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SWITCH AND MEMORY DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from U.S. Provisional Application No. 62/385,402,
filed on Sep. 9, 2016; the entire contents of which are
incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a
switch and a memory device.

BACKGROUND

There 1s a host adapter standard for a storage device
according to the related art, such as a SATA storage device
or a SAS storage device, on the assumption that the storage
device has multiple ports. Therefore, a plurality of storage
devices can be combined through one RAID controller to
construct a storage array. It 1s preferable that a plurality of
storage devices comply with (based on) a Peripheral Com-
ponent Interconnect express (PCle) standard be combined to
form a storage array.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating an example of the structure
ol a storage system according to a first embodiment;

FI1G. 2 1s a diagram 1llustrating an example of the structure
of a PCle switch according to the first embodiment;

FIG. 3 1s a diagram 1llustrating an example of the recon-
struction of a command and a PRP list;

FIGS. 4A to 4E are diagrams illustrating the operation
procedure of the storage system according to the first
embodiment;

FIGS. SA to 5C are sequence diagrams illustrating the
operation procedure of the storage system according to the
first embodiment:

FIG. 6 1s a diagram 1llustrating an example of the structure
of a PCle switch according to a second embodiment;

FIGS. 7A to 7G are diagrams illustrating the operation
procedure of a storage system according to the second
embodiment; and

FIGS. 8A to 8C are diagrams illustrating the operation
procedure of the storage system according to the second
embodiment.

DETAILED DESCRIPTION

According to one embodiment, a switch 1s provided. The

switch includes a first PCle interface that can be connected
to a host on the basis of a PCle standard. In addition, the

switch includes a plurality of second PCle interfaces that can

be connected to a plurality of storage devices, respectively,
on the basis of the PCle standard. The switch further
includes a control unit that distributes an access request
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2

which 1s comply with an NVMe standard and 1s transmaitted
from the host to any one of the plurality of second PCle

interfaces. The distribution includes a process of recon-
structing an NVMe command of the access request and a
process ol reconstructing a data transmission descriptor list
of the access request.

Hereinatter, switches and memory devices according to
embodiments will be described in detail with reference to
the accompanying drawings. The invention 1s not limited by
the embodiments.

First Embodiment

In general, SATA or SAS i1s used as an interface of a
storage device (for example, a solid state drive (SSD)).
However, 1n the interface standards, a bottleneck occurs 1n
the bandwidth of the interface and 1t 1s diflicult to associate
the improvement of the read/write performance of a storage
device with an increase in the transmission speed of data
between the storage device and a host. For this reason, as the
interface standard of the storage device, the following stan-
dards have come 1nto widespread use: a PCI express (PCle)
standard having characteristics, such as a wide band, low
latency, and high extendibility; and a Non-Volatile Memory
express (NVMe) standard in which a non-volatile memory
(storage memory) 1s treated on an interface based on the
PCle standard.

For example, a storage device for a server requires high
capacity. In this case, since one storage device has a limited
capacity, for example, a topology 1s used 1n which a plurality
of storage devices are connected to a host (server) through
a switch comply with the PCle standard or the NVMe
standard. However, this switch does not make the host
recognize a plurality of storage devices as one high-capacity
storage device, unlike a RAID controller. Therefore, the host
needs to individually manage a plurality of storage devices.
As a result, a burden on the host increases.

In a storage device (hereinafter, referred to as a PCle/
NVMe device) comply with the PCle standard or the NVMe
standard, a single root I/O virtualization (SRIOV) standard
1s used. SRIOV 1s a technique that creates a plurality of new
devices based on, for example, one PCle/NVMe device (one
physical resource) and allocates a plurality of wvirtual
machines to the new devices. SRIOV has the advantage that,
since one physical resource can be shared by a plurality of
machines, 1t 1s possible to add a new device, without
Increasing costs.

This embodiment provides a switch module that simulates
a PCle/NVMe endpoint, considering the above-mentioned
problems. The switch module 1s connected between the host
and a plurality of PCle/NVMe devices and functions as one
storage device (endpoint) for the host. That 1s, the switch
module can make the host recognize a plurality of PCle/
NVMe devices as one high-capacity storage device. In this
embodiment, 1t 1s possible to achieve one high-capacity
storage device, without increasing a burden on the host.
Therefore, this embodiment 1s effective 1n a storage system
such as a server. Hereinafter, the switch module 1s referred
to as a PCle switch (EP-like switch module).

(Storage System)

FIG. 1 1s a diagram 1illustrating an example of the structure
ol a storage system according to the first embodiment. A
storage system 101X includes, for example, a host 300 that
functions as a server, SSDs 21X-0 to 21X-3 that function as
PCle/NVMe devices, and a PCle switch (PCle SW) 10X.
The PCle switch 10X 1s connected between the host 300 and
a plurality of PCle/NVMe devices. The PCle switch 10X
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includes a PCle interface that can be connected to an
external device, such as the host 300, and PCle interfaces
that can be connected to the plurality of PCle/NVMe
devices. The PCle switch 10X 1s applied to a storage array
which 1s a combination of a plurality of storage devices.

The PCle switch 10X 1s connected as an endpoint to the
host 300, instead of a switch upstream port (USP). In
addition, the PCle switch 10X 1ncludes a switch downstream
port (DSP). The switch downstream port 1s connected to the
endpoint side. The switch downstream port 1s connected to
the PCle/NVMe device through a PCle bus.

The PCle switch 10X further includes a routing logic (a
routing logic 14 which will be described below). The routing,
logic 14 which 1s a logic circuit relays data between a root

port of the host 300 and the DSP connected to the PCle/
NVMe device.

The PCle switch 10X according to this embodiment
simulates a PCle endpoint. In other words, in the storage
system 101X, the host 300 recognizes the PCle switch 10X
as a PCle endpoint. The PCle endpoint includes a basic
NVMe register set (NVMe registers 54 which will be
described below) and relays a request from the host 300 to
the PCle/NVMe device. For this operation, the PCle switch
10X distributes access from the host 300 to a plurality of
PCle/NVMe devices (drives) connected to the downstream
port.
The PCle/NVMe devices are, for example, SSDs 21X-0
to 21X-3. The host 300 has a root complex function. The
host 300 may include a plurality of PCle/NVMe ports. In
addition, the host 300 may be connected to, for example, a
CPU or a memory.

The PCle/NVMe device may be a device that can store
data 1n a non-volatile manner. In this embodiment, a plu-
rality of PCle/NVMe devices are four SSDs 21X-0 to
21X-3. However, two, three, or five or more PCle/NVMe
devices may be provided.

The PCle switch 10X acts as one storage device (end-
point) with respect to the host 300. That 1s, the PCle switch
10X makes the host 300 recognize a plurality of SSDs 21X-0
to 21X-3 as one high-capacity storage device.

In the storage system 101X according to this embodiment,
the host 300 1s connected to the plurality of SSDs 21X-0 to
21X-3 through the PCle switch (switch module) 10X that
acts as one endpoint with respect to the host 300 which 1s a
host device. Therefore, it 1s possible to easily provide a
storage array obtained by combining the plurality of SSDs
21X-0 to 21X-3 which are the existing SSD drives.

The PCle switch 10X according to this embodiment does
not function as a PCle switch defined by the standard and
acts as one SSD device. A switching unit (routing logic 14)
of the PCle switch 10X manages the routing of transactions
and performs, for example, a process (reconstruction pro-
cess) of translating commands to be transmitted to the SSDs
21X-0 to 21X-3 connected to an internal bus, a process of
translating a data transmission descriptor list (PRP list), and
a synchronization process when transmission 1s completed
(when a process 1s completed).

FI1G. 2 1s a diagram 1llustrating an example of the structure
of the PCle switch according to the first embodiment. FIG.
2 1llustrates the structure of a storage system 101 A which 1s

an example of the storage system 101X. In addition, FIG. 2

illustrates the structure of a PCle switch 10A which 1s an
example of the PCle switch 10X. SSDs 21A-0 to 21A-3 are

an example of the SSDs 21X-0 to 21X-3, respectively.

10

15

20

25

30

35

40

45

50

55

60

65

4

An SSD system (memory device) 20A connected to the
host 300 includes the PCle switch 10A and the SSDs 21 A-0

to 21A-3. The PCle switch 10A 1s connected to the SSDs
21A-0 to 21A-3.
The host 300 includes host software (SW) 30 and a

dynamic random access memory (DRAM) 36 which 15 a

host memory (Mem) provided on the host device side. The
host SW 30 has the function of a PCle root 31 (root

complex). The PCle root 31 1s connected to the DRAM 36.
The PCle root 31 transmits and receives data to and from
a PCle physical layer (PHY) 51 of the PCle switch 10A. The

PCle root 31 generates, for example, a data read command,

a data write command, and a data erase commands for the
PCle switch 10A. The DRAM 36 stores, for example,

information which 1s used by the PCle root 31 or informa-
tion which 1s generated by the PCle root 31. Specifically, the
DRAM 36 stores, for example, a submission queue (SQ)
entry, a completion queue (CQ) entry, a physical region
pointer (PRP), and data.

In the SQ entry, an NVMe command which 1s transmitted
from the host 300 to the PCle switch 10A 1s stored 1n a queue
(circular buffer). The NVMe command stored in the SQ
entry 1s written by the host 300 and i1s read by the PCle
switch 10A.

In the CQ entry, information which 1s transmitted from the
PCle switch 10A to the host 300 1s stored 1n a queue (circular
bufler). The information stored 1n the CQ entry indicates the
completion of the execution of the command received from
the host 300. The information stored in the CQ entry 1s
written by the PCle switch 10A and is read by the host 300.

The PRP 1s a pointer which designates a position (physical
memory ) used for data transmission and 1s designated by the
host 300.

The PCle switch 10A 1ncludes a PCle endpoint (EP) 50A
which 1s recognized as a PCle endpoint by the host 300, a
CPU 12, and a local memory 13. The PCle EP 50 A performs
a process corresponding to mstruction mnformation from the
host 300 or the CPU 12. The PCle EP 50A includes the PCle
PHY (first port) 51 which 1s based on the PCle/NVMe
standard and can be connected to the host 300, a PCle CFR
52, a PCle link 53, and NVMe registers (Regs) 54.

The PCle switch 10A 1ncludes the routing logic 14 and a
plurality of PCles (second ports) 11-0, 11-1, 11-2, and 11-3
which are based on the PCle/NVMe standard and can be
connected to the plurality of SSDs 21 A-0 to 21A-3, respec-
tively.

The PCle switch 10A 1s formed by, for example, one chip.
The PCle switch 10A may be formed by hardware or a
combination of hardware and software. For example, the
PCle EP S0A or the routing logic 14 1s formed by hardware.

The CPU 12 i1s connected to the PCle EP S0A and the
local memory 13. The PCle EP 50A is connected to the
routing logic 14. The routing logic 14 1s connected to the
PCles 11-0, 11-1, 11-2, and 11-3. The CPU 12 controls the
PCle EP 50A and the routing logic 14, using data stored 1n
the local memory 13 or software (program) stored in a
certain memory. The CPU 12 transmits instruction informa-
tion to the PCle EP 50A and the routing logic 14, on the basis
of commands transmitted from the host 300.

The SSDs 21A-0 to 21A-3 include PCle endpoints (EPs)
22-0 to 22-3, respectively. The PCle EP 22-0 of the SSD
21A-0 1s connected to the PCle 11-0 of the PCle switch 10A
through the bus. The PCle EP 22-1 of the SSD 21A-1 1s
connected to the PCle 11-1 of the PCle switch 10A through
the bus. The PCle EP 22-2 of the SSD 21A-2 1s connected
to the PCle 11-2 of the PCle switch 10A through the bus.
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The PCle EP 22-3 of the SSD 21A-3 1s connected to the
PCle 11-3 of the PCle switch 10A through the bus.

The PCle PHY 351 1s a physical layer defined by the PCle
standard. The PCle PHY 51 i1s an analog IF (PCle interface)
which 1s connected to the PCle root 31 of the host 300 and
transmits and receives data to and from the host 300.

The PCle CFR 52 1s a configuration register defined by
the PCle standard. The PCle CFR 52 includes a base address
register (BAR). The BAR 1s used when the PCle link 353
uses, for example, the NVMe registers 54.

The PCle link 53 i1s a bus controller that controls a bus
defined by the PCle standard and has the function of a PCle
agent. The PCle link 33 controls a physical layer, a data link
layer, and a transaction layer. The PCle link 53 maps a
virtual memory to physical memories of the SSDs 21 A-0 to
21A-3 and reads and writes data.

The NVMe registers 54 are controller registers defined by
the PCle standard. The NVMe registers 34 are a basic
register set for operating as a storage device. The NVMe
registers 34 store, for example, a doorbell which 1s updated
by the host 300.

The local memory 13 1s a volatile memory, such as a
dynamic random access memory (DRAM) or a static ran-
dom access memory (SRAM). The local memory 13 may be
a non-volatile memory, such as a magnetic random access
memory (MRAM) or a resistance change random access
memory (ReRAM). The local memory 13 1s used, for
example, when the CPU 12 performs various processes. The
local memory 13 stores, for example, an SQ entry which 1s
reconstructed for EPs (SSDs 21A-0 to 21A-3) and a PRP list
which 1s reconstructed for the EPs. In the local memory 13,
for an SQ entry, a CQ entry, and a PRP, independent regions
are ensured for each of the PCle ports (PCles 11-0 to 11-3).

The routing logic 14 performs a process corresponding to
instruction information from the CPU 12. The routing logic
14 manages the routing of transactions. Here, the transaction
1s the unit of processing 1n the plurality of SSDs 21A-0 to
21A-3. The term “routing” means a structure in which the
process of one of the plurality of SSDs 21A-0 to 21A-3 can
be performed by another SSD. The routing logic 14 distrib-
utes data transmitted from the host 300 to any one of the
SSDs 21A-0 to 21A-3 (PClel1-0, 11-1, 11-2, 11-3). The
routing logic 14 performs a data transmission descriptor
(PRP) translation process. In addition, the routing logic 14
has a routing function of integrating (synchronizing) trans-
mission completion notification processes (process comple-
tion notification processes) or interrupt processes from the
SSDs 21A-0 to 21A-3 to the host 300, in response to an
instruction from the CPU 12. In other words, the CPU 12
controls the transmission completion notification processes
or the mterrupt processes from the SSDs 21 A-0 to 21A-3 to
the host 300.

The CPU 12 may perform the process of the routing logic
14 or the routing logic 14 may perform the process of the
CPU 12.

The PCles 11-0 to 11-3 are switch downstream ports and
transmit and receive data to and from the PCle EP 22-0 of
the SSD 21A-0 through the PCle bus.

As such, 1n the storage system 101A, the host 300 1s
connected to the SSDs 21A-0 to 21A-3 through the PCle
switch 10A which 1s regarded as one endpoint by the host
300. The PCle switch 10A includes the NVMe registers 54
for operating as a storage device and relays access to the
SSDs 21A-0 to 21A-3. In addition, the PCle switch 10A
divides or translates commands to be transmitted to each of
the SSDs 21 A-0 to 21 A-3, if necessary, and synchronizes the
completion processes of the SSDs 21 A-0 to 21 A-3 which are
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operated 1n parallel and out of order. Theretfore, the PCle
switch 10A appropnately notifies the host 300 that the
process of one device has been completed.

For example, the PCle switch 10A determines which of
the SSDs 21 A-0 to 21A-3 performs a process corresponding
to a command according to each address. For example, the
PCle switch 10A makes the SSD 21 A-0 perform a process
in response to a command 1n which a first address range 1s
designated and makes the SSD 21 A-1 perform a process 1n
response to a command 1n which a second address range 1s
designated. In addition, for example, the PCle switch 10A
makes the SSD 21A-2 perform a process 1in response to a
command 1n which a third address range 1s designated and
makes the SSD 21A-3 perform a process 1n response to a
command 1n which a fourth address range 1s designated.

In the storage system 101A, the PCle switch 10A 1s a
master and controls the SSDs 21A-0 to 21 A-3 connected to
cach EP i parallel. In this case, the PCle switch 10A
performs striping for logical block addressing (LBA) and
distributes the command to the drives. Therefore, 1t 1s
possible to improve the performance, using the same effect
as that of RAIDO.

Next, an example of the reconstruction of a command will
be described. FIG. 3 1s a diagram illustrating an example of
the reconstruction of a command and a PRP list. When a
command 1s transmitted from the host 300, the PCle switch
10A reconstructs the NVMe command and the PRP list,
which 1s a list of PRPs, as a command construction process.

The PCle switch 10A generates an SQ) entry for each of
the SSDs 21A-0 to 21A-3 as the command construction
process. In other words, when performing the command
reconstruction process, the PCle switch 10A distributes the
reconstructed NVMe command to the SQ entries generated
for each EP (SSDs 21A-0 to 21A-3).

As such, the PCle switch 10A generates the SQ entry for
cach EP, using the reconstructed NVMe command. There-
fore, the SQ entry (NVMe command) for the PCle switch
10A generated by the host 300 1s reconstructed as an SQ
entry (NVMe command) for each EP in the PCle switch
10A. Next, an example of a process for reconstructing a
command and a PRP list will be described.

The command based on the NVMe standard which 1s
generated by the host 300 includes an NVMe command and
a PRP list. The NVMe command and the PRP list each
include one or a plurality of PRP entries and a pointer of the
next PRP list.

FIG. 3 1illustrates a case in which the host 300 generates
an NVMe command and PRP lists #0 and #1. Here, the
NVMe command includes a PRP entry #0 and a pointer of
the PRP list #0. The pointer of the PRP list #0 indicates the
PRP list #0.

The PRP list #0 includes PRP entries #1 to #7 and a
pomnter of a PRP list #1. The poimter of the PRP list #1
indicates the PRP list #1. The PRP list #1 includes PRP
entries #8 to #15.

Commands are stored in the PRP entries #0 to #15. For
example, a command corresponding to a page #0 (LBAs #N
to #N+7) (N 1s a natural number) 1s stored in the PRP entry
#0.

Similarly, a command corresponding to a page #1 (LBAs
#N+8 to #N+15) 1s stored in the PRP entry #1 and a
command corresponding to a page #2 (LBAs #N+16 to
#N+23) 1s stored i the PRP entry #2. In addition, a
command corresponding to a page #3 (LBAs #N+24 to
#N+31) 1s stored in the PRP entry #3 and a command
corresponding to a page #4 (LBAs #N+32 to #N+39) 1s
stored 1n the PRP entry #4.
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When the command 1s a write command, data to be
written to the SSDs 21 A-0 to 21 A-3 1s stored 1n pages. When
the command 1s a read command, data read from the SSDs
21A-0 to 21A-3 1s stored 1n pages.

For the command, the CPU 12 of the PCle switch 10A
performs a process of reconstructing an NVMe command
and a PRP list. The PCle switch 10A generates an NVMe
command and a PRP list for each of the SSDs 21A-0 to
21A-3 as the process of reconstructing an NVMe command
and a PRP list.

For example, the CPU 12 uses a PRP entry having an
entry number of “a multiple of 4” as a command for the SSD
21A-0 and uses a PRP entry having an entry number of “a
multiple of 4+1” as a command for the SSD 21A-1. For
example, the CPU 12 uses a PRP entry having an entry
number of “a multiple of 4+2” as a command for the SSD
21A-2 and uses a PRP entry having an entry number of “a
multiple of 443 as a command for the SSD 21A-3.

FI1G. 3 illustrates a case in which the CPU 12 generates an
NVMe command for the SSD 21A-0 and an NVMe com-
mand for the SSD 21A-1. The NVMe command for the SSD
21A-0 mcludes a PRP entry #0 and a pointer of a PRP list
#0. In addition, the PRP list #0 includes PRP entries #4, #8,
and #12.

The NVMe command for the SSD 21A-1 includes a PRP
entry #1 and a pomter of a PRP list #0. The PRP list #0
includes PRP entries #5, #9, and #13. As such, the command
and the PRP from the host 300 are reconstructed as a
command and a PRP list for each SSD.

Next, the operation procedure of the storage system 101A
including the PCle switch 10A will be described. FIGS. 4A
to 4E are diagrams illustrating the operation procedure of the
storage system according to the first embodiment.

The PCle switch 10A has a doorbell stored in, for
example, the NVMe registers 54. Information indicating that
the host 300 has updated a command i1s stored in the
doorbell. In the NVMe standard, the command generated by
the host 300 1s stored 1n, for example, the DRAM 36 of the
host 300.

(FIG. 4A)

When viewed from the host 300, only one PCle switch
10A 1s connected as an SSD to the host 300. The host 300
generates, for example, a read command and a write com-
mand designating an address (PRP) for the PCle switch 10A
and stores the commands. In other words, the PCle root 31
of the host 300 prepares a command and a PRP and stores
the command and the PRP 1n the DRAM 36 which 1s a host
memory. Then, the host 300 updates the doorbell in the
NVMe registers 54. Then, the CPU 12 of the PCle switch
10A fetches the SQ entry and the PRP 1n the DRAM 36 (ST1
to ST3).

When the fetched command 1s recognized as a command
that will be distributed to each EP (S5Ds 21A-0 to 21A-3)
and will be executed, the CPU 12 reconstructs an SQ entry
and a PRP list for each endpoint (EP) (ST4). The recon-
structed SQ) entry and PRP are stored in the local memory
13.

Then, the CPU 12 updates the doorbell of each EP (ST5
and ST6). The doorbell 1s stored in the NVMe registers 1n
the SSDs 21A-0 to 21A-3. For example, 1n the case of the
command to be transmitted to the SSD 21A-0, the CPU 12
updates the doorbell of the SSD 21A-0.

When drives, such as the SSDs 21A-0 to 21A-3, support
a controller memory bufler, the reconstruction destination of
the PRP list 1s not the local memory 13 of the PCle switch
10A and the PRP list may be directly developed in a memory
of the drive. In this case, since the drive does not need to
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issue a read request to the bus, transmission efliciency 1is
improved. In this embodiment, a case in which the PRP list
1s reconstructed in the local memory 13 of the PCle switch
10A will be described.

(FIGS. 4B and 4C)

When the doorbell of each EP is updated, each EP fetches

its own SQ entry and PRP developed in the local memory 13
(ST11 and ST21) and performs a process corresponding to
the command.

(FIG. 4D)
In this case, the EPs (SSDs 21A-0 to 21A-3) operate 1n

parallel. For example, when the command from the host 300

1S a read command, each EP transmits data to the host
memory (DRAM 36) on the basis of the PRP (ST31).

(FIG. 4F)

When command processing ends, each EP updates the CQ
entry 1n the local memory 13 and updates the doorbell 1n the
local memory 13 (ST41a to ST41d). Then, when all of the
processes distributed to each EP are completed, the PCle
switch 10A updates the CQ entry in the DRAM 36 which 1s
a host memory and updates the doorbell 1n the DRAM 36
(ST51). The process 1n ST31 and ST41a to ST41d, which 1s
the process of each EP, 1s independently performed by each
EP.

FIGS. 5A to 5C are sequence diagrams illustrating the

operation procedure of the storage system according to the
first embodiment. In FIGS. SA to 5C, the first SSD among

the SSDs 21A-0 to 21A-3 15 described as a device #1 and the
second SSD among the SSDs 21A-0 to 21A-3 1s described
as a device #2. Here, the DRAM 36 1s described as a host
memory (host Mem).

(FIG. SA)

The host SW 30 prepares a command and stores the
command in the host Mem (S1). In addition, the host SW 30
prepares a PRP and stores the PRP 1n the host Mem (S2). The
host SW 30 updates the doorbell (SQ doorbell) of the SQ
entry stored in the NVMe registers 34 of the PCle switch
10A (S3).

Then, the PCle switch 10A fetches the command 1n the
host Mem (S4A and S4B). The PCle switch 10A fetches the
PRP in the host Mem (S5A and SSB).

Then, the PCle switch 10A reconstructs the fetched com-
mand as a command #1 and a command #2. In addition, the
PCle switch 10A reconstructs the fetched PRP as a PRP #1
and a PRP #2 (56). The command #1 1s an NVMe command
to be transmitted to the device #1 and the command #2 1s an
NVMe command to be transmitted to the device #2. The
PRP #1 1s a PRP list to be transmitted to the device #1 and
the PRP #2 1s a PRP list to be transmitted to the device #2.
The commands #1 and #2 and the PRPs #1 and #2 are stored
in the local memory 13.

When the devices #1 and #2 correspond to the controller
memory bufler, the commands #1 and #2 and the PRPs #1
and #2 are preferably created 1n the memories of the devices
#1 and #2 1n order to shorten latency.

After reconstructing the command and the PRP list, the
PCle switch 10A updates the doorbells of the SQ entries
stored 1n the registers of the devices #1 and #2 (S7 and S8).

(FIG. 5B)

Then, the device #1 fetches the command #1 1n the PCle
switch 10A (S11A and S11B). The device #2 fetches the
command #2 in the PCle switch 10A (S12A and S12B).

The device #1 fetches the PRP #1 in the PCle switch 10A
(S13A and S13B). The device #2 fetches the PRP #2 1n the
PCle switch 10A (S14A and S14B). When the commands #1
and #2 and the PRPs #1 and #2 have been created 1n the
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memories of the devices #1 and #2, the process 1n S13A,
S13B, S14A, and S14B ends in the devices #1 and #2.

Then, the devices #1 and #2 performs data transmission.
The data transmission processes are performed 1n parallel by
the devices #1 and #2 (S15 to S18). In other words, the
devices #1 and #2 perform their own data transmission
processes without being aflected by other devices.

(FI1G. 5C)

When completing the data transmission, the device #1
transmits completion #1 to the PCle switch 10A (S21).
When completing the data transmission, the device #1
transmits completion #2 to the PCle switch 10A (S22). The
completion #1 and the completion #2 are the content of the
process corresponding to the command. When receiving all
of the completion #1 and the completion #2 from the devices
#1 and #2, the PCle switch 10A transmits the completion #1
and the completion #2 to the host Mem (523).

When completing the transmission of the completion #1,
the device #1 transmits interrupt #1 to the PCle switch 10A
(S24). When completing the transmission of the completion
#2, the device #2 transmits interrupt #2 to the PCle switch
10A (S25). The interrupt #1 and the interrupt #2 are used to
notify that the transmission of the completion #1 and the
completion #2 has been completed. When receiving all of
the interrupt #1 and the interrupt #2 from the devices #1 and
#2, the PCle switch 10A transmits the nterrupt #1 and the
interrupt #2 to the host SW 30 (S26).

Then, the host SW 30 fetches completion which 1s a
command completion notice from the host Mem (S27A and
S27B). Then, the host SW 30 updates the doorbell (CQ
doorbell) of the CQ entry stored in the NVMe registers 54
of the PCle switch 10A (S28). Then, the host SW 30 notifies
the PCle switch 10A that the completion 1n the host Mem
has been read.

Then, the PCle switch 10A updates the doorbell of the CQ
entry stored 1n the register of the device #1 (S29). Then, the
PCle switch 10A notifies the device #1 that the completion
#1 1n the PCle switch 10A has been read. The PCle switch
10A updates the doorbell of the CQ entry stored in the
register of the device #2 (5830). Then, the PCle switch 10A
notifies the device #2 that the completion #2 1n the PCle
switch 10A has been read.

As such, the PCle switch 10A formats (reconstructs) the
SQ entry or the PRP list prepared by the host 300, notifies
cach EP of SQ update (the update of the doorbell of the SQ
entry), and notifies the host 300 of CQ update 1n synchro-

nization with the CQ update (the update of the doorbell of
the CQ entry) of all of the EPs. The PRP 1s managed, for
example, 1n a page size unit. Therefore, when the position of
start LBA and a transmission size are known, 1t 1s easy to
perform reconstruction for each EP.

A storage device having a native PCI express (PCle)
interface according to the related art 1s based on the standard
in which 1t 1s assumed that the PCle interface connects a root
complex and an endpoint 1n a peer-to-peer manner, which
makes 1t diflicult to construct a storage array. In the storage
device according to the related art, the topology of the
storage array 1s configured through a PCle switch. There-
fore, 1t 1s possible to connect a plurality of PCle interface
drives, but the host needs to manage the connected physical
devices.

In the first embodiment, 1n the topology 1n which the host

300 having the PCle interface 1s connected to a plurality of
PCle/NVMe devices (SSDs 21A-0 to 21A-3) through the

PCle switch 10A, the host 300 regards the PCle switch 10A
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as a PCle endpoint. Therefore, the PCle switch 10A relays
a request from the host 300 to the PCle/NVMe device, using

the NVMe registers 54.

The PCle switch 10A distributes access from the host 300
to a plurality of PCle/NVMe devices. Therefore, 1t 1s pos-
sible to construct a storage array using a plurality of PCle/
NVMe devices with a simple structure, while reducing a
burden on the host 300. In addition, since the existing
devices can be used as the host 300 and the PCle/NVMe
device, 1t 1s possible to achieve a high-capacity storage array
using a plurality of PCle/NVMe device with a low cost. In
addition, for the SSDs 21A-0 to 21A-3, a plurality of
relatively 1nexpensive consumer-oriented controllers are
connected to construct a high-speed and high-capacity stor-
age array.

Second Embodiment

Next, a second embodiment will be described with ret-
erence to FIGS. 6 to 8C. In the second embodiment, the PCle
switch 10X does not have an NVMe function and manages
cach EP. Among a plurality of PCle/NVMe devices, a master
PCle/NVMe device has an NVMe function.

FIG. 6 1s a diagram 1illustrating an example of the structure
of a PCle switch according to the second embodiment. FIG.
6 1llustrates the structure of a storage system 101B which 1s
an example of the storage system 101X. In addition, FIG. 6
illustrates the structure of a PCle switch 10B which 1s an
example of the PCle switch 10X. SSDs 21B-0 to 21B-3 are
an example of the SSDs 21X-0 to 21X-3, respectively.
Among the components illustrated 1n FIG. 6, components
having the same functions as those 1n the PCle switch 10A
according to the first embodiment 1llustrated in FIG. 2 are
denoted by the same reference numerals and the description
thereof will not be repeated.

An SSD system (memory device) 20B connected to the
host 300 includes the PCle switch 10B and the SSDs 21B-0
to 21B-3. The PCle switch 10B 1s connected to the SSDs
21B-0 to 21B-3.

The PCle switch 10B includes a PCle EP 50B which 1s
recognized as a PCle endpoint by the host 300, a CPU 12,
and a local memory 13. The PCle EP 50B performs a process
corresponding to instruction information from the host 300
or the CPU 12. The PCle EP 50B includes a PCle PHY 51,
a PCle CFR 52, and a PCle link 53. As such, the PCle EP
50B according to this embodiment does not include the
NVMe registers 54.

In addition, the PCle switch 10B includes a routing logic
14 and a plurality of PCles (second ports) 11-0, 11-1, 11-2,

and 11-3 which are based on the PCle/NVMe standard and
can be connected to the plurality of SSDs 21B-0O to 21B-3,
respectively.

The PCle switch 10B 1s formed by, for example, one chip.
The PCle switch 10B may be formed by hardware or a
combination of hardware and software. For example, the
PCle EP 50B or the routing logic 14 1s formed by hardware.

The CPU 12 i1s connected to the PCle EP 30B and the
local memory 13. In addition, the PCle EP 50B 1s connected
to the routing logic 14. The CPU 12 controls the PCle EP
50B and the routing logic 14, using data stored in the local
memory 13 or software stored 1n a certain memory. The CPU
12 transmuits instruction mformation to the PCle EP 50B and
the routing logic 14, on the basis of commands transmitted

from the host 300.

The SSDs 21B-0 to 21B-3 include PCle EPs 22-0 to 22-3,
respectively. The PCle EP 22-0 of the SSD 21B-0 1s con-
nected to the PCle 11-0 of the PCle switch 10B through a
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bus. The PCle EP 22-1 of the SSD 21B-1 1s connected to the
PCle 11-1 of the PCle switch 10B through the bus. The PCle
EP 22-2 of the SSD 21B-2 1s connected to the PCle 11-2 of
the PCle switch 10B through the bus. The PCle EP 22-3 of
the SSD 21B-3 1s connected to the PCle 11-3 of the PCle
switch 10B through the bus. The PCles 11-0 to 11-3 transmit
and receive data to and from the PCle EPs 22-0 to 22-3 of
the SSDs 21B-0 to 21B-3 through the PCle bus.

In this embodiment, a drive port which 1s a master 1s
allocated to any one of the PCles 11-0 to 11-3. NVMe ports
which are accessed by the host 300 are integrated into a
drive connected to the master drive port. Hereinafter, a case
in which the PCle 11-0 1s a master drive port and the SSD
21B-0 1s a master drive will be described.

In the storage system 101B, the SSD 21B-0 which 1s a
master drive performs a process which does not need to be
distributed to each EP such as admin command processing.
When an LBA range which 1s treated by a command 1ssued
by the host 300 1s beyond the management range of the
master drive, the master drive requests other drives to
perform a process. The master drive or the CPU 12 of the
PCle switch 10B performs the synchronization of the update
of a CQ entry or an interrupt process. In the following
description, 1 some cases, the SSD 21B-0 which 1s the
master drive 1s referred to as a master SSD. In addition, 1n
some cases, the SSDs 21B-1 to 21B-3 other than the master
SSD are referred to as the other SSDs.

Next, the operation procedure of the storage system 101B
including the PCle switch 10B will be described. FIGS. 7A
to 7G are diagrams 1illustrating the operation procedure of
the storage system according to the second embodiment. The
description of the same processes as those illustrated 1n
FIGS. 4A to 4E among the processes 1llustrated in FIGS. 7A
to 7G will not be repeated.

(F1G. 7A)

The master SSD has a doorbell 1n a register. Information
indicating that the command from the host 300 has been
updated 1s stored 1n the doorbell. When viewed from the host
300, only one PCle switch 10B 1s connected as an SSD to
the host 300. The host 300 generates a command to desig-
nate an address (PRP) for the PCle switch 10B and stores the
command in the DRAM 36. Then, the host 300 updates the
doorbell 1n the master SSD (STé61).

(FIG. 7B)

Then, the master SSD fetches an SQ entry and a PRP in
the DRAM 36 (ST71 and ST72).

(FI1G. 7C)

Then, the master SSD determines whether the command
1s within the LBA range which the master SSD 1s in charge
of. In other words, the master SSD determines whether the
command 1s within the LBA range set 1in the master SSD.
That 1s, the master SSD determines whether the command 1s
addressed to the master SSD (the command corresponds to
the master SSD). When the command 1nvolves access to the
range which the master SSD 1s 1n charge of, the master SSD
transmits 1its own command data. As such, when the com-
mand from the host 300 1s within the range which the master
SSD 1s 1n charge of, the master SSD distributes a process
corresponding to the command to itsellf.

On the other hand, when the command 1involves access to
the range which the master SSD 1s not 1n charge of, the
master SSD updates the doorbells of the other SSDs (the
other nodes) and distributes the process to the other SSDs.
In other words, when the command from the host 300 is
beyond the range which the master SSD 1s in charge of, the
master SSD updates the doorbells of the other SSDs (any
one of the predetermined SSDs 21B-1 to 21B-3). Then, the
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master SSD transmits the command that 1s beyond its own
range to the other SSDs (S8181). As such, when the com-
mand from the host 300 1s beyond the range which the
master SSD 1s in charge of, the master SSD distributes a
process corresponding to the command to the other SSDs.

(FIG. 7D)

Then, the other SSDs fetch the SQ entry and the PRP of
the host 300, similarly to the master SSD (ST91A and
ST92A). The other SSDs determine whether the command 1s

within the LBA range which the other SSDs are in charge of.

In other words, the other SSDs determine whether the
command 1s within the LBA range which 1s set in the other
SSD. That 1s, the other SSDs determine whether the com-
mand 1s addressed to the other SSDs (the command corre-
sponds to the other SSDs). When the command involves

access to the range which the other SSDs are in charge of,
the other SSDs transmit command data which the other
SSDs are in charge of.

On the other hand, when the command involves access to
the range which the other SSDs are not in charge of, the
other SSDs update the doorbells of the other SSDs and
distribute the process. In other words, when the command
from the host 300 1s beyond the range which the other SSDs
are 1n charge of, the other SSDs update their own doorbells
(the doorbells of predetermined SSDs). Then, each of the
other SSDs transmits the command that 1s beyond 1ts own
range to the other SSDs.

For example, when the command 1s beyond the LBA
range which the master SSD 1s 1n charge of, the master SSD
transmits the command to the first SSD (for example, the
SSD 21B-1). When the command 1s beyond the LBA range
which the first SSD 1s 1n charge of, the first SSD transmits
the command to the second SSD (for example, the SSD
21B-2). When the command 1s beyond the LBA range which
the second SSD 1s 1n charge of, the second SSD transmits the
command to the third SSD (for example, the SSD 21B-3).

The SQ entry and the PRP may be cached in the local
memory 13 of the PCle switch 10B 1n order to reduce the
number of accesses to the same region of the host 300. In
this case, each SSD fetches the SQ entry and the PRP 1n the
PCle switch 10B. Therefore, 1t 1s possible to minimize the
band loss of the host 300.

(FIG. 7E)

The other SSDs may fetch the SQ entry and the PRP,
which have been fetched by the master SSD, through a local
bus (ST91B and ST92B). FIG. 7D illustrates a case 1n which
the other SSDs fetch the SQ entry and the PRP from the host
300 and FIG. 7E illustrates a case 1n which the other SSDs
tetch the SQ entry and the PRP from the local memory 13
of the master SSD.

When fetching the SQ entry and the PRP from the master
SSD, the other SSDs perform the same process as that
described 1in FIG. 7D. That 1s, the other SSDs determine
whether the command 1s within the LBA range which the
other SSDs are 1n charge of. When the command 1nvolves
access to the range which the other SSDs are 1n charge of,
the other SSDs transmit data of the command which the
other SSDs are in charge of. On the other hand, when the
command ivolves access to the range which the other SSDs
are not i charge of, the other SSDs update theirr own
doorbells and distribute the process.

Since the other SSDs fetch the SQ entry and the PRP from
the master SSD, 1t 1s possible to reduce the number of
accesses to the host 300. In addition, each of the SSDs 21B-0
to 21B-3 uses the framework of the controller memory
bufler to refer to the local memories of the other drives. Each
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of the SSDs 21B-0 to 21B-3 may use vendor-specific BAR
allocation to directly read data from the other SSDs.

(FI1G. 7F)
Each SSD acquires the PRP 1n the LBA range which each
SSD 1s 1n charge of, using, for example, the method

described in FIG. 7D or FIG. 7E. Thereftore, the SSDs
operate 1n parallel to transmit data to the host 300 (ST101a
and ST101b). In other words, each SSD independently
transmits data to the host 300.

(FI1G. 7G)

The master drive performs a synchronization process for
the CQ entry update process or the interrupt process. Finally,
the master SSD notifies the host 300 of the completion of the
process (ST110 and ST111). For example, when all of the
processes distributed to each SSD are completed, the master
SSD updates the CQ entry 1n the DRAM 36 which 1s the host
memory and updates the doorbell of the DRAM 36.

FIGS. 8A to 8C are sequence diagrams illustrating the

operation procedure of the storage system according to the
second embodiment. In FIGS. 8A to 8C, the master SSD
among the SSDs 21B-0 to 21B-3 1s described as a device #1
and the other SSDs are described as devices #2. Among the
processes 1llustrated 1 FIGS. 8A to 8C, the description of
the same processes as those described in FIGS. 5A to 5C will
not be repeated.

(FIG. 8A)

The host SW 30 prepares a command and stores the
command 1n the host Mem (S41). In addition, the host SW
30 prepares a PRP and stores the PRP 1n the host Mem (542).
The host SW 30 updates the doorbell (SQ doorbell) of the
SQ entry stored 1n the register of the master SSD (device #1)
(S43). At that time, the PCle switch 10B transmits a doorbell

update instruction transmitted from the host SW 30 to the
master SSD.

Then, the master SSD {fetches the command in the host
Mem (S44A and S44B). In addition, the master SSD fetches
the PRP 1n the host Mem (S45A and S45B).

When the command mvolves access to the range which
the master SSD 1s 1n charge of, the master SSD transmits
data of the command which the master SSD i1s in charge of.

When there 1s transmission which has not been completed
in the master SSD, the master SSD updates the doorbell (SQ
doorbell) of the SQ entry stored in the registers of the other
SSDs (devices #2) (S46). In other words, when there 1s a
command which the master SSD 1s not 1n charge of, the
master SSD 1ssues a data transmission request to the other
SSDs. Then, the other SSDs fetch the command 1n the host
Mem (S47A and S47B).

(FIG. 8B)

The other SSDs fetch the PRP in the host Mem (S51A and
S51B). Then, the master SSD and the other SSDs (devices
#1 and #2) perform data transmission. The data transmission
processes are performed 1n parallel by the master SSD and
the other SSDs (S52 to S55).

When the data transmission 1s completed, the other SSDs
transmit a completion signal to the master SSD (S56). After
collecting all of the completion signals from each SSD, the
master SSD transmits a completion signal to the host SW 30
(S57). In addition, after the process of the master SSD 1s
completed, the master SSD transmits the completion signal
to the host SW 30.

When the transmission of the completion signal 1s com-
pleted, the other SSDs transmit interrupt signals to the
master SSD (S58). After collecting all of the interrupt
signals from each SSD, the master SSD transmits an inter-

rupt signal to the host SW 30 (559).
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(FIG. 8C)
Then, the host SW 30 fetches the completion signal which

1s a command completion notice from the host Mem (S61A
and S61B). Then, the host SW 30 updates the doorbell (CQ
doorbell) of the CQ entry stored in the register of the master
SSD (S62). Then, the host SW 30 notifies the master SSD
that the completion signal 1n the host Mem has been read.

Then, the master SSD updates the doorbell (CQ doorbell)
of the CQ entry stored in each of the registers of the other
SSDs (563). Then, the master SSD notifies the other SSDs
that the completion signal 1n the other SSDs has been read.

As such, the PCle switch 10B relays data transmission
between the host 300 and the SSDs 21B-0 to 21B-3. Then,

when the command 1s within the range which the master
SSD 1s 1n charge of on the basis of the SQ entry or the PRP
prepared by the host 300, the master SSD transmits data to
the host 300. When the command 1s beyond the range which
the master SSD 1s 1n charge of, the master SSD notifies the
host 300 of the SQ update of the other SSDs and notifies the
host 300 of the CQ update 1n synchronization with the CQ)
update of all of the SSDs.

As described 1n the first embodiment, the master SSD may
reconstruct the SQ entry and the PRP list. In this case, the
master SSD updates the doorbell of each SSD.

As such, 1 the second embodiment, in the topology 1n
which the host 300 having the PCle interface 1s connected to
a plurality of PCle/NVMe devices (SSDs 21B-0 to 21B-3)
through the PCle switch 10B, the host 300 regards the PCle
switch 10B as a PCle endpoint. Therefore, the PCle switch
10B relays a request from the host 300 to the master SSD.
In addition, the master SSD distributes the request from the
host 300 to any one of the SSDs.

Then, the PCle switch 10B distributes access {from the
host 300 to a plurality of PCle/NVMe devices. Therefore, 1t
1s possible to construct a storage array using a plurality of
PCle/NVMe devices with a simple structure, while reducing
a burden on the host 300. In addition, since the existing
devices can be used as the host 300 and the PCle/NVMe
device, 1t 1s possible to achieve a high-capacity storage array
using a plurality of PCle/NVMe device with a low cost.

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 mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the mventions.

What 1s claimed 1s:

1. A switch module comprising:

a first interface configured to be connected to a host 1n
accordance with Peripheral Component Interconnect

Express/Non-Volatile Memory Express (PCle/NVMe)
standard;

a plurality of second interfaces configured to be connected
to a plurality of [storage devices] solid state drives
(SSDs), respectively, in accordance with the PCle/
NVMe standard; and

a controller outside of the plurality of SSDs, the controller
being configured to make the host recognize the plu-
rality of [storage devices] SSDs as a single storage
device by:
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obtaining a command i1ssued by the host, the command
designating a logical address range and designating
access target data on a logical-block-addvess (LBA)
basis; [and]
on the basis of the logical address range, determining
which one of the plurality of SSDs performs a
process corresponding to the command; and
distributing the command to [at least] the determined
one of the plurality of [storage devices] SSDs.
2. The switch module according to claim 1, wherein
the controller 1s further configured to:
divide the command issued by the host mto a first com-
mand and a second command;
distribute the first command to a first [storage device] SSD
among the plurality of [storage devices] SSDs; and
distribute the second command to a second [storage
device] SSD among the plurality of [storage devices]
SSDs.
3. The switch module according to claim 1, wherein
the controller 1s configured to:
in a case that the command issued by the host designates
a first logical address range, distribute the command as
a first command to a first [storage device] SSD among
the plurality of [storage devices] SSDs; and
in a case that the command 1ssued by the host designates
a second logical address range, distribute the command
as a second command to a second [storage device] SSD
among the plurality of [storage devices] SSDs.
4. The switch [nodule] module according to claim 3,
wherein
the controller 1s further configured to:
receive a first completion notification from the first [stor-
age device] SSD when the first [storage device] SSD
completes executing the first command;
receive a second completion notification from the second
[storage device] SSD when the second [storage device]
SSD completes executing the second command; and
after recerving both of the first completion notification
and the second completion notification,
transmit, to the host, a completion notification to notily
that the command 1ssued by the host 1s completed.
5. The switch module according to claim 3, further
comprising:
an NVMe register that stores a door bell; and
a memory, wherein
the controller 1s further configured to:
when the host updates the door bell, fetch the command
issued by the host and store the fetched command into
the memory.
6. The switch module according to claim 5, wherein
the controller 1s further configured to:
after storing the command 1nto the memory, update a door
bell of the [at least] determined one of the plurality of
[storage devices] SSDs so that the [at least] determined
one of the plurality of [storage devices] SSDs fetches
the command from the memory.
7. The switch [nodule] module according to claim 1,
wherein
the command 1ssued by the host 1s accompanied with a
data transmission descriptor, wherein
the controller 1s further configured to:
on the basis of the data transmission descriptor, inform the
[at least] determined one of the plurality of [storage
devices] SSDs of a location in a memory of the host to
which the [at least] determined one of the plurality of
[storage devices] SSDs is to access in accordance with
the command.
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8. The switch module according to claim 7, wherein

in a case that the command issued by the host 1s a read
command, the location 1n the memory of the host 1s a
location into which the [at least] determined one of the
plurality of [storage devices] SSDs is to write a piece of
read data 1n accordance with the read command.

9. The switch module according to claim 7, wherein

in a case that the command issued by the host 1s a write

command, the location 1n the memory of the host 1s a
location from which the [at least] determined one of the
plurality of [storage devices] SSDs is to read a piece of
write data i accordance with the write command.

10. The switch module according to claim 7, wherein

the data transmission descriptor includes a plurality of

entries, wherein

the controller 1s configured to:

on the basis of an 1dentifier to 1dentily each of the plurality

of entries, determine [a storage device] arn SSD among
the plurality of [storage devices] SSDs that the control-
ler 1s to inform the location.

11. A method of controlling a plurality of [storage
devices] solid state drives SSDs, each of the plurality of
[storage devices] SSDs conforming to Peripheral Compo-
nent Interconnect Express/Non-Volatile Memory Express
(PCle/NVMe) standard, the method comprising:

making, by a contvoller outside of the plurality of SSDs,

a host recognize the plurality of SSDs as a single

storage device by:

obtaining a command issued by [a] #2e host that con-
forms to the PCle/NVMe standard, the command
designating a logical address range and designating
access target data on a logical-block-addvess (LBA)
basis;

on the basis of the logical address range, determining
which one of the plurality of SSDs performs a
process corresponding to the command,; and

distributing the command to [at least] the determined
one of the plurality of [storage devices] SSDs; and

allowing the host to recognize the plurality of [storage
devices] SSDs as [a] the single storage device.

12. The method according to claim 11, further compris-
ng:

dividing the command issued by the host into a first

command and a second command;
distributing the first command to a first [storage device]
SSD among the plurality of [storage devices] SSDs; and

distributing the second command to a second [storage
device] SSD among the plurality of [storage devices}
SSDs.

13. The method according to claim 11, wherein

distributing the command includes:

in a case that the command 1ssued by the host designates

a first logical address range, distributing the command
as a first command to a first [storage device] SSD
among the plurality of [storage devices] SSDs; and
in a case that the command 1ssued by the host designates
a second logical address range, distributing the com-
mand as a second command to a second [storage
device] SSD among the plurality of [storage devices}

SSDs.
14. The method according to claim 13, further compris-
ng:
recerving a lirst completion notification from the first
[storage device] SSD when the first [storage device]
SSD completes executing the first command;
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receiving a second completion notification from the sec-
ond [storage device] SSD when the second [storage
device] SSD completes executing the second com-
mand; and
after receiving both of the first completion notification
and the second completion notification,
transmitting, to the host, a completion notification to
notily that the command 1ssued by the host 1s com-
pleted.
15. The method according to claim 13, further compris-
ng:
receiving, from the host, a request to update a door bell;
fetching, from a first memory of the host, the command
issued by the host; and
storing the fetched command into a second memory.
16. The method according to claim 15, further compris-
ng:
after storing the command 1into the second memory,
updating a door bell of the [at least] determined one of the
plurality of [storage devices] SSDs so that the [at least]
determined one of the plurality of [storage devices]
SSDs fetches the command from the second memory.
17. The method according to claim 11, the command
issued by the host being accompanied with a data transmis-
sion descriptor, the method further comprising:
on the basis of the data transmission descriptor,
informing the [at least] determined one of the plurality of
[storage devices] SSDs of a location in a memory of the
host to which the [at least] determined one of the
plurality of [storage devices] SSDs is to access in
accordance with the command.
18. The method according to claim 17, wherein
in a case that the command 1ssued by the host 1s a read
command, the location 1n the memory of the host 1s a
location into which the [at least] determined one of the

plurality of [storage devices] SSDs is to write a piece of

read data in accordance with the read command.
19. The method according to claim 17, wherein
in a case that the command 1ssued by the host 1s a write
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command, the location in the memory of the host 1s a 40

location from which the [at least] determined one of the

plurality of [storage devices] SSD:s is to read a piece of

write data 1in accordance with the write command.
20. The method according to claim 17, the data transmis-

sion descriptor including a plurality of entries, the method 45

turther comprising;:
on the basis of an 1dentifier to identily each of the plurality
of entries,
determining [a storage device] ar SSD among the plural-
ity of [storage devices] SSDs that is to be informed of
the location.
21. A storage system comprising:
a plurality of solid state drvives (SSDs); and
a controller outside of the plurality of SSDs, the controller
including:
a first interface configured to be connected to a host,
the host being configured to issue Non-Volatile
Memory Express (NVMe) commands, the NVMe

commands being commands based on NVMe stan-
dard: and
a plurality of second interfaces configured to be con-
nected to the plurality of SSDs respectively, wherein
the controller is configured to allow the host to vecognize
the plurality of SSDs as a single storage device by:
obtaining a first NVMe command issued by the host, the
first NVMe command indicating a logical address
range;
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on the basis of the logical address range, determining
which one of the plurality of SSDs performs a process
corresponding to the first NVMe command,; and

issuing a second NVMe command that is based on the first
NVMe command to the determined one of the plurality
of SSDs, the second NVMe command designating the
access target data on the LBA basis.

22. The storage system of claim 21, wherein

the controller is configured to allow the host to recognize
the plurality of SSDs as a single SSD.

23. The storage system of claim 21, wherein

at least one of the plurality of SSDs includes a Peripheral
Component Interconnect Express (PCle) endpoint.

24. The storage system of claim 21, wherein

the controller is configured to:

in a case where the first NVMe command issued by the
host indicates a first logical address vange, issue the
second NVMe command to a first SSD among the
plurality of SSDs; and

in a case where the first NVMe command issued by the
host indicates a second logical address range, issue the
second NVMe command to a second SSD among the
plurality of SSDs.

25. The storage system of claim 21, wherein

the controller is further configured to:

generate a first NVMe sub-command and a second NVMe
sub-command on the basis of the first NVMe command
issued by the host;

issue, as the second NVMe command, the first NVMe
sub-command to a first SSD among the plurality of
SSDs: and

issue, as the second NVMe command, the second NVMe
sub-command to a second SSD among the plurality of
SSDs.

26. The storage system of claim 25, wherein

the controller is further configured to,

upon completion of the first NVMe sub-command and
completion of the second NVMe sub-command, trans-
mit, to the host, a completion notification indicating
that the first NVMe command issued by the host is
completed.

27. The storage system of claim 26, wherein

the controller is configured to:

recognize the completion of the first NVMe sub-command
by receiving a first completion notification from the first
SSD, and

recognize the completion of the second NVMe sub-com-
mand by receiving a second completion notification
from the second SSD.

28. The storage system of claim 21, wherein

the controller further includes:

an NVMe register configured to stove a door bell; and

a memory, wherein

the controller is further configured to:

in vesponse to the host updating the door bell, fetch the
first NVMe command issued by the host and store the
second NVMe command into the memory.

29. The storage system of claim 28, wherein

the controller is further configured to:

after storving the second NVMe command into the memory,
update a doovr bell of the determined one of the plurality
of SSDs so that the determined one of the plurality of
SSDs fetches the second NVMe command from the
MEemory.

30. The storage system of claim 21, wherein

the first NVMe command issued by the host is accompa-
nied with a data transmission descriptor, wherein
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the controller is further configured to:

on the basis of the data transmission descriptor, inform
the determined one of the plurality of SSDs of a
location in a memory of the host to which the deter-
mined one of the plurality of SSDs is to access in >
accorvdance with the second NVMe command.

31. The storage system of claim 30, wherein,

in a case where the first NVMe command issued by the
host is a vead command, the location in the memory of
the host is a location into which the determined one of
the plurality of SSDs is to transmit a piece of vead data
in accorvdance with the read command.

32. The storage system of claim 30, wherein,

in a case where the first NVMe command issued by the |
host is a write command, the location in the memory of
the host is a location from which the determined one of
the plurality of SSDs is to transmit a piece of write data
in accordance with the write command.

33. The storage system of claim 30, wherein 20

the data transmission descriptor includes a plurality of
entries, wherein

the controller is configured to:

on the basis of an identifier to identify each of the plurality
of entries, determine an SSD among the plurality of 25
SSDs to inform the location.

34. The storage system of claim 21, wherein

the controller further includes a centval processing unit
(CPU).

35. A controller outside of a plurality of solid state drives 30

(SSDs), the controller comprising:
a first interface configured to be connected to a host, the
host being configured to issue Non-Volatile Memory
Express (NVMe) commands, the NVMe commands
being commands based on NVMe standard,; 35
a plurality of second interfaces configured to be con-
nected to the plurality of SSDs respectively; and
a circuit configured to allow the host to recognize the
plurality of SSDs as a single storage device by:
obtaining a first NVMe command issued by the host, the 40
first NVMe command indicating a logical address
range and designating access target data on a logi-
cal-block-address (LBA) basis;

on the basis of the logical addvess range, determining
which one of the plurality of SSDs performs a 45
process corresponding to the first NVMe command,;
and

issuing a second NVMe command that is based on the
first NVMe command to the determined one of the
plurality of SSDs, the second NVMe command des- 50
ignating the access target data on the LBA basis.

36. The controller of claim 35, wherein

the circuit is configured to allow the host to recognize the
plurality of SSDs as a single SSD.

37. The controller of claim 35, wherein 55

at least one of the plurality of SSDs includes a Pervipheral
Component Interconnect Express (PCle) endpoint.

38. The controller of claim 35, wherein

the circuit is configured to:

in a case where the first NVMe command issued by the 60
host indicates a first logical address vange, issue the
second NVMe command to a first SSD among the
plurality of SSDs; and

in a case where the first NVMe command issued by the
host indicates a second logical address range, issue the 65
second NVMe command to a second SSD among the

plurality of SSDs.
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39. The controller of claim 35, wherein

the circuit is further configured to:

generate a first NVMe sub-command and a second NVMe
sub-command on the basis of the first NVMe command
issued by the host;

issue, as the second NVMe command, the first NVMe
sub-command to a first SSD among the plurality of
SSDs: and

issue, as the second NVMe command, the second NVMe
sub-command to a second SSD among the plurality of
SSDs.

40. The controller of claim 39, wherein

the circuit is further configured to:

upon completion of the first NVMe sub-command and
completion of the second NVMe sub-command, trans-
mit, to the host a completion notification indicating that
the first NVMe command issued by the host is com-
pleted.

41. The controller of claim 40, wherein

the circuit is configured to:

recognize the completion of the first NV»Me sub-command
by receiving a first completion notification from the first
SSD, and

recognize the completion of the second NVMe sub-com-
mand by receiving a second completion notification
from the second SSD.

42. The controller of claim 35, further comprising:

an NVMe register configured to stove a door bell; and

a memory, wherein

the circuit is further configured to:

in response to the host updating the door bell fetch the
first NVMe command issued by the host and stove the
second NVMe command into the memory.

43. The controller of claim 42, wherein

the circuit is further configured to:

after storving the second NVMe command into the memory,
update a door bell of the determined one of the plurality
of SSDs so that the determined one of the plurality of
SSDs fetches the second NVMe command from the
Memory.

44. The controller of claim 35, wherein

the first NVMe command issued by the host is accompa-
nied with a data transmission descriptor, wherein

the civcuit is further configured to:

on the basis of the data transmission descriptor, inform
the determined one of the plurality of SSDs of a
location in a memory of the host to which the deter-
mined one of the plurality of SSDs is to access in
accordance with the second NVMe command.

45. The controller of claim 44, wherein,

in a case where the first NVMe command issued by the
host is a read command, the location in the memory of
the host is a location into which the determined one of
the plurality of SSDs is to transmit a piece of read data
in accovdance with the read command.

46. The controller of claim 44, wherein,

in a case wherve the first NVMe command issued by the
host is a write command, the location in the memory of
the host is a location from which the determined one of
the plurality of SSDs is to transmit a piece of write data

in accorvdance with the write command.

47. The controller of claim 44, whevrein

the data transmission descriptor includes a plurality of
entries, wherein
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the circuit is configured to:
on the basis of an identifier to identify each of the plurality

of entries, determine an SSD among the plurality of

SSDs to inform the location.

48. The controller of claim 35, wherein

the circuit comprises a central processing (CPU).

49. A computer program product comprising:

a non-transitory computer-readable medium in which a
computer program is stored, the computer program
being to be executed by a computer outside of a
plurality of solid state devices (SSDs),

the computer including:

a first interface configured to be connected to a host,
the host being comnfigured to issue Non-Volatile
Memory Express (NVMe) commands, the NVMe

commands being commands based on NVMe stan-
dard;
a plurality of second interfaces configured to be con-
nected to the plurality of SSDs respectively; and
a central processing unit (CPU) configured to execute the

computer program,
the computer program being configured to cause the

computer to allow the host to recognize the plurality of

SSDs as a single storage device by:

obtaining a first NVMe command issued by the host, the
first NVMe command indicating a logical address
range and designating access target data on a logi-
cal-block-address (LBA) basis;

on the basis of the logical addvess range, determining
which one of the plurality of SSDs performs a
process corresponding to the first NVMe command,;
and

issuing a second NVMe command that is based on the
first NVMe command to the determined one of the

plurality of SSDs, the second NVMe command des-

ignating the access target data on the LBA basis.
50. The computer program product of claim 49, wherein

the computer program is configured to cause the com-
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SSDs as a single SSD.

51. The computer program product of claim 49, wherein

at least one of the plurality of SSDs includes a Pervipheral
Component Interconnect Express (PCle) endpoint.

52. The computer program product of claim 49, wherein

the computer program is configured to cause the com-
puter lo:

in a case where the first NVMe command issued by the
host indicates a first logical address vange, issue the
second NVMe command to a first SSD among the
plurality of SSDs; and

in a case where the first NVMe command issued by the
host indicates a second logical address range, issue the
second NVMe command to a second SSD among the
plurality of SSDs.

53. The computer program product of claim 49, wherein

the computer program is further configured to catse the
compuler (o.

generate a first NVMe sub-command and a second NVMe
sub-command on the basis of the first NVMe command
issued by the host;

issue, as the second NVMe command, the first NVMe

sub-command to a first SSD among the plurality of

SSDs: and
issue, as the second NVMe command, the second NVMe

sub-command to a second SSD among the plurality of

SSDs.
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54. The computer program product of claim 53, wherein

the computer program is further configured to cause the
compulier {o.

upon completion of the first NVMe sub-command and
completion of the second NVMe sub-command, trans-
mit, to the host, a completion notification indicating
that the first NVMe command issued by the host is
completed.

55. The computer program product of claim 54, wherein

the computer program is configured to cause the com-
puter to:

recognize the completion of the first NVMe sub-command
by receiving a first completion notification from the first
SSD, and

recognize the completion of the second NVMe sub-com-
mand by receiving a second completion notification
from the second SSD.

56. The computer program product of claim 49, wherein

the computer further includes:

an NVMe register configured to stove a door bell; and

a memory, wherein

the computer program is further configured to cause the
compulier (o.

in vesponse to the host updating the door bell, fetch the
first NVMe command issued by the host and stove the
second NVMe command into the memory.

57. The computer program product of claim 56, wherein

the computer program is further configured to cause the
compulier (o.

after storing the second NVMe command into the memory,
update a door bell of the determined one of the plurality
of SSDs so that the determined one of the plurality of
SSDs fetches the second NVMe command from the
MEmory.

58. The computer program product of claim 49, wherein

the first NVMe command issued by the host is accompa-
nied with a data transmission descriptor, wherein

the computer program is further configured to cause the
compulier {o.

on the basis of the data transmission descriptor, inform
the determined one of the plurality of SSDs of a
location in a memory of the host to which the deter-
mined one of the plurality of SSDs is to access in
accordance with the second NVMe command.

59. The computer program product of claim 58, wherein,

in a case wherve the first NVMe command issued by the
host is a vead command, the location in the memory of
the host is a location into which the determined one of
the plurality of SSDs is to transmit a piece of read data
in accorvdance with the read command.

60. The computer program product of claim 38, wherein,

in a case where the first NVMe command issued by the
host is a write command, the location in the memory of
the host is a location from which the determined one of
the plurality of SSDs is to transmit a piece of write data
in accovdance with the write command.

61. The computer program product of claim 58, wherein

the data transmission descriptor includes a plurality of
entries, wherein

the computer program is further configured to cause the

compulier {o.

on the basis of an identifier to identify each of the plurality
of entries, determine an SSD among the plurality of
SSDs to inform the location.
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62. A method of controlling a plurality of solid state drives
(SSDs), comprising:
making, by a controller outside of the plurality of SSDs,
a host configured to issue Non-Volatile Memory
Express (NVMe) commands that ave commands based
on NVMe standard vecognize the plurality of SSDs as
a single storage device by:
obtaining a first NVMe command issued by the host, the
first NVMe command indicating a logical address
range and designating access target data on a logi-
cal-block-address (LLBA) basis;
on the basis of the logical address vange determining
which one of the plurality of SSDs performs a
process corresponding to the first NVMe command;
and
issuing a second NVMe command that is based on the first
NVMe command to the determined one of the plurality
of SSDs, the second NVMe command designating the
access target data on the LBA basis.
63. The method of claim 62, wherein
the host recognizes the plurality of SSDs as a single SSD.
64. The method of claim 62, wherein
at least one of the plurality of SSDs includes a Peripheral
Component Interconnect Express (PCle) endpoint.
65. The method of claim 62, wherein
in a case where the first NVMe command issued by the
host indicates a first logical address range, the second
NVMe command is issued to a first SSD among the
plurality of SSDs; and
in a case where the first NVMe command issued by the
host indicates a second logical address range, the
second NVMe command is issued to a second SSD
among the plurality of SSDs.
66. The method of claim 62, further comprising:
generating a first NVMe sub-command and a second

NVMe sub-command on the basis of the first NVMe

command issued by the host;

issuing, as the second NVMe command, the first NVMe

sub-command to a first SSD among the plurality of

SSDs: and
issuing, as the second NVMe command, the second NVMe

sub-command to a second SSD among the plurality of

SSDs.
67. The method of claim 66, further comprising:
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upon completion of the first NVMe sub-command and 45

completion of the second NVMe sub-command, trans-
mitting, to the host, a completion notification indicating
that the first NVMe command issued by the host is
completed.
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68. The method of claim 67, further comprising:

recognizing the completion of the first NVMe sub-com-
mand by receiving a first completion notification from
the first SSD, and

recognizing the completion of the second NVMe sub-
command by receiving a second completion notification
from the second SSD.

69. The method of claim 62, further comprising:

in response to the host updating a door bell stoved in an
NVMe register,
Jfetching the first NVMe command issued by the host,

and

storing the second NVMe command into a memory.

70. The method of claim 69, further comprising:

after storing the second NVMe command into the memory,
updating a door bell of the determined one of the
plurality of SSDs so that the determined one of the
plurality of SSDs fetches the second NVMe command
from the memory.

71. The method of claim 62, wherein

the first NVMe command issued by the host is accompa-
nied with a data transmission descriptor, wherein the
method further comprises.

on the basis of the data transmission descriptor, informing
the determined one of the plurality of SSDs of a
location in a memory of the host to which the deter-
mined one of the plurality of SSDs is to access in
accordance with the second NVMe command.

72. The method of claim 71, wherein,

in a case where the first NVMe command issued by the
host is a vead command, the location in the memory of
the host is a location into which the determined one of

the plurality of SSDs is to transmit a piece of vead data
in accovdance with the read command.

73. The method of claim 71, wherein,

in a case wherve the first NVMe command issued by the
host is a write command, the location in the memory of
the host is a location from which the determined one of
the plurality of SSDs is to transmit a piece of write data
in accorvdance with the write command.

74. The method of claim 71, wherein

the data transmission descriptor includes a plurality of
entries, wherein the method further comprises.

on the basis of an identifier to identify each of the plurality
of entries, determining an SSD among the plurality of
SSDs to inform the location.
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