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STORAGE DEVICE THAT SECURES A
BLOCK FOR A STREAM OR NAMESPACE
AND SYSTEM HAVING THE STORAGE
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from the U.S. Provisional Patent Appli-
cation No. 62/152,372, filed Apr. 24, 2015, the entire con-
tents of which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
storage device having nonvolatile memory, in particular a
storage device that secures a block of the nonvolatile
memory for a stream or a namespace.

BACKGROUND

[0003] Recently, a storage device including a nonvolatile
memory has become widespread. A solid state drive (SSD)
based on NAND flash technology is known as a storage
device of one such type. Such an SSD is used as main
storage of various computers because of its low power
consumption and high performance. For example, a server
computer having some tens or some hundreds of the SSDs
(enterprise SSDs) is operated at a data center.

[0004] For a storage device including the SSDs, lower
total cost of ownership (TCO) and higher quality-of-service
(QoS) are demanded. To meet these demands, a host of the
storage device may need to more actively manage and
control operations of the storage device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a block diagram of an information pro-
cessing system including a storage device according to an
embodiment.

[0006] FIG. 2 is a perspective view of the information
processing system shown in FIG. 1.

[0007] FIG. 3 illustrates a software layer structure of a
host in the information processing system shown in FIG. 1.
[0008] FIG. 4 is a block diagram of the storage device
according to the embodiment.

[0009] FIG. 5 is a block diagram of a nonvolatile memory
chip in the storage device according to the embodiment.
[0010] FIG. 6 is a circuit diagram of a memory cell array
in the nonvolatile memory chip shown in FIG. 5.

[0011] FIG. 7 illustrates a threshold voltage distribution
when an MLC data writing method is employed for the
nonvolatile memory chip shown in FIG. 5.

[0012] FIG. 8 is a block diagram of a controller in the
storage device according to the embodiment.

[0013] FIG. 9 illustrates a stream write operation per-
formed by the storage device according to the embodiment.
[0014] FIG. 10 illustrates a namespace management per-
formed by the storage device according to the embodiment.
[0015] FIG. 11 illustrates data structure of a write com-
mand sent to the storage device and a processing sequence
of the write command.

[0016] FIG. 12 is a block diagram showing architecture of
the storage device according to the embodiment.
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[0017] FIG. 13 illustrates data structure of an open stream
command sent to the storage device and a processing
sequence of the command.

[0018] FIG. 14 illustrates data structure of a close stream
command sent to the storage device and a processing
sequence of the command.

[0019] FIG. 15 is a block diagram showing architecture of
the storage device when Advanced GC (Garbage Collection)
control is performed.

[0020] FIG. 16 is another block diagram of the storage
device when the Advanced (Garbage Collection) control is
performed.

[0021] FIG. 17 illustrates data structure of a host initiated
garbage collection control command sent to the storage
device and a processing sequence of the command.

[0022] FIG. 18 illustrates data structure of an idle garbage
collection control command sent to the storage device and a
processing sequence of the command.

[0023] FIG. 19 is a flowchart of an idle garbage collection
operation executed by the storage device according to the
embodiment.

[0024] FIG. 20 is a block diagram of the storage device
when a block boundary report is performed.

[0025] FIG. 21 illustrates data structure of a get block
boundary info command sent to the storage device and a
return data of the get block boundary info command, and a
processing sequence of the get block boundary info com-
mand.

[0026] FIG. 22 illustrates a state in which data are aligned
along a block boundary, in the storage device according to
the embodiment.

[0027] FIG. 23 illustrates a series of processing sequences
of the block boundary report executed by the host and the
storage device according to the embodiment.

[0028] FIG. 24 is a block diagram showing architecture of
the storage device when a select next input block command
is processed.

[0029] FIG. 25 illustrates data structure of the select next
input block command sent to the storage device and a
processing sequence of the command.

[0030] FIG. 26 is a flowchart of a new input block
allocation operation executed by the storage device accord-
ing to the embodiment.

[0031] FIG. 27 is a block diagram showing architecture of
the storage device when a pend current input block com-
mand is processed.

[0032] FIG. 28 illustrates data structure of the pend cur-
rent input block command sent to the storage device and a
processing sequence of the command.

[0033] FIG. 29 is a flowchart of the new input block
allocation operation executed by the storage device accord-
ing to the embodiment.

[0034] FIG. 30 illustrates data structure of a resume input
block command sent to the storage device and a processing
sequence of the command.

[0035] FIG. 31 illustrates data structure of a get pending
input block pool command sent to the storage device and
return data of the get pending input block pool command and
a processing sequence of the get pending input block pool
command.

[0036] FIG. 32 illustrates data structure of a release pend-
ing input block pool command sent to the storage device and
a processing sequence of the command.
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[0037] FIG. 33 illustrates a relationship between applica-
tion threads of the host and streams used by the application
threads.

[0038] FIG. 34 is a flowchart of processing executed by
the host (host software) when a block boundary report is
processed.

[0039] FIG. 35 is a flowchart of processing executed by
the storage device according to the embodiment when the
select next input block command or the pend current input
block command is processed.

[0040] FIG. 36 illustrates an effective “hand-shake” GC
executed by the storage device according to the embodi-
ment.

[0041] FIG. 37 also illustrates the effective “hand-Shake”
GC operation.
[0042] FIG. 38 illustrates data structure of a get logical

address list to be collected command sent to the storage
device and a return data of the get logical address list to be
collected command, and a processing sequence of the get
logical address to be collected command.

[0043] FIG. 39 illustrates a series of processing sequences
of the effective “hand-Shake” GC executed by the host and
the storage device according to the embodiment.

[0044] FIG. 40 illustrates an in-drive tiering control
executed by the storage device according to the embodi-
ment.

[0045] FIG. 41 illustrates data structure of an extended
write command sent to the storage device and a processing
sequence of the command.

[0046] FIG. 42 illustrates data structure of an extended
namespace (stream) control command sent to the storage
device and a processing sequence of the command.

[0047] FIG. 43 illustrates data structure of a change com-
mand applied to the storage device and two processing
sequences corresponding to the command.

[0048] FIG. 44 illustrates data structure of an extended
write command sent to the storage device for NAND pro-
gram control and a processing sequence of the command.
[0049] FIG. 45 illustrates the in-drive tiering control using
a Write speed vs Data Retention control parameter in the
extended write command shown in FIG. 44.

[0050] FIG. 46 illustrates program-verify steps tuning
processing executed by the storage device according to the
embodiment, based on the Write speed vs Data Retention
control parameter.

[0051] FIG. 47 illustrates another program-verify steps
tuning processing executed by the storage device according
to the embodiment.

[0052] FIG. 48 illustrates yet another program-verify steps
tuning processing executed by the storage device according
to the embodiment.

[0053] FIG. 49 illustrates ECC/Write shaping redundancy
code tuning processing executed by the storage device
according to the embodiment, based on a Write latency vs
read latency control parameter in the extended write com-
mand shown in FIG. 44.

[0054] FIG. 50 is a flowchart of the program-verify steps
tuning processing and ECC/Write shaping redundancy code
tuning processing executed by the storage device according
to the embodiment.

[0055] FIG. 51 illustrates a QoS in namespace level
executed by the storage device according to the embodi-
ment.
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[0056] FIG. 52 illustrates data structure of the extended
namespace (or stream) control command applied to the
storage device and a processing sequence of the command.
[0057] FIG. 53 illustrates a reserved free space secured for
each namespace in the storage device according to the
embodiment.

[0058] FIG. 54 illustrates a reserved free space secured for
each stream in the storage device according to the embodi-
ment.

[0059] FIG. 55 illustrates an advanced multi stream con-
trol executed by the storage device according to the embodi-
ment.

[0060] FIG. 56 illustrates a plurality of look-up tables
corresponding to a plurality of namespaces, managed by the
storage device according to the embodiment.

[0061] FIG. 57 illustrates data structure of an extended
open stream command sent to the storage device and return
data of the extended open stream command, and a process-
ing sequence of the extended open stream command.
[0062] FIG. 58 illustrates data structure of the extended
write command sent to the storage device and a processing
sequence of the command.

[0063] FIG. 59 illustrates data structure of a data com-
pression control executed by the storage device according to
the embodiment.

[0064] FIG. 60 illustrates data structure of the extended
write command sent to the storage device for data compres-
sion control and a processing sequence of the command.
[0065] FIG. 61 illustrates a look-up table to which a
compression flag used for the data compression control is
included.

[0066] FIG. 62 illustrates a data compression control
operation to compress data during the garbage collection
operation.

[0067] FIG. 63 illustrates data structure of an extended
dataset management command sent to the storage device and
a processing sequence of the command.

[0068] FIG. 64 illustrates data structure of an extended
stream (namespace) control command sent to the storage
device and a processing sequence of the command.

[0069] FIG. 65 is a flowchart of the garbage collection
operation executed by the storage device according to the
embodiment.

[0070] FIG. 66 illustrates data structure of the extended
write command sent to the storage device for data lifetime
timer control and a processing sequence of the command.
[0071] FIG. 67 illustrates a backward LUT to which a time
stamp at the write timing and a data lifetime timer value are
included.

[0072] FIG. 68 illustrates data structure of the extended
open stream command sent to the storage device for the data
lifetime timer control and a processing sequence of the
command.

[0073] FIG. 69 illustrates a series of processing sequences
of the data lifetime timer control executed by the host and
the storage device according to the embodiment.

[0074] FIG. 70 illustrates a software layer structure when
the effective “hand-shake” GC is performed.

[0075] FIG. 71 is a flowchart of a read cache algorithm
applied to the effective “hand-shake” GC.

[0076] FIG. 72 is a flowchart of processing of a cache
manager applied to the effective “hand-shake” GC.

[0077] FIG. 73 illustrates another software layer structure
applied to the effective “hand-shake” GC.
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[0078] FIG. 74 is a flowchart of a tier algorithm applied to
the effective “hand-shake” GC.

[0079] FIG. 75 is a flowchart of processing of a tier
manager applied to the effective “hand-shake” GC.

DETAILED DESCRIPTION

[0080] Various embodiments will be described hereinafter
with reference to the accompanying drawings.

[0081] In general, according to an embodiment, a storage
device includes a nonvolatile semiconductor memory device
including a plurality of physical blocks, and a memory
controller. The memory controller is configured to associate
one or more physical blocks to each of a plurality of stream
1Ds, execute a first command containing a first stream ID
received from a host, by storing write data included in the
write 10O in the one or more physical blocks associated with
the first stream 1D, and execute a second command contain-
ing a second stream ID received from the host, by selecting
a first physical block that includes valid data and invalid
data, transfer the valid data stored in the first physical block
to a second physical block, and associate the first physical
block from which the valid data has been transferred, with
the second stream ID.

[0082] First, a configuration of an information processing
system 1 including a storage device 2 of an embodiment will
be described with reference to FIG. 1. The information
processing system 1 functions as a storage system that writes
data to or reads data from the storage device 2.

[0083] The information processing system 1 includes a
host (host device) 3, one or more storage devices 2, and an
interface 10 configured to connect between the host (host
device) 3 and the storage devices 2.

[0084] The storage devices 2 are semiconductor storage
devices configured to write data to and read data from a
nonvolatile memory thereof. In the present embodiment, the
storage devices 2 include solid state drives (SSD) 2 based on
NAND flash technology. However, the storage devices 2
may include nonvolatile memories of types other than the
NAND flash, for example, MRAM.

[0085] Besides the storage devices 2 of SSD, the host 3
may be a storage device of the other types (for example,
HDD).

[0086] The host 3 may be, for example, a server computer

used in a data center. Alternatively, the host 3 may be a
personal computer.

[0087] The storage devices 2 can be used as main storages
of an information processing device which functions as the
host 3. The storage devices 2 may be built in the information
processing device or connected to the information process-
ing device via a cable or a network.

[0088] The interface connecting between the host 3 and
the storage devices 2 may be based on SCSI, Serial Attached
SCSI (SAS), ATA, serial ATA (SATA), PCI Express (PCle),
Universal Serial Bus (USB), Thunderbolt (registered trade-
mark), Ethernet (registered trademark), Fibre channel, etc.
[0089] The host 3 includes a CPU 4, a memory 5, a
controller 6, and a network interface controller (NIC) 7.
[0090] The CPU 4 is a processor configured to execute
various programs loaded from one of the storage devices 2
to the memory 5. The programs function as host software.
The programs include an operating system (OS) 11, a file
system 12, an application software layer 13, etc.

[0091] The CPU 4 is connected to the controller 6 via a
bus such as PCI Express (PCle). The CPU 4 controls the
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controller 6 to control the storage devices 2. The controller
6 is a SAS expander, a PCle Switch, a PCle expander, a
RAID controller, etc.

[0092] The CPU 4 is also connected to a network 8 via the
network interface controller (NIC) 7 and a network interface
9. An application software layer 13' of a client terminal 38
connected to the network 8 can access the storage devices 2
via the host 3.

[0093] The memory 5 is a Random Access Memory
(RAM) which stores programs and data. The memory 5 may
be a volatile memory such as DRAM or a nonvolatile
memory such as MRAM and ReRAM. The memory 5
includes a storage region for storing the operating system
(OS) 11, a storage region for storing the file system 12, and
a storage region for storing the application software layer 13.
[0094] As is generally known, the OS 11 is software
configured to manage the entire host 3, to control the
hardware in the host 3, and to execute the software to use the
hardware and the storage devices 2. The OS 11 may be, for
example, Linux, Windows Server, VMWARE Hypervisor,
etc.

[0095] The file system 12 is used to execute file operations
(creation, saving, updating, deletion, etc.) For example,
ZFS, Btrfs, XFS, ext4, NTFS, etc., may be used as the file
system 12. Alternatively, a file object system (for example,
Ceph Object Storage Daemon) and a key value store system
(for example, such as Rocks DB) may be used as the file
system 12.

[0096] The host 3 (host software) can manage and control
the storage devices 2 by transmitting various commands to
the storage device 2.

[0097] In the present embodiment, an advanced applica-
tion interface (advanced API) which enables the host 3 to
manage and control the storage devices 2 smartly is included
in the storage devices 2. The advanced application interface
enables the host 3 to execute fine QOS control of the storage
devices 2. The advanced application interface can also
provide a function of reducing the size of an Over provi-
sioning area required to be reserved in the storage devices 2.
A lower TCO with respect to the storage devices 2 can be
thereby implemented.

[0098] In the present embodiment, not only general com-
mands such as a write command, a read command, an unmap
command, a trim command, and a flush command, but also
extended commands such as a host initiated garbage control
command, an idle garbage control command, a get block
boundary info command, a select next input block com-
mand, a pend current input block command, a resume input
block command, a get pending input pool command, a
release pending input block command, a get logical address
list to be collected command, an extended write command,
an extended namespace (stream) control command, a change
command, an extended namespace control command, an
extended open stream command, and an extended dataset
management command are transmitted to the storage
devices 2 via the interface 10. These extended commands
are used as advanced API.

[0099] FIG. 2 shows a configuration example of the infor-
mation processing system 1.

[0100] In FIG. 2, the information processing system 1 is
configured to function as a server computer. The information
processing system 1 includes a housing 101 shaped in a thin
box which can be accommodated in a rack. A number of
storage devices 2 may be arranged inside the housing 101.
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In this case, the storage devices 2 may be detachably
inserted into respective slots provided on a front surface
101A of the housing 101.

[0101] A system board (motherboard) 102 is arranged in
the housing 101. Various electronic components including
the CPU 4, the memory 5, the controller 6, and the network
interface controller (NIC) 7 are mounted on the system
board (motherboard) 102. The electronic components func-
tion as the host 3.

[0102] FIG. 3 shows the software layer structure in the
host 3.
[0103] In general, the application software layer 13 and

the client 38 shown in FIG. 1 cannot directly access the
storage device 2. For this reason, the application software
layer 13 and the client 38 shown in FIG. 1 communicate with
the storage device 2 via the OS 11 loaded on the memory 5.
[0104] When the application software layer 13 needs to
transmit a request such as a read command or a write
command to the storage device 2, the application software
layer 13 transmits the request to the OS 11. Then, the OS 11
transmits the request to the file system 12. The file system 12
then translates the request into a command (read command,
write command, or the like). The command such as a write
command and a read command includes a starting logical
address (Starting LBA: Logical block Address) correspond-
ing to the data (data to be written or data to be read) and a
sector count (transfer length). The file system 12 transmits
the command to the storage device 2. When a response from
the storage device 2 is received, the file system 12 transmits
the response to the OS 11. The, the OS 11 transmits the
response to the application software layer 13.

[0105] Various application software threads 39 are run on
the application software layer 13. Examples of the applica-
tion software threads 39 include, client software, database
software (such as Cassandra DB, Mongo DB, HBASE and
etc.), Distributed Storage System (Ceph etc.), Virtual
Machine (VM), guest OS and Analytics Software (such as
Hadoop, R and etc.).

[0106] FIG. 4 shows a configuration example of the stor-
age device 2.
[0107] In the present embodiment, the storage device 2 is

the SSD including the NAND flash memory (hereinafter
called flash memory).

[0108] The storage device 2 includes a controller 14, a
RAM 15, a flash memory 16, and an interface controller
(IFC) 18.

[0109] The flash memory 16 functions as a nonvolatile
memory. The flash memory 16 includes one or more flash
memory chips 17. The interface controller (IFC) 18 is
configured to transmit a signal to or receive a signal from the
host 3 via the interface 10. The RAM 15 includes a storage
region to store a lookup table (LUT) 19. The RAM 15 also
includes a storage region used as a write buffer (WB) 20.
[0110] The lookup table (LUT) 19 stores mapping infor-
mation indicating relationship between logical addresses
and physical addresses of the flash memory 16. Mapping
between logical addresses and physical addresses is man-
aged in a predetermined management unit, for example, a
unit of page, a unit of block, or a unit of other predetermined
data size.

[0111] The lookup table (LUT) 19 may further store a flag
indicating valid or invalid of the data (physical address) in
the management unit. The lookup table (LUT) 19 may
include a forward lookup table and a backward lookup table
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which, by referring to a designated physical address, a
logical address, etc., corresponding thereto can be searched.
[0112] The write buffer (WB) 20 is a storage region where
the data to be written is temporarily stored.

[0113] The RAM 15 may be, for example, a volatile RAM
such as DRAM (Dynamic Random Access Memory) and
SRAM (Static Random Access Memory) or a nonvolatile
RAM such as FeRAM (Ferroelectric Random Access
Memory), MRAM (Magneto-resistive Random Access
Memory), PRAM (Phase Change Random Access Memory),
and RaRAM (Resistance Random Access Memory).
[0114] The controller 14 is electrically connected to the
flash memory 16 via a flash memory interface 21 such as
Toggle and ONFI.

[0115] The controller 14 can function as a flash translation
layer (FTL) configured to execute the data management of
the flash memory 16 and the block management of the flash
memory 16.

[0116] The data management includes (1) management of
mapping between the logical addresses (LBAs) and the
physical storage locations (physical addresses) of the flash
memory 16, and (2) processing for encapsulation of read/
write in the page unit and the erase operation in the block
unit, etc. The management of mapping between the LBAs
and the physical addresses is executed using the lookup table
(LUT) 19.

[0117] Write of data to a page can be executed at only one
time per erase cycle.

[0118] For this reason, the controller 14 maps the write
(overwrite) to the same LBAs, to at least one other page on
the flash memory 16. In other words, the controller 14 writes
the data to the other pages. Then, the controller 14 associates
the LBAs with the other pages. Furthermore, the controller
14 updates the lookup table (LUT) 19 and invalidates the
original pages, i.e., old data associated with the LBAs.
[0119] The block management includes bad block man-
agement, wear leveling, garbage collection, etc. Wear lev-
eling is an operation of leveling a write count of each block.

[0120] Garbage collection is an operation of reclaiming a
free space in the flash memory 16. To increase the number
of free blocks of the flash memory 16, during the garbage
collection operation, all of valid data in a target block where
valid data and invalid data exist together are copied to the
other block (for example, free block). Further, during the
garbage collection operation, the lookup table (LUT) 19 is
updated to maps the LBAs of the copied valid data to a
correct physical address. By copying the valid data to the
other block, the block including the invalid data alone is
used as a free block. The block can be therefore reused after
erase.

[0121] The host 3 transmits a write command to the
storage device 2. This command includes the logical address
(starting logical address) and a sector counter of the data to
be written. The LBAs are used as the logical addresses in the
present embodiment, but an object ID may be used as the
logical addresses in other embodiments. The LBAs are
represented by serial numbers allocated to logical sectors
(size: e.g., 512 bytes). The serial numbers start with zero.
The controller 14 of the storage device 2 writes the data to
be written designated by the Starting LBA and the sector
count in the write command, to the block in the flash
memory 16. Furthermore, the controller 14 updates the
lookup table (LUT) 19 to map the LBAs corresponding to
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the written data to the physical addresses corresponding to
physical storage locations at which the data is written.
[0122] FIG. 5 shows a configuration example of the flash
memory chip 17.

[0123] The flash memory chip 17 includes a memory cell
array 22. The memory cell array 22 includes a number of
memory cells. The memory cells are arrayed in a matrix
configuration. The memory cell array 22 includes a plurality
of bit lines, a plurality of word lines, and a plurality of
common source lines. The memory cells are arranged at
intersections of the bit lines and the word lines.

[0124] A bit line control circuit 29 configured to control
the bit lines and a word line control circuit 26 configured to
control the word lines are connected to the memory cell
array 22. The bit line control circuit 29 cooperates with the
word line control circuit 26 to read data from memory cells
in a certain page. In addition, the bit line control circuit 29
cooperates with the word line control circuit 26 to write data
to memory cells in a certain page.

[0125] A column decoder 30, a data input/output buffer 28,
and a data input/output pin 25 are connected to the bit line
control circuit 29.

[0126] The data read from the memory cell array 22 is
output to a flash memory interface 21 via the bit line control
circuit 29, the data input/output buffer 28, and the data
input/output pin 25.

[0127] The write data input from the flash memory inter-
face 21 to the data input/output pin 25 is transmitted to the
memory cell array 22 via the data input/output buffer 28,
column decoder 30 and the bit line control circuit 29.
[0128] In addition, the memory cell array 22, the bit line
control circuit 29, the column decoder 30, the data input/
output buffer 28, and the word line control circuit 26 are
connected to a control circuit 27. The control circuit 27
generates control signals and control voltages to control the
memory cell array 22, the bit line control circuit 29, the
column decoder 30, the data input/output buffer 28, and the
word line control circuit 26, based on control signals input
from the flash memory interface 21 to control signal input
pins 24.

[0129] FIG. 6 shows a configuration example of the
memory cell array 22.

[0130] In the present embodiment, the memory cell array
22 is a NAND cell type memory cell array formed of a
plurality of NAND cells. Each NAND cell includes a
memory string 34, and selection gates S1 and S2 connected
to both ends of the memory string 34. The memory string 34
includes a plurality of memory cells 33 connected in series.
[0131] Each memory cell 33 is composed of a memory
cell transistor. The memory cell transistor is composed of a
MOSFET (Metal Oxide Semiconductor Field Effect Tran-
sistor) having a stacked gate structure formed on the semi-
conductor substrate. The stacked gate structure includes a
charge storage layer (floating gate electrode) formed on the
semiconductor substrate via a gate insulating film, and a
control gate electrode formed on the floating gate electrode
via an inter-gate insulating film. A threshold voltage of the
memory cell transistor is varied in accordance with the
number of electrons trapped in the floating gate electrode.
The memory cell transistor storing data of a certain specific
value has a threshold voltage corresponding to the data of
the specific value.

[0132] The selection gate S1 is connected to a bit line BL.
31 while the selection gate S2 is connected to a source line
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SRC. Control gates of the memory cells 33 arranged in the
same row are commonly connected to an identical word line
WL 32. Gates of the selection gates S1 are commonly
connected to a select line SGD while gates of the selection
gates S2 are commonly connected to a select line SGS.
[0133] The memory cell array 22 includes at least one
plane 37. The plane 37 includes a plurality of physical
blocks 36. Each of the physical blocks 36 includes a
plurality of NAND cells. The data is erased in unit of the
physical block 36.

[0134] The plurality of memory cells 33 connected to the
identical word line 32 forms a physical sector 35. Data write
and read are executed in unit of the physical sector 35. When
a write method (SLC: Single Level Cell) for writing 1-bit
data per memory cell is employed, the physical sector 35 is
equivalent to a page. When a write method (MLC: Multi
Level Cell) for writing 2-bit data per memory cell is applied,
the physical sector 35 is equivalent to two pages (i.e., an
upper page and a lower page). When a write method (TLC:
Triple Level Cell) for writing 3-bit data per memory cell is
employed, the physical sector 35 is equivalent to three pages
(i.e., an upper page, a middle page and a lower page).
[0135] One word line and one physical sector are selected
based on the physical address like the row address received
from the controller 14, during the read operation and the
write operation (also called program operations). Change of
the pages in the physical sector 35 is executed based on a
physical page address in the physical address. In the present
embodiment, when a certain physical block is set to write the
data using the 2-bit/cell writing method (MLC), the control-
ler 14 recognizes the physical sector 35 as two pages, i.e.,
the upper page and the lower page. In contrast, when a
certain physical block is set to write the data using a
1-bit/cell writing method (SLC), the controller 14 recog-
nizes the physical sector 35 as one page. The physical
address includes the physical page address and the physical
block address. The physical page addresses are allocated to
all the physical pages, and the physical block pages are
allocated to all the physical blocks.

[0136] FIG. 7 shows a threshold voltage distribution when
the 2-bit/cell writing method (MLC data writing method) is
employed for the flash memory chip 17.

[0137] The threshold value of the memory cell (memory
cell transistor) for which the 2-bit/cell writing method is
employed is set at any one of four threshold voltages
corresponding to one of 2-bit data (data “117, “01”, “10” and
“00).

[0138] 2-bit data of one memory cell includes lower page
data and upper page data. The lower page data and the upper
page data are written to the memory cell through different
write operations. When the 2-bit data is represented as “UL”,
U represents the upper page data and L represents lower
page data.

[0139] In FIG. 7, VA1 indicates a control voltage applied
to the control gate of the memory cell transistor to read 1-bit
data (state ER1 or state Al) from the lower page alone.
VA1V indicates a verify voltage applied to the control gate
of the memory cell transistor in a verify operation to
determine whether or not the data has been normally written
to the memory cell transistor.

[0140] VA2, VB2, and VC2 indicate control voltages
applied to the control gate of the memory cell transistor to
read 2-bit data (state ER2, state A2, state B2, and state C2)
from the lower page and the upper page. VA2V indicates a
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verify voltage applied to the control gate of the memory cell
transistor in a verify operation to determine whether or not
the data (state A2) has been normally written to the memory
cell transistor. VB2V indicates a verify voltage applied to the
control gate of the memory cell transistor in a verify
operation to determine whether or not the data (state B2) has
been normally written to the memory cell transistor. VC2V
indicates a verify voltage applied to the control gate of the
memory cell transistor in a verify operation to determine
whether or not the data (state C2) has been normally written
to the memory cell transistor.

[0141] First, writing the lower page data will be described
with reference to first to second rows in FIG. 7.

[0142] Each of all the memory cell transistors in the erased
block has a threshold voltage distribution ER in the erased
state. The threshold voltage distribution ER corresponds to
data “117.

[0143] The threshold voltage distribution ER of the
memory cell transistor is set to be either of two threshold
voltage distributions (ER1 and A1) in accordance with the
value (“1” or “0”) of the lower page data. If the value of the
lower page data is “1”, the threshold voltage distribution of
the memory cell transistor is maintained to be data “11”
(ER1).

[0144] In contrast, if the value of the lower page data is
“0”, program-verify steps are repeatedly executed to raise
the threshold voltage of the memory cell transistor by a
predetermined amount. The program operation and the
verify operation are executed by one program-verify step.
The verify operation is an operation to determine whether or
not target data is programmed in the memory cell transistor,
by reading the data from the memory cell transistor. The
threshold voltage distribution of the memory cell transistor
is changed to data “10” (Al) by executing the program-
verify steps at a predetermined number of times.

[0145] Next, writing the upper page data will be described
with reference to the second to third rows in FIG. 7.

[0146] If the value of the upper page data is “17, the
threshold voltage distribution of the memory cell transistor
of'data “11” (ER1) is maintained to be data “11” (ER2), and
the threshold voltage distribution of the memory cell tran-
sistor of data “10” (A1) is maintained to be data “10” (B2).
However, the threshold voltage distribution B2 may be
adjusted at a level higher than the threshold voltage distri-
bution Al using the positive verify voltage VB2V higher
than the verity voltage VA1V.

[0147] In contrast, if the value of the upper page data is
“0”, the program-verify steps are executed at a predeter-
mined number of times to raise the threshold voltage of the
memory cell transistor by a predetermined amount. As a
result, the threshold voltage distribution of the memory cell
transistor of the data “11” (ER1) is changed to data “01”
(A2), and the threshold voltage distribution of the memory
cell transistor of the data “10” (A1) is changed to the data
“00” (C2). At this time, the verify voltages VA2V and VC2V
may be used, and the lower limits of the threshold voltage
distributions A2 and C2 may be adjusted.

[0148] FIG. 8 shows a configuration example of the con-
troller 14 in the storage device 2.

[0149] The flash memory 16 includes a number of blocks
(physical blocks) B0 to Bm-1 as described above. One
block functions as an erase unit. Each of the blocks B0 to
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Bm-1 includes a number of pages (physical pages P0 to
Pn-1). In the flash memory 16, data read and data write are
executed in unit of page.

[0150] The controller 14 includes a CPU 61, a RAM
interface 62, a NAND interface 63, and at least one hardware
engine 64. The CPU 61, the RAM interface 62, the NAND
interface 63, and the hardware engine 64 are interconnected
via a bus 60.

[0151] The CPU 61 is a processor configured to control
the RAM interface 62, the NAND interface 63, and the
hardware engine 64. The CPU 61 executes command pro-
cessing for processing commands from the host 3, etc.,
besides the FTL layer processing. The CPU 61 further
executes processing corresponding to the advanced API.
[0152] The RAM interface 62 is a RAM controller con-
figured to control the RAM 15 under control of the CPU 61.
[0153] The RAM 15 may store not only the lookup table
19 and the write buffer (WB) 20, but also a backward lookup
table 19A. In this case, the lookup table 19 may function as
a forward lookup table.

[0154] The NAND interface 63 is a NAND controller
configured to control the flash memory 63 under control of
the CPU 61.

[0155] The hardware engine 64 is a hardware circuit
configured to execute heavy-load processing. The hardware
engine 64 is configured to execute specific processing such
as data compression, error detection and correction, and data
shaping (scramble).

[0156] In the present embodiment, the storage device 2
has following features. Processing corresponding to each of
the following features may be executed by the CPU 61 of the
controller 14.

[0157] 1. Multi Stream/Namespace Control

[0158] The controller 14 of the storage device 2 supports
a multi stream control and a multi namespace control. In the
multi stream control, data associated with the same stream
is written in the same block. The host 3 associates data
having the same expected lifetime such as data in the same
file, with the same stream. The lifetime of data means a
period from the time when the data is produced to the time
when the data is erased or updated. The data having the same
expected lifetime means a data group which can be invali-
dated substantially simultaneously by the erasure or updat-
ing. For example, the data associated with a single file may
be handled as the data having the same expected lifetime.

[0159] The controller 14 writes the data associated with a
specific stream to the same block. Data unassociated with
the specific stream is not written to the block to which the
data associated with a specific stream is written. In other
words, the controller 14 writes data associated with different
streams to different blocks, respectively.

[0160] Possibility to invalidate all of the data in the block
at one time can be increased by the multi stream control.
This is because the data having the same lifetime can be
erased or updated at one time by the host 3, with high
possibility.

[0161] As to the erase blocks from which the entire data
are invalidated, they can become free blocks only by erasing
the erase blocks without performing any copy (date move-
ment). As a result, the write operation using the stream can
improve the WAF (Write Amplification Factor).

[0162] Multi namespace control is the technology of
enabling a plurality of logical address spaces (LBA spaces)
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to be allocated to the storage device 2 in order to enable one
storage device to be handled as if it were a plurality of
drives.

[0163] The write command from the host 3 includes an ID
of a specific namespace. The controller 14 determines the
namespace to be accessed, based on the namespace 1D
included in the write command. The host 3 can thereby
handle the storage device 2, without a partitioning operation
for partitioning the logical address space into a plurality of
spaces, as if the device were a plurality of drives. The multi
namespace control can therefore reduce the TCO on the host
3 side.

[0164] 2. Advanced Garbage Collection (GC) Control
[0165] In the present embodiment, the controller 14 of the
storage device 2 does not completely divide the physical
resource of the flash memory 16 with respect to each of
streams or namespaces, but collectively manage the free
block pool including the free blocks of the flash memory 16
for the streams or namespaces.

[0166] This is because, according to a method of com-
pletely dividing the physical resource for each of the streams
or namespaces, even if the physical resource allocated to a
certain stream or a certain namespace is not much used and
remains, the physical resource cannot be used for the other
streams or namespaces.

[0167] In a conventional SSD, the garbage collection is
generally performed to increase the amount of the entire free
space in the drive. The conventional SSD starts a garbage
collection operation (i.e., drives an initiated garbage collec-
tion) to secure the free space when the amount of the free
space is reduced to a value equal to or lower than a threshold
value.

[0168] The advanced garbage collection (GC) control is
performed to enable the host 3 to designate the stream (or
namespace) in which the free space needs to be secured and
further designate the amount of free space which should be
secured.

[0169] When the controller 14 receives a garbage collec-
tion control command (the host initiated garbage control
command or the idle garbage control command) from the
host 3, the controller 14 executes a garbage collection
operation for securing a designated amount of exclusive free
space for the stream or namespace designated by the com-
mand. As a result, a necessary amount of exclusive physical
resource can be secured for the designated stream or
namespace using architecture in which the physical resource
is shared among a plurality of streams or a plurality of
namespaces.

[0170] In the architecture in which the physical resource is
shared among a plurality of streams or a plurality of
namespaces, substantially all free blocks are often consumed
by the stream (or namespace) which first requests to write
data. If a write operation using another stream or another
namespace is started in this state, performance of the write
operation is often deteriorated remarkably.

[0171] By performing the advanced garbage collection
(GC) control, the host 3 can designate a stream (or
namespace) in which a certain amount of data is to be
written and can cause the storage device 2 to secure the
designated amount of free space for the designated stream
(or namespace). Therefore, even if write access to a certain
stream (or namespace) is concentrated, writing at least the
data of the amount corresponding to the designated amount
of free space, at a stable rate, can be guaranteed.
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[0172] As aresult, a necessary minimum performance can
be secured for each stream (or namespace) while using the
architecture in which the physical resource is shared by the
streams or namespaces.

[0173] 3. Block Boundary Report

[0174] Block boundary report is performed to enable the
host 3 to have block boundary information indicating a
remaining free space of a block currently used for data write,
i.e., a current input block. The host 3 can require the block
boundary information of the storage device 2 as needed.
[0175] Based on the block boundary information, the host
3 can recognize how much amount of data can be further
written to the current input block without crossing the block
boundary. For example, if the size of the data which is to be
written is larger than the remaining free space of the current
input block, the host 3 may request the controller 14 of the
storage device 2 to allocate a new input block. In response
to this request, the controller 14 allocates a new input block.
As a result, the entire data to be written can be written to the
same block without crossing the block boundary.

[0176] If the entire data written across two blocks is
invalidated later, fragmentation occurs in both of the two
blocks due to the invalidation of the data. Writing the data
across two blocks therefore increases the data copy amount
in the garbage collection and thereby deteriorates WAF.
[0177] Since the function of the block boundary report
enables the data to be aligned in the block boundary, the
function can remarkably improve WAF.

[0178] 4. Effective “Hand Shake” GC

[0179] Effective “hand shake” GC is a function of
enabling the host 3 to additionally select discardable data
that is considered to contribute to the improvement of WAF
most.

[0180] In general, worthless data such as data that is least
likely to be used is present in the storage device 2. Examples
of the data include data used for a certain period alone such
as a temporary file and a work file. Examples of the data
used for a certain period alone include read cache data.
[0181] For example, duplication of certain data (main
data) in the other storage device such as HDD is stored in the
storage device 2 as read cache data. Since the original data
(main data) of the read cache data is present in the other
storage device, the read cache data is discardable data.
[0182] The storage device 2 may be used as a read cache
area for the other storage device such as HDD. The data read
from the other storage device is transmitted to the host 3 and
written to the storage device 2 as the read cache data.
[0183] Frequency of receiving requests to read the read
cache data becomes lowered as the time elapses, due to
temporal locality of the data. The read cache data for which
read request is received less frequently is worthless and
discardable data.

[0184] The effective “hand shake” GC enables the data
which is considered unneeded to be invalidated by the
storage device 2.

[0185] By using a command (Get logical address list to be
collected command) for the effective “hand shake” GC, the
host 3 can require a list of the logical addresses correspond-
ing to the valid data stored in the target block for a next
garbage collection, from the controller 14 of the storage
device 2.

[0186] When the controller 14 receives the command, the
controller 14 specifies the target block for the next garbage
collection and acquires information about the logical
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addresses corresponding to the valid data stored in the target
block. Then, the controller 14 provides the host 3 with the
data indicating the list of the logical addresses correspond-
ing to the valid data stored in the target block for the next
garbage collection.

[0187] The list of the logical addresses represents a set of
data that can contribute to improve WAF by invalidation of
the data. This is because the data copy amount in the next
garbage collection can be efficiently reduced by invalidating
the data in the set of data.

[0188] The host 3 can designate the discardable data that
is considered to most contribute to improve WAF, easily and
positively, by merely additionally selecting from the list of
the logical addresses the data which may be discarded.
[0189] 5. In-Drive Tiering Control

[0190] In-drive tiering control is a function of enabling a
tier (first tier) corresponding to a storage device having a
feature of writing or reading data at a high speed and a tier
(second tier) corresponding to another storage device having
a feature of storing a large amount of data at a low cost, to
exist together in the same SSD.

[0191] In the first tier, a 1-bit/cell writing method (SLC
writing method) of writing 1-bit data to each memory cell is
employed.

[0192] In the second tier, a writing method of writing data
of two or more bits to each memory cell is employed. The
writing method employed in the second tier may be a
2-bit/cell writing method (MLC writing method), a 3-bit/cell
writing method (TLC writing method), or a 4-bit/cell writing
method (QLC writing method).

[0193] The host 3 can designate a tier attribute which
should be used to write the data, by using a command for
In-drive tiering control (the extended write command or the
extended namespace (stream) control command).

[0194] For example, when data is to be written at a high
speed, the host 3 may designate the tier attribute correspond-
ing to the 1-bit/cell writing method (SLC writing method).
In contrast, when data is to be stored at a low cost, the host
3 may designate the tier attribute corresponding to the
2-bit/cell writing method (MLC writing method), the 3-bit/
cell writing method (TLC writing method), or the 4-bit/cell
writing method (QLC writing method). The tier attribute
which should be used may be designated in units of the write
data. Alternatively, the tier attribute which should be used
may be designated in units of the stream or name space.
[0195] The controller 14 of the storage device 2 writes the
data to the flash memory 16 by employing the writing
method designated by the tier attribute.

[0196] 6. NAND Program Control

[0197] NAND program control is also one of functions for
the In-drive tiering control.

[0198] The host 3 can designate a tier attribute giving a
higher priority to the write speed than to data retention or a
tier attribute giving a higher priority to the data retention
than to the write speed, by using a command for the NAND
program control (Extended write command, etc.)

[0199] For example, when data (hot) is to be written at a
high speed and a high update frequency, the host 3 may
designate the tier attribute giving a higher priority to the
write speed than to the data retention. In contrast, when data
(cold) which has a low update frequency is to be stored for
a long period of time, the host 3 may designate the tier
attribute giving a higher priority to the data retention than to
the write speed. The tier attribute which should be used may
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be designated in units of the write data. Alternatively, the tier
attribute which should be used may be designated in units of
the stream or namespace.

[0200] The controller 14 of the storage device 2 writes the
data to the flash memory 16 by employing the writing
method giving a higher priority to the write speed than to the
data retention or the writing method giving a higher priority
to the data retention than to the write speed. Change of the
writing method is executed by tuning the number of the
program-verify steps which should be executed to program
the write data to the flash memory 16.

[0201] In addition, the host 3 can designate the tier attri-
bute giving a higher priority to data reliability than to a read
speed or the tier attribute giving a higher priority to the read
speed than to the data reliability, using a command for the
NAND program control (Extended write command, etc.)

[0202] For example, when data is required to have high
reliability, the host 3 may designate a tier attribute giving a
higher priority to the data reliability than to the read speed.
In contrast, when data is required to have a high read speed
rather than high reliability, such as data (cache data) having
the original data stored in the other storage, the host 3 may
designate the tier attribute giving a higher priority to the read
speed than to the data reliability. The tier attribute which
should be used may be designated in units of the write data.
Alternatively, the tier attribute which should be used may be
designated in units of the stream or namespace.

[0203] The controller 14 of the storage device 2 writes the
data to the flash memory 16 by employing the writing
method giving a higher priority to the data reliability than to
the read speed or the writing method giving a higher priority
to the read speed than to the data reliability. Change of the
writing method is executed by tuning a ratio between
reliability assurance capability of ECC which should be
added to the write data and reliability assurance capability of
the code for data shaping which should be added to the write
data.

[0204]

[0205] In the present embodiment, the controller 14 of the
storage device 2 operates to share the free block pool
including the free blocks of the flash memory 16 among a
plurality of streams or a plurality of namespaces.

[0206] QoS in namespace level is a function of enabling
the host 3 to designate the namespace or stream to which a
minimum amount of exclusive free space should be allo-
cated and further enabling the host 3 to designate the amount
of free space which should be allocated.

[0207] When the controller 14 receives a command for the
QoS in namespace level (the extended namespace control
command or the extended stream control command) from
the host 3, the controller 14 allocates a designated amount of
exclusive free space for the stream or namespace designated
by the command. As a result, a minimum amount of exclu-
sive physical resource can be allocated to each stream or
namespace while using the architecture in which the physi-
cal resource is shared by the streams or namespaces.

[0208] The host 3 can allocate a minimum amount of
physical resource exclusive for each stream or namespace by
using the function of QoS in namespace level.

[0209] Similarly to the function of the advanced garbage
collection (GC) control, the function of QoS in namespace
level can assure a necessary minimum performance for each

7. QoS in Namespace Level
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stream (or each namespace) while using the architecture in
which the physical resource is shared by the streams or
namespaces.

[0210] The function of the advanced garbage collection
(GC) control can be used in combination with the function
of QoS in namespace level.

[0211] For example, the host 3 can assure a minimum
amount of exclusive free space to each namespace or stream
by using the function of QoS in namespace level, and can
further increase the amount of exclusive free space to a
specific namespace or stream at an idle time by using the
function of the advanced garbage collection (GC) control.
[0212] 8. Advanced Multi Stream Control

[0213] Advanced multi stream control is a function of
enabling a plurality of namespaces and a plurality of streams
to be present together in the storage device 2. The logical
address space of the flash memory 16 is divided into a
plurality of logical address spaces corresponding to a plu-
rality of namespaces. The controller 14 manages each map-
ping between the logical addresses (LBAs) and the physical
addresses in units of namespaces, by using a plurality of
lookup tables corresponding to a plurality of namespaces.
The physical resource of the flash memory 16 is divided into
a plurality of streams.

[0214] Each stream is associated with at least one
namespace. A certain stream may be associated with a
specific namespace, or the other stream may be associated
with several namespaces. For example, when a first stream
is associated with both a first namespace and a second
namespace, and a second stream is associated with the first
namespace alone, the free space allocated to the first stream
is shared by the first namespace and the second namespace,
and the free space allocated to the second stream is exclusive
for the first namespace.

[0215] Advanced garbage collection (GC) control, QoS in
namespace level, etc. can also be applied to SSD in which
both a plurality of namespaces and a plurality of streams are
provided.

[0216] In addition, the function of In-drive tiering control
may also be applied to SSD in which both a plurality of
namespaces and a plurality of streams are provided.
[0217] 9. Data Compression Control

[0218] Data compression control is a function of enabling
the host 3 to control a data compression function in the
storage device 2. The data compression function is a func-
tion of compressing the write data in the storage device 2
and writing the compressed data to a block of the flash
memory 16. The amount of the physical resource necessary
for storing data can be remarkably reduced by using the data
compression function.

[0219] In contrast, when the data compression function is
used, the write speed and the read speed are lowered. In
general, hardware for executing the data compression func-
tion consumes comparatively much power. For this reason,
when the data compression function is used, the power
consumption of the storage device 2 is also increased.
[0220] The degree of an effect of the data compression
function depends on the type of the write data. For example,
the data compression function for the write data encrypted
by the host 3 or the write data which has been compressed
by the host 3 has a small effect.

[0221] The function of Data compression control can be
therefore employed as one of functions for the In-drive
tiering control.
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[0222] The host 3 can designate either a tier attribute of
compressing data and writing the compressed data to the
block of the flash memory 16 or a tier attribute of writing the
write data to the block without compressing the data, using
a command for Data compression control (Extended write
command, Extended dataset management command, etc.)
[0223] For example, when data is required to be written or
read at a high speed, the host 3 may designate the tier
attribute of writing the write data without compressing the
data. In contrast, when data is required to be stored at a low
cost, the host 3 may designate the tier attribute of compress-
ing the data.

[0224] Alternatively, when the encrypted data or already
compressed data is written, the host 3 may designate the tier
attribute of writing the write data without compressing the
data. In contrast, when the data which is not encrypted or the
data which is not compressed is written, the host 3 may
designate the tier attribute of compressing the data.

[0225] The function of Data compression control enables
the host 3 to designate yet another tier attribute of writing the
write data to the block without compressing the data and of
compressing the data at the garbage collection of the block.
[0226] When data is required to be written at a high speed
and at a low cost, the host 3 may designate the tier attribute
of writing the write data to the block without compressing
the data and of compressing the data at the garbage collec-
tion of the block.

[0227] The controller 14 of the storage device 2 writes the
data to the flash memory 16 by employing either the writing
method of compressing the data and writing the compressed
data to the block of the flash memory 16, the writing method
of writing the write data to the block without compressing
the write data, or the writing method of writing the write data
to the block without compressing the write data and of
compressing the data at the garbage collection of the block.
[0228] 10. Data Lifetime Timer Control

[0229] The original data of data such as read cache data
and data replication is stored in the other storage as
described above. In addition, data such as a temporary file,
a work file, and temporary data is used for a certain period
alone. These data may be therefore discarded after a certain
period of time elapses.

[0230] The host 3 can notify the storage device 2 of a data
lifetime using a command for Data lifetime timer control
(the extended write command, the extended open stream
command, or the like).

[0231] The controller 14 of the storage device 2 writes the
data to a block in the flash memory 16, based on the write
command from the host 3. In this case, the controller 14 may
store, for example, a first time stamp when the data is
written, and a lifetime of the data as designated by the host
3 in, for example, a backward lookup table 19A. Alterna-
tively, the controller 14 may calculate a sum of the first time
stamp at the data write time and the lifetime, and store the
sum value in, for example, the backward lookup table 19A.
[0232] During the garbage collection of the block, the
controller 14 executes a garbage collection operation for
collecting only valid data of which sum of the first time
stamp and the lifetime is greater than the current time stamp,
from the block. The data copy amount at the garbage
collection can be thereby reduced.

[0233] The functions of the advanced garbage collection
(GC) control, Block boundary report, the effective “hand
shake” GC, In-drive tiering control, NAND program con-
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trol, QoS in namespace level, Advanced multi stream con-
trol, Data compression control, and Data lifetime timer
control may be used independently or arbitrarily used in
combination.

[0234] <1. Multi Stream/Namespace Control>

[0235] FIG. 9 shows a stream write operation performed
by the storage device 2.

[0236] In the storage device 2, the same number of blocks
as the number of active streams is prepared besides a block
for data unassociated with any streams.

[0237] Itis assumed here that a block B0 is allocated as an
input block to which data unassociated with any streams
(non-stream data) should be written, a block B1 is allocated
as an input block to which data corresponding to stream #0
of stream ID=0 should be written, and a block B2 is
allocated as an input block to which data corresponding to
stream #1 of stream ID=1 should be written.

[0238] Data #Al, data #A2, and data #A3 associated with
the stream #0 are written to the block B1. If the block Bl is
filled with data, a new input block for the stream #0 is
allocated.

[0239] The data B1 unassociated with any streams is
written to the block B0. If the block B0 is filled with data,
a new input block for non-stream data is allocated.

[0240] Data #C1 and data #C2 associated with the stream
#1 are written to the block B2. If the block B2 is filled with
data, a new input block for the stream #1 is allocated.
[0241] FIG. 10 shows a namespace management per-
formed by the storage device 2.

[0242] It is assumed here that a plurality of namespaces
NS#0 to NS#n is created. 0 to EO logical address space (LBA
space) A0 is allocated to namespace NS#0. 0 to E1 logical
address space (LBA space) Al is allocated to namespace
NS#1. Similarly, 0 to En logical address space (LBA space)
An is allocated to namespace NS#n.

[0243] In the present embodiment, the lookup table LUT
is divided for each namespace. In other words, n lookup
tables LUT#0 to LUT#n corresponding to the namespaces
NS#0 to NS#n, respectively, are managed by the controller
14 of the storage device 2.

[0244] The lookup table LUT#0 manages mapping
between the LBA space A0 of the namespace NS#0 and the
physical addresses of the flash memory 16. The lookup table
LUT#1 manages mapping between the LBA space Al of the
namespace NS#1 and the physical addresses of the flash
memory 16. The lookup table LUT#n manages mapping
between the LBA space An of the namespace NS#n and the
physical addresses of the flash memory 16.

[0245] The controller 14 can execute the garbage collec-
tion operation independently for each namespace, using the
lookup tables LUT#0 to LUT#n, respectively.

[0246] In the present embodiment, the physical resource
of the flash memory 16 is shared by the namespaces NS#0
to NS#n, but a necessary minimum amount of exclusive
physical resource can be allocated to each namespace. In this
case, management data 100 may include information indi-
cating mapping between the namespaces and the minimum
amounts of exclusive physical resources (at least one block)
allocated to the namespaces.

[0247] In the present embodiment, since the amount pre-
determined or designated by the host 3, of the exclusive
physical resource can be allocated to each of the namespaces
NS#0 to NS#n, a substantially entire physical resource is not
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consumed by a certain namespace, and writing the data
corresponding to the namespaces NS#0 to NS#n at a stable
rate can be assured.

[0248] In the present embodiment, since n lookup tables
LUT#0 to LUT#n corresponding to the namespaces NS#0 to
NS#n, respectively, are managed by the controller 14 of the
storage device 2, the garbage collection can be executed
efficiently, independently for each of the namespaces NS#0
to NS#n.

[0249] In the present embodiment, the free block created
by the garbage collection can be shared by the namespaces
NS#0 to NS#n.

[0250] FIG. 11 shows a structure of a write command 40
and a processing sequence of the write operation.

[0251] The write command 40 includes a parameter indi-
cating a starting LBA of the write data and a parameter
indicating a sector count (transfer length) of the write data.
The write command 40 may further include a parameter
indicating a stream ID. The stream ID indicates an ID of the
stream associated with the write data designated by the
starting LBA and the sector count of the write command 40.
A write command 40 which does not include the stream ID
or includes a stream ID indicating a predetermined invalid
valid may be handled as a normal write command that
requires write of non-stream data.

[0252] In an environment using namespaces, the write
command 40 may include a parameter indicating a
namespace 1D instead of the stream ID.

[0253] The host 3 transmits the write command 40 to the
storage device 2 via the interface 10, in the write operation.
The host 3 transmits write data 41 to the storage device 2 via
the interface 10.

[0254] The controller 14 of the storage device 2 writes the
write data 41 to a write buffer (WB) 20 (step S1), and sends
to the host 3 a notice of command completion. After that, the
controller 14 writes the write data 41 to a block (input block)
in the flash memory 16 (step S2). The controller 14 updates
the lookup table 19 and maps the LBA of the write data to
the physical address of the physical storage location at
which the write data has been written.

[0255] FIG. 12 shows the architecture of the storage
device 2 for the write operation.

[0256] The controller 14 manages a plurality of input
blocks 42, an active block pool 43 and a free block pool 44.
The physical block 36 explained with reference to FIG. 6
belongs to any one of the input blocks 42, the active block
pool 43, the free block pool 44, a bad block pool 50, and a
pending input block pool 51.

[0257] The input blocks 42 are blocks in which data can be
written even if the controller 14 does not erase the blocks.
In other words, each input block 42 includes a page which
can be used without erasing the block. The input blocks 42
are blocks in a non-stream block pool 47 and a plurality of
stream block pools 48.

[0258] The input block 42 in the non-stream block pool 47
is a block in which the data unassociated with any streams
(non-stream data) should be written. The input block 42 in
the stream #0 block pool 48 is a block in which the data
associated with stream #0 should be written. The input block
42 in the stream #n block pool 48 is a block in which the data
associated with stream #n should be written.

[0259] The active block pool 43 includes blocks filled with
data. The free block pool 44 includes free blocks that do not
store any valid data. The bad block pool 50 includes bad
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blocks that cannot be used any more. The pending input
block pool 51 includes blocks (pended blocks) which are not
temporarily used as the input blocks.

[0260] The lookup table 19 manages physical block
addresses of the respective input blocks 42, active block
pool 43, free block pool 44, bad block pool 50, and pending
input block pool 51.

[0261] If no stream ID is designated by the write com-
mand 40, the controller 14 writes the data 41 to the input
block 42 in the non-stream block pool 47. If the stream ID=0
is designated by the write command 40, the controller 14
writes the data 41 to the input block 42 in the stream #0
block pool 48. If stream ID=n is designated by the write
command 40, the controller 14 writes the data 41 to the input
block 42 in the stream #n block pool 48.

[0262] When any one of the input blocks 42 is filled with
data, the controller 14 moves the input block 42 to the active
block pool 43. In other words, a state of the input block 42
is changed to the active block, and the controller 14 manages
the input block 42 as the active block. When there is no
available input block in any of the non-stream block pool 47
or the plurality of stream block pools 48, the controller 14
allocates a new input block 42 from the free block pool 44.
Alternatively, the controller 14 may execute the garbage
collection operation of handling a target active block
selected from the active block pool 43 as a free block and
allocate the free block as a new input block 42.

[0263] More specifically, when the controller 14 writes the
data from the write buffer (WB) 20 to the flash memory 16,
the controller 14 looks up the physical address of pages in
the input block 42 to which the data should be written, by
referring to the lookup table (LUT) 19. When there are no
available input blocks 42, the controller 14 allocates the new
input block 42 from the free block pool 44. When there are
no pages which can be used without erasing the input block
42 in the input block 42, the controller 14 moves the input
block 42 to the active block pool 43. When a sufficient
amount of free blocks are not present in the free block pool
44, the controller 14 executes the garbage collection (GC)
operation to create free blocks from the blocks in the active
block pool 43.

[0264] Various methods can be used as the method of
selecting the target block (target active block) of the garbage
collection from the active block pool 43.

[0265] For example, if the active block pool 43 includes a
plurality of stages similarly to a FIFO buffer, the controller
14 may select an active block on a final stage of the active
block pool 43 as the target block. This is because the active
block on the final stage generally includes a large amount of
invalid data and the valid data rate of the active block is low.
The data copy amount at the garbage collection can be
thereby reduced.

[0266] Alternatively, the controller 14 may select an active
block having the largest invalid data rate from the active
block pool 43, as the target block, by referring to the lookup
table 19.

[0267] The number of target blocks for the garbage col-
lection selected from the active block pool 43 is not neces-
sarily one, but several active blocks may be selected as the
target blocks.

[0268] FIG. 13 shows an open stream command sent to the
storage device 2 and a processing sequence of the command.
[0269] The open stream command 45 is a command to
open a new stream. When the host 3 transmits the open
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stream command 45 to the storage device 2, the controller 14
of the storage device 2 executes processing to open a new
stream. In this case, the controller 14 allocates a new stream
1D different from stream IDs of currently opened streams, to
the newly opened stream (step S3). The controller 14
allocates an input block for the newly opened stream (step
S4). Then, the controller 14 transmits return data 49 includ-
ing the stream ID of the newly opened stream to the host 3.
[0270] FIG. 14 shows a close stream command sent to the
storage device 2 and a processing sequence of the command.
[0271] The close stream command 46 is a command to
close the opened stream. The close stream command 46
includes a parameter indicating a stream ID of a stream
which should be closed. When the host 3 transmits the close
stream command 46 to the storage device 2, the controller 14
of' the storage device 2 moves an input block 42 correspond-
ing to the stream ID designated by the close stream com-
mand 46, to the non-stream block pool 47 (step S5). The
controller 14 de-allocates the designated stream ID (step
S6), and sends to the host 3 a notice of command comple-
tion.

[0272] <2. Advanced Garbage Collection (GC) Control>
[0273] Next, the advanced garbage collection (GC) con-
trol will be described in detail with reference to FIG. 15 to
FIG. 19.

[0274] FIG. 15 shows the architecture of the storage
device 2 that performs the advanced garbage collection (GC)
control.

[0275] In the present embodiment, a reserved free space
for each of streams may be preliminarily allocated. A
reserved free space for a certain stream is a minimum
amount of free space exclusive for the stream. As for a
stream which does not need the reserved free space, the
amount of the reserved free space corresponding to the
stream may be zero.

[0276] The free block pool 44 includes a plurality of
reserved free spaces corresponding to a plurality of streams.
A reserved free space 66 for stream #0 is a minimum amount
of free space exclusive for the stream #0. A reserved free
space 66 for stream #n is a minimum amount of free space
exclusive for the stream #n.

[0277] The function of the advanced garbage collection
(GC) control secures the designated amount of free space
exclusive for the stream designated by the host 3. The host
3 can increase the amount of the reserved free space of a
specific stream by a desired amount as needed, by using the
function of the advanced garbage collection (GC) control.

[0278] The advanced garbage collection (GC) control can
also be employed in not only an environment supporting the
streams, but also an environment supporting the namespaces
and an environment supporting mixture of the namespaces
and the streams.

[0279] For example, in the environment supporting the
namespaces, as shown in FIG. 16, the free block pool 44
may include a reserved free space 67 for NS #0, a reserved
free space 67 for NS #1, and a reserved free space 67 for NS
#n. The reserved free space 67 for NS #0 is an exclusive free
space allocated to the namespace NS #0. The reserved free
space 67 for NS #1 is an exclusive free space allocated to the
namespace NS #1. The reserved free space 67 for NS #n is
an exclusive free space allocated to the namespace NS #n.
[0280] The function of the advanced garbage collection
(GC) control secures the amount of free space exclusive for
the namespace designated by the host 3. The host 3 can
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increase the amount of the reserved free space of a specific
namespace by a desired amount as needed, by employing the
advanced garbage collection (GC) control.

[0281] In the environment supporting the namespaces, the
input blocks 42 may be divided into a plurality of namespace
block pools 72 corresponding to a plurality of namespaces.
Alternatively, the identical input block 42 may be shared by
at least two specific namespaces.

[0282] FIG. 17 shows a host-initiated garbage collection
control command for the advanced garbage collection (GC)
control and a processing sequence of the command.
[0283] The host-initiated garbage collection control com-
mand 74 is a garbage collection control command used for
the advanced garbage collection (GC) control. The host-
initiated garbage collection control command 74 requires the
storage device 2 to start the garbage collection operation.
[0284] The host-initiated garbage collection control com-
mand 74 includes input parameters listed below.

[0285] (1) Namespace ID or Stream 1D

[0286] (2) Amount of free space

[0287] (3) Timer

[0288] Namespace ID or Stream ID indicates a target

namespace for which the free space should be secured or a
target stream for which the free space should be secured.
[0289] Amount of free space indicates the amount of free
space which should be secured.

[0290] Timer indicates a maximum time of the garbage
collection operation. The garbage collection operation is
ended at an earlier time of the time when the designated
amount of free space is secured and the time when the
maximum time elapses. If Timer is zero, the maximum time
of the garbage collection operation is not limited.

[0291] If the host 3 desires to write a predetermined
amount of data corresponding to a certain namespace or a
certain stream at a preferable latency, the host 3 transmits the
host-initiated garbage collection control command 74 to the
storage device 2. In response to the host-initiated garbage
collection control command 74 from the host 3, the control-
ler 14 of the storage device 2 executes the garbage collection
operation to secure a designated amount of exclusive free
space for the target namespace or the target stream (step S7).
The controller 14 ends the garbage collection operation, at
an earlier time of the time when the designated amount of
free space is secured and the time when the maximum time
elapses.

[0292] In the present embodiment, the designated amount
of free space exclusive for the designated namespace or the
designated stream is secured. Therefore, a necessary amount
of exclusive physical resource can be secured for the des-
ignated stream or the designated namespace while using
architecture in which the physical resource is shared by a
plurality of streams or a plurality of namespaces.

[0293] For example, if writing data of 500 MB to a certain
stream 1is scheduled, the host 3 transmits to the storage
device 2 the host-initiated garbage collection control com-
mand 74 including a parameter indicating the ID of the
stream and a parameter indicating the amount (500 MB) of
the free space which should be secured for the stream.
Writing the data of 500 MB associated with the certain
stream to the flash memory 16 at a preferable latency can be
thereby secured.

[0294] FIG. 18 shows an idle garbage collection control
command for the advanced garbage collection (GC) control
and a processing sequence of the command.
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[0295] The idle garbage collection control command 75 is
a garbage collection control command used for the advanced
garbage collection (GC) control. The idle garbage collection
control command 75 causes the storage device 2 to execute
the garbage collection operation at the idle time.

[0296] The idle garbage collection control command 75
includes input parameters listed below.

[0297] (1) ENIDGC

[0298] (2) Namespace ID or Stream 1D

[0299] (3) Amount of free space

[0300] (4) Start time

[0301] (5) Timer

[0302] ENIDGC indicates an enabled or disabled state of

the idle garbage collection. ENIDGC of value Ob indicates
that the idle garbage collection is disabled, while ENIDGC
of value 1b indicates that the idle garbage collection is
enabled.

[0303] When the storage device 2 is executing the idle
garbage collection operation, if the host 3 transmits a
command such as the write command or the read command
to the storage device 2, conflict between the idle garbage
collection operation and the command processing occurs. To
stop the idle garbage collection operation, the time of several
milliseconds is often required. For this reason, start of the
processing of the command from the host 3 may be delayed.
[0304] In the present embodiment, the host 3 can require
enablement or disablement of the idle garbage collection
using the input parameter, ENIDGC. Therefore, if the host
3 is scheduled to transmit a command such as the write
command or the read command to the storage device 2, the
host 3 can require disablement of the idle garbage collection
as needed. As a result, performance deterioration caused by
the delay of start of command processing can be suppressed.
[0305] Namespace ID or Stream ID indicates a target
namespace for which the free space should be secured or a
target stream for which the free space should be secured.
[0306] Amount of free space indicates the amount of free
space which should be secured.

[0307] Start time indicates conditions for starting the idle
garbage collection. When Start time (ms) elapses after
completion of processing the last command (or reception of
the last command), the controller 14 of the storage 2 starts
the idle garbage collection operation. If the storage device 2
receives the command from the host 3 before the Start time
(ms) elapses after the completion of processing the last
command (or reception of the last command), the controller
14 does not start the idle garbage collection operation. The
host 3 can appropriately adjust the conditions for starting the
idle garbage collection using the input parameter, Start time.
[0308] Timer indicates a maximum time of the idle gar-
bage collection operation to enable processing of a next
command from the host 3 to be executed without delay. The
idle garbage collection operation is ended earlier than the
time when the designated amount of free space is secured
and the time when the maximum time elapses. If Timer is
zero, the maximum time of the idle garbage collection
operation is not limited.

[0309] If the host 3 desires to execute writing a predeter-
mined amount of data corresponding to a certain namespace
or a certain stream at a preferable latency, the host 3
transmits the idle garbage collection control command 75 to
the storage device 2. In response to the idle garbage collec-
tion control command 75 from the host 3, the controller 14
of the storage device 2 configures the idle garbage collec-
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tion, based on the input parameters of the idle garbage
collection control command 75 (step S8), and sends to the
host 3 a notice of the command completion.

[0310] FIG. 19 shows steps of the idle garbage collection
operation.
[0311] The controller 14 of the storage device 2 deter-

mines whether the idle garbage collection is enabled or
disabled with respect to each stream or namespace desig-
nated by the idle garbage collection control command 75
(step S11).

[0312] If the Idle garbage collection is enabled (YES in
step S11), the controller 14 determines whether or not the
time indicated as Start time has elapsed, after the completion
of processing the last command (or reception of the last
command) (steps S12 and S13).

[0313] When the time indicated as Start time elapses after
the completion of processing the last command (or reception
of the last command), the controller 14 starts the idle
garbage collection operation to secure the designated
amount of exclusive free space for the designated stream or
namespace (step S14). The controller 14 ends the garbage
collection operation, at an earlier time of the time when the
designated amount of free space is secured and the time
when the maximum time elapses (steps S14 to S16).
[0314] Thus, in the present embodiment, when the con-
troller 14 receives the garbage collection control command
(host-initiated garbage control command or idle garbage
control command) from the host 3, the controller 14
executes the garbage collection operation to secure the
designated amount of exclusive free space for the stream or
namespace designated by the command. As a result, a
necessary amount of exclusive physical resource can be
secured for the specific stream or namespace in the archi-
tecture in which the physical resource is shared by a plurality
of streams or a plurality of namespaces. Writing the desired
amount of data for each stream (or namespace) to the flash
memory 16 at a stable latency can be thereby secured.
[0315] <3. Block Boundary Report>

[0316] Next, details of the block boundary report will be
described with reference to FIG. 20 to FIG. 35.

[0317] FIG. 20 shows a summary of a function of the
block boundary report.

[0318] The function of the block boundary report provides
the host 3 with block boundary information indicating a
remaining free space of the input block (i.e., an amount of
unwritten pages in the input block) as described above. The
host 3 transmits to the storage device 2 a command (get
block boundary info command) to obtain block boundary
information of a current input block 42 in a non-stream
block pool 47 or block boundary information of a current
input block in a specific stream block pool 48.

[0319] If the block boundary information of the stream
ID=0 is requested by the get block boundary info command,
the controller 14 of the storage device 2 sends to the host 3
an amount of unwritten pages in the current input block 42
in the stream #0 block pool 48.

[0320] If the non-stream block boundary information is
requested by the get block boundary info command, the
controller 14 of the storage device 2 sends to the host 3 an
amount of unwritten pages in the current input block 42 in
the non-stream block pool 47.

[0321] Based on the block boundary information, the host
3 can recognize how much amount of data can be further
written to the current input block without crossing the block
boundary. For example, if the size of the data to be written
is larger than the remaining free space of the current input
block, the host 3 may request the controller 14 of the storage
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device 2 to allocate a new input block. In response to this
request, the controller 14 allocates a free block as a new
input block. The entire data to be written can be thereby
written to the new input block.

[0322] FIG. 21 shows a get block boundary info command
for the block boundary report, return data returned in
response to the get block boundary info command from the
storage device of the present embodiment, and a processing
sequence of the get block boundary info command.

[0323] A get block boundary info command 77 is a
command used for the block boundary report. The get block
boundary info command 77 requests an amount of unwritten
pages in a block to which the data is to be written, i.e., a
current input block.

[0324] The get block boundary info command 77 includes
the following input parameter.

[0325] (1) Stream ID (Optional)

[0326] Stream ID indicates a Stream ID for which the
block boundary information should be acquired. This input
parameter is optional, and the get block boundary info
command 77 may not include this input parameter.

[0327] Return data 78 returned in response to the get block
boundary info command includes the following parameter.
[0328] (1) Block Boundary Info

[0329] Block boundary info indicates an amount of
unwritten pages in the current input block. The unit of the
amount of unwritten pages may be the number of sectors.
[0330] The host 3 transmits the get block boundary info
command 77 to the storage device 2. In response to the get
block boundary info command 77 from the host 3, the
controller 14 of the storage device 2 determines the amount
of unwritten pages in the block to which the data is to be
written, i.e., the current input block by referring to the
lookup table 19 (step S21). The controller 14 transmits the
return data 78 indicating the amount of unwritten pages in
the current input block to the host 3 (step S22).

[0331] FIG. 22 shows a state in which the data is aligned
along a block boundary, in the storage device 2.

[0332] Since the size of the write data is unrelated to the
size of the block, the data is often written across the block
boundary, conventionally, as shown in an upper row of FIG.
22. For example, data #2 is written across block 0 and block
1, and data #4 is written across block 1 and block 2.
[0333] If the data #2 written across two blocks 0 and 1 is
invalidated later, fragmentation occurs in both of the two
blocks 0 and 1 due to the invalidation of the data #2. In this
case, the two blocks 0 and 1 become targets of the garbage
collection due to invalidation of the data #2. Writing the data
across two blocks therefore increases the data copy amount
in the garbage collection and thereby deteriorates WAF.
[0334] In the present embodiment, the host 3 can deter-
mine whether or not the size of the data to be written is
greater than the remaining free space of the current input
block, based on the block boundary information. If the size
of the data to be written is smaller than or equal to the
remaining free space of the current input block, the host 3
transmits to the storage device 2 a write command requiring
writing of the data to be written. In contrast, if the size of the
data to be written is greater than the remaining free space of
the current input block, the host 3 can transmit the write
command to the storage device 2 after requesting allocation
of'a (new) input block from the storage device 2. As a result,
the WAF can be improved since the data can be aligned
along the block boundary as shown in a middle row of FIG.
22.

[0335] In the current SSD, a wvariable-length block
becomes supported. The function of the Block boundary info
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of'the present embodiment can align the data along the block
boundary of the variable-length block as shown at a lower
row of FIG. 22.

[0336] FIG. 23 shows a series of processing sequences
executed by the storage device 2 and the host 3.

[0337] It is assumed here that the host 3 sends the get
block boundary info command 77 for stream #1.

[0338] The host 3 transmits the get block boundary info
command 77 designating the stream ID=1 to the storage
device 2. The controller 14 of the storage device 2 deter-
mines the amount of unwritten pages in the block to which
the data associated with the stream #1 should be written, i.e.,
the current input block 42 (step S31). The controller 14
transmits the return data 78 indicating the amount of unwrit-
ten pages in the current input block to the host 3 (step S32).
If the size of the write data which should be written to the
block for the stream #1 is greater than the amount of
unwritten pages, the host 3 transmits to the storage device 2
a command (select next input block command or pend
current input block command) requiring allocation of a new
input block for the stream #1 (step S33).

[0339] In response to this request, the controller 14 allo-
cates a free block as a new input block for the stream #1
(step S34).

[0340] After that, the host 3 transmits the write command
40 designating the stream D=1 to the storage device 2 and
also transmits the write data 41 to the storage device 2.
[0341] FIG. 24 shows an architecture of the storage device
2 for the select next input block command.

[0342] When the host 3 transmits the select next input
block command to designate the stream ID of the selected
stream to the storage device 2, the controller 14 moves a
current input block corresponding to the selected stream to
a pending input block pool 51 and manages the current input
block as the pended input block. The controller 14 selects a
free block from the free block pool 44, and allocates the
selected free block as a new input block (also called a next
input block) of the selected stream.

[0343] The pended input block in the pending input block
pool 51 is reused as an input block of the other stream or an
input block to which data unassociated with any streams
should be written.

[0344] In general, as the number of streams to be sup-
ported increases, the number of available blocks is reduced
and excessive over-provisioning may occur. The amount of
allocated input block is obtained by the number of active
streams multiplied by the average block size.

[0345] In the present embodiment, since the pended input
block in the pending input block pool 51 is reused as an input
block of the other stream or the input block to which data
unassociated with any streams should be written, excessive
over-provisioning can be prevented.

[0346] FIG. 25 shows a select next input block command
and a processing sequence of the command.

[0347] The select next input block command 79 includes
input parameters listed below.

[0348] (1) Stream ID

[0349] (2) Amount of block

[0350] (3) Destination Stream ID (optional)

[0351] Stream ID indicates a Stream ID of the selected
stream.

[0352] Amount of block indicates a minimum value of the

size of the new input block.

[0353] Destination Stream ID indicates an ID of a stream
in which the current input block should be reused.

[0354] If the size of the data to be written is greater than
the remaining capacity of the current input block corre-
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sponding to the selected stream, the host 3 transmits the
select next input block command 79 including the Stream 1D
of' the selected stream to the storage device 2. The controller
14 of the storage device 2 selects a free block having a size
greater than the size designated by the input parameter of the
Amount of block in the select next input block command 79,
from the free block pool 44, and allocates the free block as
the input block of the selected stream (step S36).

[0355] FIG. 26 shows steps of a new input block allocation
operation executed by the storage device 2.

[0356] When the controller 14 of the storage device 2
receives the select next input block command 79 from the
host 3, the controller 14 moves to the pending input block
pool 51 a current input block corresponding to the selected
stream (stream ID=n) designated by the select next input
block command 79 (step S37). A state of the current input
block is changed to the pended input block. The pended
input block can be shared among the streams as described
above. If the select next input block command 79 includes
the Destination Stream ID, the pended input block may be
reused as the input block of the stream designated by the
Destination stream ID. For example, when the current input
block of the stream designated by the Destination Stream 1D
is filled with data, the pended input block may be allocated
to the input block of the stream designated by the Destina-
tion Stream ID.

[0357] The controller 14 allocates a new input block from
the free block pool 44 to assign the allocated new input
block to the input block of the selected stream (step S39).
After that, if the controller 14 receives the write command
including stream ID=n from the host 3 (YES in step S39),
the controller 14 writes the data designated by the write
command to the new input block (step S40).

[0358] FIG. 27 shows an architecture of the storage device
2 for the pend current input block command.

[0359] When the host 3 transmits the pend current input
block command designating the stream ID of the selected
stream to the storage device 2, the controller 14 temporarily
suspends the use of the current input block corresponding to
the selected stream and moves the current input block to the
pending input block pool 51 as the pended input block. The
controller 14 selects a free block from the free block pool 44,
and allocates the selected free block as a new input block
(also called a next input block) of the selected stream. When
the new input block is filled with the data and is thereby
moved to the active block pool 43, the controller 14 allocates
again the pended input block to the input block of the
selected stream and resumes the use of the pended input
block.

[0360] FIG. 28 shows the pend current input block com-
mand and a processing sequence of the command.

[0361] The pend current input block command 80 tempo-
rarily suspends the use of the current input block, and
requests allocation of the new block.

[0362] The pend current input block command 80 includes
input parameters listed below.

[0363] (1) Stream ID

[0364] (2) Amount of block

[0365] (3) Source Stream ID (optional)

[0366] Stream ID indicates a Stream ID of the selected
stream.

[0367] Amount of block indicates a minimum value of the

size of the new input block.
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[0368] The Source Stream ID is optional. When the
Source Stream ID is designated by the pend current input
block command 80, the input block of the stream designated
by the Source Stream ID may be temporarily borrowed and
used as the input block of the selected stream.

[0369] If the size of the write data is greater than the
remaining capacity of the current input block corresponding
to the selected stream, the host 3 transmits the pend current
input block command 80 including a Stream ID of the
selected stream to the storage device 2. The controller 14 of
the storage device 2 temporarily suspends the use of the
current input block corresponding to the selected stream and
moves the current input block to the pending input block
pool 51 (step S41). In step S41, the host 3 further selects a
free block having a size greater than the size designated by
the input parameter of the amount of block in the pend
current input block command 80, from the free block pool
44, and allocates the free block as the input block of the
selected stream.

[0370] FIG. 29 shows other steps of the new input block
allocation operation executed by the storage device 2.
[0371] When the controller 14 of the storage device 2
receives the pend current input block command 80 from the
host 3, the controller 14 temporarily suspends the use of the
current input block corresponding to the selected stream
(Stream ID=n) designated by the pend current input block
command 80 and moves the current input block to the
pending input block pool 51 (step S42). A state of the current
input block is changed to the pended input block.

[0372] The controller 14 allocates a new input block from
the free block pool 44, and uses the allocated new input
block as the input block of the selected stream (step S43).
After that, if the controller 14 receives the write command
including Stream ID=n from the host 3 (YES in step S44),
the controller 14 writes the data designated by the write
command to the new input block (step S45).

[0373] The controller 14 determines whether or not the
new input block is filled with data (step S46). If the new
input block is filled with data (YES in step S46), the
controller 14 moves this new input block to the active block
pool 43 (step S47). Then, by allocating the block temporarily
suspended in step 42 to the input block of the selected
stream, the controller 14 resumes the use of the block (step
S48).

[0374] FIG. 30 shows a resume input block command
which can be added for the function of the block boundary
report and a processing sequence of the command.

[0375] The resume input block command 81 is a command
requesting compulsory resuming of use of the pended input
block.

[0376] The resume input block command 81 includes an
input parameter below.

[0377] (1) Stream ID

[0378] Stream ID indicates a Stream ID of the selected
stream.

[0379] The host 3 determines whether or not the resuming

of use of the pended input block of the selected stream is
necessary. For example, if the size of the data which should
be next written substantially fills the remaining capacity of
the pended input block, the host 3 may determine that the
resuming of use of the pended input block of the selected
stream is necessary. The host 3 transmits the resume input
block command 81 including the Stream ID of the selected
stream to the storage device 2. By allocating the pended
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input block corresponding to the selected stream designated
by the resume input block command 81, as the input block
of'the selected stream, the controller 14 of the storage device
2 compulsorily resumes use of the pended input block (step
S49).

[0380] FIG. 31 shows a get pending input block pool
command that can be added for the function of block
boundary report, return data of get pending input block pool
command, and a processing sequence of the get pending
input block pool command.

[0381] The get pending input block pool command 82 is a
command requesting the amount of the pending input block
pool corresponding to the selected stream (i.e., amount of
the pended input blocks corresponding to the selected
stream).

[0382] The get pending input block pool command 82
includes an input parameter below.

[0383] (1) Stream ID

[0384] Stream ID indicates a Stream ID of the selected
stream.

[0385] The return data 83 of get block boundary info

command includes a parameter explained below.

[0386] (1) Pending Input Block Pool Size

[0387] Pending input block pool size indicates the amount
of the pending input block pool (i.e., amount of the pended
input blocks corresponding to the selected stream).

[0388] The host 3 transmits the get pending input block
pool command 82 including the Stream ID of the selected
stream to the storage device 2. The controller 14 of the
storage device 2 determines the amount of the pending input
block pool corresponding to the selected stream designated
by the get pending input block pool command 82 (i.e.,
amount of the pended input blocks corresponding to the
selected stream) (step S50). The amount of the pended input
blocks corresponding to the selected stream may be a sum of
the remaining free space of the pended input blocks. The
controller 14 transmits to the host 3 return data 83 indicating
the amount of the pending input block pool corresponding to
the selected stream (i.e., amount of the pended input blocks
corresponding to the selected stream) (step S51).

[0389] FIG. 32 shows a release pending input block pool
command that can be added for the function of the block
boundary report and a processing sequence of the command.
[0390] The release pending input block pool command 84
is a command requesting release of the pended input blocks
corresponding to the selected stream.

[0391] The release pending input block pool command 84
includes an input parameter below.

[0392] (1) Stream ID

[0393] Stream ID indicates a Stream ID of the selected
stream.

[0394] The host 3 transmits the release pending input

block pool command 84 including the Stream ID of the
selected stream to the storage device 2. The controller 14 of
the storage device 2 allocates the pended input blocks
corresponding to the selected stream designated by the
release pending input block pool command 84, to the
non-stream block pool 47, and reuses the pended input
blocks corresponding to the selected stream as the input
block 42 of the non-stream block pool 47 (step S52).
[0395] FIG. 33 shows a relationship between application
threads 39 of the host 3 and the streams used by the
application threads 39.
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[0396] The application threads 39 access the storage
device 2 using different stream IDs.

[0397] FIG. 34 shows steps of processing executed by the
host 3 (host software) using the function of the block
boundary report.

[0398] When a certain one of the application threads 39 is
to write data, the application thread 39 specifies the data size
of the data to be written (step S53). The application thread
39 acquires the remaining free space of the current input
block corresponding to the selected stream, by transmitting
to the storage device 2 the get block boundary info command
77 including the stream 1D of the selected stream (i.e., ID of
the stream used by the application thread 39) (step S54).
[0399] The application thread 39 determines whether or
not the data size of the data to be written is smaller than the
remaining free space of the current input block (step S55).
[0400] If the data size is smaller than the remaining free
space of the current input block (YES in step S55), the
application thread 39 transmits the write command 40
including the stream ID of the selected stream to the storage
device 2 in order to write the data the current input block
(step S56).

[0401] In contrast, if the data size is greater than the
remaining free space of the current input block (NO in step
S55), the application thread 39 transmits the select next
input block command 79 or the pend current input block
command 80 to the storage device 2 to request allocation of
the new input block (step S57). After that, the application
thread 39 transmits the write command 40 including the
stream 1D of the selected stream to the storage device 2 in
order to write the data to the new input block (step S58).
[0402] A flowchart of FIG. 35 shows steps of processing
executed by the storage device 2 in response to reception of
the select next input block command 79 or the pend current
input block command 80.

[0403] When the controller 14 of the storage device 2
receives the select next input block command 79 or the pend
current input block command 80 from the host 3 (YES in
step S60), the controller 14 performs an operation for
padding the current input block with dummy data for several
pages (step S61). If a current input block including an
unwritten page is left for a long period of time, reliability of
data at the tail of the current input block may be deteriorated.
To prevent this issue, at least one next available page
following the data at the tail of the current input block is
padded with dummy data, in step S61.

[0404] The controller 14 moves the current input block to
the pending input block pool 51 (step S62), and allocates a
new input block (step S63).

[0405] <4. Effective “Hand-Shake” GC>

[0406] Next, the effective “hand-shake” GC will be
described in detail with reference to FIG. 36 to FIG. 39 and
FIG. 70 to FIG. 75.

[0407] FIG. 36 shows a summary of a function of the
effective “Hand-Shake” GC.

[0408] As described above, the function of the effective
“hand-shake” GC provides the host 3 with an LBA list
corresponding to valid data in a target block for the next
garbage collection. The host 3 does not blindly discard the
data, but can discard the data that can contribute to minimize
a data copy amount in the garbage collection at optimum
timing, by selecting discardable data from the LBA list.
[0409] Various methods can be used to select the target
block for the next garbage collection.
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[0410] In FIG. 36, the active block pool 43 is assumed to
have a FIFO buffer structure. Every time a new active block
is allocated in the active block pool 43, each of active blocks
in the active block pool 43 is moved to a next stage of the
active block pool 43.

[0411] If the active block pool 43 has the FIFO buffer
structure, the active block on the last stage of the active
block pool 43 may be selected as the target block for the next
garbage collection. This is because the active block on the
last stage is likely to have a high invalid data ratio and the
data copy amount can be minimized when valid data in the
blocks is discarded during the garbage collection.

[0412] By using a command (get logical address list to be
collected command) for the effective “hand shake” GC, the
host 3 can request the controller 14 of the storage device 2
a list of the logical addresses corresponding to the valid data
stored in the target block for a next garbage collection.

[0413] FIG. 37 shows an operation of the effective “hand-
shake” GC.
[0414] When the controller 14 receives the get logical

address list to be collected command from the host 3, the
controller 14 selects a target block for the next garbage
collection. The controller 14 may specify an active block
having the biggest invalid data ratio by referring to the
lookup table 19, and select the block as the target block for
the next garbage collection. Alternately, if the active block
pool 43 has the FIFO buffer structure, the controller 14 may
select the active block on the last stage of the active block
pool 43 as the target block for the next garbage collection.
[0415] The number of target blocks for the garbage col-
lection selected from the active block pool 43 is not neces-
sarily one. Several active blocks may be selected as target
blocks for the garbage collection.

[0416] The controller 14 acquires information about the
logical addresses corresponding to the valid data stored in
the target block for the next garbage collection, by referring
to the lookup table 19. Then, the controller 14 provides the
host 3 with a list (LBA list) of the logical addresses
corresponding to the valid data stored in the target block for
the next garbage collection.

[0417] The host 3 additionally selects the discardable data
such as unneeded data in the read cache data, temporary file
data, and work file data from the list of the logical addresses,
by referring to metadata of the file system 12, etc. The host
3 can transmit a command (trim command or umap com-
mand) designating a logical address range of the discardable
data and requesting invalidating (unmapping) the discard-
able data, before the garbage collection operation of the
target block for the next garbage collection is executed.
[0418] The controller 14 invalidates the discardable data
in the valid data in the target block by updating the lookup
table 19. The data copy amount in the garbage collection of
the target block can be thereby minimized.

[0419] In the present embodiment, the valid data in the
target block for the next garbage collection can be discarded,
additionally and positively, by the function of the effective
“hand-shake” GC. The active blocks other than the target
block for the next garbage collection, and the input block are
not handled as target blocks for additional data discarding.
The discardable data such as the read cache data can be
therefore maintained in the available state until the garbage
collection of the data. The discardable data can be therefore
discarded at optimum timing to minimize the data copy
amount in the garbage collection.
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[0420] FIG. 38 shows a get logical address list to be
collected command for the effective “hand-shake” GC, and
return data of get logical address list to be collected com-
mand, and a processing sequence of the get logical address
to be collected command.

[0421] The get logical address list to be collected com-
mand 85 is a command requesting a list of the logical
addresses to be collected.

[0422] The get logical address list to be collected com-
mand 85 may not include an input parameter. Alternately, the
get logical address list to be collected command 85 may
include an input parameter indicating the namespace ID or
ID of the target stream selected from opened streams.
[0423] Alternately, the get logical address list to be col-
lected command 85 may include a parameter indicating the
number of blocks to be listed.

[0424] The return data 86 of the get logical address list to
be collected command includes a parameter below.

[0425] (1) List of LBAs

[0426] List of LBAs indicates a list of LBAs correspond-
ing to the valid data in the active block to be next collected.
[0427] The host 3 transmits the get logical address list to
be collected command 85 to the storage device 2. In
response to the get logical address list to be collected
command 85 from the host 3, the controller 14 of the storage
device 2 selects at least one target block for the next garbage
collection from the active block pool 43, and creates a list of
LBAs corresponding to the valid data in the target block for
the next garbage collection by referring to the lookup table
19 (step S64). When the number of blocks to be listed is
designated by the get logical address list to be collected
command 85, the controller 14 creates the list of LBAs using
blocks corresponding to the designated number. In this case,
the blocks are selected in order of blocks which could be the
target candidate of the next garbage collection at a higher
possibility.

[0428] The controller 14 transmits the return data 86
indicating the list of LBAs corresponding to the valid data
in the target block for the next garbage collection to the host
3 (step S64).

[0429] FIG. 39 shows a series of processing sequences
executed by the storage device 2 and the host 3 when the
effective “hand-shake” GC is performed.

[0430] The host 3 periodically monitors the amount of the
free space in the storage device 2 by transmitting to the
storage device 2 a control command requesting for the
amount of the free space of the storage device 2 (step S66).
The amount of the free space may be represented by the
number of free blocks in the storage device 2 or the ratio of
the free blocks in the storage device 2.

[0431] When the amount of the free space of the storage
device 2 is reduced to be equal to or lower than a threshold
value, the host 3 starts a greedy data discarding process on
its own (step S67).

[0432] The greedy data discarding process is processing
for additionally discarding discardable data which could
most contribute to improvement of WAF, at optimum timing,
by performing the effective “hand-shake” GC. The host 3
may temporarily suspend issuing the write command during
the greedy data discarding process.

[0433] The host 3 transmits the get logical address list to
be collected command 85 to the storage device 2, during the
greedy data discarding process. In response to the get logical
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address list to be collected command 85 from the host 3, the
process proceeds to step S68.

[0434] In step S68, the controller 14 specifies the target
active block for the next garbage collection. The controller
14 acquires the list of all LBAs mapped to the target active
block for the next garbage collection, i.e., the list of LBAs
corresponding to the valid data in the target active block, by
searching for the lookup table 19. Then, the controller 14
notifies the host 3 of the list of LBAs by transmitting to the
host 3 the return data 86 of the get logical address list to be
collected command.

[0435] In response to the list of LBAs, the process pro-
ceeds to step S69.

[0436] In step S69, the host 3 selects unneeded data and
data of less importance from the received list of LBAs, as
discardable data, by referring to the metadata of the file
system 12, management data of each application, etc. For
example, the host 3 may select data of a low hit rate (i.e.,
data that is seldom requested to be read, etc.) as the
discardable data, with respect to the above-described read
cache data.

[0437] The host 3 creates a list of LBAs corresponding to
the discardable data. The host 3 transmits to the storage
device 2 a command (unmap command or trim command)
which includes a parameter designating the LBA range
corresponding to the discardable data and which requests
unmapping (invalidation) of the LBA range.

[0438] In response to the unmap command or the trim
command from the host 3, the process proceeds to step S70
[0439] In step S70, the controller 14 updates the lookup
table 19 and invalidates the data corresponding to the LBAs
designated by the unmap command or the trim command.
Then, the controller 14 sends to the host 3 a notice of
command completion.

[0440] When the garbage collection operation of the target
active block for the next garbage collection is executed, the
controller 14 specifies valid data of the target active block by
referring to the lookup table 19. The controller 14 copies the
valid data alone of the target active block to the other block
(free block in the free block pool 44 or input block). The
controller 14 updates the mapping information of the lookup
table 19 and maps the LBA of the copied valid data to the
physical address to which the valid data has been copied.
The controller 15 creates a free block by erasing the target
active block.

[0441] Since the free block is moved to the free block pool
44, the number of free blocks in the free block pool 44 is
increased by the garbage collection. The free block may be
allocated as the input block 42.

[0442] In the present embodiment, the discardable data
(i.e., unneeded data and data of less importance) which
could most contribute to improvement of WAF can be
additionally discarded at optimum timing, through the effec-
tive “hand shake” GC.

[0443] Use Case 1: Read Cache

[0444] Read cache algorithm can be applied to an infor-
mation processing system according to an embodiment. FI1G.
70 shows a block diagram of a software layer structure of the
information processing system 1 wherein read cache is used.
In this embodiment, main data is stored in main storage
device 130 such as Hard Disk Drive (HDD), tape, and TLC
SSD, and LBA ranges of the storage device 2 are used as
read cache of the main data.
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[0445] FIG. 71 shows an example of read cache algorithm.
When the application software layer 13 transmits a read
request to OS 11 (step S151), OS 11 transmits a read request
to the file system 12 (step S152). The file system 12 refers
to cache index 132 and determines whether the requested
data is stored in read cache area 133 of the storage device 2
(step S153). When the requested data is stored in the read
cache area 133 (cache hit), the file system 12 transmits a read
command to the storage device 2 (step S154) and receives
the requested data from the storage device 2 (step S155).
When the requested data is not stored in the read cache area
133, the file system 12 transmits a read command to the main
storage device 130 (step S156), receives the requested data
from the main storage device 130 (step S157), stores the
read data to the read cache area 133 (step S158), and updates
cache index 132 to register the read data as the cached data
in the read cache area 133 (step S159). After step S155 or
step S167, the file system 12 transmits the read data to OS
11 (step S160), and OS 11 transmits the read data to the
application software layer 13 (step S161).

[0446] FIG. 72 shows a flow diagram of cache manager
131 in the file system 12. The cache manager 131 maintains
cached data in the read cache area 133 to optimize read
cache ratio and write amplification of the storage device 2.
During normal mode wherein the file system 12 issues a
write command 40 to the storage device 2 (step S171), the
cache manager 131 periodically monitors amount of free
blocks of the storage device 2 (step S172), and determines
whether the amounts becomes less than a predetermined
threshold or not (step S173). If it becomes less than the
predetermined threshold (S173: yes), the cache manager 131
temporally enters into a greedy invalidation mode wherein
the file system 12 does not issue a write command 40 to the
storage device 2 (step S174). The cache manager 131
transmits the get logical address (LBA) list to be collected
command 85 to the storage device 2 (step S175) and receives
the LBA list (return data 86) from the storage device 2 (step
S176). The cache manager 131 checks the LBA list (return
data 86) to see which LBA ranges are to be collected in the
next garbage collection by the storage device 2 (step S177).
The cache manager 131 refers to cache index 132 (step
S178) and determines unneeded LBA ranges out of the LBA
ranges to be collected (step S179). For example, the cache
manager 131 selects the cached data which has low cache hit
ratio as unneeded data. The cache manager 131 updates the
cache index 132 to invalidate entries of the unneeded data.
The cache manager 131 transmits unmap command (or trim
command) with LBA entries which are specifying the
unneeded L.BA ranges to the storage device 2 to invalidate
mappings between unneeded LLBA ranges and physical
addresses in the storage device 2 (step S180). The cache
manager 131 ends the greedy invalidation mode, and goes
back to a normal mode.

[0447] Use Case 2: Tiering

[0448] Tier algorithm can be applied to the information
processing system according to an embodiment. FIG. 73
shows a block diagram of a software layer structure of the
information processing system 1 wherein the storage device
2 is used as an upper tier storage, and the storage device 140,
such as Hard Disk Drive (HDD), tape, and TLC SSD, is used
as lower tier storage.

[0449] FIG. 74 shows an example of tier algorithm. When
the application software layer 13 transmits a read request to
OS 11 (step S181), OS 11 transmits a read request to the file
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system 12 (step S182). The file system 12 refers to tier index
142 and determines whether the requested data is stored in
an upper tier area 143 of storage device 2 or in a lower tier
area 144 of the storage device 140 (step S183). When the
requested data is stored in the upper tier arca 143, the file
system 12 transmits a read command to the storage device
2 (step S184) and receives the requested data from the
storage device 2 (step S185). When the requested data is
stored in lower tier area 144, the file system 12 transmits a
read command to lower tier storage device 140 (step S186),
receives the requested data from lower tier storage device
140 (step S187). After step S185 or step S187, the file
system 12 transmits the read data to OS 11 (step S188), and
OS 11 transmits the read data to the application software
layer 13 (step S189).

[0450] FIG. 75 shows a flow diagram of the tier manager
141 in the file system 12. The tier manager 141 maintains
data location in the upper tier or the lower tier depending on
temperature of the data. During a normal mode wherein the
file system 12 issues a write command 40 to the storage
device 2 (step S191), the tier manager 141 periodically
monitors amount of free blocks of the storage device 2 as
upper tier (step S192) and determines whether or not the
amounts becomes less than a predetermined threshold (step
S193). If it becomes less than the predetermined threshold
(S193: yes), the tier manager 141 temporally enters into the
greedy invalidation mode wherein the file system 12 does
not issues a write command 40 to the storage device 2 (step
S194). The tier manager 141 transmits a get logical address
(LBA) list to be collected command 85 to the storage device
2 (step S195) and receives a LBA list (return data 85) from
the storage device 2 (step S196). The tier manager 141
checks the LBA list 48 to see which LBA ranges are to be
collected in the next garbage collection by the storage device
2 (step S197). The tier manager 141 refers to the tier index
142 (step S198) and determines [.LBA ranges storing data to
be moved to the lower tier out of the LBA ranges to be
collected (step S199). For example, the tier manager 141
selects the data which is least frequently accessed by the host
3 (cold data) as data to be moved to the lower tier. The tier
manager 141 copies cold data to the lower tier storage device
140. The tier manager 141 updates the tier index 142 to
validate mappings of the cold data to the lower tier storage
device 140. The tier manager 141 transmits an unmap
command (or trim command) with LBA entries which
specify the LBA ranges which stores the cold data in the
storage device 2 to the storage device 2, in order to invali-
date mappings between the LBA ranges and physical
addresses of the storage device 2 (step S200). The tier
manager 141 ends the greedy invalidation mode and goes
back to the normal mode.

[0451] <S5. In-Drive Tiering Control>

[0452] Next, In-drive tiering control will be described in
detail with reference to FIG. 40 to FIG. 43.

[0453] FIG. 40 shows a summary of a function of in-drive
tiering control.
[0454] A tier of the nonvolatile storage device can be

divided into a tier of MRAM, a tier of SSD, and a tier of
HDD as shown by a triangle in FIG. 40. The tier of MRAM
is a tier of a storage device of the highest performance and
the highest unit price per bit. The tier of HDD is a tier of a
storage device of the lowest performance and the lowest unit
price per bit. The tier of SSD corresponds to a middle tier
between the tier of MRAM and the tier of HDD. In accor-
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dance with development of technology on SSD, the tier of
SSD is expected to extend upwardly and downwardly and
become a very wide tier.

[0455] The function of the in-drive tiering control enables
a tier storage (first tier) having a characteristic of writing or
reading data at a high speed and another tier storage (second
tier) having a characteristic of storing a large amount of data
at a low cost, to exist together in the same SSD, as shown
in the enlarged portion of the triangle in FIG. 40.

[0456] The host 3 can designate a tier attribute which
should be applied to the write data, in accordance with the
type/attribute of the write data, using a command for the
in-drive tiering control (extended write command or
extended namespace (stream) control command).

[0457] Forexample, when (hot) data required to be written
at a high speed is written, the host 3 can designate the tier
attribute corresponding to the 1-bit/cell writing method
(SLC), and when (cold) data required to be stored at a cost
as low as possible is written, the host 3 can designate the tier
attribute corresponding to the 2-bit/cell writing method
(MLC), the 3-bit/cell writing method (TL.C), or the 4-bit/cell
writing method (QLC).

[0458] The controller 14 of the storage device 2 writes the
data to the flash memory 16 by employing the writing
method designated by the tier attribute. The write data can
be thereby stored in the flash memory 16 using the method
suitable to the type of the write data, under control of the
host 3.

[0459] FIG. 41 shows an extended write command for the
in-drive tiering control and a processing sequence of the
command.

[0460] The extended write command 87 is a write com-
mand capable of designating a tier attribute. More specifi-
cally, the extended write command 87 requires the data
designated by the extended write command 87 to be written
with the tier attribute designated (writing method desig-
nated) by the extended write command 87.

[0461] The extended write command 87 includes input
parameters listed below.

[0462] (1) Tier attribute

[0463] (2) Starting LBA

[0464] (3) Sector count

[0465] (4) Stream ID (optional)

[0466] (5) Namespace ID (optional)

[0467] Tier attribute indicates a writing method which

should be applied to the write data. In the present embodi-
ment, the host 3 can designate any one of the SLC writing
method (1 bit/cell writing method) for writing 1-bit data to
each memory cell, the MLC writing method (2 bits/cell
writing method) for writing 2-bit data to each memory cell,
and the TLC writing method (3 bits/cell writing method) for
writing 3-bit data to each memory cell. In another embodi-
ment, the host 3 may designate the QL.C writing method for
writing 4-bit data to each memory cell, besides the SL.C
writing method, the MLC writing method, or the TLC
writing method.

[0468] Relationships between the tier attribute values and
the applied writing are described below.

[0469] 00b: Default

[0470] O1b: SLC

[0471] 10b: MLC

[0472] 11b: TLC

[0473] The writing method corresponding to Default is the

writing method predetermined by the storage device 2. The
writing method corresponding to Default may be, for
example, the MLC writing method or the SLC writing
method.
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[0474] Inthe SLC writing method, binary data is stored in
a single page. For this reason, the number of program-verify
steps necessary in the SLC writing method is smaller than
the number of program-verify steps necessary in the MLC/
TLC/QLC writing method. The SLC writing method can
therefore write the data at a higher speed than the MLC/
TLC/QLC writing method.

[0475] The host 3 transmits the extended write command
87 which designates the tier attribute to the storage device 2.
The host 3 transmits the write data to the storage device 2.
The controller 14 of the storage device 2 holds the tier
attribute value, writes the write data to the write buffer (WB)
20 (step S71), and sends to the host 3 the notice of command
completion. After that, the controller 14 writes the write data
to the block in the flash memory 16 in the writing method
designated by the tier attribute value (step S72). The con-
troller 14 updates the lookup table 19 and maps the LBA of
the write data to the physical address of the physical storage
location at which the write data is written.

[0476] For each block (physical block) in the storage
device 2, the controller 14 can preset the writing method
which should be applied to the block. Furthermore, after the
block is erased, the controller 14 can change the writing
method which should be applied to the block. In other
words, the flash memory 16 includes a plurality of blocks;
each of blocks is configurable as the SL.C block storing 1-bit
data to each memory cell, the ML.C block storing 2-bit data
to each memory cell, or the TLC block storing 3-bit data to
each memory cell.

[0477] If the tier attribute value is 01b, the write data is
written in the block (SL.C block) which is set to store the data
by the SLC writing method. If the tier attribute value is 10b,
the write data is written in the block (MLC block) which is
set to store the data by the MLL.C writing method.

[0478] FIG. 42 shows an extended namespace (stream)
control command for the in-drive tiering control and a
processing sequence of the command.

[0479] The extended namespace (stream) control com-
mand 88 is a control command capable of designating a tier
attribute. More specifically, the extended namespace
(stream) control command 88 designates the tier attribute to
be applied in units of not write data, but stream or
namespace.

[0480] The extended namespace (stream) control com-
mand 88 may be, for example, an open stream command or
a create namespace command.

[0481] The extended namespace (stream) control com-
mand 88 includes input parameters listed below.

[0482] (1) Stream ID (or Namespace 1D)
[0483] (2) Tier attribute
[0484] Stream ID (or Namespace ID) indicates a stream

ID of the target stream or a namespace ID of the target name
space.

[0485] Tier attribute indicates the writing method which
should be employed for the target stream or the target
namespace.

[0486] Relationships between the values of the tier attri-
bute and the employed writing methods are described below.

[0487] 00b: Default

[0488] 01b: SLC

[0489] 10b: MLC

[0490] 11b: TLC

[0491] The host 3 transmits the extended namespace

(stream) control command 88 to the storage device 2. The
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controller 14 of the storage device 2 sets the writing method
(SLC/MLC/TLC) for the designated target stream or target
namespace (step S73). The controller 14 sends to the host 3
a notice of command completion.

[0492] The host 3 transmits the write command 40 includ-
ing the namespace ID or the stream ID to the storage device
2 and also transmits the write data 41 to the storage device
2. The controller 14 writes the write data to the write buffer
(WB) 20 (step S74), and sends to the host 3 the notice of
command completion. After that, the controller 14 writes the
write data to the block in the flash memory 16 by the writing
method for the designated target stream or target namespace
(step S75). The controller 14 updates the lookup table 19 and
maps the LBA of the write data to the physical address of the
physical storage location at which the write data has been
written.

[0493] FIG. 43 shows a change command for the in-drive
tiering control and two processing sequences related to the
command.

[0494] The change command 89 is a command for chang-
ing the tier attribute of the data stored in the flash memory
16. The host 3 can request the storage device 2 to move, for
example, the data in the SL.C block to the MLC block or the
TLC block, or the data in the MLC block to the SLC block
or the TLC block, using the change command 89.

[0495] The change command 89 includes input parameters
listed below.

[0496] (1) Stream ID (or Namespace ID)

[0497] (2) Tier attribute

[0498] Stream ID (or Namespace ID) indicates a stream

1D of the target stream or a namespace ID of the target name
space.

[0499] Tier attribute indicates a tier from which tier attri-
bute block (source block) data of the target stream or the
target namespace should be moved and to which tier attri-
bute block (destination block) data of the target stream or the
target namespace should be moved.

[0500] Relationships between the tier attribute values and
the data movements are described below.

[0501] 00b: Move data from SLC block to MLC block
[0502] O1b: Move data from SLC block to TLC block
[0503] 10b: Move data from MLC block to SLC block
[0504] 10b: Move data from TLC block to SLC block
[0505] For example, when the host 3 transmits to the

storage device 2 the change command 89 including stream
ID=0 and the Tier attribute of 00b and the data associated
with stream #0 of stream ID=0 is stored in the SLC block,
the controller 14 moves the data in the SL.C block in which
the data corresponding to stream #0 is stored, to the MLC
block, and thereby changes the tier attribute of the data
associated with stream #0 from SL.C to MLC.

[0506] When the host 3 transmits to the storage device 2
the change command 89 including stream ID=0 and the Tier
attribute of 10b and the data associated with stream #0 of
stream 1D=0 is stored in the MLC block, the controller 14
moves the data in the MLC block in which the data corre-
sponding to stream #0 is stored, to the SL.C block, and
thereby changes the tier attribute of the data associated with
stream #0 from MLC to SLC.

[0507] Two processing sequences are applicable to the
change command 89.

[0508] The first processing sequence is shown at a lower
left portion of FIG. 43.
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[0509] The host 3 transmits the change command 89 to the
storage device 2. In response to reception of the change
command 89 from the host 3, the controller 14 of the storage
device 2 moves the data in the source block corresponding
to the target stream to the SL.C block, the MLC block, or the
TLC block (step S76). For example, when the source block
is the SLC block and the destination block is the MLC block,
the controller 14 executes processing for reading the data
from the SL.C block and writing the data to the ML.C block
using the MLC writing method.

[0510] This processing sequence enables the tier attribute
of'the data to be changed immediately. However, a data copy
operation for moving the data is necessary.

[0511] The second processing sequence is shown at a right
portion of FIG. 43.

[0512] The host 3 transmits the change command 89 to the
storage device 2. In response to reception of the change
command 89 from the host 3, the controller 14 of the storage
device 2 sets the tier attribute information indicating the
contents of the change command 89 (step S77), and sends to
the host 3 a response of the command completion. When the
garbage collection of the source block in which the data to
be moved is stored is executed (YES in step S78), the
controller 14 moves the valid data in the source block to the
SLC block, the ML.C block, or the TL.C block (step S79).
[0513] In the second processing sequence, the processing
for moving the data in the source block to the destination
block is thus executed during the garbage collection of the
source block. Increase in the data copy amount which results
from the change of the tier attribute of data can be thereby
suppressed.

[0514] In the present embodiment, the tier attribute of data
is changed in units of stream or namespace. Alternatively,
the tier attribute of data may be changed in units of data or
the LBA range.

[0515] In general, the data temperature drops as the time
elapses. Thus, the controller 14 may automatically move the
data in the SLC block to the MLC block of a lower tier and
may further automatically move the data in the MLC block
to the TLC block of a lower tier.

[0516] For example, when the garbage collection of the
SLC block is executed, the controller 14 selects the MLC
block as the block of copy destination and moves the valid
data in the SLC block to the MLC block.

[0517] <6. NAND Program Control>

[0518] Next, NAND program control will be described in
detail with reference to FIG. 44 to FIG. 50.

[0519] As described above, the function of the NAND
program control enables the host 3 to designate the tier
attribute giving a higher priority to the write speed than to
data retention or the tier attribute giving a higher priority to
the data retention than to the write speed. The controller 14
tunes the number of the program-verify steps which should
be executed to program the write data to the flash memory
16 in accordance with the designated tier attribute.

[0520] In other words, the controller 14 can selectively
execute two writing methods, i.e., the writing method giving
a higher priority to the write speed than to the data retention
and the writing method giving a higher priority to the data
retention than to the write speed, by tuning the number of
program-verify steps.

[0521] Furthermore, the function of the NAND program
control enables the host 3 to designate the tier attribute
giving a higher priority to data reliability than to a read
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speed or the tier attribute giving a higher priority to the read
speed than to the data reliability. The controller 14 tunes the
ratio between the reliability assurance capability of ECC
which should be added to the write data and the reliability
assurance capability of the code for data shaping which
should be added to the write data, in accordance with the
designated tier attribute.

[0522] In other words, the controller 14 can selectively
execute two writing methods, i.e., the writing method giving
a higher priority to the write speed than to the data retention
and the writing method giving a higher priority to the data
retention than to the write speed, by tuning the ratio of the
reliability assurance capability of ECC which should be
added to the write data to the reliability assurance capability
of the code for data shaping which should be added to the
write data.

[0523] When the ratio of the reliability assurance capabil-
ity of ECC to the reliability assurance capability of the code
for data shaping is set to be great, i.e., when a strong ECC
is applied to assure the data reliability, the read speed is
lowered, but high data reliability can be obtained by the
strong ECC. The reason why the read speed is lowered is
that load on ECC decoding (error detection/correction)
applied to the read data is increased.

[0524] When the ratio of the reliability assurance capabil-
ity of the code for data shaping to the reliability assurance
capability of ECC is set to be great, i.e., when a strong code
for data shaping is applied to assure the data reliability, the
write speed is slightly lowered, but the read speed is not
lowered. In contrast, the data reliability is degraded as
compared with that in a case of using the strong ECC.
[0525] FIG. 44 shows the extended write command for the
NAND program control and a processing sequence of the
command.

[0526] The extended write command 90 includes input
parameters listed below.

(1) Write speed vs data retention control parameter

(2) Write latency vs read latency control parameter

(3) Starting LBA

[0527] (4) Sector count

(5) Stream ID (optional)

(6) Namespace ID (optional)

[0528] Write speed vs data retention control parameter is
a parameter relating to control of tradeoff between a write
speed and data retention.

[0529] Write speed vs data retention control parameter is
used to designate the writing method to be executed.
[0530] Relationships between the Write speed vs data
retention control parameter and the writing methods are
described below.

[0531] 00b: Default

[0532] Olb: Faster write and shorter data retention
[0533] 10b: Slower write and longer data retention
[0534] The Faster write and shorter data retention (01b)

designates the tier attribute giving a higher priority to the
write speed than to the data retention. The Slower write and
longer data retention (10b) designates the tier attribute
giving a higher priority to the data retention than to the write
speed. The host 3 can execute the In-drive tiering control by
designating the Faster write and shorter data retention (01b)
or the Slower write and longer data retention (10b). As
shown in FIG. 45, for example, when (hot) data which is
required to be written at a high speed and a high update
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frequency is written, the host 3 may designate the tier
attribute (Faster write and shorter data retention) giving a
higher priority to the write speed than to the data retention.
In contrast, when (cold) data which has a low update
frequency and which is required to be stored for a long time
is written, the host 3 may designate the tier attribute (Slower
write and longer data retention) giving a higher priority to
the data retention than to the write speed.

[0535] Default is the writing method predetermined by the
storage device 2. The writing method corresponding to
Default may be, for example, the writing method giving a
higher priority to the write speed than to the data retention
or the writing method giving a higher priority to the data
retention than to the write speed.

[0536] Write latency vs read latency control parameter is
a parameter relating to control of tradeoff between the read
speed and the data reliability, i.e., tradeoff between the write
speed and the read speed.

[0537] Write latency vs read latency control parameter is
used to designate the writing method to be executed.
[0538] Relationships between the Write latency vs read
latency control parameter and the writing methods are
described below.

[0539] 00b: Default

[0540] O1b: Faster write and slower read

[0541] 10b: Slower write and faster read

[0542] The Faster write and slower read (01b) designates

the tier attribute giving a higher priority to data reliability
than to the read speed. The Slower write and faster read
(10b) designates the tier attribute giving a higher priority to
the read speed than to the data reliability. The host 3 can
execute the In-drive tiering control by designating the Faster
write and slower read (01b) or the Slower write and faster
read (10b).

[0543] Default is the writing method predetermined by the
storage device 2. The writing method corresponding to
Default may be the writing method giving a higher priority
to data reliability than to the read speed or the writing
method giving a higher priority to the read speed than to the
data reliability.

[0544] The host 3 transmits the extended write command
90 to the storage device 2 and also transmits the write data
to the storage device 2. The controller 14 of the storage
device 2 writes the write data to the write buffer (WB) 20
(step S80), and sends to the host 3 the notice of command
completion. After that, the controller 14 executes setting of
the writing method to be executed (i.e., setting of program-
verify steps, and setting of combination between ECC to be
used and the code for data shaping to be used) (step S81),
and writes the write data to the flash memory 16 using the
set writing method (step S82), in accordance with the
extended write command 90. The controller 14 updates the
lookup table 19 and maps the LBA of the write data to the
physical address of the physical storage location at which
the write data is written.

[0545] FIG. 46 shows program-verify steps tuning pro-
cessing executed based on a Write speed vs Data Retention
control parameter.

[0546] When the data is written to the memory cell
transistor, program-verify steps are repeatedly executed to
raise the threshold voltage of the memory cell transistor up
to a target voltage. The program operation and the verify
operation are executed by one program-verify step. As
explained above, the verify operation is an operation of
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confirming whether or not the target data is programmed in
the memory cell transistor, by reading the data from the
memory cell transistor.

[0547] If the Slower write and longer data retention is
designated by the host 3, a threshold voltage of the memory
cell transistor is raised up to a target voltage by repeatedly
executing the program-verity steps, while raising the voltage
applied to the memory cell transistor in units of first voltage
width V1. For this reason, the first voltage width V1 is set
at a comparatively small value. Therefore, the program-
verify steps are executed at a comparatively large number of
times until the threshold voltage of the memory cell tran-
sistor is raised up to the target voltage. Since a threshold
voltage distribution of the memory cell transistor can be
thereby optimized, margin between a threshold voltage
distribution corresponding to a certain stored value and a
threshold voltage distribution corresponding to another
stored value becomes wide and, consequently, the data
retention becomes long.

[0548] If the Faster write and shorter data retention is
designated by the host 3, the threshold voltage of the
memory cell transistor is raised up to the target voltage by
repeatedly executing the program-verity steps, while raising
the voltage applied to the memory cell transistor in units of
second voltage width V2 greater than the first voltage width
V1 applied to the memory cell transistor. For this reason, the
threshold voltage of the memory cell transistor can be raised
up to the target voltage by the program-verify steps at a
smaller number of times than that in the Slower write and
longer data retention. Since the program-verify steps are
executed at a small number of times, the margin between a
threshold voltage distribution corresponding to a certain
stored value and a threshold voltage distribution correspond-
ing to another stored value becomes narrow and, conse-
quently, the data retention becomes short.

[0549] FIG. 47 shows another program-verify steps tun-
ing.
[0550] In the program-verify steps tuning shown in FIG.

47, a target voltage lower than the target voltage used in the
Slower write, and longer data retention is used in the Faster
write and shorter data retention. In this case, too, the number
of program-verify steps that should be executed can be
changed between the Faster write and shorter data retention
and the Slower write and longer data retention.

[0551] FIG. 48 shows yet another program-verify steps
tuning.
[0552] In the program-verify steps tuning shown in FIG.

48, a program-verity step time w2 shorter than a program-
verify step time w1 used in the Slower write and longer data
retention is used in the Faster write and shorter data reten-
tion. The program-verify step time is the time during the
control voltage is applied to the memory cell transistor. By
the program-verify steps tuning shown in FIG. 48, too, the
number of program-verify steps that should be executed can
be changed between the Faster write and shorter data
retention and the Slower write and longer data retention.

[0553] FIG. 49 shows ECC/Write shaping redundancy
code tuning executed by the storage device of the embodi-
ment, based on the Write latency vs read latency control
parameter in the extended write command shown in FIG. 44.
[0554] The controller 14 includes an ECC encoder 91, a
data shaping encoder 92, a data shaping decoder 93, and an
ECC decoder 94. The ECC encoder 91 and the ECC decoder
94 execute encoding for producing the ECC, and ECC
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decoding for error correction, respectively. The data shaping
encoder 92 and the data shaping decoder 93 execute encod-
ing for producing a code for data shaping, and decoding for
the code for data shaping, respectively. User data 95, which
is the write data, is written to the flash memory 16 in a state
in which ECC 96 and a code 97 for data shaping are added
to the data. The code 97 for data shaping (write shaping
redundancy code) is a code for preventing the conflict
between memory cells. Codes applicable to the code 97 for
data shaping are a constraint code, an endurance code, etc.
The constraint code is a code for limiting a data pattern of
the write data so as to avoid a worst data pattern in which the
conflict between memory cells can easily occur. The endur-
ance code is a code for producing a data pattern having little
wear in the memory cells.

[0555] In the present embodiment, in the Faster write and
slower read, the data reliability is primarily secured by the
ECC. For this reason, combination of the ECC (for example,
LDPC, etc.) having a high reliability assurance capability
and the code for data shaping having a comparatively low
reliability assurance capability is used in the Faster write and
slower read. In this case, high data reliability can be
achieved by the ECC, but the read speed is lowered due to
the increase in processing time of the ECC decoder 94. In
addition, since the processing time of the data shaping
encoder 92 can be reduced by the code for data shaping
having a comparatively low reliability assurance capability,
a comparatively high write speed can be achieved.

[0556] In contrast, in the Slower write and faster read, the
data reliability is primarily secured by the code for data
shaping. For this reason, in the Slower write and faster read,
combination of the ECC (for example, BCH, etc.) having a
low reliability assurance capability than the ECC in the
Faster write and slower read, and the code for data shaping
having a high reliability assurance capability than that in the
Faster write and slower read, is used. In this case, since a
high error correction capability of the ECC cannot be
obtained, the data reliability is lower than the reliability in
the Faster write and slower read. Since the processing time
of the ECC decoder 94 is not increased, the read speed of
SSD is not lowered. The processing time of the data shaping
encoder 92 is increased, but the increase in processing time
of the data shaping encoder 92 hardly influences the low-
ering of the read speed. This is because the SSD has a
characteristic that the read speed is remarkably higher than
the write speed and a rate of write latency of the data shaping
encoder 92 to the entire write latency of the SSD is small.
[0557] A flowchart of FIG. 50 shows steps of the program-
verify steps tuning and ECC/Write shaping redundancy code
tuning.

[0558] The controller 14 checks a value of the Write speed
vs data retention control parameter in the extended write
command 90, and determines which of the Faster write and
shorter data retention (01b) and the Slower write and longer
data retention (10b) is designated by the extended write
command 90 (step S83).

[0559] When the Faster write and shorter data retention
(01b) is designated by the extended write command 90, the
controller 14 determines programming at a smaller number
of program-verify steps (step S84). In step S84, the control-
ler 14 may determine using the writing method of repeatedly
executing the program-verify steps while raising the voltage
applied to the memory cell transistor in units of the second
voltage width V2.
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[0560] When the Slower write and longer data retention
(10b) is designated by the extended write command 90, the
controller 14 determines to program at a greater number of
program-verify steps (step S85). In step S85, the controller
14 may determine to employ the writing method of repeat-
edly executing the program-verify steps while raising the
voltage applied to the memory cell transistor in units of the
first voltage width V1 smaller than the second voltage width
V2.

[0561] The controller 14 checks a value of the Write
latency vs read latency control parameter in the extended
write command 90, and determines which of the Faster write
and slower read (01b) and the Slower write and faster read
(10b) is designated by the extended write command 90 (step
S86).

[0562] When the Faster write and slower read (01b) is
designated by the extended write command 90, the control-
ler 14 determines to use a combination of the code for data
shaping having a low reliability assurance capability and the
ECC having a high reliability assurance capability (step
S87).

[0563] When the Slower write and faster read (10b) is
designated by the extended write command 90, the control-
ler 14 determines to use a combination of the code for data
shaping having a high reliability assurance capability and
the ECC having a low reliability assurance capability (step
S88).

[0564] The controller 14 writes the data to the flash
memory 16 by using the tuned number of program-verify
steps, and the tuned ratio between the reliability assurance
capability of ECC and the reliability assurance capability of
the code for data shaping (step S89).

[0565] In the present embodiment, the extended write
command 90 includes both the Write speed vs data retention
control parameter and the Write latency vs read latency
control parameter. However, the extended write command
90 may include either the Write speed vs data retention
control parameter or the Write latency vs read latency
control parameter.

[0566] <7. QoS in Namespace Level>

[0567] Next, QoS in namespace level will be described in
detail with reference to FIG. 51 to FIG. 55.

[0568] FIG. 51 shows a summary of the function of the
QoS in namespace level.

[0569] In the present embodiment, the controller 14 of the
storage device 2 executes control for sharing a NAND block
pool 98, which is the physical resource of the storage device
2, among a plurality of namespaces NS#0, NS#1, and NS#2,
or a plurality of streams #0, #1 and #3. The NAND block
pool 98 corresponds to the above-described free block pool
44.

[0570] A configuration that the NAND block pool 98 is
shared among the namespaces NS#0, NS#1, and NS#2 or the
streams #0, #1, and #3 enables the physical resource to be
efficiently allocated to namespaces or streams that require
the physical resource.

[0571] In the configuration that the NAND block pool 98
is shared among the namespaces NS#0, NS#1, and NS#2 or
the streams #0, #1, and #3, if a write access to a certain
namespace or stream is concentrated, a great amount of free
block in the NAND block pool 98 which is the shared
physical resource may be consumed by the namespace or
stream. In this case, since the amount of the free space in the
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shared physical resource is reduced, sufficient performance
cannot be assured for the other namespace or the other
stream.

[0572] The function of QoS in namespace level enables a
desired amount of exclusive free space to be allocated to the
appropriate namespace or stream, in an environment in
which the physical resource is shared among the namespaces
NS#0, NS#1, and NS#2 or the streams #0, #1, and #3. The
host 3 can designate the amount of exclusive free space
which should be allocated, for each namespace or each
stream. Different amounts of exclusive free space can be
thereby reserved for each namespace or stream as a mini-
mum amount of independent free space.

[0573] For example, a large amount of exclusive free
space may be allocated to the namespace NS#1 and a small
amount of exclusive free space may be allocated to the
namespace NS#2.

[0574] The exclusive free space allocated to the
namespace NS#1 is a minimum amount of exclusive free
space which is available without conflict between the
namespaces. Therefore, even if much free block is con-
sumed by the other namespaces, minimum QoS can be
guaranteed for the namespace NS#1 no matter.

[0575] Similarly, the exclusive free space allocated to the
namespace NS#2 is also a minimum amount of exclusive
free space which is available without conflict between the
namespaces. Therefore, even if much free block is con-
sumed by the other namespaces, minimum QoS can be
guaranteed for the namespace NS#2.

[0576] The host 3 can designate the namespace (or stream)
for which certain minimum QoS is to be assured and cause
the storage device 2 to assure the designated amount of free
space for the designated namespace (or stream). Therefore,
even if write access to a certain namespace (or stream) is
concentrated, writing at least the data of the amount corre-
sponding to the designated amount of free space, at a stable
rate, can be guaranteed.

[0577] As aresult, a necessary minimum performance can
be guaranteed for each stream (or namespace) while using
the architecture in which the physical resource is shared by
the streams or namespaces.

[0578] FIG. 52 shows an extended namespace (or stream)
control command for the QoS in namespace level and a
processing sequence of the command.

[0579] The extended namespace (or stream) control com-
mand 103 is a control command for controlling the
namespace (or stream). The extended namespace (or stream)
control command 103 may be the create namespace com-
mand or the open stream command.

[0580] The extended namespace (or stream) control com-
mand 103 includes input parameters listed below.

[0581] (1) Namespace ID or Stream 1D
[0582] (2) Amount of physical blocks to be allocated
[0583] Namespace ID or Stream ID indicates a target

namespace to which the minimum mount of exclusive free
space should be allocated or a target stream to which the
minimum amount of exclusive free space should be allo-
cated.

[0584] Amount of physical blocks to be allocated indicates
an amount of physical blocks (amount of free space) which
should be allocated to the target namespace (or the target
stream).

[0585] If Amount of physical blocks to be allocated is
zero, the controller 14 may allocate a predetermined amount
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of (drive managed) physical blocks to the target namespace
(or the target stream). Alternatively, the controller 14 may
not allocate the physical blocks to the target namespace (or
the target stream).

[0586] If Amount of physical blocks to be allocated id not
zero, the physical blocks of the amount designated by the
input parameter are secured for the target namespace (or the
target stream).

[0587] For example, the host 2 transmits the extended
namespace (or stream) control command 103 to the storage
device 2, at creating the namespace or opening the stream.
The controller 14 of the storage device 2 allocates the
physical block of the amount designated by the extended
namespace (or stream) control command 103 to the target
namespace (or the target stream) designated by the extended
namespace (or stream) control command 103. The physical
block of the designated amount is used as a minimum
amount of free space (reserved free space) exclusive for the
target namespace (or the target stream).

[0588] FIG. 53 shows the reserved free space secured for
each namespace. The free block pool 44 includes a plurality
of reserved free spaces corresponding to a plurality of
namespaces. A reserved free space 67 for NS #0 is a
minimum amount of free space exclusive for the namespace
#0. A reserved free space 67 for NS #1 is a minimum amount
of free space exclusive for the namespace #1. A reserved free
space 67 for NS #2 is a minimum amount of free space
exclusive for the namespace #2.

[0589] Each of the amounts of the reserved free space 67
for NS #0, the reserved free space 67 for NS #1, and the
reserved free space 67 for NS #2 can be increased by a
desired amount as needed, by performing the advanced
garbage collection (GC) control (the host initiated garbage
collection control command 74 or the idle garbage collection
control command 75).

[0590] FIG. 54 shows the reserved free space secured for
each stream. The free block pool 44 includes a plurality of
reserved free spaces corresponding to a plurality of streams.
A reserved free space 66 for stream #0 is a minimum amount
of free space exclusive for the stream #0. A reserved free
space 66 for stream #1 is a minimum amount of free space
exclusive for the stream #1. A reserved free space 66 for
stream #2 is a minimum amount of free space exclusive for
the stream #2.

[0591] Each of the amounts of the reserved free spaces 66
can be increased by a desired amount as needed, by per-
forming the advanced garbage collection (GC) control (the
host initiated garbage collection control command 74 or the
idle garbage collection control command 75).

[0592] <8. Advanced Multi Stream Control>

[0593] Next, the advanced multi stream control will be
described in detail with reference to FIG. 55 to FIG. 58.

[0594] FIG. 55 shows a function of the advanced multi
stream control.
[0595] As described above, the advanced multi stream

control enables a plurality of namespaces and a plurality of
streams to be present together in the storage device 2.
[0596] A horizontal axis in FIG. 55 indicates a logical
address space of the storage device 2 while a vertical axis in
FIG. 55 indicates the physical resource of the storage device
2.

[0597] In the present embodiment, the logical address
space of the storage device 2 is divided into a plurality of
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logical address spaces corresponding to a plurality of
namespaces NS#0, NS#1, NS#2, and NS#3.

[0598] In the present embodiment, the lookup table for
managing the mapping between the LBAs and the physical
addresses is divided for the respective namespaces to enable
each of the namespaces NS#0, NS#1, NS#2, and NS#3 to
operate as a completely independent logical drive. In other
words, the controller 14 manages each mapping between the
logical addresses (LBAs) and the physical addresses in units
of namespaces, by using the lookup tables (LUT#0, LUT#1,
LUT#2, and LUT#3) corresponding to the namespaces
NS#0, NS#1, NS#2, and NS#3. The controller 14 can
execute the independent garbage collection operation for
each namespace, using the LUT#0, LUT#1, LUT#2, and
LUTH#3.

[0599] In the present embodiment, the physical resource is
divided into a plurality of streams. Each stream is associated
with at least one namespace.

[0600] In FIG. 55, the stream #0 is associated with the
namespace NS#0 alone. Therefore, the blocks allocated to
the stream #0 are referred to by the namespace NS#0 alone,
and conflict between the namespaces does not occur in the
blocks allocated to the stream #0.

[0601] The stream #1 is associated with four namespaces
NS#0, NS#1, NS#2, and NS#3. The blocks allocated to the
stream #1 are therefore shared among the namespaces NS#0,
NS#1, NS#2, and NS#3. In each of the blocks allocated to
the stream #1, data corresponding to four namespaces NS#0,
NS#1, NS#2, and NS#3 can exist together.

[0602] The stream #2 is associated with the namespace
NS#0 alone. Therefore, the blocks allocated to the stream #2
are referred to by the namespace NS#0 alone, and conflict
between the namespaces does not occur in the blocks
allocated to the stream #0.

[0603] The stream #3 is associated with two namespace
NS#1 and NS#2. The blocks allocated to the stream #3 are
therefore shared by the namespaces NS#1 and NS#2. In each
of the blocks allocated to the stream #3, data corresponding
to two namespaces NS#1 and NS#2 can exist together.
[0604] As for the namespace NS#0, the data associated
with the stream #0, the data associated with the stream #1,
and the data associated with the stream #2 are written to
different blocks, respectively. In contrast, the data corre-
sponding to the namespace NS#0 and the data corresponding
to the other namespaces NS#1, NS#2, and NS#3 are allowed
to be written to the blocks allocated to the stream #1.
[0605] FIG. 56 shows relationships between the
namespaces NS#0, NS#1, NS#2, and NS#3, and the lookup
tables LUT#0, LUT#1, LUT#2, and LUT#3.

[0606] The lookup table LUT#0 manages mapping infor-
mation between the logical addresses (LBAs) and the physi-
cal addresses, of the namespace NS#0. The lookup table
LUT#1 manages mapping information between the logical
addresses (LBAs) and the physical addresses, of the
namespace NS#1. The lookup table LUT#2 manages map-
ping information between the logical addresses (LBAs) and
the physical addresses, of the namespace NS#2. The lookup
table LUT#3 manages mapping information between the
logical addresses (LLBAs) and the physical addresses, of the
namespace NS#3.

[0607] FIG. 57 shows an extended open stream command
for the advanced multi stream control, return data of
extended open stream command, and a processing sequence
of the extended open stream command.
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[0608] The extended open stream command 111 is a
control command for designating the tier attribute corre-
sponding to the stream, a minimum amount of exclusive free
space which should be allocated to the stream, and
namespace ID(s) to which the stream should be allocated.
[0609] The extended open stream command 111 includes
input parameters listed below.

[0610] (1) Tier attribute

[0611] (2) Amount of physical blocks to be allocated
[0612] (3) Namespace ID

[0613] Tier attribute indicates the tier attribute which

should be applied to the stream to be opened.

[0614] The tier attribute applicable to the stream may be
any one of the tier attribute for designating the SLC/MLC/
TLC writing method, the tier attribute for designating the
Faster write and shorter data retention/Slower write and
longer data retention, and the tier attribute for designating
the Faster write and slower read/Slower write and faster
read.

[0615] The example of using the tier attribute for desig-
nating the SLC/MLC/TLC writing method will be described
here.

[0616] Relationships between the values of the Tier attri-
bute and the applied writing methods are described below.

[0617] 00b: HOT (allocate SL.C block)
[0618] O1b: Cold (allocate ML.C block)
[0619] When the value of the Tier attribute is 00b, the

controller 14 allocates the SL.C block to the opened stream,
and writes the data associated with the stream to the SLC
block by the SL.C writing method. In contrast, when the
value of the Tier attribute is 01b, the controller 14 allocates
the MLC block to the opened stream, and writes the data
associated with the stream to the MLC block by the ML.C
writing method.

[0620] Amount of physical blocks to be allocated indicates
the amount of physical blocks (amount of free space) which
should be allocated to the opened stream.

[0621] If Amount of physical blocks to be allocated is
zero, the controller 14 may allocate a predetermined amount
of (drive managed) physical blocks to the stream. Alterna-
tively, the controller 14 may not allocate the physical blocks
to the stream.

[0622] If Amount of physical blocks to be allocated is not
zero, the physical blocks of the amount designated by the
input parameter are secured for the stream.

[0623] Namespace ID indicates ID of at least one
namespace which should be associated with the stream.
[0624] The return data 112 of extended open stream com-
mand includes a parameter below.

[0625] (1) Stream ID

[0626] Stream ID indicates a stream ID of the opened
stream.

[0627] The host 2 transmits the extended open stream

command 111 to the storage device 2. The controller 14 of
the storage device 2 executes processing of opening a new
stream. In this case, the controller 14 allocates a new stream
1D different from the stream ID of each of the currently
opened streams, to a newly opened stream (step S92).

[0628] The controller 14 allocates an input block (SLC
block or MLC block) to the newly opened stream, and
further allocates the physical block (SLC block or MLC
block) of the amount designated by the extended open
stream command 111 to the newly opened stream (step S93).
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The physical block of the designated amount is used as a
minimum amount of free space (reserved free space) exclu-
sive for the stream.

[0629] FIG. 58 shows the extended write command for the
advanced multi stream control and a processing sequence of
the command.

[0630] The extended write command 113 includes input
parameters listed below.

[0631] (1) Starting LBA

[0632] (2) Sector count

[0633] (3) Stream ID

[0634] (4) Namespace ID

[0635] The host 3 transmits the extended write command

113 including the Stream ID and the Namespace ID to the
storage device 2. The host 3 transmits the write data to the
storage device 2. The controller 14 of the storage device 2
writes the write data to the write buffer (WB) 20 (step S94),
and sends to the host 3 a notice of command completion.
After that, the controller 14 writes the write data to the block
allocated to the Stream ID, in the writing method corre-
sponding to the tier attribute of the Stream ID (step S95). In
step S95, the controller 14 updates the lookup table corre-
sponding to the Namespace ID and maps the LBAs corre-
sponding to the write data to the physical address corre-
sponding to the physical storage location at which the write
data has been written.

[0636] <9. Data Compression Control>

[0637] Next, data compression control will be described in
detail with reference to FIG. 59 to FIG. 65.

[0638] FIG. 59 shows a function of the Data Compression
Control.
[0639] As shown in FIG. 59, the controller 14 includes a

compression engine 118 and a de-compression engine 119
besides the ECC encoder 91, the data shaping encoder 92,
the data shaping decoder 93, and the ECC decoder 94. The
compression engine 118 and the de-compression engine 119
may be implemented by the same hardware circuit or
different hardware circuits.

[0640] The compression engine 118 executes processing
for lossless-compressing the write data. The de-compression
engine 119 executes processing for de-compressing the
compressed data.

[0641] The write data is compressed by the compression
engine 118, and the compressed data is written to the flash
memory 16. A certain type of write data, for example, write
data having the size of 50 MB or 100 MB can be compressed
to data of the size of several KB by the compression engine
118. The data read from the flash memory 16 is de-com-
pressed by the de-compression engine 119.

[0642] The write latency and the read latency increase in
a case of writing the write data via the compression engine
118. Furthermore, since the compression engine 118 gener-
ally consumes much power, the power consumption of the
storage device 2 is also increased.

[0643] An effect of the data compressing function is
greatly varied depending on the data type. When the write
data is data encrypted by the host 3 or data which has been
compressed by the host 3, the effect of the data compressing
function of the compression engine 118 is small. Therefore,
if the data compressing function is applied to such data, the
size of the data cannot be reduced, and the write latency and
the read latency may increase and the power consumption
may result.
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[0644] The function of the data compression control
enables the host 3 to designate any one of (1) the writing
method of compressing the data and writing the compressed
data to the block of the flash memory 16, (2) the writing
method of writing the write data to the block without
compressing the data, and (3) the writing method of writing
the data to the block without compressing the data and of
compressing the data at the garbage collection of the block.
[0645] FIG. 60 shows the extended write command for the
data compression control and a processing sequence of the
command.

[0646] The extended write command 120 includes input
parameters listed below.

[0647] (1) Attribute of data compression feature

[0648] (2) Starting LBA

[0649] (3) Sector count

[0650] Attribute of data compression feature indicates a

writing method which should be used for the write data.
Relationships between the input parameter values of the
Attribute of data compression feature and the applied writ-
ing methods are described below.

[0651] 00b: Default

[0652] O1b: Do not compress data

[0653] 10b: Compress data

[0654] 11b: Do not compress data at host write process,

but do compress data at garbage collection

[0655] 00b designates the writing method corresponding
to Default. The writing method corresponding to Default is
the writing method predetermined by the storage device 2.
The writing method corresponding to Default may be any
one of (1) the writing method of compressing the data and
writing the compressed data to the block of the flash memory
16, (2) the writing method of writing the write data to the
block without compressing the data, and (3) the writing
method of writing the data to the block without compressing
the data and of compressing the data during the garbage
collection of the block.

[0656] O1b designates the writing method of writing the
data to the block without compressing the data.

[0657] 10b designates the writing method of compressing
the data and writing the compressed data to the block of the
flash memory 16.

[0658] 11b designates the writing method of writing the
data to the block without compressing the data and of
compressing the data at the garbage collection of the block.
[0659] The host 3 transmits the extended write command
120 which designates the Attribute of data compression
feature, to the storage device 2. The host 3 transmits the
write data to the storage device 2. The controller 14 of the
storage device 2 holds the value of the Attribute of data
compression feature, writes the write data to the write buffer
(WB) 20 (step S96), and sends to the host 3 a notice of
command completion.

[0660] After that, the controller 14 writes the write data to
the block in the flash memory 16 using the writing method
designated by the value of the Attribute of data compression
feature (step S97).

[0661] When the value of the Attribute of data compres-
sion feature is 01b or 11b, the controller 14 writes the write
data in the write buffer (WB) 20 to the block without
compressing the write data. The controller 14 updates the
lookup table 19 and maps the LBA of the write data to the
physical address of the physical storage location at which
the write data has been written.
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[0662] When the value of the Attribute of data compres-
sion feature is 10b, the controller 14 compresses the write
data in the write buffer (WB) 20 and writes the compressed
data to the block. The controller 14 updates the lookup table
19, maps the LBA of the write data to the physical address
of the physical storage location at which the write data has
been written, and further associates a compression flag to the
LBA of the write data.

[0663] FIG. 61 shows a configuration example of the
lookup table 19 configured to hold the compression flag.
When the controller 14 receives the read command from the
host 3, the controller 14 determines whether or not the data
requested to be read is compressed, by referring to the
lookup table 19. If the data requested to be read is com-
pressed, the compressor 14 de-compresses the data read
from the flash memory 16 and transmits the de-compressed
data to the host 3.

[0664] FIG. 62 shows the data compression control opera-
tion for compressing the data during the garbage collection
operation.

[0665] When the value of the Attribute of data compres-
sion feature is 01b or 11b, the controller 14 writes the write
data to the block (input block) without compressing the
write data. The block is selected later as the target block for
the garbage collection. During the garbage collection of the
block, the controller 14 compresses the data and copies the
compressed data to the other block. The controller 14
updates the lookup table 19, maps the LBA of the com-
pressed data to the physical address corresponding to the
physical storage location of the block to which the com-
pressed data is moved, and further associates the compres-
sion flag to the LBA of the compressed data.

[0666] FIG. 63 shows the extended dataset management
command for the data compression control and a processing
sequence of the command.

[0667] The extended dataset management command 121
designates the LBA range and then designates the data
compression control which should be performed for the
write data corresponding to the LBA range.

[0668] The extended dataset management command 121
includes input parameters listed below.

[0669] (1) LBA range
[0670] (2) Attribute of data compression feature
[0671] LBA range indicates a logical address range which

should be a target of the data compression control.

[0672] Attribute of data compression feature indicates the
writing method which should be employed for the write
data, similarly to the extended write command 120. Rela-
tionships between the input parameter values of the Attribute
of data compression feature and the applied writing methods
are described below.

[0673] 00b: Default

[0674] 01b: Do not compress data

[0675] 10b: Compress data

[0676] 11b: Do not compress data at host write process,

but do compress data at garbage collection

[0677] The host 3 transmits to the storage device 2 the
extended dataset management command 121 which desig-
nates the LBA range and the Attribute of data compression
feature. The controller 14 of the storage device 2 sets the
LBA range and the Attribute of data compression feature
corresponding to the LBA range (step S98), and sends to the
host 3 the notice of command completion.
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[0678] The host 3 transmits the write command 40 to the
storage device 2 and also transmits the write data 41 to the
storage device 2. The controller 14 writes the write data 41
to the write buffer (WB) 20 (step S99), and sends to the host
3 the notice of command completion.

[0679] When the LBA(s) of the write data belongs to the
set LBA range, the controller 14 writes the write data to the
block in the flash memory 16 using the writing method
designated by the value of the Attribute of data compression
feature corresponding to the set LBA range (step S100).
When the LBA(s) of the write data does/do not belong to the
set LBA range, the controller 14 writes the write data to the
block in the flash memory 16 using the writing method of
Default.

[0680] FIG. 64 shows the extended stream (namespace)
control command for the data compression control and a
processing sequence of the command.

[0681] The extended stream (namespace) control com-
mand 122 designates the target stream (or the target
namespace) and then designates the data compression con-
trol which should be applied to the write data corresponding
to the target stream (or the target namespace). The extended
stream (namespace) control command 122 may be an open
stream command or a create namespace command.

[0682] The extended stream (namespace) control com-
mand 122 includes input parameters listed below.

[0683] (1) Stream ID or Namespace 1D
[0684] (2) Attribute of data compression feature
[0685] Stream ID or Namespace ID indicates the ID of the

stream which should be a target of the data compression
control or the ID of the namespace which should be a target
of the data compression control.

[0686] Attribute of data compression feature indicates the
writing method which should be applied to the write data,
similarly to the extended write command 120. Relationships
between the input parameter values of the Attribute of data
compression feature and the applied writing methods are
described below.

[0687] 00b: Default

[0688] O1b: Do not compress data

[0689] 10b: Compress data

[0690] 11b: Do not compress data at host write process,

but do compress data at garbage collection

[0691] The host 3 transmits to the storage device 2 the
extended stream (namespace) control command 122 which
designates both the ID of the target stream (or the ID of the
namespace) and the Attribute of data compression feature.
The controller 14 of the storage device 2 sets both the ID of
the target stream (or the ID of the namespace) and the
Attribute of data compression feature corresponding to the
target stream (or the target namespace) (step S101), and
sends to the host 3 the notice of command completion.
[0692] The host 3 transmits the write command 40 includ-
ing the stream ID or the namespace ID to the storage device
2 and also transmits the write data 41 to the storage device
2. The controller 14 writes the write data 41 to the write
buffer (WB) 20 (step S102), and sends to the host 3 the
notice of command completion.

[0693] When the stream ID or the namespace ID desig-
nated by the write command 40 matches the ID of the set
target stream or the ID of the set target namespace, the
controller 14 writes the write data to the block in the flash
memory 16 using the writing method designated by the
value of the Attribute of data compression feature corre-
sponding to the ID of the set target stream or the ID of the
set target namespace (step S103).
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[0694] When the stream ID or the namespace ID desig-
nated by the write command 40 does not match the ID of the
set target stream or the ID of the set target namespace, the
controller 14 writes the write data to the block in the flash
memory 16 using the writing method of Default.

[0695] A flowchart of FIG. 65 shows process of compress-
ing the data (target data) written without being compressed
during the garbage collection.

[0696] When the controller 14 starts the garbage collection
operation of the block in which the target data is stored (YES
in step S111), the controller 14 determines whether or not the
target data has been compressed by the previous garbage
collection operation, by referring to the compression flag of
the lookup table 19 (step S112).

[0697] Ifthe target data is compressed (YES in step S112),
the controller 14 copies the target data to the other block
without passing the target data through the compression
engine 118, i.e., without compressing the target data (step
S113). The controller 14 updates the lookup table 19 and
maps the LBA of the target data to the physical address of
the physical storage location at which the target data is
copied.

[0698] If the target data is not compressed (NO in step
S112), the controller 14 compresses the target data by the
compression engine 118, and copies the compressed target
data to the other block (step S114). The controller 14 updates
the lookup table 19, maps the LBA of the target data to the
physical address of the physical storage location at which
the target data is copied, and further associates a compres-
sion flag to the LBA of the target data.

[0699] If copying all valid data in this block is completed
(YES in step S115), the controller 14 erases the block and set
the block to be a free block (step S116).

[0700] <10. Data Lifetime Timer Control>

[0701] Next, data lifetime timer control will be described
in detail with reference to FIG. 66 to FIG. 69.

[0702] The data lifetime timer control enables for the
storage device 2 unneeded data and data of small importance
to be positively invalidated, similarly to the effective “hand
shake” GC.

[0703] As described above, examples of such data include
data having original data stored in the other storage, such as
read cache data, temporary files, work files, and data used
only for a certain period of time such as temporary data.
Even if such data is positively erased after a certain period
of time elapses, no problems occur.

[0704] The function of the data lifetime timer control
enables the host 3 to preliminarily notify the storage device
2 of the lifetime of the data, and enables the data to be
automatically invalidated when a period of time correspond-
ing to the lifetime elapses. Thus, WAF can be improved by
reducing the data copy amount in the garbage collection, and
the performance and lifetime of the storage device 3 can be
improved by increasing the over-provisioning area.

[0705] FIG. 66 shows the extended write command for the
data lifetime timer control and a processing sequence of the
command.

[0706] The extended write command 123 is a write com-
mand capable of designating a lifetime of the write data.
[0707] The extended write command 123 includes input
parameters listed below.

[0708] (1) Data lifetime timer (sec)
[0709] (2) Starting LBA

[0710] (3) Sector count

[0711] (4) Stream ID (optional)
[0712] (5) Namespace ID (optional)
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[0713] Data lifetime timer indicates a lifetime (expected
lifetime) of the write data designated by Sector count and
Starting LBA in the extended write command 123. The
lifetime of the write data indicates a period in which the
write data is considered to be used effectively.

[0714] The host 3 transmits the extended write command
123 which designates the lifetime of the write data to the
storage device 2. The host 3 transmits the write data to the
storage device 2. The controller 14 of the storage device 2
writes the write data to the write buffer (WB) 20 (step S121),
and sends to the host 3 the notice of command completion.
After that, the controller 14 writes the write data to the block
in the flash memory 16, updates the lookup table 19, and
maps the LBA of the write data to the physical address of the
physical storage location at which the write data has been
written (step S122). In step S122, the controller 14 further
records both a time stamp at the data write and a lifetime
(DLT: Data lifetime timer) of the write data, or a sum of the
time stamp at the data write and the lifetime (DLT: Data
lifetime timer) of the write data, in the backward lookup
table 19A in the lookup table 19 (step S122). FIG. 67 shows
an example of the backward lookup table 19A corresponding
to a case of writing both a time stamp at the data write and
the lifetime (DLT: Data lifetime timer) of the write data.
[0715] The time stamp at the data write indicates the time
when the write data has been written.

[0716] A sum of the time stamp at the data write and the
lifetime (DLT: Data lifetime timer) of the write data is
hereinafter called a life end time (LET).

[0717] When the controller 14 starts the garbage collection
operation, the controller 14 selects the target block for the
garbage collection from the active block pool 43. Then, the
controller 14 executes processing for discarding (invalidat-
ing) data in the target block, which meets a condition
“current time stamp>LET (=time stamp at the data write+
Data lifetime timer)”, by referring to the backward lookup
table 19A (step S123). More specifically, in step S123, the
controller 14 executes the garbage collection operation for
collecting from the target block the only valid data which
meets the condition “current time stamp<LET (=time stamp
at the data write+Data lifetime timer)”.

[0718] FIG. 68 shows the extended open stream command
for the data lifetime timer control and a processing sequence
of the command.

[0719] The extended open stream command 124 is a
control command for designating the lifetime of the data
associated with a target stream which should be opened.
[0720] The extended open stream command 124 includes
an input parameter below.

[0721] (1) Data Lifetime Timer (Sec)

[0722] Data lifetime timer indicates a lifetime (expected
lifetime) of the write data associated with the stream
required to be opened by the extended open stream com-
mand 124.

[0723] The host 2 transmits the extended open stream
command 124 to the storage device 2. The controller 14 of
the storage device 2 executes processing of opening a new
stream. In this case, the controller 14 allocates a new stream
1D different from the stream ID of each of currently opened
streams, to the newly opened stream (step S131). The
controller 14 allocates an input block to the newly opened
stream (step S132). In step S132, the controller 14 further
executes setting of the data lifetime timer corresponding to
the new stream ID.
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[0724] The host 3 transmits the write command 40 to the
storage device 2. The host 3 transmits the write data to the
storage device 2. The controller 14 of the storage device 2
writes the write data to the write buffer (WB) 20 (step S133),
and sends to the host 3 the notice of command completion.
After that, the controller 14 writes the write data to the block
corresponding to the stream designated by the stream ID in
the write command 40, updates the lookup table 19, and
maps the LBA of the write data to the physical address of the
physical storage location at which the write data has been
written (step S133). In step S133, the controller 14 further
records both the time stamp at the data write and the lifetime
(DLT: Data lifetime timer) of the write data, or the life end
time (LET), in the backward lookup table 19A in the lookup
table 19 (step S134).

[0725] When the controller 14 starts the garbage collection
operation, the controller 14 selects the target block for the
garbage collection from the active block pool 43. Then, the
controller 14 executes processing for discarding (invalidat-
ing) the data in the target block, which meets the condition
“current time stamp>LET (=time stamp at the data write+
Data lifetime timer)”, by referring to the backward lookup
table 19A (step S135). More specifically, in step S135, the
controller 14 executes the garbage collection operation for
collecting, from the target block, only valid data which
meets the condition “current time stamp<LET (=time stamp
at the data write+Data lifetime timer)”.

[0726] FIG. 69 shows a series of processing sequences
executed by the storage device 2 and the host 3.

[0727] The host 3 calculates (estimates) the lifetime (Data
lifetime timer) of the write data by referring to the metadata
of'the file system 12, etc., in a date write process (step S141).
The host 3 transmits the write command 40 including a
parameter designating the lifetime (Data lifetime timer) to
the storage device 2.

[0728] When the controller 14 of the storage device 2
receives the write command 40 from the host 3, the con-
troller 14 writes the write data to the block in the flash
memory 16, updates the lookup table 19, and maps the LBA
of the write data to the physical address of the physical
storage location at which the write data has been written
(step S142). In step S142, the controller 14 records both the
time stamp at the data write and the lifetime (DLT: Data
lifetime timer) of the write data in the backward lookup table
19A or calculates the life end time (LET) and records the life
end time (LET) in the backward lookup table 19A (step
S134).

[0729] When the controller 14 starts the garbage collection
operation, the controller 14 selects the target block for the
garbage collection from the active block pool 43. Then, the
controller 14 selects the only valid data which meets the
condition “current time stamp<LET (=time stamp at the data
write+Data lifetime timer)” as data of GC candidate, by
referring to the backward lookup table 19A, and copies only
the selected valid data to the other block (step S143). In step
S143, the controller 14 updates the mapping information in
the lookup table 19 and maps the LBAs of the valid data to
the physical address corresponding to each physical storage
location to which the valid data is copied. In step S143,
unselected data is not copied, but invalidated.

[0730] In the present embodiment, a NAND flash memory
is described as an example of the nonvolatile memory.
However, the functions of the present embodiment can be
applied to, for example, nonvolatile memories of the other
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types such as MRAM (Magnetoresistive Random Access
Memory), PRAM (Phase change Random Access Memory),
ReRAM (Resistive Random Access Memory), and FeRAM
(Ferroelectric Random Access Memory).
[0731] Each of the various functions described in the
present embodiment may be implemented by a circuit (pro-
cessing circuit). Examples of the processing circuit include
a programmed processor such as a central processing unit
(CPU). The processor executes each of the explained func-
tions by executing a computer program (instruction group)
stored in the memory. The processor may be a micropro-
cessor including an electric circuit. Examples of the pro-
cessing circuit include a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a microcom-
puter, a controller, and other electric circuit components.
Each of the components other than the CPU described in the
present embodiment may also be implemented by a pro-
cessing circuit.
[0732] Inaddition, since various types of the processing of
the host 3 can be implemented by the computer programs,
the same advantages as those of the present embodiment can
easily be obtained by installing the computer programs in a
computer and executing the computer programs by a com-
puter-readable storage medium which stores the computer
programs.
[0733] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiment described herein may be made without
departing from the spirit of the invention. The accompany-
ing claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.
What is claimed is:
1. A storage device, comprising:
a nonvolatile semiconductor memory device including a
plurality of physical blocks; and
a memory controller configured to:
associate one or more physical blocks to each of a
plurality of stream IDs,
execute a first command containing a first stream ID
received from a host, by storing write data included in
the write IO in the one or more physical blocks asso-
ciated with the first stream 1D, and
execute a second command containing a second stream 1D
received from the host, by selecting a first physical
block that includes valid data and invalid data, transfer
the valid data stored in the first physical block to a
second physical block, and associate the first physical
block from which the valid data has been transferred,
with the second stream ID.
2. The storage device according to claim 1, wherein
after the first physical block is associated with the second
stream 1D, the memory controller uses the first physical
block for executing the first command containing the
second stream ID.
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3. The storage device according to claim 2, wherein

after all valid data have been transferred from the first

physical block, the memory controller performs an
erase operation on the first physical block, and there-
after uses the first physical block for executing the first
command containing the second stream ID.

4. The storage device according to claim 2, wherein

after the first physical block is associated with the second

stream ID, the first physical block is not used for
executing the first command that contains a stream 1D
other than the second stream ID.

5. The storage device according to claim 1, wherein the
first physical block is not associated with the second stream
ID at the time the second command is received from the
host.

6. The storage device according to claim 5, wherein the
memory controller is configured to associate the second
physical block with a stream ID with which the first physical
block was associated with at the time the second command
was received from the host.

7. The storage device according to claim 1, wherein the
second command includes a data size and the memory
controller is configured to select one or more additional
physical blocks on which to perform garbage collection,
such that the data size is less than or equal to a combined size
of the first physical block and the one or more additional
physical blocks.

8. The storage device according to claim 7, wherein the
second command further includes a time limit and the
memory controller is configured to terminate the garbage
collection when an elapsed time from start of execution of
the second command exceeds the time limit.

9. A storage device, comprising:

a nonvolatile semiconductor memory device including a

plurality of physical blocks; and

a memory controller configured to:

associate one or more physical blocks to each of a

plurality of namespace 1Ds,

execute a first command containing a first namespace 1D

received from a host, by storing write data included in
the write 1O in the one or more physical blocks asso-
ciated with the first namespace 1D, and

execute a second command containing a second

namespace 1D received from the host, by selecting a
first physical block that includes valid data and invalid
data, transfer the valid data stored in the first physical
block to a second physical block, and associate the first
physical block from which the valid data has been
transferred, with the second namespace ID.

10. The storage device according to claim 9, wherein

after the first physical block is associated with the second

namespace ID, the memory controller uses the first
physical block that has been associated with the
namespace for executing the first command containing
the second namespace ID.

11. The storage device according to claim 10, wherein

after all valid data have been transferred from the first

physical block, the memory controller performs an
erase operation on the first physical block, and there-
after uses the first physical block for executing the first
command containing the second namespace ID.

12. The storage device according to claim 10, wherein

after the first physical block is associated with the second

namespace 1D, the first physical block is not used for
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executing the first command that contains a namespace
ID other than the second namespace ID.

13. The storage device according to claim 9, wherein the
first physical block is not associated with the second
namespace 1D at the time the second command is received
from the host.

14. The storage device according to claim 13, wherein the
controller is configured to associate the second physical
block with a namespace 1D with which the first physical
block was associated with at the time the second command
was received from the host.

15. The storage device according to claim 9, wherein the
second command includes a data size and the memory
controller is configured to select one or more additional
physical blocks on which to perform garbage collection,
such that the data size is less than or equal to a combined size
of the first physical block and the one or more additional
physical blocks.

16. The storage device according to claim 15, wherein the
second command further includes a time limit and the
memory controller is configured to terminate the garbage
collection when an elapsed time from start of execution of
the second command exceeds the time limit.

17. A system comprising:

a storage device; and

a host configured to send commands to write data to or

read data from the storage device, wherein
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the storage device includes:
a nonvolatile semiconductor memory device including
a plurality of physical blocks; and
a memory controller configured to:
a memory controller configured to:
associate one or more physical blocks to each of a
plurality of IDs,
execute a first command containing a first ID received
from a host, by storing write data included in the
write 1O in the one or more physical blocks associ-
ated with the first ID, and
execute a second command containing a second 1D
received from the host, by selecting a first physical
block that includes valid data and invalid data,
transfer the valid data stored in the first physical
block to a second physical block, and associate the
first physical block from which the valid data has
been transferred, with the second ID.
18. The system according to claim 17, wherein
after the first physical block is associated with the second
1D, the first physical block is not used for executing the
first command that contains an ID other than the second
D.

19. The system according to claim 17, wherein the first
physical block is not associated with the second ID at the
time the second command is received from the host.

20. The system according to claim 17, wherein the ID is
one of a stream ID and a namespace ID.

#* #* #* #* #*
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