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DEDUPLICATION PROCESS

BACKGROUND

[0001] Computer systems may include computing devices configured to perform
processes such as data processing. The data processing may include data and

parameters that may be used to track different processes of the system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Examples will now be described by way of non-limiting example only with

reference to the accompanying drawings, in which:

[0003] Figure 1 is a simplified illustration of a computing device according to an
example,
[0004] Figure 2 is a simplified illustration of a computing device according to a

further example,

[0005] Figure 3 is a simplified illustration of a part of a computing device according

to a further example,

[0006] Figure 4 is a simplified illustration of another part of a computing device

according to a further example,

[0007] Figure 5 is a simplified illustration of a computing device according to a

further example,

[0008] Figure 6 is a block diagram outlining a method for processing input data

according to an example,

[0009] Figure 7 is a flow diagram outlining a method for processing input data

according to an example, and

[0010] Figure 8 is a simplified illustration of a non-transitory machine-readable
storage medium encoded with instructions executable by a processing resource of a

computing device to perform a method according to an example.
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DETAILED DESCRIPTION

[0011] The examples that will be described in the following may be used to
perform a deduplication process. A deduplication process may be used, for instance, to
identify redundant data, i.e. duplicates, and to eliminate the identified redundant data

before this redundant data is written on a data storage medium.

[0012] For example, a deduplication process may comprise a chunker process
that is to split input data into chunks before storing this data on a data storage medium.
The chunks may comprise different sizes. With the assumption that input data may
contain inherent duplication, the chunker process is intended to produce many similar
chunks that may comprise the same parts or segments of the input data. Accordingly,

these chunks contain redundant data.

[0013] For example, it could be analyzed on byte-level, which chunks may provide
for a large repetition rate. A high amount of data reduction can be provided in that similar
chunks containing redundant data may be eliminated. The content of the eliminated
chunks may be referenced with pointers which use less space on the data storage

medium than the referenced and eliminated bit sequence would do.

[0014] When the input data is recalled, it may be reconstructed from its individual

parts and from the referenced parts that it might have in common with other input data.

[0015] A chunker process may have two modifiable parameters, namely a
maximum chunk size and a minimum chunk size. In between these two sizes, a chunk

boundary may be selected in order to obtain a desired result.

[0016] Regarding a deduplication process, a desired result may, for instance, be a
desired chunk size. A desired chunk size may be a size of a chunk that provides for a high
deduplication ratio. A deduplication ratio is the ratio of the size of the input data to the size

actually used at the storage medium to store the input data.

[0017] Examples described herein provide a computing device comprising an input
to receive input data and a processor to perform a deduplication process to process the
input data. The deduplication process may comprise a modifiable parameter and a
processing result may depend on the value of the modifiable parameter. The processor is

to perform a simulation of the deduplication process, wherein the deduplication process is
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performed a plurality of times, each time with a different value of the modifiable
parameter, and to obtain a result for each value. The processor is to select the value
associated with a result closest to a desired result as the value to be used in processing
the input data. The processor is further to store the selected value of the modifiable
parameter associated with a content type identifier in memory, compare the content type
of other input data to the stored content type identifier, and to select the stored parameter
value for processing the other input data if the content type of the other input data
corresponds to the stored content type identifier. Thus, it is possible to simulate the effects
that a choice of a respective one of the different values may have on the deduplication
process. It may be possible to simulate these effects before the input data is actually
processed in the deduplication process. Accordingly, the result of the deduplication
process, depending on the selected value, can be predicted before the input data is

actually processed in the deduplication process.

[0018] Furthermore, content-type specific processing of the input data in the
deduplication process may be provided and performed. That is, the deduplication process
may be performed in dependence of the content type of the respective input data. For
example, if it is determined that the input data comprises a certain content, such as music,
specific parameter values that may be well suited to process music data may be used in
the deduplication process. These specific values may be stored, and thus be available, in
the memory. They may be available in the memory, for instance, if a content-specific data
type, such as e.g. music data, has been previously processed and the previously selected
value for that data content type has been stored, or if a preset of values that may be well
suited for processing that data content type, e.g. music data, may have been stored

previously.

[0019] In an example, the deduplication process may comprise more than one
modifiable parameter, which may in the following also be referred to as a plurality of

modifiable parameters or as a set of modifiable parameters.

[0020] According to an example, the madifiable parameter may have a number of
possible values and the processor may be to perform the deduplication process with each
one of the possible values. Thus, the computing device according to this example may
perform the deduplication process with a large number of different values, directly at the
installation site or the implementation site of the deduplication process, however, in a

short time. In other words, a large volumetric quantity of differing values and value



WO 2016/173648 PCT/EP2015/059394

combinations may be attempted before actually processing the input data in the

deduplication process.

[0021] According to a further example, the deduplication process may comprise a
plurality of modifiable parameters, wherein the processing result depends on the value of
each of the modifiable parameters. The processor may be to perform the process a
plurality of times each time with a different value of each of the modifiable parameters and
to obtain a result for each value of each modifiable parameter. The processor may be to
select a value of each of the modifiable parameters associated with a result closest to a
desired result as the value of each of the modifiable parameters to be used in processing
the input data. Accordingly, more than one modifiable parameter may be available,
wherein each of the modifiable parameter may comprise one or more values. A desired
result may be achieved by using different combinations of values for each of the
modifiable parameters. Even though the effort for performing the deduplication process
may increase with the number of possible combinations, the computing device may
provide for an accurate processing in a short time. The computing device may also
perform the deduplication process directly at the installation site or the implementation
site. A plurality of modifiable parameters may also be referred to as a set of modifiable

parameters in the following.

[0022] Other examples described herein may provide a method, implemented by a
computing device, the method comprising receiving input data by the computing device
and performing, by the computing device, a deduplication process to process the input
data, wherein the deduplication process may comprise a modifiable parameter and
wherein a processing result may depend on the value of the modifiable parameter. The
method comprises performing, by the computing device, a simulation of the deduplication
process by performing the deduplication process a plurality of times, each time with a
different value of the modifiable parameter, and obtaining a result for each value. The
method comprises selecting, by the computing device, the value associated with a result
closest to a desired result as the value to be used in processing the input data in a
deduplication process to be performed subsequent to the simulation of the deduplication
process. The method further comprises storing the selected value of the modifiable
parameter associated with a content type identifier in memory, comparing the content type
of other input data to the stored content type identifier, and selecting the stored parameter
value for processing the other input data if the content type of the other input data
corresponds to the stored content type identifier. Thus, it is possible to simulate the effects

that a choice of a respective one of the different values may have on the deduplication
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process. It may be possible to simulate these effects before the input data is actually
processed in the deduplication process. Accordingly, the result of the deduplication
process, depending on the selected value, can be predicted before the input data is

actually processed in the deduplication process.

[0023] Figure 1 shows an example of a computing device 10. The computing
device 10 comprises an input 11 to receive input data 12. The input data 12 may be

provided, for instance, as a contiguous data stream.

[0024] The computing device 10 comprises a processor 13 to perform a
deduplication process to process the input data 12. The deduplication process comprises
a modifiable parameter 14. The processing result Ri, Ra, ..., R, of the deduplication

process depends on the value Vi, Vo, ..., V, of the modifiable parameter 14.

[0025] Prior to performing the actual deduplication process, the processor 13 is to
perform a simulation of the deduplication process, wherein the deduplication process is
performed a plurality of times, each time with a different value Vi, V2, ..., V, of the

modifiable parameter 14, and to obtain a result Ry, Rz, ..., R, for each value V4, V2, ..., V.

[0026] The processor 13 is to select the value Ry, Rz, ..., R, associated with a
result Ry, Ry, ..., Rn closest to a desired result Rp as the value to be used in processing
the input data 12.

[0027] In other words, the computing device 10 receives input data 12 via the input
11. The input data 12 is processed by the processor 13, wherein the processor 13

performs a deduplication process.

[0028] The deduplication process comprises at least one modifiable parameter 14.
The modifiable parameter 14 may comprise several values Vi, V2, ..., V.. The processor
13 may repeatedly perform the deduplication process, each time with a different one of
the available parameter values Vi, Va, ..., Vi Depending on the value Vi, V3, ..., V, that
has been selected for performing the deduplication process, a respective result Ry, Ro, ...,
R, may be obtained. By processing the input data 12 several times, each time with a

different value V1, Vo, ..., Vn, a simulation of the deduplication process may be performed.

[0029] For example, as shown in Figure 1, if the value V, is selected for

performing the deduplication process, the respective result that may be obtained is result
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Ry. If the value V: is selected for performing the deduplication process, the respective
result that may be obtained is result R.. Stated in more general terms, if the value V, is
selected for performing the deduplication process, the respective resuit that may be
obtained is result R, wherein the letter ‘n’ is a natural number and represents the index of

a plurality of values and results, respectively.

[0030] As mentioned before, the processor 13 may perform the deduplication
process several times with the input data 12. Each time, the processor 13 may use a
different value Vi, V2, ..., Vo when performing the deduplication process. For each value
V1, Va, ..., Vn, a respective result Ry, Ry, ..., Ry is obtained. Thus, the processor 13 is to
perform a simulation of the deduplication process when processing a current input data
12.

[0031] The processor 13 may compare the obtained results Ry, Rz, ..., Ry with
each other. The processor 13 may also compare the obtained results Ry, Rz, ..., Rawith a

desired result Rp.

[0032] A desired result Rp is the result that may be desired by the person or
machine that initiates or performs the deduplication process. In other words, the desired
result Rp may be the desired output of the deduplication process. In a deduplication
process it may, for instance, be desired to achieve a high deduplication ratio as the

desired result.

[0033] The processor 13 may determine that result Ry, Ry, ..., R, that is closest to
the desired result Rp. The processor 13 may select the corresponding value Vi, Vo, ..., Vj
that yields this closest result. For example, if the second result R, may be the result that is
closest to the desired result Rp, the corresponding second value V» is selected by the

processor 13.

[0034] The processor 13 may then use the selected value Vi, Vo, ..., V,, for
example Vy, to process the current input data 12 subsequent to the simulation and to
generate a respective output. In other words, the processor 13 may compare one or more
of the simulation results R1, Ry, ..., R, with the respective desired result Rp. For the actual
deduplication process, i.e. for the deduplication process that is performed subsequent to
the previously performed simulation, the processor 13 may select the respective value

that gained the closest result during the simulation.
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[0035] Stated yet differently, the processor 13 may perform a simulation of the
deduplication process by performing the deduplication process several times, each time
with a different value Vi, Vs, ..., Vn. If the processor 13 determines, during or after the
simulation, the result Ry, Rz, ..., R, that is closest to the desired result Rp, the processor
13 may select the respective value Vi, Vz, ..., V, with which the closest result can be
achieved. The input data 12 is then processed in the deduplication process with that value

that has been selected from the simulation.

[0036] The computing device 10 may further comprise a memory or storage 15. If
the processor 13 may select a certain parameter value Vsei, the processor 13 is to store
this selected value VseL together with a content type identifier 16 in the memory 15. The
content type identifier 16 may be used to identify the content of the input data 12. For
example, if the input data 12 may be a music data stream, then the content type identifier
16 may be used to identify the input data 12 as a music data stream. The content type
identifier 16 may be carried as payload within the input data 12, or could be otherwise

derived by the computing device 10.

[0037] If input data other than the previously simulated and processed input data
12, for example, input data 17 that may arrive later in time or at a different site, may arrive
at the computing device 10, then the processor 13 may use the previously stored and thus
already available selected value Vsg. for processing the other input data 17, if the content
type of the other input data 17 corresponds to the content type 16 associated with the
selected value Vsg.. Accordingly, a simulation of the deduplication process may be
omitted when other input data 17 is processed, which other input data 17 may comprise a
similar or the same content as the previously processed input data 12 for which a
simulation has been previously performed. In this case, the simulation may be omitted due
to the fact that the previously selected value Vsg is already available in the memory 15
and may therefore be used for processing the other input data 17. An example will be

described in more detail below, with respect to Figure 2.

[0038] The modifiable parameter 14 has a number of possible values Vi, Vs, ..., Vj
with which it may be possible to perform the deduplication process and the simulation of
the deduplication process, respectively. The processor 13 may perform the deduplication
process with a selection of the possible values, for example, only for values Vz, Vs and V7.
In an example, the processor 13 may perform the deduplication process with each one of
the possible values Vi, Vs, ..., Vi The processor 13 may obtain a respective result Ry, Ry,

..., Rn for each one of the values Vi, V2, ..., V.
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[0039] Accordingly, the processor 13 may perform a full simulation of the

deduplication process by using the full set of available values Vi, V2, ..., V,.

[0040] In an example, the processor 13 may perform the deduplication process
with different values Vi, Vo, ..., V, of the modifiable parameter 14 in a chronological order
or in a random order. A chronological order means that the values Vi, Vo, ..., V, are
processed in an ascending or a descending order, or in a certain pattern, starting from any
desired value. For example, the process may start in a medium range. If the values range

from V4 to V1o, then the process may start from Vs.

[0041] In one example, using a number line, the process may start from Vs and
may use, in a next step, a left-side value, e.g. V4 and in the following step a right-side
value, e.g. Vs. The processor 13 may compare the results R4 and Re with each other and
with the desired result Rp. It may be possible that better results, i.e. resulis that are closer
to the desired result Rp, may be achieved when using left-side values rather than using
right-side values. If the processor 13 may detect such a circumstance, the processor 13
may continue to perform the deduplication process using these left-side values. The same

would be true, vice versa, for right-side values.

[0042] In an example, the processor 13 may perform the deduplication process
with different values V4, V2, ..., V4 in a random order. In this case, the processor 13 may
randomly choose any values from the available number of values Vi, Va, ..., Vi that may
be provided by a parameter 14. This could be used, for instance, if the deduplication
process comprises a large number of parameters comprising a large number of values,
which would lead to a large number of data and, thus, to a large number of instantiations
of the deduplication process. By randomly selecting only some values from the available
number of values Vi, Vo, ..., V» the processing time could be reduced compared to the

time needed for processing all of the available values V1, Vs, ..., Vi.

[0043] As shown in Figure 2, an example of a computing device 20 comprises a
memory 22. The computing device 20 is to store the selected value VsgL of the modifiable
parameter 24 associated with a content type identifier CTx of the input data 25, 26, 27 in

the memory 22.

[0044] As described above with reference to Figure 1, the processor 13, 23 may
compare the results Ry, Ro, ..., Rnobtained by performing the deduplication process using
respective values Vi, Vs, ..., Vn with a desired result Rp. The processor 23 may select the

value VgeL with which the result closest to the desired result Rp was achieved. This
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selected value Vsg may be stored in the memory 22. Thus, the selected value VsgL can

be used at a later time at the same site or at a different site.

[0045] In the example shown in Figure 2, the computing device 20 receives input
data 25, 26, 27 at the input 21. The input data may, in this example, be content specific.
For example, input data 25 may comprise a different content than input data 26. Input

data 27 may comprise a content that is different to the content of input data 25 and 26.

[0046] The input data 25, 26, 27 may comprise a label 29A, 29B, 29C with which
the content of the respective input data 25, 26, 27 can be identified. For example, input
data 25 may comprise a first content CT, that may be associated with a first label 29A.
Input data 26 may comprise a second content CT» that may be associated with a second
label 29B. Input data 27 may comprise a third content CTs that may be associated with a
third label 29C.

[0047] Each input data 25, 26, 27 comprising a respective content CTq, CT2, CT3
may be processed by the processor 23. However, depending on the content, the values
V4, Vo, ..., V, of the parameter 24 may vyield different results. For example, when input
data 25 comprising content CT is processed, then value V4 may yield the result closest to
the desired result Rp. However, when input data 26 comprising a different content, namely
content CT. is processed, then value V2 may yield the result that is closest to the desired

result Rp. Accordingly, the process is performed content-specifically.

[0048] As shown in Figure 2, based on the content of the input data 25, 26, 27, a
respective value Vse_ is selected which value yields a result that is closest to the desired

result Rp. This selected value VseL may be stored in the memory 22.

[0049] In an example, the selected value Vge. is stored in the memory 22 together
with a content type identifier 29x. The content type identifier 29x is associated with the
content of the respective input data that has been processed and for which the value VsgL
has been selected. For example, if input data 26 is processed, then value VsgL may be
selected as the value which yields a result that is closest to the desired result Rp. As input
data 26 comprises content CT,, which is represented by label 29B, a respective content
type identifier 29x would be stored in the memory 22 together with the selected value
VseL. In this specific case, content type identifier 29x would be associated with content

type CTa.
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[0050] As the content type identifier 29x is stored together with the selected value
Vse, the content type identifier 29x allows to content-specifically identify the value VseL
that yields a result that is closest to the desired result Rp, depending on the respective

content CTx of the respective input data that has been processed.

[0051] In an example, the processor 23 is to determine a content type of other
input data 28. Other input data 28 may be input data that is received, for example, at a
later point in time or at a different site compared to previously processed input data 26,

such as input data 26 mentioned above.

[0052] In the example shown in Figure 2, other input data 28 comprises a content
label 29B that is associated with content type CT.. The processor 23 is to compare the
content type CT. of the other input data 28 to the content type CTx stored in the content
type identifier 29x. The processor 23 is to select the stored parameter value Vse for
processing the other input data 28 if the content type CT: of the other input data 28
corresponds to the content type CTx stored in the content type identifier 29x that is
associated with the value Vsg.. In other words, value VsgL is selected in this example if
CTx =CT..

[0053] Stated differently, it may be possible that, at a later point in time or at a
different site, other input data 28 may be received at the input 21. This other input data 28
may comprise the same content CT. as a previously processed input data, such as
previously processed input data 26. Thus, a content type identifier 29x associated with
this content CT, may already be available in the memory 22 as it was stored in the
memory when input data 26 was processed. Accordingly, the previously selected value
VseL that is stored together with this content type identifier 29x may now be used by the

processor 23 to perform the deduplication process when processing other input data 28.

[0054] Stated yet differently, if input data 26 comprising content type CT: is
processed, then content type identifier 29x may be associated with CT, and may be
stored together with the selected value VseL in the memory 22. At a later point in time,
other input data 28 is received at the input 21. In this example, the other input data 23
comprises the same content CT, as previously processed input data 26. The other input
data 28 and previously processed input data 26 may therefore carry the same content
type label 29B.

[C055] The processor 23 may now determine the content type CT. of the other
input data 28, for instance, by reading the content type label 29B of the other input data
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28. The processor 23 may read the memory 22 so as to check whether any values are
available in the memory which values may be associated with content type CT.. Values
that may be available at the memory 22 may be values that have been previously
processed, such as, for example, value VseL that has been selected previously when input
data 26 was processed, as discussed above. Additionally or alternatively, values that may
be available at the memory 22 may also be values that have been previously stored, for

example as a preset of values, by a user.

[0056] Still with reference to the aforementioned example shown in Figure 2, if the
processor 23 determines that a value Vsg. is available in the memory 22 which value VsgL
is associated with content type CT», then this value Vse is selected for processing the
other input data 28. Accordingly, a simulation of the deduplication process using one or
more of the entire range of available values V1, Vs, ..., Va may be omitted because the
value Vse. that yields a result closest to the desired result Rp is already available in the

memory 22.

[0057] In an example shown in Figure 3, the deduplication process comprises a
chunker process 30 to split the input data 35 into chunks 36A, 36B, 36C of variable size,
wherein the modifiable parameter 34 represents a minimum chunk size 34A or a

maximum chunk size 34B of a chunk.

[0058] The input data 35 is processed in the deduplication process, wherein the
deduplication process comprises the chunker process 30. The chunker process 30 may

be a part of the deduplication process.

[0059] In Figure 3, there are two options available for processing the input data 35.
The first option, as indicated by the branch 31A, is to divide the input data 35 into chunks
35A of a minimum size. After a value Vsg for the minimum chunk size has been selected,
as indicated by branch 32A, the input data is divided into chunks 36A, 36B, 36C

comprising this minimum chunk size.

[0060] The second option, as indicated by the branch 31B, is to divide the input
data 35 into chunks 35B of a maximum size. After a value VseL for the maximum chunk
size has been selected, as indicated by branch 32B, the input data is divided into chunks

36A, 36B, 36C comprising this maximum chunk size.

[0061] Regarding the first option, the input data 35A is processed by the chunker

process 30. The modifiable parameter 34A represents a minimum chunk size, wherein the



WO 2016/173648 12 PCT/EP2015/059394

values Vi, ..., Vm represent a range of values within the minimum chunk size. A chunk
size may, for instance, be represented by a number of Bits, Nibbles or Bytes. For
example, a minimum chunk size may vary between a value of 3 Bits and a value of 6 Bits.
Depending on the selected value VseL of the minimum chunk size, the input data 35 may
be divided into chunks 36A, 36B, 36C comprising a chunk size corresponding to the

selected number of Bits VseL.

[0062] Regarding the second option, the input data 35B is processed by the
chunker process 30. The modifiable parameter 34B represents a maximum chunk size,
wherein the values Vm+1, ..., Vi represent a range of values within the maximum chunk
size. A chunk size may, for instance, be represented by a number of Bits, Nibbles or
Bytes. For example, a maximum chunk size may vary between a value of 7 Bits and a
value of 10 Bits. A maximum chunk size is greater than a minimum chunk size, wherein
the lowest value Vi« of the range of the maximum chunk size is greater, by at least one

unit, than the greatest value Vn, of the range of the minimum chunk size.

[0063] Depending on the selected value VgeL of the maximum chunk size, the input
data 35 may be divided into chunks 36A, 36B, 36C comprising a chunk size
corresponding to the selected number of Bits Vsee.

[0064] In another example, the modifiable parameter is a first modifiable
parameter 34A representing a minimum chunk size and the deduplication process
comprises a second modifiable parameter 34B representing a maximum chunk size.
While the functional principle of this example may be similar to the one described above,
with reference to Figure 3, the difference to the above mentioned example is that the

deduplication process comprises two modifiable parameters 34A, 34B. Thus, both the

minimum chunk size V1, ..., Vm and the maximum chunk size V1, ..., Vi can be selected
together.
[0065] In another example, as shown in Figure 4, the deduplication process

comprises a plurality of modifiable parameters 41, 42, 43, wherein the processing result
Rin, Roa, ..., R« depends on the value Via, Van, ..., Vin of each of the modifiable
parameters 41, 42, 43, wherein the processor is to perform the process a plurality of times
each time with a different value of each of the madifiable parameters 41, 42, 43 and to
obtain a result for each value of each modifiable parameter 41, 42, 43, and wherein the

processor is to select a value of each of the modifiable parameters 41, 42, 43 associated



WO 2016/173648 PCT/EP2015/059394

13

with a result closest to a desired result as the value of each of the modifiable parameters

41, 42, 43 to be used in processing the input data.

[0066] For example, the deduplication process may comprise a first modifiable
parameter 41, a second modifiable parameter 42 and a x" modifiable parameter 43 with

one or more modifiable parameters in between.

[0067] The first modifiable parameter 41 may comprise several values Vi1, V12, ...,
Vin. Depending on the value Vi1, Viz, ..., Vi that has been selected for performing the

deduplication process, a respective result R11, Riz, ..., Rin may be obtained.

[0068] For example, as shown in Figure 4, if the value Vi; is selected for
performing the deduplication process, the respective result that may be obtained is result
Ry1. If the value Vi; is selected for performing the deduplication process, the respective
result that may be obtained is result Rq2. Stated in more general terms, if the value Vin is
selected for performing the deduplication process, the respective result that may be
obtained is result Rq,, wherein the letter ‘'n’ is a natural number and represents the index

of a plurality of values and results, respectively.

[0069] The same applies correspondingly to the second modifiable parameter 42

and to the x™ modifiable parameter, as well as to any modifiable parameters in between.

[0070] In an example, the deduplication process comprises a plurality of
modifiable parameters 41, 42, 43. According to the example shown in Figure 4, the
deduplication process comprises at least two modifiable parameters 41, 42, which
represent a plurality of modifiable parameters. Accordingly, not all of the modifiable
parameters described with reference to and shown in Figure 4 are required in all of the

examples.

[0071] The processor is to perform the deduplication process a plurality of times,
each time with a different value of each of the modifiable parameters 41, 42, 43.
Accordingly, the processor is to perform a simulation of the deduplication process. The
processor may obtain a result Rx, for each value Vx, of each modifiable parameter 41, 42,
43. The processor may compare the results with each other. The processor may also

compare the results with a desired result Rp.

[0072] For example, the processor may determine that a result closest to a desired

result Rp may be achieved when the first parameter 41 uses the value Vi, and when the
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second parameter uses the value Va2, Thus, the processor may select these values Vi,
Van for processing the input data in order to obtain a result that is closest to the desired

result Rp.

[0073] In order to determine the respective values, the processor may, for
instance, perform the deduplication process, or the simulation of the deduplication
process, respectively, with different combinations of the values of the first modifiable
parameter 41 and the second modifiable parameter 42. The values may be combined

such that all possible combinations and/or variations are covered.

[0074] Still with respect to Figure 4, it may be possible that each combination of
different values of different parameters may vyield different results Rip, Rzp, Rap. For
example, a combination of the value Vi1 with the value Va1 may yield a result Rip. A
combination of the value Vi with the value V2, may vyield a result Ryp. Stated more

generally, a combination of a first value V1, with a second value V,, may yield a resuit Rp.

[0075] The processor may compare the results Rip, Rop, Rip with the desired
result Rp. The processor may select that combination of values that yields the result that is
closest to the desired result Rp. The processor may perform the deduplication process

with the selected combination of values.

[0076] As an example, the result Rxp may be the result that is closest to the
desired result Rp. The result Ryp is obtained by using the value V2 for the first parameter
41 and the value Va for the second parameter 42. Accordingly, the processor may use
the value V2 for the first parameter 41 and the value V; for the second parameter 42 to

process the input data.

[0077] The processor may perform a simulation of the deduplication process
before the processor processes the input data. In this simulation, different combinations of
values of the modifiable parameters may be used to obtain a respective result, as
described above. The processor may compare the respective result Rip, Rap, ..., Rap with
the desired result Rp. The processor may determine the result that is closest to the
desired result Rp. The processor may select those values, i.e. that combination of values
with which the result closest to the desired result Rp was achieved. The processor may
use these selected values to process the input data, i.e. to perform the deduplication
process as part of an actual deduplication performed subsequent to the performance of

the simulation of the deduplication process.
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[0078] The selected values may be stored in @ memory for later use, for instance,

at the same site or at a different site.

[0079] As described above with reference to Figure 2, the selected values may be
associated with a content type identifier in order to allow the processor to identify the
content of other input data 28 that may, for instance, arrive later in time or at a different

site.

[0080] Such an example is shown in Figure 5. The difference to the example of
Figure 2 is that the deduplication process may comprise a plurality of parameters, for

example, a first parameter 41 and a second parameter 42.

[0081] The selected value Vsg 1 of the first parameter 41 and the selected value
VseL2 of the second parameter 42 may be stored in the memory 22. As described above,
the values Vsg1 and Vsgz may have been selected by the processor 23 as they provide a
result that is closest to a desired result. For example, the selected value Vsev1 of the first
parameter 41 may correspond to the value V12 and the selected value Vsei2 of the second
parameter 42 may correspond to the value Va2, wherein the result obtained by using these
two parameter values V12 and V22 may be result Rop. Result Rap may be a result that is

closest to a desired result Rp.

[0082] The selected values Vsei1 and Vserz may be stored in the memory 22
together with a content type identifier 29x. As described above with reference to Figure 2,
the content type identifier 29x may be associated with the content type of the input data
that has been processed. For example, if the input data 26, which comprises content CTo,
was processed and the values Vsertr and Vse2 have been selected by the processor for
processing input data 26, then the content type identifier 29x may be associated with

content type CTo.

[0083] If other input data 28 is processed, which other input data 28 may comprise
the same content type CT. that could be indicated by label 29B, then the processor 23
may check whether values, for example Vseis and Vserz, may be available in the storage
22, which values may be associated with content type CT,, for example by content type
identifier 29x. If so, the processor 23 may use these values Vse1 and Vse2 for processing
the other input data 28.

[0084] Briefly summarizing, the processor is to process input data of a certain

content type by performing a deduplication process. In order to achieve the best
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deduplication result for this input data, a simulation of the deduplication process is
performed prior to the execution of the actual deduplication process. However, such a
simulation may be omitted if the memory already contains a value that may lead to the
best result. Such a value may be available in the memory if input data containing similar
or the same content may have already been processed earlier, and wherein the simulation
yielded said value. In other words, it may be sufficient if a simulation is performed when

input data containing a certain content type is processed for the first time.

[0085] Figure 6 shows a block diagram that depicts an example of a method for
processing input data, which method is implemented by a computing device. The order of
the blocks shown in Figure 6 may not be identical to the order in which the method steps

may be performed.
[0086] At block 61 input data is received by the computing device.

[0087] Block 62 indicates that a deduplication process is to be performed by the
computing device to process the input data. The deduplication process comprises a
modifiable parameter and the processing result depends on the value of the modifiable

parameter.

[0088] As indicated by block 63, a simulation may be performed prior to
performing the actual deduplication process of block 62. The simulation may be performed
in that the deduplication process is performed, by the computing device, a plurality of
times, each time with a different value of the modifiable parameter. A respective result is

obtained for each value.

[0089] At block 64 the value associated with a result closest to a desired result is
selected by the computing device as the value to be used in processing the input data in
the deduplication process that is to be performed subsequent to the aforementioned

simulation of the deduplication process.

[0090] At block 65 the selected value of the modifiable parameter, which value
may have been selected during the simulation, is stored in a memory together with a

content type identifier.

[0091] At block 66 the content type of other input data is compared to the

previously stored content type identifier. Other input data may be, for instance, input data
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that may arrive later in time or at a different site compared to the input data previously

processed during the simulation.

[0092] At block 67 the stored parameter value is selected for processing the other
input data, if the content type of the other input data corresponds to the stored content

type identifier.
[0093] Figure 7 shows a flow chart of an example of such a method.

[0094] At block 71 input data is received. At block 72 the content type of the
respective input data is determined. This could, for example, be achieved in that a content
type identifier or a content type label 29B, that may be carried with the received input data
26, is read. For example, it is determined that the input data 26 may comprise a content

type CTo.

[0095] At block 73 it is checked whether there might be any value Vsg_ available
that is associated with that content type CT.. For example, the value Vsgr may be
available in the memory 22. The value Vse. may comprise a content type identifier 29x
that is associated with content type CT.. The value Vsg. may have been stored during a
previous performance of the deduplication process or of a simulation of the deduplication
process, or it may have been stored previously as a preset, for example, by a human

user.

[0096] If a value VsgL associated with this content type CT» should be available, as
indicated by branch 74, the stored value VsgL is used for processing the input data 26, as
indicated by block 75.

[0097] If a value Vsg. associated with this content type CT, should not be
available, as indicated by branch 76, a respective value is determined, as indicated by
block 77. The determination of the value may, for instance, be achieved by performing a
simulation of the deduplication process and selecting the value associated with a result

closest to a desired result.

[0098] If a value is selected, this selected value VsgL may be stored in a memory
22 together with a content type identifier 29x that represents the content type CT; of the
input data 26, as indicated by block 78.

[0099] As shown in Figure 8, examples 80 relate to a non-transitory machine-

readable storage medium 81 encoded with instructions executabie by a processing
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resource 82 of a computing device 83 to perform methods described herein, in particular
to cause the processing resource 82 to perform a method to perform a deduplication
process to process input data, wherein the deduplication process comprises a maodifiable
parameter and wherein a processing result depends on the value of the modifiable

parameter.

[00100] The method is further to perform a simulation of the deduplication process,
wherein the deduplication process is performed a plurality of times, each time with a

different value of the modifiable parameter, and to obtain a result for each value.

[00101] The method is further to select the value associated with a result closest to

a desired result as the value to be used in processing the input data.

[00102] The method is further to store the selected value of the modifiable

parameter associated with a content type identifier in memory 81.

[00103] The method is further to compare the content type of other input data to the

stored content type identifier.

[00104] The method is further to select the stored parameter value for processing
the other input data if the content type of the other input data corresponds to the stored

content type identifier.

[00105] It would be appreciated that examples described herein can be realized in
the form of hardware, machine readable instructions or a combination or hardware and
machine readable instructions. Any such machine readable instructions may be stored in
the form of volatile or non-volatile storage such as, for example, a storage device such as
a ROM, whether erasable or rewritable or not, or in the form of memory such as, for
example, RAM, memory chips device or integrated circuits or an optically or magnetically
readable medium such as, for example, a CD, DVD, magnetic disc or magnetic tape. It
would be appreciated that these storage devices and storage media are examples of
machine readable storage that are suitable for storing a program or programs that, when

executed, implement examples described herein.

[00106] All of the features disclosed in the specification (including any
accompanying claims, abstract and drawings) and/or all of the features of any method or
progress disclosed may be combined in any combination, except combinations where at

least some of such features are mutually exclusive.
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[00107] Each feature disclosed in the specification (including any accompanying
claims, abstract and drawings) may be replaced by alternative features serving the same,
equivalent or similarly proposed, unless expressly stated otherwise. Thus, unless
expressly stated otherwise, each feature disclosed is one example only of a generic series

of equivalent or similar features.



WO 2016/173648 20 PCT/EP2015/059394

Claims

We claim:
1. A computing device comprising:
an input to receive input data;

a processor to perform a deduplication process to process the input data,
wherein the deduplication process comprises a modifiable parameter and wherein

a processing result depends on the value of the modifiable parameter;

wherein the processor is to perform a simulation of the deduplication
process, wherein the deduplication process is performed a plurality of times, each
time with a different value of the modifiable parameter, and to obtain a result for

each value;

wherein the processor is to select the value associated with a resuit closest

to a desired result as the value to be used in processing the input data; and

wherein the processor is to store the selected value of the modifiable
parameter associated with a content type identifier in memory, compare the
content type of other input data to the stored content type identifier, and to select
the stored parameter value for processing the other input data if the content type of

the other input data corresponds to the stored content type identifier.

2. The computing device of claim 1, wherein the modifiable parameter has a number
of possible values and wherein the processor is to perform the deduplication

process with each one of the possible values.

3. The computing device of claim 2, wherein the processor is to perform the
deduplication process with different values of the modifiable parameter in a

chronological order or in a random order.

4. The computing device of claim 1, wherein the deduplication process comprises a
chunker process to split the input data into chunks of variable size, wherein the
modifiable parameter represents a minimum chunk size or a maximum chunk size

of a chunk.
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5. The computing device of claim 4, wherein the modifiable parameter is a first
modifiable parameter representing a minimum chunk size and wherein the
deduplication process comprises a second modifiable parameter representing a

maximum chunk size.

6. The computing device of claim 1, wherein the deduplication process comprises a
plurality of modifiable parameters, wherein the processing resuit depends on the
value of each of the modifiable parameters, wherein the processor is to perform
the process a plurality of times each time with a different value of each of the
modifiable parameters and to obtain a result for each value of each modifiable
parameter, and wherein the processor is to select a value of each of the modifiable
parameters associated with a result closest to a desired result as the value of each

of the modifiable parameters to be used in processing the input data.
7. A method implemented by a computing device, the method comprising:
receiving input data by the computing device;

performing, by the computing device, a deduplication process to process
the input data, wherein the deduplication process comprises a modifiable
parameter and wherein a processing result depends on the value of the modifiable

parameter;

performing, by the computing device, a simulation of the deduplication
process by performing the deduplication process a plurality of times each time with

a different value of the modifiable parameter and obtaining a result for each value;

selecting, by the computing device, the value associated with a result
closest to a desired result as the value to be used in processing the input data in
the deduplication process to be performed subsequent to the simulation of the

deduplication process;

storing the selected value of the modifiable parameter associated with a

content type identifier in memory;

comparing the content type of other input data to the stored content type

identifier; and
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10.

11.

selecting the stored parameter value for processing the other input data if
the content type of the other input data corresponds to the stored content type

identifier.

The method of claim 7, wherein the modifiable parameter has a number of
possible values and wherein the method comprises performing the deduplication

process with each one of the possible values.

The method of claim 8, wherein the method comprises performing the
deduplication process with different values of the modifiable parameter in a

chronological order or in a random order.

The method of claim 7, wherein the process comprises a plurality of modifiable
parameters, wherein the processing result depends on the value of each of the
modifiable parameters, wherein the method comprises performing the process a
plurality of times each time with a different value of each of the modifiable
parameters and obtaining a result for each value of each modifiable parameter,
and selecting a value of each of the modifiable parameters associated with a resuilt
closest to a desired result as the value of each of the modifiable parameters to be

used in processing the input data.

A non-transitory machine-readable storage medium encoded with instructions
executable by a processing resource of a computing device to cause the

processing resource to perform a method to:

perform a deduplication process to process input data, wherein the
deduplication process comprises a modifiable parameter and wherein a processing

result depends on the value of the modifiable parameter;

perform a simulation of the deduplication process, wherein the
deduplication process is performed a plurality of times, each time with a different

value of the modifiable parameter, and to obtain a result for each value;

select the value associated with a result closest to a desired result as the

value to be used in processing the input data;

store the selected value of the modifiable parameter associated with a

content type identifier in memory;



WO 2016/173648 23 PCT/EP2015/059394

12.

13.

14.

15.

compare the content type of other input data to the stored content type

identifier; and

select the stored parameter value for processing the other input data if the
content type of the other input data corresponds to the stored content type

identifier.

The non-transitory machine-readable storage medium of claim 11, wherein the
modifiable parameter has a number of possible values and wherein the processing
resource is to perform the deduplication process with each one of the possible

values.

The non-transitory machine-readable storage medium of claim 11, wherein the
processing resource is to perform the deduplication process with different values of

the maodifiable parameter in a chronological order or in a random order.

The non-transitory machine-readable storage medium of claim 11, wherein the
deduplication process comprises a chunker process to split the input data into
chunks of variable size, wherein the modifiable parameter represents a minimum

chunk size or a maximum chunk size of a chunk.

The non-transitory machine-readable storage medium of claim 11, wherein the
deduplication process comprises a plurality of modifiable parameters, wherein the
processing resull depends on the value of each of the modifiable parameters,
wherein the processor is to perform the process a plurality of times each time with
a different value of each of the modifiable parameters and to obtain a result for
each value of each modifiable parameter, and wherein the processor is to select a
value of each of the modifiable parameters associated with a result closest to a
desired result as the value of each of the modifiable parameters to be used in

processing the input data.
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Receiving input data by the computing device

Performing, by the computing device, a deduplication process
to process the input data, wherein the deduplication process
comprises a modifiable parameter and wherein a processing

result depends on the value of the modifiable parameter

Performing, by the computing device, a simulation of the
deduplication process by performing the deduplication process
a plurality of times each time with a different value of the
modifiable parameter and obtaining a result for each value

Selecting, by the computing device, the value associated with
a result closest to a desired result as the value to be used in pro-
cessing the input data in the deduplication process to be perfor-

med subsequent to the simulation of the deduplication process

Storing the selected value of the modifiable parameter
associated with a content type identifier in memory

Comparing the content type of other input data
to the stored content type identifier

Selecting the stored parameter value for processing
the other input data if the content type of the other input data
corresponds to the stored content type identifier
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FIG 6
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