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Description of the Related Art

[0002] Computer main memory systems are now generally available that employ high
speed compression/decompression hardware in the data flow paths between the main memory
and the processors. Processor access to main memory within these systems is performed
indirectly through the compressor and decompressor apparatuses, both of which add significantly
to the processor access latency overhead, but facilitate significantly lower storage expense. —

[0003] Large cache memories are implemented between the processor and the compressor
and decompressor hardware to reduce the frequency of processor references to the compressed

memory, mitigating the effects the high compression/decompression latency. These caches
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[0005] Hovis, et al. (U.S. Pat. No. 5,812,817 incorporated herein by reference) logically
apportion an uncompressed cache memory region within the main memory. The cache controller
and the memory controller share the same storage array via the same physical interface. Data is
shuttled back and forth between the compressed main memory region and the uncompressed
cache through the compression hardware during cache line replacement. Advantages for this

scheme are that the compressed cache size can be readily optimized to specific system

applications, and costs associated with an independent cache memory, directory and associated
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uncompressed format. Data is only uncompressed (on demand) when a processor requests data
that is not found in the uncompressed data set or cache. While this maximizes the available
space in the main memory, the space is often not used. None of these schemes provide a means
to compress/decompress data before the access to the data is requested. Therefore, a
compressor/decompressor data traffic block is induced at the memory at the same time that the
processor needs access to the memory, resulting in contention. Moreover, write traffic cannot be

carried out until all the necessary data is available to the compressor, and the compressor has
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is otherwise not being used, to mitigate contention conditions with the processor access to the
memory. Lastly, it would be desirable for the compressed memory manager hardware to
instantly respond to memory pressure conditions, thereby reducing the size of wasteful memory

reserves.
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[0011] The invention comprises a computer system having a memory having sectors of
data blocks including compressed data blocks and uncompressed data blocks. A sector counter,
operatively connected to the memory is adapted to maintain a used memory sector count of the
merﬁory. A compressed memory manager is operatively connected to the memory. The invention
also hasa compres§ memory threshold register operatively connected to the compressed memory
manager that contains a compress memory threshold. A sector translation table is operatively
connected to the memory and contains a touch bit indicating when the data block was last

accessed. An expand memory threshold register is operatively connected to the compressed
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of the memory controller. The sector translation table contains compression attributes of the data

blocks including a zero attribute indicating a data block of all zeros. The compressed memory
manager is further adapted to store data blocks having the zero attribute as a zero entry in the
memory, wherein the zero entry avoids using memory sectors. The compressed memory
manager is further adapted to compress data blocks having a higher compressibility attribute .

before compressing data blocks having a lower compressibility attribute.

[0013] The invention uses a method of utilizing a sectored compressed memory in a
computer system. The method comprises monitoring a used memory sector count of the
memory, compressing data blocks in the memory when the used memory sector count is above a

6
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compr iatg,}g ogks heldyin aoaghecofithe goinputspsystessed and st or ed
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RIS, BRSipRaneia) aaneribal Jelarta8es daty ooty i th data path to
every data bl ock. Wen the anount of avail able nenory
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conpressed data blocks for expanding nenory oug
non-zefdRh BRO AP Borg-%gr%rrﬁrtf gl%lcfgsngre\g@c;rleg in tthe uncompressed format (bypassing

the compressqr,) when sufficient free memory exists. Otherwise data is compressed and stored
as compressed when .a spatial benefit exists. A 3-bit Degree of Compressibility (DOC) attribute
is derived and éaved in the compressed memory directory entry for every data block. When t£1e
amount of available memory is outside of the threshold bounds, a compressed memory manager
is enabled to begin selecting the most compressible data blocks for releasing memory or

compressed data blocks for expanding memory (through compression or decompression) while it

7
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entry) buffer of the nost recent data bl ock addresses’
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the b¥f8CHfe EARAIAR Ri ek, having a cache and a main

menory system wt ardwar e conpressor and

deconpressor; [0018] Figure 2 illustrates nenory

address space partitioning; [0019] Figure 3

illustrates a conpressed nenory sector translation
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present i nvenBREEF WMB@!%%@%%%OGSM

- [0020] Figure 4 illustrates a state diagramfor the
nmet hod of accessing a cachel ess

[0016] The foregoing and other objects, aspects and advantages will be better understood
from the following detailed description of a preferred embodiment(s) of the invention with

reference to the drawings, in which:

[0017] Figure 1 illustrates a block diagram of a computer having a cache and a main

memory system with hardware compressor and decompressor;
[0018] Figure 2 illustrates memory address space partitioning;

[0019] Figure 3 illustrates a compressed memory sector translation table modified

according to the principals of the present invention;
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optirmelfasnouni@f Hoeempressed dataawithiyss cacheleapeampressadanempryy with respect to
to Figure 1, a block diagram of a conputer system 100
the overasihavmory EEnsresiiot Rite, B 66:AMd foahe BHscipale of thé'present invention; and
processors 101 connected to a conmopn shared nenory
controller 102 that provides access to a systemmin |
me [022] Fegire §ilkustrates acdnemony gont apparas aceordingtbe grincipals of the
conpressor 104 for conpressing fixed size information
presédt Aentiopt 0 as small a bl ock as possible for ultimte
storage into the main nenory, a deconpressor 105 for
reversing the conpression operation after the stored
information is later retrieved fromthe main nenory,
and a wite queue 113 for queuing main nenory store
request i nfor i Qn _bl ock(s) destined for
conpr essor . _METAIbED S Ghak TTON GFaRErkiGED o
transporting unconpressed informati on between ot her
processors and/ : .
I nf ormati on nayﬁ%ghpﬁgﬁgﬁgbﬁg8ﬁfgﬁg%gﬁg?%€g§%§¢ dat a
bus 108 fromthe 9 WO 2004/017208 PCT/ US2003/ 006554
mai n menory 103, either through or around the
deconpressor 105 via a nultiplexor 111. Simlarly,

information may be transferred to the main nmenory 103 )
f r (9928 hBeferirgrawito thet drawings, and more particularly to Figure 1, a block diagram

of a computer system 100 is shown. The computer system includes one or more processors 101
connected to a common shared memory controller 102 that provides access to a system main
memory 103. The shared memory controller contains a compressor 104 for compressing fixed
size information blocks into as small a block as possible for ultimate storage into the main
memory, a decompressor 105 for reversing the compression operation after the stored
information is later retrieved from the main memory, and a write queue 113 for queuing main
memory store request information block(s) destined for the compressor. The processor data bus
108 is used for transporting uncompressed information between other processors and/or the

shared memory controller. Information may be transferred to the processor data bus 108 from the

9
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mainmaeyeL HB&M- MeraerytManagessih Blackd MM dhardware yyjithin the memory
process output block ranges fromjust a few bytes to

controller 104 Biused tdirattats ileacalMprotessreadiregseetsthe virtudl ghysical address
sufficiently reduce the starting block size to warrant

space: TRk ?&ﬁklﬁﬁﬂxg}:%og}%es 2 HE1G6 Blibedie ﬁ%ﬂ}gg:g{: gﬁgﬁx‘ggf ?ﬁ%rﬁéﬂl increments for

reversing ressor opera

resul tant_ conpressor output block to reC(()1 struct .the . inf "
the purRoge pheitickmbly Saring AN TeEIEVIAE CorpRresIad A EW%F» JpfippygSize nrormation.
back into the block at the position indicated by the

ggﬁpﬁg@g@%@%@éﬁ%g%\ﬁﬁﬂo%emjf% <YI\iDa %9{93‘ /51%5 ?)?CQD% of information, say 1024 bytes,

by locating and replacing repeated byte strings within the block with a pointer to the first instance
of a given string, and encoding the result according to a protocol. This process occurs through a
byte;wise compare over a fixed length and is paced by a sequence counter, resulting in a constant
completion time. The post process output block ranges from just a few bytes to the original -
block size, when the compressor could not sufficiently reduce the starting block size to warrant
compressing at all. The decompressor 105 functions by reversing the compressor operation by
decoding the resultant compressor output block to reconstruct the original information block by
inserting byte strings back into the block at the position indicated by the noted ﬁointers. Even in
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the very best circunstances, the conpressor is
generally capable of only V4- 1/2 the data rate
woaomwiitiod of the surroundi ng system The conpPESAISBI03/006554

i rocesses are faturall'y |inear
the ver§ Hst GRATREARSS, ¥e RUREFRE Sy Eirbrally Spbhile ot gel 25" Hdata rae
| atencies through the hardware. [00261 Referring to
bandwidtisof the syrroipding systemo The pompressidnand desompressiparnspgesses are
is shown as item 200. The conpressed main nmenory 205
naturallysligear agd sexiial @66, itnplHEE GuiselenktHyfitdBEadchs latencies through the
processors(s) program and data as well as all the
hardwarEdUi red data structures necessary to access the
Informati on. The |ogical conpressed main nenory 205
is physically partitioned fromthe physical nenory

0026] e o H06. 2| stRRER Cf@ﬁ?a?t'i'!?ﬁ h AR REMhory is shown as item
gart(iqti on 205 is smal?er tﬁan hellavzlalllgﬁlz:\bl e physir}c,:al

t rovide a s ate regi 0_serve a
200. THE ERobyssod R By 20 s BeteRendily bRgRse YindRah g processors(s
is inplemented externally 212. It should be noted that .
programead datgrsavelhasall thetrequiradhdata strastungs neesgsary to access the information.
i npl enented as a region 201 of the physical nenory
The log2€if compi@sed aritihRiiory Y0P {s phyafcany padiRmed BohP e ph9kical memory

as a separate storage array. 'In any case, when

j t aghe .controller.wl eque .
addres FRLETEE" Sorte Cosb Snas Py s, 204, S g the available
; . manner as a  processor would if the cache were not .
physicah meggry to p a yeparate tigien tonserve asshreache xith ¢ither an integral directory,
partitioned into the sector translation table 202,

or one that i8 inpéenticned attamally 702y Itafbil B hdted iR when $@plepiented, the cache
storage 203 which may contain conpressed or

el {.] free secto [ , .
storage W IEACn e oSS TSR0 ok BR S BN 2062 Bhn A quansiey of
sectors. The sector translation table region size
UNCOMRFgISE@ §CGIOrSpPIRfich SepaTate Horage armax In amieassswhemimmplemeated, the cache
which is defined by a programmable register within the

controllsy sl requBstraccessesta the cofittabédmail) meMoey fisa sififilar manner as a
transl ation of the sector translation table region

processSt wBufiSif i daBE wefehnot present.

| [0027] The logical main memory 205 is partitioned into the sector translation table 202,
with the remaining memory being allocated to sector storage 203 which may contain compressed
or uncompressed information, free sector pointers, or any other information as long as it is
organized into sectors. The sector translation table region size varies in proportion to the real
address space size which is defined by a progMable register within the system. Particularly,

equation 1) governs the translation of the sector translation table region size as follows:
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WD 2004/ 017208 PCT/ US2003/ 006554 sector transl ation

tabl e size real nenorysize = translation table entry
weiza@/1108 conpr essi on bl ock size Each entry i spdirusedoBpossss
mapped to a fixed address range in the processor's

real address spagealihemoiegimrst gddress being .
sector tr@RMBsekle it =aEcm~da-nte—er i| otramy lation Liblg@try size 1
coBpressian ﬂ%ﬂgg ress = real address

sector transl
translation table entry size+.offset size (2)
conpression bl ock size [0028] For .exanple, a mapping
may enploy a 16 hyte translation table entry to
relocate a 1024 byte real addressed conpression

| ock,. al;l ocat ed. a i t ace, the
Each el fsselly SEbES i ARed Wkt bl BEoFoRER el RRleEus

25-bit pointer stored wthin the tapl eng{y. .The
requestedirass heing govemad isacpordansa mathhequationd) ah BIGWRii cat e

t he nunber of sector pointers that are valid, size,

and possi bly other information. Every real address

reference to the main nenory causes the nenory

controller to reference the translation table entry
sector t0ilationteldpenty address The real address bl ock

contai ning the request address 210. [0029] For read

requests, the MW decodes the attribute bits 208,

ext facts peadaddréss poilnter(s) 209 and requests the .

me - ad‘améatian@@h&qn@ﬂ’ﬂééélﬁ%wze
t he \ICRUIIGSEWN H@EXSIZE/204 from the main nenory
sectored region 203. Simlarly, wite requests result
in the MW and nenory controller perform ng the sane
actions, except information is witten to the 12 WO
2004/ 017208 PCT/ US2003/ 006554

[0028] For example, a mapping may employ a 16 byte translation table entry to relocate a

@)

1024 byte real addressed compreséion block, allocated as a quantity 256 byte sectors, each
located at the physical memory address indicated by a 25-bit pointer stored within the table entry.
The entry also contains attribute bits 208 that indicate the number of sector pointers that are
valid, size, and possibly other information. Every real address reference to the main memory
causes the memory controller to reference the translation table entry 207 corresponding to the

real address block containing the request address 210.

[0029] For read requests, the MMU decodes the attribute bits 208, extracts the valid
pointer(s) 209 and requests the memory controller to read the information located at the indicated
sectors 204 from the main memory sectored region 203. Similarly, write requests result in the

MMU and memory controller performing the same actions, except information is written to the
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main nenory. However, if a wite request requires nore
sectors than are already valid in the translation
woabl4@i1e08ry, then additional sectors need to BeT/US2003/006554

. assigned to the tahle ent fore th i dv valid in the
main iR o™ St p S ey reiord e ar Btcady.
of unused sectors that is dynamcally nmgintained a
translatjom gabloentry, tencadditienab seqioismeed & be @ss@féﬁﬁo G‘%ﬁ}é@g ehitry before the
sectors. The absolute nunber.of sectors allocated to

write n¥dyoédinfshce. i&cﬁir@@bés%éﬁeﬁwm Blotited floyn 5 st of wnussdstctors that is
counter or sectors free counter, that is adjusted

whenever. segtors_ are transf . : . The
cynam{igfy Sy htaRH o2 e RIS SRl G i SBtors

this translation schene, but all involve a region of d counter
absolutestumbes e sctonspiledatad tastorcdatn it alwaxs kpovwn oithgh by sgRrgrsuse

region of menory mapped as sectors. Storage of these

or sectOf feeesdoum b Uhetsis iadjusted WRAvBesetbraaiertransfavred topifom thesunused sector
t he hi ghest performance at the | owest cost, as well

: ;S 1€ B aregion of
st TSR0 pESHIE AP P BR8P0 AL iR o g
. translation. [00301 Having described a t ﬁigcal "
main R aBaRed 38 Riseetontrayslatjen ahie anda 1w frory; mappeg as sectors.
invention is described in detail. According to the

Storagt BY tHeké Qata strictesesiin dyy DRYEV asédgiait memory prowides the highest
nmeans to establish predeterm ned threshol ds to detect
' perfortlaide eft.ti]lge %k&leglc&tsﬁ% ease of I‘e‘%rtﬁ%‘iﬁ& ey s§iter ifito a typical
prescri bed range,” Tor e purpose of- having a
. conpressed nmeppry nmanager ( har dware nmaxi m ze the
direct mappgt memopnwWihpRtcomprestiomand ¥anslatifte conpr essed
menory. The Expand Menory Threshold (EMI), Conpress

| i ol S bodiment of
VDRI ARG el adfnipal Ui Red Bl 9RERS Bne o
_against_the sectors used counter. \Wen the sectors bl st
the invgsen ssoleserhediinldetail. sAsensding|ia the inuentin, tige PragFAmMAble registers
hardware is enabled to | ocate and expand conpressed

providéatriedak @6 kstabl{shrpredéteinyinediastolds ®akteet whea dik allocated memory
counter value is greater than the CMI or PCMI, the CW

o 5508 AR e 940 P S 58 R e

menory i s not e
manager (CMM) hardware maximize the amount of uncompressed data within the compressed

memory. The Expand Memory Threshold (EMT), Compress Memory Threshold (CMT), and the
Priority Compress Memory Threshold (PCMT) registers are always compared against the sectors
used counter. When the sectors used counter value is less than the EMT, the CMM hardware is
enabled to locate and expand compressed data blocks. Conversely, when the sectors used
counter value is greater than the CMT or PCMT, the CMM hardware is enabled to locate and

compress expanded data blocks. When enabled, CMM only operates when the memory is not
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13 WO 2004/ 017208 PCT/ US2003/ 006554 --- -- - --- busy
servi cing processor induced access requests, except
wonen/n208 1VI I VI is enabled by the PCMI. |n POTAIS2003/006554

case, CMM operates, without regard SRRV is d by th
busy SEERTHg RYCCT ORToH SeerT i audiin aryenb PR Ias SHY is enabled by the

being rel eased to the unused pool through . . oo th
PCMTc dnphis saseo RMM dperaspy witholrergizand; th Grofsagsiicilyids 4 maximize the

condi tions when the unused sector pool becones

amoung ?_ﬂrﬂﬁﬁib‘r'ﬁ Kactdre Weink QR RasedNoahe ihgse@ibl thirewghneomspresséon, thereby

it wll access a block of STT entries, typicall
.4 to 16. The CMM can. al sq be, | usly low.
alleviaftpg Sugfipry SR st can iy oBs Sthsnap GBI Sk G pdd] veEoicAigerously
regi ster. Software can reprogramthe registers at any

L0081 PWhER heSUMM R RPEICRS HRSTD, if #4lehédees & biock of STT entries,
regulati on boundaries to acconmobdate new runtime

sicaEFBh L FRGEARFISR o 9Bkl N oL SrTpBsp

expansi on and conpressi on nbdes when dithering the ime dur
accordgetbar pogsuunahde registen uSeftwire can repsegremythe regjpters at any time during
exanple, the CMW is enabl ed when sectors used counter

systemvcgJe%ﬁoh th e EME th@ RG] RIS i d&eesub aktorhie dste eleor Sintime memory
used counter value falls belowthe CMI - hysteresis

. of fset (typiecall 64). Al further,r :
requirefRGrRS 67 R Py dionty af aplisesd e BR(snG B BISEICH BByillaring
., stating so. [0032] As described above, songe datez1 bl ock dth
betwegnaaxpensien andceropiessjbh ynedssyvhendditherng thesgectopgused count around the
conpressed result is small enough to fit within the

threshd8$ OPbd:@ehpRl TheTMM istengblbd WHeAGedtbistusad comster waludPtthe CMT, and
to indicaté so, requiring no avail able nmenory sectors.

. Thi s i.nyenti.on provides a t afakis offset icall

i 3 b S R0 E e ARLCSIT Mt e opialy

to incur the normal conpressor and decogpressgor citl .
64). Ad\furthervefqrenaes e gnytuesholdiimply s hystoresss ggg%vgl&% explicitly stating so.

that- hardware to operate on other data bl ocks in

p[%?ﬂ KL deshiBed above, datd LAMLS Sga%[emsdfrteesfith?gmg) @Bmpressible, that the
compressed result is small enough to fit within the associated STT entry itself along with a
special bit to indicate so, requiring no available memory sectors. This invention provides a
means to detect the "all zeros" case of such data block patterns without having to incur the
normal compressor and decompressor overhead (latency and bandwidth), thus permitting thgt'
hardware to operate on other data blocks in parallel. The "zero data compressor” dc?tects when
zero data exists in the data path to the compressor write buffer, for the purpose of indicating
when the data in a given transfer cycle is all zero. When any transfer cycle for a given data block

is not zero, then the data block is a non-zero data block, otherwise the data block is a "zero" case
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zero data exists in the data path to the conpressor
wite buffer, for the purpose of indicating when the
wdav@/oimos gi ven transfer cycle is all zero. \Whemuamn3/006554

transfer. cycle for a gi ven dat k . is i r
and car} hERORFLiGHEdBsh0s ooy B0 Gt S £f el 4R 'zefdhta blocks are
otherwi se the data block is a "zero" case %4 V\p ) .
always 269¢d 0QMPOBSEID 48P COBPESHES 4fficiensyc IMherea Szasp g gase is decoded during
i medi ately as a specially encoded STT entry. All

a memory&ead aclRka thé %ﬁﬁr?b&;ﬁcﬁiéf@ﬁﬁ&l?tp%ﬁdes?ﬂﬂﬂl gavadplyowith no data

gai n conpression efficiency. en a "zero" case Is

ecoded during . a ry_read. access d format

block dEERRPETFER “RerioD- AbpmiEES airbfipaSSus SREsf B Betpeompressed forma
data bl ock deconpression operation. All non-zerg dat a d

(bypassing iescommperessos,) adhen suffivéeny fresrmenneryaxists atgrvise data 1s compresse
(bypassi ng the conpressor,) when sufficient free

and stobeI &Y abn@@ﬂeﬁea,wlf&lwgmﬁleoaﬁﬁaeﬁgt_sponpr essed and
stored as conpressed when a spatial benefit exists.

[0033] Referring to Figure 6, shown is a nenory )
J003 3] Refaming tatfugurh Sy shoyvm isrememorpcontenl @ppargius haxing a means to
data bl ocks according the principals of the present

detect AINYGBdaRiblobks ddeBrdimgd Ml pRiMcipals Sthe pRéteht iaveiith. tihehe dataflow to
processor is inproved with nmultiplexor 602 to provide

nea 0 Wa deconpressar, 609. qut
601 and EEAT B oRRe0b S FRPBIGH Wi PtsTiys 403 rig e avfans to wrep
the neans for the nenory controller 607 to carry &lgst .
decompressor 688 ioutpusatariid tp tesewnpreasar 696 woropgh Faits Qyee kL, to provide the

or expansion of conpressed nain menory data bl ocks. . t
means Fotthé Blemdry@oRMSHMADT tb @ar§ Bt cédpresion b inédipressed main memory

provi des the neans to detect when any particular cycle

associ ated.with a data, bl.ock transf ' > wide logical
cata DI 3% 20181 & sruprBesba gpif erprd T okt " HcH e bl wide logica

601, to the conpressor 606 wite queue 605, is naqt

OR fungtipn 607 iprevidesfihe messndia deact wheomyayeiculer el arspgptpd with a data
controller 607 by | ogic signal 608. Conpression under

block tFERETRE Yro@® Bithier| thé) pfocstop dia das 603 datie ddebamprassby dats bus 601, to the
deconpressor 609 by nultiplexor 610 to flow through

compre':onsjclrté()%I Wit ql?e% 659, 950t Sero. This logic condition is conveyed to the memory

pol)

controller 607 by logic signal 608. Compression under memory control has uncompressed data
blocks bypass decompressor 609 by multiplexor 610 to flow through multiplexor 602 to write
queue 605 through zero detector 604, such that data can be written back to memory either
through or bypassing compressor 606 by multiplexor 611. Expansion under memory control _has
compressed data blocks flow through decompressor 609 to write queue 605 through multiplexor

610 and multiplexor 602, and through zero detector 604, such that data can be written back to
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gqueue 605 through zero detector 604, such that data
can be witten back to nenory either _ through or
wWoypRad720g conpressor 606 by nultiplexor 611. BEpaSsi08/m06554

under mepory control has Qnpressed data .bl ocks f].
mempF, BYEAFS BNEOMATESeD 606 By muliiplexerd thy et a2 bedia! Sppidl Case or
mul tiplexor 610 and nmultipl exor 602, and through zero
uncoftpkexsédr 604, such that data can be witten back to 15
WO 2004/ 017208 PCT/ US2003/ 006554 nmenory, bypassing
conpressor 606 b1¥, mul ti gl exqQr 611, as_an "all zero" t
spl934] Retfesang to Fignreohyshawadsian [roproxed P@flemSF?fémFHlOW sector
Figure 3, shown is an inproved conpressed nenory .
transk€ioh adble (S AM36L, ingodified hecot&hg Yo EZorinvipils ofthe present invention. A
according to the principals of the present invention.

touc}gﬁf&% fﬁﬁ%%lg{i%d %eéﬁh STTG ltcﬂ it whin grﬁééééssor has accessed a

a proc ssor ‘has accesse

.particular data hlock. This bit_is set, whenev a _STT

pam@mrr%ﬁta Blogk, 3‘%%@ Isgetwhonever g Sgﬂiif%’slé ACEeSsgR tofervice a processor read
wite request. The CMMresets this bit while updating

or widteyequESt. ThOCRAM réseds this bibediileapdbtitpanyr 853 bi l ity
(DOC) attribute field 303 is included in each SST
entry 301, to decode eight unique conpressi . . .
¢ D358k bit ierascat Gormpisasibility dAPG) aebutedifld 307 is included in each
that the data block is an "all zero" special case. The

SST ahtty 367,20 spesicaligitaméqiesconpssispittibutest (TlrnDEETinehtdey: "Zero” to
' usi ng no conpressed nenory sectors, bypasses

reprelgér%{g%ag ZIZ@ H%tg 'Bijocﬂﬁg S{A é;al?I g%r:&ggé‘%?ﬁtec%%ﬁ T’?ﬁe HiXerd s@@cial case is compressed

ecl a e data bl ock

.- has total (special case, but not zejo)
into &P EBEY YFINE MY COMPECISEP MY SBHYE, Li@aé%ﬁWé%fS%POF Alpgynever
an SST entry using no conpressed nenory sectors. The
decoPieshetlc | TikeBOhalgd inclmies eppeeiaifio tepresentithat thedatadblodihas total
has hi gh conpressibility. The "high" conpressed data
r o ja" i ¥ito an SST en
(specf] S5, SRR coflprcoefFHIY MIRCSROGRT Bhsc SRbRLFERN) B

that the data bl ock has ) N
using no compresse% memory sectors. The DOC includes "high" to represent that the data block

has high compressibility. The "high" compressed data block requires 1 or 2 memory sectors of
main memory storage. The DOC also includes "medium" to represent that the data block has
medium compressibility. The "medium" compressed data block requires 3 memory sectors of
main memory storage. The DOC includes "low" to represent that the data block has low
compressibility. The "low" compressed data block requires 4 memory sectors of main memory
storage, but is not a nil case. The DOC also includes "unknown" to represent that the data block
has unknown compressibility. The "unknown" uncompressed data block has never beeﬁ
compressed, bypassed the compressor, or has been modified since last compression. The DOC
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medi um conpressibility. The "nmedi um' conpressed data
bl ock requires 3 nenory sectors of main nenory
webtaer4age08 The DOC i ncl udes "I ow' to repr esent Pthndme/006554

relodL3 T 4 5L it 8, o ot .

main nenory storage, but is not a nil case. The DOC

The D@j@ Qlsb BEAIHERS ne WK BOYdpreseRt ﬂhﬁﬂh@%ﬁf& blbbials ridver ecompressed. The
bl ock has unknown conpressibility. The "unknown"

rmevel) )5 BURIT B o tRE 0L Sapicafion RERE e ety P BhidEAfipns when

| ast conpression. The DOC 16 WO 2004/ 017208
comprpesipnsAo(h8/ayogBd or 4 gvkendeta Blo¢k." to represent that
the data block is not conpressible, i.e., conpression

L e P B ST B, na p0C vl o
npressed. The "never" is only set by software for
nevexé 1) B$taldtshed os pharigkd by seftivaraxeWhen tipt CMIMds compreskisg memory, it
conpression is to be avoided for a given data bl ock

selects[ @1@31@851: @%ﬁ@élqﬁ%%% &fd ddta ?}&ﬁs f8H dompesidis @D datBlcks with the

har dwar e, and ue o never" 1s established

r_chan of t en th Cl\/l\/l e reSS| n
hlghe%?ﬁwgﬁsgﬂgq L e e M opadiog PR L Y LS o unknown
data bl ocks for conpression, e.g., data bl ocks Wi th
data bloglss atei sglestad foodeomenyedsion. t Whemtkminvheti@nsiapplied to systems with an
: expandi ng nmenory, only conpressed or unknown data

unconfr&GKS caihe, &ﬁb@lﬁﬁaﬂﬁo&&ﬁhﬁ%@ A8t &xhbdbre dAhaTdateR dor re-compression.
invention is applied to systenms with an unconpressed

O35 R TaGEE? oL Bl eGP Bl paess ot ave

buf f er étypl caIIy 32 or _64) of the nost recent data
been readolzrmetbie madn memonsis maingaingdimhardwaret Wnlbréiaﬁ?ablﬁcks not located in
menory is maintained in hardware, and only data bl ocks

the buffef are@aadidghes for rebsinprebdien. Pufing deiaHadtim, fliRfentire physical memory is
reconpression. During initialization, the entire

filled ‘W?‘ﬁév%ﬁrwr*?'%%ﬁ?vé}iwlb#&%ﬂ@%%%nﬂ‘ﬁ%gﬁﬁ“ o34 R 205 RH in such o

such
way to allow the replicated fill pattern that can be decoded as a valid STT "all zero" case. The

memory is as fully compressed as possible at this time. As data is written into the memory
during the software"boot", the memory controller will begin decompressing data blocks and
allocating sectors to accommodate the new data, as well as setting the associated T bits. No _data
blocks are ever compressed until the sectors used count rises above the EMT. While the count is
below the EMT, CMM will be scanning the STT for compressed data that can be expanded,
although none will be detected, the T bits will be reset. When or if the sectors used count rises
beyond the CMT, then CMM will begin scanning the STT for data blocks, reading the
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way to allow the replicated fill pattern that can be
decoded as a valid STT "all zero" case. The nenory is
wa0d4it2ps conpr essed as possible at this tinme. PAS/USAI03/006554
is witten into the r dur i the sofd £ U se-data blocks
uncompResSH AR CRBPREFIP BN IeBORE e (it L 8
bl ocks and allocating sectors to accommpdate, t new 1o reflect the
with ad20E€, other thet lovasr sdand ngt Trenddnedasessepdntipg the eniry o re
data blocks are ever conpressed until the sectors ]
compv.gétf HOCHAL rdseFe TBRY Rebdifpreding W data fibes upsartors,geducing the sectors
el ow the EMI, CMM w || be scanning the STT for

wed G G325 00 B A0 IRy R B proces il

the sectors used count rises beyond the CMI, the .
tend tavrdshilt e thermestmompressitie lemtraferenerd, and Iaﬁék"s zetp é‘g@nﬂg‘w being
the 17 WO 2004/017208 PCT/ US2003/ 006554 unconpressed
comprddded, wﬁﬂ@‘ﬁiﬁﬁtﬁirﬁﬁ% tRAEaG M A86tardMacompressahdais sethe available
data for those data blocks wth a DOC other than | ow
or nil and not T, and in all cases updating the STT
O@ﬁtry to reflect the conputed DOC and reset the T
bit. Reconpressing the data frees up sectors, reducing

t 1Sing Y5 EEeOYNhowi6 8 stdi@ diu@timh fératht metieddoef accessing a
ti@%ﬁ%’&&{ hegCl\/M%suts;ops. 0Q/er tsi ne, 1%1?12 process wl |

tend ta result in the.nost .co essihle..
compreSHSBp R OAY R DRI PRy oRBfar Tazing 2 dmount of uncompressed
conpr essed, while maintai nim;ﬁ. the maxi mum armugtgi’fo{
data within therreemery, dnd fo1 speciaBy hendlingalbzeradats Blocksg dnisiplly the memory
Referring to Figure 4, shown is a state diagramfor

contrdllRE réBAiHOth MF iMERRS HODuR] £RANES 36 BbeRB il memoryyiswsseied. At such
speci al provisions for maxim zing the anount of

. nconpr esse ata w.thi.n t.he : i in a request

time, SEGREURRT ERp g ol P, 28 TR YoMt fp popryped inarea
menory controller remains in the idle state 4§§Bunt”d d from

bufferzandghe sesuestphase issasknowledaerds r Thansthg lirept wapped ST, eRtry mndexe
time, the request state (address, read/wite, size,

the reitst addresselks eeddforaiahé Mdinorg asddécoded at step 408guest

mcm

(@

[0038] During a memory read access request decision from step 404, all zero data blocks
detected at step 405, are complete after an immediate data reply to the request at step 410.
Special case data blocks detected at step 406, must first be decompressed at step 409, before a
data reply is issued for the data request at step 410, and in parallel, the invention stores the B
uncompressed data back into the memory at step 412. All other data cases proceed from step 404
through 405 and 406 to step 407, where the data is read from the memory sectors indicated by the
STT entry. When the STT entry indicates that the data is compressed at step 408, then itis
decompressed at step 409 before the reply 410 and in restore of as uncompressed at step 412.
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buffer and the request phase is acknow edged. Then the
direct mapped STT entry indexed from the request

403, D.JI‘I ng.a. NEND g Sinte]
Otherwjisg, W gl]L:B%l gdmﬂcon x?éssfgaag %g%g%b%?%'tbefeg ly is immediately
at_step 405, are conplete after an i nmmedi ate data

performeghitptepstine request at step 410. Special case data
bl ocks detected at step 406, .nust first be

essed at step. 409 befor . dat {S;
TR metedl §Fictirosy SaRed (Bgisipfforh S04 £t dam lock
parallel, the invention stores the unconpressed at .
was deforrolneidrio e aHezereatstap 413, henthe data bipek isiskased an e special g’senc‘)ded
proceed fromstep 404 through 405 and 406 to step

STT enﬁ97412vv1wtﬁzérbeaa&a&ackssmé aRd direefly koeediormemoneiftsofficient storage is
i hdicated by the STT entry. Wen the STT entry

et Ry 0 DTRG0 06 90 oot s

410 and in restore of as unconpressed at step 412. 18
415 befpgy storing therdat® PCT/ US2003/ 006554 Ot her wi se, when t he
data is al ready unconpressed at step 408, the data

at el erforrred al 3 410.
EfPAOf leferriBiag Sieie ¥t Se Sommytspd oy sraia (e siate
step 404, if the data bl ock was determ ned to he all
diagramz Earchameshashofiregylating datatrempaessionl ingicompressed sepin geznory, for the
specially encoded STT entry 412. Non-zero data bl ocks

| purpos@b£hAisPa %i{%ﬁn}’mﬂlﬁﬁ &% uhoriBrBded data WHilé ntiimaining overall storage
storage is available (sectors used count < EMI

o1 £er) 414. other dat
it LTS U Lok O G y mr b
to Figure 5, shown is a conpressed nmenory nanager
alternaif\Givpompeessing oF axpeadirendata b locis widin e m@gan%mpwg dgpgnging on the
conpression in a conpressed main nenory, for the

most rdééﬁt[&oﬁﬁd%fat@ AébRg of cORPresdibi %?Q%Cpfmmwseqmﬁﬂﬁally reads and
data while maintaining overall storage

writes each block of STT entries over the entire STT range in memory. The CMM first empties

pd
-

the buffer and then reads the next block of entries. Any access to tﬁe range of STT entries held
in the STT buffer is serviced from the buffer, in lieu of referencing the STT entries directly in
STT memory. The CMM sequentially operates on each STT entry in the buffer before the buffer
is written back to memory. hﬁtially and when disabled by a programmable enable bit, the CMM
is at Idle state 501. However, when enabled, The CMM responds to conditions 502 when the
allocated memory sector count or sectors used counter, is outside the range defined by the
Expand Memory Threshold (EMT) (expanding data), Compress Memory Threshold (CMT)

(compressing data), or the Priority Compress Memory Threshold (PCMT) (priority compressing
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utilization within a prescribed range. The CW
regul ates the utilization of the main nmenory by
wealkoermzgvel y conpressing or expandi ng data bPOTHS2003/006554

cate) i, A Sudtie BRI O BHECE aRniba 08P R s s empty or

l“éhe CJ\/M%gguenti ally reads and wites each bl ock of
the bufenpainterinag vagrneditn shefinst prtrsatstemigrh then therfll puffenis written back to
CW first enpties the buffer.and then reads the next

memoby, @l tid netthlocksof ST erdfi6€ Hrehd ffoRemieaitye tofill Helbuffer at step 505.
entries held in the STT buffer is serviced fromthe

ries feld | frer 1 | )
Otherite, Fhhe butice ity scldel<ol SARLSPentiy Al ety Yhe VM dos over the
STT efities (it ation on Hisi s reentlyiced (VB CWhwr 508 camyaser g touch (T) bit

a programmabl e enable bit, the CW is at Idle state

is still 5éxet atdteped ES andiberCVabdraeb] 136 Bt espidleistate01. The CMM
condi tions 502 when the allocated nenory sector count

evaluafls F R e B BRI e SOB B 1 O G Bh oP Empression
data), Conpress Menory Threshold (CMI) (conpressing

508. data), or the Priority Conpress Menory Threshold
(PCMI) (priority conpressing 19 WO 2004/ 017208

jsters. At h_fi . .
P e BrtEe ol o B SR B pSslfreppie i
K enpty _or _the buffer pointer has wapped to the first .
unnecessaryIf ghe data gl@!ﬂl,as begnyrecently n@ferrequf&r set)Angymemeyy is not being
back to nenory, and the next block of STT entries is

compressediaffa prioritgnthey thedCMM Iskigdeobifréfliorndf tht 8plebeB data block 509, and
O herwise, if the buffer pointer selects a valid STT

4 | t rjes .
esrs 01, LT SRR eI AR Y SD L BP0, dma i
506,gﬂgjmever the touch (T) bit is still reset, at step
be compyessed, buf puisthaVfiess Fraddrom dapmemeek at locetiens speeified in the STT entry at
501. The CwWM evaluates entries that are not skipped
step 518t Dtz plosRSthat aretdetecesdtoeontaih akt xprosskipicoampression at step 511.
conpr essi on 508.

Otherwise data blocks are compressed 512, and those that compress completely into the STT

entry 513, result in the STT entry DOC update, T bit, and data block memory being released to
the"free memory" pool 515. Data blocks that are not beneficially compressible 513 remain
unchanged in memory and only receive a DOC update and T bit reset 515. Otherwise from step
513, compressed data is stored in main memory 514 before the STT entry DOC is updated, T-is
reset, new compressed data location is updated, and data block memory is released to the"free

memory" pool 515. Then, control is returned to the idle state 501.
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[0041] Conpressing data that is already conpressed (or
is poorly conpressible) is wunnecessary. If the data
wolhoelo1fms been recently referenced (T set) an#CWRISRN0$/006554

$S orjt :
L 0a3t ERSHhe SARREF 0 frall e bRl onal o E@‘S‘P%@%* is
resets the T bit before control is returned to t
unnecgsgary d fasccagain onlprthe Tvhiseeedrhsrresat @pstsp9 1> dsfose thq ¢Nﬂ‘6e,¢°ntf°1
conpressed, but nust be first.read fromthe nmenory at

returnd 100t id16 StatePSOl. fOBRrivide bhgeP 3 16 SdHid ¥ tatbe deteppreksed at step 519.
Data bl ocks that are detected to contain all zeros

[
s, B B e ST P A PG
|nto the STT _entry 513, result in the STT entr
it is reagh@ib} &romthemain aveanarsted thet loeations iedigaind by he ST %o before it can be
t he" free menory" pool 515. Data bl ocks that are not

decompredd atistdpl 31 9¢ OTHe @ ®Ghiprésséd datagsetored biek g hgin memory at step 514,
menory and only receive a DOC update and T bit reset

and thegsif:'T egtl?% %cfa?e& ntév?rtg]rt@é gg\x l%céa? 8P§ 8 ?.%?@ﬁgg?% and T is reset

updat ed, is reset, new conpressed dat a Iocat| on |s
before M@QP“ inreturned t heldlestate 90is rel eased to the"free

menory” pool 515. Then, control is returned to t he

[ @hm g%lﬁgal%ezng 5%/15?6?2%% (th 7‘%195? 53% eorp i r ess %@ﬁmm a caching

all_zero conpressed is unnecessary 516, so in only
structugqy Howpyer, thissinvpetioneeas bmsedttegﬁtbqsmma@p@vqrr%@n@ir\mriependent cache
control returns to the idle state 501. O herw se at

to yielda hlgh'éil rfdiﬁia@ce S Alltholigh HRGMORNE efbedinént SuggesisitBiat the CMM only
Thus, e conpressed data is either derived fromthe

. ec I t
oA Rt ot 02 e TR MR M o .cggfag gt o a perodic
the STT entry, before it can be deconpresﬁc,ed at ep
intervabfay”scrghbing dbeSi dsmemonatoadatect and rergovRi st errwﬁ.that can accumulate in
menory at step 514, and the STT entry is updat ed with

the DRIAM. rdiitougls did preferfld dnfisodinheandesedbechroparateoompressed” flag in the
reset

STT entry, this state can be aggregated into the degree of compressibility (DOC) tag to provide

encoding space for additional compressibility attributes.

[0044] Although the preferred embodiment specifically claims a special "zero" data block
detector and method for bypassing the corrtpressor and decompressor apparatus for such cases,
those skilled in the art will recognize that such a detector can easily be enhanced to detect any
repeating fixed length pattern in a data flow path. The "zero" case is the most predominant case
in computer systems, but it is recognized that small performance gains can be realized when the

detector is designed to detect any repeating pattern of a predetermined fixed length.
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before CMM control is returned to the idle state 501.
[ 0043] This enbodi nent represents the | owest cost
wonpi@reogat i on, w thout a caching structure. PEDWNSY®B/N06554

s A AR 0T, Aol sl S LBBIGINS iSiyengion beneirom
erformance. Al though the abgve enbhodi nent,  suggest ’:h
overall Ioxverumamemeishlaiency (hehFuperiETEss WP 6L Srgining the advantages

conditions 502 are true, the CWMM function can al so be

affordéd b nfeedrgdbmpréssioat Vialis fovention plivideg antaneonsiiic meeans yo balance the
to detect and renove"soft" errors that can accunul at e.

' i ; ' ), such that
overall fhertoff o iphssioh 8 ¥ AnkBe BIOFAH ddiflu AR MR Braccpsor(s, such tha
entry, this, state can hbe aggregated intg the degree ,of
the a%l% RSBIOBY S m%wii@)utﬁlasd oF SHoNG deta apd PERETRY @Gsc Ay system that
for additional conpressibility attributes. [0044]
employs teniogi comnpressioh ean eshlieepedfommiceieaefitsifromn khis aventien. Such
a special "zero" data block detector and nmethod for
' S50 KedtoiRge sub-syst
systembEBAS ht 85t MO0 o B £F FO MRS ALnBh PRIk Rge sub-system
recogni ze that such a detectqr can easily .be gphanced . .
caches, gQRIOSEISORAIAIN FISEIOAY FYNETP.xOther SHeiomS A enaLif oM the claimed
data flow path. The "zero" case is the nost o
meanspo deftent araiprocass ézerbh fileddatachloakssindmedwadret Patticudarly, applications that
recogni zed that small performance gains can be

‘are reqﬁ.xﬁ@!i k@ BenR ol f c%?at &t lS%lgh? RS H Ql?tifilgtﬁe&eéa@garﬁf‘zﬁ‘lansferring a

epeating pattern of a predeterm ne ed | ength.

code iR i DREC IRy HRGABRCATRPURCRO BB pandwidth for

froman overall |ower nenory read | atency (higher
other tpasfery mance), while still retaining the advant ages
af forded by nenory conpression. This invention

P ' ..an autononm ¢ ans, to. bal.ance t veral |, ..
r@ﬁ%‘%%ﬁﬁb%@é’?@#’q basbesg desribedin twrgﬁvéefggﬁﬁ fEbodiments, those
fromthe processor(s), such that the avail able nenory ‘
skillediin theart will kacoghizk itz dhd mvestion cargbel ptaaticadwith agrdification within the
code. Any systemt hat
spirit and scope of the appended claims.
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enpl oys nenory conpression can realize performance
benefits fromthis invention. Such systens include,
woutosaneogot limted to; network or | O adapt er pCaaisSe®3/006554
di sk storage sub-system caches, and processor nain
menory systens. Other systens may benefit fromthe
clainmed neans to detect and process "zero" filled
data bl ocks in hardware. PagiArpg§ar!y, applications
that are required to transfer bl ocks of data can
benefit fromdetecting these cases and transferring a
cwiat isndhinrtiig a "zero" data bl ock, thereby freeing
up communi cati on channel bandwi dth for other
transfers [00461 Wiile the invention has been
described in terns of preferred enbodi nents, those
skilled in the art will recognize that the invention

can be practiced w dification within the spirit
L Agompyls SS?te%‘%“ﬁ%'}ﬁkéhr%gd claims. 22 WD 2004/ 017208
PCT/ US2003/ 006554 CLAIMS What is clained is: 1. A

CORRHICRY hevifil 8E8t6R T datl Blecksdinolatiigycomptiessgd slatat Wloeksaind
dat a bl'ocks I ncluding conpressed data bl ocks and

unco ssed, data bl ocks; a sector counter operatively
uncom(%q?ﬁé@ﬁaggj%ﬁgk 'ai d menory and being adapted to naintain

a used nenory sector count of said nenory; a

COIRESTD ARt BPRAMveR RBARSCtEPRIsald mehmf{z andbeingddapied to maintain a
sald nmenory; a conpress nenory threshold register

operatively conpected to said conpressed nenory
used Q?Ct%%ouélgﬂfﬁarl Y conpress menory t hreshol d;
and

a compressed memory manager operatively connected to said memory;

a compress memory threshold register operatively connected to said compressed memory

manager and containing a compress memory threshold; and

an expand memory threshold register operatively connected to said compressed memory

manager and containing an expand memory threshold,

wherein said compressed memory manager is adapted to compress data blocks in said

memory when said used memory sector count is above said compress memory threshold, and

wherein said compressed memory manager is further adapted to decompress said data

blocks when said used memory sector count is below said expand memory threshold.
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an expand nenory threshold regi ster operatively
connected to said conpressed nenory nanager and
woani4ainosg an expand nmenory threshol d, wherei RCTAISAN03/006554

c ress nenory. manager. i s adapted T o [ eSS..dat a. :
2 R T e o o e fbnBeirtons ol SaRngferbperatively
count is above said conpress nenory threshold, and
connegtfsk teispidynemorss nheeeis saidrmempryssing rngesaid deqomnragsing are performed by
adapted to deconpress said data blocks when said used
said coBipRésseS Ry 'ﬁﬁhﬁ%eri ShlP Qhei sgidi ey trHePisyhot performing memory
t hreshol d. 23 WO 2004/ 017208 PCT/ US2003/ 006554 2. The
r systemin claiml1, further conprising a ’
acce’SE%[CFJ%%@?%}?’controIIer operatively connected to said
menory, wherein said conpressing and said
deconpressing are perfornmed by said conpressed nenory
manager only when said nmenory controller is not
perform ng nmenory access requests. 3. The conputer
3. sydeeompnterispstemin claimt 2)durtheronipsising aprorigrdonypress memory
conpress nmenory threshold register operatively
threshoRNAR kR GpbratiSRlyLoRABREE 5 8d UBRBf4sdPMRERy A2flager and containing a
containing a priority conpress nory threshol d,
. wherein said conpr ed nenory manager is further
priority {0 iﬁss%exgg%tﬂgegﬁo aid data blocks in said nenory
when said used nenory sector count is above said
PiHefeit Yaid @BRIpESSed ARIRITY midhagae fithther WHSSBE & EHBpREs said data
menory access request activity of sald nenory
blocksc.ont rqol ler. 4. The corr&;ut er systtem i ntcl i m 1S . furotrl el ompress
c O TERETRWhER 53 USPd MemAry SREtPLERUDt GahoYFiseid B P
- connected to said nenory and contai ni ng conpression
memogy thréshiotds érrespestivedoftimemoy aukess refuesthetiv aid meyarg gentroller.
in claim4, wherein said conpression attributes
include a zero attribute indicating a data bl ock of
all zeros,

(D

4, The computer system in claim 1, further comprising a sector translation table operatively

connected to said memory and containing compression attributes of said data blocks.

5. The computer system in claim 4, wherein said compression attributes include a zero

attribute indicating a data block of all zeros,

wherein said compressed memory manager is further adapted to store data blocks having
said zero attribute as a zero entry in said memory, wherein said zero entry avoids using memory

sectors.
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wherei n said conpressed nenory manager is further
adapted to store data bl ocks having said zero
wakvoHontdoe as a zero entry in said nenory, whePeTWSS@BM06554

z vai ds. usi.n nor.y sectors, .24 :

6. 5a53 rEl YRS et ot uiedini iy inglude a non
in _claim4, wherein said conpression attributes . )
compregriblgstributay g-neyorgomenressataibate. and gnamkgoya wempressibility attribute.

conpress attribute, and an unknown conpressibility
attribute. 7. The conputer systemin claiml1, wherein
sai d conpressed nenory manager is further adapted to
conpress data bl ocks having a higher conpressibility

7. laThé cOpatedp 8YRE8 1{% BIEES %@H&gein @ﬁfdgco%'g}ﬁﬁéd R Y§ manager is further

ower conpressibility attribute. conputer system

npri sing: ry havi sectors af..data.bl ock .
adapted RO HIERES 3 P CRUVirE & BHEE farmaies biiiE o Pud béfpre compressing
data bl ocks; a sector counter operatively connected to
data blogksihaving ayowericanepressibilifgpatibute. nai ntain a used
menory sector count of said nenory; a conpressed
menory nmanager operatively connected to said nenory; a
conpress nenory threshold register operatively
connected to said conpressed nenory nmanager and

Cc el nory threshold; a sector

8. tgyggﬁt%ﬁeﬁf@gﬁ?gi vely connected to said nenory
containing a touch bit indicating when said data
bd meknorghalimgtsectotsasfaiath bleoks inchidligxpempresssdaiaya blocks and
threshol d regi ster operatively connected to said

uncqmﬁepénggé@a?ﬁ%l Iry manager bei ng contai ning an expand

reshol d,

a sector counter operatively connected to said memory and being adapted to maintain a

used memory sector count of said memory;
a compressed memory manager operatively connected to said memory,;

a compress memory threshold register operatively connected to said compressed memory

manager and containing a compress memory threshold;

a sector translation table operatively connected to said memory containing a touch bit

indicating when said data block was last accessed; and

an expand memory threshold register operatively connected to said compressed memory

manager being containing an expand memory threshold,

wherein said compressed memory manager is adapted to compress data blocks in said

memory when said used memory sector count is above said compress memory threshold,
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wherei n said conpressed nenory manager is adapted to
conpress data blocks in said nenory when said used
worpmw7®ect or count i s above said conpress NMEROTHUS2003/006554

t hql d, 25 WD 2004/{017208 PCT/ US2003/ Q06254
ﬁliq? %‘Pﬂeﬁsgggmlg é&?ﬁsﬁ‘iﬁ g@eﬁg@a ageaqoglmpﬁﬁfeagzegqrg more recently accessed
co

ressed before nore recently accessed data bl ocks,
data blegksebased onasaid touclebittind, and wherein said conpressed
menory manager is further adapted to deconpress said
dat a . bl%pks when,sai d used nenpr ect.or 8ou t is idd
eB5ip SaHC FORIRISEK FRSRRATY TRanAgen i firthes adgied 8 dgemapress said data
systemin claim@8, further conprising a nenory ’
blocks wihan saidiused oparay seatdrycouns isTealowdaidexpand memnanyythreshold.
wherei n said conpressing and said deconpressing are
perfornmed by said conpressed nenory manager only when
said menory controller is not perform ng nenory
access requests. 10. The conputer systemin claim?9,
| . | y a) .
O DHC ORI e i 1ol tiibenco RIS BRI Yonipoller operatively
c ressed nenory panager and containing a priority
connecfeaﬁg FUE NGOy V’EIFW%% camprprsing;and saidflecompressmgare performed by
menory manager is further adapted to conpress said
said comipteasedanemlosy manager dnlyewhery saibl eensary doniselerris mot performing memory
sector count is above said priority conpress nenory
mmemnk@ﬁ&é@°|d’ irrespective of a menory access request
activity of said nmenory controller. 11. The conputer
systemin claim@8, wherein sector translation table
contai ns conpression attributes of said data bl ocks
including a zero attribute indicating a data bl ock of

%LI zeros, 26 WD 2004/017208 PCT/ US2003/ 006554
10. e computer system in claim 9, further comprising a priority compress memory

threshold register operatively connected to said compressed memory manager and containing a

priority compress memory threshold,

wherein said compressed memory manager is further adapted to compress said data
blocks in said memory when said used memory sector count is above said priority compress

memory threshold, irrespective of a memory access request activity of said memory controller.

11.  The computer system in claim 8, wherein sector translation table contains compression

attributes of said data blocks including a zero attribute indicating a data block of all zeros,
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wherei n said conpressed nenory manager is further
adapted to store data bl ocks having said zero
wabbegohuioe as a zero entry in said nenory, whererTmwss@Bw@oss54

z ntry avoids using nenory .sectors. 12, The .
< S L i B BceRed Bt e, RSk Adar g dbedpte blocks having
., menory manager is further adapted to conpress data .

said zg5p GHKIOUISRS iasre enfryinesaid meprargswherein spidizerp ieptiy @voids using memory

bef ore conpressing data bl ocks having a | ower
sector;onpressibility attribute. 13. The conputer systemin

claim 8, wherein sector translation table contains

conpression attributes of said data bl ocks incl uding

a non-conpressible attribute and a never conpress

attribute. 14. A nethod of utilizing a sectored

ressed nepory i.n. a copputer .system said nmethod .
12, EAREqmapie: sYstmp siring 8a ™ HEwHR RGPPSR memoRy magpeer is further
said menory; conpressing data bl ocks in said nenory
adaptedfte pormpieds date dloaksbayingechighercmmyressibiktyoattribate before compressing
conpress nenory threshold; and deconpressing said data

datablbbmkas,iﬂg@[bﬁicg @sgwm-b%@étor count is bel ow an
expand Tenory tﬁgzshgld. 27 WD 2004/ 017208

PCT/ US2003/ 006554 15. The nethod in claim 14, wherein
sai d conpressing and said deconpressing are perforned
when a conpressed nmenory manager in said conputer

stemis not performng . menory access .requests. 16. A
-Srﬁ*@ GOBIISRT SYteR) 1 Gigims8, whereipesectos ﬁ@nslgtlwgtai) Taigs gmpression
said data bl ocks in said nenory
attributes of said data blocks including a non-compressible attribute and a never compress

13.

attribute.

14. A method of utilizing a sectored compressed memory in a computer system, said method
comprising:
monitoring a used memory sector count of said memory;

compressing data blocks in said memory when said used memory sector count is above a

compress memory threshold; and

decompressing said data blocks when said used memory sector count is below an expand

memory threshold.
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when said used nenory sector count is below a priority
conpress nenory threshold, irrespective of a nenory
\Vaamnan7mmquest activity of said conpressed NeROTAUS2003/006554
. MeRROfkthollin cﬂ?ﬁ‘l B LAk Raidl By rcb% sé d £8d de ompressmg are
conpr|3|ng al ways storing %%t 9 El avi ng a zer os
a.zero entr n said nenory, rein said zeto
perfogRed YWheR & C@@mﬁSﬁg mwyn%?romsw QOMEYEr SYSteRR i 1 performing
claim14, wherein said conpressing further conprises
memopngEcesequestlat a bl ocks havi ng a hi gher
conmpressibility before conpressing data bl ocks having
a lower conpressibility. 19. The nethod in claim 14,
wherei n sai d deconpressing only avoi ds deconpressi ng
unconpr essed data bl ocks. 20. The nmethod in claim 14,

r£$si,nd avoi.ds co s anl
16. 1 EiRCDR f ARTC T PPl e CTRESHL i Bl blapicyji sid memory
2004/ 017208 PCT/U82003/006554 21. A nethod of
when fajd psed ARerROESeEOr @gu@tdﬁbdemnnmwprﬁssan@@ﬁm@eqshold irrespective
system said nethod conprising: nonitoring a used
of a maEnoryyaceesstrequesDadtivigfofsaidtongiredsed nianpryanaiager. dat a
bl ocks in said nmenory when said used nenory sector
count is above a conpress nenory threshold; and
deconpressi ng said data bl ocks when said used nmenory
sect or count i's below an expand nenory threshold,

17 \mﬁ‘g ?tggg %ggng ﬁf’rb@g g&%{)%lglgé ﬁf\ygypsgslé(?rglf%&%mfo%ﬁ hg\ging all zeros as

conpressing data bl ocks accessed nore recently.
a zero entry in said memory, wherein said zero entry avoids using memory sectors.

18.  The method in claim 14, wherein said compressing further comprises compressing data
blocks having a higher compressibility before compressing data blocks having a lower

compressibility.

19.  The method in claim 14, wherein said decompressing only avoids decompressing

uncompressed data blocks.

20.  The method in claim 14, wherein said compressing avoids compressing data blocks held

in a cache of said computer system.
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22. The nmethod in claim 21, wherein said conpressing
and sai d deconpressing are perforned when a
woamwes®ed nmenory manager in said conputer syBCEMSR®3/006554

21. NOA R8RS b hiNSzin g8 B HreA o tedsBH WM Sty irfd coh tFRY A6, said method

in claim?22, further conprising conpressing said data

bl ocks in said menory when said used nenory sector
COmpIH® is bel ow a priority conpress nenory threshold,

irrespective of a nmenory access request activity of

S Y thod in

c?g?r#] 21, ?ﬁsr%tgﬁgéﬁc H%F{lsg:agg&; fv\séf/dsmg}tﬁgﬁg dat a

bl ocks having all zeros as a zero entry in said

menonpyessinpadatd bloghs th %éd Mmedivry wikviGhidsused mgnorgrsectpr count is above a

sectors. 29 WD 2004/017208 PCT/ US2003/ 006554 25. The

RQghd i wherein said conpressing further

conq%%%prl§g§t@%§%$g§%F%g data bl ocks having a higher

conpressibility before conpressing data bl ocks having

a decovapressingpaidstatdblotksywhebsaid h@edTmEﬁ@gy atter cduft i3.bklow an expand

wherei n sai d deconpressing only avoi ds deconpressi ng
Inmnﬁgﬂﬁgﬁkﬁﬁﬁed data bl ocks. 27. The nmethod in claim21

ereln said conpressing avoi ds conpressi ng data
bl ocks held in a cache of said conputer system 30

wherein said compressing further comprises compressing data blocks accessed less

.recently before compressing data blocks accessed more recently.

22.  The method in claim 21, wherein said compressing and said decompressing are
performed when a compressed memory manager in said computer system is not performing

IMemory access requests.

23.  The method in claim 22, further comprising compressing said data blocks in said memory
when said used memory sector count is below a priority compress memory threshold, irrespective

of a memory access request activity of said compressed memory manager.

24.  The method in claim 21, further comprising always storing data blocks having all zeros as

a zero entry in said memory, wherein said zero entry avoids using memory sectors.

29



WO 2004/017208 PCT/US2003/006554

25.  The method in claim 21, wherein said compressing further comprises compressing data
blocks having a higher compressibility before compreséing data blocks having a lower

compressibility.

26.  The method in claim 21, wherein said decompressing only avoids decompressing

uncompressed data blocks.

27.  The method in claim 21, wherein said compressing avoids compressing data blocks held

.in a cache of said computer system.
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