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Apparatus, systems, and methods to reclaim storage associated with cached data

Embodiments are directed towards apparatuses, methods, and systems associated with 2 storage
recdamation manager that generates a command to reclaim storage locations to assist in management of a
storage capacity of a primary storage device. In embodiments, the command is a trim command to inform the
storage device of storage locations including invalid daa. In embodiments, the command is generated during
performance of operations associated with a write-back operation where a cache coupled with the processor
stores a first portion of [data and the primary storage device stores a corresponding second portion of [data. In

[V S—— Y

solid-state drive

z

req

A solig-state drive (SSD) is a solid-
siate siorage device fhat uses

integrated circuit assemblies as

memory (o store data persistently -
typically using flash memory ltis also | .

e.g. applic

STATUS INDICATOR
Patent application
FIRST PUBLISHED
August 01, 2019

BY

AND FIRST PRIORITY
April 11, 2019

FAMILY LEGAL STATUS INDICATOR
Alive

& Espacenet Register

command is generated during or after a write-back operation of a third portion of data into
the cache device. In embodiments, the command assists in reclam.

= 55D 900 includes any sultable BGlig-state state memory device for storing, e.q., [data
associated with the write-back operations of FIGS. 3-6. In some embodiments, Blid-state storage device
901 includes e.g., @ NAND device, e.0. 3D TLC (tripfe-levef per cell) or GLC (quad-levef per cell) NAND
device. In some embodiments, the SSD may include a RAM with, e.g., batteries as integrated power sources
ta retain atd for a ertain time after external power is lost. In various embodiments, hybrid fives or Balid-
state hybrid e (SSHDs) that combine features of B5D8 and hard disk [@file8 (HDDs) in & unit may be
contemplated. In embodiments, BBlid state memory device 901 of SSD 900 includes any suitable persistent

memery, e.g., a write-i e latile memery. In SSD 900 includes
any suitable memory that stores Gata by changing the electrical resistance of the memory cells. In
embodiments, SSD 900 can also include a r three J

[SEILN 1. An apparatus, comprising: a storage reclamation manager communicatively coupled with a cache
that stores  first portion of ata, and a primary storage device that stores a corresponding second portion of
@ata, to during a write-back operation of a third portion of datd into the cache, generate a command to the
primary storage device to assist in reclamation of storage locations in which the second portion of data is stored,
to assist in management of a storage capacity of the primary storage device. 2. The apparatus of claim 1,
wherein the storage reclamation manager comprises a process.
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A determination is made that [data has to be moved internally within a non-velatile memory from a
plurality of pages of a first type of storage media to a page of a second type of storage media. A first subset of
the plurality of pages is copied from the first type of storage media to the page of the second type of storage
media. Concurrently with the copying of the first subset of the plurality of pages, a second subset of the plurality
of pages is copied from the first type of storage media to the page of the second type of storage media. In
response to completion of the copying of the first subset and the second subset of the plurality of pages, it is
determined that the copying of the @afal from the first type of storage media to the second type of storage media
has completed.

BACKGROUND A 86lid state drive (SSD) is a @atdl storage device that uses integrated circuit
assemblies as memory to store @atd persistently. §8D§ have no moving mechanical components and this
distinguishes §8DS from traditional electromechanical magnetic disks, such as, hard disk [e8 (HDDs) or
floppy disks, which contain spinning disks and movable read/write heads. Compared to electromechanical
disks, [§8D8 are typically more resistant to physical shock, run silently, have fower access time, and less
Iatency. Many types of [SGDS| use NAND-based flash memory which comprises an electronic (80ll-state) non-
volatife computer storage medium that can be electrically erased and reprogrammed. NAND-based flash
memory stores information (ie., Gatal) in individual memory Gells. In single-fevel cell (SLC) NAND fiash
technology, each memory cell may exist in one of two voltage states, storing one bit of information per
memory cell. A multi-fevel cell (MLC) is @ memory ceil capable of storing more than.

1. A method, comprising: determining that daa has to be moved internally within a non-volatile
memory from a plurality of pages of  first type of storage media to 3 page of a second type of storage media;
copying a first subset of the plurality of pages from the first type of storage media to the page of the second type
of storage media; concurrently with the copying of the first subset of the plurality of pages, copying a second
subset of the plurality of pages from the first type of storage media to the page of the second type of storage
media; and determining that the copying of the (datal .
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L4 US2019235785 A1 Apparatus, systems, and methods to reclaim storage
associated with cached data

Embodiments are directed towards apparatuses, methods, and systems associated
with a storage reclamation manager that generates a command to reclaim sterage lecations to
assist in management of a storage capacity of a primary storage device. In embodiments, the
command s a trim command to inform the storage device of storage lacations including invalid
data. In embodiments, the command is generated during performance of operations associated
wiith a write-back operation where a cache coupled with the processor stores a first portion of
datal and the primary storage device stores a corresponding second portion of datal. In
embodiments, the command is generated during or after a write-back operation of a third portion
of data into the cache device. In embodiments, the command assists in reclamation of storage
locations in which the second portion of @atd i stored, to assist in management of a storage
capacity of the primary storage device. Additional embodiments may be described and daimed.
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[eEILN 1. An apparatus, comprising
a storage reclamation manager communicatively coupled with a cache that stores a first
portion of ata, and a primary storage device that stores a corresponding second portion
of a4, to during a write-back operation of a third portion of @ata into the cache,
generate a command to the primary storage device to assist in reclamation of storage
locations in which the second portion of @ata is stored, to assist in management of a
storage capacity of the primary storage device.
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2. The apparatus of claim 1, wherein the storage reclamation manager comprises a
processor coupled to the primary storage device and the cache and wherein to assist in
reclamation of the storage locations comprises to indicate the storage locations as
including invalid [d&ta.

3. The apparatus of claim 2, wherein the second portion of data includes a copy of the first
portion of [@at8 and the third portion of (@l is to modify or replace the first portion of
@ata in the cache.

4. The apparatus of claim 3, wherein upon completion of the write-back operation of the
third portion of data, the second portion of data stored in the primary storage device is
indicated as invalid,

5. The apparatus of claim 4, wherein the command includes a trim command to free the
storage locations by informing the primary storage device of addresses of the second
portion of data

6. The apparatus of claim 5, wherein a fourth portion of @atd to correspond ta the third
portion of data is to be stored in the primary storage device at a designated time after the
write-back operation.

7. The apparatus of claim 1, wherein the command includes an unmap command to be
applied to the second portion of data

8. The apparatus of claim 1, wherein a fourth portion of @ata is later to be stored in the
primary storage device and includes a copy of the third portion of data that is stored in the
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In the latter scenario, the remote computer may be connected to the user's computer
thraugh any type of network, including a local area netwaork (LAN) or a wide area network
(WAN), or the connection may be made to an external computer (for example, through the
Internet using an Internet Service Provider). Note that primary embodiments include
software or firmware implementations; however, as noted throughout the Description,
hardware implementations are contemplated as well

FIG. 9 is a diagram of a olid-state drive (SSD} 900 that may be included in embodiments
of the disclosure. For example, in embodiments, cache devices 303 and 403 and/or
primary storage device 305 and 405 of respective FIG. 3 and FIG. 4 may include one or
more B8B% 900. As shown, in embodiments, an 3D includes a Bolid-state memory device
901 coupled to a contraller 803 that includes a host interface 805 to receive a command or
otherwise interface with, e.g., host or platform device 350 of FIG. 1. In some
embodiments, host interface 905 receives a storage reclamation command from a storage
reclamation manager (e.g., storage reclamation manager 301 or 401 of respective FIG. 3
or FIG. 4) to allow controller 903 (e.q., firmware of controller 903) to perform or
implement operations in connection with a trim command from or associated with storage
reclamation manager 301 and 401,

Accordingly, 0lid-state memory device 201 of SSDIG00inclides any Suitable Solid“state
state memory device for storing, e.q., data associated with the write-back operations of
FIGS. 3-6. In some embodiments, solid-state storage device 901 indludes e.g., a NAND
device, e.g. 3D TLC (triple-level per cell) or QLC (quad-level per cell) NAND device. In
some embodiments, the SSD may include a RAM with, e.g., batteries as integrated power
sources to retain data for a certain time after external power is lost. In various
embodiments, hybrid drives or solid-state hybrid drives (SSHDs) that combine features of
S5Ds and hard disk drives (HDDs) in a unit may b contamplated.

In embediments, solid state memory device 901 of SSD 900 includes any suitable
persistent memory, e.g., a write-in-place byte addressable non-volatile memory. In
embodiments, SSD 900 includes any suitable memory that stores data by changing the
electrical resistance of the memory cells. In embediments, SSD 900 can also include a

b write-in-place three crosspoint memory device, or other
byte addressable write-in-place NVM device, such as single or multi-level Phase Change
Memory (PCHM) or phase change memory with a switch (PCMS), NVM devices that use
chalcogenide phase change material (for example, chalcogenide glass), resistive memory
including metal oxide base, oxygen vacancy base and Conductive Bridge Random Access
Memory (CB-RAM), nanowire memory, ferroelectric random access memory (FeRAM,
FRAM), magneto resistive random access memory (MRAM) that incorporates memristor
technology, spin transfer torque (STT)-MRAM, a spintronic magnetic junction memory
based device, a magnetic tunneling junction (MTJ) based device, a DW {Domain Wall) and
SOT (Spin Grbit Transfer) based device, a thyristor based memory device, or a
combination of any of the above, or other memory.

FIG. 10 is 2 diagram of another E8lid-state drive (SSD) 1000 that may be included in

of the disclosure. In i SSD 1000 includes both a §olid-state
memory device 1001 a5 a cache device and a 0lid-state memory device 1002 as a
primary storage device. As shown, in embodiments, Blid-state memory device 1001 and
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