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STORING COMPRESSED DATA

BACKGROUND
00017 Storage servers may be used 1o store data. Datla may be compressed
before being slored. When stored data is retrieved, the retrieved data may be

decompressed.

BrIEF DESCRIPTION OF THE DRAWINGS

100027  The following detailed description references the drawings, wherein:
00037 FIG. 1is an example system for storing compressed dala;

(00047 FIG. 2 is an exampie system for tracking and locating stored data;
00051 FIG. 3 is a block diagram of an example system that includes a

machine-readable storage medium encoded with instructions to enable sioring of
cormprassed data;

(00087  FIG. 4 is a block diagram of an example system that includes a
machine-readable storage medium encoded with instructions {o store pointers;

[BG077 FIG. 5 is a block diagram of an example system that includes a
machine-readable storage medium encoded with instructions to enable locating a
desired data block;

00081 FIG. 6 is a flowchart of an example method for storing compressed
data;

(00087 FIG. 7 is a flowchart of an example method for maintaining pointers;

100107 FIG. 8 is a flowchart of an example method for locating a desired data
biock; and

[0011]  FiG. 8 is a flowchart of an example method for making a physical

location available for data siorage.

DETAILED DESCRIPTION
00127  Tosave storage space, data may be compressead before being stored
in a storage server. In some storage servers, each plece of data that is received
may be individuaily compressed, resulting in compressed data of various sizes.
Tracking various sizes of compressed data may consume more resources than

tracking compressad daia of the same size, and may resuil in more fragmentation
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in a storage server. The present disclosure provides for compressing muitiple
pisces of data together, and for a uniform maximum size of compressed data that
is siored, reducing fragmentiation and simplifying management of stored
compressad data.

{00131 Referring now to the drawings, FIG. 1 is an example system 100 for
storing compressed dala. In some implementations, system 100 mav be
implemented in a storage server or other storage system. As used herein, the term
“storage system” should be undersicod o refer to a system capable of receiving
data, storing data, and retrieving previously stored data. An entity that sends dala
to be stored in a storage system, and/or requests previously stored data from a
storage system, may be referred to herein as a “host”.

00147 In FiG. 1, system 160 includes compression module 102, dala
storage module 104, and metadata storage module 106. As used hergin, the lerms
“include”, "have”, and “comprise” are interchangeable and should be undarsiood
to have the same meaning. A module may include a set of instructions encoded on
a machine-readable storage medium and execudable by a processor. In addilion or
as an alternative, a module may include a hardware device comprising electronic
circuitry for implementing the functionality described below.

00157  Compression module 102 may compress data blocks into data unils.
As used herein, the term “compress” should be understood to refer o transforming
data such that the data may be stored using fewer bits than were in the data’s original
form. Compression methods may exploit statistical redundancy 1o represent data
more concisely without losing information, allowing the compression process {o be
reversed. The act of reversing the compression process 10 oblain data in ils original
form may be referred o herein as "decompressing”. As used hergin, the term “data
block” should be understood {o refer (o a quantity of data that is handled together in
communications between a host and a storage system. For example, a host may
send a request 10 a storage server {0 store a data block at a particular address (e.g.,
write to an address), or {o retrieve a data block from a specifisd address (e.g., read
from an address). in some implemeniations, a host may send a request {o a slorage
server {o store or retrisve multiple data blocks in a specified range of addresses (each

data block being stored infretrieved from a respective addressas).
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[00167 A data unit may include a plurality of compressed data blocks. A
respective size of each data unit may be less than or equal 1o a fixed size. For
example, a group of data blocks that are each 512 bytes in size may be compressed
together into a data unit that is equal 0 or less than 16 kB in size. I, after being
compressed, a group of data blocks takes up more storage space than the fixed sizes,
the compressed data may be split between multiple data units. Continuing with the
example of the fixed size being 18 KB, ¥ a group of data blocks, after being
compressed together, is 20 kB in size, 16 kB of the compressed data may be in a first
data unit, and the remaining 4 kB of compressed data may be in a second data unit.
it should be understood that the first and second data units may each include less
than 16 kB of compressed data; for example, 15 kB of the compressed data may be
in a first data unit, and the remaining & kB may be in a second data unit. Each datla
unit may include compressed data from more than one data block.

100177 Data storage module 104 may store each data unit in a respsclive
physical location. A physical location may be & storage space in a storage device,
such as a hard-disk drive (HDD), solid-state drive (88D), tape drive, or any other
suitable data storage device. Capping the size of each data unit at the fixed size may
fead to more than one physical location being used to store a group of data blocks
that are compressed together. In the above example, the first data unit may be stored
in a first physical location, and the sscond data unit may be slored in a second
physical location. The first and second physical locations may or may not be
physically adjacent to one ancther.

(00187  Metadala storage module 106 may track data blocks in the physical
focations. For example, metadata slorage module 1068 may track which physical
focations data blocks are siored in once compressed. In some implementations,
metadata storage module 106 may store position indicators. Position indicators may
indicate positions of data blocks In decompressed daia segments obtained by
decompressing data units. Posilion indicators are discussed further below with
respect to FIG. 2.

(00181 An addressing scheme used by a host in instrucling a storage system
to readiwrite dala may be different from an addressing scheme used by the slorage

system for physical locations. For example, a host may send a plurality of data blocks
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to a slorage system and specify a block address {e.g., a logical block address, or
LBA) at which each of the plurality of data blocks are o be slored, or otherwise
associate data blocks with respective block addresses. The storage system may
compress the plurality of data blocks together into a data unit that is stored in a single
physical location. The host may later send a read request {o the storage system {o
refrieve certain data blocks of the plurality of data blocks, and the read reguest may
include the respective block addresses associated with the desired data blocks.
Although the read request from the host may include muitiple block addresses, the
storage system may read a single physical location since the desired data blocks
have been stored in the same physical location. The compression of data blocks and
storage of multiple (compressed) data blocks in a single physical location may be
transparent to the host.

(00207 In light of the above, in some implementations, metadata storage
module 106 may store pointers. Each pointer may corrgspond 10 a respeciive block
address. Each biock address may be associated with a respeclive data block. For
example, a write request from a host rnay assodciale a block address with a data block.
Each pointer may include a mapping of the respective block address 1o a physical
focation in which a data unit, info which the respective data block Is compressed, is
stored. When a siorage system receives a read request that includes a block address,
the pointer corresponding io the block address may be used o determine which
physical location in the storage system {0 access 1o retrieve the desired data block,
Pointers and position indicators may be referred o as "'metadata”.

(00217 FiG. 2 is an example system 200 for tracking and locating siored
data. In some implementations, system 200 may be implemented in a storage
server or other storage system. In FIG. 2, system 200 includes compression
module 202, dala storage module 204, metadata slorage module 206, counter
module 208, and locator module 210, A module may include a set of instructions
encoded on a maching-readabie slorage medium and executable by a processor. In
addition or as an altemative, a module may include a hardware device comprising
electronic cireuitry for implementing the funclionality described below.

[0022] Modules 202, 204, and 206 of FIG. 2 may be analogous 1o (e.g., have

functions and/or components similar t0) modules 102, 104, and 106, respectively, of
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FiG. 1. Counter moduie 208 may mainiain a plurality of reference counters. Each of
the plurality of reference counters may correspond 1o a respactive physical location.
Each of the plurality of reference counters may indicate how many pointers comprise
a mapping 1o the respective physical location.

00237 Maintaining reference counters may include updating reference
couniers as write requests are received. For gxample, a host may send a write
request {0 a slorage sysiem {e.g., system 200). The write requsst may include a first
plurality of dala blocks 1o be stored, and may associale each of the first plurality of
data blocks with a respective one of a first plurality of block addresses. Compression
module 202 may compress the first plurality of data blocks into a first daia unit, and
data storage module 204 may storg the first data unit in a first physical location.
Metladata storage moduie 208 may store a first plurality of pointers, corresponding o
respactive ones the first plurality of block addresses, that each include a mapping of
a respeciive block address 1o the first physical location. Counter moduie 208 may set
a reference counter, that corresponds o the first physical location, to a value equal
to the number of pointers in the first plurality of pointers (which may be equal to the
number of block addresses in the first plurality of block addresses). Later, the host
may send another wiite request that includes a second plurality of data blocks, and
that associates each of the second plurality of data blocks with a respeclive one of 2
second plurality of block addresses. The second plurality of block addresses may
include one of the first plurality of block addresses {s.q., a subsequent write request
may modify a data block associated with a certain block address). Compression
module 202 may comprass the second plurality of data blocks inlo a second data
unil, and data storage module 204 may store the second data unit in a second
physical location different from the first physical location. Metadata slorage
module 206 may store a second pluralily of pointers, corresponding o respective
ones of the sacond plurality of block addresses, that each include a mapping of a
respective block address 1o the second physical location. A pointer corresponding o
the block address included in the first plurality of block addresses and the sscond
plurality of block addresses may be updaled to include a mapping o the second
physical location rather than to the first physical location. Counter module 208 may

decrement the reference counter corresponding 1o the first physical location since
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there is now one less pointer that includes a mapping o the first physical ocation. If
the second plurality of block addresses includes multiple ones of the first plurality of
block addresses, the counter module 208 may decrement the reference counter
corresponding to the first physical location by the number of overlapping block
addresses, as thal may be the number of pointers in the first plurality of pointers that
are updated to include a mapping 1o the second physical location rather than o the
first physical location. Counter module 208 may also set a reference counter, that
corresponds 1o the second physical focation, o 2 value equal o the number of
poiniers in the second plurality of pointers (which may be equal to the number of block
addresses in the second plurality of block addresses). Pointers and reference
counters may be stored/maodified in a similar manner in response to subsequent write
reguesis,

(00247  Locator module 210 may locale, based on a position indicator, a data
block, that is associated with a block address specified in a read reguest, in &
decompressed data segment obilained by decompressing a data unil. For example,
in responss 1o a wrile request that includes a plurality of data blocks each associaled
with a respective one of a plurality of block addresses, the plurality of data blocks
may be compressed {(e.g., by compression module 202) into a data unit and the data
unit stored {(e.q., by data storage module 204) in a physical location, as discussed
above. Metadata slorage module may store a plurality of position indicators, each
position indicator corresponding to one of the plurality of data blocks. When system
200 receives a read request that includes ong of the plurality of block addresses,
which may be assodiated with a data block desired by a host, the pointer
corresponding to the one of the plurality of block addresses may be used o identify
the appropriate physical location. The data unit stored in the physical location may
be decompressed to oblain a decompressed dala segment. The position indicator
corresponding to the desired data block may be used 1o locate the desired data block
in the decompressed data segment. For example, the position indicator may include
an offset from a known point in the decompressed data segment (g.g., beginning or
end of the decompressed data segment). Localor module 210 may use the offsel to

determine where in the decompressed data segment the desired data block is.
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[00257  FiG. 3 is a biock diagram of an example system 300 that includes a
machine-readable storage medium encoded with instructions 1o enable storing of
compressed data. In some implementations, system 300 may be implemented in a
storage system (e.q., slorage server). In FIG. 3, system 300 includes processor 302
and machine-readable storage medium 304.

100261  Processor 302 may include a central processing unit (CPU),
microprocessor  {e.g., semiconductor-bBased microprocessory, andior other
hardware device suilable for retrieval and/or execution of instructions stored in
machine-readable storage medium 304, Processor 302 may felch, degode, and/ or
execute instructions 308, 308, and 310 to enable storing of compressed data, as
described below. As an allernative or in addition to retrieving and/or executing
instructions, processor 302 may include an elecironic circult comprising a number
of electronic components for performing the funclionality of instructions 308, 308,
andfor 310.

100277 Machine-readable storage medium 304 may be any suitabls
electronic, magnetic, oplical, or other physical storage device that contains or siores
executable insiructions. Thus, machine-readable storage medium 304 may includs,
for example, a RAM, an Eleclrically Erasable Programmable Read-Only Memory
(EEPROM), a storage device, an optical disc, and the like. In some implementations,
machine-readable storage medium 304 may include a non-ransitory storage
medium, where the term “non-transitory” does not encompass transitory propagating
signals. As described in detail below, machine-readable storage medium 304 may be
encoded with a set of executable instructions 306, 308, and 310.

(00287  Instructions 306 may compress a plurality of dala blocks inio a data
unit. The plurality of data blocks may accompany or be part of a write request from a
host. In some implementiations, the plurality of data blocks may be aggregated from
mudiiple write requests. The plurality of data blocks may be compressed together until
the size of the resulting data unit is less than a fixed size. In some cases, the plurality
of data blocks may be compressed into multiple dala units, as discussed above with
respect o FIG. 1.

(00287 Instructions 308 may slore a data unit in one of a plurality of physical

focations. Data units stored in the plurality of physical locations may have respective
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sizes that are each less than or equal {0 2 fixed size. An addressing scheme used by
systern 300 for physical locations may be different from an addressing scheme used
by a host in instructing system 300 to readiwrite data, as discussed above with
respect to FIG. 1.

00307  Instructions 310 may store a plurality of position indicators. Each of the
posilion indicators may indicate a respective position, of a respective one of a plurality
of data blocks, in a decompressed data segment obtained by decompressing a data
unit. in some implementations, the plurality of position indicators may be stored with
other metadata in volatile memory 1o facilitale quick access o the metadata. A copy
of the metadata may be stored in non-volatile memory so that the metadata may be
recovered if power to system 300 is lost.

00317 FIG. 4 is a biock diagram of an example system 400 that includes a
machine-readable storage medium encoded with instructions o store poinfers. In
some implementations, system 400 may be implemenied in a storage system (e.g.,
storage server). In FlIG. 4, system 400 includes processor 402 and machine-
readable storage medium 404.

(00321  As with processor 302 of FIG. 3, processor 402 may include a CPU,
microprocessor  {6.9.,  semiconductor-based  microprocesser), andior other
hardware device suitable for retrieval and/or execution of instructions stored in
machine-readable storage medium 404. Processor 402 may fetch, decode, and/ or
execute instructions 406, 408, 410, 412, 414, and 416. As an alternative or in
addition to retrieving and/or execuling instructions, processor 402 may include an
elecironic circuit comprising a number of electronic components for performing the
functionality of insfructions 408, 408, 410, 412, 414, and/or 4186.

00337 As with machine-readable storage medium 304 of FIG. 3, machine-
readable storage medium 404 may be any suitable physical storage device that
stores executable instructions. Insiructions 408, 408, and 410 on machine-readable
storage medium 404 may be analogous fo instructions 306, 308, and 310,
respectively, on machine-readable storage medium 304. Instructions 412 may store
a plurality of pointers. Each of the plurality of pointers may correspond {0 a respective
one of a plurality of block addresses. Each of the plurality of block addresses may be

associated with a respective ong of a plurality of data blocks. For example, a wrile
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request from a host may associate a block address with a dala block. Each of the
plurality of pointers may comprise a mapping of the respeciive one of the plurality of
block addresses 0 one of a plurality of physical locations. The physical location o
which a block address is mapped may be the physical location in which a data unit,
into which the respective data blocK is compressed, is stored.

(00341  Insiructions 414 may update one of the plurality of pointers in response
to a write request that comprises one of the plurality of block addresses. Updating a
pointer may include changing a mapping of the corresponding block address from a
first physical location o a second physical location, as discussed above with respect
to FIG. 2. In some implementations, if a pointer is updated, a reference counter may
be modified. For example, if a pointer is updated to include & mapping to a second
physical location rather than fo a first physical location, a reference counter
corresponding to the first physical location may be decremented.

(00351  Instructions 418 may make, in response 1o a determination that no
pointer comprises a mapping 1o one of the plurality of physical locations, the one of
the plurality of physical locations available to store another data unit. Such a
determination may mean that all data blocks compressead into the data unit stored in
the one of the plurality of physical locations are no longer curent (e.g., afler a wiite
command in response to which the data unit was stored, a host sent additional write
commands thal associated all the block addresses, thal were associated with data
blocks compressed into the data unit, with other data blocks). In some
implementations, a determination that no pointer comprises a mapping to one of the
plurality of physical iocations may be made by identifying a reference counter whose
value is zero. In some implementations, reference counters may not be used, and a
garbage collection mechanism may periodically analyze stored pointers to identify
which physical locations are mapped {o.

[00367  FIG. 5 is a biock diagram of an example systern 500 that includes a
machine-readable storage medium gncoded with insiructions to enable locating a
desired data block. In some implementations, system 500 may be implementedin a
storage sysiem {e.q., slorage server). In FIG. 5, system 500 includes processor 502

and machine-readable storage medium 504,
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(00377 As with processor 302 of FIG. 3, processor 582 may include a CPU,
microprocessor  {e.g., semiconductor-based microprocessor), and/or other
hardware device suitable for retrieval and/or execution of insiructions stored in
machine-readable storage medium 504. Processor 502 may felch, decode, and/ or
exacute instructions 506, 508, 510, 5§12, 514, 516, 518, and 520 to enable Iocating
a desired data block, as described below. As an alternative or in addition o
refrieving and/or executing instructions, processor 502 may include an electronic
circult comprising a number of slectronic components for performing the
functionality of instructions 506, 508, 510, 512, 514, 516, 518, and/or 520.

(00381 As with machine-readable slorage medium 304 of FIG. 3, machine-
readable storage medium 504 may be any suitable physical storage device that
stores execulable instructions. Instructions 506, 508, and 510 on machine-readable
storage medium 504 may be analogous fo instructions 306, 308, and 310,
respectively, on machine-readable siorage medium 304, Instructions 512 on
maching-readable storage medium 504 may be analogous o instructions 412 on
machine-readable storage medium 404. Instruclions 514 may receive a read request.
The read request may include one of a plurality of block addresses.

100391 Instructions 516 may identify, based on one of a plurality of pointers,
one of a plurality of physical lccations that maps 1o the one of the plurality of block
addresses. For example, the read request may be parsed (o identify the one of the
plurality of block addresses, and the pointer corresponding {0 the one of the plurality
of block addresses may be relrieved. The refrieved pointer may be analyzed fo
identify the physical iocation fo which the one of the plurality of block addresses is
mapped.

100407 Instructions 518 may decompress a data unit, thatis storedinong of a
plurality of physical locations, to oblain a decompressed data segment. The data unit
may be ona into which a desired data block {e.g., a dala block associated with a block
address specified in a read request) is compressed. The one of the plurality of
physical locations may be identified using a pointer, as discussed above.

(00417 Instructions 520 may locale, based on one of a plurality of position
indicators, a dala block in a decompressed dala segment. The data block may be

associated with a block address specified in a read reguest. In some
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implementations, the one of the plurality of position indicalors may include an offset
from a known point in the decompressad data segment (e.q., beginning or end of the
decompressed data segment).

100421 Methods related to comprassing, storing, and tracking data blocks
are discussed with respect to FIGE. 6-8. FIG. 6 is a flowchart of an example
method 600 for storing compressed data. Although execution of method 600 is
described below with reference o processaor 302 of FIG. 3, it should be understood
that execution of method 800 may be performed by other suitable devices, such as
processors 402 and 502 of FIGS. 4 and 5, respectively. Method 600 may be
implemented in the form of execulable instructions stored on a maching-readable
storage medium and/or in the Torm of electronic circuitry.

100437  Method 800 may start in block 602, where processor 302 may recelve
a plurality of data blocks. The plurality of data blocks may accompany or be part of 3
write reguest from a host. In some implementations, the plurality of data blocks may
be aggregated from multiple write requestis.

(00447 In block 804, processor 302 may comprass the plurality of data blocks
into a data unit. The plurality of data blocks may be compressed together until the
size of the resulling data unit is less than or equal 10 a fixed size. In some cases, the
plurality of data blocks may be compressed inte multiple data units, as discussed
above with respect to FIG. 1.

(00457  Next, in block 808, processor 302 may store the data unit in a physical
location of a piurality of physical locations. Data units stored in the plurality of physical
locations may have respective sizes that are sach less than or equal {0 a fixed size.
An addressing scheme used by a slorage system (e.g., system 300) for physical
focations may be different from an addressing scheme used by a host in instructing
the storage system to read/write data, as discussed above with respect {o FIG. 1.

(00467  Finally, in block 608, processor 302 may store a set of position
indicators. Each of the set of position indicators may indicate a respective position, of
a respective one of the plurality of data blocks, in a decompressed dala segment
obtained by decomgpressing the data unit. In some implementations, the sel of

position indicators may be stored with other metadata in volatile memory, and a copy
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of the metadata may be stored in non-volatile memory, as discussed above with
respect o FIG. 3.

(00471 FIG. 7 is a flowchart of an example method 700 for mainiaining
pointers. Although execution of method 700 is desaribed below with reference fo
processor 402 of FIG. 4, it should be understood that execution of method 700 may
be performed by other suitable devices, such as processors 302 and 502 of FIGS. 3
and 5, respectively. Some biocks of method 700 may be performed in parailel with
and/or after method 600, Method 700 may be implemented in the form of executable
instructions stored on a machine-readable storage medium and/or in the form of
electronic circuitry.

100487  Method 700 may start in block 702, where processor 402 may recelve
a first write request {(e.g., from a host). The first write request may include a first
piurality of data blocks 1o be slored, and may associate each of the first plurality of
data blocks with a respective one of a first plurality of biock addresses. The first
plurality of data blocks may be compressed into a first data unit. The size of the first
data unit may be less than or equal to a fixed size.

(00491 In block 704, processor 402 may siore the first data unil in g first
physical location of a plurality of physical locations. In block 708, processor 402 may
store a first set of position indicators. Each of the first set of position indicators may
indicate a respective position, of a respective ong of the first plurality of data blocks,
in a first decompressed data segment obtained by decompressing the first data unit.

100501 In block 708, processor 402 may store a plurality of pointers. Each of
the piurality of pointers may correspond 1o a respective one of a first plurality of block
addresses, Each of the first plurality of block addresses may be associated with a
respective one of the first plurality of data blocks. Each of the plurality of pointers may
comprise a mapping of the respective one of the first plurality of block addresses {o
ihe first physical location. Although biock 708 is shown below block 708 in FIG. 7, i
should be understood that the plurality of pointers may be stored before or in
parallel with the first set of position indicators.

(00517 In block 710, processor 462 may receive a subsequent wrile request
that includes a second plurality of dala blocks and assodiates one of the second

plurality of data blocks with one of the first pluraiity of block addresses. I should be
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understood that the subseguent write request may assodiate mulliple ones of the
second plurality of data blocks with respective multiple ones of the first plurality of
block addresses. The second plurality of data blocks may be comprassed info a
second data unit. The size of the second data unit may be less than or equal fo a
fixed size.

(00527  In block 712, processor 402 may store the second data unil, into which
the second plurality of data blocks is compressed, in a2 second physical location of
the plurality of physical locations. In block 714, processor 402 may update a pointer,
of the plurality of pointers, that corresponds 1o the one of the first plurality of block
addresses {l.e., ong of the first plurality of block addresses that the subsequent write
request associates with one of the second plurality of data blocks). The updated
pointer may comprise a mapping of the one of the first plurality of biock addresses o
the second physical location.

(00531  In block 7186, processor 402 may store a second set of position
indicators. Each of the second set of position indicators may indicate a respective
position of a respective one of the second plurality of dala blocks in a second
decompressed dala segment oblained by decompressing the second data unit.
Although block 716 is shown below block 714 in FIG. 7, it should be understood that
slements of block 718 may be executed before or In parallel with slements of block
714.

(00547  FiG. 8is a flowchart of an example method 800 for locating a desired
data block. Although execution of method 800 is described below with reference to
processor 502 of FIG. 5, it should be undersicod that execution of method 800 may
be performed by other suitable devices, such as processors 302 and 402 of FIGS. 3
and 4, respectively. Some biocks of method 800 may be performed in parailel with
and/or after method 600 or 700. Method 800 may be implemented in the form of
executable instructions slored on a machine-readable storage medium andfor in the
form of electronic circuitry.

100557 Method 800 may siart in block 832, where processor 502 may recsive
a write request that includes a second plurality of data biocks and associates one of
the second plurality of data blocks with one of a plurality of biock addresses that was

associated, by a previous write request, with one of a first plurality of data blocks. The
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second plurality of data blocks may be comprassed into a data unit. The size of the
data unit ray be less than or equal to g fixed size.

(00567  In block 804, processor 502 may store the data unil, info which the
second plurality of data blocks is compressed, in a physical location of a plurality of
physical locations. In block 808, processor 502 may store a set of position indicalors.
Each of the set of position indicators may indicale a respective position of a respective
one of the second pluralily of data blocks in a decompressed data segment obtained
by decompressing the data unit.

(00577 In block 808, processor 502 may receive a read reguest that includes
the one of the first plurality of block addresses {e.g., a block address that was
associated, by a previous write request, with one of the first plurality of data blocks).
Next, in biock 810, processor 502 may decompress, in response 0 the read request,
the data unit to obtain the decompressed dala segment. The physical location in
which the data unit is slored may be ideniified based on a poinier, as discussed
above. Finally, in block 812, processor 502 may locate, in the decompressed data
segment, and basad on the set of position indicators, the one of the second plurality
of data biocks associaied with the one of the first plurality of block addresses.
Locating a desired daia block in a decompressed data segment is discussed above
with respect io FIG. &

[00581  FiG. 9is a flowchart of an example method 800 for making a physical
location available for data storage. Although execution of method 800 is described
below with reference 1o processor 402 of FIG. 4, it should be understood that
execution of method 900 may be performed by cother suilable devices, such as
processors 302 and 502 of FIGS. 3 and 5, respeciively. Some blocks of method 800
may be performed in paraliel with and/or after method 800, 700, or 800. Method 800
may be implemented in the form of executable instructions stored on a machine-
readable storage medium andfor in the form of electronic circuitry,

(00597 Method 900 may start in block 802, where processor 402 may recsive
write requests {s.g., from hosts). Write requests may associate data blocks with
respective block addresses. In block 904, processor 402 may update pointers in
response o wrile requests, as discussed above with respect to FIG. 7. In block 806,

processor 402 may determing whether any pointer comprises a mapping to one of a
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plurality of physical locations. The delermination of block 806 may be made based
on a reference counter or garbage collection mechanism, as discussed above with
respect o FIG. 4.

100607 I, in block 806, processor 402 determines that a pointer comprises a
mapping o the ong of the plurality of physical locations, method S00 may loop back
to 802, If, in block 906, processor 402 determines that no pointer comprises a
mapping o the one of the plurality of physical locations, method 900 may procesd o
block 908, in which processor 402 may make the one of the plurality of physical
locations available o store a dala unit. If a data unit is already stored in the one of
the plurality of physical locations, processor 402 may allow the dala unit o be
overwritten with ancother data unit. Method 800 may then loop back o block 802.

00617 The foregoing disclosure describes sioring compressed dala
Example implementations described herein enable compression of multiple data
biocks together info a data unit, and tracking data blocks in physical locations that
store data units whose sizes are uniformly capped. Thus, fragmentation in siorags
systems may be reduced, and management of stored compressed data may be

simplified.
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| olaim:

1. A system for storing compressed data, the system comprising:

a comprassion module 10 compress data blocks inio daia units, wherein a
data unit comprises a pluralily of compressed data blocks, and wherein a
respective size of each data unit is less than or equal o a fixed size;

a data storage module o siore each data unil in a respective physical
focation; and

a metadata storage moduie 1o track data blocks in the physical locations.

2. The system of claim 1, wherein:
the metadata storage module is 1o store position indicators; and
position indicators indicate positions of data blocks in decompressed dals

segments oblained by decompressing dala units.

3. The system of claim 2, further comprising a locaior module {o locate,
based on a position indicator, a data block, that is associated with a block address
specified in a read request, in a decompressed data segment obtained by

decompressing a data unit,

4. The system of claim 1, wherein:

the metadata storage module is 1o store pointers;

each pointer corresponds 10 a respective biack address;

each block address is associated with a respective dala block; and

gach poinier comprises a mapping of the respective block address o a
physical location in which a data unit, info which the respective data block is

comprassed, is stored,

5. The system of claim 4, further comprising a counter module to maintain
a plurality of reference counters, each of the plurality of reference counters
corresponding o a respective physical location, wherein gach of the plurality of
reference counters indicates how many pointers comprise a mapping to the

respective physical location.
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6. A machine-readable slorage medium encoded with instructions
executable by a processor of a system for storing compressed data, the machine-
readable storage medium comprising:

instructions o compress a plurality of dala blocks inte a data unit;

instructions {o store the dafa unit in ong of a plurality of physical locations,
wherein data units stored in the plurality of physical locations have respective sizes
that are each less than or equal {o a fixed size; and

insfructions to store a plurality of position indicalors, wherein each of the
position indicators indicates a respective position, of a respective one of the
plurality of data blocks, in a decompressed dala segment obtained by

decompressing the data unil.

7. The machine-readable storage medium of claim 6, further comprising
instructions to store a plurality of pointers, whersin:

each of the plurality of pointers corresponds {0 a respective one of a plurality
of block addresses;

each of the plurality of block addresses is associated with a respective one
of the plurality of data blocks; and

each of the plurality of pointers comprises a mapping of the respective one

of the plurality of block addresses 1o the one of the plurality of physical locations.

8. The machine-readable storage medium of claim 7, further comprising:

insfructions to update one of the plurality of pointers in response (o a wrile
request that comprises ong of the plurality of block addresses; and

instructions to make, in response o a delermination thal no pointer
comprises a mapping o the one of the plurality of physical locations, the one ofthe

plurality of physical locations available 1o store another dala unit.

9. The machine-readable storage medium of claim 7, further comprising:
instructions 1o receive a read request, wherein the read request comprises

one of the plurality of block addresses;
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instructions to identify, based on one of the plurality of pointers, the one of
the plurality of physical localions that maps {0 the one of the plurality of block
addresses;

instructions to decompress the data unit, that is stored in the ong of the
plurality of physical locations, o obtain the decompressed dala segment; and

instructions to locate, based on one of the plurality of position indicators, the

data block in the decompressed data segment.

10. A method for storing compressed dala, the method comprising:

receiving a first plurality of data blocks;

comprassing the first plurality of data blocks into a first data unit;

storing the first data unit in a first physical location of a plurality of physical
locations, wherein data unils stored in the plurality of physical locations have
respective sizes that are gach less than or ggual 1o a fixed size; and

storing a first set of position indicators, wherein sach of the first st of
position indicalors indicates a respective position, of a respective one of the first
plurality of data blocks, in a first decompressed data segment obtained by

decompressing the first data unit.

11. The method of claim 10, further comprising storing a plurality of
pointars, whersin:

gach of the plurality of pointers corresponds 10 a respective one of a first
plurality of block addresses;

each of the first plurality of block addresses is associated with a respeclive
one of the first plurality of data blocks; and

each of the plurality of pointers comprises a mapping of the respective one

of the first plurality of block addresses (o the first physical location.

12. The method of claim 11, wherein a first write request comprises the first
plurality of data blocks and associates the first plurality of data blocks with the first

plurality of block addresses, the method further comprising:
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receiving a subseqguent wrile request thal comprises a second plurality of
data blocks and associates one of the second plurality of datla blocks with one of
the first plurality of block addresses;

storing a second data unit, into which the second plurality of data blocks is
comprassed, in a second physical location of the plurality of physical locations; and

updating a pointer, of the plurality of pointers, that corresponds to the one
of the first plurality of block addresses, wherein the updated pointer comprises a
mapping of the one of the first pluralily of block addresses o the second physical

focation.

13. The method of claim 12, further comprising sioring a second set of
position indicators, wherein each of the second sel of position indicators indicates
a respeciive position of a respective one of the second plurality of data blocks ina
second decompressed data segment oblained by decompressing the second data

Uik,

14. The method of ¢laim 13, further comprising:

receiving, afler the subsequent write request is received, a read requast
comprising the one of the first plurality of block addresses;

decompressing, in response 0 the read request, the second data unit to
obtain the second decompressed daia segment; and

incating, in the second decompressed data segment, and based on the
second set of position indicators, the one of the second plurality of dala blocks

associated with the one of the first plurality of block addresses.

15. The method of claim 12, further comprising:

determining whether any pointer comprises a mapping to one of the plurality
of physical locations; and

in response {0 a determination that no pointer comprises a mapping 1o the
one of the plurality of physical locations, making the one of the plurality of physical

locations available o store a third data unit.
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