2 9 SEP 2004 Using An Access Log For Di sk Drive Transactions Back ground
This invention relates to disk drivers and, nore particularly, to the use
of a menory buffer during disk drive operations. In a conputer system a
device driver is a software programthat controls a hardware 5 devi ce.
conputer systemw th a keyboard, a nouse, and a hard disk drive, 2f%5EP 2004
exanple, may include a keyboard driver, a nouse driver, and a hard disk
driver. In a personal conputer-based S)lstem device drivers typically
interface between other software programs and the device controlled by the
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wor ks iBa jugaction with the device driver for a specific device to
service a request. For exanple, when a user directs the operating systemto
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application programmay then run fromthe nmenor he operating systemthus
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addition to translating th articul af soft “ "
Eevme to service a reg est %0? example, when a user 1rects the operating system to “load

or “execute” an application program, the application program is typically stored on the hard
disk drive. The “loading” of the application program is essentially a request to read the

15 application program from the hard disk drive and to write the program into a memory. The
application program may then run from the memory.

The operating system thus sends the read request to a disk driver which services the
hard disk drive. The disk driver translates the “load application program” command into a
hard disk drive command, to retrieve the data from the location where the application is

20 stored. For example, the disk driver may issue a “read sectors” command, identifying both
where the application program is stored on the hard disk drive as well as to where in memory
the application program is to be transferred. The disk driver thus acts as a translator between
the requesting program and the hard disk drive. Write operations, which transfer from the
memory to the hard disk drive, operate similarly.

25 Whether for read or write operations, disk dnve accesses are typically substantially
slower than memory accesses. Therefore, in addition to translating the particular software
request, a disk driver may allocate a portion of memory, sometimes known as a cache or a
buffer, to reduce the number of hard disk drive accesses and thus improve system

performance.



request, a disk driver may allocate a portion of nmenory, sonetines known as
a cache or a buffer, to reduce the nunber of hard disk drive accesses and
t hus i nprove system performance. 2 9 SEP 2004 -2 For exanple, when a read
request for a particular sector or group of sectors is nmade, thd Sd8EPK2004
driver may "prefetch" additional, unrequested seétors into the buffer
portion of the nenory. The prefetching anticipates that subsequent
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t he di sknemeRyerTheagrefeteing atinsiesdha subsequent aperests vl beansdecfoh trese di wot
drive t%fu'l Eil all the wite requests at once. The disk driver, however,
may not gf%gyg PEH ™t which future hard disk drive 10 requests may occur.
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di sk drivifte optrafiba BhE Rard didkailiAp IBA MAhEWERHIUAR 2 BRLe 15 such as if
power is unintentionally renove romthe conputer system Thus, there is a
continui ng nddd disk drivetr,skowleviey,emayhiot alwagsr prediet peidlo fivanc Badf disieiddver or

bow of the read prefetch and wite buffer operations. Brief DescriRtiOn O
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read prdimingshi perfaucocedi fbhis ds breause ibodknime ;to retrieve the additional non-used
sectors. Likewise, a buffered write which is not soon combined with another write merely
delays the intended write to the hard disk drive, creating the risk that the data could be lost,
15 such as if power is unintentionally removed from the computer syétem.
Thus, there is a continuing need for a disk driver which improves performance of

either or both of the read prefetch and write buffer operations.

Brief Description of the Drawings
Figure 1 is a block diagram of a system according to one embodiment;

20 Figures 2A and 2B are diagrams illustrating write buffering according to one
embodiment;
Figures 3A and 3B are diagrams illustrating read prefetching according to one
embodiment;
Figure 4 is a diagram illustrating the access log according to one embodiment;
25 Figure 5 1s a flow diagram of the system in operation according to one embodiment;
and

Figure 6 is a block diagram of the system according to one embodiment.

Detailed Description

In accordance with several embodiments, an access log may assist a disk driver in
30 reducing hard disk drive accesses, where possible, for improving the drive performance. The

access log stores information about recent accesses to the hard disk drive. The driver may



Figure 4 is a diagramillustrating the access |og according to one

enbodi nent; 25 Figure 5 is a flow diagramof the systemin operation
according to one enbodi nent; and Figure 6 is a block diagram of the&ﬁyﬁb‘em
according to one embodi nent. Detailed Description In accordance &%

several enbodi nents, an access | og may jassist a disk driver in 30 reducing
hard di sk drive accesses, where possible, for inproving the drive
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personal, c ter,system Accordingly, the disk driver 10, the operating
system ébeﬁ)%:ﬁgﬁls 145’%t53ﬁer software are executed by a processor (not shown),
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be one of a nunber 01E H?Ey‘gé‘gﬁ"é’ %?g%%gfnbg@@?%@r |cgég,%r’sggﬁr°§§&8%ﬁgé fad
random CGorperstomiSantai(Esra( OrRMbEia, af st h feveemamplessynchr onous DRAMs ( SDRAMS) ,
and static '\e/ssygt%I%A I}/Ba further includes a memory 40 and a hard disk drive 30. During
power-on of the computer system 100, the memory 40 may store the disk driver 10, including
15 the access log 20, the operating system software 60, and application programs. The memory
4G may be one of a number of types of random access memories, such as dynamic random
access memories (DRAMs), flash memory, synchronous DRAMs (SDRAMs), and static
RAMs (SRAMs).
The hard disk drive 30 may be an integrated drive electronics (IDE) drive, an
20 enhanced IDE (EIDE) drive, a small computer systems interface (SCSI) drive, an enhanced
small device interface (ESDI) drive, a redundant array of independent disks (RAID) drive, to
name a few examples. The hard disk drive 30 is coupled to the memory 40 by a bus 26.
The operating system 60 and the disk driver 10 work together to service requests to
access the hard disk drive 30.- For a disk read operation, the requested data is transferred
25 from the hard disk drive 30 over the bus 26 to the memory 40. For a disk write operation, the
intended data is transferred from the memory 40 over the bus 26 to the hard disk drive 30.
Thus, the operating system 60 and the disk driver 10 may control transfers between the hard
disk drive 30 and the memory 40.
The access log 20 may be used for both disk read and disk write operations by the
30 disk dniver 10 in some embodiments. In one embodiment, the access log 20 contains

information about recent accesses to the hard disk drive 30. The disk driver 10 may use the



The hard disk drive 30 may be an integrated drive electronics (I1DE) drive,
an 20 enhanced IDE (EIDE) drive, a small conputer systens interface (SCSI)
drive, an enhanced snall device interface (ESDI) drive, a redundgantearday
of independent disks (RAID) drive, to nane a few exanples. The hZEé@.@@
drive 30 is coupled to the nmenory 40 by a bus 26. The operating system 60
and the disk driver 10 work together tq.service requests to access the
hard di sk drive 30. For a disk read operation, the requested data is
transferred 25 fr hard _di

.Qm_§,h sk,drive 30 over th 26 ry
20- " For %R kel fEhG LIRS 155200 Frh R e e B E a Ol O BT
MENMOry 49 vave bubieAn PUSrca8 phedetbhing bpedtichssk drive 30. Thus, the operating
system 60 and the disk driver 10 may control transfers between the hard

di sk drive 30ommexknople, themoseps g 20 ey sookss an pylicetionsy thetypsed tragsadtignh

di sk d and.dj sk writ ti by the. 30, disk,dr.i 10, i

crbod nEt B SEe sl A e oPer e s sedomBy! Suft SRk aye,s ), B,
aboyt r aeei-eaCkRSE Sndy ilditd Mhskidicpkordb Y& off iR BAr@kdisk idyiee 30weRy use

the 29 SEP 2004 -4 "dri've access history" of the access |og 20 to assess
whet her aamssede Theiacress gl Ogoaylalsanciitsiatae indicatiowdfitee e oé therageess. r ead

f et chi tions.. F le, t Log 2 t ai n. ar
Pl cat 1 on ofth 6918° ERditents Jho AEblos L0 Rt B shre Pk argaaso” 87V i ¢ e
oper at i gfi¥@Ss Wifaﬁf%?ah%d@f&ﬁnﬂﬁﬂ infll seio! by 6thdPembbMifRBfs; theactdie 1%Omess

| og 20 may Indicate which region or regions of the hard disk drive wer e
accesseik. siZehbmited esch thetgor2P a pesdetdrmined omirdien o himansadianstis orindainedeSedhan of

th : mbodi . 1 20 i ie-lim ch
Ll "o FRStolag BTy SPeaa g Bty o ua TRED ey Sl o RdrShe R L
peri od. rlpthggtg\g{htﬁg‘gg\qg%%'s; the access log 20 is size-limted such that

only a predeterm ned nunber of transactions is maintained. Such an 10
access | og 2n Fmpropsrtht eneasory 40 imaytinglnd¢ an anea desigyqtedo) wntadnty 42,suethag hat

e LN N
:ngi sk WEI trRe BRSO @Rta 4HNB6 WMrdt 48 Slay feplebehieltopls vk © 8 kectorf isdbivaltids1246,

15 bytes, groups of sectors, or some other atomic unit of data.

In Figure 2A, to transfer the write data 42, three separate accesses of the hard disk
drive 30 may be made. In one write operation, the block 44 may be transferred from the
memory 40 to the hard disk dﬁve 30. In a second write operation, the block 46 may be
transferred from the memory 40 to the hard disk drive 30. In yet a third operation, the block

20 48 may be transferred from theémemory 40 to the hard disk drive 30.

In Figure 2B, the memdi)ry 40 includes a write buffer 50. In some embodiments, the
write buffer 50 may act as a temporary storage location for data intended for the hard disk
drive 30. By using the write buffer 50, the disk driver 10 may convert three accesses to the
hard disk drive 30 into a single;access.

25 In a first write operation, the block 44 is transferred from the memory 40 to the write
buffer 50. As a memory-to-memory transfer, this operation is typically much faster than a
memory-to-disk operation. In a second write operation, the block 46 is transferred to the
write buffer 50 as a second memory-to-memory transfer. In a third operation, the block 48 is
transferred to the write buffer 50, from the write data 42 part of the memory 40.

30 At some time later, the disk driver 10 may direct a fourth write operation, this time to
be performed between the write buffer 50 and the hard disk drive 30. The transfer between
the memory 40 and the hard ciisk drive 30 may include all three blocks stored in the write



48. The bl ocks of data 44, 46, and 48 may represent sectors, where a sector
Is typically 512 15 bytes, groups of sectors, or sone other atomc unit of
data. In Figure 2A, to transfer the wite data 42, three separahe FPcpgses
of the hard disk drive 30 may be nade. In one wite operation, the bl ock
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15 block being written which have already been recently written. The write buffering algorithm

according to these embodiments is described further in conjunction with the description of
Figure 5, below.
The disk driver 10 may also use the memory 40 during read operations. As with write
operations, read operations involve transfers between the memory 40 and the hard disk dnive
20 30. This time, however, no data is waiting in memory 40 to be written to the hard disk drive
30. Instead, as in Figure 3A, a read buffer 70 of the memory 40 may be a destination for read
operations from the hard disk drive 30.
Further, the read buffer 70 may be used to prefetch additional, unreguested blocks of
data from the hard disk drive 30. In response to a single read request for a block 32 from the
25 hard disk drive 30, the disk driver 10 may transfer the block 32 into the read buffer 70.
Assume that the block 32 is adjacent to a block 34, which is also adjacent to a block 36 on the
hard disk drive 30. During the same read operation that transferred the block 32 to the read
buffer 70, the disk driver 10 may transfer blocks 34 and 36 from the hard disk drive 30 to the
read buffer 70.
30 Thus, in addition to retrieving the requested block 32 of the hard disk drive 30, the
disk driver 10 additionally prefetches other blocks to the read buffer 70. The additional



Accordi ng to one enbodi nent, the access | og 20 assists the disk driver 10
in predicting the best candidates for wite buffering. By scanni E$e
access log 20 of recent 10 wite operations, the disk driver 10 m@g 2004
determ ne whether a single block of the hard disk drive 30 is repeatedly
being witten to. If found, in one enbodinent, the disk driver 10
tenporarily stores the block in the wigte buffer 50 instead of imediately
storing the block on the hard disk drive 30. In a second enbodi nent, the
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prefetch adjacent blocks, such as blocks 34 and 36, during the transfer of block 32 from the
15 hard disk drive 30 to the read buffer 70. However, the block 36 is already stored in the
operating systemn cache 90, from the prior operation. Thus, if stored in the read buffer 70, the
block 36 is not likely to be accessed because the operating system cache 90 already has the
block 36.
Thus, in one embodiment, the disk driver 10 consults the access log 20 to determine
20 whether the requested read is a good candidate for prefetching additional data from the hard
disk dnive 30. For example, if a block is to be read, the disk driver 10 may want three
contiguous blocks to be prefetched following the requested block. For each of the three
blocks, the access log 20 is consulted to see whether it was recently accessed.
In Figure 3B, according to one embodiment, the disk driver 10 consults the access log
25 20 for information about accesses to the block 34 as well as the block 36. Because the block
36 has recently been read, the disk dniver 10 prefetches block 34 only, in addition to
retrieving the requested block 32. Here, the disk driver 10 presumes that the block 36 1s
already available to the operating system 60, such as in its operating system cache 90. This
ensures that blocks prefetched into the disk buffer 70 are more likely to be used. Further, the
30 disk buffer 70 and the operating system cache 90 do not have duplicate information.
The size of the prefetch operation, e.g., the number of blocks transferred in response

to a single read request, may be adjusted according to the size of the disk buffer 70, the size



However, in Figure 3B, the operating system 60 may include its own cache
90. Once data is retrieved fromthe hard disk drive 30 and transferred to
the nenory 40, the operating 5 systemnay store the retrieved dat iriﬁhe
operating system cache 90. In one enbodinent, this additional "V28§ﬁ£|04
storage of disk drive information affects when the disk driver 10 perforns
prefetch operations in conjunction with disk read operations. For exanple,
suppose a prior read operation transferred the block 36, shown cross-

hat ched in Figure 3B, fromthe hard disk drive 30 to_the nory 40.
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operating system cache 90 do not have duplicate information
Notice that the access log 20 shows these four sectors 38 as having been recently read
only, even though the prior operation was a write operation to the same sectors 38. The four
sectors, 14h through 18h, are still shown as having been recently written in the access log 20.
In a second embodiment, the access log 20 shows the two aforementioned operations
20 as separate entries. In this way, both the write operation and the subsequent read operation,
performed on the same sectors 34, is supplied by the access log 20. Other implementations of
the access log 20 are possible for creating a historical record of accesses to the hard disk
drive 30.
Next, a “write address 00h for two sectors” operation is initiated on the hard disk
25 drive 30. Accordingly, the first two sectors 38 are “write” striped in Figure 4. The access log
20 is updated with a third entry to reflect this operation.
For the fourth operation, a “read address OCh for four sectors™ operation is performed
on four new sectors. The requested sectors 38 of the hard disk drive 30 are “read” striped.
Likewise, the access log 20 is updated to reflect that sectors OCH through OFH were recently
30 read.
In Figure 5, according to one embodiment, the disk driver 10 may perform both read

prefetch operations and write buffering operations by first receiving a request to access the




The size of the prefetch operation, e.g., the nunber of blocks transferred
I n response to a single read request, nay be adjusted according to the
size of the disk buffer 70, the size 2 9 SEP 2004 -7 of the requeztgegtp 2004
transfer, or according to other factors. Likew se, the size of thé "access
log 20 may be varied according to characteristics of the disk drive
operations, the capabilities of the sytem and other factors. In Figure
4, the access log 20 is updated for each access of the hard disk drive 30,

5 ' : ' t o A i - t he .har d, di drive.30.in¢lud
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| og 20 tracks operations. The disk driver 10 may performa series of read

and/ or Watksscogrsesatoi seetorsol® eftthe harddliskdirsle ki ve 30. I n a hypot heti cal
I h in Fi 4 ding t di t 0.t he disk [
LD ST N i L0 0\ BT IOEL Ll  f  v

resqalt, (f166 Qb@)ht THE GL&:S 168 20 AL RRRAM 1P Heibh aHvAANS SARHRE fhe Yogubed
striped. Further, the access log™ 20 is updated to reflect that address

of f set s sdddr 3hmasghcendly wetten (daweond $08) i iftson theNequgstedacagss inapi rheva goad
receives a.-read address 10h for foyr sectors’' operatjop. Follow hi s
oper at | GHRCIAHE 195 VEiE Risringe AGPEhmEy.ghe dihBive” TG rendsabe paufaag 2 &t o

i denti f yritd Bufriado @1dck39opperation was perfornmed on the sectors 38. Notice
that the access |1 og 20 shows these four sectors 38 as having been recently
read only, &bthe rebuastdd sebter BBilms nopbeeat ieoentlvasritentd, tthe eqresalagoll fusthehe

same sectors 38. The four sectors, 14h through 18 are still shown as
ha\an BRYnbs sersited, Wudctermine Wg?‘ﬁ%r é’&cré‘é!‘éesF Se?%ﬂr@isnlsa" SHAYe S&ftent

the accegsntPdritiinSd dia 3109, af of GHE A ORRRr ABCIeAld ARSwrikDdAS 4388 IAL €

entries. In fhi s way, both the"wite operation and the subsequent read
oper at i emite bpferf 50 feldcloA22heAssome Sattoms, 1Bd datasdZsinpibk ivestelbpifehS0anayebs | og

i st or | BERR Brchabt Gsedguedd Bk Anard disk  arive 30, Next. a write -
address 00h fPrindiy SHETRuSsted® BRAGH is At 'cBntighobs 88 8%elidr BRGOGHIN Whftkn as

15 recorded by the access log 20, in one embodiment, the requested write operation is not a good
candidate for write buffering. Accordingly, the disk driver 10 sends the write data 42 to the
hard disk drive 30 (block 212). The write operation is thus complete.

Where, instead, a read operation is requested (see also Figure 3), the disk driver 10
also consults the access log 20, this time for determining whether the environment may be

20 amenable for prefetching additional, unrequested sectors (block 214). In one embodiment,
the disk driver 10 may prefetch sectors adjacent to the requested sector. Thus, in consulting
the access log 20, for each prospective sector to be prefetched, the disk driver 10 determines
whether the prospective sector was recently read (diamond 216). If so, the prospective sector
may already be stored in the operating system cache 90.

25 Accordingly, in one embodiment, a prefetch operation is not indicated. Thus, the disk
driver 10 reads the requested sector 38 into the disk buffer 70, where it may be retrieved by
the requesting program, such as the operating system 60 (block 218). The operating system
60 may, for example, transfer the requested sector 38 from the read buffer 70 to the operating
system cache 90, both located in the system memory 40.

30 If, however, the access log 20 indicates that the sector or sectors to be prefetched were
not recently read (diamond 216), the disk driver 10 reads the requested sector 38, plus
prefetches additional sectors into the read buffer 70 (block 220). As when no prefetching



25 drive 30. Accordingly, the first two sectors 38 are "wite" striped in
Figure 4. The access log 20 is updated with athird entry to reflect this
operation. For the fourth operation, "read address OCh for fourzgggpg@§"
operation is performed on four neM/sectors The requested sectors 0
the hard disk drive 30 are "read" striped. Likew se, the access log 20 is
updated to reflect that sectors OCH t hgaugh OFH were recently 30 read. In
Figure 5, according to one enbodi nent, the di sk driver 10 may perform both

read ref f n vi ng
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written d@Sng g&y&%prmtamhﬁﬁeeﬁgﬁ%nl og 20, in one enbodiment, the

requested w opération is not a good candidate for wite bufferl ng.
Accor di ngl y, Int bee einbédinhenty ¢he dbessdng 20tiherenteit thy thedisk4lrivien 10 fhy alleaatingdi sk
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driver 10 writes to access log 20 with the type of operation and the affected region of the hard
15 disk drive 30.

Thus, in some embodiments, a disk driver uses an access log to prefetch additional
data during read operations and buffer data during write operations such that access to the
hard disk drive is reduced. The access log supplies the disk driver with a history of hard disk
drive accesses. From the history, the disk driver may predict future accesses to the hard disk

20 drive, and, from these predictions, may use system memory to possibly reduce the number of
accesses to the hard disk drive.

While the present invention has been described with respect to a limited number of
embodiments, those skilled in the art will appreciate numerous modifications and variations
therefrom. It is intended that the appended claims cover all such modifications and variations

25 as fall within the true spirit and scope of this present invention.



al so consults the access log 20, this tinme for determ ning whether the

envi ronnment may be 20 anenable for prefetching additional, unrequested
sectors (block 214). In one enbodi nent, the disk driver 10 may prefetch
sectors adjacent to the requested sector. Thus, in consulting the HSER4
|l og 20, for each prospective sector to be prefetched, the disk driver 10
determ nes whether the prospective segpor was recently read (dianond 216).
If so, the prospective sector may already be stored in the operating
system cache 90. 25 Accordingly, in one enbodinment, a prefetch operation is
notl i ndi cat éd. Thiusethdie cainpksinglri ver 10 reads the requested sector 38 into
the disk buffer 70, where it nay be retrieved by the requesting program

such as the oper giégingustauast0 resd oedeicdil@)a didhéneper ating system 60 may,
for exanple, transfer the requested sector 38 fromthe read buffer 70 to

H‘% operating S%éél@&@%cageadggi’oga%ﬁ%@gﬁa%‘%eﬁﬁsﬂ Brivde system nmenory 40. 30

however, the 1"0g es that the sector or sectors to be

prefetched were not recently read (dianond 216) ,.the di lMEL. A0 reads
t he? request ed sedEBIEVEE aAcGEss 108 %‘?%@@H’&?mé?ﬂ Wﬁ)egﬁgtorgg)ﬁgervgdﬁﬁﬁga he read
buffer 70 (block 220). As when no prefetching 2 9 S E P 2004 -9 occurs, the
0pey at repgormystthnda® drbwe; retrieve the data fromthe read buffer 70 and
transfer the data to the operating system cache 90. Subsequent requests by

t heg oper ati ng sys¢s@nifQe i 2E6feb£ edkidatine Whethbrethe edditiond] fregion 20theay be
serviced by the disk driver 10 w thout access to the hard disk drive 30.

Fol,}ovm'g?qg dgﬁiggpa%b\%' %e%eﬁ?%}egg. %ad buffer 70, whether additional sectors
t r \

are pr ) read  operation is thus conplete. In Figure 6,

according to one enbodi.nent, .the system 100 i.nck n the
busd 26. The oper a?‘ir‘l'%tﬁC E%p@rﬁdéﬁloﬁ%‘egﬁg Oégéﬁdlg? !lir\%/kge‘rat%f%? %ﬁ@l u%?élg[]}taﬁg
software 200 of Figure 5, are stored on the hard disk drive 30, a

norf volrapéit speh dhcazpsessddgum I n one 10 enbodi ment, the operating system 60
and the disk driver 20 are | oaded into the nenory 40 during power-on, for
faster runtime execution. In one enbodi nent, the access log 20 is created
by the disk driver 10 by allocating a

1 2. The meihod of claim 1, retrieving an access log of previously read regions of

2  the disk dnive further compnsing:

3 scanning an entry of the access log comprising a plurality of entnes;

4 finding a previously read region entry in the access log; and

5 comparing the additional region to the previously read region entry.

1 3. The method of claim 2, comparing the additional region to the previously read

2 region entry further comprising determining whether the additional region and the previously

3 read region are not identical.

1 4. A method, comprising:
2 receiving a request 1o write to a region of a disk drive;

3 retrieving an access log of previously written regions of the disk drive;



portion of the nmenory 40. Once accesses to the hard disk drive 30 commence,
the disk driver 10 wites to access log 20 with the type of operation and
the affected region of the hard 15 disk drive 30. Thus, in sone ZSSEPJN#
enbodi ments, a disk driver uses an access log to prefetch additional at a
during read operations and buffer data during wite operations such that
access to the hard disk drive is reduyged. The access | og supplies the disk
driver with a history of hard disk drive accesses. Fromthe history, the
di sk driver may predict future accesses to the hard disk 20 drive,. and,
frof these predi conoRiang Hagcauselogys deiernmrorReties oREVOMSIY ST SERES nunber
of accesses to the hard disk drive. Wiile the present invention has been
desgri Bedhewidkhdri esipg Geex tcentlyi wiitted andmber of  enbodi nents, those skilled
in the art will appreciate nunerous nodifications and variations
therefrom It isJF SRRE Ls cover all such
nodi fi cati ons an&%@%ﬁﬁg?ﬂgﬁgéﬁg%@gg falpgﬁg?%%%gthe true spirit and scope
of this present invention. 2 9 SEP 2004 -10 1 1. A nethod, conprising: 2
receiving a request to read a region of a disk drive; 3 identifying an
additional region of the disk drive;, 4 retrievinggﬂg access Io% cont ai ni ng
tinke-limted. hi stBreynehogekslaipudipiricstg anseeesgiehe! BE IROWLRIGE ve: 6
consulting the access log to determ ne whether the additional region of the
7 diSkrﬂ%&%ﬁﬁhﬁédﬁﬁ@ﬁvéﬁﬂﬂﬁib&mpﬂﬁdg and 8 prefetching the additiona
region of the disk drive to a nenory based at least 9 in part upon the
access 10g. 1 2. Jhg;peinadnodr it aldidiogicBinbigMbRganliaceanritng of _
previously read regions of "2 the disk grlve further conprising: 3 scanning
an entry of the access. |log. c [isj | Ti.@S; 4 finding a
To e BRI AR R ety B ehclles I |

previously read r

5 comparing a requested region to the previously written region entry.

1 6. The method of claim 5, comparing the requested region to the previously
2 written region entry further comprising determining whether the requested Tegion is

3 contiguous to the previously written region on the disk drive.

1 7. The method of claim 5, comparing the requested region to the previously
2 written region entry further comprising determining whether the requested region and the

3 previously written region are identical.

1 8. A method, compnsing:
2 receiving a first request to access a region of a disk drive;
3. storing a record of the first request in a memory including information .

4 indicating whether the access request was a read or a write operation;
5 servicing the first request;

6 recejving a second request to access a region of the disk drive;



5 conparing the additional region to the previously read region entry. 1 3.
The nmethod of claim2, conparing the additional region to the previously
read 2 region entry further conprising determ ning whether the a SPDQ[Qk
region and the previously 3 read region are not identical. 1 4. hod,
conprising: 2 receiving a request to wite to a region of a disk drive; 3
retrieving an access |og of previouslyjmwitten regions of the disk drive; 2
9 SEP 2004 -11- 4 consulting the access |og to detennine whether the

previously witten regions 5 of_the disk drive has heen re t itten;
and76 writing to ®pleewmsrle %%Oﬂii%%r%tﬁ@u&@c"é’é]%aF%Cﬁ?l Ilqu.lé‘f’ﬁtg]%r%%/%% of
claim4, retrieving an access log of the previously witten 2 regions of
t hegdi skqubst;wadf urther conprising: 3 scanning an entry of the access |og
conprising a plurality of entries; 4 finding a previously witten region
entgy in the acceﬁ\zikﬂg;thélggoﬁdggqgegri ng a requested region to the
previously witten regiion entry. 6. The nethod of claimb5, conparing the
requested region to the previously 2 witten region entry further
conprising determ ning whether the requested region is 3 contiguous to the
previously witten region on the disk drive.. 1 7. The nethod of claimS5,
conmparing th® reqlibsmsthodeyickimd Turier SPEPPHREI y 2 witten region entry
further conprising determ ning whether the requested region and the 3
pregiously writt ereceieifigonseaped ragenttite atcesy a Ggion @fé}@%éﬁ}f%ﬁaﬁbri sing: 2
receiving a first request to access a region of a disk drive; 3 storing a
recgrd of the fir ghrineddedindirbed BEtRIsgcdniakyulisngfidrnbofimtticond oétht itk cat i ng
whet her the access request was a read or a wite operation; 5 servicing the

fir ﬁt r1%q ueesita;nd

5 servicing the second request.

1 10. The method of claim 8, storing a record of the first request in a memory

2 further comprising indicating the region to be accessed.

1 11.  The method of claim 8, storing a record of the first request in a memory

2 further comprising indicating a time of the request.

1 12. A system, comprising:

2 a processor;

3 a memory coupled to the processor;

4 a hard disk drive coupled to the processor; and

5 a disk driver coupled between the hard disk drive and the memory comprnising

6  an access log, wherein the disk driver:
7 receives a request to read a first region of the hard disk dnve;

8 identifies a second region of the hard disk drive;



6 receiving a second request to access a region of the disk drive; 2 9 S E
P 2004 -12- 7 replacing the record of the first request with a second
record of the second 8 request; and 9 servicing the second requegtg SEp 84
The nethod of claim8, further conprising 2 receiving a second request to
access a region of the disk drive; 3 storing a second record of the second
request after the first record of the fijrst 4 request; and 5 servicing the
second request. 1 10. The nethod of claim@8, storing a record of the first
request in a menory 2 further conprising indicating the region to be
acc@ssed. 1 11. The netdmsditofhecatsmi@, tostewninng whetberdhe sesond hegien hast
request in a nmenory 2 further conprising indicating a tinme of the request.

1 : ising: 2 a processor; 3 a nenory coupled to the
53 %e%%%%f&gllﬁg%?éx?é g p y coup

processor; sk drive coupled to the processor; and 5 a disk

driver coupled between_the hard disk driwve.and_ the | S} 6 an
acddss 1og, wherein th{aend?vseﬁ?%ﬁjle\}lé?ml?’ blpé%tgleglggt rggl P g%ﬁgg%/e st%g&%g%bg%ff irst
region of the hard disk drive; 8 identifies a second region of the bard
di SR drthe barddisk &Eve dogysecond regiqadips apt oMby beeha®d | og to det erni ne

whet her the second region has 10 been recently read; and 11 retrieves to
the nmenory both the first region and the second regi on of

1 13.  The system of claim 12, wherein the disk driver further:
2 receives a request to write to a third region of the hard disk drive;
3 consults the access log to determine the regions that have recently been

4  writien; and

5 writes to the third region if the third region has not recently been written.

1 14.  The system of claim 13, wherein the disk driver writes to the memory if the

2 third region has recently been written.

1 15. The system of claim 13, wherein the disk dniver further:
2 receives a request to write to a fourth region of the hard disk drive;
3 consults the access log to determine the regions that have recently been

4  wntten; and

5 writes to the memory if the fourth region is adjacent to a region that has

6  recently been written.

1 16. The system of claim 12, wherein the disk dnver further:

2 writes to the access log each time a region of the hard disk drive is accessed.



12 the hard disk drive if the second region has not recently been read. 1
13. The systemof claim 12, wherein the disk driver further: 2 receives a
request to wite to a third region of the hard disk drive; 3" cons8ISER 28ke
access log to determ ne the regions that have recently been 4 witten; and
5 wites to the third region if the third region has not recently been
witten. 1 14. The system of clain113klmberein the disk driver wites to
the nenory if the 2 third region has recently been witten. 1 15. The
systemof claim 13, wherein the disk driver further: 2 receives a request
to Wite told. fouhtkrticégionpiofing hercday sialiB& R GEONSSh CALSEF PTPHE Bccess
|l og to determ ne the regions that have recently been 4 witten; and 5
Wit esphedtheenerpry if the fourth region is adjacent to a region that has
6 recently been witten. 1 16. The system of claim 12, wherein the disk

driyer further: %ngbég§ggggégggg%§ﬁgﬁﬁhggdﬁgﬁﬁ&éne a region of the hard

di sk drive is accessed. 7. 7. An article conprising a

medi um storing instructions.th caus a,.processor 2 based systemto: 3
reckive a request“@%H@éﬁdgéﬂF@@’3ﬁm8F§§“HP§%8ﬁY?ve; 4 identify an
additional region of the disk drive; 5 retrieve_an access | og containi ng
ting-1imted histwmevefanpresss dagstoptainiad ing-liayrdHSIGY 0% PEVIRUSIY 1879 ve: 7
consult the access log to determ ne whether the additional region of the
di sk GeMshsr thadidraRiver ecently read; and 9 prefetch the additional region
of the disk drive to a nenory based at least in 10 part upon the access

| 0g, consult the access log to determine whether the additional region of the disk

8  drive has been recently read; and

9 prefetch the additional region of the disk drive to a memory based at least in

10  part upon the access log.

1 18. The article of claim 17, further storing instructions that causes a processor-

2  based system to:

3 scan an entry of the access log.comprising a plurality of entries;
4 find a previously read region entry in the access log; and
5 determine whether the additional region and the previously read region are

6 identical.

1 19. An article comprising 2 medium storing instructions that causes a processor-

2  based system to:

3 receive a request to write to a region of a disk drive;
4 refrieve an access log of previousty written regions of the disk drive;
5 consult the access log to determine whether the previously written regions of

6  the disk drive has been recently written; and



1 18. The article of claim17, further storing instructions that causes a

processor 2 based systemto: 3 4 5 6 identical. scan an entry of the access

| og conprising a plurality of entries; find a previously read regip®SEpPRi0Y
h

in the access | og; and determ ne whether the additional region and the
previously read region are 1 19. An article conprising a nmedium storing
instructions that causes a processor QEpased systemto: 3 receive a request
to wite to a region of a disk drive; retrieve an access | og of
previously witten regions of the disk drive; 5 consult the access log to
det 8r mi ne whet herwtitestoprresinogiagedmpat thp aecegs I8s of 6 the disk drive has
been recently witten; and 2 9 S E P 2004 -15 7 wite to a nenory based
upon.the access log. 1 20. The article of claim19, further storing
instructions that causes a processor- 2 based systemto: 3 scan an entry of

th.eg access 1pg c éér%i'cﬂ%f%lﬂlln%akﬂrfﬁér 9tforiﬁmlg'trgéﬁons‘}hit'c@ﬁ’sﬁ a8 @S| Y
witten regi'on entry in the accéss I'og; and 5 conpare a requéested region to
the previously wi tten region entry. 1 21. The article of claim 20,

f ur £heasedonistd fhst ructi ons that causes a processor- 2 based systemto
determ ne whether the requested region is contiguous to the previously 3
wriBten regi on onsdzhenditk ofittiesecess lopcorprising & phraditypf 81BEM 20, furt her
storing instructions that causes a processor 2 based systemto determ ne
whegher the requegh@d pfRahRRy Rffler frgid etiydnsheaceesstibgrandegi on are

5 compare a requested region to the previously written region entry.

1 21. The article of claim 20, further storing instructions that causes a processor-
2 based system to determine whether the requested region is contiguous to the previously

3 written region on the disk dnive.

1 22. The article of claim 20, further storing instructions that causes a processor-
2 based system to determine whether the requested region and the previously written region are

3 identical.

1 23. An article comprising 2 medium storing instructions that causes a processor-

2  based system to:

3 receive a first request to access a region of a disk drive;

4 store a record of the first request in a memory including information indicating
5  whether the first request was a read or a write operation;

6 service the first request;

7 receive a second request to access a region of the disk dnve;



3 identical. 1 23. An article conprising a nediumstoring instructions that
causes a processor 2 based systemto: 3 receive a first request to access a
region of a disk drive; 4 store a record of the first request in2§ SERridlty
including information indicating 5 whether the first request was a read or
a wite operation; 6 service the first request; 7 receive a second request
to access a region of the disk drive;_ ¢ 9 SEP 2004 -16 9request; andrepl ace
the record of the first request with a second record of the second

10service the second request, 124.The article of claim_ storing
i nstructions t hatreplasss®s recopt pERE SB7Lr e Wl & gETBhF %O:lg§rf g!:e;glre%@%; second

request to access a region of the disk drive; 4store a second record of the

seog)ndl-gq%qg@sﬁdto the record of the first request; 5and 6service the second
request .

10 service the second request.

1 24, The article of claim 23, further storing instructions that causes a processor-

2  based system to:

3 receive a second request to access a region of the disk drive;
4 store a second record of the second request to the record of the first request,
5 and

6 service the second request.



