ed according to the risks they pose to BEWHPH(0SS :
processing of data. Referring nowto Fig. 3, there is shown a flowchart
provi di ng an overview of a general method 300 for reordering comands to a
resource in accordance with the present invention. A comand received from
an initiator, e.g. graphics system 130, is queued 310, and any
preconditions to forward progress of the command are checked 320. In the
case of read commands, the availability of space in a read response buffer,
e.g. RDRB. 270, is ﬁgm
reordering is inple en rocessor the p econ

may be that alekt Gbmgmd@d@%%dmﬁﬂd ﬁé%@i&ihcmmlsrmdé@ tFor ot her :
conmand type%etéraﬁ.eqﬁmé dRfE6 amlable%t n%eaaaetdae&lsfabﬁla‘smn@h&?ﬁﬁ%we head

of the command queue. ired precqnditions are net
command is adé@f gseEned b&‘glfﬁs té? are SghwHah ansfersgd 34 0do géfrf&ﬂ‘b"&b@% f or

i ssue to the de¢oeudhd the Valid®kts axziresee§8®riterion is applied 340 to the
candi date conmmands in this pool, e.g. the command that targets an address

on the current opeThepahss thiis eenmprovided csyseanghdrmethod fortrberdering emimand340 i s

forwar ded 354, 1 gl ESAUNE, & b RARD AU IBfd dmUBR Be b e ol

criterion. erring nore

fl owchart of ’Jalermluamsomnpmw @rsdétﬁwdmhbdﬁmmglgtoth@mu@ﬁygdew ce
in a manner tdagiee ifehe uﬁiigﬁnﬂ'éﬁ@lfﬂer&iﬁ@ piovRieh AP REp @ﬁm&%@m&e& dentifies

| ow priority reads from h d | ow |or| ead and write
commands and ngs@ﬁ@@ﬁ@rgwqg%& geﬁélg%mﬁft%‘b Van'?aﬁ?%/qs[il‘l"vh a command
i s decoded 4%8soufstsistich axomorageldéviges. s thded €sbs, mﬂdeﬁ&% rbh siﬂagethafmand is
det erm ned 420 50 lagth%.t Lé%:\évsso c{a'taQ lrn'atera{xvee}y lcgcaszeli 'addreSs range ?o ghr?u%%e

overhead associated with more random access methods.

l-
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reordering, the length of data requested is recorded 430, and the command

i s added 440°to an LPR command queue. Qther commands, e.g. lowpriority

Wit es, whioghasTsoi ority reads and wites, are transferred 291‘“%583’ }98% r
respective command queues. \Wen the LPR conmand reaches the head of the LPR
queue—e—g——a#—t—e#l:PR—eomrands ahead of it in the queue have been

et her 17 98/ 45780

I$BHEET ‘-‘HSSBEEN icient capacity to

proceg m ned 450
PCT/ m# Ij‘md respo q-g [ ' [
acco hat will}] be rﬁgpmmea in re¢sponse to the LPR command.

| f capacity is unava| | abl e, t corrareTs—STal 1 ed until capacity becones

avai l able. If capacity is avail abl e, the command i s added 460 to a pool of =

LPRs qualified for issue to nenory, lgimshe reorder pool. Once in the
reorder pool, the command is analyzed 470 along with the other qualified
LPRs agai nglt. an mtﬁetlmdefoc;eondermgcommmﬁmmswnmmmlumllt}t oferepmdernt i on,

the effici LPR conmand in the reorder pool that
targets anesaibg%/jrﬂgésglre&l alxerfpggi?%ent&e}pgﬁ page in nmenmory. If no LPR comand in
the pool rreets this crbdifinhaRofmal FohPEinftaiRPadscedo, a secondary

criterion, the o destgLPR command in the pool, is applied. The corrmand

‘i dentified by the Varﬂrﬁiﬂfen‘iﬁgﬂmsbbﬁnhﬁdE@&ﬁ&&ﬁ%ﬂlﬁ&h@%ﬁe&xﬂaﬁﬂoﬁﬁ?o to nenory
for processing. Referrlng nowto Fig. 4B, there is shown a nore detailed '

flowchart of a nethody g imefficiensydeitéig tonhd conanamdpasts to a storage
resource in a manner that reduces the access latency. Steps of nethod 400
that are similar to sikeysg the comiriand tolfhé resoerck alheh e efficindytiteriondsr ef er ence
nunbers. The majrﬁ differences are step 420" identifies a LP wite, step
440' transfers the"wite command to an LPW queue, step 450' checks that the
corresponding wite data has arrived, and step 480 retrieves the wite
data when the wite command.is sel ected for issue. Referring nowto Figs.

5A and 5B, % her eTiRy Bethb@Whclhin® WoHidréis thd@anshidng S8 66rapides thessubBepod f or
returning r?ad response data to the initiating device in

applying a forward progress criterion to the command to determine
whether the command can proceed; and

transfernng the command to one of the plurality of reorder slots when
the forward progress criterion is met.

3. The method of claim 2, wherein the step of receiving a command compl_'_ises
receiving a read command. '

_ 4 - The method of claim 3, wherein the step of applying the forward progress
criterion comprises determining whether processing of the command may result in
deadlock. | '

3. The method of claim 1, wherein the step of applying the efficiency criterion .
comprises comparing a resource target address specified in the command with a
current open address range for the resource.

- 20
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ori gi nal command order. Methods 500 and 502 correspond substantially to the
functions inplenented by |oad |ogic 280 and unload | ogic 28 ,vel y,
of Fig: 2AN0ﬁ@9@$P|ng first to Fig. 5A, data fromthe resou gghﬁéggﬁé%ennfy
120, that is prOV|ded in response to an LPR, is detected 510, and the '
bucket (s) afttocated—for—the data is identified 520. The data is | oaded 530

into the (s) and the valid bt4s)—associated.with the
bucket(s),mwﬁﬂﬁmﬁ dicate that the dat fpTHIS SHBET HASEBEEN | unl oadi ng.
REPLACED
PCT/ US98/ 01598 Referring now to Fig. 5B, the Focatromof—tire—det a provi ded
In response to the next LPR command in OCOis identified 550 and the RDRB

is checked 560 to determine if the data is avallable yet Wien the data is
av?l | a?l e, te 8- }Nh egﬁggl%@ét)ﬂdmﬁﬁ SviRteiR ) iskbeth dlﬁteﬂls&mﬁ%mdaqg ?re
set, it is transferre 0 uestin Vi ¢ e vali its are
reset 580. Thép@mead whepdhespent %53 ECHI‘@B éé@%sfgﬁ%ﬁ’&ﬁ’& EHER PRYR 399578 er i ng
comands to a Jorf the rexoare dhd thetoormnandishtisfles a sedvad chisezioni t at es nore
efficient use of the resource. There has al so been provided a systemand
nmet hod for returning to the requesting device in.the original command order
data provided in response to reordered commands. Conmand reordering nmay be
i npl enent ed advant dJeansthgd of qléim & ydereie thesgeandsitariopris salecied fremdbe grouphese
cases, feordefr&%ﬂae&aﬁnhﬁga{efb%ﬁu&&mﬂ,@%m?&nﬁﬁmme%hanm UeSlsqhd vely -
e,

| ocal i zed address ran elimnate_the ov&r heaalc] asso%l ated w h nor e
random access largeshdafa %,andthecommandrequests e smallest data block.

8.  The method of-claim 2, wherein the step of receiving a command comprises
receiving a write command. '

9. The method of claim 8, wherein the step of applying the forward progress
criterion comprises determining whether data associated with the write command is
available.

10.  The method of claim 1, including the additional step of monitoring the issued
command to determine an order in which commands are issued to the resource.

11.  The method of claim 1, including the additional step of monitoring the received
command to determine an order in which commands are sent by the initiating device.

12.  The method of claim 11, including the additional step of returning a response
to the command to the initiating dev1ce in the order in which the command was sent by
the initiating device.

I
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1. An apparatus for providing commands to a paged nenory device, the
apparatus conprising: a first command queue to receive commands of a first
type; a cworsgnsdrsoeor der nodul e to recei ve commands of a se®eaTUSYsPISIENd
reorder the received second type commands according to an efficiency

i ndi cation; and a command arbiter to track an indication of a nenory page
targe ently issued comman ' e first and
secon mmmm Imo ‘the paged nenory 13(7@%5@8% 0 a priority
schene” ‘The agparatus of claim 1, whefeipn t'He jndifation is
provided to the corrmand reorder modul e as the effici ency indication. 3.
The appar.at ug,of c further i

response r'eoﬁé m?%tf TEPIdeRing,co TQ‘G@%SFWW%“EWNG?%F%WC& ved. by ...
t he appar at usesanﬂ:eluhelrmthtrdrcomi@imgsbastepséfel ect ed commands according to the -
tracked order. - 21 - 4. The apparatus of claim 3, wherein the
response reorder m)dul epplyingtanrefficiericy criestionss ssledwd copatamis sermmgshand bl ocks
i ssue of read co g‘ﬁ”& the request ed data exceeds a maxi num val ue. 5.
The appar at us of al m Wherein the maxi mum val ue is determ ned by an

~avai l abl e storage capaqltahyfeﬁﬂl tdﬂgofﬁﬁg @‘ﬁé‘gﬁ sfg‘?ﬂé’}egourge whiEarpar at us N

of claim1, further conpri si conna o recelve comands from
an initiating devFE@mﬁﬁesﬁﬁJF%ﬁFéﬂ¥W§mYFﬂ?ﬂoﬂype commands to the first
command queue and second type commands to the reorder nodule. 7. The
apparatus of claim 1, wherein the first type commands are high priority

d dqygh t I t
method for i s%u?néfﬁgon%%ﬂ?e%m?ﬁﬂg@s P e L2HnB s CoBRBPr grbsieps

i dentifying efich commnd received froman initiating device as a high

identifying selected commands that meet the efficiency cntenon

wh_en only one of the selected commands meets the resource efﬁc1ency
criterion, transferring the one command to the resource;

when a plurality of the selected commands meet the efficiency

criterion, transferring one of the plurality of selected commands according to a
second criterion; and

‘when none of the selected commands meet the resource efficiency
criterion, transferring one of the selected commands accordmg toa thxrd
criterion.

15. The method of claim 14, wherem the second and third criteria are the same
criterion.

~ 16.  The method of claim 13, wherein the applying step comprises comparing a
resource address specified by each selected command with a range of open resource
addresses.
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priority command or low priority command; transferring the high priority
comeEnds to a command arbiter; receiving an address indication for the
resource; _‘VP{?WQW@PH ng the low priority conmands to the conX&AESABBIPRr in

an order—indi-cated-by the received address indication; and - 22 -

| sSsui nﬁm to the resource fromthe command arbiter according to a
‘priorii lﬂﬂ ”L l he nmet hod of clEf T &l ansferring the
0 L ,! 0o the command ar l{ﬁgrﬁ'": ﬁé%grgiz@ransferri ng the
e ‘ ¢ by t
10

hi gh pri
hi gh priority command to a first conmand. qu jhe command

arbiter. . The nethod of claim 9,wherein issuing a command to the
“resource conpiysesq 'M' WO el o L-QF k t resource i f one
-i-s-—-avai | abl.e i“rll threrh%l rstda%g%n%f%ggh&ﬂu@{ S?I{s%tafé%ga@&?%&f%gr*%ﬁl?% @‘8m’rand

i ndi cat ed by €¢jBmaadrarsferredpdhg fesmres toprovidhampindisatioy of amorderdn ivehictothe

avai |l abl e; angsoRdabtdtgsdebeomffah@ss i ndi cation according to an indication
of a resource address targeted by the issued command. 11. An apparatus
conprising: a first queue to receive in a first order read commands t hat
target a nenory device; a second queue including storage |locations to
tenporarily si®re datizujifoviecedringcormnpaisSon an thiatin@advice WRRGSurce, the 23 -

circuit comprising;

a command queue for receiving commands from the initiating device;

a plu_raliiy of reorder slots coupled to receive commands from the
~ command queue; and

_comn_land reorder logic coupled to the plurality of reorder slots and to
the.resourc_e? for determining an éfﬁciency parameter associated with the
resource and selecting a command for transfer to the resource from the
plurality of reorder slots according to a comparison between a command
parameter and the efficiency parameter.

19.  The circuit of claim 18, further comprising: -

| a command order queue coupled to the command queue for storing an
indication of the command received by the command queue to track an order in
_ which the initiating device sends commands to the resource; and

a resource order queue, coupled to the command reorder logic for
storing an indication of the commands transferred to the resource to track an
order in which the resource processes commands. '

20.  The circuit of claim 18, further comprising:

a Read Data Return Buffer (RDRB) having a plurality of buckets for
storing data provided by the resource in response to read commands; and
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a gating nodule to determne a data size requested by a read command and to
reserve one or nore of the storage locations to store the requested data

size;, a reawsks7godul e to receive read commands fromthe fiRGHUSPSOIZISand t o
det erm ne according to an efficiency criterion associated with the resource

ing the received : a | oad nodule to
d| rect dat in response to the |JHISBHFERHASBRESE}s to the one or
nor e ﬁuj i % ﬁﬁl& ;according to the

t he: r %S associated with t

econcRERLAEEDand ap i ndi cation of
apparatus of claim 11, wherein the gating logic stalls a read corrmand I n

requests.  12. The

“the first queue when the second queue lracks sufficient” s‘tora gtocations to -

recei ve the requested dgatiRgdpsie coypled to the compsad quers and the RD _f°1' further .
conprising: a thiridetifpiag atdatarﬂb&b%&sie&@? aﬂéddlfdrﬁrﬁaxﬁpﬂ&é@ﬂﬁm aitibtiger @RMTRN
arbiter to recei ve%égggﬁgrgs frog1 051%36 g\ﬁ ‘51@ d.er madule and
to i ssue the recei %a@?ﬁ‘g'ltﬂ@c‘f %&? F?%}legﬁ S1Z4,p00 A |
conput er syst em ccabocatiigrap: RDRB-bidket #o the meadycodenindayhearthe RDRBaltasng devi ce
capabl e of issuin w priority conmands to the nmenory device; and
a bridge to coupl gs ﬁ&&t%%arc;@'devi ce and the initiating device, the bridge

I ncl udi ng: a conmand reorder nodule to receive low priority commands.in a
first order and determ ne a second order for the |ow priority commuands

according tooan adplieasnitdd clhah 20/ TuAB&GROhRrigWbdd Tofid offBPtothe fisbEReE,
the resource order queue, and the RDRB, for routing data provided in response to a
read command to the RDRB bucket allocated for the data.

22.  The circuit of claim 20, further comprising unload logic coupled to the
command order queue and the RDRB, for transferring read response data from the
" RDRB to the initiating device using information from the command order queue.

'23.  Thecircuit of claim 18, wherein the resource efficiency parameter provides an
indication of resource addresses that may be accessed with reduced overhead and the
command parameter is a specified resource address.

24.  The circuit of claim 23, wherein the indication is provided by the resource.

25. . The circuit of claim 23, wherein the indication is provided by the resource
address specified by a préceding command.

26.  The circuit of claim 18, further comprising tagging logic for tagging the
command with an indication of an order of receipt of the command.
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a command queue to receive high priority commands; and a comuand sel ect or
to i ssue conmands fromthe conmand queue and the comrand gﬁﬂgﬁémﬁ?QU'e
‘accor di ouy4¥8hriority schene. 15. The conputer system

wherein the nenory device is a paged nennry devi ce and the address

|nd|cat|on represents an open page fo evi ce. 16. The
ﬁ TS SHEET MASLB

onl mlnﬂ conmand decoder

Umlm ai m 14, wherein thé
| ow priority conmmgnds f REPRACED i nitifati ng devi ce and
to route the hrg -and | ow priority conm d queue and the

commrand reorder rmdul ‘e, respectively. - 25 - 17 The conputer system
- of-cl at-m-Tgy élﬂ?ﬁi fﬂﬁlﬁ[e?@& crely! ,_q, hRAhsg nodule to
noni t or an. order rrzélge?gl ? [rillrﬁorrt rlrl‘%ands and to return

dat a provi deasounge f@ipwgémgéatawéorrdghnem@onwom eﬂmmyﬂ%@rrhew&a t he
initiating ﬁgﬁb&&cmgrtﬁgr&g {d;}gepéfdﬁé céhmb®eei pt. 18. The conput er

systemof - claim 14, wherein the command sel ector sel ects a conmand from the
. command queue if a conmmand is available in the command queue and sel ects a
command fromthe reorder nodule if no command is avail able fromthe command

queue. 19. ngheAcmmputarsystemtoempmkmgl aim 18, wherein the comand sel ect or
provides to the reorder nodule a nenory page associated with a | ast i ssued
command as t he addres sniimitiating deyice for generating commands to be processed

a resource for processmg commands generated by the initiating device
atarate charactenzed by an efﬁclency parameter, and '

bridge logic _coupled to the initiating device and the resource for
transferring commands from the initiating device to the resource, the bridge
logic mcludmg command reorder logic for momtormg the commands
generated by the mmatmg device, comparmg the monitored commands with
~ the efficiency parameter, and coupling the commands to the resource in an -
order suggested by the comparison.

29.  The computer system of claim 28, further comprising command order logic

" - coupled to the bridge logic for determining an original order in which commands are
received from the initiating dev1ce and a resource order in which conmands are
transferred to the resource.

30.  The circuit of claim 29, further cbrhprising response reorder logic coupled the
command order logic, the resource, and the initiating device, for receiving response
data from the resource in resource order and providing it to the initiating device in
original command order.
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