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LOGICAL BLOCK ADDRESS (LBA) BITMAP USAGE

Background of the Disclosure

[0001] NAND flash memory, as well as other types of

non-volatile memories ("NVMs"), are commonly used for

mass storage. For example, consumer electronics such

as portable media players often include flash memory to

store music, videos, and other media.

[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

example, if the mapping status of a LBA is "mapped",

this can indicate that the LBA is currently associated

with data stored in the NVM. Alternatively, if the

mapping 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 mapping statuses of LBAs are stored

in the index pages, the system needs to update an index

page each time a LBA is mapped or unmapped, thereby

causing programming operations to be performed on the

NVM. Because of the additional programming operations,

the system eventually needs to perform garbage



collection on the NVM in order to free up space. This

in turn reduces system performance .

Summary of the Disclosure

[0004] Systems and methods are disclosed for logical

block address ("LBA") bitmap usage for a system having

non-volatile memory ("NVM") . A bitmap, which can be

stored in a volatile memory of the system, can store

the mapping statuses of one or more logical 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

mapping status of a LBA with minimal NVM accesses. By

reducing the number of NVM accesses, the system can

avoid triggering a garbage collection process, which

can improve overall system performance.

Brief Description of the Drawings

[00053 The above and other aspects and advantages of

the invention will become more apparent upon

consideration of the following detailed description,

taken in conjunction with accompanying drawings, in

which like reference characters refer to like parts

throughout, and in which:

[0006] FIG. 1 is a block diagram of an electronic

device configured in accordance with various

embodiments of the invention;

[0007] FIG. 2 is an illustrative block diagram of a

memory mapping architecture in accordance with various

embodiments of the invention;

[0008] FIG. 3 is another block diagram of an

electronic device configured in accordance with various

embodiments of the invention;



[0009] FIGS. 4A-4C are illustrative bitmaps in

accordance with various embodiments of the invention;

[0010] FIG. 5 is a flowchart of an illustrative

process for handling an unmap request using a bitmap in

accordance with various embodiments of the invention;

[0011] FIG. 6 is a flowchart of an illustrative

process for handling a read request using a bitmap in

accordance with various embodiments of the invention;

[0012] FIG. 7 is a flowchart of an illustrative

process for updating a tree in accordance with various

embodiments of the invention,-

[0013] FIG. 8 is a flowchart of an illustrative

process for updating validity counters in accordance

with various embodiments of the invention; and

[0014] FIG. 9 is a flowchart of an illustrative

process for faster garbage collection in accordance

with various embodiments of the invention.

Detailed Description of the Disclosure

[0015] Systems and methods for logical block address

("LB ") bitmap usage for a system having non-volatile

memory ("NVM") are provided. A bitmap, which can be

stored in a volatile memory of the system, can store

the mapping statuses of one or more logical addresses

(e.g., LBAs) . Each entry of the bitmap can correspond

to one or more LBAs.

[0016] Using the bitmap, an NV interface of the

system can determine the mapping status of a LBA

without having to access the NVM. In addition, the NVM

interface can update the mapping status of a LBA with

minimal NVM accesses. For example, in response to

receiving a request from a file system to unmap a

particular LBA, the NVM interface can change the



mapping status of a corresponding entry of the bitmap

from "Mapped" to "Unmapped" . By reducing the number of

NVM accesses, the system can avoid triggering a garbage

collection process, which can improve overall system

performance.

[0017] After changing the mapping status of a LBA by

updating the bitmap, the NVM interface can consult a

tree stored in volatile memory in order to update at

least one validity counter, which is also stored in

volatile memory. However, the tree, which can include

a mapping between LBAs and physical addresses of the

NVM, does not necessarily need to be updated to reflect

the unmapping of the LBA. Instead, the NVM interface

can determine to perform a tree update only if tree

memory 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 load

an index page associated with the LBA from the NVM.

Although the NVM interface needs to read the index page

into volatile memory, the NVM interface does not have

to update and re-program the index page into the NVM.

The net result is that the total number of index page

operations that needs to be performed is reduced, and

garbage collection can be avoided.

[0019] In some embodiments, the bitmap can improve

the garbage collection process. In particular, using

the bitmap, the NVM interface can reduce the number of

index page accesses that need to be made while

performing garbage collection on user data stored in

the NVM.

[0020] FIG. 1 illustrates a block diagram of

electronic device 100. In some embodiments, electronic



device 100 can be or can include a portable media

player, a cellular telephone, a pocket-sized personal

computer, a personal digital assistance ("PDA"), a

desktop computer, a laptop computer, and any other

suitable type of electronic device.

[0021] Electronic device 100 can include system-on-

a-chip ("SoC") 110 and non-volatile memory ("NVM") 120.

Non-volatile memory 120 can include a NAND flash memory

based on floating gate or charge trapping technology,

NOR flash memory, erasable programmable read only

memory ("EPROM"), electrically erasable programmable

read only memory ("EEPROM" ), Ferroelectric RAM

("FRAM"), magnetoresistive RAM ("MRAM" ), or any

combination 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 programmed or read. In some embodiments, NVM 120

can include multiple integrated circuits, where each

integrated circuit may have multiple blocks. Memory

locations {e.g., blocks or pages of blocks) from

corresponding integrated circuits may form "super

blocks". Each memory 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

memory mapping architecture 200 for mapping logical

addresses to physical pages is shown. Architecture 200

is divided into volatile memory (shown left of the

dashed line) and non-volatile memory (shown right of

the dashed line) . That is, lookup table 202, index

table cache 204, tree 210, and bitmap 212 are stored in



volatile memory (e.g., memory 114 of FIG. 1), whereas

index table 206 and data pages 208 are stored in non

volatile memory (e.g., V 120 of FIG. 1).

[0024] One or more pages of the NVM can be data

pages 208, which can be used to store data associated

with the general operations of components of a SoC

(e.g., SoC 110 of FIG. 1 ) or a device (e.g., device 100

of FIG. 1 ) . In some embodiments, a block table-of-

contents ("TOC") can be associated with each data

block. For instance, in the example 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

logical addresses.

[0025] In addition, one or more pages of the NVM can

be used to store an index table 206. In embodiments

where logical sectors are mapped directly to physical

pages, logical -to-physical mappings can be stored in

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

physical mapping" can be a mapping between one or more

logical addresses (e.g., logical sectors) and physical

addresses (e.g., physical page addresses or virtual

block addresses) of data pages. For example, 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 map

logical addresses to one or more physical addresses of

data pages 208 (e.g., store one or more logical-to-

physical mappings) . For example, as shown in FIG. 2 ,

index page 1 of index table 206 can map logical



addresses to one or more data pages of data block 1 and

data block N .

[0027] Referring back to FIG. 1 , system-on-a-

chip 110 can include SoC control circuitry 112,

memory 114, and NVM interface 118. SoC control

circuitry 112 can control the general operations and

functions of SoC 110 and the other components of

SoC 110 or device 100. For example, responsive to user

inputs and/or the instructions of an application or

operating system, SoC control circuitry 112 can issue

read or write 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. Rather, 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

combination of hardware, software, and firmware, and

any components, circuitry, or logic operative to drive

the functionality of electronic device 100. For

example, SoC control circuitry 112 can include one or

more processors that operate under the control of

software/firmware stored in NVM 120 or memory 114.

[0029] Memory 114 can include any suitable type of

volatile memory, such as random access memory ("RAM")

(e.g., static RAM ("SRAM"), dynamic random access

memory ("DRAM"), synchronous dynamic random access

memory ("SDRAM"), double-data-rate ("DDR") RAM), cache

memory, read-only memory ("ROM"), or any combination

thereof. Memory 114 can include a data source that can



temporarily store user data for programming into or

reading from non-volatile memory 120. In some

embodiments, memory 114 may act as the main memory for

any processors implemented as part of SoC control

circuitry 112.

[0030] In some embodiments, memory 114 can store one

or more data structures that can be used by NVM

interface 118 to perform its associated operations.

For example, memory 114 can include a bitmap. This is

also shown in FIG. 2 , where the volatile memory

includes bitmap 212.

[0031] The bitmap can store the mapping statuses

(e.g., "Mapped" or "Unmapped") of one or more logical

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. Alternatively, if the

mapping 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 mapped to any user

data .

[0032] The bitmap can be populated at any suitable

time. For example, in some systems, a file system can

provide information regarding which LBAs are unmapped

during system boot-up. For example, once the file

system mounts, NVM interface 118 can receive

information associated with mapping statuses of LBAs

from the file system. After receiving the information,

NVM interface 118 can use the information to populate

the bitmap. Because the mapping statuses can be

automatically obtained from the file system, the

overall system mount-time can be reduced. If, however,



the file system does not provide information regarding

which LBAs are unmapped during boot -up, NVM

interface 118 can obtain the mapping statuses by

scanning NVM 120. During system operation, the bitmap

can be dynamically maintained and used by NVM

interface 118.

[0033] The bitmap can have any suitable size such

as, for example, 2 MB. The amount of memory that is

allocated to the bitmap can depend on one or more

factors. For example, a smaller bitmap can allow more

space to be made available in memory 114 for storing

other information {e.g., a tree) . In contrast, a

larger bitmap can allow each entry of the bitmap to

correspond to a single LBA , which can provide NVM

interface 118 with definitive information regarding the

mapping status of each LBA. In either case, the bitmap

can have a smaller size as compared to a different data

structure (e.g., a table) that needs to store physical

and/or logical addresses in addition to mapping

statuses. The various types of bitmaps will be

described in greater detail in connection with

FIGS. 4A-4C.

[0034] As another example, memory 114 can include a

tree, which can include multiple tree entries. For

example, as shown in FIG. 2 , tree 210 can provide a

mapping between logical addresses (e.g., LBAs) and

corresponding physical addresses of a NVM (e.g.,

NVM 120 of FIG. 1 ) . Tree 210 can have a tree structure

that improves the retrieval time for a particular entry

of the tree such as, for example, a b-tree or a b*-

tree. In some cases, tree 210 may be allocated a pre

determined amount of tree memory in the volatile

memory.



[003 5] As yet another example, memory 114 can

include a lookup table and/or an index table cache.

For example, as shown in FIG. 2 , lookup table 202 can

hold the location (e.g., physical addresses) of index

table 206. In particular, lookup table 202 can hold

the logical -to-physical mappings of index pages 1-N

that form part of index table 206. In addition, lookup

table 202 can also store the memory location (s) of

index table cache 204.

[0036] Index table cache 204 can hold the physical

addresses of recently written or accessed logical

addresses (e.g., logical sectors) in order to provide

faster readout. That is, cache 204 can hold logical-

to-physical mappings for data pages 208 that are

currently being programmed or have recently been

programmed. 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 combination of hardware,

software, and/or firmware configured to act as an

interface or driver between SoC control circuitry 112

and NVM 120. For any software modules included in NVM

interface 118, corresponding program code may be stored

in NVM 120 or memory 114.

[0038] NVM interface 118 can perform a variety of

functions that allow SoC control circuitry 112 to

access NVM 120 and to manage the memory locations

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

circuits) of NVM 120 and the data stored therein (e.g.,

user data) . For example, NVM interface 118 can

interpret the read or write requests from SoC control

circuitry 112, perform wear leveling, and generate read



and program instructions compatible with the bus

protocol of VM 12 0 .

[0039] While NVM interface 118 and SoC control

circuitry 112 are shown as separate modules, this is

intended only to simplify the description of the

embodiments of the invention. It should be understood

that these modules may share hardware components,

software components, or both. For example, SoC control

circuitry 112 may execute a software -based memory

driver for NVM interface 118.

[0040] In some embodiments, electronic device 100

can include a target device, such as a flash memory

drive or SD card, that includes NVM 120 and some or all

portions of NVM interface 118. In these embodiments,

SoC 110 or SoC control circuitry 112 may act as the

host controller for the target device. For example, as

the host controller, SoC 110 can issue read and write

requests to the target device.

[0041] FIG. 3 illustrates a block diagram of

electronic device 300, which may illustrate in greater

detail some of the firmware, software, and/or hardware

components of electronic device 100 (FIG. 1 ) in

accordance with various embodiments. Electronic

device 300 may have any of the features and

functionalities described above in connection with

FIG. 1 , and vice versa. As shown, dashed lines

demarcate the layers. It is understood that the

depiction of which components fall within the

demarcation lines are merely illustrative and that one

or more components can be affiliated with a different

layer .

[0042] Electronic device 300 can include file

system 310, NVM driver 312, NVM bus controller 316, and



NVM 320. In some embodiments, file system 310 and NVM

driver 312 may be software or firmware modules, and NVM

bus controller 316 and NVM 320 may be hardware modules.

Accordingly, in these embodiments, NVM driver 312 may

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")

file system or a Hierarchical 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 some embodiments, file

system 310 may include a flash file system, which

provides a logical -to-physical mapping of pages. In

these embodiments, file system 310 may perform some or

all of the functionalities of NVM driver 312 discussed

below, and therefore file system 310 and NVM driver 312

may or may not be separate modules.

[0044] File system 310 may manage file and folder

structures for the application and operating system.

File system 310 may operate under the control of an

application or operating system running on electronic

device 300, and may provide write and read requests to

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 write request, file

system 310 can provide a logical address to indicate

where the user data should be read from or written to,

such as a logical page address or a logical block

address with a page offset.

[0045] File system 310 may provide read and write

requests to NVM driver 312 that are not directly



compatible with VM 320. For example, the logical

addresses may use conventions or protocols typical of

hard-drive-based systems. A hard-drive-based system,

unlike flash memory, can overwrite a memory location

without first performing a block erase. Moreover, hard

drives may not need wear leveling to increase the

lifespan of the device. Therefore, NVM interface 318

can perform any functions that are memory- specif ic ,

vendor-specific, or both to handle file system requests

and perform other management functions in a manner

suitable for NVM 320.

[0046] NVM driver 312 can include translation

layer 314. In some embodiments, translation layer 314

may be or include a flash translation layer ("FTL").

On a write request, translation layer 314 can map the

provided logical address to a free, erased physical

location on NVM 320 . On a read request, translation

layer 314 can use the provided logical address to

determine the physical address at which the requested

data is stored. Because each NVM may have a different

layout depending on the size or vendor of the NVM, this

mapping operation may be memory and/or vendor-specific.

[0047] In addition to logical -to-physical address

mapping, translation layer 314 can perform any other

suitable functions that may be typical of flash

translation layers, such as garbage collection ("GC" )

and wear leveling.

[0048] In some embodiments, NVM driver 312 may

interface with NVM bus controller 316 to complete NVM

access requests (e.g., program, read, and erase

requests) . Bus controller 316 may act as the hardware

interface to NVM 320, and can communicate with NVM 320



using the bus protocol, data rate, and other

specifications of NVM 320.

[0049] NVM interface 318 may manage NVM 320 based on

memory management data, sometimes referred to herein as

"metadata" . The metadata may be generated by NVM

driver 312 or may be generated by a module operating

under the control of NVM driver 312. For example,

metadata can include any information used for managing

the mapping between logical and physical addresses, bad

block management, wear leveling, ECC data used for

detecting or correcting data errors, or any combination

thereof. The metadata may include data provided by

file system 310 along with the user data, such as a

logical address. Thus, in general, "metadata" may

refer to any information about or relating to user data

or used generally to manage the operation and memory

locations of a non-volatile memory.

[0050] NVM interface 318 may be configured to store

metadata in NVM 320. In some embodiments, NVM

interface 318 may store metadata associated with user

data at the same memory location (e.g., page) in which

the user data is stored. For example, NVM

interface 318 may store user data, the associated

logical address, and ECC data for the user data at one

or more memory locations of NVM 320. NVM interface 318

may also store other types of metadata about the user

data in the same memory location.

[0051] NVM interface 318 may store the logical

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 location. In

particular, because file system 310 may reference the

user data according to its logical address and not its



physical address, NVM interface 318 may store the user

data and logical address together to maintain their

association. This way, even if a separate table

maintaining the physical-to-logical mapping in NVM 320

becomes outdated, NVM interface 318 may still determine

the proper mapping at power-up or reboot of electronic

device 300, for example.

[0052] As discussed above, a bitmap, which can be

stored in volatile memory, can store the mapping

statuses of one or more LBAs . In addition, each entry

of the bitmap can correspond to one or more LBAs. For

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

illustrative bitmaps are shown. Persons skilled in the

art will appreciate that a bitmap can include any

suitable number of entries. However, for the sake of

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

include only eight entries.

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

include entries 400A-H. Each entry of bitmap 400 can

correspond to a single LBA. Thus, for example,

entries 400A-H can each correspond to LBAs 0-7,

respectively. In addition, each entry can correspond

to one bit. 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" . When data is programmed to a LBA and the

corresponding bitmap entry has a mapping status of

"Unmapped", the bitmap entry can be updated to reflect

a mapping status of "Mapped". If, however, the

corresponding bitmap entry already has a mapping status

of "Mapped" , the validity counter of the block where

the LBA was previously stored can be decreased.



[ 0 0 5 4 ] Because each entry of bitmap 400 corresponds

to a single LBA, bitmap 400 can provide an NVM

interface (e.g., N V interface 118 of FIG. 1 or NVM 318

of FIG. 3 ) with definitive information regarding

whether 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 smaller (e.g., 256 kB as opposed

to 2 MB), which save additional space in memory (e.g.,

memory 114 of FIG. 1 ) . The additional memory space can

be used for other purposes such as, for example,

storing a larger tree (e.g., tree 210 of FIG. 2).

[ 0 0 5 5 3 In other embodiments, each entry of a bitmap

can correspond to multiple LBAs. For example, 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 shown in FIG. 4B, if an entry has a "Yes" label, 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 "Mix" label, the mapping statuses of

the LBAs corresponding to the entry can be considered

"Unknown". Thus, one or more LBAs corresponding to the

entry can be unmapped, while the remaining LBAs can be

mapped.



[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 "Mix") . For instance, as shown in

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

corresponding to the entry can be mapped. Likewise, if

an entry has an "Unmapped" label, all LBAs

corresponding to the entry can be unmapped. In

contrast, if an entry has a "Mix" label, one or more

LBAs corresponding to the entry can be unmapped, while

the remaining LBAs can be mapped.

[0057] For bitmaps 402 and 404, if an V interface

determines that the mapping status of an entry is an

unknown status (e.g., the NVM interface encounters an

"Unknown" or "Mix" value for an entry) , the NVM

interface may need to separately determine and/or

update the mapping status of each LBA associated with

the entry. For instance, the NVM interface can consult

and update one or more data structures of the system

such as, for example, a tree (e.g., tree 210 of FIG. 2 )

and/or one or more index pages (e.g., index pages 1-N

of FIG. 2 ) . As a result, the bitmap may become less

useful for determining mapping statuses of LBAs as the

number of "Unknown" or "Mix" values increase in the

bitmap .

[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

"Mix". As a result, in order to continue monitoring



the mapping statuses of LBAs, the NVM interface may

need to update a tree and/or one or more index pages in

order to reflect the changed mapping status of the LBA.

[0059] The granularity of the bitmap can thus be

determined based on one or more factors such as, for

example, the current memory availability, the duty

cycle that would be required to definitively determine

the mapping status of each LBA for a given granularity,

the system usage model, and/or any combination thereof.

The system usage model may include the size of files

that are being written and/or deleted. For instance,

if the system is sequentially writing and deleting

large files, a grosser granularity of entry-to-LBA can

be selected for the bitmap. In contrast, if the system

is writing and deleting small 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 embodiments, 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 number of LBAs corresponding to each entry if, for

example, the number of entries that have unknown

statuses is less than a pre-determined threshold (e.g.,

less than 50% of the bitmap entries have unknown

statuses) . In other embodiments, the NVM interface can

initialize the bitmap such that each entry of the

bitmap corresponds to a static pre-determined number of



LBAs (e.g., each entry corresponds to one LBA, or each

entry corresponds to 32 LBAs) .

[0061] The system can use the bitmap to monitor the

mapping statuses of LBAs in a variety of scenarios.

Conventionally, in order for a system to determine the

mapping 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 maintain a tree or

if the mapping statuses of LBAs are only partially

captured by a tree. For example, in order to unmap one

or more LBAs, the system may need to first read one or

more index pages (e.g., index pages 1-N of FIG. 2 )

stored in the NVM into an index table cache (e.g.,

index table cache 204 of FIG. 2 ) stored in memory

(e.g., memory 114 of FIG. 1 ) . Then, the index pages

can be updated in the index table cache to reflect the

unmapping of the one or more LBAs (e.g., by replacing

associated physical addresses with default values) . At

a later time, the updated index pages can be programmed

back to the NVM. These additional programming

operations, however, may prematurely trigger garbage

collection of the NVM, which can negatively impact

system performance.

[0062] In other systems where mapping statuses of

LBAs are entirely captured by a tree, the system may

need to update the tree in order to unmap LBAs .

Subsequently, one or more portions (e.g., entries) of

the tree may need to be flattened once the tree memory

usage is determined to exceed a pre-determined

threshold. However, flattening operations may also

involve additional operations on the NVM because data

corresponding to flattened entries may need to be re-



programmed in the NVM. These operations may later

trigger garbage collection.

[0063] As another example, 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

index 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 memory

(e.g., memory 114 of FIG. 1 ) before being able to

determine whether a LBA is mapped or unmapped.

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

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

that is stored in memory (e.g., memory 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 mapping

status with minimal NVM accesses. By reducing the

number of NVM accesses, the system can avoid triggering

a garbage collection process, which can improve overall

system performance. For example, turning now to

FIGS. 5 and 6 , flowcharts of illustrative processes are

shown in accordance with various embodiments of the

invention .

[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 multiple

LBAs in a bitmap (e.g., bitmap 400, 402, or 404 of

FIGS. 4A-4C, respectively) stored in volatile memory

(e.g., memory 114 of FIG. 1 ) . For example, as

discussed previously, the NVM interface can obtain the

mapping statuses from a file system (e.g., file



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] A t step 506, the NVM interface can receive a

request from a file system to unmap a LBA. Continuing

to step 508, the NVM interface can change a mapping

status of the LBA to unmapped by only updating the

bitmap. For example, referring back to FIG. 4A, if the

NVM interface receives a request to unmap LBA 0 , the

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 memory (e.g., memory 114 of FIG. 1 ) .

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 bitmap.

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

from a file system (e.g., file system 310 of FIG. 3 ) to

read a LBA.

[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

the LBA. Continuing to step 608, the NVM interface can

determine whether the entry indicates the LBA is

unmapped .

[0069] If, at step 608, the NVM interface determines

that the entry indicates that the LBA is unmapped,

process 600 may move to step 610. For example,



referring back to FIG. 4A, if the NVM interface

receives a request to read LBA 2 , the NVM interface can

determine that LBA 2 is unmapped by consulting

entry 400C of bitmap 400.

[0070] At step 610, the NVM interface can transmit

information to the file system indicating that the LBA

does not have associated user data. Thus, the NVM

interface can directly determine 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 may move 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 with

the LBA. Thus, in contrast to conventional systems,

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 transmit the user data to the file system

at step 616. Process 600 may then end at step 612.

[0073] In some embodiments, after changing the

mapping status of a LBA by updating a bitmap, an NVM

interface can consult a tree in order to update

validity counters stored in memory (e.g., memory 114 of

FIG. 1 ) . Validity counters can be maintained for each

super block of the NVM. In some embodiments, validity

counters can be stored as a table in the memory.

[0074] Although the NVM interface may consult the

tree in updating validity counters, the tree does not

necessarily need to be updated to reflect the LBA

unmapping. This is because the bitmap already stores



the mapping statuses of LBAs used by a file system.

Instead, the NVM interface can perform a tree update

only if tree memory usage is advantageously decreased.

Otherwise, the NVM interface can leave the tree in its

current state.

[0075] For example, turning now to FIG. 7 , a

flowchart 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

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

FIGS. 4A-4C, respectively) to determine whether the LBA

is unmapped. If, at step 708, the NVM interface

determines that the LBA is unmapped, process 700 may

move to step 710.

[0077] In some embodiments, at step 710, the NVM

interface can transmit 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 unmapped. Process 700 may

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 move to step 714. At

step 714, the NVM interface can unmap the LBA in the

bitmap.

[0079] Continuing to step 716, the NVM interface can

update one or more validity counters by consulting a

tree. In particular, the NVM interface can consult the



tree in order to obtain a logical-to-physical mapping

corresponding to the LBA. Thus, for example, the NVM

interface can locate an entry of the tree corresponding

to the LBA, and using the entry, the NVM interface can

determine which super block (s) stores data associated

with the LBA. After making this determination, the NVM

interface can decrement one or more validity counters

that are associated with the super block (s) .

Consequently, because the tree is also stored in

memory, the unmapping process involves only memory

accesses .

[0080] Then, at step 718, the NVM interface can

update the tree to reflect the unmapped LBA only if

tree memory usage decreases with the update. That is,

the NVM interface can determine to update the tree only

if the update can produce a net reduction in the total

number of entries of the tree. For example, a tree

update may be advantageous if multiple logically

contiguous segments of data are being unmapped (e.g.,

multiple small database entries are being deleted) .

Consequently, the entries corresponding to these data

segments can be flattened (e.g., consolidated), and a

smaller tree can be produced, which decreases the

overall tree memory usage. A smaller tree may also

improve the rate at which tree searches can be

performed .

[0081] In contrast, if only a small data segment is

being unmapped, a tree update may not be performed if

it will cause tree mappings to tear (e.g., if the

middle or front of a larger tree entry was being

unmapped) . This tree update may therefore undesirably

produce a greater number of entries.



[0082] In some embodiments, 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

a physical address (e.g., a physical page address or a

virtual block address) in the entry associated with the

LBA to a pre-determined token value.

[0083] In embodiments where the NVM interface is

unable to determine the logical- to-physical mapping for

a LBA by consulting a tree (e.g., the logical-to-

physical mapping is not stored in the tree because the

tree memory is nearly exhausted, or the system does not

have a tree) , the NVM interface may need to determine

the logical -to-physical mapping by loading an index

page from the NVM into volatile memory. Although this

scenario involves accessing the NVM, the NVM access is

limited to a read operation. In contrast to program

operations, read operations generally do not trigger

garbage collection.

[0084] For example, turning now to FIG. 8 , a

flowchart 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 )

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

memory (e.g., memory 114 of FIG. 1 ) . Although step 806

may involve additional steps, such as steps 704-714 of

process 700 (FIG. 7 ) , these additional steps have been

omitted from process 800 for the sake of simplicity.



[0086] At step 808, the VM interface can determine

whether a tree (e.g., tree 210 of FIG. 2 ) stored in

volatile memory (e.g., memory 114 of FIG. 1 ) includes a

logical -to-physical mapping corresponding to the LBA.

If, at step 808, the NVM interface determines that the

tree includes the logical -to-physical mapping

corresponding to the LBA, process 800 may move to

step 810.

[0087] At step 810, the NVM interface can determine

one or more super blocks of the NVM that are associated

with the LBA using the tree.

[0088] Then, at step 812, the NVM interface can

decrement at least one validity counter associated with

the super block, where the at least one validity

counter is stored in the volatile memory. Because the

one or more super blocks were determined using the

tree, the NVM interface does not have to perform any

reads or writes of index pages stored in the NVM. This

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 logical- to-physical mapping corresponding

to the LBA, process 800 may move 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 NVM (e.g., NVM 120 of FIG. 1 or

NVM 320 of FIG. 3 ) . For example, the NVM interface can

load the index page into an index table cache (e.g.,

index table cache 204 of FIG. 2 ) .

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

determine one or more super blocks of the NVM that are



associated with the LBA by consulting the loaded index

page. Then, at step 812, the NVM interface can

decrement at least one validity counter associated with

the one or more super blocks. 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 number of index page accesses can still

be reduced, and garbage collection can be avoided.

Process 800 may then end at step 814.

[0091] In embodiments where logical -to-physical

mappings are not (or not fully) maintained in a tree,

but rather are maintained in index pages (e.g., index

pages 1-N of FIG. 2 ) stored in an NVM, maintaining a

bitmap can also improve a garbage collection process.

In particular, using a bitmap, an NVM interface can

reduce the number of index page accesses that need to

be made during garbage collection.

[0092] For example, turning now to FIG. 9 , a

flowchart of illustrative process 900 is shown for

faster garbage collection. Process 900 may begin at

step 902, and at step 904, an NVM interface (e.g., NVM

interface 118 of FIG. 1 or NVM interface 318 of FIG. 3 )

can determine 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 block. Then, at step 908,

the NVM interface can compare a bitmap (e.g.,

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

stored in volatile memory with the block TOC.



[0094] At step 910, the VM interface can determine

a subset of logical addresses (e.g., LBAs) of the data

block that are mapped based on the comparison. For

example, using the bitmap, the NVM interface can

determine 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

logical addresses. Garbage collection can be performed

in various ways depending on the system. For example,

in embodiments where the system does not maintain a

tree, the NVM interface can locate the user data by

accessing only index pages stored in the NVM

corresponding to the subset of logical addresses.

Thus, for each logical address of the subset of logical

addresses, the NVM interface can access an index page

(e.g., one of index pages 1-N of FIG. 2 ) associated

with the logical address. Then, based on the index

page, the NVM interface can determine a physical

address of the data block corresponding to the logical

address. After determining the physical address, the

NVM interface can copy user data from the physical

address to a different data block of the NVM.

[0096] In embodiments where a tree (e.g., tree 210

of FIG. 2 ) is stored in volatile memory, the NVM

interface can determine if the tree includes logical-

to-physical mappings for the subset of logical

addresses. For example, for each logical address of

the subset of logical addresses, the NVM interface can

consult the tree to determine whether a logical -to-

physical mapping exists for the logical address. If



the NVM interface determines that the logical -to-

physical mapping does not exist for the logical

address, the NVM interface can access an index page

associated with the logical address. Then, as

discussed above, based on the index page, the NVM

interface can determine a physical address of the data

block corresponding to the logical address. After

determining the physical address, the NVM interface can

copy user data from the physical address to a different

data block of the NVM.

[0097] However, if the NVM interface determines that

the logical -to-physical mapping exists for the logical

address, the NVM interface can determine a physical

address of the data block corresponding to the logical

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 performing

garbage collection, process 900 may 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 number of NVM operations that need to be

performed during garbage collection can correspondingly

be reduced. As a result, the garbage collection

process can be performed more efficiently.

[0099] Furthermore, in embodiments where logical- to-

physical mappings are fully maintained in a tree stored

in volatile memory, maintaining a bitmap can also

marginally improve the garbage collection process. By

consulting the tree for only a subset of logical

addresses, the amount of memory 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



one or more components in a system (e.g., electronic

device 100 of FIG. 1 or electronic device 300 of

FIG. 3 ) . For example, at least some of the steps in

the processes may be performed 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 more of the steps may be performed 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

merely illustrative. Any of the steps may be removed,

modified, or combined, and any additional steps may be

added, without departing from the scope of the

invention.

[0102] The described embodiments of the invention

are presented for the purpose of illustration and not

of limitation.



What is Claimed is:

1 . A method for ummapping logical block

addresses ("LBAs") for a system comprising a non

volatile memory ("NVM"), the method comprising:

storing mapping statuses of a plurality

of LBAs in a bitmap stored in volatile memory;

receiving a request from a file system

to unmap a first LBA;

changing a mapping status of the first

LBA to unmapped by only updating the bitmap; and

decreasing a validity counter for a

super block corresponding to the first LBA.

2 . The method of claim 1 , wherein each

entry of the bitmap corresponds to one LBA.

3 . The method of claim 1 , wherein each

entry of the bitmap corresponds to multiple LBAs.

4 . The method of claim 1 , further

comprising receiving information associated with

mapping statuses of the plurality of LBAs during system

boot-up from the file system.

5 . The method of claim 1 , further

comprising obtaining mapping statuses of the plurality

of LBAs by scanning the NVM.

6 . The method of claim 1 , further

comprising :

receiving a read request from the file

system to read a second LBA;

consulting an entry of the bitmap

associated with the second LBA;



determining whether the entry indicates

that the second LBA is unmapped; and

in response to determining that the

entry indicates that the second LBA is unmapped,

transmit information to the file system indicating that

the second LBA does not have associated user data.

7 . The method of claim 6 , further

comprising :

in response to determining that the

entry indicates that the second LBA is not unmapped,

consult an index page of the NVM to locate user data

associated with the second LBA; and

transmit the user data to the file

system.

8 . A system comprising:

non-volatile memory ("NVM" ) ,·

volatile memory comprising:

a plurality of validity counters

associated with a plurality of super blocks of the NVM,

a tree comprising a plurality of

entries, wherein the tree provides a mapping between a

plurality of logical block addresses ("LBAs ") and

physical addresses of the NVM; and

a bitmap for storing mapping

statuses of the plurality of LBAs ; and

memory interface comprising control

circuitry operative to:

receive a request to unmap a LBA of

the plurality of LBAs;

consult the bitmap to determine

whether the LBA is unmapped;



in response to determining that the

LBA is not unmapped, unmap the LBA in the bitmap;

update at least one of the

plurality of validity counters by consulting the tree;

and

update the tree to reflect the

unmapped LBA only if tree memory usage decreases with

the update.

9 . The system of claim 8 , wherein the

control circuitry is operative to:

locate an entry of the tree

corresponding to the LBA; and

update a physical address in the entry

associated with the LBA to a pre-determined token

value .

10. The system of claim 8 , wherein the

control circuitry is operative to determine that

updating the tree produces a net reduction in a total

number of entries of the tree.

11. The system of claim 8 , wherein in

response to determining that the LBA is unmapped, the

control circuitry is operative to transmit 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:

locate an entry of the tree

corresponding to the LBA;

determine a super block that stores data

associated with the LBA using the entry; and



decrement a validity counter of the

plurality of validity counteres associated with the

super block.

13. The system of claim 8 , wherein each

entry of the bitmap corresponds to multiple 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

least 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

increase the number of LBAs

corresponding to each entry of the bitmap if a number

of entries of the bitmap that have unknown statuses is

less than a pre-determined 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-determined number of LBAs.

17. A memory interface for accessing index

pages in a non-volatile memory ("NVM" ), the memory

interface comprising control circuitry operative to:

receive a request to unmap a logical

block address ("LBA") of a plurality of LBAs;



unmap the LBA in a bitmap stored in

volatile memory;

determine whether a tree stored in

volatile memory comprises a logical-to-physical mapping

corresponding to the LBA; and

in response to determining that the tree

does not comprise the logical-to-physical mapping

corresponding to the LBA, load an index page associated

with the LBA from the NVM.

18. The memory interface of claim 16,

wherein the control circuitry is operative to load the

index page into an index table cache .

19. The memory interface of claim 16,

wherein the control circuitry is operative to:

determine a super block of the NVM that

is associated with the LBA by consulting the loaded

index page; and

decrement a validity counter associated

with the super block, wherein the validity counter is

stored in the volatile memory.

20. The memory interface of claim 16,

wherein in response to determining that the tree

comprises the logical -to-physical mapping 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

decrement a validity counter associated

with the super block, wherein the validity counter is

stored in the volatile memory.

21. A method for faster data garbage

collection ("GC" ), the method comprising:



determining to perform garbage

collection on a data block of a non-volatile memory

("NVM" );

loading a block table-of -contents

("TOC") stored in the data block;

comparing a bitmap stored in volatile

memory with the block TOC;

determining a subset of logical

addresses of the data block that are mapped based on

the comparison; and

performing garbage collection for only

user data stored in the data block that are associated

with the subset of logical addresses .

22. The method of claim 21, wherein the

bitmap stores mapping statuses for a plurality of

logical block addresses ("LBAs") .

23. The method of claim 21, further

comprising locating the user data by accessing only

index pages stored in the NVM corresponding to the

subset of logical addresses .

24. The method of claim 23, further

comprising :

for each logical address of the subset

of logical addresses, accessing an index page

associated with the logical address;

determining 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.



25. The method of claim 21, further

comprising :

for each logical address of the subset

of logical addresses, consulting a tree stored in

volatile memory to determine whether a logical-to-

physical mapping exists for the logical address;

in response to determining that the

logical -to-physical mapping does not exist for the

logical address, accessing an index page associated

with the logical address;

determining 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.

26. The method of claim 25, further

comprising :

in response to determining that the

logical-to-physical mapping exists for the logical

address, determining the physical address of the data

block corresponding to the logical 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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