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OPTIMIZING WRITE TRAFFIC TO A DISK

BACKGROUND

Disk drive performance 1s typically measured 1n data rate,
the number of bytes per second that a drive can deliver to a
computer processing unit (CPU), and seek time, the amount
of time between when the CPU requests a file on a disk drive
and when the first byte of the file 1s sent to the CPU. Disk
drives are very fast at moving data sequentially, but are quite
slow at moving data randomly scattered on a disk. This 1s due
to the typical configuration of a disk drive which has a platter
or disk that rotates and a disk arm that moves over the disk to
access data in particular locations on the disk.

A typical modern disk 1s able to move about 700 KB of data
in the time that 1t takes to move the disk arm to an arbitrary
location. Technology trends will make this number increase
over time. Because most data transfer times are very small
compared to 700 KB of data, in practice disk drives or disks
spend most of their non-i1dle time moving their arm. Addi-
tionally, as technology improves, disk transfer rates keep
increasing, while disk seek and rotation times shrink very
slowly. Therefore, write performance 1s becoming critical and

almost all of 1t 1s taken by seeking desired locations on the

disk drive.

SUMMARY

This Summary 1s provided to mtroduce a selection of con-
cepts 1n a simplified form that are further described below 1n
the Detailed Description. This Summary 1s not intended to
identify key features or essential features of the claimed sub-
ject matter, nor 1s 1t mntended to be used to limit the scope of
the claimed subject matter.

The write optimizer described 1n this disclosure optimizes
write traific to a disk drive. In one embodiment the write
optimizer makes all writes sequential by writing small data
writes to a write optimizer log file and later installing these
records from the write optimizer log to a volume of a disk.
More specifically, the write optimizer writes small data sets to
be written to a disk drive to a write optimizer log file 1n write
optimized order and rewrites the small data sets to the volume
of a disk drive 1n read optimized order. The write optimizer
reserves a portion of a volume of a disk to be used for write

performance improvement, and then takes all small writes to
the disk and writes them to the reserved area rather than to
their intended destination on the volume of the disk. When the
disk becomes 1dle and there are records in the reserved area,
or the reserved area becomes full, the write optimizer takes
the data that has been written to the reserved area and that has
not been subsequently overwritten and copies 1t to 1ts origi-
nally intended location on the disk. The ability to take advan-
tage of overwrites and disk idle time greatly improves disk
performance.

In the following description of embodiments of the disclo-
sure, reference 1s made to the accompanying drawings which
form a part hereof, and 1n which are shown, by way of 1llus-
tration, specific embodiments 1n which the technique may be
practiced. It 1s understood that other embodiments may be
utilized and structural changes may be made without depart-
ing from the scope of the disclosure.

DESCRIPTION OF THE DRAWINGS

The specific features, aspects, and advantages of the dis-
closure will become better understood with regard to the
tollowing description, appended claims, and accompanying
drawings where:
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FIG. 11s a diagram depicting one exemplary architecture in
which one embodiment of the write optimizer can be
employed.

FIG. 2 1s a diagram depicting a write optimizer log file of
one embodiment of the write optimizer on the left side. The
right side shows 1n memory data structures.

FIG. 3 1s a diagram of a record of a write optimizer log file.

FIG. 4 1s a flow diagram depicting a generalized exemplary
embodiment of a process employing one embodiment of the
write optimizer.

FIG. § 1s a flow diagram depicting another exemplary
embodiment of a process employing one embodiment of the
write optimizer to execute a write.

FIG. 6 1s a flow diagram depicting another exemplary
embodiment of a process employing one embodiment of the
write optimizer to execute a read.

FIG. 7 1s a flow diagram depicting another exemplary
embodiment of a process employing one embodiment of the
write optimizer to execute a copy.

FIG. 8 1s a flow diagram depicting another exemplary
embodiment of a process employing one embodiment of the
write optimizer to move blocks of data from a write optimizer
log file to a volume of a disk drive when the disk 1s 1dle or the
write optimizer log file 1s full.

FIG. 9 15 a flow diagram depicting an exemplary embodi-
ment ol a process employing one embodiment of the write
optimizer to install a single log record on the volume of a disk
drive.

FIG. 10 1s a schematic of an exemplary computing device
in which the write optimizer can be employed.

DETAILED DESCRIPTION

In the following description of the write optimizer, refer-
ence 1s made to the accompanying drawings, which form a
part thereof, and which 1s shown by way of illustration
examples by which the write optimizer may be practiced. It is
to be understood that other embodiments may be utilized and
structural changes may be made without departing from the
scope of the claimed subject matter.

1.0 Write Optimizer Overview

The write optimizer described herein optimizes write trai-
fic to the volume of a disk. The write optimizer writes small
data sets to be written to a disk drive to a write optimizer log
file (e.g., the reserved area on the volume) 1n write-optimized
order and rewrites the small data sets to the volume of a disk
drive 1n read-optimized order. The write optimizer reserves a
portion of a volume of a disk to be used for write performance
improvement, and then takes small writes and writes them to
the reserved area rather than to their intended destination on
the disk. When the disk becomes 1dle and there are records in
the reserved area (or the reserved area becomes full), the write
optimizer takes the data that has been written to the reserved
area, that has not been subsequently overwritten, and copies 1t
to 1ts intended location on the disk.

In one embodiment, the write optimizer log records each
contain a sequential log serial number (LLSN,) an operation
type (e.g., write, copy, unmap), a record length, a checksum
(of the data and the log record) and a secret number or 1den-
tifier that identifies the record as a write optimizer log record.
Because of checksum and log serial number sequencing,
writes become totally ordered (except 1n the case of the large
write optimization). Totally ordered in this context means that
i the write optimizer architecture/system crashes and recov-
ers, the set of writes that will be present on the recovered
volume 1s a prefix of the writes 1 log serial number order.
That 1s, for example, 1f the write optimizer stamps the writes
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with serial numbers 1, 2, 3, 4, 5, 6 and then the write optimizer
system crashes and recovers the disk might show all of the
writes, or might show 1, 2, 3 (aprefixof 1, 2, 3, 4, 5, 6), but
will never show 1, 4, 6 without 2, 3, 5. This 1s not true of large
writes, since they are written to the disk volume in parallel
with the log writes.

Typically, the data to be written to the volume of a disk 1s
written and read once, and may have to be rewritten a second
time as well. For example, for a small write the data 1s written
to the write optimizer log file, read from the log file, and then
1s moved to a location on the volume ot a disk drive. However,
because the cost of moving the disk arm 1s so much larger than
the cost of moving the data (for most transier sizes that are
used 1n practice, and in particular for those that are smaller
than the large write size), and because overwrites and 1idle
time are common, 1n practice employing the write optimizer
can result in big disk drive performance gains for writes.

The write optimizer described herein differs greatly from a
log-structured file system. First, 1t 1s not a {ile system at all,
because 1t only talks to the volume’s Application Program
Interface (API), (e.g., using read/write block, no files or direc-
tories) and not the file system API. Second, 1t does not per-
manently leave the data in write order on the disk. Traditional
file systems try hard to lay out data 1n a way that will optimize
it for reading. Some systems, like, for example, the Log-
Structured File System (LFS), optimize the data layout for
writing. The write optimizer described herein writes 1n write-
optimized order, and then later converts the data to read-
optimized order.

1.1 Overview of a Disk Drive

A description of the general operations of a disk drive may
be useful 1n explaining the write optimizer described herein.
Most personal computing devices and servers contain one or
more disk drives which store changing digital information on
a disk or platter, a magnetic medium. This magnetic medium
can be easily erased and rewritten and can store data for many
years. Data 1s typically stored to a disk drive 1n the form of
files which are a collection of bytes. When an application
program on the computer requests a file, the disk drive
retrieves this data and sends 1t to the computer processing unit
of computer. A platter of a disk drive 1s round and spins at
typically 3,600 to 15,000 rpm when the disk drive 1s operat-
ing. An arm that holds read/write heads moves across the
spinning platter to access the data stored 1n different locations
on the surface of the platter 1n sectors and tracks, or to write
to the disk. The disk arm 1s able to move the heads from the
center ol the platter to the edge of the platter. Tracks are
concentric circles, and sectors are a small portion of a track;
often tracks have a thousand or more sectors. A disk drive can
also be divided into volumes where each volume typically 1s
a single partition of a disk drive containing a certain number
of sectors and tracks. In order to increase the amount of
information a disk drive can store many disk drives have
multiple platters and read/write heads.

Disk drive performance 1s typically measured 1in data rate,
the number of bytes per second that a drive can deliver to the
CPU, and seek time, the amount of time between when the
CPU requests one or more sectors and when the first byte of
the first sector 1s sent to the CPU. Seek time 1s a physical
property of any given disk.

Compared to the speed of the processor, the time it takes for
the arm of a disk drive to move to the desired sector and track
1s huge. As a result, to obtain the best disk drive performance
arm movement should be minimized as much as possible, and
data should be stored in sequential segments on the disk.
When a disk drive 1s first used, the computing device can store
files 1n sequential sectors on the disk drive. However, as the
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disk fills up, files are erased to reclaim space. These deleted
files are scattered all over the disk drive, so when a new files
are stored they can be 1n thousands of scattered locations on
the disk. When the computer accesses these files the arm must
move all over the surface of the platter, which 1s very time
consuming and significantly degrades the performance of the
disk drive.

1.2 Exemplary Architecture

The write optimizer described herein improves disk drive
performance by reserving a fixed amount of space (e.g., at the
end) of a volume of a data storage drive or disk drive to write
small amounts of data sequentially to the reserved area, rather
than to their intended destination on the disk drive. Writing
these small writes to their intended destination on the disk
drive would cause ineificient skipping from place to place on
the disk drive and significantly slow computing speeds when
a computing device 1s busy. When the disk drive 1s 1dle and
there are records 1n the reserved area, or the reserved area 1s
tull, and the data has not been subsequently overwritten, these
small writes are written to the disk drive. This significantly
improves a disk drive’s performance.

One exemplary architecture (residing on a computing
device 1000 such as discussed later with respectto FI1G. 10) 1n
which the write optimizer can be employed 1s shown 1n FIG.
1. In one embodiment, the write optimizer 102 1s a filter, not
a file system of an operating system. More specifically, the
write optimizer 1s typically part of a computer operating
system 104. The write optimizer 102 manipulates the data to
be written and read to a volume 116: a contiguous range of
sectors of a disk drive 114 that respond to read/write com-
mands. These read and write commands are typically speci-
fied by a user 120 through a file system 106. The write
optimizer 102 reserves a fixed amount of space at the end of
the volume 116 for a write optimizer log file 118 which
typically 1s a circular builer containing headers and written
data. Small write data sets are sequentially written to the
reserved area or write optimizer log file 118, rather than their
intended destination on the disk drive 114. More specifically,
in one embodiment, all small writes (1n one embodiment,
those writes that are less than 0.5 megabytes (MB)) are
appended to the end of the write optimizer log file 118. When
the disk drive 114 1s 1dle, or the write optimizer log 118 1s full,
the small writes from the end of the log 118, 11 not overwritten
by subsequent small writes, are applied to the main portion of
the disk 118.

In one working embodiment, the write optimizer 102 sits
above a Redundant Array of Independent Disks (RAID) con-
troller 112 and below a file system 106 (and below a Volume
Shadow Copy Service 108). The RAID controller 112 allows
simultaneous use of two or more disk drives to achieve greater
performance, reliability and data volume sizes. The RAID
controller 112 allows many disks 114 to be viewed by the
operating system 104 as a single disk. The Volume Shadow
Copy Service 108 snapshots each volume of one or more disk
drives 114, creating a copy ol files and directories on a volume
at a given point in time. In one embodiment of the write
optimizer, the Volume Shadow Copy Service 108 allows
quick snap-shotting of a volume and uses a copy-on-write
function to copy data to a reserved space on the volume of a
disk or to a different location in the case of a copy command.
The Volume Shadow Copy Service 108 copies X number of
sectors from a part of the volume to another part of the
volume. More specifically, the Volume Shadow Copy Service
108 sends copy commands to the write optimizer 102, which
the write optimizer implements. The write optimizer 102 also
interfaces with a snap-shot compatible Logical Volume Man-
ager 110. The Logical Volume Manager 110 recognizes the
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copy volumes that are created by the Volume Shadow Copy
Service 108, and interfaces with the one or more RAID con-
trollers 112. The Logical Volume Manager 110 tracks the size
ol the volume and the size of the write optimizer log file. For
example, 1f the Logical Volume Manager says the volume 1s
100 GB and the write optimizer log file 1s 2 GB, then the
exported volume (or main body of the volume) 1s 2 GB.

FIG. 2 depicts a schematic of the write optimizer log file
206. On a disk drive 202 each volume 204 has a write opti-
mizer log file 206 with associated metadata. The associated
metadata in the write optimizer log, 1n one embodiment,
includes the physical size of the write optimizer log 206, the
address of the log head 210, the address of the log tail 212 and
the exported size 214. The exported size represents the size of
the volume minus the size of the write optimizer log. The
write optimizer log file 206 1s appended to the main body of
a volume 216. Data regarding the write optimizer log file 206
1s also maintained 1n computer memory 218. This data typi-
cally includes the log head address 220, the log tail address
222, the next log sequence number 224 and a mapping tree
226 (also called an update map). The inverse of the mapping
tree 1s also maintained 1n memory (also called an 1nverse
map). The update map/mapping tree 226 contains the source
address 232, the destination address 234 and the length of the
records 1n the write optimizer log file or files 236. The update
map/mapping tree 226 maps addresses on the main volume
216 to the write optimizer log file 206 (or other places 1n the
volume 1n the case of a copy). For example, when a read
command 1s specified, the write optimizer looks for the
address specified 1n the read command to see 11 this address 1s
in the update map, 1 there 1s no mapping data for the address
in the read command, the read occurs directly from the vol-
ume. I the read address 1s in the write optimizer log or
clsewhere on the disk 1n the case of a copy, then the data 1s
read directly from the write optimizer log. The update map/
mapping tree 226 1s also used 1n the case of large writes. If it
1s determined that a write command 1nvolves a large write, a
check 1s made of the update map to see 11 the address of the
write command 1s 1n the update map. If an address 1s 1n the
update map, this entry 1s removed from the update map. An
inverse mapping or mverse map maps addresses on the disk
(0 ... n) to sets of addresses on the exported volume (0 or
more of 0. ..m). This 1s because one can copy a given range
more than one time, so the given range can be the destination
of more than one forward mapping. It should be noted that, 1n
the discussion above, n 1s the size of the volume below the
write optimizer, and m 1s the exported size.
As shown 1 FIG. 3, 1n one embodiment of the write opti-
mizer, each record of the write optimizer log file 302 includes
an 1dentifier number 304, a constant that identifies the record
as a write optimizer log record. It also includes a sequential
log record serial number 306, a type field (either write, unmap
or copy) 308, a length of therecord 310, a checksum of the log
record 312, for a write command a destination and size, or for
a copy command, a data source, and destination address and
s1Ze or for an unmap command a source and length 314. These
fields are then followed by the record data 316

1.3 Exemplary Processes Employing the Write Optimizer.

A general exemplary process employing the write opti-
mizer 1s shown 1n FIG. 4. This exemplary process assumes
that the write optimizer log file 1s not full imtially. If the write
optimizer log file were full, data would have to be moved from
the write optimizer log {ile to the main body of the volume (as
will be shown with respect to FIG. 8) before more data can be
written the write optimizer log file. In a very general sense,
this embodiment of the write optimizer operates as follows. A
data set to be written to a disk 1s input (box 402). A determi-
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6

nation 1s made as to whether the data set to be written 1s small
(box 404). IT the write 1s small (box 404 ), a write log record 1s
composed of the data set to be written (box 406). This write
log record 1s then appended to the tail of the write optimizer
log (box 408). The write log record 1s then written to 1ts
intended location on the volume of the disk, i1f the data 1t
contains has not been subsequently overwritten, when the
disk 1s 1dle or the write optimizer log 1s full (box 410). The
write log record can be written to 1ts intended location much
later 1n time and many log records can be considered at once.
If the write 1s not small, then the data set 1s written directly to
its intended location on the volume of the disk (box 412).
Then a check 1s made to determine whether the destination of
the write 1s 1n the update map (e.g., if there 1s anything 1n the
write log for this write string) (box 414). If there 1s not, the
processing for this input string 1s completed. If the destination
1s 1n the forward map (there 1s an entry 1n the write log for 1t),
then an unmap entry 1s created 1n the log record, the unmap
entry 1s appended to the write log and the map 1s updated
(boxes 416, 418, 420 and 422).

1.3.1 Exemplary Write Process

Another more detailed exemplary process employing the
write optimizer to perform a write to a volume of a disk drive
1s shown 1n FIG. 5. Again, as specified with respect to FIG. 4,
this exemplary process assumes that the write optimizer log
file 1s not full mitially. FIG. 5 differs from FIG. 4 1n that 1t
shows explicitly how copies can be executed using the inverse
mapping and related processing. In this embodiment, a string
to be written to a disk 1s input (box 502). A determination 1s
made as to whether the string 1s large or not (box 504). If the
write string 1s not large, a write log record of the write string
1s composed (box 506) and this write log record 1s appended
to the write optimizer log file (box 508). The update map and
iverse map are then updated to reflect the location of the
write string 1n the write optimizer log and the address on the
volume (box 510). The write string, 11 not overwritten, 1s then
written to 1ts intended location on the volume of the disk when
the disk 1s 1dle or when the write optimizer log file 1s full (box
512). Alternately, 1f the write 1s large (box 504), the inverse
map 1s checked to see if the destination of the write 1s 1n the
inverse map (box 514). This check 1s basically made 1n order
to determine 1f the write string 1s the source of a copy. I the
destination 1s a source of a copy then the copy or copies are
installed to the volume and the write string 1s written to the
volume of the disk drive (boxes 516, 518). If the destination of
the write 1s not it the inverse map (e.g., the destination of the
write 1s not the source of a copy) the write string 1s written
directly to the volume of the disk drive (box 518). Then a
check 1s made to determine whether the destination of the
write 1s in the update map (e.g., if there 1s anything 1n the write
log for this write string) (box 320). If there 1s not, the pro-
cessing for this input string 1s completed. It the destination 1s
in the forward map (there 1s an entry in the write log for 1t),
then an unmap entry 1s created 1n the log record, the unmap
entry 1s appended to the write log and the map and inverse
maps are updated (boxes 520, 522, 524 and 526).

1.3.2 Exemplary Read Process

An exemplary process employing the write optimizer to
perform a read from a disk 1s shown 1n FIG. 6. A read com-
mand to read from the volume of disk drive 1s input (box 602).
A check 1s made to determine 11 the read address 1n the read
command 1s 1 the write optimizer log(box 604). It the read
address 1s 1n the write optimizer log, as many reads as neces-
sary are made to read each contiguous region from the write
optimizer log file are made (box 606). All of these reads are
then sent to the volume, preferably 1n parallel (box 608). All
reads are completed and an indication 1s then presented to the
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user that the reads are complete (box 610). It the read desti-
nation range 1s not in the write optimizer log then the read
command 1s forwarded to the volume for completion (boxes
604 and 612).

1.3.3 Exemplary Copy Process

An exemplary process employing the write optimizer to
perform a copy to a volume 1s shown in FIG. 7. In this
embodiment a copy write optimizer log record 1s created that
includes the copy source address and destination address (box
702). The created copy record 1s appended to the write opti-
mizer log, waiting for records in the write optimizer to be
trimmed 11 the write optimizer log 1s full (box 704). The map
and inverse map are then updated (box 706).

1.3.4 Exemplary Process for Installing Multiple Write
Optimizer Records to a Volume.

An exemplary process employing the write optimizer to
install data when the write optimizer log 1s full or the disk
drive 1s 1dle 1s shown 1n FIG. 8. In this embodiment the write
optimizer waits for an 1dle time when there are log records 1n
the log optimizer log or for aggressive mode indication (box
802). Aggressive mode, 1n one embodiment, occurs when a
user wants to write to the write optimizer log, but 1t 1s full. IT
there 1s nothing 1n the write optimizer log and the disk drive 1s
idle and no aggressive mode 1ndication 1s recerved, the write
optimizer continues to wait (boxes 804, 802). If there are one
or more entries 1n the write optimizer log and the write opti-
mizer 1s 1dle or an aggressive mode indication 1s received, the
write optimizer reads a large portion of the write optimizer
log tail (e.g., multiple megabytes) (box 806) and for each log
record that 1s read, the log record 1s installed on the volume
(boxes 806 and 808). The pointer to the log tail 1s then updated
on disk (box 810).

1.3.5 Another Exemplary Process for Installing a Log
Record

Another, exemplary process employing the write optimizer
to 1nstall a single log record from the write optimizer log 1s
shown 1n FIG. 9. A write optimizer log record 1s input (box
902). A determination 1s made as to what type the input log
record 1s—1f 1t 1s an unmap, a write or a copy (box 904). It it
1s a write, a check 1s made as to whether the data 1n the write
optimizer log record for this write log entry 1s still live, or has
been overwritten. This 1s done by looking at the destination
address 1n the log record, and then consulting the forward
map for that address.(box 906). If the write log entry 1s not
live, no action 1s taken (box 908). If the write log entry 1s l1ve,
another check 1s made to see 1f the source of a copy 1s going
to be overwritten (e.g., does mverse map say destination 1s
needed) (box 910). If not, the write 1s installed to the volume
(box 912), and the map and inverse map are updated (box
914). I1 the source of a copy 1s going to be overwritten, the
copy 1s 1nstalled on the disk (box 916), and then the write 1s
installed to the volume (box 912) and the map and inverse
maps are updated (box 914). If the type 1s a copy that has not
been executed (box 918), another check 1s made to see 1f the
source of a copy 1s going to be overwritten (box 910). It not,
the write 1s installed to the volume (box 912), and the map and
inverse map are updated (box 914). It the source of a copy 1s
going to be overwritten, the copy 1s installed on the disk (916),
and then the write 1s installed to the volume (box 912) and the
map and mnverse maps are updated (box 914). Finally, 11 the
command 1s an unmap record command, no action 1s taken.
The unmap 1s only used on boot.

1.3.6 Recovery

The essence of disks 1s persistent storage: When a write
completes, the written data must be there when read occurs,
even 1 the system crashes in the imnterim. Because the write
optimizer relies on 1ts in-memory data structure to determine
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where on disk to direct reads and because this in-memory data
structure (e.g., 218 of FIG. 2) can be lost 1n a system crash, 1n
one embodiment of the write optimizer recovery operations
are run at volume mount time. In one embodiment, recovery
begins by looking to find volume format parameters, which
include the disk addresses of the log header records and a
per-volume identifier (Tor example, such as the identifier 304
shown 1n FIG. 3). The write optimizer then reads the log
header records to find the one that has the highest log header
serial number. This log header record contains the lowest
valid LSN 1n the log, and the address on the disk of this log
record. From there, 1n one embodiment, the write optimizer
reads the log starting at the tail and processes the log records
that it finds. The write optimizer does not write zeros ahead of
the log 1n order to save work (as do some other systems). As
a result, the space beyond the log contains whatever data was
on the disk, usually part of an old log record. An important
part of recovery 1s determining where the log ends and stale
data begins. In one embodiment, the write optimizer uses two
techniques to achieve this. The first 1s that each log record
contains a log serial number (LSN), and LSNs increase
sequentially. It the space beyond the head of the log contains
an old log record header, 1t will have too-small of an LSN. It
1s possible that file write data will be follow the log. This
could lead to attacks 1n which the attacker writes file data that
looks like a valid log record for overwriting some protected
part of the disk (such as the password file) in hope that the
system crashes and misidentifies this data as a legitimate
write record. The write optimizer prevents this, in one
embodiment, by using the identifier for each volume (e.g.,
304 of FI1G. 3) (preferably a cryptographically secure random
number) 1n each log record header. Because non-privileged
applications can never find this identifier, they cannot forge
log records. One consequence of this techmque 1s that allow-
ing read access to the log can enable an attack that results 1n
arbitrary writes. The handling of log records is straight for-
ward. Write and copy records update the forward and 1nverse
mappings just as they would 1f a write or copy operation was
being executed. An unmap record specifies a region that
should be removed from the mappings. Recall that unmap
records are generated in response to an in-place write for
which there might be a mapping in the log. The unmap
records prevent stale write or copy records from resulting in
corrupt mappings after a recovery.

One problem with recovery 1s that if the log 1s large and
nearly full, 1t may take a long time to process. For instance,
reading a 2 GB log sequentially at 70 MB/s takes nearly half
a minute. In one embodiment, the write optimizer uses check-
point log records in a way similar as those used 1n database
applications. In normal operation when the write optimizer
log 1s large and 1t has been a given period of time since the last
checkpoint write, the write optimizer writes a copy of the
forward mapping tree into the log, and points the log header
records at the checkpoint record. On recovery, the write opti-
mizer finds the newest checkpoint record from the log header
record and uses it to build the forward and 1nverse mappings.
It then proceeds to process the portion of the log from the
checkpoint record to the head of the log 1n the ordinary way.

It should be noted that the write optimizer described herein
has application to more than just disk drives. For example, the
write optimizer can be employed with devices that are similar
to disk drives such as flash memory. Flash memory 1s like a
disk 1n that it 1s much, much faster to write sequentially than
randomly, but unlike a disk there 1s no penalty for random
reads. So, while the write optimizer can provide much
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improved performance for disk drives, 1t can also improve the
performance of devices such as flash memory and similar
devices.

2.0 The Computing Environment

The write optimizer 1s designed to operate 1n a computing
environment. The following description 1s itended to pro-
vide a brief, general description of a suitable computing envi-
ronment 1n which the write optimizer can be implemented.
The technique 1s operational with numerous general purpose
or special purpose computing system environments or con-
figurations. Examples of well known computing systems,
environments, and/or configurations that may be suitable
include, but are not limited to, personal computers, server
computers, hand-held or laptop devices (for example, media
players, notebook computers, cellular phones, personal data
assistants, voice recorders), multiprocessor systems, micro-
processor-based systems, set top boxes, programmable con-
sumer electronics, network PCs, minicomputers, mainframe
computers, distributed computing environments that include
any of the above systems or devices, and the like.

FIG. 10 1llustrates an example of a suitable computing
system environment. The computing system environment 1s
only one example of a suitable computing environment and 1s
not intended to suggest any limitation as to the scope of use or
functionality of the present technique. Neither should the
computing environment be interpreted as having any depen-
dency or requirement relating to any one or combination of
components 1llustrated 1n the exemplary operating environ-
ment. With reference to FIG. 10, an exemplary system for
implementing the write optimizer includes a computing
device, such as computing device 1000. In 1ts most basic
configuration, computing device 1000 typically includes at
least one processing unit 1002 and memory 1004. Depending
on the exact configuration and type of computing device,
memory 1004 may be volatile (such as RAM), non-volatile
(such as ROM, flash memory, etc.) or some combination of
the two. This most basic configuration is illustrated in FIG. 10
by dashed line 1006. Additionally, device 1000 may also have
additional features/functionality. For example, device 1000
may also include additional storage (removable and/or non-
removable) including, but not limited to, magnetic or optical
disks or tape. Such additional storage 1s illustrated 1n FIG. 10
by removable storage 1008 and non-removable storage 1010.
Computer storage media includes volatile and nonvolatile,
removable and non-removable media implemented in any
method or technology for storage of information such as
computer readable instructions, data structures, program
modules or other data. Memory 1004, removable storage
1008 and non-removable storage 1010 are all examples of
computer storage media. Computer storage media includes,
butis not limited to, RAM, ROM, EEPROM, flash memory or
other memory technology, CD-ROM, digital versatile disks
(DVD) or other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage devices,
or any other medium which can be used to store the desired
information and which can accessed by device 1000. Any
such computer storage media may be part of device 1000.

Device 1000 can have a display 1018, and may also contain
communications connection(s) 1012 that allow the device to
communicate with other devices. Communications connec-
tion(s) 1012 1s an example of communication media. Com-
munication media typically embodies computer readable
instructions, data structures, program modules or other data
in a modulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery
media. The term “modulated data signal” means a signal that
has one or more of 1ts characteristics set or changed 1n such a
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manner as to encode information in the signal, thereby chang-
ing the configuration or state of the receiving device of the
signal. By way of example, and not limitation, communica-
tion media mncludes wired media such as a wired network or
direct-wired connection, and wireless media such as acoustic,
RF, infrared and other wireless media. The term computer
readable media as used herein includes both storage media
and communication media.

Device 1000 may have various input device(s) 1014 such
as a keyboard, mouse, pen, camera, touch input device, and so
on. Output device(s) 1016 such as speakers, a printer, and so
on may also be included. All of these devices are well known
in the art and need not be discussed at length here.

The write optimizer may be described 1n the general con-

text of computer-executable instructions, such as program
modules, being executed by a computing device. Generally,
program modules include routines, programs, objects, com-
ponents, data structures, and so on, that perform particular
tasks or implement particular abstract data types. The write
optimizer may be practiced in distributed computing environ-
ments where tasks are performed by remote processing
devices that are linked through a communications network. In
a distributed computing environment, program modules may
be located 1n both local and remote computer storage media
including memory storage devices.
It should also be noted that any or all of the alorementioned
alternate embodiments described herein may be used 1n any
combination desired to form additional hybrid embodiments.
Although the subject matter has been described 1n language
specific to structural features and/or methodological acts, 1t 1s
to be understood that the subject matter defined in the
appended claims 1s not necessarily limited to the specific
features or acts described above. The specific features and
acts described above are disclosed as example forms of
implementing the claims.

Wheretore, what 1s claimed 1s:

1. A computer-implemented process for writing data to a
volume of one or more disk drives, comprising:

inputting one or more data sets to be written to a volume of

a disk drive;

1f a given data set of the one or more data sets 1s small,

wherein small 1s defined as being less than a prescribed

MB value,

writing the given data set directly to a reserved area on
the volume of the disk drive sequentially 1n write
optimized order,

writing the given data set 1n the reserved area, 11 the data
set has not been overwritten, to an intended location
on the volume of the disk 1n read optimized order
when the reserved area 1s full; and

11 a given data set of the one or more data sets 1s large,

wherein large 1s greater than the prescribed MB value,
writing the given data set directly to the volume of the
disk drive.

2. The computer-implemented process of claim 1, turther
comprising:

writing at least some of the one or more data sets in the

reserved area to intended locations on the volume of the
disk drive 1f the disk drive 1s 1dle.

3. The computer-implemented process of claim 1 wherein
the reserved area turther comprises a set of records that each
define a data set 1n the reserved area.

4. The computer-implemented process of claim 3 wherein
cach record 1n a data set of the reserved area further com-
Prises:

a constant identifying the record as a record 1n the reserved

area;
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a serial number of the record;

a record type;

a record length; and

a checksum of the record.

5. The computer-implemented process of claim 4 further
comprising using the constant identifying the records as a
record 1n the reserved area as a security measure in order to
prevent unauthorized access to a record associated with the
constant.

6. The computer-implemented process of claim 1 further
comprising writing each data set that 1s written to the reserved
area 1s written to the tail end of the reserved area.

7. The computer-implemented process of claim 1 wherein
a small data set 1s smaller than 0.5 MB.

8. A computer-implemented process for writing data to a
disk drive, comprising,

inputting a string to be written to the volume of a disk drive;

checking if the string 1s large, wherein large is larger than

a prescribed MB value;

if the string 1s large, writing the string directly to the vol-

ume;

if the string 1s not large,

writing the string directly to a write log record 1n a write
log file 1n a reserved area of the volume; and

writing the write log record, 1f not subsequently over-
written, 1n read optimized order from the write log to
an intended location on the volume of the disk when
the disk drive 1s 1dle or the write log 1s full.

9. The computer-implemented process of claim 8 further
comprising:

writing strings that are not large to the reserved area of the

volume 1n write-optimized order.

10. The computer-implemented process of claim 9 further
comprising rewriting strings that are not large 1n read-opti-
mized order to the volume of the disk drive.

11. The computer-implemented process of claim 10 further
comprising checking to see 1f a string to be written that 1s large
1s a source of a copy and i1 the string 1s the source of the copy,
installing the copy to the volume of the disk prior to installing
the string to the volume of the disk.

12. The computer-implemented process of claim 8 further
comprising reading a string from the volume of the disk.

13. The computer-implemented process of claim 12 further
comprising;

inputting a read command;

determining if a read address associated with the read

command 1s in the write log file;

if the read address 1s not 1n the write log file, forwarding the

read command to the volume of the disk;

if the read address 1s 1n the write log file,

generating one read for each contiguous region of the
disk to be read;

sending all reads to the volume in parallel;

waiting for all reads to complete; and

indicating to a user that the read 1s complete.
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14. The computer-implemented process of claim 8 further
comprising;

waiting for an 1dle or aggressive mode indication;

determining 1f there are write log records 1n the write log
file, and the disk is idle or 1f an aggressive mode 1ndica-
tion exists;

11 there are write log records 1n the write log file, and the
disk 1s 1dle or an aggressive mode indication exists,
reading log records from the tail of the write log;

for each log record that 1s read, installing the log record
from the write log to an intended location on the volume
of the disk 11 the data 1n the log record has not been
overwritten; and

updating the address of the tail of the write log file.

15. The computer-implemented process of claim 8 wherein
cach volume 1s a contiguous range of sectors of a drive that
respond to read and write commands.

16. A system for optimizing data read and written to a data
storage drive, comprising;:

a general purpose computing device;

a computer program comprising program modules execut-
able by the general purpose computing device, wherein
the computing device is directed by the program mod-
ules of the computer program to,

employ a write optimizer filter 1n a computer operating,
system of a computing device to directly sequentially
write, 1n write optimized order, small data sets of data to
be written to a data storage drive to a reserved area on a
volume of the data storage drive instead of an intended
area ol the data storage drive, wherein small 1s defined as
being less than a prescribed MB value;

write large data sets directly to the intended location on the
volume of on the data storage drive, wherein large 1s
defined as being greater than a prescribed MB value; and

1f the small data sets are not overwritten, move the small
data sets of data written in write optimized order to the
reserved area on the volume of the data storage drive to
the intended location on the data storage drive 1n read
optimized order when the data storage drive 1s 1dle.

17. The system of claim 16, further comprising a module to
move the small data sets of data written to the reserved area on
the volume of the data storage drive to the intended location
on the data storage drive when the reserved area 1s full.

18. The system of claim 16 wherein that data storage drive
1s a disk dnive.

19. The system of claim 16 further comprising a module in
memory of the computing device comprising:

an address of the head of the reserved area;

an address of the tail of the reserved area;

a sequential number for each data set within the reserved
area; and

a mapping tree that maps addresses of data sets in the
reserved area to locations on the volume of the disk
drive.

20. The system of claim 16 wherein the data storage drive

1s a flash memory device.
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