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LOGICAL BLOCK ADDRESS (LBA) BITMAP USAGE

Background of the Disclosure

[0001] NAND flash mermory, as well as other types of
non-volatile nenories ("NVMs"), are commonly used for
mass storage. For exanple, consuner electronics such
as portable nmedia players often include flash nenmory to
store nusic, videos, and other nedia.

[0002] A system having an NVM may include index
pages stored in the NVM that indicate the mapping
statuses of logical block addresses ("LBAs"). For
exanple, if the mapping status of a LBA is "napped",
this can indicate that the LBA is currently associated
with data stored in the NVM Al ternatively, if the
mappi ng status of a LBA is "unmapped", this can
indicate that data previously mapped to the LBA has
been erased or the LBA has never been mapped to any
data .

[0003] Because nmapping statuses of LBAs are stored
in the index pages, the system needs to update an index
page each tinme a LBA is napped or unmapped, thereby
causing programrng operations to be performed on the
NVM Because of the additional programm ng operations,

the system eventually needs to perform garbage
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collection on the NVM in order to free up space. Thi s

in turn reduces system performance

Sunmary of the Disclosure

[0004] Systens and methods are disclosed for |ogical
bl ock address ("LBA') bitmap usage for a system having
non-vol atile nenory ("NvM') . A bitmap, which can be
stored in a volatile nenory of the system can store
the mapping statuses of one or nore |ogical addresses
(e.g., LBAs) . Using the bitmap, the system can
determine the mapping status of a LBA without having to
access the NvM In addition, the system can update the
mappi ng status of a LBA with nminimal NVM accesses. By
reduci ng the number of NVM accesses, the system can
avoid triggering a garbage collection process, which

can inprove overall system performance.

Brief Description of the Draw ngs

[00053 The above and other aspects and advantages of
the invention will becone nore apparent upon
consideration of the following detailed description,
taken in conjunction wth acconpanying draw ngs, in
which like reference characters refer to like parts

t hroughout, and in which:

[0006] FIG 1 is a block diagram of an electronic
device configured in accordance with various

enbodi nents of the invention;

[0007] FIG 2 is an illustrative block diagram of a
menory mapping architecture in accordance w th various
enbodi nents of the invention;

[0008] FIG 3 is another block diagram of an

el ectronic device configured in accordance wth various

enmbodi nents of the invention;
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[0009] FIGS. 4A-4C are illustrative bitmaps in
accordance wth various enbodinents of the invention;
[0010] FIG 5 is a flowchart of an illustrative
process for handling an unmap request using a bitmap in
accordance wth various enbodinents of the invention;
[0011] FIG 6 is a flowchart of an illustrative
process for handling a read request using a bitmap in
accordance wth various enbodinents of the invention;
[0012] FIG 7 is a flowchart of an illustrative
process for updating a tree in accordance wth various
enbodi nrents of the invention,-

[0013] FIG 8 is a flowchart of an illustrative
process for updating validity counters in accordance
with various enbodiments of the invention; and

[0014] FIG 9 is a flowchart of an illustrative
process for faster garbage collection in accordance

with various enbodinments of the invention.

Detailed Description of the Disclosure

[0015] Systens and nethods for |ogical block address
("LBA") bitmap usage for a system having non-volatile
menory ("NVM') are provided. A bitmap, which can be
stored in a volatile nenory of the system can store
the mapping statuses of one or nore |ogical addresses
(e.g., LBAs) . Each entry of the bitmap can correspond
to one or nore LBAs.

[0016] Using the bitmap, an NVM interface of the
system can determine the mapping status of a LBA

wi thout having to access the NVM In addition, the NVM
interface can update the mapping status of a LBA with
m ni mal  NVM accesses. For exanple, in response to
receiving a request froma file system to unmap a

particular LBA the NVM interface can change the
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mappi ng status of a corresponding entry of the bitnmap
from "Mapped" to "Unmapped" . By reducing the number of
NVM accesses, the system can avoid triggering a garbage
collection process, which can inprove overall system
per f or mance.

[0017] After changing the mapping status of a LBA by
updating the bitrmap, the NVM interface can consult a
tree stored in volatile nmenmory in order to update at

| east one validity counter, which is also stored in

vol atile nenory. However, the tree, which can include
a mappi ng between LBAs and physical addresses of the
NVM does not necessarily need to be updated to reflect
t he unmapping of the LBA Instead, the NVM interface
can determine to perform a tree update only if tree
menory usage is advantageously decreased.

[00183 In situations where the NVM interface is
unable to update the at least one validity counter by
consulting a tree, the NVM interface may need to |oad
an index page associated with the LBA from the NM

Al though the NVM interface needs to read the index page
into volatile nenory, the NVM interface does not have
to update and re-program the index page into the NWM
The net result is that the total nunber of index page
operations that needs to be perforned is reduced, and
garbage collection can be avoided.

[0019] In some enbodinents, the bitmap can inprove
the garbage collection process. In particular, using
the bitmap, the NVM interface can reduce the nunber of
i ndex page accesses that need to be nade while

perform ng garbage collection on user data stored in
the NVM

[0020] FIG 1 illustrates a block diagram of

el ectronic device 100. In sone enbodi nents, electronic
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device 100 can be or can include a portable nedia

pl ayer, a cellular telephone, a pocket-sized personal
conputer, a personal digital assistance ("PDA'), a
desktop conputer, a laptop conputer, and any other
suitable type of electronic device.

[0021] El ectronic device 100 can include systemon-
a-chip ("SoC') 110 and non-volatile nenory ("NvM') 120.
Non-vol atile menory 120 can include a NAND flash menory
based on floating gate or charge trapping technol ogy,
NOR flash menory, erasable programable read only
menory ("EPROM'), electrically erasable programuable
read only nenory ("EEPROM' ), Ferroelectric RAM
("FRAM'), nmagnetoresistive RAM ("MRAM ), or any

conbi nati on thereof.

[0022] NVM 120 can be organized into "blocks", which
can the smallest erasable unit, and further organized
into "pages", which can be the smallest unit that can
be programed or read. In sonme enbodi nents, NVM 120
can include nmultiple integrated circuits, where each
integrated circuit may have multiple blocks. Menory

| ocations {e.g., blocks or pages of blocks) from
corresponding integrated circuits may form "super

bl ocks". Each nenory |location (e.g., page or block) of
NVM 120 can be referenced using a physical address
(e.g., a physical page address or physical block
address) .

[0023] Referring now to FIG 2, an illustrative
menory mapping architecture 200 for nmapping | ogical
addresses to physical pages is shown. Architecture 200
is divided into volatile menmory (shown left of the
dashed line) and non-volatile nenory (shown right of
the dashed line) . That is, [|ookup table 202, index
table cache 204, tree 210, and bitmap 212 are stored in



WO 2013/090133 PCT/US2012/068375

10

15

20

25

30

volatile menory (e.g., menory 114 of FIG 1), whereas
i ndex table 206 and data pages 208 are stored in non-
volatile nmenory (e.g., NVM 120 of FIG 1).

[0024] One or nore pages of the NVM can be data
pages 208, which can be used to store data associated
with the general operations of conponents of a SoC
(e.g., SoC 110 of FIG 1) or a device (e.g., device 100
of FIG 1). In sone enbodinents, a block table-of-
contents ("TOC') can be associated with each data

bl ock. For instance, in the exanple shown in FIG 2,
block TOC 1 may be associated with data block 1, block
TOC N may be associated with data block N, and so
forth. Each block TOC can be stored in the
corresponding data block, and can include information
that maps data pages of the data block to corresponding
| ogi cal addresses.

[0025] In addition, one or nore pages of the NVM can
be used to store an index table 206. In enbodi nents
where logical sectors are mapped directly to physical
pages, |ogical -to-physical nmappings can be stored in

i ndex table 206. As used herein, a "logical-to-

physi cal mapping" can be a mapping between one or nore
| ogi cal addresses (e.g., logical sectors) and physical
addresses (e.g., physical page addresses or virtual

bl ock addresses) of data pages. For exanple, index
table 206 can hold the physical addresses of data
pages 208 of the NvM

[0026] In some cases, index table 206 can include

multiple index pages 1-N, where each index page can nap
| ogi cal addresses to one or nore physical addresses of
data pages 208 (e.g., store one or nore |ogical-to-
physi cal mappings) . For exanple, as shown in FIG 2,

i ndex page 1 of index table 206 can map | ogical
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addresses to one or nore data pages of data block 1 and
data block N.

[0027] Referring back to FIG 1, systemon-a-

chip 110 can include SoC control circuitry 112,

menory 114, and NVM interface 118. SoC control
circuitry 112 can control the general operations and
functions of SoC 110 and the other conponents of

SoC 110 or device 100. For exanple, responsive to user
inputs and/or the instructions of an application or
operating system SoC control circuitry 112 can issue
read or wite requests to NVM interface 118 to obtain
data from or store data in NVM 120. For clarity, data
that SoC control circuitry 112 may request for storage
or retrieval may be referred to as "user data" , even
though the data may not be directly associated with a
user or user application. Rat her, the user data can be
any suitable sequence of digital information generated
or obtained by SoC control circuitry 112 (e.g., via an
application or operating system

[0028] SoC control circuitry 112 can include any
conbi nation of hardware, software, and firmmare, and
any conponents, circuitry, or logic operative to drive
the functionality of electronic device 100. For
exanple, SoC control circuitry 112 can include one or
nore processors that operate under the control of
software/firmvare stored in NVM 120 or nmenory 114,
[0029] Memory 114 can include any suitable type of
volatile nmenory, such as random access nenory ("RAM)
(e.g., static RAM ("SRAM'), dynanic random access
nmenory ("DRAM'), synchronous dynamic random access
nmenory ("SDRAM'), double-data-rate ("DDR') RAM, cache
menory, read-only nmenory ("ROM'), or any conbination

t her eof . Menory 114 can include a data source that can
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tenporarily store user data for programming into or
reading from non-volatile nenory 120. In sone

enmbodi ments, nenory 114 may act as the main nenory for
any processors inplenmented as part of SoC control
circuitry 112,

[0030] In some enbodi nents, nenory 114 can store one
or nore data structures that can be used by NVM
interface 118 to perform its associated operations.

For exanple, nenory 114 can include a bitmap. This is
also shown in FIG 2, where the volatile menory

i ncludes bitmap 212.

[0031] The bitmap can store the mapping statuses
(e.g., "Mapped" or "Unmapped") of one or nore |ogical
addresses {e.g., LBAs) . For instance, if the mapping

status of a LBA is "Mapped", NVM interface 118 can
determine that the LBA is currently associated with
user data stored in NVM 120. Al ternatively, if the
mappi ng status of a LBA is "Unmapped', NVM

interface 118 can determine that the LBA was previously
mapped to user data (but the user data has since been

deleted) , or the LBA has never been nmapped to any user

data .
[0032] The bitmap can be populated at any suitable
tine. For exanple, in sone systenms, a file system can

provide information regarding which LBAs are unnapped
during system boot-up. For exanple, once the file
system nounts, NVM interface 118 can receive

informati on associated with mapping statuses of LBAs
fromthe file system After receiving the information,
NVM interface 118 can use the information to popul ate
t he bitmap. Because the mapping statuses can be
automatically obtained from the file system the

overall system nount-tine can be reduced. 1f, however,
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the file system does not provide information regarding
whi ch LBAs are unmapped during boot -up, NVM

interface 118 can obtain the mapping statuses by

scanni ng NVM 120. During system operation, the bitmap
can be dynam cally maintained and used by NVM

interface 118.

[0033] The bitmap can have any suitable size such
as, for exanple, 2 M. The anmount of nmenory that is
allocated to the bitmap can depend on one or nore
factors. For exanple, a smaller bitmap can allow nore
space to be nmade available in nmenmory 114 for storing
other infornmation {e.g., a tree) . In contrast, a
larger bitmap can allow each entry of the bitmp to
correspond to a single LBA, which can provide NVM
interface 118 with definitive information regarding the
mappi ng status of each LBA In either case, the bitmap
can have a smaller size as conpared to a different data
structure (e.g., a table) that needs to store physical

and/ or logical addresses in addition to mapping

st at uses. The various types of bitmps wll be
described in greater detail in connection wth

FI GS. 4A-4C.

[0034] As another exanple, memory 114 can include a
tree, which can include multiple tree entries. For

exanple, as shown in FIG 2, tree 210 can provide a
mappi ng between |ogical addresses (e.g., LBAs) and
correspondi ng physical addresses of a NVM (e.g.,

NVM 120 of FIG 1). Tree 210 can have a tree structure
that inproves the retrieval time for a particular entry
of the tree such as, for exanple, a b-tree or a b*-
tree. In sone cases, tree 210 may be allocated a pre-
determ ned anount of tree menory in the volatile

menory.
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[003 5] As yet another exanple, nenory 114 can
include a |ookup table and/or an index table cache.

For exanple, as shown in FIG 2, lookup table 202 can
hold the location (e.g., physical addresses) of index
tabl e 206. In particular, |ookup table 202 can hold
the 1 ogical -to-physical mappings of index pages 1-N
that form part of index table 206. In addition, |ookup
table 202 can also store the nmenory location (s) of

i ndex table cache 204.

[0036] Index table cache 204 can hold the physical
addresses of recently witten or accessed | ogical

addresses (e.g., logical sectors) in order to provide
faster readout. That is, cache 204 can hold 1 ogical-

t o- physi cal mappings for data pages 208 that are
currently being programed or have recently been

pr ogr ammed. On a periodic basis, information stored in
index table cache 204 can be flushed out to index

pages 1-N of the NvM

[0037] Referring back to FIG 1, NVM interface 118
may include any suitable conbination of hardware,
software, and/or firmvare configured to act as an
interface or driver between SoC control circuitry 112
and NVM 120. For any software nodules included in NVM
interface 118, corresponding program code nmay be stored
in NVM 120 or nenory 114.

[0038] NVM interface 118 can perform a variety of
functions that allow SoC control circuitry 112 to
access NVM 120 and to nmanage the nenory | ocations

(e.g., pages, blocks, super blocks, integrated

circuits) of NVM 120 and the data stored therein (e.g.,
user data) . For exanmple, NVM interface 118 can
interpret the read or wite requests from SoC control

circuitry 112, perform wear |eveling, and generate read
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and program instructions conpatible wth the bus
protocol of NVM 120.

[0039] Wile NVM interface 118 and SoC control
circuitry 112 are shown as separate nodules, this is
intended only to sinplify the description of the
enbodi nents of the invention. It should be understood
that these nodules nmay share hardware conponents,

sof tware components, or both. For example, SoC control
circuitry 112 nmay execute a software -based nenory
driver for NVM interface 118.

[0040] In some enbodiments, electronic device 100
can include a target device, such as a flash nenory
drive or SD card, that includes NvVM 120 and sone or all
portions of NVM interface 118. In these enbodinments,
SoC 110 or SoC control circuitry 112 nmay act as the
host controller for the target device. For exanple, as
the host controller, SoC 110 can issue read and wite
requests to the target device.

[0041] FIG 3 illustrates a block diagram of

el ectronic device 300, which may illustrate in greater
detail some of the firmmvare, software, and/or hardware
components of electronic device 100 (FIG 1) in
accordance wth various enbodinents. El ectronic
device 300 may have any of the features and
functionalities described above in connection wth
FIG 1, and vice versa. As shown, dashed |ines
demarcate the |ayers. It is understood that the
depiction of which conponents fall within the
demarcation lines are nerely illustrative and that one
or nore conponents can be affiliated with a different

| ayer .

[0042] El ectronic device 300 can include file
system 310, NVM driver 312, NVM bus controller 316, and
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NVM 320. In sone enbodinents, file system 310 and NVM
driver 312 may be software or firmmare nodules, and NVM
bus controller 316 and NVM 320 nmay be hardware nodul es.
Accordingly, in these enbodinents, NVM driver 312 may

5 represent the software or firmware aspect of NVM
interface 318, and NVM bus controller 316 may represent
the hardware aspect of NVM interface 318.

[0043] File system 310 can include any suitable type
of file system such as a File Allocation Table ("FAT")

10 file system or a Herarchical File System Plus
("HFS+"), and may be part of the operating system of
electronic device 300 (e.g., part of SoC control
circuitry 112 of FIG 1). In sone enbodinments, file
system 310 may include a flash file system which

15 provides a |ogical -to-physical mapping of pages. In
t hese enbodinents, file system 310 nmay perform sone or
all of the functionalities of NVM driver 312 discussed
bel ow, and therefore file system 310 and NVM driver 312
may or nmay not be separate nodul es.

20 [0044] File system 310 may manage file and fol der
structures for the application and operating system
File system 310 nmay operate under the control of an
application or operating system running on electronic
device 300, and nmay provide wite and read requests to

25 NVM driver 312 when the application or operating system
requests that information be read from or stored in
NVM 320. Along with each read or wite request, file
system 310 can provide a logical address to indicate
where the user data should be read from or witten to,

30 such as a logical page address or a |ogical block
address with a page offset.

[0045] File system 310 may provide read and wite
requests to NVM driver 312 that are not directly
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conpatible wth NVM 320. For exanple, the 1 ogical
addresses nmamy use conventions or protocols typical of
hard-dri ve-based systens. A hard-drive-based system
unli ke flash nenory, can overwite a nmenory |ocation
5 without first performing a block erase. Mor eover, hard
drives may not need wear leveling to increase the
lifespan of the device. Therefore, NVM interface 318
can perform any functions that are nenory- specific,
vendor-specific, or both to handle file system requests
10 and perform other managenment functions in a manner
suitable for NVM 320.
[0046] NVM driver 312 can include translation
| ayer 314. In sone enbodinments, translation [|ayer 314
may be or include a flash translation |l|ayer ("FTL").
15 On a wite request, translation |layer 314 can map the
provided logical address to a free, erased physical
location on NVM 320. On a read request, translation
| ayer 314 can use the provided logical address to
determ ne the physical address at which the requested
20 data is stored. Because each NVM may have a different
| ayout depending on the size or vendor of the NVM this
mappi ng operation may be nmenory and/or vendor-specific.
[0047] In addition to |ogical -to-physical address
mappi ng, translation |ayer 314 can perform any other
25 suitable functions that may be typical of flash
translation layers, such as garbage collection ("GC')
and wear |eveling.
[0048] In some enbodi nents, NVM driver 312 may
interface with NVM bus controller 316 to conplete NVM
30 access requests (e.g., program read, and erase
requests) . Bus controller 316 nay act as the hardware

interface to NVM 320, and can conmmunicate wth NVM 320
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using the bus protocol, data rate, and other
speci fications of NVM 320.
[0049] NVM interface 318 may manage NVM 320 based on

menory nanagenent data, sonmetines referred to herein as
"metadata” . The nmetadata nmay be generated by NVM
driver 312 or may be generated by a nodul e operating
under the control of NVM driver 312. For exanpl e,
netadata can include any information used for managi ng
the mappi ng between |[ogical and physical addresses, bad
bl ock managenent, wear leveling, ECC data used for
detecting or correcting data errors, or any conbination
t her eof . The netadata nmay include data provided by
file system 310 along with the user data, such as a

| ogi cal address. Thus, in general, "netadata" may
refer to any information about or relating to user data
or used generally to manage the operation and nenory

| ocati ons of a non-volatile nmenory.

[0050] NVM interface 318 may be configured to store
netadata in NVM 320. In sonme enbodi nents, NVM
interface 318 may store netadata associated with user
data at the sane nmenory location (e.g., page) in which
the user data is stored. For exanple, NVM

interface 318 may store user data, the associ ated

| ogi cal address, and ECC data for the user data at one
or nore nenory |locations of NVM 320. NVM interface 318
may al so store other types of netadata about the user
data in the sane nmenory | ocation.

[0051] NVM interface 318 may store the | ogical
address so that, on power-up of NVM 320 or during
operation of NVM 320, electronic device 300 can
determine what data resides at that [ocation. In
particular, because file system 310 may reference the

user data according to its logical address and not its



WO 2013/090133 PCT/US2012/068375

10

15

20

25

30

- 15 -

physical address, NVM interface 318 nay store the user
data and logical address together to maintain their
associ ati on. This way, even if a separate table

mai ntai ni ng the physical-to-1ogical mappi ng in NVM 320
becomes outdated, NVM interface 318 may still determ ne
the proper mapping at power-up or reboot of electronic

device 300, for exanple.

[0052] As discussed above, a bitmap, which can be
stored in volatile nenory, can store the napping
statuses of one or nore LBAs. |In addition, each entry
of the bitmap can correspond to one or nore LBAs. For

exanple, referring now to FIGS. 4A-4C, various

illustrative bitmaps are shown. Persons skilled in the
art will appreciate that a bitmap can include any
sui tabl e nunmber of entries. However, for the sake of

sinplicity, each bitmap of FIGS. 4A-4C is shown to

i nclude only- eight entries.

[0053] Turning first to FIG 4A bitmap 400 can

i nclude entries 400A-H. Each entry of bitmap 400 can
correspond to a single LBA Thus, for exanple,

entries 400A-H can each correspond to LBAs 0-7,
respectively. In addition, each entry can correspond
to one bhit. That is, each entry of bitmap 400 can
store a binary value (e.g., 0 or 1), where each binary
value can correspond to a mapping status of "Unmapped"
or "Mapped" . Wen data is programmed to a LBA and the
corresponding bitnmap entry has a nmapping status of
"Unmapped", the bitmap entry can be updated to reflect
a mapping status of "Mapped". If, however, the
corresponding bitnmap entry already has a mapping status
of "Mapped" , the validity counter of the block where

the LBA was previously stored can be decreased.
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[0054] Because each entry of bitmap 400 corresponds
to a single LBA, bitnap 400 can provide an NVM
interface (e.g., NMV interface 118 of FIG 1 or NVM 318
of FIG 3) with definitive information regarding

whet her a particular LBA is mapped or unmapped. In
alternative configurations, the granularity of entry-
to-LBA can be decreased such that each entry of a
bitmap can correspond to multiple LBAs (e.g., 8, 16, or
32 LBAs) . Although such configurations may not provide
a definitive mapping status for each LBA of the system
these bitmaps can be snmaller (e.g., 256 kB as opposed
to 2 MB), which save additional space in menory (e.g.,
menory 114 of FIG 1) . The additional nenory space can
be used for other purposes such as, for exanple,
storing a larger tree (e.g., tree 210 of FIG 2).
[00553 In other enbodinents, each entry of a bitnmap
can correspond to multiple LBAs. For exanple, turning
now to FIG 4B, bitmap 402 can include entries 402A-H,
where each entry can be associated with eight LBAs. In
addition, each entry can still correspond to one bit.
That is, each entry can store a binary value, where
each binary value can correspond to a mapping status of
"All mapped/ All unmapped" or "Unknown" . For instance,
as showmn in FIG 4B, if an entry has a "Yes" |abel, all
LBAs corresponding to the entry can be considered
either all mapped or all unmapped, depending on the
manner in which bitmap 402 is configured. In contrast,
if an entry has a "Mx" label, the mapping statuses of
the LBAs corresponding to the entry can be considered
"Unknown" . Thus, one or nore LBAs corresponding to the
entry can be unmapped, while the remaining LBAs can be

mapped.
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[0056] Turning next to FIG 4C, bitmap 404 can
include entries 404A-H where each entry can also
correspond to eight LBAs. In this case, however, each
entry can store multiple bits (e.g., two bits).
Consequently, each entry of bitmap 404 can correspond
to one of three values, where each value can correspond
to a suitable mapping status (e.g., "Mapped",
"Unmapped", or "Mx") . For instance, as shown in

FIG 4C, if an entry has a "Mapped" label, all LBAs

corresponding to the entry can be napped. Li kewi se, if
an entry has an "Unmapped" |abel, all LBAs

corresponding to the entry can be unnmapped. In
contrast, if an entry has a "Mx" |abel, one or nore

LBAs corresponding to the entry can be unmapped, while
the remaining LBAs can be napped.

[0057] For bitmaps 402 and 404, if an NVM interface
determines that the mapping status of an entry is an
unknown status (e.g., the NVM interface encounters an
"Unknown" or "Mx" value for an entry) , the NVM
interface may need to separately determ ne and/or
update the mapping status of each LBA associated with
the entry. For instance, the NVM interface can consult
and update one or nore data structures of the system
such as, for exanple, a tree (e.g., tree 210 of FIG 2)
and/ or one or nore index pages (e.g., index pages 1-N
of FIG 2). As a result, the bitmap may becone |ess
useful for determ ning mapping statuses of LBAs as the

nunber of "Unknown" or "Mx" values increase in the

bit map .
[00583 In addition, if a LBA associated with a
"Mapped" entry is now unmapped, the entry will need to

be updated to have a mapping status of "Unknown" or

"M x". As a result, in order to continue nonitoring
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the mappi ng statuses of LBAs, the NVM interface nay
need to update a tree and/or one or nore index pages in
order to reflect the changed mapping status of the LBA
[0059] The granularity of the bitmap can thus be
determ ned based on one or nore factors such as, for
exanple, the current nmenory availability, the duty
cycle that would be required to definitively determne
the mapping status of each LBA for a given granularity,
the system usage nodel, and/or any conbination thereof.
The system usage nmodel may include the size of files
that are being witten and/or deleted. For instance,
if the system is sequentially witing and deleting
large files, a grosser granularity of entry-to-LBA can
be selected for the bitmp. In contrast, if the system
is witing and deleting snmall files, a finer
granularity of entry-to-LBA may be selected for the
bitmap in order to provide sufficient information for
each LBA.

[0060] In some enbodinents, the NVM interface can
dynamically adjust the granularity of the bitmap while
a system is operating (e.g., increase or decrease the
range of each bitmap entry based on the frequency of
unknown statuses at a given level) . For example, the
NVM interface can first initialize the bitmap such that
each entry corresponds to one LBA Then, as the system
continues to operate, the NVM interface can increase
the nunber of LBAs corresponding to each entry if, for
exanpl e, the nunber of entries that have unknown
statuses is less than a pre-deternined threshold (e.g.,
| ess than 50% of the bitmap entries have unknown
statuses) . In other enbodinments, the NVM interface can
initialize the bitmap such that each entry of the

bitmap corresponds to a static pre-determ ned nunber of
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LBAs (e.g., each entry corresponds to one LBA, or each
entry corresponds to 32 LBAs)

[0061] The system can use the bitmap to nonitor the
mappi ng statuses of LBAs in a variety of scenarios.
Conventionally, in order for a system to deternmine the
mappi ng status of a LBA, the system may need to consult
an NVM (e.g., NVM 120 of FIG 1 or NVM 320 of FIG 3),
particularly if the system does not mamintain a tree or
if the mapping statuses of LBAs are only partially
captured by a tree. For exanple, in order to unmap one
or nore LBAs, the system nmay need to first read one or
nore index pages (e.g., index pages 1-N of FIG 2)
stored in the NVM into an index table cache (e.g.,

i ndex table cache 204 of FIG 2) stored in nenory
(e.g., nmenory 114 of FIG 1). Then, the index pages
can be updated in the index table cache to reflect the
unmappi ng of the one or nore LBAs (e.g., by replacing
associ ated physical addresses with default values) . At
a later time, the updated index pages can be progranmred
back to the NvM These additional programm ng
operations, however, may prematurely trigger garbage
collection of the NVM which can negatively inpact

syst em per for mance.

[0062] In other systens where mapping statuses of
LBAs are entirely captured by a tree, the system nay
need to update the tree in order to unmap LBAs.
Subsequently, one or nore portions (e.g., entries) of
the tree may need to be flattened once the tree nmenory
usage is determined to exceed a pre-determ ned

t hreshol d. However, flattening operations may also

i nvol ve additional operations on the NVM because data

corresponding to flattened entries may need to be re-
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programmed in the NvM These operations nay |ater
trigger garbage collection.

[0063] As another exanple, in order to read a LBA in
a conventional system an index page stored in the NVM
may need to be consulted {e.g., particularly if the

i ndex page is not stored in an index table cache, such
as index table cache 204 of FIG 2). Thus, the system
may need to read an entire index page into menory
(e.g., menory 114 of FIG 1) before being able to
determ ne whether a LBA is mapped or unmapped.

[0064] Accordingly, by relying on a bitmap (e.g.,

bi tmap 400, 402, or 404 of FIGS. 4A-4C, respectively)
that is stored in nmenory (e.g., nenory 114 of FIG 1),
an NVM interface (e.g., NVM interface 118 of FIG 1 or
NVM interface 318 of FIG 3) can determine the mapping
status of a LBA without having to access the NVM In
addition, the NVM interface can update a LBA s napping
status with niniml NVM accesses. By reducing the
nunber of NVM accesses, the system can avoid triggering
a garbage collection process, which can inprove overall
system performance. For exanple, turning now to

FIGS. 5 and 6, flowcharts of illustrative processes are
shown in accordance with various enbodiments of the

i nvention .

[0065] Turning first to FIG 5, process 500 is shown
for handling an unmap request using a bitmap.

Process 500 may begin at step 502, and at step 504, an
NVM interface can store mapping statuses of nultiple
LBAs in a bitmap (e.g., bitmap 400, 402, or 404 of

FI GS. 4A-4C, respectively) stored in volatile nenory
(e.g., menory 114 of FIG 1). For exanple, as

di scussed previously, the NVM interface can obtain the

mappi ng statuses from a file system (e.g., file
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system 310 of FIG 3) during system boot-up or through
scanning an NVM (e.g., NVM 120 of FIG 1 or NVM 320 of
FIG 3).

[0066] At step 506, the NVM interface can receive a

5 request from a file system to unmap a LBA Conti nui ng
to step 508, the NVM interface can change a napping
status of the LBA to unmapped by only updating the
bi t map. For exanple, referring back to FIG 4A if the
NVM interface receives a request to unmap LBA o, the

10 NVM interface can change the mapping status of
entry 400A from "Mapped" to "Unmapped" . After changing
the mapping status of the LBA by updating the bitmap,
the NVM interface can update at |least one validity
counter stored in menory (e.g., menory 114 of FIG 1).

15 The at least one validity counter can correspond to a
super block associated with the LBA After changing
the mapping status, process 500 may end at step 510.
[0067] Turning now to FIG 6, process 600 is shown
for handling a read request using a bitnap.

20 Process 600 may begin at step 602, and at step 604, an
NVM interface (e.g., NVM interface 118 of FIG 1 or NVM
interface 318 of FIG 3) can receive a read request
froma file system (e.g., file system 310 of FIG 3) to
read a LBA.

25 [0068] Then, at step 606, the NVM interface can
consult an entry of a bitmap (e.g., bitmap 400, 402,
or 404 of FIGS. 4A-4C, respectively) associated with
t he LBA. Continuing to step 608, the NVM interface can
deternmine whether the entry indicates the LBA is

30 unmapped .

[0069] If, at step 608, the NVM interface deternines
that the entry indicates that the LBA is unnmapped,

process 600 may nove to step 610. For exanpl e,
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referring back to FIG 4A if the NVM interface
receives a request to read LBA 2, the NVM interface can
determne that LBA 2 is unmapped by consulting

entry 400C of bitmap 400.

[0070] At step 610, the NVM interface can transnmit
information to the file system indicating that the LBA
does not have associated user data. Thus, the NVM
interface can directly deternmine the mapping status of
a LBA without having to consult index pages stored in
an NVM Process 600 may then end at step 612.

[0071] Referring back to step 608, if the NVM
interface instead determines that the entry indicates
that the LBA is not unmapped, process 600 nay nove to
step 614. At step 614, the NVM interface can consult
an index page of an NVM (e.g., NVM 120 of FIG 1 or
NVM 320 of FIG 3) to locate user data associated wth
t he LBA. Thus, in contrast to conventional systens,
the NVM interface only needs to consult an index page
if the bitmap entry indicates the LBA is mapped.

[0072] After locating the user data, the NVM
interface can transnmit the user data to the file system
at step 616. Process 600 may then end at step 612.
[0073] In some enbodinents, after changing the
mappi ng status of a LBA by updating a bitmap, an NVM
interface can consult a tree in order to update
validity counters stored in nenory (e.g., nenory 114 of
FIG 1). Validity counters can be maintained for each
super block of the NVM In sone enbodiments, validity
counters can be stored as a table in the nenory.

[0074] Al'though the NVM interface my consult the
tree in updating validity counters, the tree does not
necessarily need to be updated to reflect the LBA

unnmappi ng. This is because the bitmap already stores
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the mapping statuses of LBAs used by a file system
Instead, the NVM interface can perform a tree update
only if tree nenory usage is advantageously decreased.
O herwise, the NVM interface can leave the tree in its
5 current state.
[0075] For exanple, turning now to FIG 7, a
flowhart of illustrative process 700 is shown for
updating a tree (e.g., tree 210 of FIG 2).
Process 700 may begin at step 702, and at step 704, an
10 NVM interface (e.g., NVM interface 118 of FIG 1 or NVM
interface 318 of FIG 3) can receive a request to unmap
a LBA.
[0076] Continuing to step 706, the NVM interface can
consult a bitmap (e.g., bitmap 400, 402, or 404 of
15 FI GS. 4A-4C, respectively) to determine whether the LBA
i s unmapped. If, at step 708, the NVM interface
determnes that the LBA is unmapped, process 700 may
nmove to step 710.
[0077] In some enbodinments, at step 710, the NVM
20 interface can transmt information to a file system
(e.g., file system 310 of FIG 3} indicating that the
LBA is already unmapped. Thus, as in step 610 of
process 600 (FIG 6), no NVM accesses are needed to
determine that the LBA is unnapped. Process 700 may
25 then end at step 712.
[0078] Referring back to step 708, if the NVM
interface instead determines that the LBA is not
unmapped, process 700 may nove to step 714. At
step 714, the NVM interface can unmap the LBA in the
30 bi t map.
[0079] Continuing to step 716, the NVM interface can
update one or nmore validity counters by consulting a

tree. In particular, the NVM interface can consult the
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tree in order to obtain a |ogical-to-physical mapping
corresponding to the LBA Thus, for exanple, the NVM
interface can locate an entry of the tree corresponding
to the LBA, and using the entry, the NVM interface can
determ ne which super block (s) stores data associated
with the LBA. After making this determination, the NVM
interface can decrenent one or nore validity counters
that are associated with the super block (s)
Consequently, because the tree is also stored in
menory, the unmapping process involves only nenory
accesses .

[0080] Then, at step 718, the NVM interface can
update the tree to reflect the unmapped LBA only if
tree nmenory usage decreases wth the update. That is,
the NVM interface can deternmne to update the tree only
if the update can produce a net reduction in the total
nunber of entries of the tree. For exanple, a tree
update may be advantageous if nmultiple logically
contiguous segnments of data are being unmapped (e.g.,
multiple snmall database entries are being deleted)
Consequently, the entries corresponding to these data
segnents can be flattened (e.g., consolidated), and a
smaller tree can be produced, which decreases the
overall tree nmenory usage. A smaller tree may also
inprove the rate at which tree searches can be
perforned .

[0081] In contrast, if only a small data segment is
bei ng unmapped, a tree update may not be perforned if
it will cause tree mappings to tear (e.g., if the
mddle or front of a larger tree entry was being
unnmapped) . This tree update may therefore undesirably

produce a greater nunber of entries.



WO 2013/090133 PCT/US2012/068375

- 25 -

[0082] In some enbodinments, the NVM interface can
update the tree to reflect the unmapped LBA by locating
an entry of the tree that corresponds to the LBA
After locating the entry, the NVM interface can update
5 a physical address (e.g., a physical page address or a
virtual block address) in the entry associated wth the
LBA to a pre-determned token val ue.
[0083] In enbodi ments where the NVM interface is
unable to determne the |ogical- to-physical mapping for
10 a LBA by consulting a tree (e.g., the logical-to-
physical mapping is not stored in the tree because the
tree nmenory is nearly exhausted, or the system does not
have a tree) , the NVM interface may need to determ ne
the |ogical -to-physical mapping by loading an index
15 page from the NVM into volatile nenory. Al though this
scenario involves accessing the NVM the NVM access is
limted to a read operation. In contrast to program
operations, read operations generally do not trigger

garbage collection.

20 [0084] For exanple, turning now to FIG 8, a
flowmchart of illustrative process 800 is shown for
updating validity counters. Process 800 may begin at

step 802, and at step 804, an NVM interface (e.g., NVM
interface 118 of FIG 1 or NVM interface 318 of FIG 3)
25 can receive a request to unmap a LBA
[0085] Continuing to step 806, the NVM interface can
unmap the LBA in a bitmap (e.g., bitmap 400, 402, or
404 of FIGS. 4A-4C, respectively) stored in volatile
nenmory (e.g., nenmory 114 of FIG 1). Although step 806
30 may involve additional steps, such as steps 704-714 of
process 700 (FIG 7), these additional steps have been

omtted from process 800 for the sake of sinplicity.
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[0086] At step 808, the NVM interface can determne
whether a tree (e.g., tree 210 of FIG 2) stored in
volatile menmory (e.g., nmenory 114 of FIG 1) includes a
| ogi cal -to-physical napping corresponding to the LBA
If, at step 808, the NVM interface determnes that the
tree includes the |ogical -to-physical nmapping
corresponding to the LBA, process 800 may nove to

step 810.

[0087] At step 810, the NVM interface can determne
one or nore super blocks of the NVM that are associated
with the LBA using the tree.

[0088] Then, at step 812, the NVM interface can
decrenent at least one validity counter associated wth
the super block, where the at least one validity
counter is stored in the volatile nenory. Because the
one or nore super blocks were determined using the
tree, the NVM interface does not have to perform any
reads or wites of index pages stored in the NVM Thi s

can help reduce the probability that garbage collection

will be triggered. Process 800 may then end at
step 814.
[0089] Referring back to step 808, if the NvM

interface instead determines that the tree does not
include the 1ogical- to-physical mapping corresponding

to the LBA, process 800 nmay nobve to step 816. At

step 816, the NVM interface can load an index page
(e.g., one of index pages 1-N of FIG 2) associated
with the LBA from an NVMM (e.g., NVM 120 of FIG 1 or
NVM 320 of FIG 3). For exanple, the NVM interface can
load the index page into an index table cache (e.g.,

i ndex table cache 204 of FIG 2).

[0090] Continuing to step 818, the NVM interface can

determne one or nore super blocks of the NVM that are
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associated with the LBA by consulting the |oaded index
page. Then, at step 812, the NVM interface can
decrenent at least one validity counter associated wth
the one or nore super bl ocks. Thus, although the NVM
interface needs to read an index page in this scenario,
the NVM interface does not have to update and re-
program the index page in the NVM The net result is
that the total nunber of index page accesses can still
be reduced, and garbage collection can be avoi ded.
Process 800 nmay then end at step 814.

[0091] In enbodi ments where |ogical -to-physical
mappings are not (or not fully) mauintained in a tree,
but rather are maintained in index pages (e.g., index
pages 1-N of FIG 2) stored in an NVMM nmaintaining a
bitmap can also inprove a garbage collection process.
In particular, wusing a bitmap, an NVM interface can
reduce the nunber of index page accesses that need to

be made during garbage collection.

[0092] For exanple, turning now to FIG 9, a
flowchart of illustrative process 900 is shown for
faster garbage collection. Process 900 nmay begin at

step 902, and at step 904, an NVM interface (e.g., NWM
interface 118 of FIG 1 or NVM interface 318 of FIG 3)
can determne to perform garbage collection on a data
block (e.g., one of data blocks 1-N of FIG 2) of a
NVM

[0093] Continuing to step 906, the NVM interface can
load a block TOC (e.g., one of block TOCs 1-N of

FIG 2) stored in the data bl ock. Then, at step 908,
the NVM interface can conpare a bitmap (e.g.,

bitmap 400, 402, or 404 of FIGS. 4A-4C, respectively)

stored in volatile nemory with the block TOC
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[0094] At step 910, the NVM interface can determne
a subset of logical addresses (e.g., LBAs) of the data
bl ock that are mapped based on the conparison. For
exanple, wusing the bitmap, the NVM interface can
determ ne which LBAs are unmapped. These unmapped LBAs
can therefore be excluded from the garbage collection
process .

[0095] Continuing to step 912, the NVM interface can
perform garbage collection for only user data stored in
the data block that are associated with the subset of
| ogi cal addresses. Garbage collection can be perforned
in various ways depending on the system For exanpl e,
in enbodi ments where the system does not nmaintain a
tree, the NVM interface can locate the user data by
accessing only index pages stored in the NVM
corresponding to the subset of |ogical addresses.

Thus, for each logical address of the subset of |ogical
addresses, the NVM interface can access an index page
(e.g., one of index pages 1-N of FIG 2) associated
with the |ogical address. Then, based on the index
page, the NVM interface can deternine a physical
address of the data block corresponding to the | ogical
addr ess. After deternmining the physical address, the
NVM interface can copy user data from the physical
address to a different data block of the NvM

[0096] In enbodi nents where a tree (e.g., tree 210
of FIG 2) is stored in volatile nenory, the NVM
interface can determne if the tree includes |Iogical-

t o- physical mappings for the subset of |ogical

addr esses. For exanple, for each |ogical address of
the subset of l|ogical addresses, the NVM interface can
consult the tree to determne whether a logical -to-

physi cal mapping exists for the |ogical address. | f
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the NVM interface determines that the |ogical -to-

physi cal mapping does not exist for the I|ogical

address, the NVM interface can access an index page
associated with the |ogical address. Then, as

di scussed above, based on the index page, the NVM
interface can deternmine a physical address of the data
bl ock corresponding to the |ogical address. After
determ ning the physical address, the NVM interface can
copy user data from the physical address to a different
data block of the NM

[0097] However, if the NVM interface deternines that
the 1 ogical -to-physical mapping exists for the |ogical
address, the NVM interface can determ ne a physical
address of the data bl ock corresponding to the I ogical
address using the tree. Then, the NVM interface can
copy the user data from the physical address to a
different data block of the NVM After perform ng
garbage collection, process 900 nmay end at step 914.
[0098] Thus, by using a bitmap to reduce the number
of logical addresses that need to be examined in the
NVM the nunber of NVM operations that need to be
performed during garbage collection can correspondingly
be reduced. As a result, the garbage collection
process can be perforned nore efficiently.

[0099] Furthernore, in enbodiments where |ogical- to-
physical mappings are fully maintained in a tree stored
in volatile nmenory, maintaining a bitmap can al so
marginally inprove the garbage collection process. By
consulting the tree for only a subset of [ogical
addresses, the anmobunt of menory accesses can be
reduced .

[0100] It should be understood that processes 500,
600, 700, 800, and 900 of FIGS. 5-9 may be executed by



WO 2013/090133 PCT/US2012/068375

10

15

- 30 -

one or nore conponents in a system (e.g., electronic
device 100 of FIG 1 or electronic device 300 of

FIG 3). For exanple, at least sonme of the steps in
the processes nmay be perforned by a NVM interface

(e.g., NVM interface 118 of FIG 1 or NVM interface 318
of FIG 3). Persons skilled in the art will appreciate
that one or nore of the steps nmay be perfornmed by a
control circuitry (e.g., SoC control circuitry 112 of
FIG 1).

[0101] Furthermore, it should be understood that
processes 500, 600, 700, 800, and 900 of FIGS. 5-9 are
nmerely illustrative. Any of the steps may be renoved,
nodi fied, or conbined, and any additional steps may be

added, without departing from the scope of the

i nventi on.
[0102] The described enbodinments of the invention
are presented for the purpose of illustration and not

of limtation.
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VWat is Cainmed is:

1. A nethod for ummapping |ogical block
addresses ("LBAs") for a system conprising a non-
vol atile nmenmory ("NVM'), the nmethod conprising:
storing mapping statuses of a plurality
of LBAs in a bitmap stored in volatile nenory;
receiving a request froma file system
to unmap a first LBA
changing a mapping status of the first
LBA to unmapped by only updating the bitmp; and
decreasing a validity counter for a

super block corresponding to the first LBA.

2. The nmethod of claim 1, wherein each

entry of the bitmap corresponds to one LBA

3. The nmethod of claim 1, wherein each

entry of the bitmap corresponds to multiple LBAs.

4. The method of claim 1, further
conprising receiving information associated wth
mappi ng statuses of the plurality of LBAs during system

boot-up from the file system

5. The nethod of claim 1, further
conprising obtaining nmapping statuses of the plurality

of LBAs by scanning the NVM

6 . The method of claim 1, further
conprising :
receiving a read request fromthe file
system to read a second LBA;
consulting an entry of the bitmp

associated with the second LBA;
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determining whether the entry indicates
that the second LBA is unmapped; and

in response to deternmining that the
entry indicates that the second LBA is unmapped,
transmt information to the file system indicating that

the second LBA does not have associ ated user data.

7. The method of claim 6, further
conprising :
in response to deternmining that the
entry indicates that the second LBA is not unmapped,
consult an index page of the NVM to |ocate user data
associated with the second LBA, and
transmt the user data to the file

system

8. A system conpri si ng:
non-volatile menmory ("NVM )
vol atile nmenory conprising:
a plurality of validity counters
associated with a plurality of super blocks of the NvM
a tree conprising a plurality of
entries, wherein the tree provides a mapping between a
plurality of logical block addresses ("LBAs") and
physi cal addresses of the NVM and
a bitmap for storing mapping
statuses of the plurality of LBAs; and
menory interface conprising control
circuitry operative to:
receive a request to unmap a LBA of
the plurality of LBAs;
consult the bitmp to determne
whet her the LBA is unnapped;
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in response to determining that the
LBA is not unnmapped, unmap the LBA in the bitnmap;

update at |east one of the
plurality of validity counters by consulting the tree;
and

update the tree to reflect the
unmapped LBA only if tree menory usage decreases wth

t he update.

9. The system of claim g8, wherein the
control circuitry is operative to:
| ocate an entry of the tree
corresponding to the LBA;, and
update a physical address in the entry
associated with the LBA to a pre-determ ned token

val ue .

10. The system of claim 8, wherein the
control circuitry is operative to determ ne that
updating the tree produces a net reduction in a total

nunber of entries of the tree.

11. The system of claim 8, wherein in
response to determining that the LBA is unnmapped, the
control circuitry is operative to transmt information
to the file system indicating that the LBA is already

unmapped.

12. The system of claim 8, wherein the
control circuitry is operative to:
| ocate an entry of the tree
corresponding to the LBA
determine a super block that stores data

associated with the LBA using the entry; and
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decrenment a validity counter of the
plurality of validity counteres associated with the

super bl ock.

13. The system of claim 8, wherein each

entry of the bitmap corresponds to nmultiple LBAs.

14, The system of claim 13, wherein the
control circuitry is operative to:
determine that a mapping status of an
entry of the bitmap is an unknown status;
consult at least one of a tree and at
| east one index page to determine a mapping status of

each LBA associated with the entry.

15. The system of claim 8, wherein the
control circuitry is operative to:
initialize the bitmap such that each
entry of the bitmap corresponds to one LBA;, and
i ncrease the nunber of LBAs
corresponding to each entry of the bitmap if a nunber
of entries of the bitnmap that have unknown statuses is

less than a pre-determ ned threshold.

16. The system of claim 8, wherein the
control circuitry is operative to initialize the bitmap
such that each entry of the bitmap corresponds to a

pre-deternined nunber of LBAs.

17. A nmenory interface for accessing index
pages in a non-volatile nmenmory ("NVM ), the nenory
interface conprising control circuitry operative to:

receive a request to unmap a | ogical

bl ock address ("LBA') of a plurality of LBAs;
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unmap the LBA in a bitnap stored in
vol atile nenory;

determi ne whether a tree stored in
vol atile menory conprises a |ogical-to-physical napping
corresponding to the LBA, and

in response to determining that the tree
does not conprise the |ogical-to-physical mapping
corresponding to the LBA load an index page associated
with the LBA from the NVM

18. The nenory interface of claim 1s,
wherein the control circuitry is operative to load the

i ndex page into an index table cache.

19. The nenory interface of claim 1s,
wherein the control circuitry is operative to:
determine a super block of the NVM that
is associated with the LBA by consulting the | oaded
i ndex page; and
decrenent a validity counter associated
with the super block, wherein the validity counter is

stored in the volatile nenory.

20. The nmenory interface of claim 16,
wherein in response to determning that the tree
conprises the l|ogical -to-physical napping corresponding
to the LBA, the control circuitry is operative to:

determine a super block of the NVM that
is associated with the LBA using the tree; and

decrenment a validity counter associated
with the super block, wherein the validity counter is

stored in the volatile nenory.

21. A nethod for faster data garbage
collection ("GC'), the nmethod conprising:
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determining to perform garbage
collection on a data block of a non-volatile nmenory
("NvM' ) ;

| oading a block table-of -contents
("TOC') stored in the data bl ock;

conparing a bitmp stored in volatile
menory with the bl ock TOCG

determning a subset of |ogical
addresses of the data block that are napped based on
t he conparison; and

perform ng garbage collection for only
user data stored in the data block that are associated

with the subset of |ogical addresses .

22. The method of claim 21, wherein the
bitmap stores mapping statuses for a plurality of

| ogi cal block addresses ("LBAs")

23. The method of claim 21, further
conprising locating the user data by accessing only
i ndex pages stored in the NVM corresponding to the

subset of logical addresses .

24. The nethod of claim 23, further

conprising :

for each logical address of the subset
of logical addresses, accessing an index page
associated with the |ogical address;

determning a physical address of the
data block corresponding to the logical address based
on the index page; and

copying user data from the physical

address to a different data block of the NVM
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25. The method of claim 21, further

conpri sing :

for each logical address of the subset
of logical addresses, consulting a tree stored in
volatile nmenory to determ ne whether a |ogical-to-
physical mapping exists for the |ogical address;

in response to determning that the
| ogi cal -to-physical mapping does not exist for the
| ogi cal address, accessing an index page associ ated
with the |ogical address;

determ ning a physical address of the
data block corresponding to the |ogical address based
on the index page; and

copying user data from the physical

address to a different data block of the NvM

26. The method of claim 25, further

conpri sing :

in response to determning that the
| ogi cal -to-physical mapping exists for the | ogical
address, determ ning the physical address of the data
bl ock corresponding to the |ogical address using the
tree; and

copying the user data from the physical

address to the different data block of the NvM
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