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(100) for searching for duplicate data. The method (200) includes
the steps of: generating (212) at least one identifier from at least one

portion of a first segment of data using a unique identifier function;
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:
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226

228

S
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generating (216) at least one identifier from at least one portion of
a second segment of data using the unique identifier function; and
{ comparing (220) at least one identifier associated with the first seg-
ment of data with at least one identifier associated with the second
segment of data to determine whether the first segment of data is
substantially identical to the second segment of data.
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SYSTEM AND METHOD FOR SEARCHING FOR DUPLICATE DATA

BACKGROUND OF THE INVENTION

1. Technical Field

The inventive arrangements relate generally to recording systems and more
particularly to multimedia recording systems that record digitally encoded signals
onto disc media such as hard drives and recordable optical discs.
2. Description of Related Art

Currently, many forms of data can be recorded onto many different types of
storage media. As an example, many consumers record television programs or
music onto an optical disc medium or a hard disc drive (HDD). As technology has
improved, the storage capacity of optical disc media and HDD has significantly
increased. In fact, some HDDs can store well over 50 gigabytes of data. As such, a
consumer can record a large number of programs or songs on this type of storage
medium.

When data is recorded onto a recordable storage medium, the recordable

storage medium device typically permits the user to enter a title for purposes of

* identifying the recorded work. These titles may be useful when the user wishes to

locate a particular piece of recorded data to determine whether the user has
previously recorded such data. Significantly, however, this process of searching
may be laborious, inefficient and prone to errors, as the storage medium may contain

hundreds or even thousands of titles. This problem may be particularly acute if the
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storage medium is a large HDD or if the titles of certain data segments were given
default titles.

Even assuming a data segment on a storage medium could be located
relatively easily by searching for the title, a particular titte may be the same for
different data segments. For example, if a song is recorded on a storage medium
and is given a title based on the name of the song, a second song can be recorded
later that has a name that is identical to the name of the first song. This confusion
may occur, for example, if two separate artists record different versions of the same
song. When recording the second song, the user may check the titles of the songs
previously recorded and may mistakenly assume that the second song has already
been recorded. Thus, a need exists for a system and method for searching for
duplicate data without increasing system costs or complexity and further reducing
the possibility for errors when searching and considering deletion of duplicate data.

Summary of the Invention

The present invention concerns a method of searching for duplicate data.
The method includes the steps of: generating at least one identifier from at least one
portion of a first segment of data using a unique identifier function; generating at
least one identifier from at least one corresponding portion of a second segment of
data using the uniqUe identifier function; and comparing the at least one identifier
associated with the first segmént of data with the at least one identifier associated
with the second segment of data to determine whether the first segment of data is
substantially identical to the second segment of data.

In one arrangement, the step of generating at least one identifier from at least

one portion of a first segment of data can include the step of generating at least one
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identifier from the at least one portion of the first segment data using a unique
identifier function as the first segment of data is recorded onto a storage medium or
after the first segment of data is recorded onto the storage medium. In addition, the
step of generating at least one identifier from at least one portion of a second
segment of data can include the step of generating the at least one identifier from the
at least one portion of a second segment of data using the unique identifier function
as the second segment of data is recorded onto the siorage medium. Moreover, the
step of generating at least one identifier from at least one portion of a second
segment of data can occur as the second segment of data is recorded onto a
different storage medium.

In one aspect, the first segment of data and the second segment of data can
be segments of muitimedia data. The method can also include the steps of:
storing in a table the at least one identifier associated with the first segment of data;
and retrieving from the table the at least one identifier associated with the first
segment of data prior to the comparing step. In addition, the method can include the
step of presenting an indication that the first segment of data is substantially identical
to the second segment of data when at least one identifier associated with the first
segment of data maiches the at least one identifier associated with the second
segment of data.

In another arrangement, the size of the at least one portion of the first
segment of data and the at least one portion of the second segment of data can be
based on a temporal measurement or a bit measurement. The at least one portion
of the first segment of data can correspond temporally or correspond bit by bit with

the at least one portion of the second segment of data. In another aspect, the at
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least one identifier associated with the first segment of data and the at least one
identifier associated with the second segment of data can be hash values, and the
unique identifier function can be a hash function in which the hash value associated
with the first segment of data will equal a hash value associated with the second
segment of data when the first segment of data and the second segment of data are
identical.

Also, the comparing step can include the step of comparing a plurality of
identifiers associated with the first segment of data with a plurality of identifiers
associated with the second segment of data to determine whether the first segment
of data is substantially identical to the second segment of data. Further, the
comparing step can include the step of comparing a plurality of identifiers associated
with a first set of segments of data with a plurality of identifiers associated with a
second set of segments of data to determine whether the first set of segments of
data is substantially identical to the second set of segments of data.

The present invention also concerns a system for searching for duplicate
data. The system includes: a controller for reading data from and writing data to a
storage medium; and a processor, wherein the processor is programmed to:
generate at least one identifier from at least one portion of a first segment of data
using a unique identifier function; generate at least one identifier from at least one
corresponding portion of a second segment of data using the unique identifier
function; and compare the at least one identifier associated with the first segmént of
data with the at least one identifier associated with the second segment of data to

determine whether the first segment of data is substantially identical to the second
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segment of data. The system also includes suitable software and circuitry to
implement the methods as described above.
Brief Description of the Drawings

FIG. 1 is a block diagram of a system that can search for duplicate data in
accordance with the inventive arrangements herein.

FIG. 2 is a flow chart that illustrates an operation of searching for duplicate
data in accordance with the inventive arrangements.

Detailed Description of the Preferred Embodiments

A system 100 for implementing the various advanced operating features in
accordance with the inventive arrangements is shown in block diagram form in FIG.
1. The invention, however, is not limited to the particular system illustrated in FIG. 1,
as the invention can be practiced with any other system capable of receiving a
digitally encoded signal. In addition, the system 100 is not limited to reading data
from or writing data to any patticular type of storage medium, as any storage
medium capable of storing digitally encoded data can be used with the system 100.

The system 100 can include a controller 110 for reading data from and writing
data to a storage medium 112. The controller can also read data from and write data
to a different storage medium or memory 120. The system 100 can also have a
microprocessor 114, a table or memory 116 and a display 118. Control and data
interfaces can also be provided for permitting the microprocessor 114 to control the
operation of the controller 110 and the display 118 and to retrieve information stored
in the table 116. Suitable software orfirmware can be provided in memory for the
conventional operations performed by the microprocessor 114. Further, program

routines can be provided for the microprocessor 114 in accordance with the inventive
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arrangements. Moreover, any other suitable software or circuitry can be used in
place of the microprocessor 114,

In operation, the controller 110 can write a first segment of data to the storage
medium 112. In one arrangement, as the first segment of data is recorded to the
storage medium 112, the microprocessor 114 can generate at least one identifier
from at least one portion of the first segment of data using a unique identifier
function. Once the microprocessor 114 generates at least one identifier from the at
least one portion of the first segment of data, the microprocessor 114 can transfer
this at least one identifier to the table 116. In another arrangement, the at least one
identifier associated with the first segment of data can be generated anytime after
the first segment of data has been recorded to the storage medium 112,

The microprocessor 114 can also generate at least one identifier for at least
one corresponding portion of a second segment of data using the unique identifier
function. The microprocessor 114 can generate the at least one identifier associated
with the second segment of data as the second segment of data is recorded onto the
storage medium 112 or, alternatively, as the second segment of data is recorded in
the memory 120. It is understood that the memory 120 can be any suitable form of
memory for storing digitally encoded data.

Once generated, the microprocessor 114 can retrieve from the table 116 the
at least one identifier associated with the first segment of data. The microprocessor
114 can then compare the at least one identifier associated with the first segment of
data to the at least one identifier associated with the second segment of data to
determine whether the first segment of data is substantially identical to the second

segment of data. If the at least one identifier associated with the first segment of
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data matches the at least one identifier for the second segment of data, then the first
segment of data is substantially identical if not completely identical to the second
segment of data. The microprocessor 114 can then present an indication to a user
through the display 118 that the two segments of data are identical. The overall
operation of the invention will be discussed in greater detail below.
SEARCHING FOR DUPLICATE DATA

FIG. 2 illustrates a flowchart 200 that demonstrates an operation for searching
for duplicate or identical data. At step 210, the process can begin. As shown at step
212, at least one identifier from at least one portion of a first segment of data can be
generated using a unique identifier function. The identifier can be generated as the
first segment of data is recorded onto a storage medium. Conversely, the identifier
can be generated anytime after the first segment of data has been recorded onto the
storage medium.

The first segment of data can be any suitable type of data including text-
based data, audio, video or any combination thereof or any other suitable form of
data. The first segment of data can also be an encrypted or non-encrypted segment

of data. Further, an identifier can be generated from any portion of the first segment

-of data, including non-consecutive or non-successive portions of the first segment of

data. Moreover, more than one identifier can be generated from any portion of data
contained in the first segment of data. The size of the portion of data from which an
identifier is to be generated can be based on a temporal measurement or a bit
measurement.

As an example, if the first segment of data is a song, the identifier can be

generated from the entire song such that the at least one portion includes the entire
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first segment of data. As another example, the song can be divided into two discrete
portions: a beginning portion and an ending portion. If the size of both of these
portions of the song is to be based on a temporal measurement, then the beginning
portion can include the first 30 seconds of the song and the ending portion can
include the last 30 seconds of the song. According to the inventive arrangements,
these two portions of the song can be combined and at least one identifier can be
generated from this combination. Thus, one or more identifiers per segment of data
can be used for comparison with a corresponding number of identifiers associated
with another segment of data.

Continuing with the example, an identifier can be generated from both
portions of the song such that two separate identifiers are generated from the same
song. Alternatively, an identifier can be generated from the temporal measurement
between the beginning and ending portions. Moreover, if the size of the at least one
portion of data is based on a bit measurement, then an identifier can be generated
from, for example, the first 1 Mb of data in the song. It is noted, however, that the
invention is not limited to the foregoing examples, as any number of identifiers can
be generated from any number of portions of a first segment (including when the at
least one portion includes the entire first segment of data) of any suitable type of
data.

Referring back to the flowchart 200, the at least one identifier associated with
the first segment of data can preferably be stored in table, as shown at step 214. At

step 216, at least one identifier from at least one portion of a second segment of data

can be generated using the unique identifier function. The generation of the at least

one identifier associated with the second segment of data can be in accordance with
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the process discussed in relation to the first segment of data (see step 212
discussion). To increase accuracy, however, the portion(s) of the second segment
of data from which the at least one identifier is generated can correspond to the at
least one portion of the first segment of data. This correspondence can be
temporally based or a bit by bit basis.

For example, if the first segment of data is a song and the at least one
identifier associated with the first segment of data is generated from the entire song
(the at least one portion includes the entire first segment of data), then to maximize
accuracy, the at least one identifier associated with the second segment of data can
be generated from the entire song (assuming that the second segment of data is
indeed a song). As another example, if the at least one portion of the first segment
of data includes the first 1Mb of data and the at least one identifier associated with
the first segment is generated from that portion, then it is preferred to generate the at
least one identifier associated with the second segment of data from the first 1Mb of
data in the second segment of data.

in one arrangement, the at least one identifier associated with the second
segment of data can be generated as the second segment of data is recorded onto
the same storage medium onto which the first segment of data was recorded.
Conversely, the at least one identifier associated with the second segment of data
can be generated as the second segment of data is recorded onto a different storage
medium.

At step 218, once the appropriate identifier or identifiers have been generated
from the second segment of data, the at least one identifier associated with the firét

segment of data can be retrieved from memory, preferably the table. At step 220,



10

15

20

WO 03/062996 PCT/US03/01194

10

the at least one identifier associated with the first segment of data can be compared
to the at least one identifier associated with the second segment of data to determine
whether the first segment of data is substantially identical to the second segment of
data. If the identifiers are equal, then the first segment of data is virtually aiways
identical to the second segment of data. At decision block 222, when at least one |
identifier associated with the first segment of data maiches the at least one identifier
associated with the second segment, then a user can be presented with an
indication that the first segment of data is substantially identical to the second
segment of data, as shown at step 224. Further, at step 226, any portion of the
second segment of data that was recorded onto a storage medium for purposes of
the comparison step can be deleted either selectively by a user or automatically.
The process can end at step 228.

In one arrangement, the at least one identifier can be a hash value. In
addition, the unique identifier function can be a hash function. A hash value
associated with the first segment of data can equal a hash value associated with the
second segment of data when the first segment of data and the second segment of
data are identical or substantially identical. An example of several hash functions
that can be used to practice the invention is an exclusive-or function. It is
understood, however, that the invention is not limited to this particular hash function,
as any other suitable hash function can be used.

Although the present invention has been described in conjunction with the
embodiments disclosed herein, it should be understood that the foregoing
description is intended to illustrate and not limit the scope of the invention as defined

by the claims.
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CLAIMS

1. A method of searching for duplicate data, comprising the steps of:

generating at least one identifier from at least one portion of a first
segment of data using a unique identifier function;

generating at least one identifier from at least one portion of a second
segment of data using the unique identifier function; and

éomparing the at least one identifier associated with the first segment
of data with the at least one identifier associated with the second segment of data to
determine whether the first segment of data is substantially identical to the second

segment of data.

2. The method according to claim 1, wherein said step of generating at
least one identifier from at least one portion of the first segment of data comprises
the step of generating at least one identifier from at least one portion of the first
segment data using the unique identifier function as the first segment of data is

recorded onto a storage medium.

3. The method according to claim 2, wherein said step of generating at
least one identifier from at least one portion of the second segment of data

comprise.s the step of generating the at least one identifier from at least one portion
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of the second segment of data using the unique identifier function as the second

segment of data is recorded onto the storage medium.

4, The method according to claim 2, wherein said step of generating at
least one identifier from at least one portion of the second segment of data
comprises the step of generating at least one identifier from at least one portion of
the second segment of data using the unique identifier function as the second

segment of data is recorded onto a different storage medium.

5. The method according to claim 1, wherein said step of generating at
least one identifier from at least one portion of the first segment of data occurs after

the first segment of data is recorded onto the storage medium.

6. The method according to claim 5, wherein said step of generating at
least one identifier from at least one portion of a second segment of data comprises
the step of generating at least one identifier from at least one corresponding portion
of the second segment of data using the unique identifier function as the second

segment of data is recorded onto the storage medium.

7. The method according to claim 5, wherein said step of generating at
least one identifier from at least one portion of the second segment of data

comprises the step of generating the at least one identifier from the at least one
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portion of the second segment of data using the unique identifier function as the

second segment of data is recorded onto a different storage medium.

8. The method according to claim 1, wherein the first segment of data and

the second segment of data are segments of multimedia data.

9. The method according to claim 1, further comprising the steps of:
storing in a table the at least one identifier associated with the first
segment of data; and
retrieving from the table the at least one identifier associated with the

first segment of data prior to said comparing step.

10. The method according to claim 1, further comprising the step of
presenting an indication that the first segment of data is substantially identical to the
second segment of data when at least one identifier associated with the first
segment of data matches the at least one identifier associated with the second

segment of data.

11.  The method according to claim 1, wherein a size of the at least one
portion of the first segment of data and the at least one portion of the second

segment of data is based on a temporal measurement, wherein the at least one
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portion of the first segment of data corresponds temporally with the at least one

portion of the second segment.

12. The method according to claim 1, wherein a size of the at least one
portion of the first segment of data and the at least one portion of the second
segment of data is based on a bit measurement, wherein the at least one portion of
the first segment of data corresponds bit by bit with the at least one portion of the

second segment.

13.  The method according to claim 1, wherein the at least one identifier
associated with the first segment of data and the at least one identifier associated
with the second segment of data are hash values and the unique identifier function is
a hash function wherein a hash value associated with the first segment of data will
equal a hash value associated with the secoﬁd segment of data when the first

segment of data and the second segment of data are identical.

14,  The method according to claim 1, wherein said comparing step
comprises the step of comparing a plurality of identifiers associated with the first
segment of data with a plurality of identifiers associated with the second segment of

data to determine whether the first segment of data is substantially identical to the
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second segment of data.

15.  The method according to claim 1, wherein said comparing step
comprises the step of comparing a plurality of identifiers associated with a first set of
segments of data with a plurality of identifiers associated with a second set of
segments of data to determine whether the first set of segments of data is

substantially identical to the second set of segments of data.

16. A system for searching for duplicate data, comprising:
a controller for reading data from and writing data to a storage medium;
and
a processor coupled to the controller, wherein the processor is
programmed to:
| generate at least one identifier from at least one portion of a first
segment of data using a unique identifier function;
generate at least one identifier from at least one portion of a
second segment of data using the unique identifier function; and
compare the at least one identifier associated with the first
segment of data with the at least one identifier associated with the second segment

of data to determine whether the first segment of data is substantially identical to the
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second segment of data.

17.  The system according to claim 16, wherein the processor is further
programmed to generate at least one identifier from the at least one portion of the
first segment of data using a unique identifier function as the first segment of data is

recorded onto the storage medium.

18. The system according to claim 17, wherein the processor is further
programmed to generate the at least one identifier from the at least one portion of
the second segment of data using the unique identifier function as the second

segment of data is recorded onto the storage medium.

19. The system according to claim 17, wherein the processor is further
programmed to generate the at least one identifier from the at least one portion of
the second segment of data using the unique identifier function as the second

segment of data is recorded onto a different storage medium.

20. The system according to claim 16, wherein the processor is further
programmed to generate the at least one identifier from the at least one portion of

the first segment of data using the unique identifier function after the first segment of
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data is recorded onto the storage medium.

21.  The system according to claim 20, wherein the processor is further
programmed to generate the at least one identifier from the at least one portion of
the second segment of data using the unique identifier function as the second

segment of data is recorded onto the storage medium.

22.  The system according to claim 20, wherein the processor is further
programmed to generate the at least one unique identifier from at least one
corresponding portion of the second segment of data using the unique identifier

function as the second segment of data is recorded onto a different storage medium.

23.  The system according to claim 16, wherein the first segment of data

and the second segment of data are segments of multimedia data.

24.  The system according to claim 16, further comprising a table, wherein
the processor is further programmed to:
store in the table at least one identifier associated with the first
segment of data; and

retrieve from the table at least one identifier associated with the first



WO 03/062996 PCT/US03/01194

18

segment of data prior to said comparing step.

25.  The system according to claim 16, wherein the processor is further
programmed to present an indication that the first segment of data is substantiaily
identical to the second segment of data when at least one identifier associated with
the first segment of data matches the at least one identifier associated with the

second segment.

26. The system according to claim 16, wherein the at least one identifier
associated with the first segment of data and the at least one identifier associated
with the second segment of data are hash values and the unique identifier function is
a hash function, wherein the processor determines if a hash value associated with
the first segment of data equals a hash value associated with the second segment of
data indicative of the first segment of data and the second segment of data being

substantially identical.
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USING A UNIQUE IDENTIFIER FUNCTION

!

STORE (PREFERABLY IN A TABLE) THE AT LEAST ONE
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OF DATA

!

GENERATE AT LEAST ONE IDENTIFIER FROM AT /l
LEAST ONE PORTION OF A SECOND SEGMENT OF

DATA USING THE UNIQUE IDENTIFIER FUNCTION

Y

RETRIEVE (PREFERABLY FROM THE TABLE) THE AT
LEAST ONE IDENTIFIER ASSOCIATED WITH THE
FIRST SEGMENT OF DATA

!

COMPARE THE AT LEAST ONE IDENTIFIER ASSOCIATED
WITH THE FIRST SEGMENT OF DATA WITH THE AT LEAST
ONE IDENTIFIER ASSOCIATED WITH THE SECOND
SEGMENT OF DATA TO DETERMINE WHETHER THE FIRST/
SEGMENT OF DATA IS SUBSTANTIALLY IDENTICAL TO
THE SECOND SEGMENT OF DATA
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