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Description

BACKGROUND

[0001] Storage solutions may be tasked with quickly
and efficiently storing and retrieving large amounts of da-
ta with a finite amount of processing power, bandwidth,
and memory. Virtualization of memory, in which virtual
memory addresses are mapped to physical memory ad-
dresses, may be used to improve memory efficiency. In
some examples, memory may be thin-provisioned within
a virtualized memory system such that memory space is
flexibly allocated between processes, tasks, or users as
needed, allowing for the amount of allocated virtual mem-
ory to exceed the total amount of physical memory. Meta-
data may be used in some such examples to facilitate
discovery and retrieval of data.
[0002] WO 2015/024504 A1 relates to a computing el-
ement, system, and method for implementing control
structures for a compressed cache in hardware. A first
engine is configured to allocate and deallocate virtual
memory pages and physical memory pages from pools
of available pages to store received data to a compressed
cache, a second engine is configured to compress re-
ceived data and store the compressed data. Data may
be embedded within the virtual and physical memory
pages to indicate page size, type, and data compression.
[0003] The invention is set out in the appended set of
claims. The dependent claims set out particular embod-
iments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The following detailed description references
the drawings, wherein:

FIG. 1 A is a block diagram of an example machine-
readable storage medium including instructions to
apply a page fit process to write data and to perform
an inline compression of the processed write data
that compresses and stores the processed write data
in a compressed page that includes compression
metadata;
FIG. 1 B is a block diagram of an example machine-
readable storage medium including instructions to
receive a read request for the write data, to determine
a location of the write data, and based on the loca-
tion, to decompress the write data;
FIG. 1 C is a block diagram of an example machine-
readable storage medium including instructions to
receive a read-modify-write request to modify the
write data and to apply a page re-fit process to de-
termine whether the modified write data will fit in the
compressed page;
FIG. 2A is a block diagram of an example device
having a data cache, a compressed cache, and in-
structions to apply a page-fit process to data that
generates compression metadata for a compressed

page;
FIG. 2B is a block diagram of an example device
having a data cache, a compressed cache, and in-
structions to receive a read request for the write data,
to determine a location of the write data, and based
on the location, to decompress the write data;
FIG. 2C is a block diagram of an example device
having a data cache, a compressed cache, and in-
structions to receive a read-modify-write request to
modify the write data and to apply a page re-fit proc-
ess to determine whether the modified write data will
fit in the compressed page;
FIG. 3A is a flowchart of an example method for man-
aging memory including receiving a write request
containing write data, applying a page fit process to
the write data, and performing an inline compression
to compress and store the processed write data in a
compressed page having a compression metadata;
FIG. 3B a flowchart of an example method for man-
aging memory including receiving a read request for
the write data, determining a location of the write
data, and based on the location, decompressing the
write data;
FIG. 3C is a flowchart of an example method for man-
aging memory including receiving a read-modify-
write request to modify the write data and applying
a page re-fit process to determine whether the mod-
ified write data will fit in the compressed page, and
based on that determination, performing an inline
compression to the compressed page or performing
an inline compression to a new compressed page;
FIG. 4 is a block diagram of an example virtual page
table having virtual page table entries with a com-
pression index and a page address; and
FIG. 5 is a block diagram of an example compressed
page having compression metadata and com-
pressed data.

DETAILED DESCRIPTION

[0005] Large amounts of data may need to be quickly
and efficiently stored and retrieved using a finite amount
of processing power, bandwidth, and memory. In some
examples, memory management techniques may be
used to generate a virtual memory system that may allow
memory to appear as large, contiguous address spaces
to processes or tasks. However, those addresses (i.e.,
virtual memory addresses) may or may not correspond
to contiguous physical memory addresses.
[0006] Thin-provisioning techniques may also be used.
Such techniques may involve memory that appears to
be allocated when requested. In actuality, however,
physical memory is allocated when necessary, for in-
stance when data is actually written to storage media. In
addition, data compression techniques may be used to
maximize storage capacity. In some examples, data may
be compressed before being written to memory. Data
compression may involve transmitting or storing data of
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a certain number of bits in a fewer number of bits via a
compression algorithm. In some examples, data com-
pression may involve encoding the data using fewer bits
that the data’s original representation. In other examples,
data compression may involve reducing the size of the
data by eliminating redundant or unnecessary bits.
[0007] The use of such memory management tech-
niques may involve overhead and/or data structures not
present in memory systems that do not utilize such tech-
niques. For instance, in a virtual memory system, be-
cause processes and tasks may utilize virtual memory
addresses, the system may translate the virtual memory
addresses to corresponding physical memory address-
es. In some examples, a page table populated by one or
more page table entries may enable a virtual memory
system to associate virtual memory addresses with phys-
ical memory addresses. Each page table entry may in-
clude suitable metadata, i.e., data that provides informa-
tion about other data. For example, the metadata may
include a virtual page number and a physical page
number that can be used to generate a physical memory
address.
[0008] While page tables may be used to facilitate the
discovery and retrieval of data, they may also involve
greater memory and bandwidth usage and added laten-
cy. For instance, a single memory operation involving a
virtual memory address may first involve looking up a
page table entry in a page table to determine a physical
memory address. Next, it may involve accessing the stor-
age media at the physical memory address. Thus, each
such memory operation would involve at least two mem-
ory accesses, one to access the page table entry and
the other to access the physical memory address within
the storage media. Some memory operations may in-
volve even more accesses. For instance, reading and
modifying data may involve additional memory accesses
to modify or update the page table entry of the original
data and/or to add a new page table entry for the new
data.
[0009] Similarly, systems that utilize data compression
may include a table having metadata relevant to com-
pression and/or decompression of the data. In such sys-
tems, a single memory operation may involve looking up
such metadata before accessing the compressed data
at the storage media.
[0010] In some examples, metadata may be located
together, for instance in a table or index, on the same
data storage unit as the data to which it relates. Never-
theless, multiple memory accesses may still be needed
to access first the metadata and next the data. In other
examples, where redundancy and fault tolerance may be
important, metadata may be located together in, for ex-
ample, a page table, and further duplicated at another
location, for example, a data block. Duplicating the meta-
data in such a manner may allow the page table to be
reconstructed after a failure and, in some instances, may
allow for reconstruction without added memory accesses
for each memory operation. However, memory accesses

per memory operation may not be diminished in compar-
ison to systems that do not require such duplication,
meaning undue bandwidth usage, overprovisioning of
memory to accommodate certain memory operations,
and added latency.
[0011] Examples described herein may improve mem-
ory management of finite storage resources via a page
fit process and an inline compression of data and meta-
data to a compressed page, which may involve fewer
memory accesses for certain memory operations. For
instance, some examples described herein may receive
a write request, a read request, or a read-modify-write
request to modify and rewrite data. In such examples,
based on the request received, a virtual page table entry
may be generated and the data may be stored in a com-
pressed page together with compression metadata. In
other such examples, based on the request received,
data may be located via the virtual page table entry and
the compression metadata. In yet other such examples,
based on the request, a page re-fit process may be ap-
plied and a new compressed page may be created or
data in an existing compressed page may be modified.
[0012] In some examples described herein, a process-
ing resource of a device may execute instructions on a
machine-readable storage medium to receive a write re-
quest containing write data, store the write data in a data
cache, and apply a page-fit process to the write data.
The processing resource may further execute instruc-
tions to cause the generation of a virtual page table entry
in a virtual page table for the processed write data. The
virtual page table entry may include a compression index
and a page address. The processing resource may also
execute instructions to perform an inline compression of
the processed write data to compress and store the proc-
essed write data in a compressed page at a location as-
sociated with the compression index. The compressed
page may include compression metadata having a ref-
erence count, a compressed page offset, and a virtual
page address.
[0013] In some such examples described herein, the
processing resource of the device may execute instruc-
tions to receive a read request for the write data and
determine whether the write data is located in a data
cache. Based (at least in part) on a determination that
the write data is not located in the data cache, the
processing resource may execute instructions to deter-
mine whether the write data is located in a compressed
cache. Based (at least in part) on a determination that
the write data is not located in the compressed cache,
the processing resource may locate the write data via
the virtual page table and the compression metadata and
decompress the write data. In examples described here-
in, a determination, action, etc., that is said to be "based
on" a given condition may be based on that condition
alone or based on that condition and other condition(s).
[0014] In other such examples described herein, the
processing resource of the device may additionally exe-
cute instructions to receive a read-modify-write request
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to modify the write data and re-write modified write data.
The processing resource may execute instructions to
store the modified write data in the data cache and apply
a page re-fit process to the modified write data to deter-
mine whether the modified write data will fit in the com-
pressed page at the location associated with the com-
pression index. Based (at least in part) on a determination
that the modified write data will fit, the processing re-
source may execute instructions to perform an inline
compression of the modified write data to compress and
store the modified write data in the compressed page at
the location associated with the compression index.
[0015] Based (at least in part) on a determination that
the modified write data will not fit, the processing resource
may execute instructions to cause the generation of a
new virtual page table entry in the virtual page table for
the modified write data. The new virtual page table entry
may include a new compression index and a new page
address. Also based (at least in part) on the determina-
tion, the processing resource may further execute in-
structions to perform an inline compression of the mod-
ified write data to compress and store the modified write
data in a new compressed page. The new compressed
page may include a new compression metadata having
a new reference count, a new compressed page offset,
and a new virtual page address. In addition, based (at
least in part) on the determination that the modified write
data will not fit, the processing resource may execute
instructions to update the compression metadata of the
compressed page.
[0016] In some examples described herein, a device
may include a processing resource, a data cache, a com-
pressed cache, and a machine-readable storage medi-
um including instructions to receive a write request con-
taining write data, store the write data in a data cache,
and apply a page fit process to the write data that gen-
erates a compression metadata for a compressed page
that includes a reference count, a compressed page off-
set, and a virtual page address. The storage medium
may further comprise instructions to cause the genera-
tion of a virtual page table entry in a virtual page table
for the processed write data. The virtual page table entry
may include a compression index and a page address.
The storage medium may also include instructions to per-
form an inline compression of the processed write data
to compress and store the processed write data in the
compressed page at a location associated with the com-
pression index. The compressed page may include the
compression metadata having the reference count, the
compressed page offset, and the virtual page address.
[0017] In some examples described herein, a method
for managing memory may involve receiving, at a device,
a write request containing write data and storing, at the
device, the write data in a data cache. The method may
further involve applying a page fit process to the write
data and generating a virtual page table entry in a virtual
page table for the processed write data. The virtual page
table entry may include a compression index and a page

address. The method may also involve performing an
inline compression of the processed write data to com-
press and store the processed write data in a compressed
page at a location associated with the compression in-
dex. The compressed page may include a compression
metadata having an algorithm and version identifier, a
reference count, a compressed page offset, a virtual
page address, and an unused space identifier.
[0018] Referring now to the drawings, FIG. 1A is a
block diagram of an example machine-readable storage
medium 120 that includes instructions to receive a write
request 102 containing write data and compress and
store the write data in a compressed page that includes
compression metadata. The instructions may be execut-
able by a processing resource 110 of a device 100.
[0019] Device 100 includes a processing resource 110
and may be any networking or computing device suitable
for execution of the functionality described below. As
used herein, a device may be a desktop computer, laptop
(or notebook) computer, workstation, tablet computer,
mobile phone, smart device, switch, router, server, blade
enclosure, or any other processing device or equipment
including a processing resource.
[0020] As depicted in FIG. 1A, device 100 may also
include a machine-readable storage medium 120 com-
prising (e.g., encoded with) instructions 122, 124, 126,
128, and 130 executable by processing resource 110 to
implement functionalities described herein in relation to
FIG. 1A. In some examples, storage medium 120 may
include additional instructions. In other examples, the
functionalities described herein in relation to instructions
122, 124, 126, 128, 130, and any additional instructions
described herein in relation to storage medium 120, may
be implemented at least in part in electronic circuitry (e.g.,
via components comprising any combination of hardware
and programming to implement the functionalities de-
scribed herein). In some examples, device 100 may be
a controller node for a storage platform or may be located
within a controller node for a storage platform. In some
examples (not shown in FIG. 1A), storage medium 120
may be located outside of device 100. In such examples,
device 100 may communicate via a computer network
(e.g., Internet, Local Area Network (LAN), Wide Area Net-
work (WAN), etc.) with storage medium 120.
[0021] As used herein, a machine-readable storage
medium may be any electronic, magnetic, optical, or oth-
er physical storage apparatus to contain or store infor-
mation such as executable instructions, data, and the
like. For example, any machine-readable storage medi-
um described herein may be any of Random Access
Memory (RAM), volatile memory, non-volatile memory,
flash memory, a storage drive (e.g., a hard drive), a solid
state drive, any type of storage disc (e.g., a compact disc,
a DVD, etc.), and the like, or a combination thereof. Fur-
ther, any machine-readable storage medium described
herein may be non-transitory.
[0022] In examples described herein, a processing re-
source may include, for example, one processor or mul-
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tiple processors included in a single device or distributed
across multiple devices. As used herein, a processor may
be at least one of a central processing unit (CPU), a sem-
iconductor-based microprocessor, a graphics process-
ing unit (GPU), a field-programmable gate array (FPGA)
configured to retrieve and execute instructions, other
electronic circuitry suitable for the retrieval and execution
instructions stored on a machine-readable storage me-
dium, or a combination thereof. Processing resource 110
may fetch, decode, and execute instructions stored on
storage medium 120 to perform the functionalities de-
scribed above in relation to instructions 122, 124, 126,
128, and 130. In other examples, the functionalities of
any of the instructions of storage medium 120 may be
implemented in the form of electronic circuitry, in the form
of executable instructions encoded on a machine-read-
able storage medium, or a combination thereof. In the
example of FIG. 1A, storage medium 120 may be imple-
mented by one machine-readable storage medium, or
multiple machine-readable storage media.
[0023] In the example of FIG. 1A, instructions 122 may
receive a write request 102 containing write data. A write
request, as described herein, may refer to a message or
command to store write data. In some examples, write
request 102 may be received from a user (e.g., saving a
file). In other examples, write request 102 may be re-
ceived from a process or task as part of a larger trans-
action or operation. The write data may refer to any char-
acters, symbols, or information in the form of electrical
signals to be recorded on magnetic, optical, mechanical,
or electronic media. In some examples, upon receiving
write request 102 containing write data, the write data
may be assigned or allocated a virtual page number or
virtual page address. In one such example, the write data
may fit in a single virtual page. In another such example,
the write data may comprise several virtual pages.
[0024] Instructions 124 may receive the write data from
write request 102 and store the write data in a data cache.
A data cache, as used in examples herein, may refer to
any component that stores data such that future requests
for that data may be served or completed more quickly
than if that data were to be stored in a slower data source
such as a remote server. In some examples, the data
cache may be located on the processing resource 110
or device 100. In other examples, the data cache may
be located on storage medium 120, either on or off device
100. In other examples, the data cache may be located
in primary memory. In yet other examples, the data cache
may be located in secondary memory. The data cache
may temporarily or more permanently store any data to
be stored in or read from memory. The data cache may
also store any data requested or predicted to be needed
by processing resource 110 and/or any data that is fre-
quently used by processing resource 110. Any or all data
within the data cache may be part of a data set that in-
cludes the write data from write request 102.
[0025] Instructions 126 may analyze the data in the
data cache and apply a page fit process to the write data.

In the examples described herein, a page may refer to a
specific quantity of data. For example, a page may be a
sequence of N bytes, where N is a power of 2. In exam-
ples involving virtual memory, a page may be 4 KiloBytes
(KB) to 64 KB or more. The page fit process may deter-
mine a best fit for data in a compressed page. A com-
pressed page, as used in examples herein, refers to a
page that includes compressed data and metadata. In
some examples, the compressed data may include sev-
eral virtual pages of data. In one example, a compressed
page may include up to eight virtual pages. In other ex-
amples, the compressed page may include even more
virtual pages depending on the size of the page, the
amount of compression achieved, available memory
space, and other such relevant variables. The com-
pressed page is described in more detail below with re-
spect to FIG. 5.
[0026] Instructions 126, in some examples, may in-
clude instructions to determine a best fit based on a data
set within the data cache that includes the write data. In
some examples, the page fit process may estimate or
predict a size of the write data after compression. The
page fit process may estimate this size based on one or
more compression algorithms. The page fit process may
similarly estimate or predict the size(s) of other data with-
in the data cache after compression. The page fit process
may estimate the size(s) based on one or more compres-
sion algorithms. Based (at least in part) on the estimated
sizes of the write data as well as other data within the
data cache after compression, the page fit process may
ascertain a compressed page with a "best fit" and which
has a suitable number of virtual pages of data and is
organized in a suitable order. In some examples, the
page fit process may analyze whether the write data and
other data within the data cache may be accessed to-
gether in ascertaining which data to include in a com-
pressed page. In other examples, the page fit process
may analyze how frequently or infrequently data may be
accessed in determining which data to include in the com-
pressed page. Very frequently accessed data, in some
such examples, may not be included in the compressed
page. In some examples, the page fit process may gen-
erate or determine a compression index and a page ad-
dress, described in more detail below in relation to in-
structions 128, for the write data and other data within
the compressed page. The page fit process may addi-
tionally, in some examples, generate or determine com-
pression metadata, described in more detail below in re-
lation to instructions 130, for the data within the com-
pressed page.
[0027] After the write data from write request 102 has
been processed by the page fit process, instructions 128
may cause the generation of a virtual page table entry in
a virtual page table for the processed write data. In some
examples, instructions 128 may cause the generation of
a virtual page table entry based on information received
or obtained from the page fit process. As used in the
examples herein, a virtual page table may refer to a table
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or other suitable data structure that includes one or more
virtual page table entries. A virtual page table entry, as
used in the examples herein, may refer to a row, a line,
or other suitable portion of a virtual page table that aids
in associating a virtual memory address with a physical
memory address by way of compression metadata. The
data or information within the virtual page table entry may
be referred to as metadata. As used herein, metadata
may refer to data that provides information about other
data.
[0028] In some examples, a virtual page table entry is
associated with a virtual page number or virtual page
address and includes a compression index and a page
address. The compression index may refer to a particular
virtual page within a compressed page. For example, for
a compressed page that may hold up to eight virtual pag-
es, the compression index may include a value between
0-7, with each value being associated with a different
virtual page. For a compressed page that may hold fewer
virtual pages, the compression index may be correspond-
ingly lower. Likewise, for a compressed page that may
hold a greater number of virtual pages, the compression
index may be correspondingly higher.
[0029] In some examples, the page address of a com-
pression table entry may refer to a physical page. In some
such examples, the page address may be a physical
page address for a compressed page. In other such ex-
amples, the page address may be a physical page
number from which a physical page address can be gen-
erated for a compressed page.
[0030] In some examples, instructions 128 may cause
the generation of a virtual page table in which each virtual
page table entry corresponds to a compressed page in
memory. In other examples, each virtual page table entry
may correspond to a page in memory, with a subset of
the pages being compressed pages and another subset
of the pages being uncompressed pages. In such exam-
ples, the compression index for an uncompressed page
may include a null character or other value to indicate
that the page does not include compressed data.
[0031] FIG. 4 depicts an example virtual page table
400 that includes several virtual page table entries 410.
As depicted, each virtual page table entry includes a com-
pression index and a page address. In some examples,
virtual page table 400 may include additional metadata
not shown in FIG. 4. For example, virtual page table 400
may include a valid bit to indicate whether the page is in
primary memory. An indication that the page is not in
primary memory may correspond to a page fault and may
involve an additional memory access to determine a page
address for the physical page.
[0032] Returning to FIG. 1A, instructions 130 may re-
ceive or otherwise obtain processed write data (as well
as any other data to be stored in the compressed page)
from the data cache after the page fit process has been
applied. In some examples, instructions 130 may receive
or otherwise obtain one or more virtual pages of data,
including the processed write data, to be compressed

into a compressed page. In one such example, the proc-
essed write data may be one (or more) of several virtual
pages to be compressed into a single compressed page.
Instructions 130 may perform an inline compression of
the processed write data (and any other data to be stored
in the compressed page) to store the processed write
data in a compressed page as compressed write data.
Inline compression may be achieved using any of a
number of suitable compression algorithms, including
(but not limited to) Lempel-Ziv-Oberhumer® (LZO),
LZ77®, LZ4®, and Snappy®.
[0033] The processed write data may be stored in the
compressed page at a location associated with the com-
pression index in the page compression table entry. For
example, a compression index of "0" may indicate that
the processed write data is located as the first virtual
page within the compressed page. Similarly, a compres-
sion index of "1" may indicate that the processed write
data is located as the second virtual page within the com-
pressed page. In such an example, the first virtual page
may be occupied by other data. In some examples, the
compressed page may be stored in secondary memory,
tertiary memory, or off-line or external memory.
[0034] In addition to compressed data, the com-
pressed page may include compression metadata asso-
ciated with the compressed data. In some examples, in-
structions 130 may receive compression metadata from
the page fit process for the compressed page. As used
herein, compression metadata may refer to data within
the compressed page that provides information about
compressed data in the compressed page. In some ex-
amples, instructions 130 may perform an inline compres-
sion of the compression metadata along with the proc-
essed write data and any other data to be stored in the
compressed page. In other examples, instructions 130
may perform an inline compression of just the processed
write data (and any other data to be stored in the com-
pressed page) and the compression data may be stored
in the compressed page in an uncompressed format.
[0035] The compression metadata may include,
among other things, a reference count, a compressed
page offset, and a virtual page address. Each of the ref-
erence count, the compressed page offset, and the virtual
page address may represent separate fields made up of
one or more bits that provide information about the com-
pressed page and the compressed data within the com-
pressed page.
[0036] In some examples, the reference count may re-
fer to the number of virtual pages within the compressed
page. For instance, for a compressed page that includes
two virtual pages, the reference count may include the
value "2" or may otherwise indicate that the compressed
page includes two virtual pages. Similarly, for a com-
pressed page that includes 8 virtual pages, the reference
count may include the value "8" or may otherwise indicate
that the compressed page includes eight virtual pages.
[0037] In some examples, the compressed page offset
may refer to an offset that specifies where the data as-
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sociated with each virtual page in a compressed page is
located within that compressed page. In some such ex-
amples, each virtual page within a compressed page may
be associated with its own compressed page offset. Ac-
cordingly, a compressed page holding several virtual
pages may have several different compressed page off-
set fields. The compressed page offset may be repre-
sented by a byte number. In one example in which the
processed write data may be stored in a first virtual page
within the compressed page, the compressed page offset
for the processed write data may be "0." In another ex-
ample in which the processed write data may be stored
in a first virtual page within the compressed page, but
the compressed page begins with compression metada-
ta, the compressed page offset for the processed write
data may be a byte value that reflects the size of the
compression metadata. Similarly, in an example in which
the processed write data may be stored as a second vir-
tual page within the compressed page, the compressed
page offset for the processed write data may be a byte
value that reflects the size of the data in the first virtual
page. The compressed page offset for each virtual page
within the compressed page may allow for easy calcula-
tion of the size of the virtual pages.
[0038] In some examples, the virtual page address
may refer to a virtual page. In some such examples, the
virtual page address may be an address for a virtual page.
In other such examples, the virtual page address may be
a virtual page number from which a virtual page address
can be generated for a virtual page. In some examples,
each virtual page within a compressed page may be as-
sociated with its own virtual page address. The virtual
page address may allow for efficient look-up of a virtual
page’s corresponding virtual page table entry when nec-
essary.
[0039] The compression metadata may, in some ex-
amples, include additional metadata such as an algo-
rithm and version identifier or an unused space identifier.
The algorithm and version identifier and the unused
space identifier may represent separate fields made up
of one or more bits that provide additional information
about the compressed page and the compressed data
within the compressed page. In some examples, the al-
gorithm and version identifier may identify the compres-
sion algorithm and the version of the compression algo-
rithm used to compress the data. In some such examples,
this may aid in decompression of the data within the com-
pressed page.
[0040] In some examples, an unused space identifier
may identify the amount of unused space at the end of
the compressed page. In some examples, the unused
space identifier may aid in determining the size of the
last virtual page stored in the compressed page. In other
examples, the unused space identifier may instead be a
used length identifier.
[0041] FIG. 5 depicts a block diagram of an example
compressed page 500 including compression metadata
510 and compressed data 530. In the example of FIG.

5, the compressed page includes eight virtual pages of
compressed data. Compression metadata 510 includes
algorithm and version identifier 512, reference count 514,
compressed page offset 516, unused space identifier
518, and virtual page address 520. The algorithm and
version identifier 512 may indicate the compression al-
gorithm and compression algorithm version used to com-
press the compressed data 530. The reference count
514 may have a value of "8" to indicate that compressed
page 500 includes eight virtual pages of data.
[0042] In the example of FIG. 5, each virtual page with-
in the compressed page 500 may also have an associ-
ated compressed page offset 516. As shown in FIG. 5,
a compression page that may hold up to eight virtual pag-
es of compressed data may include eight compressed
page offset fields. Accordingly, virtual page 0 would be
associated with compressed page 0 offset, virtual page
1 would be associated with compressed page 1 offset,
and so on. Each compressed page offset field may iden-
tify a byte location at which the compressed data begins
within compressed page 500.
[0043] The unused space identifier 518 of FIG. 5 iden-
tifies the amount of unused space 534 within compressed
page 500. In some examples, unused space identifier
518 may represent the amount of unused space 534 as
a byte value. The virtual page address 520 may indicate
the virtual page address of each virtual page within the
compressed page. As shown, each of the eight virtual
pages within compressed page 500 may have an asso-
ciated virtual page offset. Accordingly, virtual page 0
would be associated with virtual page 0 address, virtual
page 1 would be associated with virtual page 1 address,
and so on. In some examples, virtual page address 520
is the virtual page address for the virtual page. In other
examples, virtual page address 520 may be a virtual page
number from which the virtual page address can be gen-
erated. Virtual page address 520 may allow for efficient
look-up of a virtual page’s corresponding virtual page ta-
ble entry when necessary.
[0044] As shown in FIG. 5, compressed data 530 may
include virtual page compressed data 532 for up to eight
virtual pages and may also, in some examples, include
unused space 534. Although not shown in FIG. 5, a com-
pressed page may include fewer or more types of com-
pression metadata 510. Likewise, a compressed page
may include fewer or more virtual pages of compressed
data 530. In addition, in the example of FIG. 5, the com-
pression metadata 510 is shown before the compressed
data 530. However, the compression metadata and com-
pressed data may be organized and located in any suit-
able manner within the compressed page.
[0045] In some examples, instructions 122, 124, 126,
128, and 130 may be part of an installation package that,
when installed, may be executed by processing resource
110 to implement the functionalities described above. In
such examples, storage medium 120 may be a portable
medium, such as a CD, DVD, or flash drive, or a memory
maintained by a server from which the installation pack-
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age can be downloaded and installed. In other examples,
instructions 122, 124, 126, 128, and 130 may be part of
an application, applications, or component(s) already in-
stalled on device 100 including processing resource 110.
In such examples, the storage medium 120 may include
memory such as a hard drive, solid state drive, or the
like. In some examples, functionalities described herein
in relation to FIG. 1A may be provided in combination
with functionalities described herein in relation to any of
FIGS. 1B-C and 2-5.
[0046] Further examples are described herein in rela-
tion to FIG. 1B, which is a block diagram of an example
machine-readable storage medium 120 that includes in-
structions to receive a read request 104 for write data,
locate the write data, and, if necessary, decompress the
write data. The example of FIG. 1B includes device 100,
processing resource 110, and machine-readable storage
medium 120 comprising instructions 122, 124, 126, 128,
and 130, as described above in relation to FIG. 1A. The
example of FIG. 1B further includes the machine-reada-
ble storage medium 120 comprising instructions 132,
134, 136, and 138 executable by processing resource
110 to implement functionalities described herein in re-
lation to FIG. 1B.
[0047] In some examples, storage medium 120 may
include additional instructions. In other examples, the
functionalities described herein in relation to instructions
122, 124, 126, 128, 130, 132, 134, 136, 138, and any
additional instructions described herein in relation to stor-
age medium 120, may be implemented at least in part in
electronic circuitry (e.g., via components comprising any
combination of hardware and programming to implement
the functionalities described herein). In some examples,
device 100 may be a controller node for a storage plat-
form or may be located within a controller node for a
storage platform. In some examples (not shown in FIG.
1B), storage medium 120 may be located outside of de-
vice 100. In such examples, device 100 may communi-
cate via a computer network (e.g., Internet, Local Area
Network (LAN), Wide Area Network (WAN), etc.) with
storage medium 120.
[0048] Processing resource 110 may fetch, decode,
and execute instructions stored on storage medium 120
to perform the functionalities described above in relation
to instructions 122, 124, 126, 128, 130, 132, 134, 136,
and 138. In other examples, the functionalities of any of
the instructions of storage medium 120 may be imple-
mented in the form of electronic circuitry, in the form of
executable instructions encoded on a machine-readable
storage medium, or a combination thereof. In the exam-
ple of FIG. 1B, storage medium 120 may be implemented
by one machine-readable storage medium, or multiple
machine-readable storage media.
[0049] As described above, in relation to FIG. 1A, in-
structions 122 may receive a write request 102 containing
write data. Instructions 124 may receive the write data
from write request 102 and store the write data in a data
cache. Instructions 126 may analyze the data in the data

cache, including the write data, and apply a page fit proc-
ess to the write data. Instructions 128 may cause the
generation of a virtual page table entry in a virtual page
table for the processed write data. As described above
in relation to FIGS. 1A and 4, the virtual page table entry
may include a compression index and a page address.
Instructions 130 may perform an inline compression of
the processed write data to compress and store the proc-
essed write data in a compressed page at a location as-
sociated with the compression index. As described above
in relation to FIGS. 1A and 5, the compressed page may
include compressed data and compression metadata
that may include a reference count, a compressed page
offset, and a virtual page address.
[0050] In the example of FIG. 1B, instructions 132 may
receive a read request 104 for write data 102. A read
request, as described herein, may refer to a message or
command to retrieve (i.e., read) data. In some examples,
read request 104 may be received from a user (e.g.,
opening a file). In other examples, read request 104 may
be received from a process or task as part of a larger
transaction or operation. In some examples, read request
104 may include a virtual page address for the write data.
[0051] In response to receiving read request 104, in-
structions 134 may determine whether the write data is
located in the data cache. In some examples, instructions
134 may search the data cache based (at least in part)
on an address associated with the read request. In some
such examples, instructions 134 may search an index,
table, or other organizational structure associated with
the data cache to determine whether the write data is
located in the data cache. If the write data is located within
the data cache, the write data may be retrieved for the
requesting entity, completing the read request.
[0052] Based (at least in part) on a determination that
the write data is not located in the data cache, instructions
136 may determine whether the write data is located in
a compressed cache. A compressed cache, as used in
examples herein, may refer to any component that stores
a compressed page such that future requests for the com-
pressed page may be served or completed more quickly
than if the compressed page were to be stored in a slower
data source such as a remote server. In some examples,
the compressed cache may be located on the processing
resource 110 or device 100. In other examples, the com-
pressed cache may be located on storage medium 120,
either on or off device 100. In other examples, the com-
pressed cache may be located in primary memory. In yet
other examples, the compressed cache may be located
in secondary memory. The compressed cache may tem-
porarily or more permanently store compressed pages
to be stored in or read from memory. The compressed
cache may also store any compressed pages requested
or predicted to be needed by processing resource 110
and/or any compressed pages that are frequently used
by processing resource 110.
[0053] In some examples, instructions 136 may search
the data cache based (at least in part) on an address
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associated with the read request. In some such exam-
ples, instructions 136 may search an index, table, or other
organizational structure associated with the compressed
cache to determine whether the write data is located in
the compressed cache. If the write data is located within
the compressed cache, the write data may be retrieved
and decompressed for the requesting entity, completing
the read request.
[0054] Based (at least in part) on a determination that
the write data is not located in the compressed cache,
instructions 138 may locate and decompress the write
data. In some examples, instructions 138 may locate the
write data via the virtual page table and the compression
metadata. For instance, in some such examples, read
request 104 may include a virtual page address or virtual
page number for the write data. Based (at least in part)
on the virtual page address or virtual page number, in-
structions 138 may identify the virtual page table and the
virtual page table entry within the virtual page table that
are associated with the address. As described above in
relation to FIG. 1A, the virtual page table entry may as-
sociate the virtual page address with a physical page
address or physical page number. The virtual page table
entry may additionally include a compression index that
identifies a virtual page within the compressed page.
Based (at least in part) on the page address from the
virtual page table entry, instructions 138 may locate the
compressed page within which the write data is located.
In some examples, the compressed page may then be
read (i.e., retrieved) and stored within the compressed
cache. Instructions 138 may further locate the write data
within the compressed page based (at least in part) on
the compression index of the virtual page table entry and
the compressed page offset of the compression meta-
data.
[0055] Upon locating the write data within the com-
pressed page, instructions 138 may decompress the
write data and send the data to the requesting entity. In
some examples, instructions 138 may determine the
compression algorithm and compression algorithm ver-
sion from the compression metadata to aid in decom-
pressing the write data. In other examples, instructions
138 may check the virtual page address within the com-
pression metadata to confirm the write data has been
located prior to decompression. In some examples, the
decompressed write data may be stored in the data cache
before it is sent to the requesting entity.
[0056] In some examples, instructions 122, 124, 126,
128, 130, 132, 134, 136, and 138 may be part of an in-
stallation package that, when installed, may be executed
by processing resource 110 to implement the function-
alities described above. In such examples, storage me-
dium 120 may be a portable medium, such as a CD, DVD,
or flash drive, or a memory maintained by a server from
which the installation package can be downloaded and
installed. In other examples, instructions 122, 124, 126,
128, 130, 132, 134, 136, and 138 may be part of an ap-
plication, applications, or component(s) already installed

on device 100 including processing resource 110. In such
examples, the storage medium 120 may include memory
such as a hard drive, solid state drive, or the like. In some
examples, functionalities described herein in relation to
any of FIGS. 1B may be provided in combination with
functionalities described herein in relation to any of FIGS.
1A, 1C and 2-5.
[0057] Further examples are described herein in rela-
tion to FIG. 1C, which is a block diagram of an example
machine-readable storage medium that includes instruc-
tions to receive a read-modify-write request to modify the
write data and to apply a page re-fit process to determine
whether the modified write data will fit in the compressed
page. The example of FIG. 1C includes device 100,
processing resource 110, and machine-readable storage
medium 120 comprising instructions 122, 124, 126, 128,
and 130 as described above in relation to FIG. 1A. The
example of FIG. 1C further includes the machine-read-
able storage medium 120 comprising instructions 140,
142, 144, 146, and 148 executable by processing re-
source 110 to implement functionalities described herein
in relation to FIG. 1C.
[0058] In some examples, storage medium 120 may
include additional instructions. In other examples, the
functionalities described herein in relation to instructions
122, 124, 126, 128, 130, 140, 142, 144, 146, 148, and
any additional instructions described herein in relation to
storage medium 120, may be implemented at least in
part in electronic circuitry (e.g., via components compris-
ing any combination of hardware and programming to
implement the functionalities described herein). In some
examples, device 100 may be a controller node for a
storage platform or may be located within a controller
node for a storage platform. In some examples (not
shown in FIG. 1C), storage medium 120 may be located
outside of device 100. In such examples, device 100 may
communicate via a computer network (e.g., Internet, Lo-
cal Area Network (LAN), Wide Area Network (WAN), etc.)
with storage medium 120.
[0059] Processing resource 110 may fetch, decode,
and execute instructions stored on storage medium 120
to perform the functionalities described above in relation
to instructions 122, 124, 126, 128, 130, 140, 142, 144,
146, and 148. In other examples, the functionalities of
any of the instructions of storage medium 120 may be
implemented in the form of electronic circuitry, in the form
of executable instructions encoded on a machine-read-
able storage medium, or a combination thereof. In the
example of FIG. 1C, storage medium 120 may be imple-
mented by one machine-readable storage medium, or
multiple machine-readable storage media.
[0060] As described above in relation to FIG. 1A, in-
structions 122 may receive a write request 102 containing
write data. Instructions 124 may receive the write data
from write request 102 and store the write data in a data
cache. Instructions 126 may analyze the data in the data
cache, including the write data, and apply a page fit proc-
ess to the write data. Instructions 128 may cause the
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generation of a virtual page table entry in a virtual page
table for the processed write data. As described above
in relation to FIGS. 1A and 4, the virtual page table entry
may include a compression index and a page address.
Instructions 130 may perform an inline compression of
the processed write data to compress and store the proc-
essed write data in a compressed page at a location as-
sociated with the compression index. As described above
in relation to FIGS. 1A and 5, the compressed page may
include compressed data and compression metadata
that may include a reference count, a compressed page
offset, and a virtual page address.
[0061] In the example of FIG. 1C, instructions 140 may
receive a read-modify-write (RMW) request to modify the
write data and re-write modified write data. A read-mod-
ify-write request, as described herein, may refer to a mes-
sage or command to retrieve (i.e., read) and re-write or
modify previously written data. In some examples, RMW
request 106 may be received from a user (e.g., saving a
previously saved file). In other examples, RMW request
106 may be received from a process or task as part of a
larger transaction or operation. In some examples, RMW
request 106 may include a virtual page address for the
write data that is to be modified.
[0062] In some examples, as described above in rela-
tion to FIG. 1B, the location of the write data may be
determined via the virtual page table and the compres-
sion metadata. In some such examples, a virtual page
address for the write data may be used to identify the
appropriate virtual page table entry within the virtual page
table. Based (at least in part) on the page address iden-
tified in the virtual page table, the compressed page with-
in which the write data is located may be identified and
retrieved. Using the compression index identified in the
virtual page table entry, and the compression metadata
of the compressed page, the location of the write data
within the compressed page may be determined. Based
(at least in part) on the compressed page offset within
the compression metadata of the compressed page, the
compressed size of the write data may be determined.
[0063] Instructions 142 may receive the modified write
data from RMW request 106 and store the modified write
data in the data cache. Instructions 144 may analyze the
modified write data and apply a page re-fit process to the
modified write data to determine whether the modified
write data will fit in the compressed page at the compres-
sion index. In some examples, the page re-fit process
may determine the size of the compressed write data via
the virtual page table entry and/or the compression meta-
data. In other examples, the page re-fit process may re-
ceive this information. The page re-fit process may also
estimate or predict a size of the modified write data after
compression. In some examples, the page re-fit process
may estimate this size based on one or more compres-
sion algorithms. Based (at least in part) on a comparison
of the size of the compressed write data and the estimat-
ed size of the modified write data, the page re-fit process
may determine whether the modified write data will fit in

the compressed page at the compression index.
[0064] Instructions 146 may receive or otherwise ob-
tain the modified write data (as well as any other data to
be re-stored in the compressed page) from the data
cache after the page re-fit process has been applied.
Based (at least in part) on a determination that the mod-
ified write data will fit in the compressed page at the com-
pression index, instructions 146 may perform an inline
compression of the modified write data to compress and
store the modified write data in the compressed page at
the location associated with the compression index. In
some examples, prior to performing the inline compres-
sion, the compressed page may first be located and re-
trieved, as described above in relation to FIG. 1B. In some
such examples, the compressed page may be stored in
the compressed cache. The compressed page may also
be decompressed and its data may be stored in the data
cache, as described above in relation to FIG. 1B. In some
examples, inline compression may be achieved using
any of a number of suitable compression algorithms, in-
cluding (but not limited to) Lempel-Ziv-Oberhumer®
(LZO), LZ77®, LZ4®, and Snappy®.
[0065] The modified write data may be stored in the
compressed page at the location associated with the
compression index in the page compression table entry
for the write data. For example, if the write data was lo-
cated at the first virtual page within the compressed page
(e.g., at compression index "0"), the modified write data
would begin at the same byte location within the com-
pressed page. Based (at least in part) on a determination
that the modified write data fits in the compressed page
at the location associated with the compression index,
the compression metadata and the virtual page table en-
try may not need to be modified. The compressed page
is described in more detail above in relation to FIG. 5.
[0066] If the page re-fit process determines that the
modified write data will not fit in the compressed page at
the location associated with the compression index, in
some examples, a page fit process may be applied to
the modified write data. In some examples, the page fit
process may analyze the modified write data in the data
cache as well as other data in the data cache to determine
a best fit for data in a new compressed page. In some
such examples, the page fit process may estimate the
size of data within the data cache based on one or more
compression algorithms. Based (at least in part) on the
estimated size of the modified write data and the esti-
mated size(s) of other data within the data cache, the
page fit process may ascertain a new compressed page
with a "best fit" having a suitable number of virtual pages
of data and organized in a suitable order. In some exam-
ples, the page fit process may analyze whether the mod-
ified write data and other data within the data cache may
be accessed together in ascertaining which data to in-
clude in the new compressed page. In other examples,
the page fit process may analyze how frequently or in-
frequently data may be accessed in determining which
data to include in the new compressed page. Very fre-
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quently accessed data, in some such examples, may not
be included in the compressed page. The page fit process
may additionally, in some examples, generate or deter-
mine a compression index and a page address for the
modified write data and other data within the new com-
pressed page. The page fit process may also generate
or determine the compression metadata for the data with-
in the new compressed page.
[0067] Based (at least in part) on the determination that
the modified write data will not fit in the compressed page
at the location associated with the compression index,
instructions 148 may cause the generation of a new vir-
tual page table entry in the virtual page table for the mod-
ified write data. The new virtual page table entry may
include a new compression index and a new page ad-
dress. In some examples, instructions 146 may receive
the new compression index and/or the new page address
from the page fit process.
[0068] As described above in relation to FIGS. 1A and
1B, the virtual page table may refer to a table or other
suitable data structure that includes one or more virtual
page table entries. As also described above in relation
to FIGS. 1A and 1B, the virtual page table entry may refer
to a row, a line, or other suitable portion of a virtual page
table that aids in associating a virtual memory address
with a physical memory address by way of compression
metadata. Likewise, the new virtual page table entry, sim-
ilar to the virtual page table entry described above, may
be associated with a virtual page number or virtual page
address and may include a new compression index and
a new page address.
[0069] The new compression index, like the compres-
sion index described above in relation to FIGS. 1A-B and
4, may refer to a particular virtual page within a com-
pressed page. Similarly, the new compression index may
refer to a particular virtual page with a new compressed
page. The new page address, like the page address de-
scribed above in relation to FIGS. 1A-B and 4, may refer
to a physical page. In some such examples, the new page
address may be a physical page address for a new com-
pressed page. In other such examples, the new page
address may be a physical page number from which a
physical page address can be generated for a new com-
pressed page.
[0070] Based (at least in part) on the determination that
the modified write data will not fit in the compressed page,
instructions 148 may further receive or otherwise obtain
data from the data cache, including the modified write
data, to be stored in a new compressed page. The new
compressed page, like the compressed page described
above in relation to FIGS. 1A-B and 5, may include com-
pressed data and compression metadata. In some ex-
amples, instructions 148 may receive or otherwise obtain
one or more virtual pages of data, including the modified
write data, to be compressed into the new compressed
page. In one such example, the modified write data may
be one (or more) of several virtual pages to be com-
pressed into a single new compressed page. Instructions

148 may perform an inline compression of the modified
write data (and any other data to be stored in the new
compressed page) to store the modified write data in the
new compressed page as compressed modified write da-
ta. Inline compression may be achieved using any of a
number of suitable compression algorithms, including
(but not limited to) Lempel-Ziv-Oberhumer® (LZO),
LZ77®, LZ4®, and Snappy®.
[0071] The modified write data may be stored in the
new compressed page at a location associated with the
new compression index in the new page compression
table entry. For example, a new compression index of
"0" may indicate that the modified write data is located
as the first virtual page within the new compressed page.
Similarly, a new compression index of "1" may indicate
that the modified write data is located as the second vir-
tual page within the new compressed page. In such an
example, the first virtual page may be occupied by other
data. In some examples, the new compressed page may
be stored in secondary memory, tertiary memory, or off-
line or external memory.
[0072] In addition to the compressed data within the
new compressed page, the new compressed page may
include new compression metadata associated with the
compressed data. In some examples, instructions 148
may receive new compression metadata from a page fit
process for the new compressed page. The new com-
pression metadata, like the compression metadata de-
scribed above in relation to FIGS. 1A-B and 5, may refer
to data within a compressed page that provides informa-
tion about compressed data in the (new) compressed
page. In some examples, instructions 148 may perform
an inline compression of the new compression metadata
along with the modified write data and any other data to
be stored in the new compressed page. In other exam-
ples, instructions 148 may perform an inline compression
of just the modified write data (and any other data to be
stored in the compressed page) and the new compres-
sion data may be stored in the new compressed page in
an uncompressed format.
[0073] Similar to the compression metadata described
above in relation to FIGS. 1A-B and 5, the new compres-
sion metadata may include, among other things, a new
reference count, a new compressed page offset, and a
new virtual page address. Each of the new reference
count, the new compressed page offset, and the new
virtual page address may represent separate fields made
up of one or more bits that provide information about the
new compressed page and the compressed data within
the new compressed page.
[0074] The new reference count, like the reference
count described above in relation to FIGS. 1A-B and 5,
may refer to the number of virtual pages within a com-
pressed page. For instance, for a new compressed page
that includes two virtual pages, the new reference count
may include the value "2" or may otherwise indicate that
the new compressed page includes two virtual pages.
Similarly, for a new compressed page that includes 8
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virtual pages, the new reference count may include the
value "8" or may otherwise indicate that the new com-
pressed page includes eight virtual pages.
[0075] The new compressed page offset, like the com-
pressed page offset described above in relation to FIGS.
1A-B and 5, may refer to an offset that specifies where
the data associated with each virtual page in a com-
pressed page is located within that compressed page. In
some such examples, each virtual page within a new
compressed page may be associated with its own new
compressed page offset. Accordingly, a new com-
pressed page holding several virtual pages may have
several different new compressed page offset fields. The
new compressed page offset may be represented by a
byte number. In one example in which the modified write
data may be stored in a first virtual page within the new
compressed page, the new compressed page offset for
the modified write data may be "0." In another example
in which the modified write data may be stored in a first
virtual page within the new compressed page, but the
new compressed page begins with new compression
metadata, the new compressed page offset for the mod-
ified write data may be a byte value that reflects the size
of the new compression metadata. Similarly, in an exam-
ple in which the modified write data may be stored as a
second virtual page within the new compressed page,
the new compressed page offset for the modified write
data may be a byte value that reflects the size of the data
in the first virtual page. The new compressed page offset
for each virtual page within the new compressed page
may allow for easy calculation of the size of the virtual
pages.
[0076] The new virtual page address, like the virtual
page address described above in relation to FIGS. 1A-
B and 5, may refer to a virtual page. In some such ex-
amples, the new virtual page address may be an address
for a virtual page. In other such examples, the new virtual
page address may be a virtual page number from which
a virtual page address can be generated for a virtual
page. In some examples, each virtual page within a new
compressed page may be associated with its own virtual
page address. The new virtual page address may allow
for efficient look-up of a virtual page’s corresponding new
virtual page table entry when necessary.
[0077] The new compression metadata, like the com-
pression metadata described above in relation to FIGS.
1A-B and 5, may also include additional metadata such
as an algorithm and version identifier or an unused space
identifier. The algorithm and version identifier and the
unused space identifier may represent separate fields
made up of one or more bits that provide additional in-
formation about the new compressed page and the com-
pressed data within the new compressed page. In some
examples, the algorithm and version identifier may iden-
tify the compression algorithm and the version of the com-
pression algorithm used to compress the data. In some
such examples, this may aid in decompression of the
data within the new compressed page.

[0078] In some examples, an unused space identifier
may identify the amount of unused space at the end of
the new compressed page. In some examples, the un-
used space identifier may aid in determining the size of
the last virtual page stored in the new compressed page.
In other examples, the unused space identifier may in-
stead be a used length identifier.
[0079] Based (at least in part) on the determination that
the modified write data will not fit in the compressed page
at the location associated with the compression index,
instructions 148 may further access and update the com-
pression metadata of the compressed page. In one ex-
ample, instructions 148 may update the reference count
of the compression metadata to reflect that the com-
pressed page includes one or fewer virtual pages. In an-
other example, instructions 148 may update the virtual
page address with a null value or character to reflect that
the virtual page is no longer found within the compressed
page. In some examples, the virtual page table entry for
the processed write data may also be modified. In one
example, the virtual page table entry may be removed.
In another example, the virtual page table entry may be
populated with a "0" or other character or value to indicate
that it is an empty entry. In yet other examples, the virtual
page table entry for the processed write data may simply
be identified as an available entry to be rewritten. In other
examples, the new virtual page table entry for the mod-
ified write data may be written into the location of the
virtual page table entry for the processed write data.
[0080] In some examples, an efficiency process may
analyze and review the compression metadata of each
compressed page within memory to determine whether
two or more compressed pages may be consolidated. In
some examples, the efficiency process may review the
reference count and/or the unused space fields of each
compressed page to determine whether several pages
should be consolidated. If, for example, several com-
pressed pages no longer contain the maximum number
of allowable virtual pages and/or have a certain percent-
age or byte number of unused space, the efficiency proc-
ess, similar to the page fit process described above, may
determine a "best fit" for the virtual pages within the com-
pressed pages. In such an example, the efficiency proc-
ess may consolidate the compressed pages to, for in-
stance, a single compressed page. In some examples,
the efficiency process may analyze and review the com-
pression metadata of the compressed pages dynamical-
ly, as additional space may be needed. In other exam-
ples, the efficiency process may continually analyze and
review the compression metadata of the compressed
pages. In yet other examples, the efficiency process may
be activated with the reference count for a number of
compressed pages falls below a certain number or when
the unused space for a number of compressed pages
exceeds a certain amount.
[0081] In some examples, instructions 122, 124, 126,
128, 130, 140, 142, 144, 146, and 148 may be part of an
installation package that, when installed, may be execut-
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ed by processing resource 110 to implement the func-
tionalities described above. In such examples, storage
medium 120 may be a portable medium, such as a CD,
DVD, or flash drive, or a memory maintained by a server
from which the installation package can be downloaded
and installed. In other examples, instructions 122, 124,
126, 128, 130, 140, 142, 144, 146, and 148 may be part
of an application, applications, or component(s) already
installed on device 100 including processing resource
110. In such examples, the storage medium 120 may
include memory such as a hard drive, solid state drive,
or the like. In some examples, functionalities described
herein in relation to FIG. 1C may be provided in combi-
nation with functionalities described herein in relation to
any of FIGS. 1A-B and 2-5.
[0082] FIG. 2A is a block diagram of an example device
200 block diagram having a data cache 260 and a com-
pressed cache 270. As described above in relation to
FIGS. 1A-C, data cache 260 may refer to any component
that stores data such that future requests for that data
may be served or completed more quickly than if that
data were to be stored in a slower data source such as
a remote server. Compressed cache 270, as described
above in relation to FIG. 1B, may refer to any component
that stores a compressed page such that future requests
for the compressed page may be served or completed
more quickly than if the compressed page were to be
stored in a slower data source such as a remote server.
[0083] Device 200 also includes a processing resource
210 and may be any networking or computing device
suitable for execution of the functionality described be-
low. As used herein, a device may be a desktop compu-
ter, laptop (or notebook) computer, workstation, tablet
computer, mobile phone, smart device, switch, router,
server, blade enclosure, or any other processing device
or equipment including a processing resource.
[0084] As depicted in FIG. 2A, device 200 may also
include a machine-readable storage medium 220 com-
prising (e.g., encoded with) instructions 222, 224, 226,
228, and 230 executable by processing resource 210 to
implement functionalities described herein in relation to
FIG. 2A. In some examples, storage medium 220 may
include additional instructions. In other examples, the
functionalities described herein in relation to instructions
222, 224, 226, 228, 230, and any additional instructions
described herein in relation to storage medium 220, may
be implemented at least in part in electronic circuitry (e.g.,
via components comprising any combination of hardware
and programming to implement the functionalities de-
scribed herein). In some examples, device 200 may be
a controller node for a storage platform or may be located
within a controller node for a storage platform.
[0085] As used herein, a machine-readable storage
medium may be any electronic, magnetic, optical, or oth-
er physical storage apparatus to contain or store infor-
mation such as executable instructions, data, and the
like. For example, any machine-readable storage medi-
um described herein may be any of Random Access

Memory (RAM), volatile memory, non-volatile memory,
flash memory, a storage drive (e.g., a hard drive), a solid
state drive, any type of storage disc (e.g., a compact disc,
a DVD, etc.), and the like, or a combination thereof. Fur-
ther, any machine-readable storage medium described
herein may be non-transitory.
[0086] In examples described herein, a processing re-
source may include, for example, one processor or mul-
tiple processors included in a single device or distributed
across multiple devices. As used herein, a processor may
be at least one of a central processing unit (CPU), a sem-
iconductor-based microprocessor, a graphics process-
ing unit (GPU), a field-programmable gate array (FPGA)
configured to retrieve and execute instructions, other
electronic circuitry suitable for the retrieval and execution
instructions stored on a machine-readable storage me-
dium, or a combination thereof. Processing resource 210
may fetch, decode, and execute instructions stored on
storage medium 220 to perform the functionalities de-
scribed above in relation to instructions 222, 224, 226,
228, and 230. In other examples, the functionalities of
any of the instructions of storage medium 220 may be
implemented in the form of electronic circuitry, in the form
of executable instructions encoded on a machine-read-
able storage medium, or a combination thereof. In the
example of FIG. 2A, storage medium 220 may be imple-
mented by one machine-readable storage medium, or
multiple machine-readable storage media.
[0087] Instructions 222 may receive a write request
containing write data, as described above in relation to
instructions 122 in FIG. 1A. Instructions 224 may store
the write data in data cache 260, as described above in
relation to instructions 124 of FIG. 1A. Instructions 226
may apply a page fit process to the write data, as de-
scribed above in relation to instructions 126 in FIG. 1A.
As described above, the page fit process may also gen-
erate a compression metadata for a compressed page.
In some examples, the compression metadata may in-
clude a reference count, a compressed page offset, and
a virtual page address, as described above in relation to
FIGS. 1A-C and 5. In other examples, the compression
metadata may also include additional fields such as an
algorithm and version identifier and an unused space
identifier, as described above in relation to FIGS. 1A-C
and 5.
[0088] Instructions 228 may cause the generation of a
virtual page table entry in a virtual page table for the proc-
essed write data, as described above in relation to in-
structions 128 of FIG. 1A. As described above, the virtual
page table may refer to a table or other suitable data
structure that includes one or more virtual page table
entries. A virtual page table entry, as described above,
may refer to a row, a line, or other suitable portion of a
virtual page table that aids in associating a virtual memory
address with a physical memory address by way of com-
pression metadata. The virtual page table entry may in-
clude a compression index and a page address, as de-
scribed above in relation to FIGS. 1A and 4. As described
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above, the compression index may refer to a particular
virtual page that contains the processed write data within
a compressed page and the page address may refer to
a physical page. In some examples, the page address
may be a physical page address for a compressed page.
In other examples, the page address may be a physical
page number from which a physical page address can
be generated for a compressed page. The virtual page
table entry may additionally include other suitable fields.
The data or information within the virtual page table entry
may be referred to as metadata.
[0089] Referring again to FIG. 2A, instructions 230 may
perform an inline compression of the processed write da-
ta to compress and store the write data in the compressed
page at a location associated with the compression in-
dex, as described above in relation to instructions 130 of
FIG. 1A. As described above in relation to FIGS. 1A-C
and 5, the compressed page may include the compres-
sion metadata having the reference count, the com-
pressed page offset, and the virtual page address.
[0090] In some examples, instructions 222, 224, 226,
228, and 230 may be part of an installation package that,
when installed, may be executed by processor 210 to
implement the functionalities described above. In such
examples, storage medium 220 may be a portable me-
dium, such as a CD, DVD, or flash drive, or a memory
maintained by a server from which the installation pack-
age can be downloaded and installed. In other examples,
instructions 222, 224, 226, 228, and 230 may be part of
an application, applications, or component(s) already in-
stalled on computing device 200 including processor 210.
In such examples, the storage medium 220 may include
memory such as a hard drive, solid state drive, or the
like. In some examples, functionalities described herein
in relation to FIG. 2A may be provided in combination
with functionalities described herein in relation to any of
FIGS. 1, 2B-C, and 3-5.
[0091] Further examples are described herein in rela-
tion to FIG. 2B, which is a block diagram of an example
device 200 block diagram having a data cache 260, a
compressed cache 270, and a machine-readable stor-
age medium that includes instructions to receive a read
request. The example of FIG. 2B includes device 200,
processing resource 210, data cache 260, compressed
cache 270, and machine-readable storage medium 220
comprising instructions 222, 224, 226, 228, and 230, as
described above in relation to FIG. 2A. As described
above, data cache 260 may refer to any component that
stores data such that future requests for that data may
be served or completed more quickly than if that data
were to be stored in a slower data source such as a re-
mote server. Compressed cache 270, as described
above, may refer to any component that stores a com-
pressed page such that future requests for the com-
pressed page may be served or completed more quickly
than if the compressed page were to be stored in a slower
data source such as a remote server. The example of
FIG. 2B further includes the machine-readable storage

medium 220 comprising instructions 232, 234, 236, and
238 executable by processing resource 210 to implement
functionalities described herein in relation to FIG. 2B.
[0092] In some examples, storage medium 220 may
include additional instructions. In other examples, the
functionalities described herein in relation to instructions
222, 224, 226, 228, 230, 232, 234, 236, 238, and any
additional instructions described herein in relation to stor-
age medium 220, may be implemented at least in part in
electronic circuitry (e.g., via components comprising any
combination of hardware and programming to implement
the functionalities described herein). In some examples,
device 200 may be a controller node for a storage plat-
form or may be located within a controller node for a
storage platform.
[0093] As used herein, a machine-readable storage
medium may be any electronic, magnetic, optical, or oth-
er physical storage apparatus to contain or store infor-
mation such as executable instructions, data, and the
like. For example, any machine-readable storage medi-
um described herein may be any of Random Access
Memory (RAM), volatile memory, non-volatile memory,
flash memory, a storage drive (e.g., a hard drive), a solid
state drive, any type of storage disc (e.g., a compact disc,
a DVD, etc.), and the like, or a combination thereof. Fur-
ther, any machine-readable storage medium described
herein may be non-transitory.
[0094] In examples described herein, a processing re-
source may include, for example, one processor or mul-
tiple processors included in a single device or distributed
across multiple devices. As used herein, a processor may
be at least one of a central processing unit (CPU), a sem-
iconductor-based microprocessor, a graphics process-
ing unit (GPU), a field-programmable gate array (FPGA)
configured to retrieve and execute instructions, other
electronic circuitry suitable for the retrieval and execution
instructions stored on a machine-readable storage me-
dium, or a combination thereof. Processing resource 210
may fetch, decode, and execute instructions stored on
storage medium 220 to perform the functionalities de-
scribed above in relation to instructions 222, 224, 226,
228, 230, 232, 234, 236, and 238. In other examples, the
functionalities of any of the instructions of storage medi-
um 220 may be implemented in the form of electronic
circuitry, in the form of executable instructions encoded
on a machine-readable storage medium, or a combina-
tion thereof. In the example of FIG. 2B, storage medium
220 may be implemented by one machine-readable stor-
age medium, or multiple machine-readable storage me-
dia.
[0095] Instructions 222 may receive a write request
containing write data, as described above in relation to
FIG. 2A. Instructions 224 may store the write data in data
cache 260, as described above in relation to FIG. 2A.
Instructions 226 may apply a page fit process to the write
data, as described above in relation to FIG. 2A. As de-
scribed above, the page fit process may generate a com-
pression metadata for a compressed page. In some ex-
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amples, the compression metadata may include a refer-
ence count, a compressed page offset, and a virtual page
address, as described above in relation to FIG. 2A. In
other examples, the compression metadata may also in-
clude additional fields such as an algorithm and version
identifier and an unused space identifier, as described
above in relation to FIG. 2A.
[0096] Instructions 228 may cause the generation of a
virtual page table entry in a virtual page table for the proc-
essed write data, as described above in relation to FIGS.
2A and 4. As described above, the virtual page table may
refer to a table or other suitable data structure that in-
cludes one or more virtual page table entries. A virtual
page table entry, as described above, may refer to a row,
a line, or other suitable portion of a virtual page table that
aids in associating a virtual memory address with a phys-
ical memory address by way of compression metadata.
The virtual page table entry may include a compression
index and a page address as described above in relation
to FIG. 2A. The compression index may refer to a par-
ticular virtual page that contains the processed write data
within a compressed page and the page address may
refer to a physical page. In some examples, the page
address may be a physical page address for a com-
pressed page. In other examples, the page address may
be a physical page number from which a physical page
address can be generated for a compressed page. The
virtual page table entry may additionally include other
suitable fields. The data or information within the virtual
page table entry may be referred to as metadata.
[0097] Instructions 230 may perform an inline com-
pression of the processed write data to compress and
store the write data in the compressed page at a location
associated with the compression index, as described
above in relation to FIG. 2A. As described above, the
compressed page may include the compression meta-
data having the reference count, the compressed page
offset, and the virtual page address.
[0098] Instructions 232 may receive a read request for
the write data, as described above in relation to instruc-
tions 132 of FIG. 1B. As described above, in some ex-
amples, the read request may include a virtual page ad-
dress for the write data. Instructions 234 may determine
whether the write data is located in data cache 260, as
described above in relation to instructions 134 of FIG.
1B. If, as described above in relation to FIG. 1B, the write
data is located in data cache 260, the write request may
be completed by, for example, retrieving and sending the
write data to the requesting entity. Based (at least in part)
on a determination that the write data is not located in
the data cache, instructions 236 may determine whether
the write data is located in compressed cache 270, as
described above in relation to instructions 136 of FIG.
1B. If, as described above in relation to FIG. 1B, the write
data is located in compressed cache 270, the write data
may be completed by, for example, retrieving, decom-
pressing, and sending the write data to the requesting
entity. Based (at least in part) on a determination that the

write data is not located in the compressed cache, in-
structions 238 may locate and decompress the write da-
ta, as described above in relation to instructions 138 of
FIG. 1B. As described above, instructions 238 may locate
and retrieve the write data via the virtual page table and
the compression metadata.
[0099] In some examples, instructions 222, 224, 226,
228, 230, 232, 234, 236, and 238 may be part of an in-
stallation package that, when installed, may be executed
by processor 210 to implement the functionalities de-
scribed above. In such examples, storage medium 220
may be a portable medium, such as a CD, DVD, or flash
drive, or a memory maintained by a server from which
the installation package can be downloaded and in-
stalled. In other examples, instructions 222, 224, 226,
228, 230, 232, 234, 236, and 238 may be part of an ap-
plication, applications, or component(s) already installed
on computing device 200 including processor 210. In
such examples, the storage medium 220 may include
memory such as a hard drive, solid state drive, or the
like. In some examples, functionalities described herein
in relation to FIG. 2B may be provided in combination
with functionalities described herein in relation to any of
FIGS. 1, 2A, 2C, and 3-5.
[0100] Further examples are described herein in rela-
tion to FIG. 2C, which is a block diagram of an example
device 200 block diagram having a data cache 260, a
compressed cache 270, and a machine-readable stor-
age medium that includes instructions to receive a read-
modify-write request. The example of FIG. 2C includes
device 200, processing resource 210, data cache 260,
compressed cache 270, and machine-readable storage
medium 220 comprising instructions 222, 224, 226, 228,
and 230, as described above in relation to FIG. 2A. As
described above, data cache 260 may refer to any com-
ponent that stores data such that future requests for that
data may be served or completed more quickly than if
that data were to be stored in a slower data source such
as a remote server. Compressed cache 270, as de-
scribed above, may refer to any component that stores
a compressed page such that future requests for the com-
pressed page may be served or completed more quickly
than if the compressed page were to be stored in a slower
data source such as a remote server. The example of
FIG. 2C further includes the machine-readable storage
medium 220 comprising instructions 240, 242, 244, and
246 executable by processing resource 210 to implement
functionalities described herein in relation to FIG. 2C.
[0101] In some examples, storage medium 220 may
include additional instructions. In other examples, the
functionalities described herein in relation to instructions
222, 224, 226, 228, 230, 240, 242, 244, 246, and any
additional instructions described herein in relation to stor-
age medium 220, may be implemented at least in part in
electronic circuitry (e.g., via components comprising any
combination of hardware and programming to implement
the functionalities described herein). In some examples,
device 200 may be a controller node for a storage plat-
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form or may be located within a controller node for a
storage platform.
[0102] As used herein, a machine-readable storage
medium may be any electronic, magnetic, optical, or oth-
er physical storage apparatus to contain or store infor-
mation such as executable instructions, data, and the
like. For example, any machine-readable storage medi-
um described herein may be any of Random Access
Memory (RAM), volatile memory, non-volatile memory,
flash memory, a storage drive (e.g., a hard drive), a solid
state drive, any type of storage disc (e.g., a compact disc,
a DVD, etc.), and the like, or a combination thereof. Fur-
ther, any machine-readable storage medium described
herein may be non-transitory.
[0103] In examples described herein, a processing re-
source may include, for example, one processor or mul-
tiple processors included in a single device or distributed
across multiple devices. As used herein, a processor may
be at least one of a central processing unit (CPU), a sem-
iconductor-based microprocessor, a graphics process-
ing unit (GPU), a field-programmable gate array (FPGA)
configured to retrieve and execute instructions, other
electronic circuitry suitable for the retrieval and execution
instructions stored on a machine-readable storage me-
dium, or a combination thereof. Processing resource 210
may fetch, decode, and execute instructions stored on
storage medium 220 to perform the functionalities de-
scribed above in relation to instructions 222, 224, 226,
228, 230, 240, 242, 244, and 246. In other examples, the
functionalities of any of the instructions of storage medi-
um 220 may be implemented in the form of electronic
circuitry, in the form of executable instructions encoded
on a machine-readable storage medium, or a combina-
tion thereof. In the example of FIG. 2C, storage medium
220 may be implemented by one machine-readable stor-
age medium, or multiple machine-readable storage me-
dia.
[0104] Instructions 222 may receive a write request
containing write data, as described above in relation to
FIG. 2A. Instructions 224 may store the write data in data
cache 260, as described above in relation to FIG. 2A.
Instructions 226 may apply a page fit process to the write
data, as described above in relation to FIG. 2A. As de-
scribed above, the page fit process may generate a com-
pression metadata for a compressed page. In some ex-
amples, the compression metadata may include a refer-
ence count, a compressed page offset, and a virtual page
address, as described above in relation to FIG. 2A. In
other examples, the compression metadata may also in-
clude additional fields such as an algorithm and version
identifier and an unused space identifier, as described
above in relation to FIG. 2A.
[0105] Instructions 228 may cause the generation of a
virtual page table entry in a virtual page table for the proc-
essed write data, as described above in relation to FIGS.
2A and 4. As described above, the virtual page table may
refer to a table or other suitable data structure that in-
cludes one or more virtual page table entries. A virtual

page table entry, as described above, may refer to a row,
a line, or other suitable portion of a virtual page table that
aids in associating a virtual memory address with a phys-
ical memory address by way of compression metadata.
The virtual page table entry may include a compression
index and a page address as described above in relation
to FIG. 2A. The compression index may refer to a par-
ticular virtual page that contains the processed write data
within a compressed page and the page address may
refer to a physical page. In some examples, the page
address may be a physical page address for a com-
pressed page. In other examples, the page address may
be a physical page number from which a physical page
address can be generated for a compressed page. The
virtual page table entry may additionally include other
suitable fields. The data or information within the virtual
page table entry may be referred to as metadata.
[0106] Instructions 230 may perform an inline com-
pression of the processed write data to compress and
store the write data in the compressed page at a location
associated with the compression index, as described
above in relation to FIG. 2A. As described above, the
compressed page may include the compression meta-
data having the reference count, the compressed page
offset, and the virtual page address.
[0107] Instructions 240 may receive a RMW request
to modify the write data and re-write modified write data,
as described above in relation to instructions 140 of FIG.
1C. As described above, in some examples, the RMW
request may include a virtual page address for the write
data that is to be modified. Instructions 242 may store
the modified write data in data cache 260, as described
above in relation to instructions 142 of FIG. 1C. Instruc-
tions 244 may apply a page re-fit process to the modified
write data to determine whether the modified write data
will fit in the compressed page at the location associated
with the compression index, as described above in rela-
tion to instructions 144 of FIG. 1C. As described above,
in some examples, the page re-fit process may estimate
or predict the size of the modified write data. The page
re-fit process may also determine the size of the com-
pressed write data via the compression metadata. Based
(at least in part) on a comparison of the size of the com-
pressed write data and the estimated size of the modified
write data, the page re-fit process may determine wheth-
er the modified write data will fit in the compressed page
at the compression index.
[0108] Based (at least in part) on a determination that
the modified write data will fit, instructions 246 may per-
form an inline compression of the modified write data to
compress and store the modified write data in the com-
pressed page at the location associated with the com-
pression index, as described above in relation to instruc-
tions 146 of FIG. 1C.
[0109] In some examples, instructions 222, 224, 226,
228, 230, 240, 242, 244, and 246 may be part of an in-
stallation package that, when installed, may be executed
by processor 210 to implement the functionalities de-
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scribed above. In such examples, storage medium 220
may be a portable medium, such as a CD, DVD, or flash
drive, or a memory maintained by a server from which
the installation package can be downloaded and in-
stalled. In other examples, instructions 222, 224, 226,
228, 230, 240, 242, 244, and 246 may be part of an ap-
plication, applications, or component(s) already installed
on computing device 200 including processor 210. In
such examples, the storage medium 220 may include
memory such as a hard drive, solid state drive, or the
like. In some examples, functionalities described herein
in relation to FIG. 2C may be provided in combination
with functionalities described herein in relation to any of
FIGS. 1, 2A-B, and 3-5.
[0110] FIG. 3A is a flowchart of an example method
300 for managing memory including receiving a write re-
quest containing write data, applying a page fit process
to the write data, and performing an inline compression
to compress and store the processed write data in a com-
pressed page having a compression metadata. Although
execution of method 300 is described below with refer-
ence to device 200 of FIG. 2A, other suitable systems
for the execution of method 300 can be utilized (e.g.,
device 100 of FIG. 1A). Additionally, implementation of
method 300 is not limited to such examples.
[0111] In the example of FIG. 3A, method 300 may be
a method of device 200. At 302 of method 300, instruc-
tions 222 may receive a write request containing write
data at device 200. This receipt may be performed as
described above in relation to instructions 222 of FIG.
2A. At 304, instructions 224 may store the write data in
data cache 260 at device 200, as described above in
relation to instructions 224 of FIG. 2A. At 306, instructions
226 may apply a page fit process to the write data, as
descried above in relation to instructions 226 of FIG. 2A.
[0112] At 308, instructions 228 may generate a virtual
page table entry in a virtual page table for the processed
write data, as described above in relation to instructions
228 of FIG. 2A. As described above, the virtual page
table entry may include a compression index and a page
address. At 310, instructions 230 may perform an inline
compression of the processed write data to compress
and store the processed write data in a compressed page
at a location associated with the compression index, as
described above in relation to instructions 230 of FIG.
2A. As described above, the compressed page may in-
clude a compression metadata having an algorithm and
version identifier, a reference count, a compressed page
offset, a virtual page address, and an unused space iden-
tifier.
[0113] Although the flowchart of FIG. 3A shows a spe-
cific order of performance of certain functionalities, meth-
od 300 is not limited to that order. For example, the func-
tionalities shown in succession in the flowchart may be
performed in a different order, may be executed concur-
rently or with partial concurrence, or a combination there-
of. In some examples, functionalities described herein in
relation to FIG. 3A may be provided in combination with

functionalities described herein in relation to any of FIGS.
1-2, 3B-C, and 4-5.
[0114] FIG. 3B is a flowchart of an example method
315 for managing memory including receiving a read re-
quest for the write data, determining a location of the
write data, and based on the location, decompressing
the write data. Although execution of method 315 is de-
scribed below with reference to device 200 of FIG. 2B,
other suitable systems for the execution of method 315
can be utilized (e.g., device 100 of FIG. 1B). Additionally,
implementation of method 315 is not limited to such ex-
amples.
[0115] In the example of FIG. 3B, method 315 may be
a method of device 200 and may follow method 300 of
FIG. 3A. At 320 of method 315, instructions 232 may
receive a read request for the write data at device 200.
This receipt may be performed as described above in
relation to instructions 232 of FIG. 2B. At 322, instructions
234 may determine whether the write data is located in
data cache 260, as described above in relation to instruc-
tions 234 of FIG. 2B. If it is determined that the write data
is located in data cache 260, the write data may be re-
trieved and send to the requesting entity, completing the
read request, as described above in relation to FIG. 2B.
If, however, a determination is made that the write data
is not located in data cache 260, method 315 may pro-
ceed to 324.
[0116] At 324, instructions 236 may determine whether
the write data is located in compressed cache 270, as
described above in relation to instructions 236 of FIG.
2B. If, at 324, it is determined that the write data is not
located in compressed cache 260, method 315 may pro-
ceed to 326. At 326, instructions 238 may locate and
retrieve the write data via the virtual page table and the
compression metadata, as described above in relation
to instructions 238 of FIG. 2B. At 328, the write data may
be decompressed based on the algorithm and version
identifier of the compression metadata. In some exam-
ples, once the write data has been located within its com-
pressed page, the compression metadata may be ana-
lyzed to determine the compression algorithm and com-
pression algorithm version used to compress the write
data. Based on the compression algorithm and compres-
sion algorithm version, the compressed page, including
the write data, may be decompressed using a corre-
sponding decompression algorithm. In some examples,
prior to decompressing the compressed page, the com-
pressed page may first be stored in compressed cache
270. In some such examples, the decompressed data
may then be stored in data cache 260 before being sent
to the requesting entity to complete the read request. If,
at 324, it is determined that the write data is located in
compressed cache 260, method 315 may proceed to 328
and the write data may be decompressed.
[0117] Although the flowchart of FIG. 3B shows a spe-
cific order of performance of certain functionalities, meth-
od 315 is not limited to that order. For example, the func-
tionalities shown in succession in the flowchart may be
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performed in a different order, may be executed concur-
rently or with partial concurrence, or a combination there-
of. In some examples, functionalities described herein in
relation to FIG. 3B may be provided in combination with
functionalities described herein in relation to any of FIGS.
1-2, 3A, 3C, and 4-5.
[0118] FIG. 3C is a flowchart of an example method
340 for managing memory including receiving a read-
modify-write request to modify the write data and apply-
ing a page re-fit process to determine whether the mod-
ified write data will fit in the compressed page, and based
on that determination, performing an inline compression
to the compressed page or performing an inline compres-
sion to a new compressed page. Although execution of
method 340 is described below with reference to device
200 of FIG. 2C and device 100 of FIG. 1C, other suitable
systems for the execution of method 340 can be utilized.
Additionally, implementation of method 340 is not limited
to such examples.
[0119] In the example of FIG. 3C, method 340 may be
a method of device 100 and of device 200 and may follow
after method 300 of FIG. 3A. At 342 of method 340, in-
structions 140 of FIG. 1C and instructions 240 of FIG.
2C may receive a read-modify-write request to modify
the write data and re-write the modified write data at de-
vices 100 and 200, respectively. This receipt may be per-
formed as described above in relation to instructions 140
of FIG. 1C and instructions 240 of FIG. 2C. At 344, in-
structions 142 and instructions 242 may store the mod-
ified write data at device 100 and in data cache 260 at
device 200, respectively, as described above in relation
to instructions 142 of FIG. 1C and instructions 242 of
FIG. 2C. At 346, instructions 144 and instructions 244
may apply a page re-fit process to the modified write data
to determine whether the modified write data will fit in the
compressed age at the location associated with the com-
pression index, as descried above in relation to FIG. 1C
and 2C, respectively.
[0120] Based (at least in part) on a determination that
the modified write data will fit, method 340 may proceed
to 348. At 348, instructions 146 and instructions 246 will
perform an inline compression of the modified write data
to compress and store the modified write data in the com-
pressed page at the location associated with the com-
pression index, as described above in relation to FIG. 1C
and 2C, respectively.
[0121] If it is determined that the modified write data
will not fit, method 340 may proceed to 350. At 350, in-
structions 148 may generate a new virtual page table
entry in the virtual page table for the modified write data,
as described above in relation to instructions 148 of FIG.
1C. The new virtual page table entry may include a new
compression index and a new page address, as de-
scribed above in relation to FIG. 1C and FIG. 2C. At 352,
based (at least in part) on the determination that the mod-
ified write data will not fit, instructions 148 may perform
an inline compression of the modified write data to com-
press and store the modified write data in a new com-

pressed page, as described above in relation to instruc-
tions 148 of FIG. 1C. As described above, the new com-
pressed page may include new compression metadata
having a new algorithm and version identifier, a new ref-
erence count, a new compressed page offset, a new vir-
tual page address, and a new unused space identifier.
At 354, based (at least in part) on the determination that
the modified write data will not fit, instructions 148 may
further update the compression metadata of the com-
pressed page, as described above in relation to instruc-
tions 148 of FIG. 1C.
[0122] Although the flowchart of FIG. 3C shows a spe-
cific order of performance of certain functionalities, meth-
od 340 is not limited to that order. For example, the func-
tionalities shown in succession in the flowchart may be
performed in a different order, may be executed concur-
rently or with partial concurrence, or a combination there-
of. In some examples, functionalities described herein in
relation to FIG. 3C may be provided in combination with
functionalities described herein in relation to any of FIGS.
1-2, 3A-B, and 4-5.

Claims

1. A computer program product comprising instructions
which, when executed by a computer, cause the
computer to:

receive (122) a write request containing write
data;
store (124) the write data in a data cache;
apply (126) a page fit process to the write data,
wherein the page fit process determines a best
fit for the compressed data in the compressed
page based on a data set in the data cache,
wherein the data set includes the write data of
the write request;
cause (128) the generation of a virtual page ta-
ble entry in a virtual page table for the processed
write data, wherein the virtual page table entry
includes a compression index and a page ad-
dress, and wherein the compression index re-
fers to a particular virtual page within a com-
pressed page;
perform (130) an inline compression of the proc-
essed write data to compress and store the proc-
essed write data in a compressed page at a lo-
cation associated with the compression index,
wherein the compressed page includes a com-
pression metadata having a reference count, a
compressed page offset, and a virtual page ad-
dress;
receive (140) a read-modify-write request to
modify the write data and re-write modified write
data;
store (142) the modified write data in the data
cache;
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apply (144) a page re-fit process to the modified
write data to determine whether the modified
write data will fit in the compressed page at the
location associated with the compression index;
and
based (146) on a determination that the modified
write data will fit, perform an inline compression
of the modified write data to compress and store
the modified write data in the compressed page
at the location associated with the compression
index.

2. The computer program product of claim 1 wherein
the instructions further comprise instructions to:

receive a read request for the write data;
determine whether the write data is located in
the data cache;
based on a determination that the write data is
not located in the data cache, determine whether
the write data is located in a compressed cache;
and
based on a determination that the write data is
not located in the compressed cache, locate the
write data via the virtual page table and the com-
pression metadata, and decompress the write
data.

3. The computer program product of claim 1 wherein
the instructions further comprise instructions to:
based on a determination that the modified write data
will not fit,
cause the generation of a new virtual page table entry
in the virtual page table for the modified write data,
wherein the new virtual page table entry includes a
new compression index and a new page address,
perform an inline compression of the modified write
data to compress and store the modified write data
in a new compressed page, wherein the new com-
pressed page includes a new compression metadata
having a new reference count, a new compressed
page offset, and a new virtual page address, and
update the compression metadata of the com-
pressed page.

4. The computer program product of claim 1 wherein
the page fit process fits up to eight virtual pages of
data in the compressed page.

5. The computer program product of claim 4 wherein
the page fit process generates the compression
metadata having the reference count, a compressed
page offset for each of the up to eight pages, and a
virtual page address for each of the up to eight pages.

6. The computer program product of claim 1 wherein
the compression metadata has an algorithm and ver-
sion identifier, and an unused space identifier.

7. A device (200) comprising:

a processing resource (210);
a data cache (260);
a compressed cache (270); and
the computer program product of claim 1.

8. The device of claim 7, wherein the computer program
product further comprises instructions to:

receive a read request for the write data;
determine whether the write data is located in
the data cache;
based on a determination that the write data is
not located in the data cache, determine whether
the write data is located in a compressed cache;
and
based on a determination that the write data is
not located in the compressed cache, locate the
write data via the virtual page table and the com-
pression metadata, and decompress the write
data.

9. A method for managing memory, wherein the meth-
od comprises:

receiving (302), at a device, a write request con-
taining write data;
storing (304), at the device, the write data in a
data cache;
applying (306) a page fit process to the write
data, wherein the page fit process determines a
best fit for the compressed data in the com-
pressed page based on a data set in the data
cache, wherein the data set includes the write
data of the write request;
generating (308) a virtual page table entry in a
virtual page table for the processed write data,
wherein the virtual page table entry includes a
compression index and a page address, and
wherein the compression index refers to a par-
ticular virtual page within a compressed page;
and
performing (310) an inline compression of the
processed write data to compress and store the
processed write data in a compressed page at
a location associated with the compression in-
dex, wherein the compressed page includes a
compression metadata having an algorithm and
version identifier, a reference count, a com-
pressed page offset, a virtual page address, and
an unused space identifier;
receiving (342), at the device, a read-modify-
write request to modify the write data and rewrite
modified data;
storing (344), at the device, the modified write
data in the data cache;
applying (346) a page re-fit process to the mod-
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ified write data to determine whether the modi-
fied write data will fit in the compressed page at
the location associated with the compression in-
dex; and
based on a determination that the modified write
data will fit, performing (352) an inline compres-
sion of the modified write data to compress and
store the modified write data in the compressed
page at the location associated with the com-
pression index.

10. The method of claim 9, wherein the method further
comprises:

receiving, at the device, a read request for the
write data;
determining whether the write data is located in
the data cache;
based on a determination that the write data is
not located in the data cache, determining
whether the write data is located in a com-
pressed cache; and
based on a determination that the write data is
not located in the compressed cache, locating
the processed data via the virtual page table and
the compression metadata, and
decompressing the write data based on the al-
gorithm and version identifier.

11. The method of claim 9, wherein the method further
comprises:
based on a determination that the modified write data
will not fit,
generating a new virtual page table entry in the virtual
page table for the modified write data, wherein the
new virtual page table entry includes a new com-
pression index and a new page address,
performing an inline compression of the modified
write data to compress and store the modified write
data in a new compressed page, wherein the new
compressed page includes a new compression
metadata having a new algorithm and version iden-
tifier, a new reference count, a new compressed
page offset, a new virtual page address, and a new
unused space identifier, and
updating the compression metadata of the com-
pressed page.

Patentansprüche

1. Computerprogrammprodukt, das Anweisungen um-
fasst, die bei Ausführen durch einen Computer den
Computer zu Folgendem veranlassen:

Empfangen (122) einer Schreibanforderung, die
Schreibdaten enthält;
Speichern (124) der Schreibdaten in einem Da-

tencache;
Anwenden (126) eines Seitenanpassungspro-
zesses auf die Schreibdaten, wobei der Sei-
tenanpassungsprozess eine beste Anpassung
für die komprimierten Daten in der komprimier-
ten Seite basierend auf einem Datensatz in dem
Datencache bestimmt, wobei der Datensatz die
Schreibdaten der Schreibanforderung beinhal-
tet;
Veranlassen (128) der Erzeugung eines virtuel-
len Seitentabelleneintrags in einer virtuellen
Seitentabelle für die verarbeiteten Schreibda-
ten, wobei der virtuelle Seitentabelleneintrag ei-
nen Komprimierungsindex und eine Seitena-
dresse beinhaltet, und wobei sich der Kompri-
mierungsindex auf eine spezielle virtuelle Seite
innerhalb einer komprimierten Seite bezieht;
Durchführen (130) einer Inline-Komprimierung
der verarbeiteten Schreibdaten, um die verar-
beiteten Schreibdaten in einer komprimierten
Seite an einer Stelle, die dem Komprimierungs-
index zugeordnet ist, zu komprimieren und zu
speichern, wobei die komprimierte Seite Kom-
primierungsmetadaten, die einen Referenzzäh-
ler, einen komprimierten Seitenabstand und ei-
ne virtuelle Seitenadresse aufweisen, beinhal-
tet;
Empfangen (140) einer Lese-Änderung-
Schreibanforderung, um die Schreibdaten zu
ändern und die geänderten Schreibdaten neu
zu schreiben;
Speichern (142) der geänderten Schreibdaten
in dem Datencache;
Anwenden (144) eines Seitenneuanpassungs-
prozesses auf die geänderten Schreibdaten, um
zu bestimmen, ob die geänderten Schreibdaten
in die komprimierte Seite an der Stelle, die dem
Komprimierungsindex zugeordnet ist, passen
werden; und
basierend (146) auf einer Bestimmung, dass die
geänderten Schreibdaten passen werden,
Durchführen einer Inline-Komprimierung der
geänderten Schreibdaten, um die geänderten
Schreibdaten in der komprimierten Seite an der
Stelle, die dem Komprimierungsindex zugeord-
net ist, zu komprimieren und zu speichern.

2. Computerprogrammprodukt nach Anspruch 1, wo-
bei die Anweisungen ferner Anweisungen für Fol-
gendes umfassen:

Empfangen einer Leseanforderung für die
Schreibdaten;
Bestimmen, ob sich die Schreibdaten in dem
Datencache befinden;
basierend auf einer Bestimmung, dass sich die
Schreibdaten nicht in dem Datencache befin-
den, Bestimmen, ob sich die Schreibdaten in ei-
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nem komprimierten Cache befinden; und
basierend auf einer Bestimmung, dass sich die
Schreibdaten nicht in dem komprimierten Cache
befinden, Finden der Schreibdaten über die vir-
tuelle Seitentabelle und die Komprimierungs-
metadaten und Dekomprimieren der Schreibda-
ten.

3. Computerprogrammprodukt nach Anspruch 1, wo-
bei die Anweisungen ferner Anweisungen für Fol-
gendes umfassen:

basierend auf einer Bestimmung, dass die ge-
änderten Schreibdaten nicht passen werden,
Veranlassen der Erzeugung eines neuen virtu-
ellen Seitentabelleneintrags in der virtuellen
Seitentabelle für die geänderten Schreibdaten,
wobei der neue virtuelle Seitentabelleneintrag
einen neuen Komprimierungsindex und eine
neue Seitenadresse beinhaltet,
Durchführen einer Inline-Komprimierung der
geänderten Schreibdaten, um die geänderten
Schreibdaten in einer neuen komprimierten Sei-
te zu komprimieren und zu speichern, wobei die
neue komprimierte Seite neue Komprimie-
rungsmetadaten beinhaltet, die einen neuen
Referenzzähler, einen neuen komprimierten
Seitenabstand und eine neue virtuelle Seitena-
dresse aufweisen, und Aktualisieren der Kom-
primierungsmetadaten der komprimierten Sei-
te.

4. Computerprogrammprodukt nach Anspruch 1, wo-
bei der Seitenanpassungsprozess bis zu acht virtu-
elle Datenseiten in der komprimierten Seite anpasst.

5. Computerprogrammprodukt nach Anspruch 4, wo-
bei der Seitenanpassungsprozess die Komprimie-
rungsmetadaten, die den Referenzzähler, einen
komprimierten Seitenabstand für jede der bis zu acht
Seiten und eine virtuelle Seitenadresse für jede der
bis zu acht Seiten aufweisen, erzeugt.

6. Computerprogrammprodukt nach Anspruch 1, wo-
bei die Komprimierungsmetadaten einen Algorith-
mus- und Versionsbezeichner und einen nicht ver-
wendeten Speicherplatzbezeichner aufweisen.

7. Vorrichtung (200), die Folgendes umfasst:

eine Verarbeitungsressource (210);
einen Datencache (260);
einen komprimierten Cache (270); und
das Computerprogrammprodukt nach An-
spruch 1.

8. Vorrichtung nach Anspruch 7, wobei das Computer-
programmprodukt ferner Anweisungen für Folgen-

des umfasst:

Empfangen einer Leseanforderung für die
Schreibdaten;
Bestimmen, ob sich die Schreibdaten in dem
Datencache befinden;
basierend auf einer Bestimmung, dass sich die
Schreibdaten nicht in dem Datencache befin-
den, Bestimmen, ob sich die Schreibdaten in ei-
nem komprimierten Cache befinden; und
basierend auf einer Bestimmung, dass sich die
Schreibdaten nicht in dem komprimierten Cache
befinden, Finden der Schreibdaten über die vir-
tuelle Seitentabelle und die Komprimierungs-
metadaten und Dekomprimieren der Schreibda-
ten.

9. Verfahren zum Verwalten des Speichers, wobei das
Verfahren Folgendes umfasst:

Empfangen (302), an einer Vorrichtung, einer
Schreibanforderung, die Schreibdaten enthält;
Speichern (304), an einer Vorrichtung, der
Schreibdaten in einem Datencache;
Anwenden (306) eines Seitenanpassungspro-
zesses auf die Schreibdaten, wobei der Sei-
tenanpassungsprozess eine beste Anpassung
für die komprimierten Daten in der komprimier-
ten Seite basierend auf einem Datensatz in dem
Datencache bestimmt, wobei der Datensatz die
Schreibdaten der Schreibanforderung beinhal-
tet;
Erzeugen (308) eines virtuellen Seitentabellen-
eintrags in einer virtuellen Seitentabelle für die
verarbeiteten Schreibdaten, wobei der virtuelle
Seitentabelleneintrag einen Komprimierungsin-
dex und eine Seitenadresse beinhaltet, und wo-
bei sich der Komprimierungsindex auf eine spe-
zielle virtuelle Seite innerhalb einer komprimier-
ten Seite bezieht; und
Durchführen (310) einer Inline-Komprimierung
der verarbeiteten Schreibdaten, um die verar-
beiteten Schreibdaten in einer komprimierten
Seite an einer Stelle, die dem Komprimierungs-
index zugeordnet ist, zu komprimieren und zu
speichern, wobei die komprimierte Seite Kom-
primierungsmetadaten beinhaltet, die einen Al-
gorithmus- und Versionsbezeichner, einen Re-
ferenzzähler, einen komprimierten Seitenab-
stand, eine virtuelle Seitenadresse und einen
nicht verwendeten Speicherplatzbezeichner
aufweisen;
Empfangen (342), an der Vorrichtung, einer Le-
se-Änderung-Schreibanforderung, um die
Schreibdaten zu ändern und die geänderten Da-
ten neu zu schreiben;
Speichern (344), an der Vorrichtung, der geän-
derten Schreibdaten in dem Datencache;
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Anwenden (346) eines Seitenneuanpassungs-
prozesses auf die geänderten Schreibdaten, um
zu bestimmen, ob die geänderten Schreibdaten
an der Stelle, die dem Komprimierungsindex zu-
geordnet ist, passen werden; und
basierend auf einer Bestimmung, dass die ge-
änderten Schreibdaten passen werden, Durch-
führen (352) einer Inline-Komprimierung der ge-
änderten Schreibdaten, um die geänderten
Schreibdaten in der komprimierten Seite, die
dem Komprimierungsindex zugeordnet ist, zu
komprimieren und zu speichern.

10. Verfahren nach Anspruch 9, wobei das Verfahren
ferner Folgendes umfasst:

Empfangen, an einer Vorrichtung, einer Lese-
anforderung für die Schreibdaten;
Bestimmen, ob sich die Schreibdaten in dem
Datencache befinden;
basierend auf einer Bestimmung, dass sich die
Schreibdaten nicht in dem Datencache befin-
den, Bestimmen, ob sich die Schreibdaten in ei-
nem komprimierten Cache befinden; und
basierend auf einer Bestimmung, dass sich die
Schreibdaten nicht in dem komprimierten Cache
befinden, Finden der verarbeiteten Daten über
die virtuelle Seitentabelle und die Komprimie-
rungsmetadaten, und Dekomprimieren der
Schreibdaten basierend auf dem Algorithmus-
und Versionsbezeichner.

11. Verfahren nach Anspruch 9, wobei das Verfahren
ferner Folgendes umfasst:

basierend auf einer Bestimmung, dass die ge-
änderten Schreibdaten nicht passen werden,
Erzeugen eines neuen virtuellen Seitentabel-
leneintrags in der virtuellen Seitentabelle für die
geänderten Schreibdaten, wobei der neue vir-
tuelle Seitentabelleneintrag einen neuen Kom-
primierungsindex und eine neue Seitenadresse
beinhaltet,
Durchführen einer Inline-Komprimierung der
geänderten Schreibdaten, um die geänderten
Schreibdaten in einer neuen komprimierten Sei-
te zu komprimieren und zu speichern, wobei die
neue komprimierte Seite neue Komprimie-
rungsmetadaten beinhaltet, die einen neuen Al-
gorithmus- und - Versionsbezeichner, einen
neuen Referenzzähler, einen neuen kompri-
mierten Seitenabstand, eine neue virtuelle Sei-
tenadresse und einen neuen nicht verwendeten
Speicherplatzbezeichner aufweisen, und
Aktualisieren der Komprimierungsmetadaten
der komprimierten Seite.

Revendications

1. Produit de programme informatique comprenant des
instructions qui, lorsqu’elles sont exécutées par un
ordinateur, amènent l’ordinateur à :

recevoir (122) une demande d’écriture conte-
nant des données d’écriture ;
stocker (124) les données d’écriture dans un ca-
che de données ;
appliquer (126) un processus d’ajustement de
page aux données d’écriture, le processus
d’ajustement de page déterminant un meilleur
ajustement pour les données compressées
dans la page compressée sur la base d’un en-
semble de données dans le cache de données,
l’ensemble de données comportant les données
d’écriture de la demande d’écriture ;
provoquer (128) la génération d’une entrée de
table de page virtuelle dans une table de page
virtuelle pour les données d’écriture traitées,
l’entrée de table de page virtuelle comportant
un indice de compression et une adresse de pa-
ge, et l’indice de compression faisant référence
à une page virtuelle particulière à l’intérieur
d’une page compressée ;
effectuer (130) une compression en ligne des
données d’écriture traitées pour compresser et
stocker les données d’écriture traitées dans une
page compressée à un emplacement associé à
l’indice de compression, la page compressée
comportant des métadonnées de compression
ayant un comptage de référence, un décalage
de page compressé et une adresse de page
virtuelle ;
recevoir (140) une demande de lecture-modifi-
cation-écriture pour modifier les données d’écri-
ture et réécrire les données d’écriture
modifiées ;
stocker (142) les données d’écriture modifiées
dans le cache de données ;
appliquer (144) un processus de réajustement
de page aux données d’écriture modifiées pour
déterminer si les données d’écriture modifiées
s’ajusteront dans la page compressée à l’em-
placement associé à l’indice de compression ; et
sur la base (146) d’une détermination que les
données d’écriture modifiées s’ajusteront, ef-
fectuer une compression en ligne des données
d’écriture modifiées pour compresser et stocker
les données d’écriture modifiées dans la page
compressée à l’emplacement associé à l’indice
de compression.

2. Produit de programme informatique selon la reven-
dication 1, les instructions comprenant en outre des
instructions pour :
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recevoir une demande de lecture des données
d’écriture ;
déterminer si les données d’écriture sont situées
dans le cache de données ou non ;
sur la base d’une détermination que les données
d’écriture ne sont pas situées dans le cache de
données, déterminer si les données d’écriture
sont situées dans un cache compressé ou non ;
et
sur la base d’une détermination que les données
d’écriture ne se trouvent pas dans le cache com-
pressé, localiser les données d’écriture par l’in-
termédiaire de la table de page virtuelle et des
métadonnées de compression et décompresser
les données d’écriture.

3. Produit de programme informatique selon la reven-
dication 1, les instructions comprenant en outre des
instructions pour :

sur la base d’une détermination que les données
d’écriture modifiées ne s’ajusteront pas,
provoquer la génération d’une nouvelle entrée
de table de page virtuelle dans la table de page
virtuelle pour les données d’écriture modifiées,
la nouvelle entrée de table de page virtuelle
comportant un nouvel indice de compression et
une nouvelle adresse de page,
effectuer une compression en ligne des don-
nées d’écriture modifiées pour compresser et
stocker les données d’écriture modifiées dans
une nouvelle page compressée, la nouvelle pa-
ge compressée comportant une nouvelle méta-
donnée de compression ayant un nouveau
comptage de référence, un nouveau décalage
de page compressé et une nouvelle adresse de
page virtuelle et
mettre à jour les métadonnées de compression
de la page compressée.

4. Produit de programme informatique selon la reven-
dication 1, le processus d’ajustement de page ajus-
tant jusqu’à huit pages virtuelles de données dans
la page compressée.

5. Produit de programme informatique selon la reven-
dication 4, le processus d’ajustement de page gé-
nérant les métadonnées de compression ayant le
comptage de référence, un décalage de page com-
pressé pour chacune des huit pages au maximum
et une adresse de page virtuelle pour chacune des
huit pages au maximum.

6. Produit de programme informatique selon la reven-
dication 1, les métadonnées de compression ayant
un algorithme et un identifiant de version, et un iden-
tifiant d’espace inutilisé.

7. Dispositif (200) comprenant :

une ressource de traitement (210) ;
un cache de données (260) ;
un cache compressé (270) ; et
le produit de programme informatique selon la
revendication 1.

8. Dispositif selon la revendication 7, le produit de pro-
gramme informatique comprenant en outre des ins-
tructions pour :

recevoir une demande de lecture des données
d’écriture ;
déterminer si les données d’écriture sont situées
dans le cache de données ou non ;
sur la base d’une détermination que les données
d’écriture ne sont pas situées dans le cache de
données, déterminer si les données d’écriture
sont situées dans un cache compressé ou non ;
et
sur la base d’une détermination que les données
d’écriture ne se trouvent pas dans le cache com-
pressé, localiser les données d’écriture par l’in-
termédiaire de la table de page virtuelle et des
métadonnées de compression et décompresser
les données d’écriture.

9. Procédé de gestion de mémoire, le procédé
comprenant :

la réception (302), au niveau d’un dispositif,
d’une demande d’écriture contenant des don-
nées d’écriture ;
le stockage (304), sur le dispositif, des données
d’écriture dans un cache de données ;
l’application (306) d’un processus d’ajustement
de page aux données d’écriture, le processus
d’ajustement de page déterminant un meilleur
ajustement pour les données compressées
dans la page compressée sur la base d’un en-
semble de données dans le cache de données,
l’ensemble de données comportant les données
d’écriture de la demande d’écriture ;
la génération (308) d’une entrée de table de pa-
ge virtuelle dans une table de page virtuelle pour
les données d’écriture traitées, l’entrée de table
de page virtuelle comportant un indice de com-
pression et une adresse de page, et l’indice de
compression faisant référence à une page vir-
tuelle particulière dans une page compressée ;
et
la réalisation (310) d’une compression en ligne
des données d’écriture traitées pour compres-
ser et stocker les données d’écriture traitées
dans une page compressée à un emplacement
associé à l’indice de compression, la page com-
pressée comportant des métadonnées de com-
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pression ayant un algorithme et un identifiant de
version, un comptage de référence, un décalage
de page compressé, une adresse de page vir-
tuelle et un identifiant d’espace inutilisé ;
la réception (342), au niveau du dispositif, d’une
demande de lecture-modification-écriture pour
modifier les données d’écriture et réécrire les
données modifiées ;
le stockage (344), sur le dispositif, des données
d’écriture modifiées dans le cache de données ;
l’application (346) d’un processus de réajuste-
ment de page aux données d’écriture modifiées
pour déterminer si les données d’écriture modi-
fiées s’ajusteront dans la page compressée à
l’emplacement associé à l’indice de
compression ; et
sur la base d’une détermination que les données
d’écriture modifiées s’ajusteront, la réalisation
(352) d’une compression en ligne des données
d’écriture modifiées pour compresser et stocker
les données d’écriture modifiées dans la page
compressée à l’emplacement associé à l’indice
de compression.

10. Procédé selon la revendication 9, le procédé com-
prenant en outre :

la réception, au niveau du dispositif, d’une de-
mande de lecture des données d’écriture ;
la détermination du fait que les données d’écri-
ture sont situées dans le cache de données ou
non ;
sur la base d’une détermination que les données
d’écriture ne sont pas situées dans le cache de
données, la détermination du fait que les don-
nées d’écriture sont situées dans un cache com-
pressé ou non ; et
sur la base d’une détermination que les données
d’écriture ne se trouvent pas dans le cache com-
pressé, la localisation des données traitées par
l’intermédiaire de la table de page virtuelle et les
métadonnées de compression, et
la décompression des données d’écriture sur la
base de l’algorithme et de l’identifiant de version.

11. Procédé selon la revendication 9, le procédé com-
prenant en outre :
sur la base d’une détermination que les données
d’écriture modifiées ne s’ajusteront pas,
la génération d’une nouvelle entrée de table de page
virtuelle dans la table de page virtuelle pour les don-
nées d’écriture modifiées, la nouvelle entrée de table
de page virtuelle comportant un nouvel indice de
compression et une nouvelle adresse de page,
la réalisation d’une compression en ligne des don-
nées d’écriture modifiées pour compresser et stoc-
ker les données d’écriture modifiées dans une nou-
velle page compressée, la nouvelle page compres-

sée comportant des nouvelles métadonnées de
compression ayant un nouvel algorithme et un iden-
tifiant de version, un nouveau comptage de référen-
ce, un nouveau décalage de page compressée, une
nouvelle adresse de page virtuelle et un nouvel iden-
tifiant d’espace inutilisé, et
la mise à jour des métadonnées de compression de
la page compressée.
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