PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6.

GOGF 12/14, 12/02 Al

(11) International Publication Number:

(43) International Publication Date:

WO 00/05653

3 February 2000 (03.02.00)

(21) International Application Number: PCT/US99/16592

(22) International Filing Date: 22 July 1999 (22.07.99)

(30) Priority Data:

09/121,254 23 July 1998 (23.07.98) Us

(71) Applicant: STORAGE TECHNOLOGY CORPORATION
[US/US]; 2270 South 88th Street, MS-4309, Louisville,
CO 80028-4309 (US).

(72) Inventors: BLENDERMANN, Stephen, H.; 1489 Johnson
Court, Boulder, CO 80303 (US). SUTTON, Alan, R.; 3991
75th Street, Boulder, CO 80301 (US).

(74) Agents: SMITH, Ralph, E. et al.; Brooks & Kushman, 1000
Town Center, 22nd floor, Southfield, MI 48075 (US).

(81) Designated States: JP, European patent (AT, BE, CH, CY, DE,
DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE).

Published
With international search report.

(54) Title: METHOD FOR REUTILIZATION OF DATA SPACE

(57) Abstract

A method for selectively
controlling reutilization of data STORE ALL DATA — 100
space in a virtual tape system VOLUME SETS IN
is provided that stores (100) data
volume files in a disk buffer, DlSK BUFFER
and analyzes (102) the files to
determine whether the user has 102
designated  the corresponding
data for immediate deletion at
an associated expiration  date. HAS USER ST\C/)gLEU\I{A'RTUAL — 106
If the c'lata .hag been dcs1gnaFed DESIGNATED VOLUME EIN
(104), identifying and mapping FOR AUTOMATIC ACCORDANCE WITH
information are marked to NON-DELETION
indicate that the corresponding DELETION DEFAULT POLICY
data can be immediately deleted ?

at the expiration date. Otherwise,
the virtual volume is stored (106)
using a defauit policy which

YES

prevents the virtual tape control STORE VIRTUAL
tem fi ing the t d
e et | VOLUNEIDENTIRNG L — /04
volume after scratching until that DATA FOR AUTOMATIC
particular virtual volume name is DELETION

actually reused by the user. Thus,
a user can selectively protect data
past an original expiration date,

RETURN j«

while minimizing the impact to
the overall efficiency in space
management otherwise provided
by the virtual tape system.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG

BR
BY
CA
CF
CG
CH
CI
CM
CN
CuU
CZ
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cbote d’Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
Jp
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Iceland

Ttaly

Japan

Kenya

Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
TJ
™
TR
T
UA
UG
us
vz
VN
YU
VYA

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 00/05653 PCT/US99/16592

10

15

20

METHOD FOR REUTILIZATION OF DATA SPACE

Technical Field

The present invention relates generally to a
virtual tape data storage arrangement, and more
particularly to an improved method for selectively
controlling reutilization of space occupied by expired

data.

Background Art

Generally, automated cartridge systems (ACS)
provide a mechanism by which multiple users in a data
processing system can have common access to multiple
data storage subsystems such as magnetic tape cartridge
devices. In conventional tape systems, data files
generated by remote user computer systems for storage on
a particular tape cartridge include a préﬁetermined
expiration date in the file meta data which is used as
a control mechanism by which a tape management subsystem
can determine whether a particular space on a tape can
be rewritten with new data. However, in conventional
tape systems, expired data from a '"scratched" tape
volume is not actually deleted from the tape until a

user actually writes new data to the tape. In other
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wordsg, conventional tape systems conveniently provide a
"safety net" for users who decide they still wish to be
able to retrieve data from storage even though the data

may be past the original expiration date.

Because conventional tape systems have proven
to be quite inefficient 1in data storage space
utilization, a virtual tape system has been developed
which significantly improves storage space utilization
and control by incorporating the advantages of an
intermediate disk buffer as part of a tape emulation
arrangement. Such an arrangement is taught in commonly
owned copending U.S. patent application serial no.

09/110,217, filed on July, 6, 1998.

More specifically, in the referenced virtual
tape system, a disk buffer is connected between remote
users and the tape storage devices and arranged to
appear to users as though it were a physical tape
device. All data volumes are initially stored in the
disk buffer, and subsequently written to a physical tape
device using predetermined protocols which limit the
occurrence of unusable dead spaces on the tapes while
also improving the ability to reclaim any fragmented
space which does occur. In such a virtual tape system,
a user reads and writeg only to the disk buffer, but
believes they are reading and writing to an actual

physical tape device.
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While efficiency in space management and
utilization are significantly improved with the virtual
tape system, users also lose the above-noted safety net
feature inherently provided by conventional tape
systems. More sgpecifically, to achieve higher
efficiency, the wvirtual tape system operates to
automatically reutilize any tape and disk buffer space
occupied by expired data without user action, i.e., a
user does not have exclusive monopoly of a particular
tape like in a conventional tape system because the tape
can be reused any time a new data volume is received
into the disk buffer. Emulating the safety net feature
in the virtual tape system would involve prohibiting the
reuse of any tape space until a user reuses a
corresponding virtual tape volume name for the data
volume stored in the space irrespective of whether the

corresponding data has expired.

However, such an arrangement reintroduces
significant inefficiency in storage space utilization
and reclamation, thereby defeating a main advantage of
the virtual tape system. As a result, a need exists for
an improved method of controlling reutilization of data
space 1in a virtual tape system which can provide a
safety net for users while also minimizing the impact of
such a feature on efficiency of data storage space

utilization and management.
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Disclosure of the Invention

It is therefore an object of the present
invention to provide an improved method for controlling
reutilization of data space in a virtual tape system
which allows a user to control whether space occupied by
expired data can be automatically reused by a tape

management system.

It is another object of the present invention
to provide a method for controlling reutilization of
data space 1in a wvirtual tape system which allows
selective reuse of physical storage space occupied by a
scratched virtual wvolume without waiting until a user

actually reuses the virtual volume.

In accordance with these and other objects,
the present invention provides a method for controlling
reutilization of data space in a virtual tape system
which allows a user to designate whether a particular
data volume can be automatically deleted at the time of
expiration without waiting for the user to actually

reuse the virtual volume.

In accordance with one aspect of the present
invention, a method 1is provided for selectively
controlling reutilization of data space in a virtual

tape system which includes selectively designating by a
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remote user whether a particular data volume file can be
automatically deleted by the virtual tape system without
any further action by the user after a predetermined
expiration date for the data volume file has elapsed,
detecting whether a data volume file has been designéted
by the user for automatic deletion, and prohibiting
deletion from the virtual tape system of the stored data
corregponding to a data volume based on whether the data
volume file was designated by the user for automatic
deletion. In accordance with another aspect, a
predetermined grace period can be provided before

automatic deletion is performed.

With such an arrangement, the present
invention can allow a user to selectively "protect" data
past an original expiration date, while also allowing
automatic reutilization of storage space for data which

has not been specifically protected by the user.

These and other objects, features, and
advantages of the present invention will be readily
apparent from the following detailed description of the
best mode for carrying out the invention when taken in

connection with the accompanying drawings.
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Brief Description of the Drawings

Figure 1 is a block diagram illustrating a
virtual tape system utilizing selective deletion of data
corresponding to a scratched virtual volume in
accordance with the present invention;

Figure 2 is a flowchart showing the overall
process of the present invention; and

Figure 3 1is a flowchart showing verification
and deletion of designated data from a scratch virtual

volume.

Best Mode for Carrying Out The Invention

The overall method of the present invention
will now be described in connection with Figs. 1-3.
More specifically, a virtual tape system 10 includes a
virtual tape control system 12 having a suitable control
processor (not shown) for routing all data volume files
received from remote users to a disk buffer 14. Virtual
tape control system 12 is arranged to transfer data from
disk buffer 14 to one or more multiple volume cartridges
(MVC) 16 as virtual tape volumes (VTV). A map matching
the MVC location with corresponding VTV names and all
corresponding file meta data 1s maintained by the
virtual tape control system 12. An external tape

management system (TMS) 18 provides overall management
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of the use of virtual tapes used by virtual tape system

10.

In accordance with the present invention,
users can selectively tag or encode any desired déta
volume file to indicate that the tape and/or disk buffer
space occupied by the corresponding wvirtual volume can
be automatically reused either immediately after the
expiration date or a predetermined period of time after
the expiration date, i1.e., a data deletion '"grace
period. " Otherwise, if the user does not expressly
designate a data volume file, virtual tape control
system 12 will be prohibited from deleting and reusing
the space of an expired virtual volume until a user

reuses the VTV name for a new file of data.

This process is summarized in the flow charts
of Figs. 2 and 3. As denoted at block 100, all data
volume files are stored in the disk buffer, and analyzed
at block 102 to determine whether or not the user has
designated the corresponding data for immediate deletion
at the expiration date, or alternatively after a
predetermined or user defined grace period. At block
104, if the data has been designated, the appropriate
identifying and mapping information are marked to
indicate that the corresponding data can be immediately
deleted at either the expiration date or the end of the

predetermined grace period. Otherwise, at block 106 the
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virtual volume is stored in accordance with a default
policy which will not allow the wvirtual tape control
system to reuse the tape and disk space occupied by the
virtual volume after scratching until that particular

virtual volume name is actually reused by the user.

The flowchart of Fig. 3 illustrates an example
of automatic deletion of data from a scratch VTV in
accordance with the present invention. A VTV which has
been selected for scratch at block 108 is analyzed at
block 110 to determine whether the VIV has been
designated for automatic deletion. If automatic
deletion has been identified, the data is deleted from
the disk buffer at block 112 (if the data is disk buffer
resident), and the MVC map is updated at block 114 to
reflect the deletion of the data from the VIV and the
space on the physical tape occupied by the wvirtual
volume can be reused. After updating of the MVC map, or
if the data had not been identified for automatic
deletion at block 110, the wvirtual volume is marked as
scratch at block 116 and therefore reusable. However,
the VIV marked for scratch will still contain the data
until the VIV is actually reused if the data was not
deleted at block 112 or the MVC map was not updated at
block 114.

While the present invention has been described

as requiring the user to designate whether the data can
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be automatically deleted to allow bypassing of the
default policy of prohibiting such automatic deletion in
the absence of a designation, it will be appreciated
that the reverse arrangement could be implemented 1if
desired, i.e., the default policy could allow immediate
scratched data deletion if an appropriate designation

was not made by the user.

Thus, the present invention advantageously
provides a method for selectively controlling
reutilization of data space in a virtual tape system
which allows a user to designate whether a particular
scratched data volume can be automatically deleted
without any further user action. In this manner, the
data deletion safety net provided by conventional tape
systems is effectively incorporated into a virtual tape
system while also minimizing the impact of such a safety
net feature on the overall efficiency in space

management provided by the virtual tape system.

While the best mode for carrying out the
invention has been described in detail, those familiar
with the art to which this invention relates will
recognize various alternative designs and embodiments
for practicing the invention as defined by the following

claims.
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What Is Claimed Is:

1. A method for selectively controlling
reutilization of data space in a virtual tape system
comprising:

a remote user selectively designating whether
a particular data volume file can be automatically
deleted by the virtual tape system without any further
action by the user after a predetermined expiration date
for the data volume file has elapsed;

detecting if a received data volume file has
been designated by the user; and

prohibiting automatic deletion of the received
data volume file from the virtual tape system based on

whether the data volume file was designated by the user.

2. The method of claim 1 wherein the user
gselectively tags a particular data volume file before
originally transferring to the wvirtual tape system to
indicate that the data volume file 1is not to be

automatically deleted.

3. The method of claim 1 wherein if a user
has not designated a particular data volume file for
protection from automatic deletion, determining that the
expiration date has passed, and marking the space on a

data storage media occupied by the data corresponding to
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the data wvolume file to indicate the space can be

automatically reused when desired.

4. The method of claim 1 wherein 1if
automatic deletion has been designated, deletiné a
particular data volume space only after predetermined
period of time has passed after the data wvolume file

expiration date.

5. The method of claim 4 further comprising
determining that the predetermined period of time has
passed, and marking the space on a data storage media
occupied by the data corresponding to the data wvolume
file to indicate the space can be automatically reused

when desired.
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