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DETECTING DUPLICATE AND
NEAR-DUPLICATE FILES

§ 1. BACKGROUND OF THE INVENTION

[0001] § 1.1 Field of the Invention

[0002] The present invention concerns information man-
agement and retrieval in general. More specifically, the
present invention concerns detecting, and optionally remov-
ing, duplicate and near-duplicate information or content,
such as in a repository of documents to be searched for
example.

[0003] § 1.2 Background Information

[0004] In the following, the term “document(s)” should be
broadly interpreted and may include content such as Web
pages, text files, multimedia files, object features, link
structure, etc. Also, it should be noted that when near-
duplicate documents are detected, exact duplicate docu-
ments will also be detected as a consequence (though such
exact duplicates might not necessarily be distinguished from
near-duplicates).

[0005] Detecting near-duplicate documents has many
potential applications. For example, duplicate or near-dupli-
cate documents may indicate plagiarism or copyright
infringement. One important application of near-duplicate
document detection is in the context of information storage
and retrieval.

[0006] Efficient techniques to detect documents that are
exact duplicates exist. Detecting whether or not documents
are near-duplicates is more difficult, particularly in large
collections of documents. For example, the Internet, collec-
tively, includes literally billions of “Web site” documents.
[0007] Sources of duplicate and near-duplicate documents
on the Internet are introduced in § 1.2.1 below. Then,
problems that these duplicate and near-duplicate documents
raise, both for end-users and for entities assisting end-users,
are introduced in § 1.2.2 below. Finally, previous techniques
for detecting duplicate and near-duplicate documents in the
context of large document collections, as well as perceived
shortcomings of such techniques, are introduced in § 1.2.3
below.

[0008] § 1.2.1 Sources of Duplicate and Near-Duplicate
Documents on the Internet

[0009] On the Internet, the World Wide Web (referred to as
“the Web”) may include the same document duplicated in
different forms or at different places. (Naturally, other net-
works, or even stand alone systems, may have duplicate
documents.) Sources of such duplication are introduced
here.

[0010] First, some documents are “mirrored” at different
sites on the Web. Such mirroring is used to alleviate poten-
tial delays when many users attempt to request the same
document at the same time, and/or to minimize network
latency (e.g., by caching Web pages locally).

[0011] Second, some documents will have different ver-
sions with different formatting. For example, a given docu-
ment may have plain text and HTML (hyper-text markup
language) versions so that users can render or download the
content in a form that they prefer. As more and more
different devices (e.g., computers, mobile phones, personal
digital assistants, etc.) are used to access the Internet, a given
document may have more and more different versions with
different formatting (text only, text plus other media, etc.).
[0012] Third, documents are often prepended or appended
with information related to its location on the Web, the date,
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the date it was last modified, a version, a title, a hierarchical
classification path (e.g., a Web page may be classified under
more than one class within the hierarchy of a Web site), etc.
[0013] Fourth, in some instances a new document is
generated from an existing document using a consistent
word replacement. For example, a Web site may be “re-
branded” for different audiences by using word replacement.
[0014] Finally, some Web pages aggregate or incorporate
content available from another source on the Web.

[0015] § 1.2.2 Problems Raised by Duplicate and Near-
Duplicate Documents

[0016] Duplicate and near-duplicate documents raise
potential problems for both people accessing information
(e.g., from the Web) and entities helping people to access
desired information (e.g., search engine companies). These
potential problems are introduced below.

[0017] Although people continue to use computers to
enter, manipulate and store information, in view of devel-
opments in data storage, internetworking (e.g., the Internet),
and interlinking and cross referencing of information (e.g.,
using hyper-text links), people are using computers (or more
generally, information access machines) to access informa-
tion to an ever increasing extent.

[0018] Search engines have been employed to help users
find desired information. Search engines typically search
databased content or “Websites” or “Web pages” pursuant to
a user query. In response to a user’s query, a rank-ordered
list, which typically includes brief descriptions of the uncov-
ered content, as well as hyper-texts links (i.e., text, having
associated URLs) to the uncovered content, is returned. The
rank-ordering of the list is typically based on a match
between words appearing in the query and words appearing
in the content.

[0019] From the perspective of users, duplicate and near-
duplicate documents raise problems. More specifically,
when users submit a query to a search engine, most do not
want links to (and descriptions of) Web pages which have
largely redundant information. For example, search engines
typically respond to search queries by providing groups of
ten results. If pages with duplicate content were returned,
many of the results in one group may include the same
content. Thus, there is a need for techniques to avoid
providing search results associated with (e.g., having links
to) Web pages having duplicate content.

[0020] From the perspective of entities hosting search
engines, duplicate and near-duplicate documents also raise
problems—giving end-users what they want, being one of
them. To appreciate some of the other potential problems
raised by duplicate and near-duplicate documents, some
search engine technology is introduced first.

[0021] Most search engines perform three main functions:
(1) crawling the Web; (ii) indexing the content of the Web;
and (iii) responding to a search query using the index to
generate search results. Given the large amount of informa-
tion available, these three main functions are automated to
a large extent. While the crawl operation will associate
words or phrases with a document (e.g., a Web page), the
indexing operation will associate document(s) (e.g., Web
page(s)) with words or phrases. The search operation then (i)
uses that index to find documents (e.g., Web pages) con-
taining various words of a search query, and (ii) ranks or
orders the documents found in accordance with some heu-
ristic(s).
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[0022] Recall that the Web may include the same docu-
ments duplicated in different forms or at different places on
the Web. For example, as introduced in § 1.2.1 above,
documents may be “mirrored” at different sites on the Web,
documents may have a number of different formats so that
users can render or download the content in a form that they
prefer, documents may have a different versions with dif-
ferent information prepended or appended, some documents
may have been generated from others using consistent word
replacement, and some documents may aggregate or incor-
porate documents available from another source on the Web.
It would be desirable to eliminate such duplicates or near-
duplicates. Besides eliminating duplicate or near-duplicate
documents to meet user expectations and wishes, eliminat-
ing duplicate or near-duplicate documents is desirable to
search engine hosting entities to (i) reduce storage require-
ments (e.g., for the index and data structures derived from
the index), and (ii) reduce the time and/or computational
resources needed to process indexes, queries, etc.

[0023] In view of the foregoing, techniques to detect (and
eliminate) near-duplicate documents are needed.

[0024] § 1.2.3 Known Techniques for Detecting Duplicate
and Near-Duplicate Documents and their Perceived Limita-
tions

[0025] A naive solution would be to compare all pairs to
documents. Since this is prohibitively expensive on large
datasets, Manber (U. Manber, “Finding similar files in a
large file system,” Proc. of the USENIX Winter 1994 Tech-
nical Conference (January 1994)) and Heintze (N. Heintze,
“Scalable Document Fingerprinting,” Proc. of the 2nd
USENIX Workshop on Electronic Commerce (November
1996)) proposed algorithms for detecting near-duplicate
documents that reduced the number of comparisons. Both
algorithms work on sequences of adjacent characters. Brin et
al. (8. Brin, J. Davis, and H. Garcia-Molina, “Copy Detec-
tion Mechanisms for Digital Documents,” 1995 ACM SIG-
MOD International Conference on Management of Data,
pp- 398-409 (May 1995)) started to use word sequences to
detect copyright violations. Broder et al. (A. Broder, S.
Glassman, M. Manasse, and G. Zweig, “Syntactic Cluster-
ing of the Web,” 6th International World Wide Web Con-
ference, pp. 93-404 (April 1997), incorporated herein by
reference) also used word sequences to efficiently find
near-duplicate Web pages. Later, Charikar (M. S. Charikar,
“Similarity Estimation Techniques from Rounding Algo-
rithms,” 34th Annual ACM Symposium on Theory of Com-
puting (May 2002), incorporated herein by reference. See
also U.S. Patent Application Publication 2006/0101060, also
incorporated herein by reference.) developed an approach
based on random projections of the words in a document.
Recently Hoad and Zobel (T. C. Hoad and J. Zobel, “Meth-
ods for identifying versioned and plagiarised documents,”
Journal of the American Society for Information Science and
Technology, 54(3), pp. 203-215 (2003)) developed and com-
pared methods for identifying versioned and plagiarized
documents. Unfortunately, however, the technique recom-
mended by Hoad and Zobel is inefficient, having O(N?)
computational complexity, where N is the number of docu-
ments to be compared with a document of interest.

[0026] § 1.2.3.1 Introduction of the Broder and Charikar
Algorithms for Document Similarity

[0027] In both the Broder and Charikar algorithms, each
HTML page is converted into a token sequence. The two
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algorithms differ only in how they convert the token
sequence into a bit string representing the page.

[0028] To convert an HTML page into a token sequence,
all HTML markup in the page is replaced by white space or,
in case of formatting instructions, ignored. Then every
maximal alphanumeric sequence is considered a term and is
hashed using Rabin’s fingerprinting scheme (M. Rabin,
“Fingerprinting by random polynomials,” Report TR-15-81,
Center for Research in Computing Technology, Harvard
University (1981), incorporated herein by reference) to
generate tokens, with two exceptions.

[0029] Both algorithms generate a bit string from the
token sequence of a page and use it to determine the
near-duplicates for the page.

[0030] Letn be the length of the token sequence of a page.
Using the Broder algorithm every sub-sequence of k tokens
(where the sub-sequences overlap) is fingerprinted using
64-bit Rabin fingerprints, which results in a sequence of
(n-k+1) fingerprints, called “shingles”. Let S (d) be the set
of shingles of the page “d”. The Broder algorithm makes the
assumption that the percentage of unique shingles on which
the two pages d and d' agree. That is, the Broder algorithm
assumes that

1S(d) NS
1S(d) U S@)l

is a good measure for the similarity of d and d'.

[0031] The foregoing may be approximated by finger-
printing every shingle with m different fingerprinting func-
tions f, for 1 =i=m. This leads to (n—k+1) values for each f,.
For each i, the smallest of these values is called “the i-th
minvalue” and is stored at the page. As a result, the Broder
algorithm creates an m-dimensional vector of minvalues.
Broder et al. showed that the expected percentage of entries
in the minvalues vector that two pages d and d' agree on is
equal to the percentage of unique shingles on which d and
d' agree. Thus, to estimate the similarity of two pages, it
suffices to determine the percentage of agreeing entries in
the minvalues vectors. To save space and speed up the
similarity computation, the m-dimensional vector of min-
values might be reduced to an m'-dimensional vector of
supershingles by fingerprinting non-overlapping sequences
of minvalues. Let m be divisible by m' and let {=m/m'. The

concatenation of minvalue j *¢, . . ., (j+1)*¢-1 might be
fingerprinted for 0=¢j<m' with yet another fingerprinting
function. (Note that the notion of “megashingles” was also
introduced in the Broder et al. paper in order to further speed
up the algorithm. Megashingles are generated by finger-
printing every pair of supershingles, such that each megash-
ingle is a fingerprinted pair of supershingles. Since, how-
ever, using megashingles does not improve precision or
recall, they need not be used.) Two pages are near-duplicates
under the Broder algorithm (referred to here as “B-similar”)
if and only if their supershingle vectors agree in at least two
supershingles. The number of identical entries in the super-
shingle vectors of two pages is their “B-similarity”. The
parameters for the Broder algorithm are m, {m', and k.
[0032] As can be appreciated from the foregoing, the
Broder algorithm is order dependent (e.g., since the shingles
are fingerprints of overlapping sub-sequences), but is inde-
pendent of the frequency of the shingles.
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[0033] The Charikar algorithm is now described. Let b be
a constant. Each token is projected into b-dimensional space
by randomly choosing b entries from {-1, 1}. The resulting
b-dimensional vector may be referred to as a “token vector”.
The same tokens, whether occurring on the same page or on
different pages, will have the same b-dimensional represen-
tation (i.e., the same “token vector”). For each page, a
representative b-dimensional vector (which may be referred
to as an “initial page vector”) is created by adding the
projections of all the tokens in the page’s token sequence
(i.e., adding all of the page’s “token vectors™). The final
vector for the page (which may be referred to as a “final page
vector”) is created by setting every positive entry in the
vector to 1 and every non-positive entry to 0. The generates
a random b-dimensional projection (i.e., a final page vector)
for each page. The final page vectors have the property that
the cosine similarity of two pages is proportional to the
number of bits in which the two corresponding projections
agree. That is, similarity in the Charikar algorithm (referred
to as “C-similarity”) of two Web pages is the number of bits
their projections agree on. Two pages are near-duplicates in
the Charikar algorithm (or are C-similar) if the number of
agreeing bits in their projections is above a fixed threshold
t

[0034] As can be appreciated from the foregoing, given
the definition of minvalues (from which supershingles, and
perhaps even megashingles, are generated), Broder’s tech-
nique uses representations based on a subset of the words (or
tokens) of the original document being analyzed. On the
other hand, Charikar’s technique uses representations based
on all words (not removed by preprocessing) (or tokens) of
the original document being analyzed. That is, Charikar’s
technique might consider all words (or tokens) of documents
accepted as inputs. Further, Broder’s technique uses set
intersection to determine whether or not documents are
near-duplicates. On the other had, Charikar’s technique uses
random projections to determine whether or not documents
are near-duplicates.

[0035] As can be appreciated from the foregoing, in both
algorithms pages with the same token sequence are assigned
the same bit string. The Charikar algorithm ignores the order
of the tokens (given the additive aspect of generating a page
vector from token vectors). The shingles of the Broder
algorithm are based on the order of the tokens. However, the
Broder algorithm ignores the frequency of shingles. On the
other hand, the Charikar algorithm accounts for the fre-
quency of terms (again, given the additive aspect of gener-
ating a page vector from token vectors). For both algorithms
there can be false positives (non near-duplicate pairs
returned as near-duplicates) as well as false negatives (near-
duplicate pairs not returned as near-duplicates.)

[0036] Let T be the sum of the number of tokens in all
documents and let D be the number of documents. The
Broder algorithm takes time O(Tm+Dm')=O(Tm). The
Broder algorithm takes time O(Tb) to determine the vector
for each page. As described below, the C-similar pairs might
be computed using a trick similar to supershingles. It takes
time O(D) so that the total time for the Charikar algorithm
is O(Tb).

[0037] Some embodiments consistent with the present
invention might further (d) process the set of documents to
determine a third set of near-duplicate documents using the
second document similarity technique, (e) determine a
fourth set of near duplicate documents by determining the
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union of the second set of near duplicate document and the
third set of near-duplicate documents.

[0038] § 1.2.3.2 Evaluation of the Broder and Charikar
Algorithms
[0039] The present inventor evaluated the Broder and

Charikar algorithms on 1.6 B distinct Web pages, according
to three criteria—(1) precision on a random subset, (2) the
distribution of the number of term differences per near-
duplicate pair, and (3) the distribution of the number of
near-duplicates per page. All parameters in the Broder
algorithm were set as suggested in the literature. The param-
eters in the Charikar algorithm were chosen so that it used
the same amount of space per document and returned about
the same number of correct near-duplicate pairs (i.e., had
about the same recall).

[0040] The present inventor found that the Charikar algo-
rithm achieved a precision of 0.50, while the Broder algo-
rithm achieved a precision of 0.38. Both algorithms were
found to perform about the same for near-duplicate pairs on
the same site (low precision) and for near-duplicate pairs on
different sites (high precision). However, over 90% of the
near-duplicate pairs found by the Broder algorithm belonged
to the same site, but only 74% of the near-duplicate pairs
found by the Charikar algorithm belonged to the same site.
[0041] Thus, the Charikar algorithm found more of the
near-duplicate pairs for which precision is high. The number
of term differences per near-duplicate pair was found to be
very similar for the two algorithms, but the Broder algorithm
returned fewer pairs with extremely large term differences.
The distribution of the number of near-duplicates per page
was found to follow a power-law for both algorithms.
However, the Broder algorithm was found to have a higher
“spread” around the power-law curve. The present inventor
believes that a possible reason for that “noise” is that the bit
string representing a page in the Broder algorithm is based
on a randomly selected subset of terms in the page. Thus,
there might be “lucky” and “unlucky” choices, leading to
false near-duplicate pairs or missing actual near-duplicate
pairs. The Charikar algorithm does not select a subset of
terms but is based on all terms in the page.

[0042] The present inventor found that neither of the
algorithms worked well for finding near-duplicate pairs on
the same Website, though both achieved high precision for
near-duplicate pairs on different Websites.

[0043] In view of the foregoing, it would be useful to
provide improved techniques for finding near-duplicate
documents. It would be useful if such techniques improved
the precision of the Broder and Charikar algorithms. Finally,
it would be useful if such techniques worked well for finding
near-duplicate pairs on the same Website, as well as on
different Websites.

§ 2. SUMMARY OF THE INVENTION

[0044] Some embodiments consistent with the present
invention might detect near-duplicate documents by (a)
accepting a set of documents, (b) processing the set of
documents to determine a first set of near-duplicate docu-
ments using a first document similarity technique, and (c)
processing the first set of near duplicate documents to
determine a second set of near-duplicate documents using a
second document similarity technique.

[0045] In at least some embodiments consistent with the
present invention, the first document similarity technique



US 2008/0044016 Al

might be token order dependent, and the second document
similarity technique might be order independent.

[0046] In at least some embodiments consistent with the
present invention, the first document similarity technique
might be token frequency independent, and the second
document similarity technique might be frequency depen-
dent.

[0047] In at least some embodiments consistent with the
present invention, the first document similarity technique
might determine whether two documents are near-duplicates
using representations based on a subset of the words or
tokens of the documents, and the second document similar-
ity technique might determine whether two documents are
near-duplicates using representations based on all of the
words or tokens of the documents.

[0048] In at least some embodiments consistent with the
present invention, the first document similarity technique
might use set intersection to determine whether or not
documents are near-duplicates, and the second document
similarity technique might use random projections to deter-
mine whether or not documents are near-duplicates.

[0049] At least some other embodiments consistent with
the present invention might identify near-duplicate docu-
ments by (a) accepting a set of documents, and (b) process-
ing the set of documents to determine near-duplicate docu-
ments, wherein a first document similarity technique is used
to determine near-duplicate documents for documents from
the same Website, and wherein a second document similarity
technique is used to determine near-duplicate documents for
documents from different Websites.

§ 3. BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1 is a block diagram of an environment in
which at least some aspects of the present invention may be
used.

[0051] FIG. 2 is a process bubble diagram of an advanced
search facility in which at least some aspects of the present
invention may be used.

[0052] FIG. 3 is a flow chart of an exemplary method for
determining near duplicate documents in a manner consis-
tent with the present invention.

[0053] FIG. 4 is a flow chart of an exemplary method for
determining a final set of near duplicate documents from an
initial set of near duplicate documents in a manner consis-
tent with the present invention.

[0054] FIG. 5 is block diagram of a machine that may be
used to perform one or more of the operations discussed
above, and/or to store information generated and/or used by
such operations, in a manner consistent with the present
invention.

§ 4. DETAILED DESCRIPTION

[0055] The present invention may involve novel methods,
apparatus, message formats, and/or data structures for deter-
mining whether or not documents are similar. The following
description is presented to enable one skilled in the art to
make and use the invention, and is provided in the context
of particular applications and their requirements. Thus, the
following description of embodiments consistent with the
present invention provides illustration and description, but is
not intended to be exhaustive or to limit the present inven-
tion to the precise form disclosed. Various modifications to
the disclosed embodiments will be apparent to those skilled
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in the art, and the general principles set forth below may be
applied to other embodiments and applications. For
example, although a series of acts may be described with
reference to a flow diagram, the order of acts may differ in
other implementations when the performance of one act is
not dependent on the completion of another act. Further,
non-dependent acts may be performed in parallel. No ele-
ment, act or instruction used in the description should be
construed as critical or essential to the present invention
unless explicitly described as such. Also, as used herein, the
article “a” is intended to include one or more items. Where
only one item is intended, the term “one” or similar language
is used. In the following, “information” may refer to the
actual information, or a pointer to, or a location of, such
information. Thus, the present invention is not intended to be
limited to the embodiments shown and the inventor regards
her invention to include any patentable subject matter
described.

[0056] In the following, environments in which the
present invention may be employed are introduced in § 4.1.
Then, exemplary embodiments consistent with the present
invention are described in § 4.2. Finally, some conclusions
about the present invention are set forth in § 4.3.

§ 4.1 Exemplary Environments in which Invention
May Operate

[0057] The following exemplary embodiments are pre-
sented to illustrate examples of utility of embodiments
consistent with the present invention and to illustrate
examples of contexts in which such embodiments may
operate. However, the present invention can be used in other
environments and its use is not intended to be limited to the
exemplary environment 100 and search facility 200 intro-
duced below with reference to FIGS. 1 and 2, respectively.
[0058] FIG. 1 is a block diagram of an environment 100 in
which at least some aspects of the present invention may be
used. This environment 100 may be a network (such as the
Internet for example) 160 in which an information access
facility (client) 110 is used to render information accessed
from one or more content providers (servers) 180. A search
facility (server) 130 may be used by the information access
facility 110 to search for content of interest.

[0059] The information access facility 110 may include a
browsing operation 112 which may include a navigation
operation 114 and a user interface operation 116. The
browsing operation 112 may access the network 160 via
input/output interface operations 118. For example, in the
context of a personal computer, the browsing operation 112
may be a browser (such as “Firefox” from Mozilla, “Internet
Explorer” from Microsoft Corporation of Redmond, Wash.,
“Opera” from Opera Software, “Netscape” from Time
Warner, Inc.) and the input/output interface operations may
include a modem or network interface card (or NIC) and
networking software. Other examples of possible informa-
tion access facilities 110 include untethered devices, such as
personal digital assistants and mobile telephones for
example, set-top boxes, kiosks, etc.

[0060] Each of the content providers 180 may include
stored resources (also referred to as content) 136, a resource
retrieval operation 184 that accesses and provides content in
response to a request, and input/output interface operation(s)
182. These operations of the content providers 180 may be
performed by computers, such as personal computers or
servers for example. Accordingly, the stored resources 186
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may be embodied as data stored on some type of storage
medium such as a magnetic disk(s), an optical disk(s), etc.
In this particular environment 100, the term “document”
may be interpreted to include addressable content, such as a
Web page for example.

[0061] The search facility 130 may perform crawling,
indexing/sorting, and query processing functions. These
functions may be performed by the same entity or separate
entities. Further, these functions may be performed at the
same location or at different locations. In any event, at a
crawling facility 150, a crawling operation 152 gets content
from various sources accessible via the network 160, and
stores such content, or a form of such content, as indicated
by 154. Then, at an automated indexing/sorting facility 140,
an automated indexing/sorting operation 142 may access the
stored content 154 and may generate a content index (e.g.,
an inverted index, to be described below) and content ratings
(e.g., PageRanks, to be described below) 140. Finally, a
query processing operation 134 accepts queries and returns
query results based on the content index (and the content
ratings) 140. The crawling, indexing/sorting and query pro-
cessing functions may be performed by one or more com-
puters.

[0062] Although embodiments consistent with the present
invention may be used with a number of different types of
search engines, it might be used with an advanced search
facility, such as the one presently available from Google,
Inc. of Mountain View, Calif. FIG. 2 is a process bubble
diagram of such an advanced search facility 200 in which at
least some aspects of embodiments consistent with the
present invention may be used.

[0063] The advanced search facility 200 illustrated in FIG.
2 performs three main functions: (i) crawling; (ii) indexing/
sorting; and (iii) searching. The horizontal dashed lines
divide FIG. 2 into three parts corresponding to these three
main functions. More specifically, the first part 150' corre-
sponds to the crawling function, the second part 140" cor-
responds to the indexing/sorting function, and the third part
134' corresponds to the search (or query processing) func-
tion. (Note that an apostrophe following a reference number
is used to indicate that the referenced item is merely one
example of the item referenced by the number without an
apostrophe.) Each of these parts is introduced in more detail
below. Before doing so, however, a few distinguishing
features of this advanced search facility 200 are introduced.
[0064] The advanced search facility uses the link structure
of the Web, as well as other techniques, to improve search
results. (See, e.g., U.S. Pat. No. 6,285,999 and the article S.
Brin and L. Page, “The Anatomy of a Large-Scale Hyper-
textual Search Engine,” Seventh International World Wide
Web Conference, Brisbane, Australia, both incorporated
herein by reference.)

[0065] Referring back to FIG. 2, the three main parts of the
advanced search engine 200 are now described further.

[0066] The crawling part 150' may be distributed across a
number of machines. A single URLserver (not shown)
serves lists of uniform resource locations (“URLs”) 206 to
a number of crawlers. Based on this list of URLs 206, the
crawling operation 202 crawls the network 160' and gets
Web pages 208. A pre-indexing operation 210 may then
generate page rankings 212, as well as a repository 214 from
these Web pages 208. The page rankings 212 may include a
number of URL fingerprint (i.e., a unique value), PageRank
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value (as introduced above) pairs. The repository 214 may
include URL, content type and compressed page triples.
[0067] Regarding the indexing/sorting part 140', the
indexing/sorting operations 220 may generate an inverted
index 226. The indexing/sorting operations 220 may also
generate page ranks 228 from the citation rankings 212. The
page ranks 228 may include document ID, PageRank value
pairs.

[0068] Regarding the query processing part 134', the
searching operations 230 may be run by a Web server and
may use a lexicon 232, together with the inverted index 226
and the PageRanks 228, to generate query results in response
to a query. The query results may be based on a combination
of (i) information derived from PageRanks 228 and (ii)
information derived from how closely a particular document
matches the terms contained in the query (also referred to as
the information retrieval (or “IR”) component). Having
described exemplary environments in which the present
invention may be used, exemplary embodiments consistent
with the present invention are now described in § 4.2 below.

§ 4.2 Exemplary Embodiments

[0069] Exemplary methods consistent with the present
invention are described in § 4.2.1 below. Then, exemplary
apparatus consistent with the present invention are described
in § 4.2.2 below. Finally, refinements alternative and exten-
sions of such embodiments are described in § 4.2.3 below.
[0070] § 4.2.1 Exemplary Methods

[0071] FIG. 3 is a flow chart of an exemplary method 300
for determining near duplicate documents in a manner
consistent with the present invention. As shown, the exem-
plary method 300 accepts a set of documents. (Block 310)
The set of documents might then be processed to determine
an initial set of near duplicate documents using a first
document similarity technique. (Block 320). Finally, the
initial set of near duplicate documents might be processed to
determine a final set of near duplicate documents using a
second document similarity technique (Block 330) before
the method 300 is left (Node 340).

[0072] Referring back to block 310, in some embodiments
consistent with the present invention, the documents might
be Web pages. In other embodiments consistent with the
present invention, the documents might be a set of token
sequence bit strings derived from source documents, such as
Web pages for example.

[0073] Referring back to block 320, in some embodiments
consistent with the present invention, the first document
similarity technique might be order dependent, and/or fre-
quency independent (e.g., with respect to document words,
document n-grams, document tokens, etc.).

[0074] Still referring to block 320, in some embodiments
consistent with the present invention, the first document
similarity technique might include (i) fingerprinting every
sub-sequence of k tokens to generate (n-k+1) shingles, (ii)
fingerprinting each shingle with m different fingerprinting
functions f; for 1 =i=m to generate (n—k+1) values for each
of the m fingerprinting functions f;, (iii) determining, for
each i, the smallest value to create an m-dimensional vector
of minvalues, (iv) reducing the m-dimensional vector of
minvalues to an m'-dimensional vector of supershingles by
fingerprinting non-overlapping sequences of minvalues, and
(v) concluding that two documents are near-duplicates if and
only if their supershingle vectors agree in at least two
supershingles (or, alternatively, if the two documents agree
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in at least one megashingle). The first document similarity
technique might be any of the techniques described in the
Broder paper introduced in § 1.2.3 above or described in the
Fetterly papers (D. Fetterly, M. Manasse, and M. Najork,
“On the Evolution of Clusters of Near-Duplicate Web
Pages,” 1st Latin American Web Congress, pp. 37-45 (No-
vember 2003); and D. Fetterly, M. Manasse, and M. Najork,
“Detecting Phrase-Level Duplication on the World Wide
Web,” 28th Annual International ACM SIGIR Conféerence
(August 2005), both incorporated herein by reference). In
such embodiments, the parameter m might be set to 84, the
parameter 1 might be set to 14, the parameter m' might be set
to 6 and the parameter k might be set to any value from 5 to
10 (e.g., 8). Some embodiments consistent with the present
invention might use the following parameter values: m==84;

0=14; m'=6; and k=some value from 5 to 10. Some embodi-
ments consistent with the present invention might omit the
wrapping of the shingling “window” from the end of the
document, in which case (n-k+1) shingles are generated. If,
on the other hand, the shingling window can wrap around
from the end of the document to its beginning, n shingles are
generated.

[0075] Referring back to block 330, in some embodiments
consistent with the present invention, the second document
similarity technique might be order independent, and/or
frequency dependent (e.g., with respect to document words,
document n-grams, document tokens, etc.).

[0076] Still referring to block 330, in some embodiments
consistent with the present invention, the set of documents
might be a set of token sequence bit strings, and the second
document similarity technique might include (i) projecting
each token into b-dimensional space by randomly choosing
a predetermined number b of entries from {-1, 1}, (ii) for
each document, creating a b-dimensional vector by adding
the projections of all the tokens in its token sequence, and
creating a final vector for the document by setting every
positive entry in the b-dimensional vector to 1 and every
non-positive entry to 0, and (iii) determining a similarity
between two documents based on a number of bits that agree
in corresponding projections of the two documents. The
second document similarity technique might be any of the
techniques described in the Charikar paper introduced in §
1.2.3 above. In such embodiments, the parameter b might be
set such that a bit string of 48 bytes is stored per document
(e.g., b might be set to 384). Naturally, some embodiments
consistent with the present invention might select a value for
the parameter b to use less (or more) space.

[0077] In some embodiments consistent with the present
invention, the second technique might operate on overlap-
ping sequences of tokens (i.e., shingles) instead of on
individual tokens.

[0078] Still referring to block 330 of FIG. 3, FIG. 4 is a
flow chart of an exemplary method 400 for determining a
final set of near duplicate documents from an initial set of
near duplicate documents in a manner consistent with the
present invention. As shown, the exemplary method 400
might accept the initial set of near duplicate documents.
(Block 410)

[0079] As indicated by loop 420-460, a number of acts
might be performed for each pair of near duplicate docu-
ments in the initial set. Specifically, a similarity value might
be determined using the second document similarity tech-
nique. (Block 430) Whether the determined similarity value
is less than a threshold might then be determined. (Decision
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block 440) If it is determined that the determined similarity
value is less than the threshold, then the current pair of near
duplicate documents might be removed from the initial set
to generate an updated set (Block 450) before the method
400 continues to block 460. If, on the other hand, it is
determined that the determined similarity value is not less
than the threshold, then the method 400 might directly
proceed to block 460.

[0080] Referring to block 460, once all of the pairs of near
duplicate documents in the initial set have been processed,
the final set of near duplicate documents might be set to the
most recent updated set of near duplicate documents (or to
the initial set of near duplicate documents in the event that
the determined similarity value was never less than the
threshold) (Block 470) before the method 400 is left (Node
480).

[0081] Referring back to block 410, in some embodiments
consistent with the present invention, the set of documents
might be Web pages. Alternatively, the set of documents
might be a set of token sequence bit strings.

[0082] Referring back to block 430, in some embodiments
consistent with the present invention, the second document
similarity technique might include (i) projecting each of a
number of token sequence bit strings into b-dimensional
space by randomly choosing a predetermined number b of
entries from {-1,1}, (ii) for each document, creating a
b-dimensional vector by adding the projections of all the
tokens in its token sequence, and creating a final vector for
the document by setting every positive entry in the b-di-
mensional vector to 1 and every non-positive entry to 0, and
(iii) determining a similarity between two documents based
on a number of bits that agree in corresponding projections
of the two documents. Referring back to block 440, in such
an embodiment, the predetermined number b might be 384
and the threshold might be set to 372. In some embodiments
consistent with the present invention, the threshold might be
set to approximately 97% (or at least 96%) of the predeter-
mined number b. The predetermined number b might be a
lower value. For example, setting b to values as low as 192
has provided good results. Indeed, the present inventor
believes that setting b to values of 100 or even slightly less
might provide adequate results. In these lower settings of b,
the threshold might be set to about 97% of' b, or at least 96%
of b.

[0083] § 4.2.2 Exemplary Apparatus

[0084] FIG. 5 is block diagram of a machine 500 that may
be used to perform one or more of the operations discussed
above, and/or to store information generated and/or used by
such operations, in a manner consistent with the present
invention. The machine 500 basically includes a processor
(s) 510, an input/output interface unit(s) 530, a storage
device(s) 520, and a system bus or network 540 for facili-
tating the communication of information among the coupled
elements. An input device(s) 532 and an output device(s)
534 may be coupled with the input/output interface(s) 530.

[0085] The processor(s) 510 may execute machine-ex-
ecutable instructions (e.g., C or C++ running on the Solaris
operating system available from Sun Microsystems Inc. of
Palo Alto, Calif. or the Linux operating system widely
available from a number of vendors such as Red Hat, Inc. of
Durham, N.C.) to effect one or more aspects of the present
invention. At least a portion of the machine executable
instructions may be stored (temporarily or more perma-
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nently) on the storage device(s) 520 and/or may be received
from an external source via an input interface unit 530.

[0086] Some aspects of exemplary embodiments consis-
tent with the present invention may be performed in the
general context of computer-executable instructions, such as
program modules, being executed by a personal computer.
However, methods may be performed by (and data struc-
tures may be stored on) other apparatus. Program modules
may include routines, programs, objects, components, data
structures, etc. that perform an operation(s) or implement
particular abstract data types. Moreover, those skilled in the
art will appreciate that at least some aspects of the present
invention may be practiced with other configurations,
including hand-held devices, multiprocessor systems,
microprocessor-based or programmable consumer electron-
ics, network computers, minicomputers, set-top boxes,
mainframe computers, and the like. At least some aspects of
the present invention may also be practiced in distributed
computing environments where tasks are performed by
remote processing devices linked through a communications
network. In a distributed computing environment, program
modules may be located in local and/or remote memory
storage devices.

[0087] In one embodiment consistent with the present
invention, the machine 500 may be one or more conven-
tional personal computers or servers. In this case, the
processing unit(s) 510 may be one or more microprocessors,
the bus 540 may include a system bus that couples various
system components including a system memory to the
processing unit(s). The system bus 540 may be any of
several types of bus structures including a memory bus or
memory controller, a peripheral bus, and a local bus using
any of a variety of bus architectures. The storage devices 520
may include system memory, such as read only memory
(ROM) and/or random access memory (RAM). A basic
input/output system (BIOS), containing basic routines that
help to transfer information between elements within the
personal computer, such as during start-up, may be stored in
ROM. The storage device(s) 520 may also include a hard
disk drive for reading from and writing to a hard disk, a
magnetic disk drive for reading from or writing to a (e.g.,
removable) magnetic disk, and an optical disk drive for
reading from or writing to a removable (magneto-) optical
disk such as a compact disk or other (magneto-) optical
media. The hard disk drive, magnetic disk drive, and (mag-
neto-) optical disk drive may be coupled with the system bus
540 by a hard disk drive interface, a magnetic disk drive
interface, and an (magneto-) optical drive interface, respec-
tively. The drives and their associated storage media may
provide nonvolatile storage of machine-readable instruc-
tions, data structures, program modules and other data for
the personal computer. Although the exemplary environment
described herein employs a hard disk, a removable magnetic
disk and a removable optical disk, those skilled in the art will
appreciate that other types of storage media (with appropri-
ate interface devices), may be used instead of, or in addition
to, the storage devices introduced above.

[0088] A user may enter commands and information into
the personal computer through input devices 532, such as a
keyboard and pointing device (e.g., a mouse) for example.
Other input devices such as a microphone, a joystick, a game
pad, a satellite dish, a scanner, or the like, may also (or
alternatively) be included. These and other input devices are
often connected to the processing unit(s) 510 through a
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serial port interface 530 coupled to the system bus 540. Input
devices may be connected by other interfaces 530, such as
a parallel port, a game port or a universal serial bus (USB).
However, in the context of a search facility 130, no input
devices, other than those needed to accept queries, and
possibly those for system administration and maintenance,
are needed.

[0089] The output device(s) 534 may include a monitor or
other type of display device, which may also be connected
to the system bus 540 via an interface 530, such as a video
adapter for example. In addition to (or instead of) the
monitor, the personal computer may include other (periph-
eral) output devices (not shown), such as speakers and
printers for example. Again, in the context of a search
facility 130, no output devices, other than those needed to
communicate query results, and possibly those for system
administration and maintenance, are needed.

[0090] The computer may operate in a networked envi-
ronment which defines logical and/or physical connections
to one or more remote computers, such as a remote com-
puter. The remote computer may be another personal com-
puter, a server, a router, a network computer, a peer device
or other common network node, and may include many or
all of the elements described above relative to the personal
computer. The logical and/or physical connections may
include a local area network (LAN) and a wide area network
(WAN). An intranet and the Internet may be used instead of,
or in addition to, such networks.

[0091] When used in a LAN, the personal computer may
be connected to the LAN through a network interface
adapter (or “NIC”) 530. When used in a WAN, such as the
Internet, the personal computer may include a modem or
other means for establishing communications over the wide
area network. In a networked environment, at least some of
the program modules depicted relative to the personal com-
puter may be stored in the remote memory storage device.
The network connections shown are exemplary and other
means of establishing a communications link between the
computers may be used.

[0092] Referring once again to FIG. 1, the information
access facility 110 may be a personal computer, the brows-
ing operation 112 may be an Internet browser, and the
input/output interface operation(s) 118 may include com-
munications software and hardware. Other information
access facilities 110 may be untethered devices such as
mobile telephones, personal digital assistants, etc., or other
information appliances such as set-top boxes, network appli-
ances, etc.

[0093]

[0094] Although embodiments consistent with the present
invention were described as processing Web page docu-
ments, embodiments consistent with the present invention
can operate on various other types of documents (e.g.,
snippets extracted from other documents, text documents,
spreadsheets, database records, media streams, emails, email
SPAM, bit sequences, genetic sequences, nucleotide
sequences, representations of chemical structures, represen-
tations of molecular structures, characteristics of physical
objects, etc.). Thus, embodiments consistent with the present
invention have various applications. For example, embodi-
ments consistent with the present invention might be used
for spam detection, since spam is often replicated many
times, perhaps with subtle differences. As another example,

§ 4.2.3 Refinements, Alternatives and Extensions
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embodiments consistent with the present invention might be
use to detect redundant snippets of news stories.

[0095] Some near-duplicate document detection algo-
rithms perform poorly on pairs of Web pages from the same
Website. The present inventor believes that this is mostly
due to boilerplate text. In some alternative embodiments
consistent with the present invention, boilerplate might be
detected, and then removed or ignored in near-duplicate
document analysis. Alternatively, or in addition, an algo-
rithm used to analyze Web pages on the same Website to find
near-duplicate documents might be different (and potentially
slower) than another algorithm used to analyze pairs of Web
pages on different Websites.

[0096] Referring back to block 320 of FIG. 3, some
embodiments consistent with the present invention might
modify the first document similarity technique such that
features are weighted by frequency.

[0097] Still referring to FIG. 3, although the exemplary
methods consistent with the present invention described the
simple case of a first document similarity technique fol-
lowed by a second document similarity technique, more than
two document similarity techniques might be used. Alter-
natively, or in addition, at least two document similarity
techniques might be used, at least one of which might be
applied recursively.

[0098] In some exemplary embodiments described above,
a Charikar-based technique was run after a Broder-Fetterly-
based technique. This is because a Charikar-based technique
can be tuned to a finer degree (e.g., 372 bits of 384 bit
vectors match) than a Broder-Fetterly-based technique (e.g.,
2 of 6 matching supershingles). Thus, in such embodiments,
the second technique can be tuned to a finer degree than the
first technique. However, in alternative embodiments con-
sistent with the present invention, other considerations
might be used in determining which technique to run first.
For example, in some embodiments consistent with the
present invention, the second technique might take longer to
run (and/or require more storage) than the first technique.

[0099] Recall that documents may be processed to gener-
ate tokens. Some embodiments consistent with the present
invention might apply special processing to URLs and/or
images. For example, in some embodiments consistent with
the present invention, every URL contained in the text of the
page might be broken at slashes and dots, and treated like a
sequence of individual terms. In some embodiments consis-
tent with the present invention, in order to distinguish pages
with different images, the URL in an IMG-tag might be
considered to be a term in the page. More specifically, if the
URL points to a different host, the whole URL might be
considered to be a term. If, on the other hand, it points to the
host of the page itself, only the filename of the URL might
be used as term. Thus if a page and its images on the same
host are mirrored on a different host, the URLs of the
IMG-tags might generate the same tokens in the original and
mirrored version. URLs can be processed using other, alter-
native techniques. Indeed, some embodiments consistent
with the present invention might ignore URLs, or simply
treat URLs as a term.

[0100] Although exemplary embodiments described
above might use Rabin’s fingerprinting technique to gener-
ate tokens, tokens can be generated using other fingerprint-
ing techniques (e.g., fingerprinting techniques referenced in
the Hoad and Zobel paper).
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[0101] Some embodiments consistent with the present
invention might increase recall by, in addition to determin-
ing a “final” set of near-duplicate documents as described
above, determining a second final set of near-duplicate
documents using a Charikar-based technique (preferably
with a high threshold, such as 97% of'b, or at least 96% of
b). A union of the final set and second final set of near
duplicate documents is taken to obtain a “high recall” set of
near duplicate documents.

§ 4.3 CONCLUSIONS

[0102] As can be appreciated from the foregoing,
improved near-duplicate detection techniques are disclosed.
These near-duplicate detection techniques performed well,
particularly when analyzing Web pages from the same
Website. These techniques did so without sacrificing much
in the number of returned correct pairs.

What is claimed is:

1. A computer-implemented method for identifying near-
duplicate documents, the method comprising:

a) accepting a set of documents;

b) processing the set of documents to determine a first set
of near-duplicate documents using a first document
similarity technique; and

¢) processing the first set of near duplicate documents to
determine a second set of near-duplicate documents
using a second document similarity technique.

2. The computer-implemented method of claim 1 wherein
the first document similarity technique is token order depen-
dent, and

wherein the second document similarity technique is
order independent.

3. The computer-implemented method of claim 1 wherein
the first document similarity technique is token frequency
independent, and

wherein the second document similarity technique is
frequency dependent.

4. The computer-implemented method of claim 1 wherein
the first document similarity technique determines whether
two documents are near-duplicates using representations
based on a subset of the words or tokens of the documents,
and

wherein the second document similarity technique deter-
mines whether two documents are near-duplicates
using representations based on all of the words or
tokens of the documents.

5. The computer-implemented method of claim 1 wherein
the first document similarity technique is order dependent
and frequency independent, and

wherein the second document similarity technique is
order independent and frequency dependent.

6. The computer-implemented method of claim 1 wherein
the first document similarity technique uses set intersection
to determine whether or not documents are near-duplicates,
and

wherein the second document similarity technique uses
random projections to determine whether or not docu-
ments are near-duplicates.

7. The computer-implemented method of claim 1 wherein

the first document similarity technique includes
fingerprinting every sub-sequence of k tokens to generate
one of (A) (n-k+1) shingles, or (B) n shingles,
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applying m different random permutation functions f; for
1=i=m to each of the shingles to generate one of (A)
n-k+1 values, or (B) n values, for each of the m random
permutation functions f,.

determining, for each i, the smallest value to creates an

m-dimensional vector of minvalues,
reducing the m-dimensional vector of minvalues to an
m'-dimensional vector of supershingles by fingerprint-
ing non-overlapping sequences of minvalues, and

concluding that two documents to be near-duplicates if
and only if their supershingle vectors agree in at least
two supershingles.
8. The computer-implemented method of claim 1 wherein
the first document similarity technique includes
fingerprinting every sub-sequence of k tokens to generate
one of (A) (n-k+1) shingles, or (B) n shingles,

fingerprinting each shingle with m different fingerprinting
functions f; for 1=i=m to each of the shingles to
generate one of (A) n-k+1 values, or (B) n values, for
each of the m fingerprinting functions f,.

determining, for each i, the smallest value to creates an

m-dimensional vector of minvalues,
reducing the m-dimensional vector of minvalues to an
m'-dimensional vector of supershingles by fingerprint-
ing non-overlapping sequences of minvalues, and

concluding that two documents to be near-duplicates if
and only if their supershingle vectors agree in at least
two supershingles.

9. The computer-implemented method of claim 8 wherein
m=84, m'=6 and k is any value from 5 to 10.

10. The computer-implemented method of claim 9
wherein k=8.

11. The computer-implemented method of claim 1
wherein the set of documents is a set of token sequence bit
strings, and

wherein the second document similarity technique

includes
projecting each token into b-dimensional space by
randomly choosing a predetermined number b of
entries from {-1, 1},
for each document,
creating a b-dimensional vector by adding the pro-
jections of all the tokens in its token sequence,
creating a final vector for the document by setting
every positive entry in the b-dimensional vector to
1 and every non-positive entry to 0, and
determining a similarity between two documents based
on a number of bits in which corresponding projec-
tions of the two documents agree.

12. The computer-implemented method of claim 11
wherein b=384

13. The computer-implemented method of claim 11
wherein b is from 100 to 384.

14. The computer-implemented method of claim 11
wherein b is set such that a bit string of 48 bytes is stored per
document.

15. The computer-implemented method of claim 1
wherein the act of processing the first set of near duplicate
documents to determine a second set of near-duplicate
documents using a second document similarity technique
includes

1) accepting the first set of near-duplicate documents,

i) for each pair of near duplicate documents in the first

set,
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determining a similarity value using the second docu-
ment similarity technique,

if the determined similarity value is less than the
threshold, then removing the current pair of near-
duplicate documents from the first set to generate an
updated set, and

iii) setting the second set to a most recent updated set of

near-duplicate documents.

16. The computer-implemented method of claim 15
wherein the set of documents is a set of token sequence bit
strings, and

wherein the second document similarity technique

includes
projecting each token into b-dimensional space by
randomly choosing a predetermined number b of
entries from {-1, 1},
for each document,
creating a b-dimensional vector by adding the pro-
jections of all the tokens in its token sequence,
creating a final vector for the document by setting
every positive entry in the b-dimensional vector to
1 and every non-positive entry to O,
determining a similarity between two documents based
on a number of bits in which corresponding projec-
tions of the two documents agree.

17. The computer-implemented method of claim 16
wherein the predetermined number b is 384 and wherein the
threshold is set to 372.

18. The computer-implemented method of claim 16
wherein the threshold is set to approximately 97% of the
predetermined number b.

19. The computer-implemented method of claim 16
wherein the threshold is set to at least 96% of the predeter-
mined number b.

20. The computer-implemented method of claim 1
wherein the set of documents is a set of token sequence bit
strings, each of which token sequence bit strings was gen-
erated from a Web page.

21. The computer-implemented method of claim 1
wherein the first document similarity technique requires less
processing time than the second document similarity tech-
nique.

22. The computer-implemented method of claim 1
wherein the first document similarity technique requires less
storage to run than the second document similarity tech-
nique.

23. The computer-implemented method of claim 1
wherein the second document similarity technique can be
tuned to a finer degree than the first document similarity
technique.

24. The computer-implemented method of claim 1 further
comprising removing boilerplate from the accepted set of
documents to generate a set of preprocessed documents,
wherein the act processing the set of documents to determine
an initial set of near-duplicate documents using a first
document similarity technique operates on the set of pre-
processed documents.

25. The computer-implemented method of claim 1 further
comprising:

d) processing the set of documents to determine a third set

of near-duplicate documents using the second docu-
ment similarity technique; and
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e) determining a fourth set of near duplicate documents by
determining the union of the second set of near dupli-
cate document and the third set of near-duplicate docu-
ments.

26. The computer-implemented method of claim 25
wherein the set of documents is a set of token sequence bit
strings, and

wherein the second document similarity technique
includes
projecting each token into b-dimensional space by

randomly choosing a predetermined number b of
entries from {-1, 1},
for each document,
creating a b-dimensional vector by adding the pro-
jections of all the tokens in its token sequence,
creating a final vector for the document by setting
every positive entry in the b-dimensional vector to
1 and every non-positive entry to O,
determining a similarity between two documents based
on a number of bits in which corresponding projec-
tions of the two documents agree.

27. A computer-implemented method for identifying near-
duplicate documents, the method comprising:

a) accepting a set of documents; and

b) processing the set of documents to determine near-
duplicate documents,

wherein a first document similarity technique is used to
determine near-duplicate documents for documents
from the same Website, and wherein a second docu-
ment similarity technique is used to determine near-
duplicate documents for documents from different
Websites.
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28. A machine-readable medium having stored thereon
machine-executable instructions which, when executed by a
machine, perform a method comprising:
a) accepting a set of documents;
b) processing the set of documents to determine a first set
of near-duplicate documents using a first document
similarity technique; and
¢) processing the first set of near duplicate documents to
determine a second set of near-duplicate documents
using a second document similarity technique.
29. The machine-readable medium of claim 29 wherein
when the machine-executable instructions are executed by a
machine, the act of processing the first set of near duplicate
documents to determine a second set of near-duplicate
documents using a second document similarity technique
includes
1) accepting the first set of near-duplicate documents,
ii) for each pair of near duplicate documents in the first
set,
determining a similarity value using the second docu-
ment similarity technique,

if the determined similarity value is less than the
threshold, then removing the current pair of near-
duplicate documents from the first set to generate an
updated set, and

iii) setting the second set to a most recent updated set of
near-duplicate documents.



