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200 (57) Abstract: In one example, techniques for storage cache management in-

RECEIVE, AT A CACHE MANAGEMENT MODULE OF A STORAGE CONTROLLER, A
WRITE COMMAND TO WRITE DATA TO A LOGICAL BLOCK ADDRESS {LBA) AT A
STORAGE DEVICE OF A STORAGE SYSTEM

I

STORE THE DATA TO NON-VOLATILE MEMORY MODULE, AT THE STORAGE
CONTROLLER, AND MARK METADATA ASSCCIATED WITH THE DATA AS DIRTY
STATE

!

SEND, BY THE CACHE MANAGEMENT MODULE, A WRITE COMMAND, TO A
STORAGE MANAGEMENT MODULE AT THE STORAGE SYSTEM, TO CAUSE THE
DATA TO BE WRITTEN TO THE VOLATILE MEMORY MODULE AT THE STORAGE
SYSTEM AND MARK THE METADATA ASSOCIATED WITH THE DATA AS DIRTY-

FLUSHED STATE

:

SEND, TO THE STORAGE MANAGEMENT MODULE, A CACHE SYNG COMMAND TO
CAUSE THE STORAGE MANAGEMENT MODULE TO COPY THE DATA FROM THE
VOLATILE MEMORY MCDULE TO THE LBA AT THE STORAGE DEVICE AT THE

STCORAGE SYSTEM

:

UPON RECEIPT, FROM THE STORAGE SYSTEM, A MESSAGE INDICATING
COMPLETION OF THE CACHE SYNC COMMAND, MARK THE METADATA
ASSOCIATED WITH THE DATA AS CLEAN STATE TO ALLOW REUSE OF THE
MEMORY SPACE USED BY THE DATA AT THE NON-VOLATILE MEMORY MODULE

'

UPON POWER INTERRUPTION AND SUBSEQUENT POWER RESTORATICN,
SEND TO THE STORAGE SYSTEM A WRITE COMMAND TQ CAUSE
THE STORAGE MANAGEMENT MODULE TO WRITE DATA FROM THE
NON-VOLATILE MEMCRY MODULE HAVING METADATA MARKED AS
DIRTY STATE OR DIRTY-FLUSHED STATE TO THE VOLATILE MEMORY MODULE
AT THE STORAGE SYSTEM

1

" END
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clude receiving a write command to write data to a logical block address
(LBA) at a storage device of a storage system, storing the data to the non-
volatile memory module and mark metadata associated with the data as Dirty
state, sending a write command to write the data to volatile memory module
at the storage system and mark the metadata associated with the data as Dirty-
Flushed state, sending a cache sync command to copy the data from the volat-
ile memory module to the LBA at the storage device at the storage system,
and upon receipt, from the storage system, a message indicating completion
of the cache sync command, marking the metadata associated with the data as
Clean state to allow reuse of the memory space used by the data at the non-
volatile memory module.
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STORAGE CACHE MANAGEMENT

BACKGROUND
[0001] Computer systems include host computers that communicate with storage

systems. The storage systems may include storage devices to store data for later retrieval.
The host computers may send commands to the storage systems to have the storage
systems store data at the storage devices as well as retrieve data from the storage
devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Examples are described in the following detailed description and in reference

to the drawings, in which:

[0003] Fig. 1 depicts an example system comprising storage cache management in
accordance with an example of the techniques of the present application;

[0004] Fig. 2 depicts an example flow chart of processes for storage cache
management in accordance with an example of the techniques of the present application;
[0005] Fig. 3 depicts an example flow diagram of processes for storage cache
management in accordance with an example of the techniques of the present application;
and

[0006] Fig. 4 depicts an example block diagram showing a non-transitory,
computer-readable medium that stores instructions for storage cache management in

accordance with an example of the techniques of the present application.

DETAILED DESCRIPTION

[0007] Computer systems include host computers that communicate with storage

systems. The storage systems may include storage devices to store data for later retrieval.
The host computers may send commands to the storage systems to have the storage
systems store data at the storage devices as well as retrieve data from the storage
devices. Computer systems may include a storage controller to interface between host
computers and storage systems. The storage controller may include non-volatile memory
configured as write cache memory. The storage controller may use the write cache
memory to construct or build volumes or connect to the storage system in the form of
physical disks of the storage devices. The storage controller may use the write cache to
redirect write commands to the write cache for buffering Input-Output (10) processing to

help improve write completion, write coalescing, and write sorting. In one example, write
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completion may include a condition or situation where the storage controller has stored
the data to persistent memory such as non-volatile memory without having committed the
data to the storage device (end device) which may improve performance of a host
application. In another example, write coalescing may include a condition or situation of
combining adjacent Logical Block Address (LBA) data into large flush requests which may
reduce the number of 1O activity and increase the size of the transfer which may improve
the performance of the storage device (end device). In one example, write sorting may
include a condition or situation where for certain storage devices, such as Hard Disk Drives
(HDDs), IO activity may be sorted relative to LBA location to help minimize seek times and
improve performance. The storage device of the storage system (end device) may
comprise a volatile memory module configured as write cache memory. The write cache
may not be configured to support power loss or interruption which may result in exposing
the data written to the write cache to possible loss if the computer system or components
of the computer system experiences power loss or interruption. The storage system
performance may be improved by enabling or turning on the volatile memory write cache.
For example, this may improve storage system write coalescing, storage system write
sorting, additional staging area for read-modify-write operations, and enhanced
performance for emulation type devices such as HDDs, Shingled Magnetic Recording
(SMR) devices, and the like.

[0008] The storage controller may be configured to implement techniques for flushing or
writing data to the storage devices such as HDDs which may help reduce the possibility of
data loss. This may improve storage system performance by enabling the volatile memory
write cache of the storage system and keeping all data in the storage controller cache until
a subsequent cache sync command completion message is successfully returned from
the storage system. In one example, the storage controller cache may be configured
without enabling the storage system write cache. In this case, in operation, the host
computer may send or issue a write command to the storage controller to cause the
storage controller to write data to a LBA X at the storage system, where X represents any
LBA on the storage device. The storage controller buffers data associated the LBA X in
the write cache of the storage controller and marks metadata associated with the data for
LBA X to Dirty state. At some later time, based on particular criteria such as a sorted list
or by time period, the storage controller determines to flush or write the data for LBA X to
the storage device. In this case, the storage controller generates and sends a write
command to write the data to LBA X at the storage device. At some point, the LBA X
operation completes and the storage controller marks the metadata associated with the
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data for LBA X in its cache to the Clean state to allow the storage controller to reuse the
space used by the data. However, it may be desirable for the storage controller to be able
to provide proper management of power loss or interruption.

[0009] To help improve storage performance of storage systems, in one example,
techniques are disclosed that provide a two-tier cache configuration where the storage
controller may include non-volatile memory module configured as a write cache (Tier 1)
and the storage device may include volatile memory module configured as a write cache
(Tier 2). In one example, the storage controller may be configured to receive from the host
computer write commands to write data to locations such as LBA X at storage device. The
storage controller buffers the data for LBA X in the non-volatile memory module configured
as write cache and marks the associated metadata for LBA X to the Dirty state. At some
later time, based on particular criteria such as a sorted list (e.g., sorting process describe
above) or by time period (e.g., stale data timer), the storage controller determines to flush
the data for LBA X to the storage device. In this case, the storage controller generates
and sends a write command to write the data to LBA X to the storage device. At some
point (e.g., upon completion of write to secondary storage or volatile storage), the LBA X
operation completes and the storage controller marks the metadata associated with the
data for LBA X in its cache to the Dirty-Flushed state. At some future point, the storage
controller sends or issues to the storage system a cache sync command to cause the data
to be flushed or written from the volatile memory configured as cache to the storage device.
Once the storage device completes the write operation, the storage system sends to the
storage controller a message indicating completion of the cache sync command. At this
point, the storage controller marks the associated metadata for LBA X to Clean state and
allowing it to be reused for subsequent write commands from the host computer or other
purpose.

[00010] In this manner, the two-tier cache technique allow the end-to-end
throughput of the system to improve since now the storage system may be able to employ
or implement additional optimization operations using the write cache on the storage
system.

[00011] These techniques may allow storage systems to better handle power loss
or interruption conditions. Power loss or interruption conditions may be defined as
conditions or events such that the components of the system such as those memory
components of the storage controller and storage system may no longer be able to
maintain data without having to backup data to non-volatile storage. Power restoration

conditions may be defined as conditions or events where power is restored to components



WO 2016/175762 PCT/US2015/027999

-4 -

of the system such as the storage controller and storage system such as memory so to be
able to maintain data without having to backup data to a non-volatile storage For example,
in the event of a power loss or interruption, storage controller provides a backup of the
data from non-volatile memory and load back to it the volatile memory upon on subsequent
power on or power restoration event. In this case, the storage controller may attempt to
write to the storage device data corresponding to the LBAs that still have metadata marked
Dirty or Dirty-Flushed state. For the storage system, since the loss of power may have
caused the data associated with the write command operation to not have been written to
the storage device, the storage controller is configured to resend write commands to the
storage system for corresponding LBAs to ensure that the data is written or placed on the
storage device. In this manner, these techniques may help provide data integrity and
reduce any negative impact of data loss that was stored on volatile memory configured as
write cache on the storage system that was not committed to the storage device.

[00012] In some examples, the present application discloses techniques which may
help increase storage system performance by allowing the storage system to use a volatile
memory configured as write cache with a backup stored in a non-volatile memory
configured as power loss safe cache managed by the storage controller. In one example,
the storage controller may be configured to retain or hold on to data that was flushed from
the non-volatile memory configured as write cache until it receives a response or message
from the storage system indicating completion of the data written to the storage device. In
this manner, this technique may help ensure that the data written to the storage device
was successfully completed. In another example, these techniques may enable storage
system with volatile memory which may be encounter data loss in power loss conditions
to be utilized in a power safe method. In this manner, storage systems with volatile
memory configured as write cache may improve performance and endurance.

[00013] In one example, the present application discloses techniques for storage
cache management that include a storage controller configured to receive a write
command to write data to an LBA at a storage device of a storage system, store the data
to non-volatile memory module, and mark metadata associated with the data as Dirty state
The storage controller is configured to send a write command to cause the data to be
written to the volatile memory module at the storage system and mark the metadata
associated with the data as Dirty-Flushed state. The storage controller is configured to
send a cache sync command to cause the data from the volatile memory module to be
copied to the LBA at the storage device at the storage system. The storage controller is
configured to, upon receipt of message indicating completion of the cache sync command,
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mark the metadata associated with the data as Clean state to allow reuse of the memory
space used by the data at the non-volatile memory module. The storage controller is
configured to, upon power interruption and subsequent power restoration, send a write
command to cause the data to be written from the non-volatile memory module having
metadata marked as Dirty state or Dirty-Flushed state to the volatile memory module at
the storage system. In other words, in the event of power loss condition, the data at the
volatile-memory module may not have been successfully written to the storage device.
The storage controller stills maintains the data in non-volatile memory module that has
metadata of the data in the Dirty or Dirty-Flushed state. To help ensure that the data at the
volatile-memory module is successfully written to storage device, the storage controller
sends write commands to the storage system to resends the data from the non-volatile
memory module to the volatile memory module so that the data may be written to the
storage device because of the power loss condition the storage system.

[00014] In this manner, in some examples, the present application may provide
storage cache management techniques which may help improve the performance of
storage systems. For example, these techniques may enable storage systems with
volatile memory configured as write cache to increase throughput with reduced risk of data
loss in the event of power loss or interruption. In another example, these techniques may
allow management of relatively low IO loads and allow storage systems to observe lower
latencies for operations that may have blocked storage controller write operations directed
to the cache of the storage controllers. In one example, these techniques may allow
systems with storage devices with different relatively large physical block size compared
to logical block size to potentially utilize additional memory for read-modify-write
operations. In one example, this may relate to devices with larger physical block size
relative to logical block size. In order to access large blocks, the physical blocks may first
be read, modified on the logical block level then re-written to a physical block. In another
example, the techniques may allow storage systems with storage devices to perform
bookkeeping operations and reduce impacts due to write buffering being utilized.

[00015] Fig. 1 depicts an example system 100 for storage cache management in
accordance with an example of the techniques of the present application. The system 100
includes a storage controller 104 configured to communicate with a host computer 102
and communicate with a storage system 110.

[00016] The host computer 102 can be any electronic device configured to perform
data processing. The host computer 102 may be implemented in hardware, software, or
a combination thereof. The host computer 102 is configured to communicate with storage
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controller 104. For example, host computer 102 may send to storage controller 104 write
commands to write data to locations such as LBAs at storage device 116 of storage system
110. In another example, host computer 102 may send to storage controller 104 read
commands to read data from locations such as LBAs at storage device 116 of storage
system 110. The techniques of the present application are described in the context to read
and write data or groups of data such as data blocks at LBA address locations at a storage
device but it should be understood that the techniques may be applicable to other location
address techniques such as physical address blocks, Logical Unit Number (LUN) and the
like.

[00017] The storage controller 104 includes a cache management module 106 and
a non-volatile memory module 108. The storage controller 104 may be any electronic
device configured to perform data processing. The storage controller 104 and the
components of the storage controller such as cache management module 106 may be
implemented in hardware, software, or a combination thereof.

[00018] The cache management module 106 may be configured to manage
communications between host computer 102 and storage system 110. The cache
management module 106 may be configured to keep track of write commands from host
computer 102 using metadata and state logic associated with the different states of the
operation associated with the write commands. For example, as explained below in further
detail, the cache management module 106 is configured to mark metadata associated with
the data to be written to storage device 116 in accordance with three states: Dirty state,
Dirty-Flushed State, Clean state. The Dirty state represents a condition or state where
storage controller 104 has written the data, received from a write command from host
computer 102, to non-volatile memory module 108. The Dirty-Flushed state represents a
condition where storage controller 104 has caused storage system 110 to copy or write
the data from non-volatile memory module 108 to volatile memory module 114. The Clean
state represents a condition where storage controller 104 has caused storage system 110
to write the data from volatile memory module 114 to storage device 116.

[00019] In one example, in operation, cache management module 106 may receive
write commands to write data to LBAs at storage device 116 of storage system 110. The
cache management module 106 may store the data to non-volatile memory module 108
and mark metadata associated with the data as Dirty state. The cache management
module 106 may send a write command to storage management module 112 to cause the
data to be written to volatile memory module 114 and mark the metadata associated with
the data as Dirty-Flushed state. The cache management module 106 may send, to storage
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management module 112, a cache sync command to cause the storage management
module to copy the data from volatile memory module 114 to the LBA at storage device
116 at storage system 110. In one example, the cache sync commands may be sent to
the storage system at various times or conditions such as when the cache is full, when a
stale timer has expired, when the device optimal write boundary is reached and the like.
The cache management module 106 upon receipt, from storage system 110, a message
indicating completion of the cache sync command, may mark the metadata associated
with the data as Clean state to allow reuse of the memory space used by the data at non-
volatile memory module 108. The cache management module 106, upon power
interruption and subsequent power restoration, send to storage system 110 a write
command to cause storage management module 112 to write data from non-volatile
memory module 108 having metadata marked as Dirty state or Dirty-Flushed state to
volatile memory module 114 at the storage system.

[00020] In other words, in the event of power loss condition, the data at volatile-
memory module 114 may not have been successfully written to storage device 116. The
storage controller 104 stills maintains the data in non-volatile memory module 108 that has
metadata of the data in the Dirty or Dirty-Flushed state. To help ensure that the data at
volatile-memory module 114 is successfully written to storage device 116, storage
controller 104 sends write commands to storage system 110 to resend the data from non-
volatile memory module 108 to volatile memory module 114 so that the data may be written
to the storage device because of the power loss condition of the system.

[00021] The cache management module 106 may be configured to manage the
timing of the generation and transmission of cache sync commands or operations directed
to storage system 110. For example, cache management module 106 may be configured
to send cache sync commands to storage system 110 based on a pattern of previous
cache sync commands. In one example, the pattern of previous cache sync commands
may be based on a measurement or metrics of storage device 116 performance. In another
example, cache management module 106 may be configured to send cache sync
commands to storage system 110 based on hit rate of the non-volatile memory module
108. For example, the hit rate of the non-volatile memory 108 may be based on amount
of data stuck in memory such as a relatively large amount of data stuck in the Dirty-Flushed
metadata state which may suggest the storage controller may not enough memory space
for future operations. In another example, cache management module 106 may be
configured to send cache sync commands to storage system 110 based on a pattern of
write commands sent to storage system 110. For example, cache management module
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106 may encounter relatively high sequential patterns which may result in higher
throughput and write coalescing thereby generate cache sync commands at a higher rate
to lower the amount of data which may have metadata marked as the Dirty-Flushed state.
[00022] The storage system 110 includes storage management module 112, a
volatile memory module 114, and storage device 116. The storage system 110 may be
any electronic device configured to perform data processing. The storage system 110
and the components of the storage system may be implemented in hardware, software, or
a combination thereof.

[00023] In one example, storage management module 112 may be configured to
manage communication with storage controller 104. For example, storage management
module 112 may be configured to receive write commands from storage controller 104 to
write data to volatile memory module 114 of storage system 110. In this case, storage
management module 112 may mark metadata associated with the data as the Dirty state.
In another example, storage management module 112 may be configured to receive cache
sync commands from storage controller 104 to write data from volatile memory module
114 to storage device 116. Upon successful completion of cache sync command, storage
management module 112 may respond to storage controller 104 with a message indicating
completion of the cache sync command. In this case, storage management module 112
may mark metadata associated with the data as the Clean state. In this manner, storage
controller may now be able to reuse the memory space used by the data at non-volatile
memory module 108.

[00024] The storage controller 104 is configured with non-volatile memory module
108 which comprise any electronic means for storing data for later retrieval by storage
controller 104 even after power loss condition. The non-volatile memory module 108 may
be defined as memory that may be configured to store data or information and be later
retrieved even after experiencing a power loss condition. That is, non-volatile memory
module 108 may retain data even without power. Some examples of non-volatile memory
module 108 may include Flash memory, magnetic type computer devices, such as hard
disk drives and the like. The storage controller 104 may configure non-volatile memory
module 108 to provide cache memory space at the storage controller separate from
volatile memory module 114 to provide cache memory space at the storage system. The
cache memory space may be defined as memory space to store data that is frequently
accessed by storage controller 104. In one example, the cache memory space way
include configuration of cache memory as write cache memory such that data frequently
written to storage is stored to the write cache memory. In another example, the cache
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memory space way include configuration of the cache memory as read cache memory
such that data frequently read from storage is stored to the read cache memory. The
storage controller 104 may configure cache memory space as write cache, read cache or
a combination thereof.

[00025] The storage system 110 may be configured with volatile memory module
114 which may comprise any electronic means for storing data for later retrieval by storage
system 110 but is not able to maintain the data after a power loss condition which may
cover volatile and non-volatile conditions or situations. The volatile memory module 114
may be defined as memory that may store data or information but requiring power to
maintain the stored information. That is, the stored information is lost if module 114
experiences a power loss condition. Examples of volatile memory module 114 may include
general Random Access Memory (RAM) and the like. The storage system 110 may
configure volatile memory module 114 to provide cache memory space at the storage
system separate from non-volatile memory module 108 to provide cache memory space
at the storage controller 104. The storage system 110 may configure cache memory space
as write cache, read cache or a combination thereof.

[00026] In this manner, in some examples, the techniques of the present application
may provide storage cache management techniques to help improve the performance of
storage systems.

[00027] The system 100 of Fig. 1 shows an example storage controller 104 and
should be understood that other configurations may be employed to practice the
techniques of the present application. For example, system 100 may be configured to
communicate with a plurality of storage controllers 104 and with a plurality of host
computers 102 and with a plurality of storage systems 110. The components of system
100 may be implemented in hardware, software or a combination thereof. For example,
the functionality of the components of system 100 may be implemented using Personal
Computers (PCs), server computers, tablet computers, mobile computers and the like. The
storage controller 104, host computer 102 and storage system 110 may communicate
using any communications means such as Fibre Channel, Ethernet and the like.

[00028] Fig. 2 depicts an example flow chart 200 of a process for storage cache
management in accordance with an example of the techniques of the present application.
To illustrate operation, it may be assumed that storage controller 104 is configured to
communicate with host computer 102 and storage system 110 as described herein. It may
be assumed that storage controller storage controller 104 includes cache management
module 106 to implement the functionality described herein.
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[00029] It should be understood the process depicted in Fig. 2 represents
generalized illustrations, and that other processes may be added or existing processes
may be removed, modified, or rearranged without departing from the scope and spirit of
the present application. In addition, it should be understood that the processes may
represent instructions stored on a processor-readable storage medium that, when
executed, may cause a processor to respond, to perform actions, to change states, and/or
to make decisions. Alternatively, the processes may represent functions and/or actions
performed by functionally equivalent circuits like analog circuits, digital signal processing
circuits, application specific integrated circuits (ASICs), or other hardware components
associated with the system. Furthermore, the flow charts are not intended to limit the
implementation of the present application, but rather the flow charts illustrate functional
information to design/fabricate circuits, generate software, or use a combination of
hardware and software to perform the illustrated processes.

[00030] The process 200 may begin at block 202, where storage controller receives
104 a write command to write data to an LBA at storage device 116 of storage system
110. In one example, cache management module 106 receives a write command from
host computer 102. Processing proceeds to block 204.

[00031] At block 204, storage controller 104 stores the data to non-volatile memory
module 108 and marks metadata associated with the data as Dirty state. In one example,
storage controller 104 may send a write completion message to the host computer 102
after the metadata of the data is marked as Dirty state. Processing proceeds to block 206.
[00032] At block 206, storage controller 104 sends a write command to storage
management module 112 to cause the data to be written to volatile memory module 114
and marks the metadata associated with the data as Dirty-Flushed state. Processing
proceeds to block 208.

[00033] At block 208, storage controller 104 sends, to storage management module
112, a cache sync command to cause the storage management module to copy the data
from volatile memory module 114 to the LBA at storage device 116 at storage system 110.
Processing proceeds to block 210.

[00034] At block 210, storage controller 104, upon receipt, from storage system
110, a message indicating completion of the cache sync command, marks the metadata
associated with the data as Clean state to allow reuse of the memory space used by the
data at non-volatile memory module 108. Processing proceeds to block 212.

[00035] At block 212, storage controller 104, upon power interruption and
subsequent power restoration, sends to storage system 110 a write command to cause
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storage management module 112 to write data from non-volatile memory module 108
having metadata marked as Dirty state or Dirty-Flushed state to volatile memory module
114 at the storage system. In other words, in the event of power loss condition, the data
at volatile-memory module 114 may not have been successfully written to storage device
116. The storage controller 104 stills maintains the data in non-volatile memory module
108 as in the Dirty or Dirty-Flushed state. To help ensure that the data at volatile-memory
module 114 is successfully written to storage device 116, storage controller 104 sends
write commands to storage system 100 to resend the data from non-volatile memory
module 108 to volatile memory module 114 so that the data may be written to storage
device 1116 because of the power loss condition of the system. Processing proceeds to
End block. In another example, processing may proceed to back block 202 to process
further write commands from host computer 102.

[00036] In this manner, in some examples, the techniques of the present application
may provide storage cache management techniques to help improve the performance of
storage systems.

[00037] The process 200 of Fig. 2 shows an example process and it should be
understood that other configurations can be employed to practice the techniques of the
present application. For example, process 200 may be configured to communicate with a
plurality of storage devices.

[00038] Fig. 3 depicts an example flow diagram 300 of processes for storage cache
management in accordance with an example of the techniques of the present application.
To illustrate operation, it may be assumed that storage controller 104 is configured to
communicate with host computer 102 and storage system 110 as described herein. It may
be assumed that storage controller 104 includes cache management module 106 to
implement the functionality described herein.

[00039] The process 300 may begin at block 301, where storage controller 104
receives, from host computer 102, a write command to write data to an LBA at storage
device 116 of storage system 110. Processing proceeds to block 302.

[00040] At block 302, storage controller 104 writes or stores the data to non-volatile
memory module 108 and marks metadata associated with the data as Dirty state.
Processing proceeds to block 303.

[00041] At block 303, storage controller 104 sends to host computer 102 a response
or message indicating completion of the write command. Processing proceeds to block
304.
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[00042] At block 304, storage controller 104 flushes the write command or request
so to cause the data stored at non-volatile memory module 108 to be copied or written to
volatile memory module 114. In one example, cache management module 106 sends, to
storage system 110, a write command to cause the storage system to write the data from
non-volatile memory module 108 to volatile memory module 114 and mark the metadata
associated with the data as Dirty-Flushed state. Processing proceeds to block 305.
[00043] At block 305, storage system 110 writes the data to volatile memory module
114 and marks metadata associated from Clean state to Dirty state. In one example, after
the data is written to volatile memory module 114 at storage system 110, storage system
marks the metadata at the storage system associated with the data to the Dirty state.
Processing proceeds to block 306.

[00044] At block 306, storage controller 104 sends a cache sync command to
storage system 110. In one example, storage management module 112 sends a cache
sync command to cause storage management module 112 to copy the data from volatile
memory module 114 to the LBA at storage device 116 at storage system 110. In another
example, storage controller 104 or cache management module 106 may send the cache
sync command to storage system 110 based on at least one of a pattern of previous cache
sync commands, hit rate of non-volatile memory module 108, and pattern of write
commands sent to storage system 110. Processing proceeds to block 307.

[00045] At block 307, storage system 110 writes the data from volatile memory
module 114 to the LBA at storage device 116. Processing proceeds to block 308.
[00046] At block 308, storage system 110 marks metadata associated with the data
written to the LBA from the Dirty state to Clean state. In one example, after storage system
110 writes the data from the volatile memory module 114 to storage device 116, the
storage system marks the metadata at storage system 110 associated with the data to the
Clean state. Processing proceeds to block 309.

[00047] At block 309, storage system 110 sends a message or response to storage
controller 104 indicating completion of the cache sync command that was previously sent
by storage controller 104 at block 306. Processing proceeds to block 310.

[00048] At block 310, storage controller 104 marks metadata associated with data
from Dirty-Flushed state to Clean state. In this manner, marking the metadata associated
with the data as Clean state may allow reuse of the memory space used by the data at
non-volatile memory module 108. In one example, processing may proceed back to block
301 to continue processing other write commands from host computer 102.
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[00049] The storage controller 104 may be configured to perform cache storage
functions related to power loss or interruption and then power restoration. In one example,
upon power interruption and subsequent power restoration conditions, storage controller
104 may send to storage system 110 write commands to cause storage management
module 112 to write data from non-volatile memory module 108 having metadata marked
as Dirty state or Dirty-Flushed state to volatile memory module 114 at the storage system.
In another example, upon power loss or interruption, storage controller 104 may backup
the data and restore the data from non-volatile memory module upon power restoration.
In another example, in the event of power loss or interruption during process above
between blocks 302 and 310, storage controller 104 may cause data at non-volatile
memory module 108 having metadata marked as Dirty-Flushed state to be flushed or
written to storage system 110. In this case, storage controller 104 may perform the
process of blocks 304 through 310 to help ensure data integrity of the data at storage
system 110.

[00050] In another example, these techniques may help ensure data integrity of the
data at storage system 110. For example, in the event of power loss condition, the data at
volatile-memory module 114 may not have been successfully written to storage device
116. The storage controller 104 stills maintains the data in non-volatile memory module
108 which has metadata marked as in the Dirty or Dirty-Flushed state. To help ensure that
the data at volatile-memory module 114 is successfully written to storage device 116,
storage controller 104 resends write commands to storage system 110 cause the data
from non-volatile memory module 108 to be written to volatile memory module 114 so that
the data may be written to the storage device because of the power loss condition of the
system.

[00051] The storage controller 104 may be configured to handle overlapping or
multiple write commands from host computer 102. In one example, host computer 102
may send to storage controller 104 a second write command with data that overlaps with
data in non-volatile memory module 108 that has metadata associated with the data
marked as in Dirty-Flushed state. In this case, storage controller 104 marks the metadata
associated with the data marked as Dirty state and performs the process above of blocks
306 through 308.

[00052] In this manner, in some examples, the techniques of the present application
may provide storage cache management techniques to help improve the performance of
storage systems.
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[00053] The process 300 of Fig. 3 shows an example process and it should be
understood that other configurations can be employed to practice the techniques of the
present application. For example, process 300 may be configured to communicate with a
plurality of storage devices.

[00054] Fig. 4 is an example block diagram showing a non-transitory, computer-
readable medium that stores code for operation in accordance with an example of the
techniques of the present application. The non-transitory, computer-readable medium is
generally referred to by the reference number 400 and may be included in the system in
relation to Fig. 1. The non-transitory, computer-readable medium 400 may correspond to
any typical storage device that stores computer-implemented instructions, such as
programming code or the like. For example, the non-transitory, computer-readable
medium 400 may include one or more of a non-volatile memory, a volatile memory, and/or
one or more storage devices. Examples of non-volatile memory include, but are not limited
to, electrically erasable programmable read only memory (EEPROM) and read only
memory (ROM). Examples of volatile memory include, but are not limited to, static random
access memory (SRAM), and dynamic random access memory (DRAM). Examples of
storage devices include, but are not limited to, hard disk drives, compact disc drives, digital
versatile disc drives, optical drives, and flash memory devices.

[00055] A processor 402 generally retrieves and executes the instructions stored in
the non-transitory, computer-readable medium 400 to operate the present techniques in
accordance with an example. In an example, the tangible, machine-readable medium 400
can be accessed by the processor 402 over a bus 404. A first region 406 of the non-
transitory, computer-readable medium 400 may include cache management module 106
functionality as described herein. The cache management module 106 functionality may
be implemented in hardware, software or a combination thereof.

[00056] For example, block 408 provides store data instructions which may include
instructions to store data to non-volatile memory module 108 and mark metadata
associated with the data as Dirty state, as described herein.

[00057] For example, block 410 provides send write command instructions which
may include instructions to send a write command to write the data to volatile memory
module 114 at storage system 110 and mark the metadata associated with the data as
Dirty-Flushed state, as described herein.

[00058] For example, block 412 provides send cache sync command instructions

which may include instructions to send a cache sync command to copy the data from
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volatile memory module 114 to an LBA at storage device 116 at storage system 110, as
described herein.

[00059] For example block 414 provides instructions to mark metadata of the data
instructions which may include instructions to mark the metadata associated with the data
as Clean state to allow reuse of the memory space used by the data at non-volatile
memory module 108, as described herein.

[00060] For example block 416 provides instructions to send write command
instructions which may include instructions to, upon power interruption and subsequent
power restoration, storage controller 104 sends a write command to write data having
metadata marked as Dirty state or Dirty-Flushed state, as described herein.

[00061] Although shown as contiguous blocks, the software components can be
stored in any order or configuration. For example, if the non-transitory, computer-readable
medium 400 is a hard drive, the software components can be stored in non-contiguous, or
even overlapping, sectors

[00062] The foregoing describes a novel and previously unforeseen approach for
storage cache management. While the above application has been shown and described
with reference to the foregoing examples, it should be understood that other forms, details,
and implementations may be made without departing from the spirit and scope of this

application.
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[00063]
WHAT IS CLAIMED IS:

1. A storage controller comprising:

a non-volatile memory module to provide memory space to store data; and
a cache management module to:

receive, from a host computer, a write command to write data to a logical
block address (LBA) at a storage device of a storage system,

store the data to the non-volatile memory module and mark metadata
associated with the data as Dirty state,

send, to the storage system, a write command to write the data to volatile
memory module at the storage system and mark the metadata associated with
the data as Dirty-Flushed state,

send, to the storage system, a cache sync command to copy the data
from the volatile memory module to the LBA at the storage device at the storage
system,

receive a message indicating completion of the cache sync command and
mark the metadata associated with the data as Clean state to allow reuse of the
memory space used by the data at the non-volatile memory module; and

upon power interruption and subsequent power restoration, send to the
storage system a write command to write data having metadata marked as Dirty
state or Dirty-Flushed state.

2. The storage controller of claim 1, wherein the cache management module to send a
write completion message to the host after the metadata of the data is marked as Dirty
state.

3. The storage controller of claim 1, wherein after the data is written to volatile memory
module at the storage system, metadata at the storage system associated with the data
is marked as Dirty state, and after the data is written from the volatile memory module to
the storage device, the metadata at the storage system associated with the data is
marked as Clean state.

4. The storage controller of claim 1, wherein the cache management module to send the
cache sync command to the storage system based on at least one of a pattern of
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previous cache sync commands, hit rate of the non-volatile memory, and pattern of write

commands sent to the storage system.

5. The storage controller of claim 1, wherein the non-volatile memory module to provide
cache memory space at the storage controller separate from the volatile memory module

to provide cache memory space at the storage system.

6. A method of storage cache management comprising:

receiving, at a cache management module of a storage controller, a write
command to write data to a logical block address (LBA) at a storage device of a storage
system;

storing the data to non-volatile memory module, at the storage controller, and
marking metadata associated with the data as Dirty state;

sending, by the cache management module, a write command, to a storage
management module at the storage system, to cause the data to be written to the volatile
memory module at the storage system and marking the metadata associated with the
data as Dirty-Flushed state;

sending, to the storage management module, a cache sync command to cause
the storage management module to copy the data from the volatile memory module to
the LBA at the storage device at the storage system;

upon receipt, from the storage system, a message indicating completion of the
cache sync command, marking the metadata associated with the data as Clean state to
allow reuse of the memory space used by the data at the non-volatile memory module;
and

upon power interruption and subsequent power restoration, sending to the
storage system a write command to cause the storage management module to write
data from the non-volatile memory module having metadata marked as Dirty state or

Dirty-Flushed state to the volatile memory module at the storage system.

7. The method of claim 6, further comprising sending a write completion message to the
host after the metadata of the data is marked as Dirty state.

8. The method of claim 6, wherein after the data is written to volatile memory module at
the storage system, metadata at the storage system associated with the data is marked
as Dirty state, and after the data is written from the volatile memory module to the
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storage device, the metadata at the storage system associated with the data is marked
as Clean state.

9. The method of claim 6, wherein sending the cache sync command to the storage
system is based on at least one of a pattern of previous cache sync commands, hit rate

of the non-volatile memory, and pattern of write commands sent to the storage system.

10. The method of claim 6, further comprising providing the non-volatile memory module
as cache memory space at the storage controller separate from providing the volatile
memory module as cache memory space at the storage system.

11. A non-transitory computer-readable medium having computer executable
instructions stored thereon for storage cache management, the instructions are
executable by a processor to:

store data to non-volatile memory module and mark metadata associated with the
data as Dirty state;

send a write command to write the data to volatile memory module at the storage
system and mark the metadata associated with the data as Dirty-Flushed state;

send a cache sync command to copy the data from the volatile memory module
to a logical block address (LBA) at the storage device at the storage system;

receive a message indicating completion of the cache sync command and mark
the metadata associated with the data as Clean state to allow reuse of the memory
space used by the data at the non-volatile memory module; and

upon power interruption and subsequent power restoration, send a write

command to write data having metadata marked as Dirty state or Dirty-Flushed state.

12. The non-transitory computer-readable medium of claim 11, further comprising
instructions that if executed cause a processor to send a write completion message to
the host after the metadata of the data is marked as Dirty state.

13. The non-transitory computer-readable medium of claim 11, further comprising
instructions that if executed cause a processor to: wherein after the data is written to
volatile memory module at the storage system, metadata at the storage system
associated with the data is marked as Dirty state, and after the data is written from the
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volatile memory module to the storage device, the metadata at the storage system

associated with the data is marked as Clean state.

14. The non-transitory computer-readable medium of claim 11 further comprising
instructions that if executed cause a processor to: send the cache sync command to the
storage system is based on at least one of a pattern of previous cache sync commands,
hit rate of the non-volatile memory, and pattern of write commands sent to the storage

system.

15. The non-transitory computer-readable medium of claim 11 further comprising
instructions that if executed cause a processor to: provide the non-volatile memory
module as cache memory space at the storage controller separate from to provide the

volatile memory module as cache memory space at the storage system.
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