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(57) ABSTRACT 

Systems and methods for ef?cient storage of data are pro 
vided. For instance, a method that includes acts of receiving a 
data stream to be stored on a ?rst storage system, the data 
stream comprising a data object and metadata that describes 
attributes of the data object, extracting the metadata from the 
data stream, storing the data object on the ?rst storage system 
and storing the extracted metadata, separately from the data 
object, on a computer-readable medium is disclosed. Addi 
tionally, a storage system is disclosed that includes a ?rst 
storage medium, an interface con?gured to receive a data 
stream including a data object to be stored on the ?rst storage 
medium and a controller. The controller may be con?gured to 
extract metadata from the data stream, the metadata being 
descriptive of attributes of the data object, and to direct the 
extracted metadata to be stored on a computer-readable 
medium. 
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EMULATED STORAGE SYSTEM 

RELATED APPLICATIONS 

[0001] This application is a continuation of, and claims 
priority under 35 USC § 120 to, co-pending U.S. applica 
tion Ser. No. 11/593,266 ?led Nov. 26, 2006, entitled “Emu 
lated Storage System,” which is a continuation of, and claims 
priority under 35 USC § 120 to, US. patent application Ser. 
No. 10/911,987, ?led Aug. 5, 2004, entitled “Emulated Stor 
age System” and now US. Pat. No. 7,146,576, which claims 
the bene?t under 35 USC § 119(e) to US. Provisional 
Application Ser. No. 60/492,576, entitled “Synthetic Full 
Back-up Method,” ?led onAug. 5, 2003 and US. Provisional 
Application Ser. No. 60/492,827, entitled “End-User File 
Restore Method,” ?led on Aug. 6, 2003, all of which are 
herein incorporated by reference in their entireties. 

BACKGROUND 

[0002] 1. Field of Invention 
[0003] Aspects of the present invention relate to data stor 
age, and more particularly to apparatus and methods for emu 
lating a tape storage system to provide the equivalent of full 
back-ups using an existing full back-up and subsequent incre 
mental back-ups and enabling end-users to restore data from 
such back-ups. 
[0004] 2. Discussion of RelatedArt 
[0005] Many computer systems include one or more host 
computers and one or more data storage systems that store 
data used by the host computers. These host computers and 
storage systems are typically networked together using a 
network such as a Fibre Channel network, an Ethernet net 
work, or another type of communication network. Fibre 
Channel is a standard that combines the speed of channel 
based transmission schemes and the ?exibility of network 
based transmission schemes and allows multiple initiators to 
communicate with multiple targets over a network, where the 
initiator and the target may be any device coupled to the 
network. Fibre Channel is typically implemented using a fast 
transmission media such as optical ?ber cables, and is thus a 
popular choice for storage system networks where large 
amounts of data are transferred. 

[0006] An example of a typical networked computing envi 
ronment including several host computers and back-up stor 
age systems is shown in FIG. 1. One or more application 
servers 102 are coupled via a local area network (LAN) 103 to 
a plurality of user computers 104. Both the application serv 
ers 102 and the user computers 104 may be considered “host 
computers.” The application servers 102 are coupled to one or 
more primary storage devices 106 via a storage area network 
(SAN) 108. The primary storage devices 106 may be, for 
example, disk arrays such as are available from companies 
like EMC Corporation, IBM Corporation and others. Alter 
natively, a bus (not shown) or other network link may provide 
an interconnect between the application servers and the pri 
mary storage system 106. The bus and/or Fibre Channel net 
work connection may operate using a protocol, such as the 
Small Component System Interconnect (SCSI) protocol, 
which dictates a format of packets transferred between the 
host computers (e.g., the application servers 102) and the 
storage system(s) 106. 
[0007] It is to be appreciated that the networked computing 
environment illustrated in FIG. 1 is typical of a large system 
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as may be used by, for example, a large ?nancial institution or 
large corporation. It is to be understood that many networked 
computing environments need not include all the elements 
illustrated in FIG. 1. For example, a smaller networked com 
puting environment may simply include host computers con 
nected directly, or via a LAN, to a storage system. In addition, 
although FIG. 1 illustrates separate user computers 104, 
application servers 102 and media servers 114, these func 
tions may be combined into one or more computers. 

[0008] In addition to primary storage devices 106, many 
networked computer environments include at least one sec 
ondary or back-up storage system 110. The back-up storage 
system 110 may typically be a tape library, although other 
large capacity, reliable secondary storage systems may be 
used. Typically, these secondary storage systems are slower 
than the primary storage devices, but include some type of 
removable media (e.g., tapes, magnetic or optical disks) that 
may be removed and stored off-site. 
[0009] In the illustrated example, the application servers 
102 may be able to communicate directly with the back-up 
storage system 110 via, for example, an Ethernet or other 
communication link 112. However, such a connection may be 
relatively slow and may also use up resources, such as pro 
cessor time or network bandwidth. Therefore, a system such 
as illustrated may include one or more media servers 114 that 

may provide a communication link 115, using for example, 
Fibre Channel, between the SAN 108 and the back-up storage 
system 110. 
[0010] The media servers 114 may run software that 
includes a back-up/restore application that controls the trans 
fer of data between host computers (such as user computers 
104, the media servers 114, and/or the application servers 
102), the primary storage devices 106 and the back-up storage 
system 110. Examples of back-up/restore applications are 
available from companies like Veritas, Legato and others. For 
data protection, data from the various host computers and/or 
the primary storage devices in a networked computing envi 
ronment may be periodically backed-up onto the back-up 
storage system 110 using a back-up/restore application, as is 
known in the art. 

[0011] Of course, it is to be appreciated that, as discussed 
above, many networked computer environments may be 
smaller and may include fewer components than does the 
exemplary networked computer environment illustrated in 
FIG. 1. Therefore, it is also to be appreciated that the media 
servers 114 may in fact be combined with the application 
servers 102 in a single host computer, and that the back-up/ 
restore application may be executed on any host computer 
that is coupled (either directly or indirectly, such as through a 
network) to the back-up storage system 110. 
[0012] One example of a typical back-up storage system is 
a tape library that includes a number of tape cartridges and at 
least one tape drive, and a robotic mechanism that controls 
loading and unloading of the cartridges into the tape drives. 
The back-up/restore application provides instructions to the 
robotic mechanism to locate a particular tape cartridge, e. g., 
tape number 0001, and load the tape cartridge into the tape 
drive so that data may be written onto the tape. The back-up/ 
restore application also controls the format in which data is 
written onto the tapes. Typically, the back-up/restore appli 
cation may use SCSI commands, or other standardized com 
mands, to instruct the robotic mechanism and to control the 
tape drive(s) to write data onto the tapes and to recover pre 
viously written data from the tapes. 
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[0013] Conventional tape library back-up systems suffer 
from a number of problems including speed, reliability and 
?xed capacity. Many large companies need to back-up Ter 
abytes of data each Week. However, even expensive, high-end 
tapes can usually only read/Write data at speeds of 30-40 
Megabytes per second (MB/ s), Which translates to about 50 
Gigabyte per hour (GB/hr). Thus, to back-up one or tWo 
Terabytes of data to a tape back-up system may take at least 10 
to 20 hours of continuous data transfer time. 
[0014] In addition, most tape manufacturers Will not guar 
antee that it Will be possible to store (or restore) data to/ from 
a tape if the tape is dropped (as may happen relatively fre 
quently in a typical tape library because either a human opera 
tor or the robotic mechanism may drop a tape during a move 
or load operation) or if the tape is exposed to non-ideal envi 
ronmental conditions, such as extremes in temperature or 
moisture. Therefore, a great deal of care needs to be taken to 
store tapes in a controlled environment. Furthermore, the 
complex machinery of a tape library (including the robotic 
mechanism) is expensive to maintain and individual tape 
cartridges are relatively expensive and have limited lifespans. 

SUMMARY OF INVENTION 

[0015] Embodiments of the present invention provide a 
back-up storage system that overcomes or alleviates some or 
all of the problems of conventional tape library systems and 
that may provide greater ?exibility than do conventional tape 
library systems. 
[0016] In broad overview, aspects and embodiments of the 
present invention provide a random-access based storage sys 
tem that emulates a conventional tape back-up storage system 
such that a back-up/restore application sees the same vieW of 
devices and media as With a physical tape library. The storage 
system of the invention uses softWare and hardWare to emu 
late physical tape media and replace them With one or more 
random-access disk arrays, translating tape format, linear, 
sequential data to data that is suitable for storage on disk. 
[0017] According to some aspects and embodiments of the 
present invention, there is provided a mechanism for decod 
ing existing back-up data sets and storing the metadata (i.e., 
data that represents information about user data) in a search 
able metadata cache, a mechanism to alloW searching and/or 
vieWing of the metadata cache for ?les or objects, and a 
mechanism for doWnloading these ?les or objects via a Web 
connection from data stored through existing back-up poli 
cies and practices of typical back-up softWare. Also included 
may be a mechanism for authenticating a user through exist 
ing authentication mechanisms, and for limiting the vieW of 
the metadata cache based on a current user’s credentials. 

[0018] According to other aspects and embodiments of the 
invention, there is provided a mechanism for performing a 
logical merge of multiple cartridge representations in a meta 
data cache, and a mechanism for appropriately labeling and 
barcoding a neWly synthesiZed cartridge such that it is 
accepted by back-up/restore softWare as a valid data set. Also, 
according to further aspects and embodiments of the inven 
tion, there is provided a mechanism for either storing multiple 
copies of data elements that represent a synthetic cartridge, or 
for storing only pointers to existing data represented in the 
metadata cache. 
[0019] According to one embodiment, a method comprises 
acts of creating a full back-up data set comprising a ?rst 
plurality of data ?les, creating at least one incremental back 
up data set comprising a second plurality of data ?les, deter 
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mining a most recent copy of each data ?le of the ?rst and 
second pluralities of data ?les, storing a plurality of indica 
tors, each indicator identifying a storage location in one of the 
full back-up data set and the at least one incremental back-up 
data set of the most recent copy of each data ?le of the ?rst and 
second pluralities of data ?les, and creating a synthetic full 
back-up data set that corresponds to the most recent copy of 
each data ?le of the ?rst and second pluralities of data ?les 
based upon the plurality of indicators. 
[0020] In one embodiment, the method further comprises 
an act of storing metadata associated With each data ?le in 
each of the ?rst and second pluralities of data ?les in a search 
able metadata cache. In another embodiment, the act of deter 
mining the most recent copy includes analyZing metadata 
associated With each data ?le of the ?rst and secondpluralities 
of data ?les to determine the mo st recent copy of each data ?le 
of the ?rst and second pluralities of data ?les. According to 
another embodiment, the method further comprises an act of 
providing an interface to alloW a user to search the searchable 
metadata cache to locate the most recent copy of at least one 
data ?le in one of the ?rst and second pluralities of data ?les, 
Wherein the act of providing an interface may also includes an 
act of providing an interface that permits the user to doWnload 
and restore the most recent copy of the at least one data ?le 
using the interface. 
[0021] In other examples, the method further comprises 
acts of analyZing one or both of the existing full back-up data 
set and the incremental back-up data set to provide lists of 
each data ?le in the ?rst and second pluralities of data ?les. In 
one example, the ?rst plurality of data ?les includes a ?rst 
data ?le and Wherein the secondplurality of data ?les includes 
a modi?ed copy of the ?rst data ?le. In another example, the 
second plurality of data ?les includes at least one data ?le, a 
version of Which is not included in the ?rst plurality of data 
?les. 
[0022] According to another embodiment, a back-up stor 
age system comprises a back-up storage media for storing the 
?rst and second pluralities of data ?les, and a controller 
including at least one processor con?gured to execute a set of 
instructions implementing embodiments of the method 
described above. In another embodiment, a computer read 
able medium is encoded With a plurality of instructions that 
When executed on at least one processor (for example, a 
processor of a storage system) implement embodiments of 
the method described above. 

[0023] In another embodiment, a synthetic full back-up 
data set comprises a plurality of indicators, each indicator 
identifying a storage location, in one of an existing full back 
up data set and at least one incremental back-up data set, of a 
most recent copy of a plurality of data ?les, Wherein the 
existing full back-up data set comprises a stored copy of at 
least one of the plurality of data ?les, and Wherein the at least 
one incremental data set comprises a stored copy of remain 
ing ones of the plurality of data ?les. 
[0024] According to another embodiment, there is pro 
vided a method of creating a synthetic full back-up data set 
from an existing full back-up data set comprising a ?rst plu 
rality of data ?les, and an incremental back-up data set com 
prising a second plurality of data ?les. The method comprises 
determining a latest version of the each data ?le of the ?rst and 
second pluralities of data ?les, storing a plurality of indica 
tors, each indicator identifying a storage location in one of the 
existing full back-up data set and the incremental back-up 
data set of a most recent copy of each data ?le of the ?rst and 
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second pluralities of data ?les, and creating the synthetic full 
back-up data set that corresponds to the most recent copy of 
each data ?le of the ?rst and second pluralities of data ?les 
based upon the plurality of indicators. 
[0025] According to another embodiment, in a back-up 
storage system, there is provided a method of locating 
backed-up data ?les on the storage system. The method com 
prises providing a user interface, storing metadata corre 
sponding to the backed-up data ?les in a searchable storage 
medium, and using the metadata to present on the user inter 
face, a directory structure of the data ?les stored on the 
storage system. In one example, the method further com 
prises authenticating a user, and presenting the directory 
structure based at least in part on the authenticating step. 
[0026] According to another embodiment, in a back-up 
storage system, a method of locating a backed-up data ?le on 
the storage system comprises storing a plurality of indicators 
that identify storage locations of each of a plurality of backed 
up data ?les on the storage system, each indicator correspond 
ing to one data ?le of the plurality of data ?les, and providing 
a user interface that enables a user to locate the backed-up 
data ?le based on the plurality of indicators. 
[0027] According to another aspect, a method is provided 
that includes acts of receiving a data stream to be stored on a 
?rst storage system, the data stream comprising a data object 
and metadata that describes attributes of the data object, 
extracting the metadata from the data stream, storing the data 
object on the ?rst storage system and storing the extracted 
metadata, separately from the data object, on a computer 
readable medium. In one example, receiving a data stream 
comprises receiving a data stream to be stored on a backup 
storage system. Additionally, receiving the data stream may 
comprise receiving the data stream from a primary storage 
system via any one of a backup/restore application, an 
archiving application or a data migration application. 
[0028] In the method, extracting the metadata from the data 
stream may include extracting the metadata from the data 
stream during the step of receiving the data stream. In addi 
tion, extracting the metadata may include extracting a modi 
?cation history of the data object. Furthermore, extracting the 
metadata may comprise extracting security data associated 
With the data object. Extracting the security data may include 
extracting at least one identi?er of a user authorized to access 
the data object associated With the security data. In another 
example, extracting the metadata may comprise extracting a 
storage location on a primary storage system of the data 
object. Extracting the metadata may also comprise extracting 
a backup volume associated With the data object. Alterna 
tively, extracting the metadata may include extracting a siZe 
of the data object. Similarly, extracting the metadata may 
include extracting an identi?er of a softWare application asso 
ciated With the data object. Extracting the metadata may also 
comprise extracting a ?le name. In the method, extracting the 
metadata may include extracting a ho st server name. Extract 
ing the metadata may also comprise extracting metadata cre 
ated by an application transmitting the data stream. 
[0029] In another example, storing the extracted metadata 
comprises storing the extracted metadata in a searchable 
cache. Furthermore, storing the extracted metadata in a 
searchable cache may include storing the extracted metadata 
in a database. Alternatively, storing the extracted metadata in 
a searchable cache may include storing a portion of the 
extracted metadata in a database and storing a portion of the 
extracted metadata in at least one ?le. In addition, storing the 
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extracted metadata may comprise storing the extracted meta 
data in a cache of memory. In another example, storing the 
extracted metadata may comprise storing the extracted meta 
data on the ?rst storage system. Alternatively, storing the 
extracted metadata may include storing the extracted meta 
data on a second storage system. Storing the data object may 
include storing a ?le. Similarly, storing the data object may 
comprise storing a block of data. 

[0030] According to another aspect, a method is provided 
that includes acts of receiving a data stream to be stored on a 
?rst storage system, the data stream comprising a data object 
and metadata that describes attributes of the data object, stor 
ing the data stream on the ?rst storage system, extracting the 
metadata from the data stream and storing the extracted meta 
data, separately from the data stream, on a computer-readable 
medium. In the method, receiving a data stream may com 
prise receiving a data stream to be stored on a backup storage 
system. 
[0031] In one example, storing the extracted metadata may 
include storing the extracted metadata in a cache of memory. 
In another example, storing the extracted metadata may com 
prise storing the extracted metadata on the ?rst storage sys 
tem. Alternatively, storing the extracted metadata may com 
prise storing the extracted metadata on a second storage 
system. Extracting the metadata from the data stream may be 
performed after storing the data stream on the backup storage 
system. In another example, extracting the metadata from the 
data stream may be performed While storing the data stream 
on the backup storage system. In another example, extracting 
the metadata from the data stream may be performed before 
storing the data stream on the backup storage system. 
[0032] According to another aspect, a storage system is 
provided that includes a ?rst storage medium, an interface 
con?gured to receive a data stream including a data object to 
be stored on the ?rst storage medium and a controller. The 
controller may be con?gured to extract metadata from the 
data stream, the metadata being descriptive of attributes of the 
data object, and to direct the extracted metadata to be stored 
on a computer-readable medium. In one example, the com 
puter-readable medium may include a cache of memory. In 
another example, the computer-readable medium may 
include the ?rst storage medium. In another example, the 
computer-readable medium may include a second storage 
medium. Furthermore, the controller may be further con?g 
ured to arrange extracted metadata into a searchable cache. 
The searchable cache may comprise a database and at least 
one ?le referenced in the database. 

[0033] According to another aspect, a method is provided 
that includes acts of receiving a data stream including objects 
to be stored on a backup storage system, acquiring metadata 
descriptive of attributes of the objects and storing the acquired 
metadata on the backup storage system. 
[0034] According to another aspect, a computer-readable 
medium is provided. The computer-readable medium may 
comprise instructions that, as a result of being executed by a 
processor, instruct the processor to perform a method includ 
ing acts of receiving a data stream to be stored on a ?rst 
storage system, the data stream comprising a data object and 
metadata that describes attributes of the data object, extract 
ing the metadata from the data stream, storing the data object 
on the ?rst storage system and storing the extracted metadata, 
separately from the data object, on a computer-readable 
medium. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0035] The accompanying drawings, are not intended to be 
drawn to scale. In the drawings, each identical or nearly 
identical component that is illustrated in various ?gures is 
represented by a like numeral. For purposes of clarity, not 
every component may be labeled in every drawing. In the 
drawings: 
[0036] FIG. 1 is a block diagram of one example of a 
large- scale networked computing environment that includes a 
back-up storage system; 
[0037] FIG. 2 is a block diagram of one embodiment ofa 
networked computing environment including a storage sys 
tem according to aspects of the invention; 
[0038] FIG. 3 is a block diagram of one embodiment ofa 
storage system according to aspects of the invention; 
[0039] FIG. 4 is a block diagram illustrating a virtual layout 
of one embodiment of a storage system according to aspects 
of the invention; 
[0040] FIG. 5 is a schematic layout of one example of a 
system ?le according to aspects of the invention; 
[0041] FIG. 6 is one example of a tape directory structure 
according to aspects of the invention; 
[0042] FIG. 7 is a diagram depicting one example of a 
method of creating a synthetic full back-up according to 
aspects of the invention; 
[0043] FIG. 8 is a schematic diagram of one example, ofa 
series of back-up data sets including a synthetic full back-up 
according to aspects of the invention; 
[0044] FIG. 9 is a diagram of one example, of a metadata 
cache structure; 
[0045] FIG. 10 is a diagram of one example of a virtual 
cartridge storing a synthetic full back-up data set; and 
[0046] FIG. 11 is a diagram ofanother example ofa virtual 
cartridge storing a synthetic full back-up data set. 

DETAILED DESCRIPTION 

[0047] Various embodiments and aspects thereof will now 
be described in more detail with reference to the accompany 
ing ?gures. It is to be appreciated that this invention is not 
limited in its application to the details of construction and the 
arrangement of components set forth in the following descrip 
tion or illustrated in the drawings. The invention is capable of 
other embodiments and of being practiced or of being carried 
out in various ways. Also, the phraseology and terminology 
used herein is for the purpose of description and should not be 
regarded as limiting. The use of “including,” “comprising,” 
“having,” “containing,” “involving,” and variations thereof 
herein, is meant to encompass the items listed thereafter and 
equivalents thereof as well as additional items. 

[0048] As used herein, the term “host computer” refers to 
any computer that has at least one processor, such as a per 
sonal computer, a workstation, a mainframe, a networked 
client, a server, etc. that is capable of communication with 
other devices, such as a storage system or other host comput 
ers. Host computers may include media servers and applica 
tion servers (as described previously with reference to FIG. 1) 
as well as user computers (which may be user workstations, 
PCs, mainframes, etc.). In addition, within this disclosure, the 
term “networked computer environment” includes any com 
puting environment in which a plurality of host computers are 
connected to one or more shared storage systems in such a 
manner that the storage system(s) can communicate with 
each of the host computers. Fibre Channel is one example of 
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a communication network that may be used with embodi 
ments of the present invention. However, it is to be appreci 
ated that the networks described herein are not limited to 
Fibre Channel, and that the various network components may 
communicate with each other over any network connection, 
such as Token Ring or Ethernet instead of, or in addition to 
Fibre Channel, or over combinations of different network 
connections. Moreover, aspects of the present invention may 
also be used in bus topologies, such as SCSI or parallel SCSI. 

[0049] According to various embodiments and aspects of 
the present invention, there is provided a virtual removable 
media library back-up storage system that may use one or 
more disk arrays to emulate a removable media based storage 
system. Using embodiments of the invention, data may be 
backed-up onto the disk array(s) using the same back-up/ 
restore application as would have been used to back-up the 
data onto removable media (such as tapes, magnetic disks, 
optical disks, etc.), without a user having to make any modi 
?cations or adjustments to the existing back-up procedures or 
having to purchase a new back-up/restore application. In one 
embodiment, described in detail herein, the removable media 
that are emulated are tapes, and the back-up storage system of 
the invention emulates a tape library system including tapes 
and the robotic mechanism used to handle tapes in a conven 
tional tape library system. 
[0050] A storage system according to aspects of the inven 
tion includes hardware and software that together interface 
with a host computer (running the back-up/restore applica 
tion) and a back-up storage media. The storage system may be 
designed to emulate tapes, or other types of removable stor 
age media, such that the back-up/restore application sees the 
same view of devices and media as with a physical tape 
library, and to translate linear, sequential, tape format data 
into data that is suitable for storage on random-access disks. 
In this manner, the storage system of the invention may pro 
vide enhanced functionality (such as, allowing users to search 
for individual backed-up user ?les, as discussed below) with 
out requiring new back-up/restore application software or 
policies. 
[0051] Referring to FIG. 2, there is illustrated in block 
diagram form, one embodiment of a networked computing 
environment including a back-up storage system 170 accord 
ing to aspects of the invention. As illustrated, a host computer 
120 is coupled to the storage system 170 via a network con 
nection 121. This network connection 121 may be, for 
example a Fibre Channel connection to allow high-speed 
transfer of data between the host computer 120 and the stor 
age system 170. It is to be appreciated that the host computer 
120 may be, or may include, one or more application servers 
102 (see FIG. 1) and/or media servers 114 (see FIG. 1) and 
may enable back-up of data from either any of the computers 
present in the networked computing environment or from a 
primary storage device 106 (see FIG. 1). In addition, one or 
more user computers 136 may also be coupled to the storage 
system 170 via another network connection 138, such as an 
Ethernet connection. As discussed in detail below, the storage 
system may enable users of the user computer 136 to view and 
optionally restore backed-up user ?les from the storage sys 
tem. 

[0052] The storage system includes back-up storage media 
126 that may be, for example, one or more disk arrays, as 
discussed in more detail below. The back-up storage media 
126 provide the actual storage space for backed-up data from 
the host computer(s) 120. However, the storage system 170 
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may also include software and additional hardware that emu 
lates a removable media storage system, such as a tape library, 
such that, to the back-up/restore application running on the 
host computer 120, it appears as though data is being backed 
up onto conventional removable storage media. Thus, as illus 
trated in FIG. 2, the storage system 170 may include “emu 
lated media” 134 which represent, for example, virtual or 
emulated removable storage media such as tapes. These 
“emulated media” 134 are presented to the host computer by 
the storage system software and/or hardware and appear to 
the host computer 120 as physical storage media. Further 
interfacing between the emulated media 134 and the actual 
back-up storage media 126 may be a storage system control 
ler (not shown) and a switching network 132 that accepts the 
data from the host computer 120 and stores the data on the 
back-up storage media 126, as discussed more fully in detail 
below. In this manner, the storage system “emulates” a con 
ventional tape storage system to the host computer 120. 
[0053] According to one embodiment, the storage system 
may include a “logical metadata cache” 242 that stores meta 
data relating to user data that is backed-up from the host 
computer 120 onto the storage system 170. As used herein, 
the term “metadata” refers to data that represents information 
about user data and describes attributes of actual user data. 
The logical metadata cache 242 represents a searchable col 
lection of data that enables users and/ or software applications 
to randomly locate backed-up user ?les, compare user ?les 
with one another, and otherwise access and manipulate 
backed-up user ?les. Two examples of software applications 
that may use the data stored in the logical metadata cache 242 
include a synthetic full back-up application 240 and an end 
user restore application 300 that are discussed more fully 
below. 

[0054] In brief overview, the synthetic full back-up appli 
cation 240 is capable of creating a synthetic full back-up data 
set from one existing full back-up data set and one or more 
incremental back-up data sets. The synthetic full backup may 
obviate the need to perform periodic (e.g., weekly) full back 
ups, thereby saving considerable time and network resources. 
Details of the synthetic full back-up application 240 are 
described further below. The end-user restore application 
300, also described more fully in detail below, enables end 
users (e.g., operators of the user computers 136) to browse, 
locate, view and/or restore previously backed-up user ?les 
from the storage system 170. 
[0055] As discussed above, the storage system 170 includes 
hardware and software that interface with the host computer 
120 and the back-up storage media 126. Together, the hard 
ware and software of embodiments of the invention may 
emulate a conventional tape library back-up system such that, 
from the point of view of the host computer 120, data appears 
to be backed-up onto tape, but is in fact backed-up onto 
another storage medium, such as, for example, a plurality of 
disk arrays. 
[0056] Referring to FIG. 3, there is illustrated in block 
diagram form, one embodiment of a storage system 170 
according to aspects of the invention. In one example, the 
hardware of the storage system 170 includes a storage system 
controller 122 and a switching network 132 that connects the 
storage system controller 122 to the back-up storage media 
126. The storage system controller 122 includes a processor 
127 (which may be a single processor or multiple processors) 
and a memory 129 (such as RAM, ROM, PROM, EEPROM, 
Flash memory, etc. or combinations thereof) that may run all 
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or some of the storage system software. The memory 129 may 
also be used to store metadata relating to the data stored on the 
back-up storage media 126. Software, including program 
ming code that implements embodiments of the present 
invention, is generally stored on a computer readable and/or 
writeable nonvolatile recording medium, such as RAM, 
ROM, optical or magnetic disk or tape, etc., and then copied 
into memory 129 wherein it may then be executed by the 
processor 127. Such programming code may be written in any 
of a plurality of programming languages, for example, Java, 
Visual Basic, C, C#, or C++, Fortran, Pascal, Eiffel, Basic, 
COBAL, or combinations thereof, as the present invention is 
not limited to a particular programming language. Typically, 
in operation, the processor 127 causes data, such as code that 
implements embodiments of the present invention, to be read 
from a nonvolatile recording medium into another form of 
memory, such as RAM, that allows for faster access to the 
information by the processor than does the nonvolatile 
recording medium. 
[0057] As shown in FIG. 3, the controller 122 also includes 
a number of port adapters that connect the controller 122 to 
the host computer 120 and to the switching network 132. As 
illustrated, the host computer 120 is coupled to the storage 
system via a port adapter 12411, which may be, for example, a 
Fibre Channel port adapter. Via a storage system controller 
122, the host computer 120 backs up data onto the back-up 
storage media 126 and can recover data from the back-up 
storage media 126. 

[0058] In the illustrated example, the switching network 
132 may include one or more Fibre Channel switches 128a, 
1281). The storage system controller 122 includes a plurality 
of Fibre Channel port adapters 12419 and 1240 to couple the 
storage system controller to the Fibre Channel switches 128a, 
1281). Via the Fibre Channel switches 128a, 128b, the storage 
system controller 122 allows data to be backed-up onto the 
back-up storage media 126. As illustrated in FIG. 3, the 
switching network 132 may further include one or more Eth 
ernet switches 130a, 1301) that are coupled to the storage 
system controller 122 via Ethernet port adapters 125a, 1251). 
In one example, the storage system controller 122 further 
includes another Ethernet port adapter 1250 that may be 
coupled to, for example, a LAN 103 to enable the storage 
system 170 to communicate with host computes (e.g., user 
computers), as discussed below. 

[0059] In the example illustrated in FIG. 3, the storage 
system controller 122 is coupled to the back-up storage media 
126 via a switching network that includes two Fibre Channel 
switches and two Ethernet switches. Provision of at least two 
of each type of switch within the storage system 170 elimi 
nates any single points of failure in the system. In other words, 
even if one switch (for example, Fibre Channel switch 128a) 
were to fail, the storage system controller 122 would still be 
able to communicate with the back-up storage media 126 via 
another switch. Such an arrangement may be advantageous in 
terms of reliability and speed. For example, as discussed 
above, reliability is improved through provision of redundant 
components and elimination of single points of failure. In 
addition, in some embodiments, the storage system controller 
is able to back-up data onto the back-up storage media 126 
using some or all of the Fibre Channel switches in parallel, 
thereby increasing the overall back-up speed. However, it is to 
be appreciated that there is no requirement that the system 
comprise two or more of each type of switch, nor that the 
switching network comprise both Fibre Channel and Ethernet 
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switches. Furthermore, in examples Wherein the back-up 
storage media 126 comprises a single disk array, no sWitches 
at all may be necessary. 

[0060] As discussed above, in one embodiment, the back 
up storage media 126 may include one or more disk arrays. In 
one preferred embodiment, the back-up storage media 126 
include a plurality of ATA or SATA disks. Such disks are “off 
the shelf’ products and may be relatively inexpensive com 
pared to conventional storage array products from manufac 
turers such as EMC, IBM, etc. Moreover, When one factors in 
the cost of removable media (e.g., tapes) and the fact that such 
media have a limited lifetime, such disks are comparable in 
cost to conventional tape-based back-up storage systems. In 
addition, such disks can read/Write data substantially faster 
than can tapes. For example, over a single Fibre Channel 
connection, data can be backed-up onto a disk at a speed of at 
least about 150 MB/s, Which translates to about 540 GB/hr, 
signi?cantly faster (e. g., by an order of magnitude) than tape 
back-up speeds. In addition, several Fibre Channel connec 
tions may be implemented in parallel, thereby increasing the 
speed even further. In accordance With an embodiment of the 
present invention, back-up storage media may be organiZed to 
implement any one of a number of RAID (Redundant Array 
of Independent Disks) schemes. For example, in one embodi 
ment, the back-up storage media may implement a RAID-5 
implementation. 
[0061] As discussed above, embodiments of the invention 
emulate a conventional tape library back-up system using 
disk arrays to replace tape cartridges as the physical back-up 
storage media, thereby providing a “virtual tape library.” 
Physical tape cartridges that Would be present in a conven 
tional tape library are replaced by What is termed herein as 
“virtual cartridges.” It is to be appreciated that for the pur 
poses of this disclosure, the term “virtual tape library” refers 
to an emulated tape library Which may be implemented in 
softWare and/or physical hardWare as, for example, one or 
more disk array(s). It is further to be appreciated that although 
this discussion refers primarily to emulated tapes, the storage 
system may also emulate other storage media, for example, a 
CD-ROM or DVD-ROM, and that the term “virtual cartridge” 
refers generally to emulated storage media, for example, an 
emulated tape or emulated CD. In one embodiment, the vir 
tual cartridge in fact corresponds to one or more hard disks. 

[0062] Therefore, in one embodiment, a softWare interface 
is provided to emulate the tape library such that, to the back 
up/restore application, it appears that the data is being 
backed-up onto tape. HoWever, the actual tape library is 
replaced by one or more disk arrays such that the data is in fact 
being backed-up onto these disk array(s). It is to be appreci 
ated that other types of removable media storage systems may 
be emulated and the invention is not limited to the emulation 
of tape library storage systems. The folloWing discussion Will 
noW explain various aspects, features and operation of the 
softWare included in the storage system 170. 
[0063] It is to be appreciated that although the softWare may 
be described as being “included” in the storage system 170, 
and may be executed by the processor 127 of the storage 
system controller 122 (see FIG. 3), there is no requirement 
that all the softWare be executed on the storage system con 
troller 122. The softWare programs such as the synthetic full 
back-up application and the end-user restore application may 
be executed on the host computers and/or user computers and 
portions thereof may be distributed across all or some of the 
storage system controller, the host computer(s), and the user 
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computer(s). Thus, it is to be appreciated that there is no 
requirement that the storage system controller be a contained 
physical entity such as a computer. The storage system 170 
may communicate With softWare that is resident on a host 
computer such as, for example, the media server(s) 114 or 
application servers 102. In addition, the storage system may 
contain several softWare applications that may be run or resi 
dent on the same or different host computers. Moreover, it is 
to be appreciated that the storage system 170 is not limited to 
a discrete piece of equipment, although in some embodi 
ments, the storage system 170 may be embodied as a discrete 
piece of equipment. In one example, the storage system 170 
may be provided as a self-contained unit that acts as a “plug 
and play” (i.e., no modi?cation need be made to existing 
back-up procedures and policies) replacement for conven 
tional tape library back-up systems. Such a storage system 
unit may also be used in a netWorked computing environment 
that includes a conventional back-up system to provide 
redundancy or additional storage capacity. 
[0064] As discussed above, according to one embodiment, 
the host computer 120 (Which may be, for example, an appli 
cation server 102 or media server 114, see FIG. 1) may 
back-up data onto the back-up storage media 126 via the 
netWork link (e. g., a Fibre Channel link) 121 that couples the 
host computer 120 to the storage system 170. It is to be 
appreciated that although the folloWing discussion Will refer 
primarily to the back-up of data onto the emulated media, the 
principles apply also to restoring backed-up data from the 
emulated media. The How of data betWeen the ho st computer 
120 and the emulated media 134 may be controlled by the 
back-up/restore application, as discussed above. From the 
vieW point of the back-up/restore application, it may appear 
that the data is actually being backed-up onto a physical 
version of the emulated media. 

[0065] Referring to FIG. 4, the storage system softWare 150 
may include one or more logical abstraction layer(s) that 
represent the emulated media and provide an interface 
betWeen a back-up/restore application 140 resident on the 
host computer 120 and the back-up storage media 126. The 
softWare 150 accepts tape format data from the back-up/ 
restore application 140 and translates that data into data suit 
able for storage on random-access disks (e.g., hard disks, 
optical disks and the like). In one example, this softWare 150 
is executed on the processor 127 of the storage system con 
troller 122 and may be stored in memory 129 (see FIG. 3). 
[0066] According to one embodiment, the softWare 150 
may include a layer, referred to herein as the virtual tape 
library (V TL) layer 142 that may provide a SCSI emulation of 
tapes, tape drives, and also the robotic mechanisms used to 
transfer tapes to and from the tape drives. The back-up/restore 
application 140 may communicate (e.g., back-up or Write 
data to the emulated media) With the VTL 142 using, for 
example, SCSI commands, represented by arroWs 144. Thus, 
the VTL may form a softWare interface betWeen the other 
storage system softWare and hardWare and the back-up/re 
store application, presenting the emulated storage media 134 
(FIG. 2) to a back-up/restore application and alloWing the 
emulated media to appear to the back-up/restore application 
as conventional removable back-up storage media. 
[0067] A second softWare layer referred to herein as the ?le 
system layer 146 may provide an interface betWeen the emu 
lated storage media (represented in the VTL) and the physical 
back-up storage media 126. In one example, the ?le system, 
146 acts as a mini operating system to communicate With the 
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back-up storage media 126 using, for example, SCSI com 
mands, represented by arrows 148, to read and Write data to 
and from the back-up storage media 126. 
[0068] In one embodiment, the VTL provides generic tape 
library support and may support any SCSI media changer. 
Emulated tape devices may include, but are not limited to, an 
IBM LTO-l and LTO-2 tape device, a Quantum Super 
DLT320 tape device, a Quantum P3000 tape library system, 
or a StorageTek L180 tape library system. Within the VTL, 
each virtual cartridge is a ?le that may groW dynamically as 
data is stored. This is in contrast to conventional tape car 
tridges Which have a ?xed siZe. One or more virtual cartridges 
may be stored in a system ?le as described further beloW With 
respect to FIG. 5. 

[0069] FIG. 5 illustrates one example of a data structure 
Within the ?le system softWare 146 that illustrates a system 
?le 200 in accordance With an embodiment of the present 
invention. In this embodiment, the system ?le 200 includes a 
header 202 and data 204. The header 202 may include infor 
mation that identi?es each of the virtual cartridges that are 
stored in that system ?le. The header may also contain infor 
mation such as, Whether a virtual cartridge is Write protected, 
the dates of creation/modi?cation of the virtual cartridges, 
etc. In one example, the header 202 includes information 
uniquely identifying each virtual cartridge and distinguishing 
each virtual cartridge from other virtual cartridges stored in 
the storage system. For example, this information may 
include a name and an identifying number (corresponding to 
a barcode that Wouldtypically be present on a physical tape so 
that the tape could be identi?ed by the robotic mechanism) of 
the virtual cartridge. The header 202 may also contain addi 
tional information such as a capacity of each of the virtual 
cartridges, a date of last modi?cation, etc. 
[0070] According to one embodiment of the present inven 
tion, the siZe of the header 202 may be optimiZed to re?ect the 
type of data being stored (e.g., virtual cartridges representing 
data back-up from one or more host computer systems) and 
the number of distinct sets of such data (e.g., virtual car 
tridges) that the system can track. For example, data that is 
typically backed-up to a tape storage system is typically char 
acteriZed by larger data sets representing numerous system 
and user ?les. Because the data sets are so large, the number 
of discrete data ?les to be tracked may be correspondingly 
small. Accordingly, in one embodiment, the siZe of the header 
202 may selected based on a compromise betWeen storing too 
much data to e?iciently keep track of (i.e., the header being 
too big) and not having space to store a suf?cient number of 
cartridge identi?ers (i.e., header being too small). In one 
exemplary embodiment, the header 202 utiliZes the ?rst 32 
MB of the system ?le 200. HoWever it is to be appreciated that 
the header 202 may have a different siZe based on system 
needs and characteristics and that, depending on system 
needs and capacity, one may select a different siZe for the 
header 202. 

[0071] It is to be appreciated that, from the point of vieW of 
the back-up/restore application, the virtual cartridges appear 
as physical tape cartridges With all the same attributes and 
features. That is, to the back-up restore application, the virtual 
cartridges appear as sequentially Written tapes. HoWever, in 
one preferred embodiment, the data stored in the virtual car 
tridges is not stored in a sequential format on back-up storage 
media 126. Rather, the data that appears to be Written to the 
virtual cartridges is in fact stored in the storage system’s ?les 
as randomly accessible, disk-format data. Metadata is used to 
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link the stored data to virtual cartridges so that the back-up/ 
restore application can read and Write data in cartridge for 
mat. 

[0072] Thus, in broad overvieW of one preferred embodi 
ment, user and/or system data (referred to herein as “?le 
data”) is received by the storage system 170 from the host 
computer 120 and is stored on the disk array(s) making up the 
back-up storage media 126. The softWare 150 (see FIG. 4) 
and/or hardWare of the storage system Writes this ?le data to 
the back-up storage media 126 in the form of system ?les, as 
is described in more detail beloW. Metadata is extracted from 
the backed-up ?le data by the storage system controller to 
keep track of attributes of the user and/ or system ?les that are 
backed-up. For example, such metadata for each ?le may 
include the ?le name, a date of creation or last modi?cation of 
the ?le, any encryption information relating to the ?le, and 
other information. In addition, metadata may be created by 
the storage system for each ?le that links the ?le to a virtual 
cartridge. Using such metadata, the softWare provides to the 
host computer an emulation of tape cartridges; hoWever the 
?le data is in fact not stored in tape format, but rather in the 
system ?les, as discussed beloW. Storing the data in system 
?les, rather than in sequential cartridge format, may be advan 
tageous in that it alloWs fast, e?icient and random access to 
individual ?les Without the need to scan through sequential 
data to ?nd a particular ?le. 

[0073] As discussed above, according to one embodiment, 
?le data (i.e., user and/ or system data) is stored on the back-up 
storage media as system ?les, each system ?le including a 
header and data, the data being the actual user and/ or system 
?les. The header 202 of each system ?le 200 includes a tape 
directory 206 that contains metadata linking the user and/or 
system ?les to virtual cartridges. The term “metadata” as used 
herein refers not to user or system ?le data, but to data that 
describes attributes of actual user and/ or system data. Accord 
ing to one example, the tape directory may de?ne, doWn to the 
byte level, the layout of data on the virtual cartridges. In one 
embodiment, the tape directory 206 has a table structure, as 
illustrated in FIG. 6. The table includes a column 220 for the 
type of information stored (e.g., data, a ?le marker (FM), 
etc.), a column 222 for the siZe of the disk blocks used in 
bytes, and a column 224 that counts the number of diskblocks 
in Which the ?le data is stored. Thus, the tape directory alloWs 
the controller to have random (as opposed to sequential) 
access to any data ?le stored on back-up storage media 126. 
For example, referring to FIG. 6, the data ?le 226 may be 
quickly located on the virtual tape because the tape directory 
indicates that the data of ?le 226 begins one block from the 
beginning of the system ?le 200. This one block has no siZe 
because it corresponds to a ?le marker (FM). File markers are 
not stored in the system ?le, i.e., ?le markers correspond to 
Zero data. The tape directory includes ?le markers because 
they are used by conventional tapes and the back-up/restore 
application thus Writes ?le markers along With data ?les and 
expects to see ?le markers When vieWing a virtual cartridge. 
Therefore, ?le markers are kept track of in the tape directory. 
HoWever, ?le markers do not represent any data and are 
therefore not stored in the data section of the system ?le. 
Thus, the data of ?le 226 begins at the beginning of the data 
section of the system ?le, indicated by arroW 205 (see FIG. 5), 
and is 1024 bytes in length (i.e., one disk block that is 1024 
bytes in siZe). It should be appreciated that other ?le data may 
be stored in a block siZe other than 1024 bytes, depending on 
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the amount of data, i.e., the size of the data ?le. For example, 
larger data ?les may be stored using larger dick block siZes for 
e?iciency. 
[0074] In one example, the tape directory may be contained 
in a “?le descriptor” that is associated With each data ?le 
backed-up onto the storage system. The ?le descriptor con 
tains metadata relating the data ?les 204 stored on the storage 
system. In one embodiment, the ?le descriptor may be imple 
mented in accordance With a standardized format, such as the 
tape archive (tar) format used by most Unix based systems. 
Each ?le descriptor may include information such as the 
name of the corresponding user ?le, the date the user ?le Was 

created/modi?ed, the siZe of the user ?le, any access restric 
tions on the user ?le, etc. Additional information stored in the 
?le descriptor may further include information describing the 
directory structure from Which the data Was copied. Thus, the 
?le descriptor may contain searchable metadata about a cor 
responding data ?le, as is discussed in more detail beloW. 

[0075] From the point of vieW of the back-up/restore appli 
cation, any virtual cartridge may contain a plurality of data 
?les and corresponding ?le descriptors. From the point of 
vieW of the storage system softWare, the data ?les are stored 
in system ?les that may be linked to, for example, a particular 
back-up job. For example, a back-up executed by one host 
computer at a particular time may generate one system ?le 
that may correspond to one or more virtual cartridges. Virtual 
cartridges may thus be of any siZe and may groW dynamically 
as more user ?les are stored on the virtual cartridges. 

[0076] Referring again to FIG. 3, as discussed above, the 
storage system 170 may include a synthetic full back-up 
softWare application 240. In one embodiment, the host com 
puter 120 backs-up data onto the emulated media 134, form 
ing one or more virtual cartridges. In some computing envi 
ronments, a “full back-up,” i.e., a back-up copy of all data 
stored on the primary storage system in the netWork (see FIG. 
1), may be accomplished periodically (e.g., Weekly). This 
process is typically very lengthy due the large amount of data 
that is to be copied. Therefore, in many computing environ 
ments, additional back-ups, termed incremental back-ups, 
may be performed betWeen consecutive full back-ups, e.g., 
daily. An incremental back-up is a process Whereby only data 
that has changed since the last back-up Was executed 
(Whether incremental or full) is backed-up. Typically, this 
changed data is backed-up on a ?le basis, even though fre 
quently much of the data in the ?le has not changed. Thus, 
incremental back-ups are typically much smaller, and there 
fore much faster to accomplish, than are full back-ups. It is to 
be appreciated that although many environments typically 
execute full back-ups once a Week and incremental back-ups 
daily during the Week, there is no requirement that such time 
frames are used. For example, certain environments may 
require incremental back-ups several times a day. The prin 
ciples of the invention apply to any environment using full 
back-ups (and optionally incremental back-ups), regardless 
of hoW often they are executed. 

[0077] During a full back-up procedure, the host computer 
may create one or more virtual cartridges containing the 
backed-up data that comprises a plurality of data ?les. For 
clarity, the folloWing discussion Will assume that the full 
back-up generates only one virtual cartridge. HoWever, it is to 
be appreciated that a full back-up may generate more than one 
virtual cartridge, and that the principles of the invention apply 
to any number of virtual cartridges. 
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[0078] According to one embodiment, there is provided a 
method for creating a synthetic full back-up data set from one 
existing full back-up data set and one or more incremental 
back-up data sets. This method may obviate the need to per 
form periodic (e. g., Weekly) full back-ups, thereby saving the 
user considerable time and netWork resources. Furthermore, 
as knoWn to those of skill in the art, restoring data based on a 
full back-up and one or more incremental back-ups can be a 
time consuming process because, for example, if the most 
recent version of a ?le exists in an incremental back-up, the 
back-up/restore application Will typically restore the ?le 
based on the last full back-up and then apply any changes 
from the incremental back-ups. Providing a synthetic full 
back-up, therefore, may have an additional advantage of 
alloWing the back-up restore application to more quickly 
restore data ?les based on the synthetic full back-up alone, 
Without the need to perform multiple restores from a full 
back-up and one or more incremental back-ups. It is to be 
appreciated that the phrase “most recent version” as used 
herein refers generally to the most recent copy of a data ?le 
(i.e., the most recent time that the data ?le Was saved), 
Whether or not the ?le has a neW version number. The term 
“version” is used generally herein to refer to copies of the 
same ?le Which may be modi?ed in some Way or may have 
been saved multiple times. 
[0079] Referring to FIG. 7, there is illustrated a schematic 
representation of a synthetic full back-up procedure. The host 
computer 120 may execute a full back-up 230 at a ?rst 
moment in time, for example, on a Weekend. The host com 
puter 120 may then execute subsequent incremental back-ups 
232a, 232b, 2320, 232d, 232e, for example, on each day 
during the Week. The storage system 170 may then create a 
synthetic full back-up data set 234, as discussed beloW. 
[0080] According to one embodiment, the storage system 
170 may include a softWare application referred to herein as 
a synthetic full back-up application 240 (see FIG. 3). The 
synthetic full back-up application 240 may be run on the 
storage system controller 122 (see FIG. 2) or may be run on 
the host computer 120. The synthetic full back-up application 
includes softWare commands and interfaces necessary for 
creating the synthetic full back-up data set 234. In one 
example, the synthetic full back-up application may perform 
a logical merge of metadata representations of each of the full 
back-up data set 230 and the incremental back-up data sets 
232 to generate a neW virtual cartridge that contains the 
synthetic full back-up data set 234. 
[0081] For example, referring to FIG. 8, the existing full 
back-up data set may include user ?les F1, F2, F3 and F4. A 
?rst incremental back-up data set 232a may include user ?les 
F2‘, a modi?ed version of F2, and F3‘, a modi?ed version of 
F3. A second incremental back-up data set 2321) may include 
user ?les F1‘, a modi?ed version of F1, and F2", a further 
modi?ed version of F2, and a neW user ?le F5. Therefore, the 
synthetic full back-up data set 234 formed from a logical 
merge of the full back-up data set 230 and the tWo incremental 
data sets 232a and 232b, contains the latest version of each of 
user ?les F1, F2, F3, F4 and F5. As seen in FIG. 8, the 
synthetic full back-up data set therefore contains user ?les 
F1‘, F2", F3‘, F4 and F5. 
[0082] Referring again to FIGS. 3 and 4, the ?le system 
softWare 146 may create a logical metadata cache 242 that 
stores metadata relating to each user ?le stored on the emu 
lated media 134. It is to be appreciated that the logical meta 
data cache is not required to be a physical data cache, but may 



US 2008/0275911 A1 

instead be a searchable collection of data stored on the storage 
media 126. In another example, the logical metadata cache 
242 can be implemented as a database. Where the metadata is 
stored in a database, conventional database commands (e.g., 
SQL commands) can be used to perform the logical merge of 
the full back-up data set and the one or more incremental 
back-up data sets to create the synthetic full back-up data set. 
[0083] As discussed above, each data ?le stored on the 
emulated media 134 may include a ?le descriptor that con 
tains metadata relating to the data ?le, including a location of 
the ?le on the back-up storage media 126. In one embodi 
ment, the back-up/restore application running on the host 
computer 120 stores data in a streaming tape format on the 
emulated media 134. An example of a data structure 250 
representing this tape format is illustrated in FIG. 9. As dis 
cussed above, the system ?le data structure includes headers 
Which may contain information about the data ?le(s), such as 
the ?le descriptor for the data ?les, the dates of creation and/ or 
modi?cation of the ?les, security information, the directory 
structure of the host system from Whence the ?le(s) came, as 
Well as other information linking the ?les to a virtual car 
tridge. These headers are associated With the data 254 Which 
is actual user and system ?les that have been backed-up 
(copied) from the host computer, the primary storage system, 
etc. The system ?le data structure may also optionally include 
pads 256 Which may appropriately align the next header to a 
block boundary. 
[0084] As shoWn in FIG. 9, in one embodiment, the header 
data is located in the logical metadata cache 242 to permit 
rapid searching and random access to the otherWise sequen 
tial tape data format. The use of the logical metadata cache, 
implemented using the ?le system softWare 146 on the stor 
age system controller 122, alloWs translation of the linear, 
sequential tape data format, stored on the emulated media 
134, into the random-access data format stored on physical 
disks making up the back-up storage media 126. The logical 
metadata cache 242 stores the headers 252 Which include the 
?le descriptors for the data ?les, security information Which 
may be used to control access to the data ?les, as is discussed 
in more detail beloW, and pointers 257 to the actual locations 
of the data ?les on the virtual cartridges and the back-up 
storage media 126. In one embodiment, the logical metadata 
cache stores data relating to all the data ?les backed-up in the 
full back-up data set 230 and each of the incremental data sets 
232. 

[0085] According to one embodiment, the synthetic full 
back-up application softWare 240 uses the information stored 
in the logical metadata cache to create a synthetic full back-up 
data set. This synthetic full back-up data set is then linked to 
a synthetic virtual cartridge, created by the synthetic full 
back-up application 240. To the back-up/restore application, 
the synthetic full back-up data set appears to be stored on this 
synthetic virtual cartridge. As discussed above, the synthetic 
full back-up data set may be created by performing a logical 
merge of the existing full back-up data set and the incremental 
back-up data sets. This logical merge may include comparing 
each of the data ?les included in each of the existing full 
back-up data set and the incremental back-up data sets and 
creating a composite of the latest-modi?ed version of each 
user ?le, as discussed above in reference to FIG. 8. 

[0086] According to one embodiment, the synthetic virtual 
cartridge 260 includes pointers that point to locations of data 
?les on other virtual cartridges, speci?cally, the virtual car 
tridges that contain the existing full back-up data set and the 
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incremental back-up data sets, as shoWn in FIG. 10. Consid 
ering the example given With respect to FIG. 8 above, the 
synthetic virtual cartridge 260 includes pointers 266 that 
point (indicated by arroWs 268) to the locations in the existing 
full back-up data set, on virtual cartridge 262, of user ?le F4 
(because the existing full back-up data set contained the latest 
version of F4) and to the location of, for example, user ?le F3‘ 
in incremental data set 23211 on virtual cartridge 264. 

[0087] The synthetic virtual cartridge also includes a list 
270 that contains the identifying numbers (and optionally the 
names) of all the virtual cartridges that contain data to Which 
the pointers 266 point. This dependent cartridge list 270 may 
be important for keeping track of Where the actual data is and 
for preventing the dependent virtual cartridges from being 
erased. In this embodiment, the synthetic full back-up data set 
does not contain any actual user ?les, but rather a set of 
pointers that indicate the locations of the user ?les on the 
back-up storage media 126. Thus, a synthetic full back-up 
data set is provided that corresponds to the most recent copy 
of each user ?le based upon the set of pointers, Without 
copying data from the most recent copy of each user ?le. 
Therefore, it may be desirable to prevent the actual user ?les 
(stored on other virtual cartridges) from being deleted. This 
may be accomplished in part by keeping a record (dependent 
cartridge list 270) of the virtual cartridges that contain the 
data and protecting each of those virtual cartridges from 
being over-Written or deleted. The synthetic virtual cartridge 
may also include cartridge data 272 such as, the siZe of the 
synthetic virtual cartridge, its location on the back-up storage 
media 126, etc. In addition, the synthetic virtual cartridge 
may have an identifying number and/ or name 274. 

[0088] According to another embodiment, the synthetic 
virtual cartridge may include a combination of pointers and 
actual stored user ?les. Referring to FIG. 11, in one example, 
the synthetic virtual cartridge includes pointers 266 that point 
to locations of data ?les (the latest versions, as discussed 
above in reference to FIG. 9) in the existing full back-up data 
set 230 on virtual cartridge 262. The synthetic virtual car 
tridge may also include data 278 containing actual data ?les 
copied from the incremental data sets 232, as indicated by 
arroWs 280. In this manner, the incremental back-up data sets 
can be deleted after the synthetic full back-up data set 276 has 
been created, thereby saving storage space. The synthetic 
virtual cartridges are relatively small as they contain all or 
partly pointers rather than copies of all the user ?les. 
[0089] It is to be appreciated that synthetic full back-ups 
may include any combination of pointers and stored ?le data 
and are not limited to the examples given above. For example, 
synthetic full back-ups may include pointers to data ?les for 
some ?les stored on certain incremental and/or full back-ups 
and may include stored ?le data copied from other existing 
full and/or incremental back-ups. Alternatively still, a syn 
thetic full back-up may be created based upon a prior full 
back-up and any relevant incremental back-ups that does not 
include any pointers, but rather includes the latest version of 
actual ?le data copied from the appropriate full and/or incre 
mental back-ups. 
[0090] In one embodiment, the synthetic full back-up 
application softWare may include a differencing algorithm 
that enables it to compare the user and system ?le metadata 
for each of the existing full back-up data set and the incre 
mental back-up data sets to determine Where the latest version 
of each of the data ?les is located. For example, a differencing 
algorithm could be used to compare the dates of creation 








