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BRIEF DESCRIPTION OF THE DRAWINGS

first host memory, reading the log files for all of the
snapshots into the first host memory, searching the bitmaps
to identifY snapshots that require original data to be
destaged, destaging the original data to an available location

5 in the target VLUN, updating each log file associated with
the identified bitmaps by adding pointers to the original data
located in the target VLUN, and updating each associated
bitmap to indicate completion of the destage operation to the
target VLUN.

Another feature relates to a method of snapshot operation
in a data storage system in a first host that communicates
with a cache memory, a source VLUN, a target VLUN, first
metadata, and second metadata, including receiving requests
from an application to modify data in the cache memory,

15 writing the modified data to the cache memory, destaging the
original data to the target VLUN to preserve the original data
of a first snapshot and a second snapshot, and updating the
first and second metadata to locate the original data in the
target VLUN.

Another feature relates to a method of snapshot operation
in a data storage system in a first host that communicates
with a cache memory, a source VLUN, a target VLUN, first
metadata, and second metadata, including receiving requests
from an application to modify data in the cache memory,

25 writing the modified data to the cache memory, destaging the
original data to the target VLUN to preserve the original data
of a first snapshot and a second snapshot, and updating the
first and second metadata to indicate the presence of and to
locate the original data in the target VLUN.

Another feature relates to an error recovery process in a
data storage system wherein a first host verifies that original
dirty data has or has not been destaged to the target VLUN,
including (a) reading a bitmap, wherein if the bitmap con
tains a 0 in a bit position representing the original dirty data

35 in cache memory, destaging the data to the target VLUN, and
wherein if the bitmap contains a I in a bit position repre
senting the presence of associated original data in the target
VLUN, not destaging the data, (b) removing the dirty data
designation for the destaged data; and (c) repeating the steps

40 (a) and (b) until all of the original dirty data is destaged.

BACKGROUND

1
SYSTEMS AND METHODS OF DATA

MIGRATION IN SNAPSHOT OPERATIONS

The present invention relates to data migration in snap
shot operations in a data storage system.

This application incorporates herein by reference u.s.
application Ser. No. 10/354,797 entitled, Methods and Sys
tems of Host Caching, filed on Jan. 29, 2003, now U.S. Pat. 10

No. 6,965,979 B2 and u.s. application Ser. No. 10/440,347
entitled, Methods and Systems of Cache Memory Manage
ment and Snapshot Operations, filed on May 16, 2003.

A data storage system may employ snapshots (i.e., an
image ofdata at an instant oftime) for a variety ofoperations
including backup, data mining, or testing of software pro
grams. A snapshot operation results in two data images: (I)
the source data also referred to as active data that can be read
and written by applications as soon as the snapshot is
created, and (2) the snapshot data that can be backed up or 20

mined or otherwise used. The need for high data availability
often requires frequent snapshots that consume resources
such as cache memory, internal memory bandwidth, storage
device capacity and the storage device bandwidth.

Data storage systems use several techniques to migrate
the snapshot data from the source VLUN to the target VLUN
so that the source data can be further modified without loss
of the snapshot data. Some of these techniques include (I)
a complete copy snapshot, and (2) a partial copy snapshot
with separate VLUNs. In a complete copy snapshot opera- 30

tion, the data storage system allocates a new target VLUN
for each snapshot that equals the amount of storage provided
by the source VLUN at the time of the snapshot. Ifmetadata
is also stored with the snapshot data, the space of the target
VLUN will be greater than that of the source VLUN. Each
target VLUN will store a complete copy of the snapshot data
upon migration of the original data from the source VLUN.
This technique is simple, but consumes considerable storage
capacity especially if there are frequent snapshots. A partial
copy snapshot operation still uses multiple target VLUNs to
store the snapshot data, but may allocate less storage space
since the original data is only migrated when it is modified.

45

SUMMARY OF THE INVENTION

The present invention relates to snapshot operations for
data storage systems. In one snapshot operation, the method
generates first metadata to locate first snapshot data and to
indicate when the first snapshot data is in the target VLUN
and generates second metadata to locate second snapshot
data and to indicate when the second snapshot data is in the
target VLUN wherein the first and second metadata locate
the same data in the target VLUN.

Another feature relates to a snapshot system for a data
storage system including a first host that communicates with
a cache memory, a source VLUN, a target VLUN, and
metadata, including a source VLUN for source data, a target
VLUN to store migrated snapshot data, first metadata to
indicate when and to locate where the first snapshot data is
in the target VLUN, and second metadata to indicate when
and to locate where second snapshot data is in the target
VLUN wherein the first metadata and the second metadata
locate the same snapshot data in the target VLUN.

Another feature relates to a method of destaging of data
to maintain data consistency of original data between a
cache memory and a target VLUN of a data storage system,
including reading the bitmaps for all of the snapshots into a

FIG. 1 illustrates an embodiment ofa data storage system.
FIG. 2 illustrates multiple applications and a cache

memory and the state of data in a source VLUN and a target
VLUN at the creation of a first snapshot in a snapshot
operation.

50 FIG. 3 illustrates multiple applications, the cache
memory, the destaging of data to the source VLUN and to
the target VLUN, and a first bitmap and a first log file of the
first snapshot in the snapshot operation.

FIG. 4 illustrates a flow diagram of a target destage
55 operation.

FIG. 5 illustrates multiple applications and the cache
memory and the staging of data to the cache memory from
the source VLUN.

FIG. 6 illustrates multiple applications, the cache
60 memory, the state of data in the source VLUN, the target

VLUN, and the first snapshot at the creation of a second
snapshot in the snapshot operation.

FIG. 7 illustrates multiple applications, the cache
memory, the destaging of data to the source VLUN and to

65 the target VLUN, the status of the first bitmap and a second
bitmap, and the status of the first log file and a second log
file in the snapshot operation.
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FIG. 8 illustrates multiple applications, the cache
memory, and the state of data in the source VLUN, the target
VLUN, the first snapshot and the second snapshot at the
creation of an Nth snapshot in the snapshot operation.

FIG. 9 illustrates a flow diagram of an error recovery
process where the system verifies that original dirty data has
or has not been destaged to the target VLUN.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following description includes the best mode of
carrying out the invention. The detailed description is made
for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the invention is determined by reference to the
claims. Each part is assigned its own part number throughout
the specification and drawings.

FIG. 1 illustrates a data storage system 10, including a
plurality ofhosts coupled to data storage subsystem(s). Each
host is a computer that can connect to client(s), to data
storage subsystem(s), and each other. Each host provides
software/hardware interfaces such as network interface
cards and software drivers to implement Ethernet, Fibre
Channel, ATM, and SCSI, and InfiniBand. Hennessy and
Patterson, Computer Architecture: A Quantitative Approach
(2003), and Patterson and Hennessy, Computer organization
and Design: The Hardware/Software Interface (1998)
describe computer hardware and software, storage systems,
caching, and networks and are incorporated by reference.

In an embodiment, the first host includes a motherboard
with a CPU-memory bus 14 that communicates with dual
processors 12 and 41. The processor used is not essential to
the invention and could be any suitable processor such as the
Intel Pentium 4 processor. Also, one could implement the
invention using a single processor in each host or more than
two processors to meet more stringent performance require
ments. The arrangement of the processors is not essential to
the invention.

The first host includes a cache manager 13, a cache
directory 15, and cache lines 16. The cache memory 20 is
nonvolatile memory or volatile memory or a combination of
both. Nonvolatile memory protects data in the event of a
power interruption or a host failure. Data is defined as
including user data, instructions, and metadata. Nonvolatile
memory may be implemented with a battery that supplies
power to a DRAM to make it nonvolatile memory when a
conventional external power interrupt circuit detects a power
interruption or with inherently nonvolatile semiconductor
memory.

Each host includes a bus adapter 22 between the CPU
memory bus 14 and an interface bus 24. Each host runs an
operating system such as Linux, UNIX, a Windows OS, or
another suitable operating system. Tanenbaum, Modern
Operating Systems (2001) describes operating systems in
detail and is hereby incorporated by reference. The first host
is representative of the other hosts, but this feature is not
essential to the invention.

The first host can communicate with the second host
through an interconnect 40, shown as connected to an
adapter 25 to the interface bus 24. The PCI bus is one
suitable interface bus and the interconnect 40 may be any
suitable known bus, SAN, LAN, or WAN technology. In an
embodiment, the interconnect 40 is a dedicated Fibre Chan
nel (FC) point-to-point link that connects to FC-PCI bus
adapter 25 to provide fast point-to-point communication
between the hosts.

4
In an alternative embodiment, the interconnect network

30 such as a FC fabric provides extra bandwidth for host
to-host communications. In this embodiment, links 28, 38
connect to the interconnect network 30 and the hosts use link
28 and link 38 when available. FC standard software can set
priority levels to ensure high priority peer-to-peer requests,
but there will still be some arbitration overhead and latency
in claiming ownership of the links. For example, if links 28
and 38 are busy transferring data when a write request

10 arrives, that operation must complete before either link is
free for arbitration.

If the interconnect 40 ever fails, communication between
hosts can be handled using the interconnect network 30. The
interconnect network 30 can be implemented by intercon-

15 nects used in data storage systems such as Fibre Channel,
SCSI, InfiniBand, or Ethernet, and the type of interconnect
is not essential to the invention. In either embodiment,
redundant communication between hosts ensures the data
storage system has high availability. See Clark, IP SANs: A

20 Guide to iSCSI, iFCp, and FCIP Protocols for Storage Area
Networks (2002) and Clark, Designing Storage Area Net
works (1999) are incorporated herein by reference.

In an embodiment, the data storage subsystems shown in
FIG. 1 can be those described in the co-pending U.S. patent

25 application Ser. No. 10/264,603, entitled, Systems and Meth
ods of Multiple Access Paths to Single Ported Storage
Devices, filed on Oct. 3, 2002, and incorporated herein by
reference. It is understood, however, that other storage
device(s) or data storage subsystems could be used instead

30 of the data storage subsystems described in that U.S. patent
application.

As shown in FIG. 1, the first host connects, or couples, to
the first data storage subsystem through the bus adapter 22,
the interface bus 24, the adapter 26, the link 28, the

35 interconnect network 30, and the link 32. To connect to the
second data storage subsystem, the first host uses the same
I/O path except the data passes through link 34, while the
second host uses the same type of I/O components plus link
32 to communicate with the first data storage subsystem, or

40 link 34 to communicate with the second data storage sub
system, or link 36 to the data storage subsystem N.

Each storage device in a data storage subsystem is
assigned a logical unit number (LUN) that is an identifier for
the storage device. A virtual logical unit number (VLUN) is

45 an abstraction ofthe storage device(s) or the virtualization of
the data storage subsystems such as a linear array of 512
byte data blocks as it appears to the data storage system
users. In various embodiments, the implementation of a
VLUN may be striped (i.e., spread) over multiple RAID

50 groups for added performance, spread over sections of a
RAID group for flexibility, or copied on multiple RAID
groups for reliability.

FIG. 2 illustrates a data storage system engaged in a
snapshot operation. The data storage system includes a

55 source VLUN for active data (e.g., data block, file, or record)
in production and the target VLUN for snapshot data. Letters
A through H represent the data and the numerical subscript
associated with each letter represents the number of writes
performed on that data element. A first application through

60 the Nth application can write to the data, and read the data
in processes or threads in applications. The data storage
system also includes a first host having a cache memory 20
including a cache directory and cache lines.

To illustrate the snapshot operation taking the first snap
65 shot, assume at a point in time the source VLUN contains

original data represented by data elements Ao, Bo, Co, Do,
Eo, Fo, Go, and Ho' Let's also assume multiple applications
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embodiment, the destaging of data to the source VLUN may
precede the destaging of the data to the target VLUN.

FIG. 4 illustrates a flow diagram of a target destage
operation. In an embodiment, a first host begins a target

5 destage operation at step 44 to maintain data consistency of
original data between cache memory 20 and the target
VLUN. At step 44, the bitmaps for all of the snapshots are
read into the first host memory. At step 46, the log files for
all of the snapshots are read into the first host memory. At

10 step 48, the bitmaps are searched to identify snapshots that
require original data elements to be destaged as identified by
a 0 in the associated bit position. At step 50, the original data
will be destaged to an available location in the target VLUN.
At step 52, each log file associated with the identified

15 bitmaps, will be updated by adding pointer addresses to the
original data now located in the target VLUN. At step 54, the
first host updates each associated bitmap by changing the
associated bit position to 1 which indicates completion of
the destage operation to the target VLUN. In subsequent

20 searches of the bitmaps the Is indicate the presence of
original data elements in the target VLUN. At step 56, a next
available target address is detennined for the next destage
operation. At step 58, the first host checks the cache memory
20 to see if other original dirty data elements need to be

25 destaged to the target VLUN. If so, the first host returns to
step 48 to identifY additional snapshots requiring original
data to be destaged. If not, the first host writes the updated
bitmaps and log files to the target VLUN. At step 60, the log
file is written to the target VLUN. At step 62, the bitmap(s)

30 are written to the target VLUN. At step 64, the first host
removes the dirty data designation at the cache manager for
the destaged data still in cache. At step 66, the target destage
operation completes, and at step 68, the data storage system
returns to normal operation.

FIG. 5 illustrates the data storage system, the source
VLUN, the target VLUN, the first snapshot, and a request for
data from second application where the data does not reside
in cache memory 20 and must be staged from the source
VLUN. At step 1, the application requests data element Bo'

40 At step 2, the data storage system detennines that the data
element Bo is not in cache memory 20, that is, a cache miss.
Thus, at step 3, the system allocates a new cache line in the
cache memory 20. At step 4, the data storage system stages
the data element Bo from the source VLUN to the allocated

45 cache line without changing the first snapshot data in the
target VLUN, or the first bitmap and first log file, referred to
individually or together as the first snapshot metadata.

FIG. 6 illustrates the data storage system, the source
VLUN, the target VLUN, the first snapshot and the creation

50 of a second snapshot. When we reach a later point in time,
the source VLUN contains the data elements represented by
AI' Bo, CI' Do, Eo, F3 , Go, and Ho' This will be referred to
as the original data of that later time and the second snapshot
will preserve this data image. To make it realistic, let's also

55 assume that the multiple applications have requested some
of the source data so that it is resident in cache lines of the
cache memory 20, that is, data elements Bo, Ho, A!, and F3 .

At step 1, the data storage system creates a second log file
for the second snapshot. The second log file will contain

60 address pointers that locate the original data elements AI'
Bo, CI, Do, Eo, F3 , Go and Ho of the second snapshot in the
target VLUN after that data has been migrated from the
source VLUN. At step 2, the data storage system creates a
second bitmap for the second snapshot. It should be under-

65 stood that the stated order of creating the log file and bitmap
is not essential to the invention. Again, the string of Os in the
second bitmap indicates that there are no data elements in

have requested some of that data so that data elements Ao,
Co, Ho, and F°are in the cache memory at the time ofthe first
snapshot.

The first snapshot will preserve an image of the original
data present in the source VLUN at that time in the following
manner. For brevity, the steps will be described as executed
by the data storage system. It should be understood that the
steps are those of one or more processes and/or threads and
carried out by a host and/or data storage subsystem. See
Tanenbaum cited and incorporated herein especially chap
ters 1-6. Initially, at step 1, the data storage system allocates
space for the target VLUN and associated metadata. As
depicted, the space of target VLUN will usually be less than
the source VLUN. At step 2, the snapshot operation will
generate a first log file for the first snapshot. The first log file
will contain pointers to locate the original data elements Ao,
Bo, Co, Do, Eo, Fo, Go and Ho in the target VLUN after the
original data has migrated from the source VLUN to the
target VLUN. At step 3, the snapshot operation will generate
a first bitmap for the target VLUN that will show 1 if the
original data element is in the target VLUN. Thus, if original
data elements Ao, Bo, Co, Do, Eo, Fo, Go, and Ho are in the
target VLUN, the first bitmap will show 1 for each data
element. In an alternative embodiment, the snapshot opera
tion will generate the first bitmap before the first log file. At
the creation of the first snapshot, none of the original data is
in the target VLUN so each bit position in the first bitmap
contains a O. As shown, the string of Os, represent the
absence of the data elements Ao, Bo, Co, Do, Eo, Fo, Go, and
Ho, respectively in the target VLUN. In an alternative
embodiment, Is can represent the absence of data elements
in the target VLUN, and the Os the presence of the data
elements. Bitmap and log files and other fonns of snapshot
metadata can be stored in the target VLUN or the host 35

memory or simply stored on the storage devices associated
with the source VLUN.

FIG. 3 illustrates the snapshot operation, the target
VLUN, and how the data storage system handles writes on
data in the source VLUN after the first snapshot but before
the second snapshot. At step 1 and prior to creating the
second snapshot, the applications include modifications to
some of the data also held in cache memory 20. Thus, the
data storage system receives requests to modify the data in
cache memory 20, e.g., dataAotoAI, Co to CI, andFo to FI
to F2 to F3' It should be understood that Ho in cache memory
20 remains unchanged because the Nth application did not
change it. At step 2, the data storage system allocates new
cache lines for the modified data (i.e., A!, CI, and F3 ) written
to cache memory 20. At step 3, the data storage system
destages (i.e., writes) the original data of the first snapshot
from cache memory 20, e.g., data elements Ao, Co, and Fo,
to the target VLUN to preserve the first snapshot. At step 4,
the pointers of the first log file are added pointing to the new
locations of the data elements Ao, Co, and F° in the target
VLUN. At step 5, the corresponding first bitmap is updated
to 10100100 as shown indicating the presence of the data
elements Ao, Co, and Fo in the target VLUN, that is, the
completion of migration of data elements Ao, Co, and F°
from the source VLUN to the target VLUN. At step 6, the
modified data elements (i.e., AI' CI, and F3 ) in the cache
memory 20 are destaged to the source VLUN to maintain
data consistency between the cache memory 20 and the
source VLUN. In contrast to the above, the data storage
system did not modifY the original data elements Bo, Do, Eo,
Go, and Ho in the source VLUN and therefore, the corre
sponding bit positions still contain Os. In an alternative
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the target VLUN. Similar to before, Os in the second bitmap
represent the absence of the data elements A!, Bo, C1' Do,
Eo, F3 , Go, and Ho, and the Is represent the presence of the
data elements AI' Bo, C1 , Do, Eo, F3 , Go, and Ho in the target
VLUN. As discussed before in connection with FIG. 2, the
I s and Os representing the absence and presence of data
elements in the target VLUN can take on the opposite sense.

FIG. 7 illustrates the snapshot operation and an embodi
ment of how the data storage system handles writes on
original data contained in the source VLUN. After creating 10

the second snapshot but prior to creating another snapshot,
the applications further modifY some of the data also being
held in cache memory 20, that is, Al to A2 to A3 to A4 and
Bo to B1 . Again, let's assume Ho remains unchanged by its
application. At step 1, the data storage system receives 15

requests from the applications to modifY the corresponding
data, e.g.,A1 toA4 , andBoto B1 in cache memory 20.At step
2, the data storage system allocates new cache lines and
writes the modified data to the new cache lines. At step 3, the
data storage system writes the data element Bo to the target 20

VLUN in order to preserve the original data of the first
snapshot and the second snapshot. At step 4, the data storage
system adds a pointer to the data element Bo in the first log
file pointing to the new location of the data in the target
VLUN. At step 5, the data storage system updates the 25

corresponding first bitmap to 11100100 indicating the pres
ence of the newly destaged data element Bo in the target
VLUN. At step 6, the data storage system adds a pointer to
data element Bo in the second log file pointing to the new
location of the data in the target VLUN. At step 7, the data 30

storage system updates the corresponding second bitmap to
01000000 indicating the presence of the data element Bo in
the target VLUN. At step 8, the data storage system writes
data element Al to the target VLUN in order to preserve the
original data of the second snapshot. At step 9, the data 35

storage system adds a pointer to data element Al in the
second log file pointing to the new location of the data
element Al in the target VLUN. At step 10, the data storage
system updates the second bitmap to 11 000000 indicating
the presence of the data element Al in the target VLUN. At 40

steps 11 and 12, the modified data in the cache is destaged
to the source VLUN to maintain consistency. In an alterna
tive embodiment, the order of destaging modified data to the
source VLUN may be in reverse order. In yet another
embodiment, the source data may be destaged before the 45

target data is destaged.
FIG. 8 illustrates the data storage system, the target

VLUN, the first snapshot, the second snapshot, and the
creation of an Nth snapshot. At time N, the source VLUN
contains the original data elements represented by A4 , B1 , 50

C2 , Do, Eo, F3 , Go, and Ho' This will be referred to as the
original data of time N and is the data image preserved by
snapshot N. Source data has been requested by multiple
applications between the second snapshot and time Nand
thus is resident in cache lines in the cache memory 20, that 55

is, Ho, A4 , and B1 . At step 1, an Nth log file of the Nth
snapshot is created. Log files will contain address pointers
that locate the original data elements A4 , B1' C2 , Do, Eo, F3 ,

Go, and Ho in the target VLUN after that data has been
migrated from the source VLUN. At step 2, an Nth bitmap 60

of the Nth snapshot is created. The string of Os in the Nth
bitmap N indicates that there are no data elements in the
target VLUN for the Nth snapshot.

FIG. 9 illustrates a flow diagram of an error recovery
process wherein the system verifies that original dirty data 65

has or has not been destaged to the target VLUN. In an
embodiment, at step 82, the first host enters the error

8
recovery routine to check for consistency of the data in
cache memory 20. At step 84, the first host checks if the data
is original, dirty data and requires destaging to the target
VLUN. At step 86, the first host reads the bitmap from the
target VLUN. If, at step 88, the bitmap contains Os in the bit
positions representing the original dirty data in cache
memory 20, the first host goes to the routine at step 44 to
begin the target destage operation (FIG. 4). If, at step 88, the
corresponding bit positions in the bitmaps are I s, indicating
the presence of the original data in the target, no destaging
is required. At step 92, the first host removes the dirty data
designation for the destaged data still in cache memory 20.
At step 94, the data consistency check completes and the
data storage system returns to normal operation.

The present invention was described as preferably using
bitmaps and log file address pointers to indicate the presence
or absence of the original data and to provide access via
pointer addresses to the original data in the target. However,
the present invention is not limited to this usage. The
invention may be implemented using other techniques of
searching for original data such as multilayer bitmaps.

What is claimed:
1. A method of snapshot operation for a data storage

system with a first host that communicates with a cache
memory, a source Virtual Logical Unit Number (VLUN)
containing source data and a target VLUN, preserving first
snapshot data of the source data at an instant in time and
second snapshot data of the source data at a later instant in
time, wherein the first and second snapshots persist concur
rently, comprising:

generating first metadata to locate the first snapshot data
and to indicate when a data element ofthe first snapshot
data is in the target VLUN; and

generating second metadata to locate the second snapshot
data and to indicate when a data element of the second
snapshot data is in the target VLUN, wherein the first
and second metadata locate an original data element of
the first snapshot data arid of the second snapshot data
at the same address of the target VLUN.

2. The method of claim 1, wherein generating the first
metadata includes generating a first log file pointer to locate
the original data element in the target VLUN.

3. The method of claim 2, wherein generating the first
metadata includes changing a first bitmap to indicate the
original data element has migrated to the target VLUN.

4. The method of claim 1, wherein generating the second
metadata includes generating a second log file pointer to
locate the original data element in the target VLUN.

5. The method of claim 4, wherein generating the second
metadata includes changing a second bitmap to indicate the
original data element has migrated to the target VLUN.

6. A snapshot system for a data storage system including
a first host that communicates with a cache memory, a
source Virtual Logical Unit Number (VLUN), a target
VLUN, and metadata, comprising:

a source VLUN for active data;
a target VLUN to store migrated snapshot data;
first metadata to indicate when and to locate where the

first snapshot of the active data is in the target VLUN;
and

second metadata to indicate when and to locate where
second snapshot data of the active data is in the target
VLUN wherein the first metadata and the second
metadata indicate and locate a data element common to
the first and second snapshot data in the target VLUN,
wherein the snapshot system preserves the active data
of the first snapshot while taking the second snapshot.
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7. The snapshot system of claim 6, wherein the first writing the modified data to the cache memory;

metadata includes a first log file pointer to locate the first destaging the original data to the target VLUN to preserve
snapshot data in the target VLUN and the second metadata the original data of a first snapshot and a second
includes a second log file pointer to locate the second snapshot; and
snapshot data in the target VLUN. updating the first and second metadata to locate the

8. The snapshot system of claim 6, wherein the first original data common to the first and second snapshot
metadata includes a first bitmap to indicate when the first in the target VLUN.
snapshot data has migrated to the target VLUN and a first log 18. The method of claim 17, further comprising destaging
file to locate the first snapshot data in the target VLUN, and the first and second metadata to the target VLUN.
the second metadata includes a second bitmap to indicate 10 19. The method of claim 17, further comprising updating
when the second snapshot data has migrated to the target the first and second metadata to indicate the presence of the
VLUN and a second log file to locate the second snapshot destaged original data in the target VLUN.
data in the target VLUN. 20. The method of claim 19, further comprising destaging

9. The snapshot system of claim 6, wherein a first bitmap the first and second metadata to the target VLUN.
and a second bitmap indicate that the first snapshot data and 15 21. The method of claim 17, further comprising destaging
the second snapshot data have migrated to the target VLUN. the modified data in the cache memory to the source VLUN

10. The snapshot system of claim 6, wherein a first log file to maintain data consistency.
and a second log file locate the first snapshot data and the 22. A method of snapshot operation in a data storage
second snapshot data that have migrated to the target VLUN. system in a first host that communicates with a cache

11. The snapshot system of claim 6, wherein the first 20 memory, a source Virtual Logical Unit Number (VLUN), a
metadata and the second metadata indicate some of the first target VLUN, a plurality of bitmaps, and a plurality of log
and second snapshot data remain in the source VLUN. files, comprising:

12. The snapshot system of claim 6, wherein the first receiving requests from an application to modifY data in
metadata indicates that the original data of the first snapshot the cache memory;
is in the target VLUN and the second metadata indicates that 25 writing the modified data to the cache memory;
the original data of the second snapshot is in the source destaging original data to the target VLUN to preserve the
VLUN. original data of a first snapshot and a second snapshot;

13. The snapshot system of claim 6, wherein a first log file adding a pointer in a first log file to locate the original data
and a second log file each include a pointer identifYing the in the target VLUN;
address of the common data element in the target VLUN. 30 updating a first bitmap to indicate the presence of the

14. A method of destaging data of one or more snapshots destaged original data in the target VLUN;
to maintain data consistency of original data between a adding a pointer to the original data in a second log file to
cache memory and a target Virtual Logical Unit Number locate the original data in the target VLUN; and
(VLUN) of a data storage system, comprising: updating a second bitmap to indicate the presence of the

reading bitmaps for all of the snapshots into a first host 35 original data in the target VLUN.
memory; 23. The method of claim 22, further comprising destaging

reading log files for all of the snapshots into the first host the modified data in the cache memory to the source VLUN
memory; to maintain consistency.

searching the bitmaps to identifY snapshots that require 24. The method of claim 22, further comprising destaging
the original data to be destaged; 40 the first and second bitmaps and the first and second log files

destaging the original data to an available location in the to the target VLUN.
target VLUN; 25. The method of claim 14, wherein the step of searching

updating each log file associated with the identified bit- the bitmaps to identify snapshots that require the original
maps by adding pointers to the original data located in data to be destaged occurs after the data storage system fails
the target VLUN; and 45 and includes reading a bitmap, wherein if the bitmap con-

updating each associated bitmap to indicate completion of tains a value in a bit position indicating that the original data
the destage operation to the target VLUN. is dirty in cache memory, destaging the original data to the

15. The method of claim 14, further comprising searching target VLUN, and wherein if the bitmap contains an inverse
the bitmaps for the presence of original data in the target value in the bit position indicating the presence of the
VLUN, determining the next available target address for the 50 original data in the target VLUN, not destaging the original
next destage operation, checking the cache memory to see if data.
other original dirty data needs to be destaged to the target 26. A method of snapshot operation for a data storage
VLUN and if so, identifying additional snapshots requiring system with a first host that communicates with a cache
original data to be destaged and if not, writing updated memory, a source Virtual Logical Unit Number (VLUN) and
bitmaps and log files to the target VLUN. 55 a target VLUN, comprising:

16. The method of claim 14, further comprising writing generating first metadata to locate first snapshot data and
the log files and the bitmaps to the target VLUN, removing to indicate when the first snapshot data is in the target
a dirty data designation for the destaged original data still in VLUN, wherein generating the first metadata includes
the cache memory and sending a destage operation complete generating a first log file pointer to locate first snapshot
status. 60 data in the target VLUN; and

17. A method of snapshot operation in a data storage generating second metadata to locate second snapshot
system in a first host that communicates with a cache data and to indicate when the second snapshot data is
memory, a source Virtual Logical Unit Number (VLUN), a in the target VLUN, wherein the first and second
target VLUN, first metadata, and second metadata, compris- metadata locate the same data in the target VLUN, and
ing: 65 wherein generating the first metadata includes chang-

receiving requests from an application to modifY data in ing a first bitmap to indicate first snapshot data has
the cache memory; migrated to the target VLUN.
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30. A method of snapshot operation in a data storage
system in a first host that communicates with a cache
memory, a source Virtual Logical Unit Number (VLUN), a
target VLUN, first metadata, and second metadata, compris
ing:

receiving requests from an application to modifY data in
the cache memory;

writing the modified data to the cache memory;
destaging original data to the target VLUN to preserve the

original data of a first snapshot and a second snapshot;
updating the first and second metadata to locate the

original data in the target VLUN; and
destaging the first and second metadata to the target

VLUN.
31. A method of snapshot operation in a data storage

system in a first host that communicates with a cache
memory, a source Virtual Logical Unit Number (VLUN), a
target VLUN, first metadata, and second metadata, compris-

20 ing:
receiving requests from an application to modifY data in

the cache memory;
writing the modified data to the cache memory;
destaging the original data to the target VLUN to preserve

the original data of a first snapshot and a second
snapshot;

updating the first and second metadata to locate the
original data in the target VLUN;

updating the first and second metadata to indicate the
presence of the destaged original data in the target
VLUN; and

destaging the first and second metadata to the target
VLUN.

32. A method of snapshot operation in a data storage
35 system in a first host that communicates with a cache

memory, a source Virtual Logical Unit Number (VLUN), a
target VLUN, first metadata, and second metadata, compris
ing:

receiving requests from an application to modifY data in
the cache memory;

writing the modified data to the cache memory;
destaging the original data to the target VLUN to preserve

the original data of a first snapshot and a second
snapshot;

updating the first and second metadata to locate the
original data in the target VLUN; and

destaging the modified data in the cache memory to the
source VLUN to maintain data consistency.

27. A method of snapshot operation for a data storage
system with a first host that communicates with a cache
memory, a source Virtual Logical Unit Number (VLUN) and
a target VLUN, comprising:

generating first metadata to locate first snapshot data and
to indicate when the first snapshot data is in the target
VLUN; and

generating second metadata to locate second snapshot
data and to indicate when the second snapshot data is
in the target VLUN, wherein the first and second 10

metadata locate the same data in the target VLUN,
wherein generating the second metadata includes gen
erating a second log file pointer to locate second
snapshot data in the target VLUN, and wherein gener
ating the second metadata includes changing a second 15

bitmap to indicate second snapshot data has migrated to
the target VLUN.

28. A snapshot system for a data storage system including
a first host that communicates with a cache memory, a
source Virtual Logical Unit Number (VLUN), a target
VLUN, and metadata, comprising:

a source VLUN for active data;
a target VLUN to store migrated snapshot data;
first metadata to indicate when and to locate where the

first snapshot data is in the target VLUN, wherein the 25

first metadata includes a first bitmap to indicate when
the first snapshot data has migrated to the target VLUN
and a first log file to locate the first snapshot data in the
target VLUN; and

second metadata to indicate when and to locate where 30

second snapshot data is in the target VLUN, wherein
the first metadata and the second metadata indicate and
locate the same snapshot data in the target VLUN, and
wherein the second metadata includes a second bitmap
to indicate when the second snapshot data has migrated
to the target VLUN and a second log file to locate the
second snapshot data in the target VLUN.

29. A snapshot system for a data storage system including
a first host that communicates with a cache memory, a
source Virtual Logical Unit Number (VLUN), a target 40

VLUN, and metadata, comprising:
a source VLUN for active data;
a target VLUN to store migrated snapshot data;
first metadata to indicate when and to locate where first

snapshot data is in the target VLUN; and
second metadata to indicate when and to locate where

second snapshot data is in the target VLUN, wherein
the first metadata and the second metadata indicate and
locate the same snapshot data in the target VLUN,
wherein the first metadata and the second metadata 50

indicate snapshot data in the source VLUN.


