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(7) ABSTRACT

Maintenance of plural active file systems, wherein each of
the active file systems initially access data shared with
another of the active file systems, and wherein changes made
to each of the active file systems are not reflected in other
active file systems. When a second active file system is
created based on a first active file system, the first active file
system and the second active file system initially share data.
When changes are made to the first active file system,
modified data is recorded in the first active file system in a
location that is not shared with the second active file system.
When changes are made to the second active file system,
modified data is recorded in the second active file system in
a location that is not shared with the first active file system.
Also, creation of the plural active file systems.

63 Claims, 6 Drawing Sheets
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MULTTPLE CONCURRENT ACTIVE FILE
SYSTEMS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to multiple concurrent writeable file
systems.

2. Description of the Related Art

Afile system provides a structure for storing information,
for example application programs, file system information,
other data, etc. (hereinafter collectively referred to as simply
data) on storage devices such as disk drives, CD-ROM
drives, etc. One problem with many file systems is that if the
file system is damaged somehow, a large quantity of data can
be lost.

In order to prevent such loss of data, backups are often
created of a file system. One very efficient method for
creaking a backup of a file system is to create a snapshot of
the file system. A snapshot is an image of the file system at
a consistency point, a point at which the file system is
self-consistent. A file system is self-consistent if the data
stored therein constitutes a valid file system image.

In some file systems, for example Write Anywhere File
system Layout (WAFL) file systems, a snapshot of a file
system can be created by copying information regarding the
organization of data in the file system. Then, as long as the
data itself is preserved on the storage device, the data can be
accessed through the snapshot. A mechanism is provided in
these file systems for preserving this data, for example
through a block map.

Conventionally, snapshots are read-only. A read-only
snapshot can be used to recall previous versions of data and
to repair damage to a file system. These capabilities can be
extremely useful. However, these types of snapshots do not
provide certain other capabilities that might be useful.

SUMMARY OF THE INVENTION

It would be advantageous if snapshots could be written to
as well, so that a user desiring to modify a snapshot could
do so. This would have several advantages:

It would become possible to correct an erroneous entry

that had been memorialized in a snapshot.

It would become possible to delete material that was
desired to be purged from the file system.

It would become possible to make changes to an “experi-
mental” version of the file system (or on data main-
tained by the file system). An “experimental” version of
the file system would be a version of the file system for
which catastrophic errors would not cause loss of data
in a “real” active version of the file system.

It would become possible to reverse erroneous upgrades
to operation of the file system, or to operation of some
programs or databases operating under the aegis of that
file system.

A writable snapshot is actually another active file system.
Because this active file system is based on data from another
active file system, experimental modifications and changes
for the active file system can be made to the writable
snapshot without risking harm to the original active file
system. In addition, because a snapshot can be created by
simply copying organizational information and preserving
existing data, writable snapshots (i.e., new active file
systems) can be created easily and with utilization of few
system resources.
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These advantages and others are provided in an embodi-
ment of the invention, described herein, in which plural
active file systems are maintained, wherein each of the
active file systems initially access data shared with another
of the active file systems, and wherein changes made to each
of the active file systems are not reflected in other active file
systems.

In the preferred embodiment, when a second active file
system is created based on a first active file system, the first
active file system and the second active file system initially
share data. When changes are made to the first active file
system, modified data is recorded in the first active file
system in a location that is not shared with the second active
file system. When changes are made to the second active file
system, modified data is recorded in the second active file
system in a location that is not shared with the first active file
system.

Further snapshots preferably are made of ones of the
plural active file systems, each snapshot forming an image
of its respective active file system at a past consistency
point. Each snapshot includes a complete hierarchy for file
system data, separate and apart from active file system data
for the plural active file systems. One of these snapshots in
turn can be converted into a new active file system by
making the snapshot writable and by severing snapshot
pointers from any of the active file systems to the new active
file system.

The invention also encompasses memories that include
instructions for performing the foregoing operations and
storage systems that implement those operations.

This brief summary has been provided so that the nature
of the invention may be understood quickly. A more com-
plete understanding of the invention may be obtained by
reference to the following description of the preferred
embodiments thereof in connection with the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates creation of a snapshot that can be
converted into an active file system according to the inven-
tion.

FIG. 2 illustrates divergence of an active file system from
a snapshot of that file system.

FIG. 3 illustrates the relationship between the active file
system and the snapshot in FIG. 2.

FIG. 4 illustrates a chain of snapshots that can be con-
verted into active file systems according to the invention.

FIG. 5 illustrates the relationship between the active file
system and the snapshots in FIG. 4.

FIG. 6 illustrates a snapshot that has been converted into
an active file system according to the invention.

FIG. 7 illustrates the relationship between the active file
system, new active file system, and snapshot in FIG. 6.

FIG. 8 illustrates a more complex chain of snapshots that
can be converted into active file systems according to the
invention.

FIG. 9 illustrates the chain shown in FIG. 8 with one of
the snapshots converted into an active file system according
to the invention.

FIG. 10 illustrates some more possible relationships
between plural active file systems and their associated
snapshots according to the invention.

FIG. 11 shows a block diagram of a storage system
including plural active file systems according to the inven-
tion.
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FIG. 12 shows a block diagram of a file system cluster
including multiple concurrent active file systems being used
by multiple concurrent file servers according to the inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENT
Related Applications

Inventions described herein can be used in conjunction

with inventions described in the following documents:

U.S. patent application Ser. No. 09/642,061, filed Aug. 18,
2000, in the name of inventors Lewis, Edwards and
Viswanathan, attorney docket number 103.1035.01,
titled “Instant Snapshot.”

U.S. patent application Ser. No. 09/932,578, filed Aug. 17,
2001, in the name of inventors Lewis, Edwards and
Viswanathan, attorney docket number 103.1072.01,
titled “Instant Snapshot.”

U.S. patent application Ser. No. 08/071,643, filed Jun. 3,
1993, in the name of inventors Hitz, Malcolm, Lau and
Rakitzis, attorney docket number 103.1002.01, titled
“Write Anywhere File-System Layout,” now aban-
doned.

U.S. patent application Ser. No. 08/454,921, filed May 31,
1995, in the name of inventors Hitz, Malcolm, Lau and
Rakitzis, attorney docket number 103.1002.05, titled
“Write Anywhere File-System Layout,” now U.S. Pat.
No. 5,819,292.

U.S. patent application Ser. No. 09/108,022, filed Jun. 30,
1998, in the name of inventors Hitz, Malcolm, Lau and
Rakitzis, attorney docket number 103.1002.07, titled
“Write Anywhere File-System Layout,” now U.S. Pat.
No. 5,963,962.

U.S. patent application Ser. No. 09/153,094, filed Sep. 14,
1998, in the name of inventors Hitz, Malcolm, Lau and
Rakitzis, attorney docket number 103.1002.08, titled
“Write Anywhere File-System Layout,” now U.S. Pat.
No. 6,289,356 B1.

U.S. patent application Ser. No. 09/954,522, now U.S.
Pat. No. 6,721,764, filed Sep. 11, 2001, in the name of
inventors Hitz, Malcolm, Lau and Rakitzis, attorney
docket number 103.1002.12, titled “Write Anywhere
File-System Layout.”

U.S. patent application Ser. No. 09/642,065, now U.S.
Pat. No. 6,636,879, filed Aug. 18, 2000, in the name of
inventors Doucette, Lewis and Edwards, attorney
docket number 103.1045.01, titled “Improved Space
Allocation in a Write Anywhere File System.”

These documents are hereby incorporated by reference as
if fully set forth herein. These documents are referred to as
the “incorporated disclosures™.

Lexicography

The following terms refer or relate to aspects of the
invention as described below. The descriptions of general
meanings of these terms are not intended to be limiting, only
illustrative.

data—In general, any information. With regard to a
storage device or file system, any information stored in
the storage device or file system, including but not
limited to application programs and data, multimedia
data, organizational data for the storage device or file
system, etc.

organizational data—In general, data that specifies the
layout of other data in a file system. In a Write
Anywhere File system Layout (WAFL) design, the
organizational data includes a root inode that points
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either directly or indirectly (i.e., through other inodes)
to blocks of data for all files in the file system. In a
WAFL design, all data including the organizational data
(and thus root inode and other inodes) are stored in
blocks.

inode—In general, an information node. In a WAFL
design, an information node that contains data about
other blocks in the file system.

self-consistent (in the context of a file system)—In
general, a file system is self-consistent when the data
stored in the file system, including data about the
organization of the file system, constitutes a valid file
system image.

consistency point—In general, a consistency point refers

either to (a) a time when a file system is self-consistent;
or to (b) a set of data in a file system at a time of a
consistency point.

snapshot—In general, a snapshot is a written record of the

data maintained by the file system at a time of a
consistency point. Although in a preferred
embodiment, each snapshot is both (a) maintained in a
format similar to the active file system and (b) is
referenceable using the file system namespace, there is
no particular limitation of the invention to require
either of those conditions.

active file system—In general, an active file system is a

set of data that can be accessed and modified.

file system hierarchy—In general, a file system hierarchy

refers to either (a) an organization of data into a
namespace, or (b) a set of data blocks and their inter-
connections used to record and access information,
whether data or metadata, being maintained on a stor-
age device.

As noted above, these descriptions of general meanings of
these terms are not intended to be limiting, only illustrative.
Other and further applications of the invention, including
extensions of these terms and concepts, would be clear to
those of ordinary skill in the art after perusing this applica-
tion. These other and further applications are part of the
scope and spirit of the invention, and would be clear to those
of ordinary skill in the art, without further invention or
undue experimentation.

Snapshots and Active File Systems

FIG. 1 illustrates creation of a snapshot that can be
converted into an active file system according to the inven-
tion.

File system 100 in FIG. 1 resides on one or more storage
devices, for example hard disk drives, CD-ROMs, or other
devices. In a preferred embodiment, file system 100 is a
WAFL system, although this does not have to be the case.
WAFL file systems are described in detail in the incorpo-
rated disclosures.

File system 100 includes root inode 110 and data 120, as
well as other data. All of the inodes and data in file system
100 preferably are stored in blocks, although this also does
not have to be the case.

Root inode 110 stores parts of the organizational data for
file system 100. In particular, root inode 110 points to data
and to other inodes and data that in turn point to data for all
information stored in file system 100. Thus, any information
stored in a file system 100 can be reached by starting at root
inode 110.

Snapshot 130 has been formed from file system 100. In
FIG. 1, elements of snapshot 130 are shown using dashed
lines to assist in distinguishing those elements from file
system 100. According to a preferred embodiment of the
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invention, the snapshot can be formed by simply copying
root inode 110 to snapshot root inode 140 at a consistency
point for file system 100. In some embodiments, additional
organizational data may have to be copied. Then, as long as
all of the data and inodes pointed to by root inode 10 (and
any other copied organizational data) are preserved, snap-
shot root inode 140 will point to a valid copy of file system
100.

After snapshot root inode 140 has been created, snapshot
130 and file system 100 actually share data on the storage
device or devices. Thus, snapshot 130 preferably includes
the same physical data 120 on the storage device or devices
as file system 100, as indicated by the duel solid and dashed
borders around data 120 in FIG. 1. In other words, the
snapshot and the file system overlap. This allows for rapid
creation of snapshot 130 with efficient use of storage space
and other system resources.

File system 100 preferably includes snapshot data 150
that points to snapshots of file system 100. In particular,
pointers 160 in the snapshot data preferably point to root
inodes of those snapshots.

Snapshot 130 also preferably includes snapshot data 170
that points to other snapshots. However, snapshot data 170
of snapshot 130 can be different from snapshot data 150 of
file system 100 because snapshot 130 preferably does not
point to itself. This difference is shown in FIG. 1 by the
cutout of snapshot 130 around snapshot data 150 in file
system 100.

Preferably, a snapshot of a file system according to the
invention includes a complete hierarchy for file system data,
separate and apart from active file system data for the active
file systems. This hierarchy is included in the root inode for
the snapshot and possibly in other nodes and data copied for
the snapshot (not shown).

There is no particular requirement for the file system
hierarchies for a snapshot to duplicate the name space
originally used for the associated active file system. In one
preferred embodiment, file names in a snapshot’s root inode
(and other organizational data) can be compressed using a
hash code or other technique, so as to minimize the orga-
nizational data that must be stored for each snapshot.
However, in an alternative embodiment, in some circum-
stances possibly preferable, it might be superior to maintain
the original name space and other organizational data for
each snapshot in a form relatively easy to read by a human
user. This might have the salutary effect of aiding human
users with backup and restore operations based on such
snapshots.

FIG. 2 illustrates divergence of an active file system from
a snapshot of that file system.

Because file system 100 is active, a mechanism must be
provided for changing data in the file system. However, in
order to maintain the integrity of snapshot 130, data pointed
to by snapshot root inode 140 must be preserved. Thus, for
example, when data 120 is changed in file system 100,
modified data 120" is stored in the storage device or devices.
Root inode 110 of file system 100 and any intervening
inodes and organizational data are updated to point to
modified data 120'. In addition, the unmodified data 120 is
preserved on the storage device or devices. Snapshot root
inode 140 continues to point to this unmodified data, thereby
preserving the integrity of snapshot 130.

Likewise, when data is deleted from active file system
100, pointers to that data are removed from the file system.
However, the data itself is preserved if it is included in
snapshot 130. (This data can actually be deleted when the
snapshot itself is removed.)
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In actual practice, changes to root inode 110, other inodes,
and data for many changes to file system 100 are accumu-
lated before being written to the storage device or devices.
After such changes have been written, file system 100 is
self-consistent (i.e., at a consistency point). Preferably, snap-
shots are only made at such consistency point.

According to the invention, snapshot 130 can be con-
verted into a new active file system by making the snapshot
writable. In order to modify data in a writable snapshot 130,
modified data is written to the storage device or devices.
Root inode 140 and any intervening inodes and organiza-
tional data pointing to the modified data are updated.
Furthermore, an unmodified copy of the data is preserved if
it is still included in file system 100. This process is
substantially identical to the process that occurs when modi-
fications are made to file system 100, only the unmodified
data that is preserved is data pointed to by root inode 110.

In other words, when changes are made to the first active
file system (e.g., file system 100), modified data is recorded
in the first active file system in a location that is not shared
with the second active file system (e.g., writable snapshot
130). Likewise, when changes are made to the second active
file system, modified data is recorded in the second active
file system in a location that is not shared with the first active
file system. As a result, changes made to the first active file
system not reflected in the second active file system, and
changes made to the second active file system not reflected
in the first active file system.

When created, snapshot 130 substantially overlaps file
system 100. If the snapshot is made writable shortly after its
creation, the new active file system formed by the writable
snapshot will initially share almost all of its data with the
existing active file system. As a result, the invention allows
for creation of an entire new active file system with efficient
utilization of resources such as processing time and storage
space.

The process of storing modified data and preserving
unmodified data causes file system 100 and snapshot 130
(whether read-only or writable) to diverge from one another.
This divergence is representationally shown in FIG. 2 by a
reduction in overlap between file system 100 and snapshot
130.

FIG. 3 illustrates the relationship between the active file
system and the snapshot in FIG. 2. This type of diagram
provides a simplified view of the relationship between file
systems and their snapshots. In FIG. 3, file system 100
points to snapshot 130. In addition, both file system 100 and
snapshot 130 point to other snapshots (not shown).

FIG. 4 illustrates a chain of snapshots that can be con-
verted into active file systems according to the invention. In
this figure, second snapshot 180 has been created from file
system 100. Because snapshot 100 still pointed to snapshot
130 at the time of the creation of the second snapshot,
snapshot 180 includes snapshot data 190 that points to
snapshot 130.

Either or both of snapshots 130 and 180 can be turned into
active file systems by making those snapshots writable. As
a data is written to any of the active file systems (i.e., file
system 100, writable snapshot 130, or writable snapshot
180), the file systems will diverge from one another.

FIG. 5 illustrates the relationship between the active file
system and the snapshots in FIG. 4. In FIG. 5, file system
100 points to snapshots 130 and 180. Likewise, snapshot
180 points to snapshot 130, which in turn can point to
another snapshot or snapshots.
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FIG. 6 illustrates a snapshot that has been converted into
an active file system according to the invention. In this
figure, snapshot 180 has been turned into active file system
180' by being made writable. Because this new active file
system can be modified, it no longer represents a true
snapshot of file system 100. As a result, the snapshot pointer
to snapshot 180 in snapshot data 150 of file system 100 has
been severed, for example by being deleted.

FIG. 7 illustrates the relationship between the active file
system, new active file system, and snapshot in FIG. 6. In
this figure, active file system 100 points to snapshot 130.
Likewise, active file system 180" also points to snapshot 130.
As discussed above, file system 100 preferably no longer
includes a snapshot pointer to snapshot 180. However, file
system 100 can still included a pointer to file system 180,
for example to allow traversal from one file system to the
other. This inter-file-system pointer is shown as a dashed line
in FIG. 7 to distinguish it from a snapshot pointer.

FIG. 8 illustrates a more complex chain of snapshots that
can be converted into active file systems according to the
invention. In FIG. 8, file system 800 is an active file system.
Four snapshots have been made of this file system. Snapshot
810 is the oldest, snapshot 820 is the next oldest, snapshot
830 is the next oldest after its snapshot 820, and snapshot
840 is the newest. Any snapshots older than snapshot 810
have been deleted, thereby freeing up storage space that was
occupied by data that was not overlapped by any of the other
snapshots or the active file system. Each of snapshots 810 to
840 can be turned into an active file system by being made
writable.

FIG. 9 illustrates the chain shown in FIG. 8 with one of
the snapshot converted into an active file system according
to the invention.

In FIG. 9, snapshot 830 has been converted into active file
system 830' in which data can be modified, added, and
deleted. As a result, file system 800 preferably no longer
points to snapshot 830 as a snapshot. Active file system 830'
can continue to point to snapshots 810 and 820.

FIG. 10 illustrates some more possible relationships
between plural active file systems and their associated
snapshots according to the invention.

The top portion of FIG. 10 corresponds to FIG. 9, except
that additional snapshots have been made from the active file
systems. Thus, snapshot 1000 has been made of file system
800, and snapshot 1010 has been made of file system 830'.
In addition, snapshot 810 has been deleted to free up space
on the storage device or devices. Both of active file systems
800 and 830' can trace back to a common snapshot 820.
However, when that snapshot is deleted, the active file
systems will no longer share a common snapshot. This
situation has occurred with respect to file system 1020 and
snapshots 1030 to 1050. This arrangement illustrates that it
is possible to have a “forest” (i.e., a collection of uncon-
nected trees) formed by the links between active file systems
and their associated snapshots, all on one storage device or
set of storage devices. Despite the fact that the file systems
and their snapshots no longer point to a common snapshot,
these snapshots and even the active file systems could still
share some data (i.e., overlap), thereby preserving the effi-
ciency of the invention.

In the foregoing discussion, new active file systems are
created from snapshots. However, the invention does not
require the actual creation of a snapshot in order to create a
new active file system. Rather, all that is required is creation
of structures along the lines of those found in a snapshot,
namely organizational data along the lines of that found in
a snapshot’s root inode, along with preservation of the data
pointed to by that organizational data.
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Furthermore, the invention is not limited to the particular
arrangements discussed above. Rather, those arrangements
illustrate some possible types of relationships between
active file systems, snapshots, and new active file systems.
Other arrangements are possible and are within the scope of
the invention.

System Elements

FIG. 11 shows a block diagram of a storage system
including plural active file systems according to the inven-
tion.

A system 1100 includes at least one file system processor
1110 (i.e., controller) and at least one storage device 1120
such as a hard disk or CD-ROM drive. The system also
preferably includes interface 1130 to at least one computing
device or network for receiving and sending information. In
an alternative embodiment, processor 1100 is the processor
for a computing device connected to the storage system via
interface 1130.

Processor 1110 performs the tasks associated with the file
system, as described herein, under control of program and
data memory, the program and data memory including
appropriate software for controlling processor 1110 to per-
form operations on storage device 1120 (and possibly for
controlling storage device 1120 to cooperate with processor
1110).

In a preferred embodiment, at least one such storage
device 1120 includes one or more boot records 1140. Each
boot record 1140 includes two or more (preferably two)
entries designating a root data block (i.c., mode) in a file
system hierarchy for an active file system. Where there is a
single active file system, there preferably is a single such
boot record; where there is more than one such active file
system, there preferably is more than one such boot record.

As noted above, more than one active file system might be
present in storage device 1120. In such cases, the file system
maintainer (i.e., processor 1110 operating under program
control) preferably will designate and orderly maintain more
than one boot record 1140, one for each such active file
system.

Read-only snapshots also can be present in storage device
1120. In this case, pointers from active file systems to
snapshots and from snapshots to other snapshots are stored
in the storage device, as discussed above.

High Availability

FIG. 12 shows a block diagram of a file system cluster
including multiple concurrent active file systems being used
by multiple concurrent file servers according to the inven-
tion.

A file system cluster includes a plurality of file system
processors 1200 and one or more file system disks 1210. In
a preferred embodiment, each such processor 1200 is dis-
posed for operating as a file server, capable of receiving file
server requests and making file server responses, such as
using a known file server protocol. In a preferred
embodiment, the one or more file system disks 1210 include
a plurality of such disks, so that no individual disk 1210
presents a single point of failure for the entire highly-
available cluster. The Write Anywhere File system Layout
(WAFL), which preferably is used with the invention, incor-
porates such an arrangement.

As discussed above, the plurality of processors 1200 can
maintain multiple parallel writeable active file systems
1210, along with all associated snapshots for those parallel
writeable active file systems. The active file systems and
snapshots can be maintained on the same set of disks 1220.
Thus, the set of processors 1200 and the set of disks 1220
can provide a highly available cluster without need for
substantial duplication of resources.
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Alternative Embodiments

The invention can be embodied in methods for creating
and maintaining plural active file systems, as well as in
software and/or hardware such as a storage device or devices
that implement the methods, and in various other embodi-
ments.

In the preceding description, a preferred embodiment of
the invention is described with regard to preferred process
steps and data structures. However, those skilled in the art
would recognize, after perusal of this application, that
embodiments of the invention may be implemented using
one or more general purpose processors or special purpose
processors adapted to particular process steps and data
structures operating under program control, that such pro-
cess steps and data structures can be embodied as informa-
tion stored in or transmitted to and from memories (e.g.,
fixed memories such as DRAMs, SRAMSs, hard disks,
caches, etc., and removable memories such as floppy disks,
CD-ROMs, data tapes, etc.) including instructions execut-
able by such processors (e.g., object code that is directly
executable, source code that is executable after compilation,
code that is executable through interpretation, etc.), and that
implementation of the preferred process steps and data
structures described herein using such equipment would not
require undue experimentation or further invention.

Furthermore, although preferred embodiments of the
invention are disclosed herein, many variations are possible
which remain within the content, scope and spirit of the
invention, and these variations would become clear to those
skilled in the art after perusal of this application.

What is claimed is:

1. A method of operating data storage, the method includ-
ing maintenance of plural active file systems, wherein each
of the active file systems initially access data shared with
another of the active file systems, and wherein changes made
to each of the active file systems are not reflected in the
active file system with which the changed active file system
shares the data.

2. Amethod as in claim 1, wherein when a second active
file system is created based on a first active file system, the
first active file system and the second active file system
initially share data.

3. A method as in claim 2, wherein when changes are
made to the first active file system, modified data is recorded
in the first active file system in a location that is not shared
with the second active file system.

4. A method as in claim 2, wherein when changes are
made to the second active file system, modified data is
recorded in the second active file system in a location that is
not shared with the first active file system.

5. Amethod as in claim 1, wherein snapshots are made of
ones of the plural active file systems, each snapshot forming
an image of its respective active file system at a past
consistency point.

6. Amethod as in claim 5, wherein each snapshot includes
a complete hierarchy for file system data, separate and apart
from active file system data for the plural active file systems.

7. A method as in claim 5, wherein at least one of the
snapshots is converted into a new active file system.

8. A method as in claim 7, wherein the one of the
snapshots is converted by making the one of the snapshots
writable.

9. Amethod as in claim 8, wherein snapshot pointers from
any of the active file systems to the new active file system
are severed.

10. A method of creating plural active file systems,
comprising the steps of:
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making a snapshot of a first active file system, the
snapshot initially sharing data with the first active file
system; and

converting the snapshot to a second active file system by

making the snapshot writable, with changes made to
the first active file system not reflected in the second
active file system, and with changes made to the second
active file system not reflected in the first active file
system.

11. A method as in claim 10, wherein when changes are
made to the first active file system, modified data is recorded
in the first active file system in a location that is not shared
with the second active file system.

12. A method as in claim 10, wherein when changes are
made to the second active file system, modified data is
recorded in the second active file system in a location that is
not shared with the first active file system.

13. A method as in claim 10, further comprising the step
of severing any snapshot pointers from the first active file
system to the second active file system.

14. A method as in claim 10, further comprising the steps
of making snapshots of ones of the plural active file systems.

15. A method as in claim 14, wherein each snapshot
includes a complete hierarchy for file system data, separate
and apart from active file system data for the plural active
file systems.

16. A method as in claim 10, further comprising the steps
of:

making anew snapshot of the first active file system, the
new snapshot initially sharing data with the first active
file system;

converting the new snapshot to a third active file system
by making the new snapshot writable, with changes
made to the first active file system or the second active
file system not reflected in the third active file system.
17. A method as in claim 16, wherein when changes are
made to the first active file system or the second active file
system, modified data is recorded in a location that is not
shared with the third active file system.
18. A method as in claim 10, further comprising the steps
of:

making a new snapshot of the second active file system,
the new snapshot initially sharing data with the second
active file system;

converting the new snapshot to a third active file system
by making the new snapshot writable, with changes
made to the first active file system or the second active
file system not reflected in the third active file system.

19. A method as in claim 18, wherein when changes are
made to the first active file system or the second active file
system, modified data is recorded in a location that is not
shared with the third active file system.

20. A memory storing information including instructions,
the instructions executable by a processor to operate data
storage, the instructions comprising steps to maintain plural
active file systems, wherein each of the active file systems
initially access data shared with another of the active file
systems, and wherein changes made to each of the active file
systems are not reflected in the active file system with which
the changed active file system shares the data.

21. A memory as in claim 20, wherein when a second
active file system is created based on a first active file
system, the first active file system and the second active file
system initially share data.

22. Amemory as in claim 21, wherein when changes are
made to the first active file system, modified data is recorded



US 6,857,001 B2

11

in the first active file system in a location that is not shared
with the second active file system.

23. A memory as in claim 21, wherein when changes are
made to the second active file system, modified data is
recorded in the second active file system in a location that is
not shared with the first active file system.

24. Amemory as in claim 20, wherein snapshots are made
of ones of the plural active file systems, each snapshot
forming an image of its respective active file system at a past
consistency point.

25. A method as in claim 24, wherein each snapshot
includes a complete hierarchy for file system data, separate
and apart from active file system data for the plural active
file systems.

26. A memory as in claim 24, wherein at least one of the
snapshots is converted into a new active file system.

27. A memory as in claim 26, wherein the one of the
snapshots is converted by making the one of the snapshots
writable.

28. A memory as in claim 27, wherein snapshot pointers
from any of the active file systems to the new active file
system are severed.

29. A memory storing information including instructions,
the instructions executable by a processor to create plural
active file systems, the instructions comprising the steps of:

making a snapshot of a first active file system, the

snapshot initially sharing data with the first active file
system; and

converting the snapshot to a second active file system by

making the snapshot writable, with changes made to
the first active file system not reflected in the second
active file system, and with changes made to the second
active file system not reflected in the first active file
system.

30. A memory as in claim 29, wherein when changes are
made to the first active file system, modified data is recorded
in the first active file system in a location that is not shared
with the second active file system.

31. A memory as in claim 29, wherein when changes are
made to the second active file system, modified data is
recorded in the second active file system in a location that is
not shared with the first active file system.

32. A memory as in claim 29, wherein the instructions
further comprise the step of severing any snapshot pointers
from the first active file system to the second active file
system.

33. A memory as in claim 29, wherein the instructions
further comprise the steps of making snapshots of ones of
the plural active file systems.

34. A memory as in claim 33, wherein each snapshot
includes a complete hierarchy for file system data, separate
and apart from active file system data for the plural active
file systems.

35. A memory as in claim 29, wherein the instructions
further comprise the steps of:

making a new snapshot of the first active file system, the

new snapshot initially sharing data with the first active
file system;

converting the new snapshot to a third active file system

by making the new snapshot writable, with changes
made to the first active file system or the second active
file system not reflected in the third active file system.

36. A memory as in claim 35, wherein when changes are
made to the first active file system or the second active file
system, modified data is recorded in a location that is not
shared with the third active file system.

37. A memory as in claim 29, wherein the instructions
further comprise the steps of:
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making a new snapshot of the second active file system,
the new snapshot initially sharing data with the second
active file system;

converting the new snapshot to a third active file system

by making the new snapshot writable, with changes
made to the first active file system or the second active
file system not reflected in the third active file system.

38. A memory as in claim 37, wherein when changes are
made to the first active file system or the second active file
system, modified data is recorded in a location that is not
shared with the third active file system.

39. A storage system, comprising:

at least one storage device;

an interface to at least one computing device or network

for receiving and sending information; and

a controller that controls storage and retrieval of the

information in the storage device, the controller oper-
ating under program control to maintain plural active
file systems, wherein each of the active file systems
initially access data shared with another of the active
file systems, and wherein changes made to each of the
active file systems are not reflected in the active file
system with which the changed active file system
shares the data.

40. A storage system as in claim 39, wherein when a
second active file system is created based on a first active file
system, the first active file system and the second active file
system initially share data.

41. A storage system as in claim 40, wherein when
changes are made to the first active file system, modified
data is recorded in the first active file system in a location
that is not shared with the second active file system.

42. A storage system as in claim 40, wherein when
changes are made to the second active file system, modified
data is recorded in the second active file system in a location
that is not shared with the first active file system.

43. Astorage system as in claim 39, wherein snapshots are
made of ones of the plural active file systems, each snapshot
forming an image of its respective active file system at a past
consistency point.

44. A storage system as in claim 43, wherein each
snapshot includes a complete hierarchy for file system data,
separate and apart from active file system data for the plural
active file systems.

45. A storage system as in claim 43, wherein at least one
of the snapshots is converted into a new active file system.

46. Astorage system as in claim 45, wherein the one of the
snapshots is converted by making the one of the snapshots
writable.

47. A storage system as in claim 46, wherein snapshot
pointers from any of the active file systems to the new active
file system are severed.

48. A storage system, comprising:

at least one storage device;

an interface to at least one computing device or network

for receiving and sending information; and
a controller that controls storage and retrieval of the
information in the storage device, the controller oper-
ating under program control to create plural active file
systems, the program control comprising the steps of:

making a snapshot of a first active file system, the
snapshot initially sharing data with the first active file
system; and

converting the snapshot to a second active file system by

making the snapshot writable, with changes made to
the first active file system not reflected in the second
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active file system, and with changes made to the second
active file system not reflected in the first active file
system.

49. A storage system as in claim 48, wherein when
changes are made to the first active file system, modified
data is recorded in the first active file system in a location
that is not shared with the second active file system.

50. A storage system as in claim 48, wherein when
changes are made to the second active file system, modified
data is recorded in the second active file system in a location
that is not shared with the first active file system.

51. A storage system as in claim 48, wherein the program
control further comprises the step of severing any snapshot
pointers from the first active file system to the second active
file system.

52. A storage system as in claim 48, wherein the program
control further comprises the steps of making snapshots of
ones of the plural active file systems.

53. A storage system as in claim 52, wherein each
snapshot includes a complete hierarchy for file system data,
separate and apart from active file system data for the plural
active file systems.

54. A storage system as in claim 48, wherein the program
control further comprises the steps of:

making a new snapshot of the first active file system, the
new snapshot initially sharing data with the first active
file system;

converting the new snapshot to a third active file system
by making the new snapshot writable, with changes
made to the first active file system or the second active
file system not reflected in the third active file system.
55. A storage system as in claim 54, wherein when
changes are made to the first active file system or the second
active file system, modified data is recorded in a location
that is not shared with the third active file system.
56. A storage system as in claim 48, wherein the program
control further comprises the steps of:

making a new snapshot of the second active file system,
the new snapshot initially sharing data with the second
active file system;

converting the new snapshot to a third active file system
by making the new snapshot writable, with changes
made to the first active file system or the second active
file system not reflected in the third active file system.

57. A storage system as in claim 56, wherein when
changes are made to the first active file system or the second
active file system, modified data is recorded in a location
that is not shared with the third active file system.

58. An apparatus for operating data storage, the apparatus
including means for creating plural active file systems and
means for maintaining plural active file systems, wherein
each of the active file systems initially access data shared
with another of the active file systems, and wherein changes
made to each of the active file systems are not reflected in
the active file system with which the changed active file
system shares the data.
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59. An apparatus for creating plural active file systems,
comprising:

means for making a snapshot of a first active file system,

the snapshot initially sharing data with the first active
file system; and

means for converting the snapshot to a second active file

system by making the snapshot writable, with changes
made to the first active file system not reflected in the
second active file system, and with changes made to the
second active file system not reflected in the first active
file system.

60. A method of operating data storage, comprising:

making a snapshot of organizational data of a first active

file system, the snapshot pointing to original non-
organizational data of the first active file system;
storing the snapshot;

modifying a first portion of the original non-

organizational data of the first active file system in
response to a first active file system access request,
resulting in a modified first portion being part of first
modified non-organizational data of the first active file
system; and

storing the modified first portion so as not to overwrite the

first portion;
wherein, after the step of storing the modified first
portion, the snapshot points to the original non-
organizational data, the organizational data of the first
active file system point to the first modified non-
organizational data of the first filing system, and the
original non-organizational data and the first modified
non-organizational data partially overlap.
61. A method according to claim 60, wherein: the step of
storing the snapshot comprises storing the snapshot as a
second active filing system; the method further comprising:
modifying a second portion of the original non-
organizational data in response to a second active file
system access request, resulting in a modified second
portion being part of second modified non-
organizational data of the second active file system; and

storing the modified second portion so as not to overwrite
the second portion;

wherein, after the step of storing the modified second

portion, the snapshot points to the second modified
non-organizational data, the organizational data of the
first active file system point to the first modified non-
organizational data, and the first modified non-
organizational data and the second modified non-
organizational data partially overlap.

62. A method according to claim 61, wherein the step of
making a snapshot is performed at a consistency point of the
first active file system.

63. A method according to claim 62, wherein data is
stored in the first and second active file systems using
blocks.



