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(57) Abstract: The invention relates to a method of storing one or more volumes ot data in a data storage system (100) including
one or more data storage containers (120) provided by data storage hardware (110). The one or more data storage containers (120)
are thin-provisioned to provide virtual data storage capacity which is greater than a real data storage capacity of the data storage
hardware (60). The method includes: (a) determining a real data storage capacity of the data storage system (100) for accommo-
dating the one or more new volumes; (b) determining over-allocation information relating to the one or more data storage contain-
ers (120); (c) determining extrapolated future anticipated use of the one or more containers (120) of the data storage system (100)
from historical data storage use information; (d) selecting one or more candidate data storage containers (120) on the basis of in-
formation from steps (a) to (¢). The method enables the data storage system (100) to be used more efficiently for storing the one or
more new volumes.
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DESCRIPTTION

DATA STORAGE SYSTEM AND METHOD

FIELD OF THE INVENTION

The invention relates to data storage systems, for example to
data storage systems involving storage volume selection in thin-
provisioned data storage sub-systems. Moreover, the present
invention relates to methods of storing data in systems, for
example to methods of selecting containers for creation of one
or more data storage volumes indata storage volume in thin-
provisioned data storage sub-systems. Furthermore, the present
invention relates to software products recorded on machine-
readable data media, wherein said software products are
executable on computing hardware for implementing these

aforementioned methods.

BACKGROUND OF THE INVENTION

Referring to Fig. 1, a contemporary computing system 10 has a
need for considerable data storage capacity, for example for
storing large data files such as video files, sound files,
signal data samples, transaction files, text database files and
so forth. Moreover, it is known in the computer system 10 that
several software applications 20 can be executing concurrently
and have a requirement to access data memory 30, namely data
storage. Conceptually, in respect of a given software
application 20, it is convenient to consider its regquirement for
storing data to be likened to a data “container” 40. However,
it has also been appreciated that concurrently executing
software applications 20 do not need to use their associated
data containers 40 to fullest extent simultaneously. Thus, by
suitable data storage management executed by data storage

management 50, it is possible for a given data storage capacity
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in the data memory 30 to increase the number of software
applications 20 that can be supported by permitting a given real
data storage hardware 60 to be shared between the data
containers 40 of different software applications 20. In other
words, the data storage capacity is referred to as being “thin

provisioned”.

Beneficially, the data storage management 50 can utilize
indications communicated from the software applications 20
regarding their dynamic data storage requirements and/or monitor
operation if the containers 40 and/or the real data storage
hardware 60 to anticipate where data memory can be reused to

serve a plurality of software applications 20.

US-A-2008/0091748 discloses a capacity monitoring method
utilizable in a computer system including one or more
application computers, one or more storage systems, and a
management computer. The storage system includes a physical disk
and a disk controller. In the capacity monitoring method, a
storage area of the physical disk belongs to a storage pool, the
storage system provides a volume, and the management computer
monitors a used capacity of the storage pool, judges whether or
not a storage capacity required for operating the application
computer for a predetermined time period is present in the
storage pool based upon an increasing speed of the used capacity
of the storage pool to be monitored, and executes a
predetermined process operation when the storage capacity
required for operating the application computer for the
predetermined time period is not present in the storage pool.
The capacity monitoring method utilizes a volume capacity
history data table representing a history related to a used
capacity of a thin partitioning “volume”, namely data storage

area, and also used capacity of applications programs.
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Thus, thin provisioning (TP) is concerned with an allocation of
more data storage for data storage consumers, for example
software applications, than is actually in practice available in
a storage sub-system, for example in the real data storage
hardware 60, thereby providing an ability in practice to over-
allocate the storage sub-system. Contemporary implementations
of thin provisioning do however have a requirement to configure
a data storage container to accommodate thin-provisioned
volumes, which often also involve defining maximum values for
real as well as virtual storage capacity. One major challenge
for storage administrators, for example the aforementioned data
storage management 50, introduced as a consequence of thin
partitioning is an additional level of complexity to cope with
real as well as well as virtual capacities; in other words, it
is necessary not only to cope with managing free and used
capacity, but also to manage virtual free and virtual used data
Storage capacity as well as a degree of over-allocation which is
utilized. In contemporary systems, it is a responsibility of a
storage administrator, for example the data storage management
50, to identify best suited data storage containers, for example
included within a data storage pool provided by a data storage
subsystem, and also a particular storage subsystem out of a
candidate list of storage subsystems to provide data storage
capacity for a new volume, taking into account an existing
configuration of candidate containers. Thus, appropriate
container placement within a data storage system is a very

complex and tedious task.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a data storage
system which is operable to identify optimal placement of one or

more volumes of data within thin-partitioned data storage for
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fulfilling one or more corresponding storage capacity

provisional requests.

It is a further object of the invention to provide a method in a
data storage system of identifying optimal placement of one or
more volumes of data within thin-partitioned data storage for
fulfilling one or more corresponding storage capacity

provisional requests.

These objectives are achieved by the features of the independent
claims. The other claims, the drawings and the specification

disclose advantageous embodiments of the invention.

A method of storing one or more volumes of data in a data
storage system including one or more data storage containers
provided by data storage hardware, said one or more data storage
containers being thin-provisioned to provide virtual data
storage capacity which is greater than a real data storage
capacity of the data storage hardware

said method includes:

(a) determining a real data storage capacity of the data
storage system for accommodating the one or more new volumes;

(b) determining over-allocation information relating to said one
or more data storage containers;

(c) determining extrapolated future anticipated use of the one
or more containers of the data storage system from historical
data storage use information;

(d) selecting one or more candidate data storage containers on

the basis of information from steps (a) to (c).

Favorably, the present invention provides data storage systems
which are operable to employ a more efficient method of
identifying optimal placements of one or more new data volumes
in response to a request for storage capacity provisioning, for

example from one or more software applications executing on
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computing hardware. The more efficient method involves
utilizing information regarding current configuration and
current usage of data storage sub-systems of the data storage
system for proposing one or more suitable containers for use in
creating new storage volumes for storing the one or more new
data volumes while being synchronized with general planning for
a configuration adopted for the data storage sub-systems
implementing thin-provisioning. Such utilization of information
involves defining a set of policies describing intended setup
for various data containers and/or from a definition of a basic
container configuration itself. Such basic container
configuration concerns, for example, maximum real and maximum

virtual memory sizes.

According to a favorable embodiment, said method may include
selecting one or more candidate containers for the one or more
new volumes, based upon results from steps (a) to (¢) being
compared with one or more data storage thresholds and/or being
compared with policy rules defining operation of the data

storage system.

Another favorable embodiment of said method may include:

- finding one or more containers which have sufficient virtual
data storage capacity for the one or more new volumes;

- finding one or more containers which have sufficient real data
storage capacity or the one or more new volumes;

- finding one or more containers which are below their over-
allocation capacity with regard to thin partitioning; and

- finding one or more containers in respect of (a) to (c) whose
data storage utilization does not exceed thresholds and best

practice values.

According to a further favorable embodiment, information
regarding utilization of the data storage capacity of the system

may be stored in persistent memory for use in selection of the
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one or more candidate containers for storing the one or more new

volumes.

A data storage system for storing one or more volumes of data,
said system including one or more data storage containers
provided by data storage hardware, said one or more data storage
containers being thin-provisioned to provide wvirtual data
storage capacity which is greater than a real data storage
capacity of the data storage hardware, characterized in that
said system includes a memory management arrangement which is
operable:

(a) to determine a real data storage capacity of the data
storage system for accommodating the one or more new volumes;
(b) to determine over-allocation information relating to said
one or more data storage containers;

(c) to determine extrapolated future anticipated use of the one
or more containers of the data storage system from historical
data storage use information; and

(d) to select one or more candidate data storage containers on

the basis of information from steps (a) to (c).

Expediently, said memory management arrangement may be operable
to select one or more candidate containers for the one or more
new volumes, based upon results from over-allocation
information, and extrapolated future anticipated use being
compared with one or more data storage thresholds and/or being
compared with policy rules defining operation of the data

storage system.

According to a favorable embodiment, said memory management
arrangement may be operable:

- to find one or more containers which have sufficient virtual
data storage capacity for the one or more new volumes;

- to find one or more containers which have sufficient real data

storage capacity or the one or more new volumes;
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- to find one or more containers which are below their over-
allocation capacity with regard to thin partitioning; and
- to find one or more containers in respect of over-allocation
information, and extrapolated future anticipated use whose data
storage utilization does not exceed thresholds and best practice

values.

Further, said system may include persistent memory for storing
information regarding a utilization of the data storage capacity
of the system, said information for use in selection of the one
or more candidate containers for storing the one or more new

volumes.

According to another aspect of the invention, a program product
is proposed comprising a computer useable medium having a
computer readable program, wherein the computer readable program
when executed on a computer causes the computer to perform a
method according to any one of the method features described
above, particularly

(a) determining a real data storage capacity of the data
storage system for accommodating the one or more new volumes;

(b) determining over-allocation information relating to said one
or more data storage containers;

(¢) determining extrapolated future anticipated use of the one
or more containers of the data storage system from historical
data storage use information;

(d) selecting one or more candidate data storage containers on

the basis of information from steps (a) to (c).

Further, a program product is proposed comprising a computer
useable medium including a computer readable program, wherein
the computer readable program when executed on a computer causes
the computer to execute a method according to any one of the

method features described above, particularly
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(a) determining a real data storage capacity of the data
storage system for accommodating the one or more new volumes;

(b) determining over-allocation information relating to said one
or more data storage containers (120);

(¢) determining extrapolated future anticipated use of the one
or more containers (120) of the data storage system (100) from
historical data storage use information;

(d) selecting one or more candidate data storage containers on

the basis of information from steps (a) to (c).

Further, a data processing system is proposed for execution of a
data processing program comprising software code portions for
performing a method when said program is run on said computer,
wherein the method includes any one of the method features
described above, particularly

(a) determining a real data storage capacity of the data
storage system for accommodating the one or more new volumes;

(b) determining over-allocation information relating to said one
or more data storage containers;

(¢) determining extrapolated future anticipated use of the one
or more containers of the data storage system from historical
data storage use information;

(d) selecting one or more candidate data storage containers on

the basis of information from steps (a) to (c).

Further, a data processing program for execution in a data
processing system comprising software code portions for
performing a method when said program is run on a computer,
wherein the method steps include any one of the method features
described above, particularly

(a) determining a real data storage capacity of the data
storage system for accommodating the one or more new volumes;

(b) determining over-allocation information relating to said one

or more data storage containers (120);
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(¢) determining extrapolated future anticipated use of the one
or more containers (120) of the data storage system (100) from
historical data storage use information;
(d) selecting one or more candidate data storage containers on

the basis of information from steps (a) to (c).

Advantageously, the present invention is concerned with tying

together a large set of information describing data storage

allocation, especially in respect of historical information

about data memory capacity usage of already existing storage

volumes and containers. Such tying up of data pursuant to the

present invention involves extrapolating changes in capacity

configuration into the future for the data storage system. 1In

other words, the present invention is involved with a method

including:

(a) monitoring use of data storage capacity to create historical
data describing data storage use;

(b) extrapolating on the basis of this historical data future
expected data storage requirements;

(c) creating new volumes in containers in response to request
for storage in combination with the future expected data

storage requirements.

Step (c) takes into account one or more policies pertaining to
operation of the storage containers, capacity limits for the
storage containers and policies regarding best practice. Other
constrains of priority can also optionally pertain wherein
software applications controlling time-critical processes are
given higher priority when requesting allocation of data storage
capacity for new volumes in comparison to software applications
which are non-critical and can be temporarily halted or delayed.
In step (c), processing of information relating to all candidate
containers allows for an optimal container for one or more new

data volumes to be selected, thereby resulting in more optimized
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utilization of storage infrastructure and hence more effective

utilization of storage capacity in the data storage system.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention together with the above-mentioned and
other objects and advantages may best be understood from the
following detailed description of the embodiments, but not

restricted to the embodiments, wherein is shown in:

Fig. 1 a known computer system executing computer
applications having access to thin-partitioned data
memory;

Fig. 2 a data storage system implemented pursuant to the
present invention; and

Fig. 3a, 3b a method employed for operating the system of Fig.
2.

In the drawings, like elements are referred to with equal
reference numerals. The drawings are merely schematic
representations, not intended to portray specific parameters of
the invention. Moreover, the drawings are intended to depict
only typical embodiments of the invention and therefore should

not be considered as limiting the scope of the invention.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

When implementing the present invention, the following
information is taken into consideration when deciding placement
of one or more new data volumes and/or one or more new
containers for such volumes:

(i) the types of candidate containers that are available,

namely for determining whether or not the candidate
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containers are suitable for storing one or more new

volumes;

(ii) current configuration limits for existing data storage
containers;

(iid) specific policies relating to data storage use of the

containers and/or future policies to be implemented in
relation thereto;

(1iv) a current real utilization of containers of the system
for storing data volumes;

(v) historical data of existing volumes stored in the
containers, and also extrapolated trends from the
historical data;

(vi) existing volumes and volumes that would be created in
response to request for storage space for one or more
new volumes, for example including a measure of over-
allocation utilized for each container in the data

storage system.

A practical example of implementation of the present invention
will now be described with reference to Fig. 2. 1In Fig. 2, a
data storage system is indicated generally by 100 including a
data sub-system 110 comprising one or more data containers 120
which are used in operation by the sub-system 100 for storing
one or more volumes of data. Moreover, the sub-system 100
employs thin-provisioning such that data memory associated with
the containers 120 is subject to potential over-allocation for
rendering a virtual data storage capacity provided by the system
100 larger than its real actual data storage capacity. The
system 100 also includes a management controller 160 which is
responsible for managing data storage hardware of the sub-system
110, for example its data storage disc drives, solid state data
memory and so forth. Moreover, the management controller 160 is
operable to control and execute all operations within the sub-
system 110, for example for handling external management

requests 200 invoked through an external interface 180 of the
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sub-system 110. Such requests 200 can include, for example, a
command line interface (CLI), and can provide all necessary
information about a configuration of the sub-system 110 and its

status in respect of its internal storage containers 120.

The sub-system 110 additionally includes a data collection and
evaluation unit 130 which is responsible for periodically
collecting information about the configuration of the one or
more containers 120, especially with regard to their data
storage capacity key metrics. Moreover, the evaluation unit 130
is provided with it own persistent data store 140 for later
evaluation, for example for generating historical data
describing utilization of the one or more containers 120 for use
in executing extrapolation in respect of future anticipated data
storage requirements. Thus, in this manner, data stored in the
persistent data store 140 is operable to provide a history of

key capacity metrics for the sub-system 110.

Once a reguest to create a new volume is issued against the
system 100 through its management interface 180, the management
controller 160 invokes the collection and evaluation unit 130
which i1s operable to pull data from the data store 140, compute
trends, pull in additional information about constraints and
best practices from the configuration data store 150 to
determine a best-suited container 120 for use in storing one or
more new volumes; the constraints concern, for example, maximum

over-allocation limits for the containers 120.

Operation of the system 100 will now be described with reference
to Fig. 2, Fig. 3a and Fig. 3b. In Fig. 3a and Fig.3b, there is

shown a flow chart of a method according to the invention.

The method in Figs. 3a and 3b, in order to determine a suitable
contalner to use in the system 100 for storing one or more new

volumes, one or more checks have to be undertaken in a list of
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candidate containers 120 in order to dismiss those containers

120 which do not meet basic requirements for accommodating the

one or more new volumes. These one or more checks are performed

to determine:

(a) whether or not a given container 120 is capable of providing
enough virtual space for the requested size of the one or
more new volumes, see steps 310, 320 in Fig. 3a;

(b) whether or not there is enough real capacity for an initial
requested real size of data to be stored; optionally, the
system 100 is operable to allow a degree of additional
buffer memory capacity to cope with future growth based upon
configuration data stored in the configuration data stored
150, see steps 330 and 340 in Fig. 3a; and

(c) whether or not a current over-allocation factor is already
higher or close to a specified maximum over-allocation
factor for the given container 120 based upon configuration
data stored in the configuration data stored 150, see steps

350, 360 in Fig. 3a.

After start step 300, in step 310 containers 120 are checked for
sufficient virtual space. In step 320 it is checked whether any
contailner 120 has enough virtual capacity. If no container 120
has enough virtual capacity (“'n” in the flow chart), the test
ends at step 390 as no container 120 is found. If there is one
or more containers 120 with enough virtual capacity (“y” in the
flow chart) it is continued with step 330 where containers 120
are checked for sufficient starting real capacity. In subsegquent
step 340 it is checked whether any container 120 has enough real
capacity. If no container has enough real capacity (“n” in the
flow chart) the test ends at step 390 as no container 120 is
found. If any container 120 has enough real capacity (“y” in the
flow chart) it is continued with step 350, where the containers
20 are checked for over-allocation. In step 360 it is checked

whether any container 120 is below its maximum over-allocation
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factor. If no (“n” in the flow chart) the test ends at stop step

390 as no container 120 is found.

If yves (“y” in the flow chart) a list of all containers 120 is
created which are ordered by distance of over-allocation factor
from its maximum value in step 370. From containers 120 in the
sub-system 110 which pass tests in (a) to (c), a candidate
container 120 list is generated by the method, the list being
then subsequently sorted in respect of a degree to which its
contalner 120 current over-allocation factors are away from the
maximum over-allocation factor for the containers in the list;
this 1s implemented in step 370. If none of the containers 120
pass such a test pursuant to the present invention (“n” in the
slow chart), the method is operable to provide a message in
return informing of no suitable container 120 having been found

(step 390).

If the list is not empty (“y” in the flow chart), namely one or
more candidate containers 120 have been found for which further
iteration included in the method can be applied as in step 380,
where 1t is checked whether or not there are more containers on
the created list, a container 120 is selected from the list in
step 400. For the selected container 120, a hypothetical over-
allocation factor is computed in an event that one or more new
volumes were to be stored in the selected container 120 in step

410.

Moreover, the hypothetical over-allocation factor is checked
against the maximum over-allocation factor for the selected
contalner 120 and a further check is made whether (“y” in the
flow chart) or not (“™n” in the flow chart) the computed
hypothetical over-allocation factor violates best practices as
defined by the configuration data stored in the configuration
data store 150, namely as provided in steps 410, 420. If this

”

test based upon the hypothetical over-allocation is passed (™n
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in the flow chart), a future trend for virtual and real
utilization of data memory in the sub-system 110 is computed
based upon historical data memory usage data retained in the
persistent data store 140. Moreover, assumed values for a
specified time-range are calculated, in step 430; in other
words, a time is specified for when the one or more new volumes
are to be stored, and optionally a time period during which the
one or more new volumes need to be stored in the sub-system 110,

namely in step 430.

In subsequent step 440 the assumed space is checked against the
thresholds defined for the sub-system 110 and best practice
values and if there the threshold or best practice values are
not exceeded (“n” in the flow chart), the capacity of the one or
more new volumes 1s included in the trend calculation in step

450.

The computer values are checked against thresholds defined for
the sub-system 110 and best rules for best practices in step
460. If all checks at steps 420, 440, 460 show best practices
and thresholds are not violated (™n” in the flow chart), then
the selected container 120 is successful and the process ends at
step 470. The selected container 120 is the one to be used to
accommodate the one or more new volumes. Conversely, in an event
that one or more of the checks at steps 420, 440, 460 determine
a violation of best practices or thresholds (“y” in the flow
chart), the method progresses to consider a next possible

candidate container 120 in the aforementioned list.

In conclusion, the present invention is concerned with a task of
finding data memory of a data storage sub-system for
accommodating one or more new volumes of data, for example to be
generated by one or more software applications executing upon
computing hardware. The one or more new volumes are to be

stored in one or more data containers of the sub-system, wherein
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the one or more data containers occupy data memory which is
thin-provisioned, namely effectively over-allocated. Such over-
allocation needs to be managed to avoid a situation wherein data
memory i1s exceeded in the sub-system such that loss of access or
even of data can occur. Moreover, management of data storage
resources in the sub-system are subject to various policy rules.
In order to improve operation of the sub-system, the present
invention concerns a method of identifying one or more eligible
contailners for storing the one or more new data volumes and
generating a list of potentially eligible containers. The
method involves:
(a) finding one or more containers which have sufficient virtual
data storage capacity;
(b) finding one or more containers which have sufficient real
data storage capacity;
(¢) finding one or more containers which are below their over-
allocation capacity with regard to thin partitioning;
(d) finding one or more containers in respect of (a) to (c¢)
whose data storage utilization does not exceed thresholds

and best practice values.

If conditions (a) to (d) are satisfied for a given container in
the list, wherein future predictions of real and/or virtual
capacity are determined by extrapolating historic values for
example, the given container is then adopted for use in storing
the one or more new data volumes. The present invention enables
data storage capacity in data storage sub-systems to be utilized
more efficiently, for example for enabling a larger number of
concurrently executing software applications requiring data
memory access to be accommodated in the computing hardware,
thereby, for example, increasing functionality offered in

operation by the computing hardware.

The present invention is, for example, distinguished in that it

provides a method of placing one or more new volumes based on
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real storage capacity information, over-allocation information
and extrapolated anticipated data storage requirements. By
taking all these factors into consideration, more efficient

utilization of thin-partitioned data storage memory is possible.

The invention can take the form of an entirely hardware
embodiment, an entirely software embodiment or an embodiment
contalning both hardware and software elements. In a preferred
embodiment, the invention is implemented in software, which
includes but is not limited to firmware, resident software,

microcode, and so forth.

Furthermore, the invention can take the form of a computer
program product accessible from a computer-usable or computer
readable medium providing program code for use by or in
connection with a computer or any instruction execution system.
For the purposes of this description, a computer-usable or
computer readable medium can be any apparatus that can contain,
store, communicate, propagate, or transport the program for use
by on in connection with the instruction execution system,

apparatus, or device.

The medium can be an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system (or apparatus
or device) or a propagation medium. Examples of a computer-
readable medium include a semiconductor or solid state memory,
magnetic tape, a removable computer diskette, a random access
memory (RAM), a read-only memory (ROM), a rigid magnetic disk
and an optical disk. Current examples of optical disks include
compact disk-read-only memory (CD-ROM), compact disk-read/write

(CD-R/W) and DVD.

A data processing system suitable for storing and/or executing
program code will include at least one processor coupled

directly or indirectly to memory elements through a system bus.
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The memory elements can include local memory employed during
actual execution of the program code, bulk storage, and cache
memories which provide temporary storage of at least some
program code in order to reduce the number of times code must be

retrieved from bulk storage during execution.

Input/output or I/0-devices (including, but not limited to
keyboards, displays, pointing devices, etc.) can be coupled to
the system either directly or through intervening I/O

controllers.

Network adapters may also be coupled to the system to enable the
data processing system or remote printers or storage devices
through intervening private or public networks. Modems, cable
modem and Ethernet cards are just a few of the currently

avallable types of network adapters.
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CLAIMS

1. A method of storing one or more volumes of data in a data
storage system (100) including one or more data storage
containers (120) provided by data storage hardware (110), said
one or more data storage containers (120) being thin-provisioned
to provide virtual data storage capacity which is greater than a
real data storage capacity of the data storage hardware (100),
wherein said method includes:

(a) determining a real data storage capacity of the data
storage system (100) for accommodating the one or more new
volumes;

(b) determining over-allocation information relating to said
one or more data storage containers (120);

(c¢) determining extrapolated future anticipated use of the one
or more containers (120) of the data storage system (100) from
historical data storage use information;

(d) selecting one or more candidate data storage containers

(120) on the basis of information from steps (a) to (c).

2. The method according to claim 1, wherein said method
includes selecting one or more candidate containers for the one
or more new volumes, based upon results from steps (a) to (c)
being compared with one or more data storage thresholds and/or
being compared with policy rules defining operation of the data

storage system (100).

3. The method according to claim 1 or 2, wherein said method
includes:
(1) finding one or more containers which have sufficient virtual

data storage capacity for the one or more new volumes;

(11) finding one or more containers which have sufficient real
data storage capacity or the one or more new volumes;

(1i1) finding one or more containers which are below their over-

allocation capacity with regard to thin partitioning; and
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(iv) finding one or more containers in respect of (a) to (c¢)
whose data storage utilization does not exceed thresholds

and best practice values.

4, The method according to in any one of the preceding claims,
wherein information regarding utilization of the data storage
capacity of the system (100) is stored in persistent memory
(140) for use in selection of the one or more candidate

containers (120)for storing the one or more new volumes.

5. A data storage system (100) for storing one or more volumes
of data, said system (100) including one or more data storage
containers (120) provided by data storage hardware (110), said
one or more data storage containers (120) being thin-provisioned
to provide virtual data storage capacity which is greater than a
real data storage capacity of the data storage hardware (100),
characterized in that said system (100) includes a memory
management arrangement (160, 130, 140, 150)which is operable:

(a) to determine a real data storage capacity of the data
storage system (100) for accommodating the one or more new
volumes;

(b) to determine over-allocation information relating to said
one or more data storage containers (120);

(c¢) to determine extrapolated future anticipated use of the one
or more containers (120) of the data storage system (100) from
historical data storage use information; and

(d) to select one or more candidate data storage containers

(120) on the basis of information from steps (a) to (c).

6. The system according to claim 5, wherein said memory
management arrangement (160, 130, 140, 150) is operable to
select one or more candidate containers for the one or more new
volumes, based upon results from over-allocation information,
and extrapolated future anticipated use being compared with one

or more data storage thresholds and/or being compared with
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policy rules defining operation of the data storage system

(100) .

7. The system according to claim 5 or 6, wherein said memory

management arrangement (160, 130, 140, 150)is operable:

(1) to find one or more containers which have sufficient virtual
data storage capacity for the one or more new volumes;

(11) to find one or more containers which have sufficient real
data storage capacity or the one or more new volumes;

(iii)to find one or more containers which are below their over-
allocation capacity with regard to thin partitioning; and

(iv) to find one or more containers in respect of over-allocation
information, and extrapolated future anticipated use whose
data storage utilization does not exceed thresholds and best

practice values.

3. The system according to any one of claims 5 to 7, wherein
said system includes persistent memory (140) for storing
information regarding a utilization of the data storage capacity
of the system (100), said information for use in selection of
the one or more candidate containers (120)for storing the one or

more new volumes.

9. A program product comprising a computer useable medium
having a computer readable program, wherein the computer
readable program when executed on a computer causes the computer

to perform a method to any one of claims 1 to 4.

10. A data processing system for execution of a data processing
program comprising software code portions for performing a
method according to any one of the claims 1 to 4 when said

program is run on said computer.

11. A data processing program for execution in a data

processing system comprising software code portions for
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performing a method when said program is run on a computer,
wherein the method steps are defined in any one of claims 1 to

4.
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