KEY-VALUE STORAGE DEVICE SUPPORTING SNAPSHOT FUNCTION AND

OPERATING METHOD THEREOF

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of priority to Korean Patent Application No.
10-2017-0121312, filed on September 20, 2017, in the Korean Intellectual Property Office,

the disclosure of which is incorporated herein in its entirety by reference.

TECHNICAL FIELD

[0002] The inventive concept relates to a storage device, and more particularly, to a

key-value storage device supporting a snapshot function, and an operating method thereof.

BACKGROUND

[0003] Storage devices may be categorized into object-based storage devices and
block-based storage devices, based on a unit of managing data. The object-based storage
devices have a storage structure which stores and manages data in an object form. The object
is data having an arbitrary size and denotes, for example, multimedia data such as a video or
an image, a file, or the like. The object-based storage devices may be used for managing
objects. Examples of the object-based storage devices may include, for example, key-value

storage devices.



SUMMARY

[0004] Disclosed herein are a key-value storage device supporting a snapshot function and
an operating method thereof.

[0005] According to an aspect of the inventive concept, there is provided an operating
method of a key-value storage device including a non-volatile memory. The operating
method includes: the key-value storage device receiving from a host a first command
including a first key, a first value, and a first snapshot identification (ID); in response to the
received first command the key-value storage device generating a first snapshot entry
including the first snapshot ID, the first key, and a first physical address in the non-volatile
memory at which the first value is written; the key-value storage device receiving from the
host a second command including the first key, a second value, and a second snapshot ID;
and in response to the received second command the key-value storage device generating a
second snapshot entry including the second snapshot ID, the first key, and a second physical
address in the non-volatile memory at which the second value is written.

[0006] According to another aspect of the inventive concept, there is provided an operating
method of a key-value storage device including a non-volatile memory. The operating
method includes: the key-value storage device storing in a mapping table a plurality of
snapshot entries for a first key, the plurality of snapshot entries respectively corresponding to
a plurality of snapshot IDs; the key-value storage device receiving from a host a first read
command including the first key; in response to the received first read command the
key-value storage device performing a read operation on the non-volatile memory, based on a
latest snapshot entry of the plurality of snapshot entries; the key-value storage device

receiving from the host a second read command including a first snapshot ID and the first



key; and in response to the received second read command the key-value storage device
performing a read operation on the non-volatile memory, based on a first snapshot entry
corresponding to the first snapshot ID among the plurality of snapshot entries.

[0007] According to another aspect of the inventive concept, there is provided an operating
method of a key-value storage device including a non-volatile memory. The operating
method includes: the key-value storage device storing in a mapping table a plurality of
snapshot entries each including a snapshot ID, a key, and a physical address in the
non-volatile memory; key-value storage device receiving from a host a first delete command
including a first snapshot ID; in response to the received first delete command the key-value
storage device deleting at least one snapshot entry corresponding to the first snapshot ID from
among the plurality of snapshot entries; the key-value storage device receiving from the host
a second delete command including the first snapshot ID and a first key; and in response to
the received second delete command the key-value storage device deleting a first snapshot
entry corresponding to the first snapshot ID and the first key from among the plurality of
snapshot entries.

[0008] According to another aspect of the inventive concept, there is provided a key-value
storage device capable of communicating with a host, the key-value storage device including
a non-volatile memory configured to store a value corresponding to a key; and a controller
configured to receive from the host a command including a snapshot identification (ID), the
key, and the value, and in response to the received command to generate a snapshot entry
including the snapshot ID, the key, and a physical address in the non-volatile memory at
which the value is written.

[0009] According to yet another aspect of the inventive concept, a system is provided

comprising: a non-volatile memory configured to store a plurality of values; a memory device



configured to store a mapping table comprising at least one snapshot entry, wherein each
snapshot entry includes a snapshot identification (ID), a key, and a physical address where a
value corresponding to the key is stored in the non-volatile memory; and a controller
configured to control operations of the non-volatile memory and the memory device, and
further configured to receive from a host a command including a snapshot identification (ID),
the key, and the value, and in response to the received command from the host to generate the

snapshot entry and store the snapshot entry in the memory device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Embodiments of the inventive concept will be more clearly understood from the
following detailed description taken in conjunction with the accompanying drawings.

[0011] FIG. 1 is a block diagram illustrating an embodiment of a storage system.

[0012] FIG. 2 is an embodiment of a table showing a plurality of key-value pairs.

[0013] FIG. 3 shows an embodiment of a key-to-physical page number (K2P) mapping
table.

[0014] FIGs. 4A and 4B illustrate an embodiment of read operations.

[0015] FIG. 5 is a block diagram illustrating an embodiment of a controller of FIG. 1.
[0016] FIG. 6 shows an example embodiment of a mapping table of FIG. 5,

[0017] FIG. 7A shows an embodiment of mapping data corresponding to a first key of FIG.
6, and FIG. 7B shows an embodiment of mapping data corresponding to a second key of FIG.
6.

[0018] FIG. 8 shows another example an embodiment of a mapping table of FIG. 5.

[0019] FIG. 9 is a block diagram illustrating an embodiment of a storage system



[0020] FIG. 10 is a block diagram illustrating an embodiment of a controller of FIG. 9.
[0021] FIG. 11A shows an example embodiment of a first mapping table of FIG. 10, and
FIG. 11B shows an example embodiment of a second mapping table of FIG. 10.

[0022] FIG. 12 is a flowchart illustrating an embodiment of an operating method of a
storage device.

[0023] FIG. 13 is a flowchart illustrating an embodiment of an operation between a host and
a storage device.

[0024] FIG. 14 is a flowchart illustrating an embodiment of an operation between a host, a
controller, and a non-volatile memory.

[0025] FIGs. 15 and 16 are flowcharts illustrating an embodiment of an operation between a
host and a storage device.

[0026] FIG. 17 is a flowchart illustrating an embodiment of an operating method of a
storage device.

[0027] FIG. 18 is a flowchart illustrating an embodiment of an operation between a host and
a storage device.

[0028] FIG. 19 is a flowchart illustrating an embodiment of an operation between a host, a
controller, and a non-volatile memory.

[0029] FIG. 20 is a flowchart illustrating an embodiment of an operating method of a
storage device.

[0030] FIG. 21 is a flowchart illustrating an embodiment of an operation between a host and
a storage device.

[0031] FIG. 22 is a flowchart illustrating an embodiment of an operation between a host, a
controller, and a non-volatile memory.

[0032] FIG. 23 illustrates an embodiment of a snapshot entry deleting operation.



[0033] FIGs. 24 and 25 are flowcharts illustrating an embodiment of an operation between a
host and a storage device.
[0034] FIGs. 26 and 27 respectively illustrate an embodiment of network systems.

[0035] FIG. 28 illustrates an embodiment of an electronic device.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0036] FIG. 1 is a block diagram illustrating an embodiment of a storage system 10.
Referring to FIG. 1, storage system 10 may include a storage device 100 and a host 200.
Storage device 100 may include a controller 110 and a non-volatile memory (NVM) 120.
Host 200 may communicate with storage device 100 through various interfaces. For example,
host 200 may be implemented with an application processor (AP) or a system-on-a-chip
(So0).

[0037] In an embodiment, storage device 100 may be a key-value storage device or a
key-value store, and for example, may be a key-value solid state drive (SSD). The key-value
storage device may be a device which quickly and simply processes data by using a
key-value pair. Here, the key-value pair may be a pair consisting of a key having uniqueness
and a value which is data corresponding to the key, and may be referred to as a tuple or a
key-value tuple. In the key-value pair, the key may be represented as an arbitrary string such
as a file name, a uniform resource identifier (URI), or a hash, and the value may be arbitrary
kind of data such as an image or a user preference file or document. In this case, a size of
each of the key and the value may be variable, and for example, a size of the value may vary
based on data included in the value.

[0038] Hereinafter, an embodiment where storage device 100 is a key-value storage device



will be described, and in the present specification, storage device 100 may be used as having
the same meaning as a key-value storage device or a key-value store. However, storage
device 100 is not limited to being a key-value storage device and may be applied to an
arbitrary object cache system or object storage system which manages data by units of objects.
Therefore, storage device 100 may manage data by units of objects in an arbitrary manner
instead of the key-value pair.

[0039] Host 200 may transmit a command CMD including a snapshot identification (ID) to
storage device 100 as a command packet for example. Storage device 100 may support a
snapshot function in response to the command CMD. In detail, storage device 100 may
generate mapping data based on the snapshot ID as a snapshot entry, and the snapshot entry
may include a snapshot ID, a key, and a physical address. In this case, the physical address
may denote a physical address of NVM 120 for writing a value corresponding to a key.
Therefore, storage device 100 may autonomously support the snapshot function, and host 200
may configure the snapshot entry having a tree type. Accordingly, host 200 may not
internally manage the snapshot entry, thereby reducing overhead managing the snapshot
entry.

[0040] The snapshot function may be a function of maintaining a data structure at a certain
moment, for preventing the loss of data (i.e., a value) stored in storage device 100. In detail, a
snapshot or snapshot replication may denote that a data structure at a certain moment is
maintained like taking a picture, for the purpose of restoring a system in a database or a
filesystem. Once a snapshot entry is generated, even when data is deleted or changed due to a
malicious code, virus, or a mistake of a user, data may be restored with respect to the time
when the snapshot entry is generated. In this case, a snapshot may be implemented as a

method of copying only metadata such as mapping data, instead of a method of copying user



data. Accordingly, although the capacity of an original file may be large, the capacity of the
snapshot entry may be very small, and thus, backup can be efficiently performed.

[0041] In an embodiment, host 200 may transmit a command CMD (for example, a write
request) including a key-value pair to storage device 100, and in response to the command
CMD, storage device 100 may write a value in NVM 120. In this case, host 200 may generate
the command CMD including the key-value pair having a variable size without changing the
key-value pair by units of logical block addresses (LBAs) having a fixed size and may
transmit the generated command CMD to storage device 100.

[0042] In an embodiment, host 200 may transmit a command CMD (for example, a read
request) including a key to storage device 100, and in response to the command CMD,
storage device 100 may read the value stored in NVM 120. In this case, host 200 may
generate the command CMD including the key having a variable size without changing the
key by units of LBAs having a fixed size, and may transmit the generated command CMD to
storage device 100.

[0043] Controller 110 may read the value stored in NVM 120 in response to the read request
or a read command from host 200, or in response to the write request or a write command
from host 200, controller 110 may control NVM 120 to write the value in NVM 120. In the
present embodiment, controller 110 may include a snapshot entry manager SM and a
mapping table MT.

[0044] The snapshot entry manager SM may manage the snapshot entry in response to the
command CMD including the snapshot ID. Subsequently, the snapshot entry manager SM
may generate the snapshot entry corresponding to the snapshot ID in response to the
command CMD including the key-value pair and the snapshot ID. The snapshot entry may

include a physical address for writing the snapshot ID, the key included in the key-value pair,



and the value included in the key-value pair.

[0045] The mapping table MT may store a plurality of snapshot entries. In detail, the
mapping table MT may store mapping data, representing a correspondence relationship
between a key and a physical address, by snapshot IDs. For example, the mapping data may
represent a correspondence relationship between the key and a physical page number (PPN),
and thus, may be referred to as a key-to-PPN (K2P) mapping table. In an embodiment, the
mapping table MT may be copied into NVM 120, thus, NVM 120 may also store the
mapping table MT.

[0046] NVM 120 may include a memory cell array (MCA), and the MCA may include a
memory block BLK. The memory block BLK may include a plurality of pages PG1 to PGm.
Here, m may be a positive integer and may be variously changed according to an embodiment.
For example, the memory block BLK may be a unit of deletion (i.e., a unit of memory cells
for which data in the memory cells may be deleted in one operation), and a page may be a
unit of write and read (i.e., a unit of memory cells for which data in the memory cells may be
read from or written to in one operation). In some embodiments, the MCA may include a
plurality of memory blocks, a plurality of planes, a plurality of dies, and/or a plurality of
chips. In an embodiment, NVM 120 may include a flash memory device, and for example,
may include a NAND flash memory device. However, NVM 120 is not limited thereto, and
NVM 120 may include a resistive memory device such as resistive random access memory
(ReRAM), phase change random access memory (PRAM), or magnetic random access
memory (MRAM).

[0047] Storage system 10 may be implemented with, for example, a personal computer (PC),
a data server, a network-attached storage (NAS), an Internet of things (IoT) device, a portable

electronic device, or the like. The portable electronic device may be a laptop computer, a



mobile phone, a smartphone, a tablet PC, a personal digital assistant (PDA), an enterprise
digital assistant (EDA), a digital still camera, a digital video camera, an audio device, a
portable multimedia player (PMP), a personal navigation device (PND), an MP3 player, a
handheld game console, an e-book, a wearable device, or the like.

[0048] In some embodiments, storage device 100 may be an internal memory embedded
into an electronic device. For example, storage device 100 may be an SSD, an embedded
universal flash storage (UFS) memory device, an embedded multimedia card (eMMC), or the
like. In some embodiments, storage device 100 may be an external memory
detachable/attachable from/on an electronic device. For example, storage device 100 may be
UFS memory card, compact flash (CF), secure digital (SD), micro secure digital (Micro-SD),
mini secure digital (Mini-SD), extreme digital (xD), memory stick, or the like.

[0049] FIG. 2 is a table 20 showing an embodiment of a plurality of key-value pairs.
Referring to FIGs. 1 and 2, storage device 100 may manage a plurality of tuples for each of a
plurality of keys so as to support the snapshot function, and a plurality of tuples may
respectively correspond to a plurality of snapshot IDs. For example, a plurality of tuples TP1
corresponding to a first key K1 may include a first tuple TP1a corresponding to a first
snapshot ID ID0 and a second tuple TP2a corresponding to a second snapshot ID ID1. For
example, a plurality of tuples TP2 corresponding to a second key K2 may include a first tuple
TP2a corresponding to the first snapshot ID ID0, a second tuple TP2b corresponding to the
second snapshot ID ID1, and a third tuple TP2c corresponding to a third snapshot ID ID2.
[0050] For example, a value corresponding to the first snapshot ID IDO0 and the first key K1
may be Vla, a value corresponding to the first snapshot ID ID0 and the second key K2 may
be Vla, and a value corresponding to the first snapshot ID ID0 and an nth key Kn may be Vn.

For example, a value corresponding to the second snapshot ID ID1 and the first key K1 may

10



be V1b, and a value corresponding to the second snapshot ID ID1 and the second key K2
may be V2b. For example, a value corresponding to the third snapshot ID ID2 and the second
key K2 may be V2c. Storage device 100 may maintain a data structure at a certain time
corresponding to a certain snapshot ID by using the mapping table MT which stores a
plurality of snapshot entries respectively corresponding to a plurality of snapshot IDs IDO to
ID2. Hereinafter, the mapping table MT storing a plurality of snapshot entries will be
described in detail.

[0051] FIG. 3 shows an embodiment of a K2P mapping table 31. For example, K2P
mapping table 31 may correspond to the plurality of key-value pairs of FIG. 2.

[0052] Referring to FIGs. 1 to 3, the K2P mapping table 31 may correspond to an example
of the mapping table MT of FIG. 1 and may store a plurality of snapshot entries 311 to 316.
Each of the plurality of snapshot entries 311 to 316 may correspond to mapping data
corresponding to a snapshot ID and may include a snapshot ID, a key, and a PPN. In an
embodiment, pieces of mapping data based on snapshot IDs for the same key may be
generated, and pieces of mapping data may be stored as a plurality of snapshot entries.
[0053] For example, first and second snapshot entries 311 and 312 may be generated for the
first key K1. First snapshot entry 311 may be mapping data corresponding to the first key K1
at a time corresponding to the first snapshot ID ID0 and may include the first snapshot ID
IDO, the first key K1, and a PPN1. Second snapshot entry 312 may be mapping data
corresponding to the first key K1 at a time corresponding to the second snapshot ID ID1 and
may include the second snapshot ID ID1, the first key K1, and a PPN3.

[0054] An NVM 32 may correspond to an example of NVM 120 of FIG. 1 and may
respectively store a plurality of values in a plurality of PPNs (for example, PPN1 to PPNm).

For example, the plurality of PPNs (for example, the PPN1 to PPNm) may respectively
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correspond to the pages PG1 to PGm of FIG. 1. For example, a first value V1a corresponding
to the first key K1 may be stored in the PPN1 at a time corresponding to the first snapshot ID
ID0, and a second value V1b corresponding to the first key K1 may be stored in the PPN3 at
a time corresponding to the second snapshot ID IDI.

[0055] According to embodiments, storage device 100 may store the plurality of snapshot
entries 311 to 316 in the K2P mapping table 31, thereby supporting the snapshot function
autonomously. In detail, when a read request is received from host 200, storage device 100
may read a value stored in NVM 32 by using K2P mapping table 31. A read operation of
storage device 100 will be described below with reference to FIGs. 4A and 4B.

[0056] FIGs. 4A and 4B illustrate an embodiment of read operations. For example, a
plurality of tuples TP1 to TP3 illustrated in FIGs. 4A and 4B may respectively correspond to
the tuples TP1 to TP3 of FIG. 2.

[0057] Referring to FIGs. 1, 3, and 4A, when a normal read request including no snapshot
ID is received from host 200, storage device 100 may perform a read operation, based on a
latest snapshot entry of the plurality of snapshot entries 311 to 316 stored in K2P mapping
table 31. For example, when a read command including the second key K2 is received from
host 200, storage device 100 may search for a third snapshot entry 315, corresponding to the
latest snapshot entry of the plurality of snapshot entries 311 to 315 for the second key K2, in
K2P mapping table 31. Subsequently, storage device 100 may read a third value V2c from
NVM 32 by using a physical address (i.e., the PPN5) included in third snapshot entry 315.
[0058] Referring to FIGs. 1, 3, and 4B, when a snapshot read request including a snapshot
ID is received from host 200, storage device 100 may perform a read operation, based on a
snapshot entry, corresponding to the snapshot ID, of the plurality of snapshot entries 311 to

316 stored in K2P mapping table 31. For example, when a read command including the
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second key K2 and the second snapshot ID ID1 is received from host 200, storage device 100
may search for a snapshot entry 314, corresponding to the second snapshot ID ID1 among the
snapshot entries 313 to 315 for the second key K2, in K2P mapping table 31. Subsequently,
storage device 100 may read a second value V2b from NVM 32 by using a physical address
(i.e., the PPN4) included in second snapshot entry 314.

[0059] FIG. 5 is a block diagram illustrating an embodiment of controller 110 of FIG. 1.
Referring to FIG. 5, controller 110 may include a processor 111, a memory 112, a host
interface 113, and an NVM interface 114, which may communicate with one another through
a bus 115. Processor 111 may include a central processing unit (CPU) or a microprocessor
and may control an overall operation of controller 110. Memory 112 may operate according
to control by processor 111 and may be used as a working memory, a buffer memory, a cache
memory, or the like. For example, memory 112 may be implemented with a volatile memory
such as dynamic random access memory (DRAM) or static random access memory (SRAM)
or an NVM such as PRAM or flash memory.

[0060] The snapshot entry manager SM may be implemented with firmware or software and
may be loaded into memory 112. In an embodiment, the snapshot entry manger SM may be
implemented in a flash translation layer (FTL) and may be loaded into memory 112.
However, the present embodiment is not limited thereto, and the snapshot entry manger SM
may be implemented with hardware. The mapping table MT may be stored in, for example,
K2P mapping table 31 and may be loaded into memory 112.

[0061] Host interface 113 may provide an interface between host 200 and controller 110,
and for example, may provide an interface based on universal serial bus (USB), MMC,
PCl-express (PCI-E), AT attachment (ATA), serial AT attachment (SATA), parallel AT

attachment (PATA), small computer system interface (SCSI), serial attached SCSI (SAS),
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enhanced small disk interface (ESDI), integrated drive electronics (IDE), or the like. NVM
interface 114 may provide an interface between controller 110 and NVM 120. For example,
the mapping table M T, write data, and read data may be transmitted and received between
controller 110 and NVM 120 through NVM interface 114.

[0062] FIG. 6 shows an example embodiment MTa of the mapping table MT of FIG. 5.
Referring to FIGs. 5 and 6, a mapping table MTa may include a plurality of snapshot entries
61 to 66. In detail, the mapping table MTa may include snapshot entries 61 and 62
corresponding to the first key K1, snapshot entries 63 to 65 corresponding to the second key
K2, and a snapshot entry 66 corresponding to the third key K3. In an embodiment, snapshot
entries corresponding to the same key may be implemented as a linked list. In an embodiment,
the snapshot entries may each include a snapshot ID, a key, a PPN, and a link region.

[0063] For example, snapshot entries 61 and 62 corresponding to the first key K1 may be
implemented as a linked list, a link region of snapshot entry 61 may store a storage address
ADDRI1 of snapshot entry 62 previous to snapshot entry 61 in memory 112, and a link region
of snapshot entry 62 may store null NULL denoting that there is no longer linked node.
Hereinafter, snapshot entries implemented as a linked list will be described in more detail
with reference to FIGs. 7A and 7B.

[0064] FIG. 7A shows an embodiment of mapping data 71 corresponding to the first key K1
of FIG. 6.

[0065] Referring to FIG. 7A, mapping data 71 corresponding to the first key K1 may be
implemented as a linked list including first and second nodes 711 and 712. First node 711
may correspond to a snapshot entry 61 which is a latest snapshot entry, and may correspond
to a header of the linked list. First node 711 may include a data region 711a and a link region

(or a pointer region) 711b. Data region 711a may store a physical address PPN3
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corresponding to the first key K1 at a time corresponding to a latest snapshot ID (i.e., the
second snapshot ID ID1) for the first key K1. Link region 711b may store an address ADDR1
at which snapshot entry 62 corresponding to a previous snapshot ID (i.e., the first snapshot ID
IDO) is stored.

[0066] Second node 712 may correspond to snapshot entry 62 which is a previous snapshot
entry, and may include a data region 712a and a link region 712b. Data region 712a may store
a physical address PPN1 corresponding to the first key K1 at a time corresponding to the first
snapshot ID ID0. Since there is no previous snapshot ID generated prior to the first snapshot
ID IDO, the link region 712b may store null NULL denoting that there is no longer linked
node.

[0067] FIG. 7B shows an embodiment of mapping data 72 corresponding to the second key
K2 of FIG. 6.

[0068] Referring to FIG. 7B, mapping data 72 corresponding to the second key K2 may be
implemented as a linked list including first to third nodes 721 to 723. First node 721 may
correspond to a snapshot entry 63 which is a latest snapshot entry, and may correspond to a
header of the linked list. First node 721 may include a data region 721a and a link region
721b. Data region 721a may store a physical address PPNS5 corresponding to the second key
K2 at a time corresponding to a latest snapshot ID (i.e., the third snapshot ID ID2) for the
second key K2. Link region 721b may store an address ADDR?2 at which snapshot entry 64
corresponding to a previous snapshot ID (i.e., the second snapshot ID ID1) is stored.

[0069] Second node 722 may correspond to snapshot entry 64 and may include a data region
722a and a link region 722b. Data region 722a may store a physical address PPN4
corresponding to the second key K2 at a time corresponding to the second snapshot ID ID1.

Data region 722a may store an address ADDR3 at which snapshot entry 65 corresponding to
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a previous snapshot ID (i.e., the first snapshot ID IDO) is stored. Third node 723 may
correspond to snapshot entry 65 and may include a data region 723a and a link region 723b.
Data region 723a may store a physical address PPN2 corresponding to the second key K2 at a
time corresponding to the first snapshot ID IDO. Since there is no previous snapshot ID
generated prior to the first snapshot ID IDO, link region 723b may store null NULL denoting
that there is no longer linked node.

[0070] FIG. 8 shows another example embodiment MTb of the mapping table MT of FIG. 5,
according to an embodiment.

[0071] Referring to FIG. 8, a mapping table MTb may include a plurality of snapshot entries
81 to 86. In detail, the mapping table MTb may include snapshot entries 81 and 82
corresponding to the first key K1, snapshot entries 83 to 85 corresponding to the second key
K2, and a snapshot entry 86 corresponding to the third key K3. In an embodiment, the
snapshot entries may each include a snapshot ID, a key, a PPN, and a flag. Here, the flag may
indicate whether a corresponding snapshot entry corresponds to a latest snapshot entry. If the
corresponding snapshot entry is the latest snapshot entry, the flag may have a first flag value
(for example, 1), and if the corresponding snapshot entry is not the latest snapshot entry, the
flag may have a second flag value (for example, 0).

[0072] For example, snapshot entry 81 may correspond to a latest snapshot entry
corresponding to the first key K1, and thus, a flag of snapshot entry 81 may have the first flag
value. On the other hand, snapshot entry 82 may not correspond to the latest snapshot entry
corresponding to the first key K1, and thus, a flag of snapshot entry 82 may have the second
flag value. When a normal read request is received from the host, the storage device may
check a flag included in the mapping table MTb, search for the latest snapshot entry, based on

the checked flag, and perform a read operation, based on the latest snapshot entry.
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[0073] FIG. 9 is a block diagram illustrating an embodiment of a storage system 10a.
Referring to FIG. 9, storage system 10a may include a storage device 100a and a host 200,
and storage device 100a may include a controller 110a, NVM 120, and a volatile memory
(VM) 130. Storage device 100a according to a modified embodiment of storage device 100 of
FIG. 1, and a repetitive description is omitted. Controller 110a may include a snapshot entry
manger SM and a first mapping table MT1. A second mapping table MT2 may be provided in
VM 130, and VM 130 may be disposed outside controller 110a. In an embodiment, the
snapshot entry manager SM may store latest snapshot entries of a plurality of snapshot entries
in the first mapping table MT1 and may store the other (i.e., older) snapshot entries in the
second mapping table MT?2.

[0074] FIG. 10 is a block diagram illustrating an embodiment of controller 110a of FIG. 9.
Referring to FIG. 10, controller 110a may include processor 111, a memory 112', host
interface 113, NVM interface 114, and a VM interface 116, which may communicate with
one another through bus 115. In an embodiment, the first mapping table MT1 may be loaded
into memory 112", and the second mapping table MT2 may be loaded into VM 130. For
example, memory 112' may be SRAM, and VM 130 may be DRAM. Hereinafter, the first
and second mapping tables MT1 and MT?2 will be described in more detail with reference to
FIG. 11.

[0075] FIG. 11A shows an example embodiment of MT1a of the first mapping table of FIG.
10. Referring to FIGs. 9 and 11A, a first mapping table MT1a may store latest snapshot
entries 111a to 111c respectively corresponding to a plurality of keys K1 to K3. The first
mapping table MT1a may be loaded into memory 112" (for example, SRAM) included in
controller 110a, and thus, may quickly perform a read operation in response to a normal read

request. For example, when a normal read request including a first key K1 is received from
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host 200, storage device 100a may search the first mapping table MT1a to find a latest
snapshot entry 111a corresponding to the first key K1 and may perform a read operation on
NVM 120, based on a physical address PPN3 included in latest snapshot entry 111a.

[0076] FIG. 11B shows an example embodiment of MT2a of the second mapping table of
FIG. 10. Referring to FIG. 11B, a second mapping table MT2a may store snapshot entries
111d to 111f respectively corresponding to a plurality of keys K1 to K3. For example, when a
snapshot read request including a first key K1 and a first snapshot ID IDO is received from
host 200, storage device 100a may search the second mapping table MT2a to find a snapshot
entry 111d corresponding to the first key K1 and the first snapshot ID IDO and may perform a
read operation on NVM 120, based on a physical address PPN1 included in snapshot entry
111d.

[0077] FIG. 12 is a flowchart illustrating an embodiment of an operating method of a
storage device. Referring to FIG. 12, the operating method of the storage device according to
the present embodiment may correspond to a method of generating a snapshot entry so as to
support the snapshot function in the storage device. For example, the operating method
according to the present embodiment may be time-serially performed in storage device 100 of
FIG. 1 or storage device 100a of FIG. 9. Details described above with reference to FIGS. 1 to
11B may be applied to the present embodiment.

[0078] In operation S110, the storage device may receive a first command including a first
key, a first value, and a first snapshot ID from a host. In operation S130, the storage device
may generate a first snapshot entry in response to the received first command. In an
embodiment, the first snapshot entry may include the first snapshot ID, the first key, and a
first physical address, and the first physical address may correspond to a PPN, in which the

first value is written, in NVM 120. For example, a snapshot entry manager SM may generate
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the first snapshot entry and may store the generated first snapshot entry in a mapping table
MT.

[0079] In operation S150, the storage device may receive a second command including a
first key, a second value, and a second snapshot ID from the host. Before operation S150, the
host may generate a second snapshot ID. In operation S170, the storage device may generate
a second snapshot entry in response to the received second command. In an embodiment, the
second snapshot entry may include the second snapshot ID, the first key, and a second
physical address, and the second physical address may correspond to a PPN, in which the
second value is written, in NVM 120. For example, the snapshot entry manager SM may
generate the second snapshot entry and may store the generated second snapshot entry in the
mapping table MT.

[0080] FIG. 13 is a flowchart illustrating an embodiment of an operation between host 200
and storage device 100. An operation between host 200 and storage device 100 according to
the present embodiment may correspond to an implementation example of FIG. 12.

[0081] Referring to FIG. 13, in operation S210, host 200 may transmit a first tuple 131
including a first key K1 and a first value V1a and a first command (for example, a put
command) including a first snapshot ID IDO to storage device 100. At this time, the first
snapshot ID ID0 may be allocated to first tuple 131. In operation S220, storage device 100
may perform a write operation on first tuple 131. For example, the first key K1 may be '123',
and the first value V1a may be 'ABC'. In operation S230, storage device 100 may transmit a
response message to host 200, representing completion of a write operation on the first tuple
131. In some embodiments, between operation S210 and S220, the host 200 may transmit a
second tuple including a second key and a command including a first snapshot ID to the

storage device 100. In this case, the storage device 100 may sequentially perform write
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operations on the first and second tuples, and subsequently, may transmit response messages
to host 200, representing completion of the write operations on the first and second tuples.
[0082] In operation S240, host 200 may generate a second snapshot ID ID1. In operation
S250, host 200 may transmit a second tuple 132 including the first key K1 and a second value
V1b and a second command (for example, a put command) including a second snapshot ID
ID1 to storage device 100. At this time, the second snapshot ID ID1 may be allocated to
second tuple 132. In operation S260, storage device 100 may perform a write operation on
second tuple 132. For example, the second value V1b may be 'GHI'. In operation S270,
storage device 100 may transmit a response message to host 200, representing completion of
a write operation on second tuple 132.

[0083] FIG. 14 is a flowchart illustrating an embodiment of an operation between host 200,
controller 110, and NVM 120. The operation between host 200, controller 110, and NVM
120 according to the present embodiment may correspond to an implementation example of
FIG. 13. Hereinafter, the operation according to the present embodiment will be described
with reference to FIGs. 1 and 14.

[0084] In operation S300, host 200 may transmit a first command (for example, a put
command) including a first key K1, a first value V1a, and a first snapshot ID IDO to
controller 110. In operation S310, controller 110 may update a mapping table 141. In detail,
controller 110 may generate a first snapshot entry including the first snapshot ID IDO, the
first key K1 (for example, '123"), and a first physical address (for example, PPN1) and may
store the generated first snapshot entry in mapping table 141.

[0085] In operation S315, controller 110 may transmit a write command including the first
value V1a and the first physical address PPN1 to the NVM 120. In operation S320, NVM 120

may write the first value Vla (for example, 'ABC') in the first physical address PPN1. In

20



operation S330, NVM 120 may transmit a response message, representing completion of a
write operation on the first value Vla, to controller 110. In operation S340, controller 110
may transmit a response message to host 200, representing that writing of the first key K1
and the first value Vla is completed.

[0086] In operation S350, host 200 may generate a second snapshot ID ID1. In operation
S360, host 200 may transmit a command (for example, a put command) including the first
key K1, a second value V1b, and a second snapshot ID ID1 to controller 110. In operation
S370, controller 110 may update mapping table 141. In detail, controller 110 may generate a
second snapshot entry including the second snapshot ID ID1, the first key K1, and a second
physical address (for example, PPN3) and may store the generated second snapshot entry in
mapping table 141.

[0087] In operation S375, controller 110 may transmit a write command including the
second value V1b and the second physical address PPN3 to NVM 120. In operation S380,
NVM 120 may write the second value V1b (for example, 'GHI') at the second physical
address PPN3. In operation S390, NVM 120 may transmit a response message, representing
completion of a write operation on the second value V1b, to controller 110. In operation S395,
controller 110 may transmit a response message to host 200, representing completion of a
write operation on the first key K1 and the second value V1b.

[0088] FIG. 15 is a flowchart illustrating an embodiment of an operation between host 200
and storage device 100. The operation between host 200 and storage device 100 according to
the present embodiment may be performed after operation S395 of FIG. 14. In an
embodiment, storage device 100 may support a read/write snapshot function capable of
updating of a snapshot entry.

[0089] Referring to FIG. 15, in operation S410, host 200 may transmit a command (for
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example, an update command) including a first key K1, a third value Vlc, and a second
snapshot ID ID1 to storage device 100. In operation S420, controller 110 may perform an
update by using a mapping table 151. In detail, a snapshot entry manager SM may correct the
second snapshot entry, included in mapping table 141 of FIG. 14, to a second snapshot entry
obtained through the update to update mapping table 141 of FIG. 14 to mapping table 151.
The second snapshot entry obtained through the update may include a second snapshot ID
ID1, a first key K1, and a third physical address (for example, PPN7).

[0090] In operation S430, controller 110 may transmit a write command including the third
value Vlc and the third physical address PPN7 to NVM 120. In operation S440, NVM 120
may write the third value Vlc (for example, 'JKL') at the third physical address PPN7. In
operation S450, NVM 120 may transmit a response message, representing completion of a
write operation on the third value Vlc, to controller 110. In operation S460, controller 110
may transmit a response message to host 200, representing completion of a write operation on
the first key K1 and the third value Vlc.

[0091] FIG. 16 is a flowchart illustrating an embodiment of an operation between host 200
and storage device 100. The operation between host 200 and storage device 100 according to
the present embodiment may be performed after operation S395 of FIG. 14. In an
embodiment, storage device 100 may support a read-only snapshot function incapable of
updating of a snapshot entry.

[0092] Referring to FIG. 16, in operation S510, host 200 may generate a third snapshot ID
ID2. In operation S520, host 200 may transmit a command (for example, a put command)
including a first key K1, a third value Vlc, and the third snapshot ID ID2 to controller 110. In
operation S530, controller 110 may perform an update by using a mapping table 161. In

detail, a snapshot entry manager SM may generate a third snapshot entry including the third
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snapshot ID ID2, the first key K1, and a third physical address (for example, PPN7) and may
store the generated third snapshot entry in mapping table 161.

[0093] In operation S540, controller 110 may transmit a write command including the third
value Vlc and the third physical address PPN7 to NVM 120. In operation S550, NVM 120
may write the third value Vl1c (for example, 'JKL') at the third physical address PPN7. In
operation S560, NVM 120 may transmit a response message, representing completion of a
write operation on the third value Vlc, to controller 110. In operation S570, controller 110
may transmit a response message to host 200, representing completion of a write operation on
the first key K1 and the third value Vlc.

[0094] FIG. 17 is a flowchart illustrating an embodiment of an operating method of a
storage device. Referring to FIG. 17, the operating method of the storage device according to
the present embodiment may correspond to a value reading method of the storage device
supporting the snapshot function. For example, the operating method according to the present
embodiment may be time-serially performed in storage device 100 of FIG. 1 or storage
device 100a of FIG. 9. The details described above with reference to FIGs. 1 to 11B may be
applied to the present embodiment.

[0095] In operation S610, the storage device may store a plurality of snapshot entries
corresponding to a first key in a mapping table. In operation S620, the storage device may
receive a read command including the first key from a host. In operation S630, the storage
device may determine whether the read command includes a snapshot ID. When it is
determined as a result of the determination that the read command includes the snapshot ID,
operation S640 may be performed. When it is determined that the read command does not
include the snapshot ID, operation S650 may be performed. In operation S640, a read

operation may be performed based on a snapshot entry corresponding to the snapshot ID, and
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operation S640 may be referred to as a snapshot read operation. In operation S650, a read
operation may be performed based on a latest snapshot entry, and operation S650 may be
referred to as a normal read operation.

[0096] FIG. 18 is a flowchart illustrating an embodiment of an operation between host 200
and storage device 100. The operation between host 200 and storage device 100 according to
the present embodiment may correspond to an implementation example of FIG. 17.

[0097] Referring to FIG. 18, in operation S710, host 200 may transmit a first command (for
example, a get command) including a first key K1 to storage device 100. Since the first
command does not include a snapshot ID, the first command may correspond to a normal
read request. In operation S720, storage device 100 may perform a read operation on a value
corresponding to the first key K1. In detail, storage device 100 may read a second value V1b
(for example, GHI) included in a second tuple 182, corresponding to a latest snapshot 1D, of a
plurality of tuples 181 and 182 for the first key K1. In operation S730, storage device 100
may transmit a response message to host 200, including the second value V1b.

[0098] In operation S740, host 200 may transmit a second command (for example, a get
command) including the first key K1 and a first snapshot ID IDO to storage device 100. Since
the second command includes the snapshot ID, the second command may correspond to a
snapshot read request. In operation S750, storage device 100 may perform a read operation
on a value corresponding to the first key K1. In detail, storage device 100 may read a first
value Vla (for example, ABC) included in a first tuple 181, corresponding to the first
snapshot ID IDO0, of the plurality of tuples 181 and 182 for the first key K1. In operation S760,
storage device 100 may transmit a response message to host 200, including the first value
Vla.

[0099] FIG. 19 is a flowchart illustrating an embodiment of an operation between host 200,
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controller 110, and NVM 120. The operation between host 200, controller 110, and NVM
120 according to the present embodiment may correspond to an implementation example of
FIG. 18. Hereinafter, the operation according to the present embodiment will be described
with reference to FIGs. 1 and 19.

[00100] In operation S800, host 200 may transmit a first read command (for example, a get
command) including a first key K1 to controller 110. In operation S810, controller 110 may
search a mapping table 191. In detail, controller 110 may search for a plurality of snapshot
entries corresponding to the first key K1 to find a second snapshot entry, corresponding to a
second snapshot ID ID1 which is a latest snapshot ID, of the plurality of snapshot entries.
Controller 110 may determine a physical address PPN3 for which a read operation is to be
performed, based on the second snapshot entry.

[00101] In operation S820, controller 110 may transmit a read command including the
physical address PPN3 to NVM 120. In operation S830, NVM 120 may read the second
value V1b (for example, 'DEF') stored at the physical address PPN3. In operation S840,
NVM 120 may transmit a response message including the second value V1b to controller 110.
In operation S845, controller 110 may transmit the response message to host 200, including
the second value V1b.

[00102] In operation S850, host 200 may transmit a second read command (for example, a
get command) including the first key K1 and a first snapshot ID IDO to controller 110. In
operation S860, controller 110 may search mapping table 191. In detail, controller 110 may
search for the plurality of snapshot entries corresponding to the first key K1 to find a first
snapshot entry, corresponding to the first snapshot ID IDO, of the plurality of snapshot entries.
Controller 110 may determine a physical address PPN1 for which a read operation is to be

performed, based on the first snapshot entry.
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[00103] In operation S870, controller 110 may transmit a read command including the
physical address PPN1 to NVM 120. In operation S880, NVM 120 may read the first value
Vla (for example, 'ABC') stored at the physical address PPN1. In operation S890, NVM 120
may transmit a response message including the first value Vla to controller 110. In operation
S895, controller 110 may transmit the response message to host 200, including the first value
V1a to host 200.

[00104] FIG. 20 is a flowchart illustrating an embodiment of an operating method of a
storage device. Referring to FIG. 20, the operating method of the storage device according to
the present embodiment may correspond to a snapshot entry deleting method of the storage
device supporting the snapshot function. For example, the operating method according to the
present embodiment may be time-serially performed in storage device 100 of FIG. 1 or
storage device 100a of FIG. 9. The details described above with reference to FIGs. 1 to 11B
may be applied to the present embodiment.

[00105] In operation S910, the storage device may store a plurality of snapshot entries in a
mapping table. In operation S920, the storage device may receive a delete command
including the snapshot ID from a host. In operation S930, the storage device may determine
whether the delete command includes a first key. In this case, the first key may correspond to
an arbitrary key included in at least one of the plurality of snapshot entries stored in the
mapping table. When it is determined that the delete command includes the first key as a
result of the determination, operation S940 may be performed. When it is determined that the
delete command does not include the first key, operation S950 may be performed. In
operation S940, the storage device may delete a snapshot entry corresponding to the snapshot
ID and the first key. In operation S950, the storage device may delete at least one snapshot

entry corresponding to the snapshot ID.
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[00106] FIG. 21 is a flowchart illustrating an embodiment of an operation between host 200
and storage device 100. The operation between host 200 and storage device 100 according to
the present embodiment may correspond to an implementation example of FIG. 20.

[00107] Referring to FIG. 21, in operation S1010, host 200 may transmit a delete command
including a first key K1 and a first snapshot ID IDO to storage device 100. In operation S1020,
storage device 100 may delete a snapshot entry corresponding to the first key K1 and the first
snapshot ID IDO from among a plurality of snapshot entries stored in a mapping table. In
detail, storage device 100 may delete a first tuple 211 corresponding to the first snapshot ID
IDO from among first tuple 211 and second tuple 212 corresponding to the first key K1. In
operation S1030, storage device 100 may transmit a response message to host 200,
representing completion of the deletion of the snapshot entry.

[00108] In operation S1040, host 200 may transmit a first read command (for example, a get
command) including the first key K1 to storage device 100. In operation S1050, storage
device 100 may perform a read operation on a value corresponding to the first key K1. In
detail, storage device 100 may read a second value V1b (for example, GHI) included in
second tuple 212 for the first key K1. In operation S1060, storage device 100 may transmit a
response message to host 200, including the second value V1b.

[00109] In operation S1070, host 200 may transmit a second read command (for example, a
get command) including the first key K1 and the first snapshot ID IDO to storage device 100.
In operation S1080, storage device 100 may perform a read operation on a value
corresponding to the first key K1 and the first snapshot ID ID0. However, since first tuple
211 corresponding to the first key K1 and the first snapshot ID IDO is deleted in operation
S1020, storage device 100 fails in the read operation. In operation S1090, storage device 100

may transmit a response message representing a read fail to host 200.
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[00110] FIG. 22 is a flowchart illustrating an embodiment of an operation between host 200,
controller 110, and NVM 120. The operation between host 200, controller 110, and NVM
120 according to the present embodiment may correspond to an implementation example of
FIG. 21. Hereinafter, the operation according to the present embodiment will be described
with reference to FIGs. 1 and 22.

[00111] In operation S1100, host 200 may transmit a delete command including a first key
K1 and a first snapshot ID IDO to controller 110. In operation S1110, controller 110 may
delete a snapshot entry corresponding to the first key K1 and the first snapshot ID IDO in a
mapping table 221. In operation S1120, controller 110 may transmit a response message to
host 200, representing completion of the deletion of the snapshot entry.

[00112] In operation S1130, host 200 may transmit a first read command (for example, a get
command) including the first key K1 to controller 110. In operation S1140, controller 110
may search mapping table 221. In detail, controller 110 may find a snapshot entry
corresponding to the first key K1 and may determine a physical address, for which a read
operation is to be performed, as PPN3, based on the snapshot entry.

[00113] In operation S1150, controller 110 may transmit a read command including the
PPN3 to NVM 120. In operation S1160, NVM 120 may read a second value V1b (for
example, 'GHI') stored in the PPN3. In operation S1170, NVM 120 may transmit a response
message including the second value V1b to controller 110. In operation S1175, controller 110
may transmit the response message to host 200, including the second value V1b.

[00114] In operation S1180, host 200 may transmit a second read command (for example, a
get command) including the first key K1 and the first snapshot ID IDO to controller 110. In
operation S1190, controller 110 may search mapping table 221. However, since the snapshot

entry corresponding to the first key K1 and the first snapshot ID IDO is deleted in operation
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S1110, controller 110 cannot find a corresponding snapshot entry. In operation S1195,
controller 110 may transmit a response message to host 200, representing a read fail.

[00115] FIG. 23 illustrates an embodiment of a snapshot entry deleting operation. The
snapshot entry deleting operation according to the present embodiment may correspond to a
modified example of operation S1110 of FIG. 22. Hereinafter, the snapshot entry deleting
operation according to the present embodiment will be described with reference to FIGs. 22
and 23.

[00116] A K2P mapping table 231 may include a plurality of snapshot entries, and snapshot
entries corresponding to the same key may be implemented as a linked list. For example, first
to third snapshot entries 231a to 231c corresponding to a second key K2 may be implemented
as a linked list, a storage address ADDR2 of second snapshot entry 231b may be stored in a
link region of third snapshot entry 231c, and a storage address ADDR3 of first snapshot entry
231a may be stored in a link region of second snapshot entry 231b.

[00117] In response to a delete command including the second key K2 and a second
snapshot ID ID1, storage device 100 may delete second snapshot entry 231b corresponding to
the second key K2 and the second snapshot ID ID1 in K2P mapping table 231, and thus, may
correct K2P mapping table 231 by using an updated K2P mapping table 232. In detail,
storage device 100 may correct the storage address ADDR2, stored in a link region of third
snapshot entry 231c, to the storage address ADDR3 of first snapshot entry 231a, and thus,
third snapshot entry 231c may be linked to first snapshot entry 231a. In this manner, since
second snapshot entry 231b is deleted, a value (for example, 'JKL') stored at a physical
address PPN4 may become invalid data in NVM 233.

[00118] FIG. 24 is a flowchart illustrating embodiment of an operation between host 200

and storage device 100. The operation between host 200 and storage device 100 according to
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the present embodiment may correspond to an implementation example of FIG. 20.

[00119] Referring to FIG. 24, in operation S1210, host 200 may transmit a delete command
including a first snapshot ID IDO to storage device 100. In operation S1220, storage device
100 may delete at least one snapshot entry, corresponding to the first snapshot ID IDO, of a
plurality of snapshot entries stored in a mapping table. In detail, storage device 100 may
delete a tuple 241 corresponding to a first key K1 and a tuple 242 corresponding to a second
key K2. In operation S1230, storage device 100 may transmit a response message to host 200,
representing completion of the deletion of the snapshot entry.

[00120] In operation S1240, host 200 may transmit a first read command (for example, a get
command) including the first key K1 to storage device 100. In operation S1250, storage
device 100 may perform a read operation on a value corresponding to the first key K1. In
detail, storage device 100 may read a second value V1b (for example, GHI) included in a
second tuple 242 for the first key K1. In operation S1260, storage device 100 may transmit a
response message including the second value V1b to host 200.

[00121] In operation S1270, host 200 may transmit a second read command (for example, a
get command) including the first key K1 and the first snapshot ID IDO to storage device 100.
In operation S1280, storage device 100 may perform a read operation on a value
corresponding to the first key K1 and the first snapshot ID ID0. However, since tuple 241
corresponding to the first key K1 and the first snapshot ID IDO is deleted in operation S1220,
storage device 100 fails in the read operation. In operation S1290, the storage device 100 may
transmit a response message to host 200, representing a read fail.

[00122] FIG. 25 is a flowchart illustrating an embodiment of an operation between host 200
and storage device 100.

[00123] Referring to FIG. 25, in operation S1310, host 200 may transmit a first command
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(for example, a put command) including a first key K1 and a first value V1a to storage device
100. In operation S1320, storage device 100 may perform a write operation on the first key
K1 and the first value V1a. In operation S1325, storage device 100 may transmit a response
message, representing completion of writing of the first value V1a, to host 200.

[00124] In operation S1330, storage device 100 may generate a first snapshot ID IDO0. In an
embodiment, storage device 100 may autonomously generate a snapshot ID. In an
embodiment, storage device 100 may generate the snapshot ID at a predetermined period.
Also, storage device 100 may generate a first snapshot entry 251a corresponding to the first
snapshot ID ID0 and may store generated first snapshot entry 251a in a mapping table 251. In
this case, first snapshot entry 251a may correspond to mapping data associated with the first
key K1 and the first value V1a pre-stored at a time when the first snapshot ID IDO is
generated, and may include the first snapshot ID IDO, the first key K1, and a first physical
address PPN1. In operation S1335, storage device 100 may transmit a response message to
host 200, representing completion of the generation of the first snapshot ID IDO.

[00125] In operation S1340, host 200 may transmit a second command (for example, a put
command) including the first key K1 and a second value V1b to storage device 100. In
operation S1350, storage device 100 may perform a write operation on the first key K1 and
the second value V1b. In operation S1355, storage device 100 may transmit a response
message to host 200, representing completion of writing of the second value V1b.

[00126] In operation S1360, storage device 100 may generate a second snapshot ID ID1.
Also, storage device 100 may generate a second snapshot entry 251b corresponding to the
second snapshot ID ID1 and may store generated second snapshot entry 251b in mapping
table 251. In this case, second snapshot entry 251b may correspond to mapping data

associated with the first key K1 and the second value V1b pre-stored at a time when the
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second snapshot ID ID1 is generated, and may include the second snapshot ID ID1, the first
key K1, and a second physical address PPN3. In operation S1365, storage device 100 may
transmit a response message to host 200, representing completion of the generation of the
second snapshot ID IDI.

[00127] In operation S1370, host 200 may transmit a read command (for example, a get
command) including the first key K1 and the first snapshot ID IDO to storage device 100. In
operation S1380, in response to the read command, storage device 100 may read the first
value Vla corresponding to the first key K1 at a time when the first snapshot ID IDO is
generated. In operation S1390, storage device 100 may transmit a response message to host
200. including the first value Vla.

[00128] FIG. 26 illustrates an embodiment of a network system 1000.

[00129] Referring to FIG. 26, network system 1000 may include a server system (or a
server) 1100 and a plurality of terminals 1210 to 1230 (for example, computing nodes) which
communicate with server system 1100 over a network NET. Server system 1100 may include
a server 1110 and an SSD 1120. In this case, server 1110 may correspond to a host according
to the above-described embodiments, and SSD 1120 may correspond to a storage device
according to the above-described embodiments. In an embodiment, SSD 1120 may be
implemented as an SSD which supports the snapshot function, and may be implemented by
using the embodiments described above with reference to FIGs. 1 to 25.

[00130] Server 1110 may process requests transmitted from the plurality of terminals 1210
to 1230 connected to the network NET. In an embodiment, server 1110 may transmit a
command including a snapshot ID to SSD 1120. In an embodiment, SSD 1120 may generate
a plurality of snapshot entries respectively corresponding to a plurality of snapshot IDs, for

the same key. In an embodiment, SSD 1120 may perform a write operation and a read
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operation on a value by using the generated plurality of snapshot entries.

[00131] FIG. 27 illustrates an embodiment of a network system 2000.

[00132] Referring to FIG. 27, network system 2000 may include a client group 2100 and a
data center 2200. Client group 2100 may include a plurality client devices C which
communicate with data center 2200 over a first network NET1, for example, Internet. data
center 2200 may be equipment which collects all of various pieces of data and provides a
service, and may include an application server group 2210, a database server group 2220, and
an object cache server group 2230 which communicate with one another over a second
network NET?2 (for example, a local area network (LAN) or Intranet).

[00133] Application server group 2210 may include a plurality of application server devices
AS. The application server devices AS may process a request received from client group
2100 and may access database server group 2220 or object cache server group 2230
according to the request of client group 2100. Database server group 2220 may include a
plurality of database server devices DS which store data obtained through processing by the
application server devices AS. Object cache server group 2230 may include a plurality of
object cache server devices OCS which temporarily store data stored in the database server
devices DS or data read from the database server devices DS. Therefore, object cache server
group 2230 may perform a cache function between the application server devices AS and the
database server devices DS. In the present embodiment, each of the object cache server
devices OCS may be a key-value storage device which supports the snapshot function, and
may be implemented by using the embodiments described above with reference to FIGs. 1 to
25.

[00134] FIG. 28 illustrates an embodiment of an electronic device 3000.

[00135] Referring to FIG. 28, electronic device 3000 may include a processor 3100, a

33



memory device 3200, a storage device 3300, a modem 3400, an input/output (I/O) device
3500, and a power supply 3600. In the present embodiment, storage device 3300 may be a
key-value storage device which supports the snapshot function, and may be implemented by
using the embodiments described above with reference to FIGs. 1 to 25. In an embodiment,
storage device 3300 may receive a command including a snapshot ID. In an embodiment,
storage device 3300 may generate a plurality of snapshot entries respectively corresponding
to a plurality of snapshot IDs, for the same key. In an embodiment, storage device 3300 may
perform a write operation and a read operation on a value by the generated plurality of
snapshot entries.

[00136] While the inventive concept has been particularly shown and described with
reference to embodiments thereof, it will be understood that various changes in form and
details may be made therein without departing from the spirit and scope of the following

claims.
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WHAT IS CLAIMED IS:

1. A method, comprising:

a key-value storage device receiving a first command from a host, the first command
including a first key, a first value, and a first snapshot identification (ID);

in response to the received first command, the key-value storage device generating a
first snapshot entry including the first snapshot ID, the first key, and a first physical address
in a non-volatile memory of the key-value storage device at which the first value is written;

the key-value storage device receiving a second command from the host, the second
command including the first key, a second value, and a second snapshot ID; and

in response to the received second command, the key-value storage device generating
a second snapshot entry including the second snapshot ID, the first key, and a second
physical address in the non-volatile memory of the key-value storage device at which the
second value is written,

wherein the first and second snapshot entries are implemented as a linked list in an
order of the second snapshot entry to the first snapshot entry,

the key-value storage device comprises a memory into which a mapping table storing
the first and second snapshot entries is loaded, and

the second snapshot entry further comprises a link region configured to store a

memory address in the memory at which the first snapshot entry is stored.

2. The method of claim 1, further comprising:
the key-value storage device receiving a read command including the first key from
the host; and

in response to the received read command, the key-value storage device reading the
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second value from the non-volatile memory, based on the second snapshot entry.

3. The method of claim 1, further comprising at least one of:

in response to a first read command including the first snapshot ID and the first key
received from the host, the key-value storage device reading the first value from the
non-volatile memory, based on the first snapshot entry; and

in response to a second read command including the second snapshot ID and the first
key received from the host, the key-value storage device reading the second value from the

non-volatile memory, based on the second snapshot entry.

4. The method of claim 1, wherein the mapping table storing a plurality of
snapshot entries is loaded, and the method further comprises at least one of:

in response to a first delete command, including the first snapshot ID, received from
the host, the key-value storage device deleting at least one snapshot entry corresponding to
the first snapshot ID from among the plurality of snapshot entries; and

in response to a second delete command including the first snapshot ID and the first
key received from the host, the key-value storage device deleting the first snapshot entry

from among the plurality of snapshot entries.

5. The method of claim 4, further comprising at least one of:

in response to a first read command including the first key received from the host, the
key-value storage device reading the second value from the non-volatile memory, based on
the second snapshot entry; and

in response to a second read command including the first snapshot ID and the first key

received from the host, the key-value storage device providing a fail message to the host.
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6. The method of claim 1, further comprising:

in response to the first command, the key-value storage device writing the first value
at the first physical address of the non-volatile memory; and

in response to the second command, the key-value storage device writing the second

value at the second physical address of the non-volatile memory.

7. The method of claim 1, wherein the first snapshot entry further comprises a
link region configured to store state information indicating that there is no snapshot entry

generated before the first snapshot entry.

8. The method of claim 1, wherein:

each of the first and second snapshot entries further comprises a flag,

the flag of the second snapshot entry has a first flag value indicating that the second
snapshot entry is a latest snapshot entry, and

the flag of the first snapshot entry has a second flag value indicating that the first

snapshot entry is not the latest snapshot entry.

9. The method of claim 1, wherein:

the key-value storage device further comprises dynamic random access memory
(DRAM) and static random access memory (SRAM), and

the first snapshot entry is stored in the DRAM, and the second snapshot entry is stored

in the SRAM.

10. A method, comprising:
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a key-value storage device storing in a mapping table a plurality of snapshot entries
for a first key, the plurality of snapshot entries respectively corresponding to a plurality of
snapshot identifications (IDs);

the key-value storage device receiving a first read command from a host, the first read
command including the first key;

in response to the received first read command, the key-value storage device
performing a read operation on a non-volatile memory, based on a latest snapshot entry of the
plurality of snapshot entries;

the key-value storage device receiving a second read command from the host, the
second read command including a first snapshot ID and the first key; and
in response to the received second read command, the key-value storage device performing a
second read operation on the non-volatile memory, based on a first snapshot entry
corresponding to the first snapshot ID among the plurality of snapshot entries,

wherein the plurality of snapshot entries are implemented as a linked list in an order
of the latest snapshot entry to a previous snapshot entry,

the key-value storage device comprises a memory into which a mapping table storing
the plurality of snapshot entries is loaded, and

the latest snapshot entry comprises a link region configured to store a memory address

in the memory at which the previous snapshot entry is stored.

11. The method of claim 10, wherein the first snapshot entry comprises the first
snapshot ID, the first key, and a first physical address in the non-volatile memory at which a

first value corresponding to the first key is written.

12. The method of claim 10, wherein the plurality of snapshot IDs comprise the
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first snapshot ID and a second snapshot ID, and wherein the storing of the plurality of
snapshot entries in the mapping table comprises:

receiving a first command from the host, the first command including the first key, a
first value, and the first snapshot ID;

in response to the received first command, the key-value storage device generating the
first snapshot entry including the first snapshot ID, the first key, and a first physical address
in the non-volatile memory at which the first value is written;

receiving a second command from the host, the second command including the first
key, a second value, and the second snapshot ID; and

in response to the received second command, the key-value storage device generating
a second snapshot entry including the second snapshot ID, the first key, and a second

physical address in the non-volatile memory at which the second value is written.

13. A key-value storage device capable of communicating with a host, the
key-value storage device comprising:

a non-volatile memory configured to store a value corresponding to a key;

a controller configured to receive from the host a command including a snapshot
identification (ID), the key, and the value, and in response to the command to generate a
snapshot entry including the snapshot ID, the key, and a physical address in the non-volatile
memory at which the value is written; and

a memory into which a mapping table storing the snapshot entry is loaded,

wherein the controller is further configured to implement a plurality of snapshot
entries corresponding to the key as a linked list in an order of a latest snapshot entry to a
previous snapshot entry, and

the latest snapshot entry comprises a link region configured to store a memory address
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in the memory at which the previous snapshot entry is stored.

14. The key-value storage device of claim 13, wherein the controller is further
configured such that:

when a first read command including the key is received from the host, in response to
the first read command, the controller controls a first read operation on the non-volatile
memory, based on the latest snapshot entry corresponding to the key, and

when a second read command including the key and the snapshot ID is received from
the host, in response to the second read command, the controller controls a second read
operation on the non-volatile memory, based on the snapshot entry corresponding to the

snapshot ID.

15. The key-value storage device of claim 13, wherein the mapping table stores
the plurality of snapshot entries, and wherein the controller is further configured such that:

when a first delete command including the snapshot ID is received from the host, in
response to the first delete command, the controller deletes at least one snapshot entry
corresponding to the snapshot ID in the mapping table, and

when a second delete command including the key and the snapshot ID is received
from the host, in response to the second delete command, the controller deletes a snapshot

entry corresponding to the key and the snapshot ID in the mapping table.
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