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SEARCH ENGINE BASED ON CITATION

BACKGROUND

[0001] Data storage technology and networking technology have been becoming
increasingly popular in recent years. Based on these technologies, centralized and
distributed databases may provide a user with powerful storage capabilities and then the
user may search these databases for a desired document via a search engine provided by a

web page and/or a dedicated application.

[0002] Several approaches have been proposed to provide searching services and most
of them conduct the search based on keywords matching and may return hundreds of or
even more documents to the user. Then the user has to read each and every document so
as to check whether the returned documents meet the user’s requirement. Usually, the
returned documents are ranked according to frequencies of occurrences of the keyword in
the documents, where a true relevant document may be listed at the rear of the search

result. As aresult, the user has to spend a lot of time in going through the search result.

SUMMARY

[0003] In accordance with implementations of the subject matter described herein, a
new approach for generating result based on a citation is proposed. Generally speaking,
a repository is searched for a first group of documents in response to receiving an inquiry.
Then similarity levels between the inquiry and citation contexts of the first group of
documents are determined, where a citation context indicates a citation relationship
between a respective document in the first group of documents and a target document.
Next, a recommendation of documents is generated by ranking the first group of

documents based on the determined similarity levels.

[0004] It is to be understood that the Summary is not intended to identify key or
essential features of implementations of the subject matter described herein, nor is it
intended to be used to limit the scope of the subject matter described herein. Other
features of the subject matter described herein will become easily comprehensible through

the description below.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0005] The details of one or more implementations of the subject matter described
herein are set forth in the accompanying drawings and the description below. Other
features, aspects, and advantages of the disclosure will become apparent from the

description, the drawings, and the claims, wherein:

[0006] Fig. 1 is a schematic diagram illustrating an architecture in which example

implementations of the subject matter described herein may be implemented;

[0007] Fig. 2 is a flowchart illustrating a method for generating a recommendation of
documents in response to an inquiry in accordance with an example implementation of the

subject matter described herein;

[0008] Fig. 3 illustrates an example citation graph in accordance with an example

implementation of the subject matter described herein;

[0009] Fig. 4A illustrates example edges in a citation graph in accordance with an
example implementation of the subject matter described herein, and Fig. 4B illustrates
another form of the edges in the citation graph in accordance with an example

implementation of the subject matter described herein;

[0010] Figs. 5A to 5C illustrate similarity graphs at respective phases for determining a
search result in accordance with an example implementation of the subject matter

described herein;

[0011] Fig. 6A illustrates an example similarity graph including various types of
documents in accordance with an example implementation of the subject matter described
herein, and Fig. 6B illustrates an example similarity graph considering publication dates of
the documents in accordance with an example implementation of the subject matter

described herein;

[0012] Fig. 7A illustrates an example interface including a search result in response to
an inquiry in accordance with an example implementation of the subject matter described
herein, and Fig. 7B illustrates an example interface including a list of cited laws in

accordance with an example implementation of the subject matter described herein;

[0013] Fig. 8A illustrates an example interface including a recommendation list of
relevant legal cases in accordance with an example implementation of the subject matter

described herein, and Fig. 8B illustrates an example interface including a recommendation
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list of relevant laws in accordance with an example implementation of the subject matter

described herein;

[0014] Fig. 9A illustrates an example interface including a recommendation list in
response to a document being added into the cart in accordance with an example
implementation of the subject matter described herein, and Fig. 9B illustrates an example
interface including a recommendation list in response to a document being removed from
the search result in accordance with an example implementation of the subject matter

described herein; and

[0015] Fig. 10 is a block diagram of a device suitable for implementing one or more

implementations of the subject matter described herein.

[0016] Throughout the figures, same or similar reference numbers will always indicate

same or similar elements.

DETAILED DESCRIPTION

[0017] Principle of the subject matter described herein will now be described with
reference to some example implementations. It is to be understood that these
implementations are described only for the purpose of illustration and help those skilled in
the art to understand and implement the subject matter described herein, without
suggesting any limitations as to the scope of the disclosure. The disclosure described

herein can be implemented in various manners other than the ones describe below.

[0018] As used herein, the term “include” and its variants are to be read as open terms
that mean “include, but is not limited to”. The term “based on” is to be read as “based at
least in part on”. The term “a” is to be read as “one or more” unless otherwise specified.
The term “one implementation™ and “an implementation™ are to be read as “at least one
implementation”. The term “another implementation” is to be read as “at least one other
implementation”. Moreover, it is to be understood that in the context of the subject
matter described herein, the terms “first”, “second” and the like are used to indicate
individual elements or components, without suggesting any limitation as to the order of
these elements. Further, a first element may or may not be the same as a second element.

Other definitions, explicit and implicit, may be included below.

[0019] Conventionally, a search engine may be implemented in forms of a search
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application, a website service and the like. In response to an inquiry from a user, the
search engine may return a list of documents. The inquiry may include one or more
keywords or describe a question. However, the relevance of search result may not be
perfect, and the user has to spend a lot of time reading each document in the list to find the
true relevant document(s). On one hand, the search result may include hundreds of or
even more documents, and the user should analyze each and every document to avoid
missing a true relevant document. On the other hand, even if the user reads all the
documents in the list, some true relevant documents which are not included in the list may

be missing.

[0020]  Accordingly, it is desired to propose a more intelligent solution for ranking the
returned documents based on the potential relevance between the documents and the
inquiry. In order to at least partially solve the above and other potential problems, a new
method and device for gencrating a search result for an inquiry are provided herein.
According to implementations of the subject matter described herein, a repository is
searched for a first group of documents in response to receiving an inquiry. Then
similarity levels between the inquiry and citation contexts of the first group of documents
are determined, where a citation context indicates a citation relationship between a
respective document in the first group of documents and a target document. Next, a
recommendation of documents may be generated by ranking the first group of documents

based on the determined similarity levels.

[0021] In the proposed method and device, the citation context that indicates a citation
relationship between a respective document and a target document is considered as a
feature of the document found in the repository. By comparing the inquiry and the
citation context, the similarity levels may be determined and then the found documents

may be ranked according to the similarity levels.

[0022] Reference is first made to Fig. 1 which shows a block diagram illustrating an
environment 100 in which example implementations of the subject matter described herein
can be implemented. As shown, the environment 100 includes devices 110-1, 110-2, ...,
110-N (collectively referred to as “device 110”) and a server 130. It is to be understood
that although three devices 110 are shown, the environment 100 may include any suitable
number of devices. Likewise, the environment 100 may include two or more servers

130.
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[0023] A device 110 may be any suitable fixed, mobile, or wearable device.
Examples of the devices 110 include, but are not limited to, cellular phones, smartphones,
tablet computers, personal digital assistants (PDAs), digital watches, digital glasses, laptop
computers, desktop computers, tablet computers, or the like. The devices 100 may have
search applications installed and executed thereon, such as an application for accessing the
server 130. In another example, the devices 100 may be installed with a browser such as
Internet Explorer® and the like for accessing a search website supported by the server

130.

[0024] As shown in Fig. 1, the devices 110 and the server 130 are communicatively
connected to one other via a network 120. Examples of the network 120 includes, but is
not limited to, a wired or wireless network, such as a local area network (“LAN”), a
metropolitan area network (“MAN”) a wide area network (“WAN”) or the Internet, a
communication network, a near field communication connection or any combination

thereof.

[0025] The server 130 is a device capable of processing the received inquiry and
providing the search result. For example, the server 130 may host a search engine 140
which is capable of automatically providing the search result to users of the devices 110.
That is, a user may have an interaction with the search engine 140 by submitting the
inquiry via the search application / the website. The inquiry may include one or more
keywords such as “marriage” and “marriage under California law.” Alternatively, or in
addition, the inquiry may be a sentence for describing a question, such as “what is the
definition of marriage?” In such interaction, the search engine 140 receives the inquiry
from the device 110 and presents a search result on the device 110. The search engine
140 may access a repository (not illustrated in Fig. 1) for storing documents. The
repository may reside on the server 130, or be deployed in the network 120.
Alternatively, or in addition, the repository may be deployed in another place, as long as

the search engine 140 may access the repository.

[0026] The search engine 140 includes a searching module 142, a determining module
144 and a generating module 146. These modules may be implemented in hardware,
software or a combination thereof. For instance, in some implementations, these
modules can be implemented as software modules in a computer program, which can be

loaded in a memory for execution by a processing unit(s).
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[0027] Some example implementations of the search engine 140 will be discussed in
the following paragraphs. It is to be understood that the repository may include various
types of documents such as legal documents, academic papers, patent documents,
technical reports, news, and the like. In the following paragraphs, the legal documents
may be taken as examples of the documents. The proposed solution may be adopted in
searching for another type of document based on the specific environment of the
requirements. Further, the documents may be organized in various data format such as
plain text documents, multimedia documents, and so on. Meanwhile, although a search
application is taken as an example for accessing the search engine 140, the search engine

140 may be accessed from a website or another tool.

[0028] In operation, upon receipt of an inquiry from the user, the device 110 (more
particularly, the search application installed thereon) sends the inquiry to the server 130.
The searching module 142 finds a first group of documents from the repository. The
determining module 144 determines the similarity levels based on the inquiry and citation
contexts of the first group of documents. In this example, a citation context indicates a
citation relationship between a respective document in the first group of documents and a
target document. The generating module 146 generates a recommendation of documents

by ranking the first group of documents based on the determined similarity levels.

[0029] For the sake of discussions, example implementations of the subject matter
described herein will be described with reference to the environment 100. However, it is
to be understood that such an environment is described merely for the purpose of
illustration, without suggesting any limitations as to the scope of the subject matter
described herein.  For example, the ideas and principles are applicable to a stand-alone
machine as well. That is, the search engine 140 may be installed and executed at least
partially on a device(s) 110. In this example, the repository may also reside on the
device(s) 110. - Alternatively, or in addition, the repository may be accessed via the

network 120.

[0030] For ease of discussions, some example implementations will be described in a
scenario where a user wants to know “what is the definition of marriage?” Details of this
example implementation are described with reference to Fig. 2 which shows a flowchart
200 illustrating a method for generating a recommendation of documents in response to an

inquiry in accordance with an example implementation of the subject matter described
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herein.

[0031] At 210, a repository is searched for a first group of documents in response to
receiving an inquiry. In this step, the repository may be one or more storages for storing
the documents. In the example of searching for legal documents, the repository may be a
database includes laws, regulations, cases and the like. It is to be understood that the
proposed implementation does not limit the algorithms of searching for the first group of

documents that match the inquiry.

[0032] A variety of approaches may be used in the searching procedure. For example,
a keyword(s) may be extracted from the inquiry, and then the keyword(s) may be matched
with the full texts of the documents in the repository. Based on the specific requirements
of the implementations, another algorithm that has been proposed or to be developed in
the future may be adopted in the searching procedure. In the above example, the inquiry
is “what is the definition of marriage” and the keyword “marriage” may be identified from
the inquiry, for example, by Syntactic analysis. Then the documents in the repository
may be searched with the keyword of “marriage,” and a group of documents that contain

the word “marriage” may be found.

[0033] The size of the group may be defined in advance. As an example, the top ten
documents may be added into the group. Alternatively, portions or all the documents
that contain “marriage” may be added into the group. It is also possible to define an
appropriate data structure for storing the group of documents. In one implementation, an
array illustrated as Table 1 may be utilized. In another implementation, Table 1 may
include another column for storing other related information of the found documents.
Although the found documents are listed in a queue, the documents in the queue may be
arranged in a random order; alternatively, the documents may be ranked according to

frequencies of “marriage” occurred in the respective document.

Table 1. Example Array

Title of Document

In re Marriage Cases 143 Cal. App. 4th 873 (referred to as “Doc
873")

In re Marriage of Scheppers 86 Cal. App. 4th 646 (referred to
as “Doc 646")
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In re Marriage Cases 43 Cal. 4th 757 (referred to as “Doc 757")

Lockyer v. City and County of San Francisco 33 Cal. 4th 1055
(referred to as “Doc 1055")

[0034] Table 2 illustrates a portion from “Doc 873" in Table 1, where the content of

another document may be similar as that of the Doc 873.

Table 2. “Doc 873

In re Marriage Cases
5, October, 2006
Reporter

143 Cal. App. 4th 873 | 49 Cal. Rptr. 3d 675 | 2006 Cal. App. LEXIS 1542
| 2006 Cal. Daily Op. Service 9451 | 2006 Daily Journal DAR 13485

Fullcase

In re MARRIAGE CASES. [Six consolidated appeals.*]

This is not to say that marriage can never be defined to include same-sex
unions. As noted, civil marriage in California is based entirely on
statutory law. (Lockyer, supra, 33 Cal.4th at p. 1074.) Thus, if the
Legislature someday amends Family Code section 300 to omit gender
references, the definition of marriage in this state will encompass
game-sex unions. “The Court here does not hold marriage must remain a
heterosexual institution.” (Smelt v. County of Orange (C.D.Cal. 2005) 374
F. Supp. 2d 861, 878, fn. 22, vacated on another ground (9th Cir. 2006)
447 F.3d 673.) However, it is important to acknowledge the historical
definition of marriage because thigs definition limits the precedential
value of cases discussing the fundamental right to marriage. No authority
binding upon us—from California appellate courts to the United States
Supreme Court—has ever held or suggested that individuals have a
fundamental constituticnal right to enter the public institution of
marriage with somecne of the same sex. 16.

[0035] At 220, similarity levels between the inquiry and citation contexts of the first

group of documents are determined, where the citation context indicates a citation
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relationship between a respective document in the first group of documents and a target
document. In this implementation, the respective document may be any document in the
first group. Regarding the documents in the above Table 1, the document may be any of
Doc 873, Doc 646, Doc 757, Doc 1055, ... , while the target document may be another
one of Doc 873, Doc 646, Doc 757, Doc 1055, ... . Alternatively, or in addition, the

target document may be a further document not listed in Table 1.

[0036] In the context of the subject matter described herein, a citation in the document
may be a reference to another document (referred to as the target document). The
citation may be a description indicating a portion in the document cites another portion of
the target document. In one example, the citation may be an “in-body citation,” where in
Table 2, the content “Lockyer, supra, 33 Cal.4th at p. 1074” in the parentheses indicates
an in-body citation; and the content “Smelt v. County of Orange (C.D.Cal. 2005) 374 F.
Supp. 2d 861, 878, fn. 22, vacated on another ground (9th Cir. 2006) 447 F.3d 673”
indicates another citation.  Alternatively, the citation may be an abbreviated
alphanumeric expression embedded in the body of the document that denotes an entry in
the bibliographic references section of the work for the purpose of acknowledging the
relevance of the works of others to the topic of discussion at the spot where the citation
appears. Generally, the combination of both the in-body citation and the bibliographic
entry constitutes what is commonly thought of as a citation (whereas bibliographic entries

by themselves are not).

[0037] In the context of the subject matter described herein, the citation relationship
may be explained broadly. As long as there is a citation between two documents, a
citation relationship exists between these documents. In other words, the citation
relationship may indicate: (1) the document in the first group is cited in the target

document; or (2) the target document is cited in the document.

[0038] As the citation may relate to the further information on the concept of the
document (such as important terms, viewpoints and the like) and the citation may reflect
the general information of the document to a certain extent, the citation context may be
taken as a brief of the document and compared with the inquiry to determine the similarity
level. Table 3 illustrates an example result of the similarity level determined in this step.
In the context of the subject matter described herein, the citation context may include

various aspects of the citation, and various methods may be used in determining the
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similarity level accordingly. Details for determining the similarity level will be

described hereinafter.

Table 3. Similarity Levels of Documents

Title of Document Similarity Level
In re Marriage Cases 143 Cal. App. 4th 873 15
In re Marriage of Scheppers 86 Cal. App. 4th 646 8
In re Marriage Cases 43 Cal. 4th 757 12
Lockyer v. City and County of San Francisco 33 10
Cal. 4th 1055

[0039] At 230, a recommendation of documents is generated by ranking the first group
of documents based on the determined similarity levels. Based on the similarity levels
determined at 220, the documents in the first group may be ranked and form the
recommendation. Base on the similarity levels in Table 3, the found documents may be

ranked and the recommendation may be illustrated as Table 4.

Table 4. Recommendation of Documents

Rank Title of Document Similarity Level
1 In re Marriage Cases 143 Cal. App. 4th 873 15
2 In re Marriage Cases 43 Cal. 4th 757 12
3 Lockyer v. City and County of San Francisco 33 10

Cal. 4th 1055

4 In re Marriage of Scheppers 86 Cal. App. 4th 646 8

[0040] The general procedure in accordance with one method of the subject matter
described herein has been described. As mentioned in the above paragraphs, the citation
context may include rich information about the citation, and then the method of Fig. 2 may
relate to several implementations. In accordance with implementations of the subject
matter described herein, for a document from the first group of documents, a text fragment

associated with a citation in the document may be determined based on the respective

10
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citation context. Then the similarity level between the inquiry and the respective citation
context may be determined based on a text similarity between the inquiry and the text

fragment.

[0041] In this implementation, the citation context may provide the reason for citing
and may be a part of the source document content. Specifically, the citation context may
include a text fragment associated with a citation in the document. Referring back to
Table 2, the content “Lockyer, supra, 33 Cal.4th at p. 1074” in the parentheses in the Doc
873 indicates a citation (where the Doc 873 cites a portion in the Doc 1055) and then the
paragraph containing the citation may be taken as the citation context. In another
example, the citation context may be a text string within a predefined arrange around the
citation. The text fragment including twenty words before the citation and twenty words
after the citation in the document may be identified as the citation context. ~Alternatively,
it is possible to identify the text fragment including two sentences before the citation and
two sentences after the citation as the citation context. Then, the inquiry and the text
fragment may be compared and the text similarity therebetween may be used as the

similarity level.

[0042] Any suitable data structure may be used to store the citation context. For

instance, Table 5 below illustrates an example data structure for the citation context.

Table 5. Example Data Structure for Citation Context

Document | Target Document Citation Context

Doc 873 Doc 1055 This is not to say that marriage can never
be defined to include same-sex unions. As
noted, c¢ivil marriage in California isg based
entirely on statutory law. (Lockyer, supra,
33 Cal.4th at p. 1074.) ... .

[0043] It is to be understood that though the above Table 5 illustrates only one entry in
the table, a plurality of entries may be stored therein, where each entry indicates a citation
in the document. Further, one document may cite a plurality of target documents, and
the document may cite the same target document several times at different portions in the

document. At this point, the Table 5 may include multiple entries.

11
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[0044]  In another implementation, the citation context may be stored in a citation graph,
where a node in the citation graph may indicate a document, an edge between a first node
and a second node in the citation graph may indicate a citation relationship between a
document indicated by the first node and a target document indicated by the second node.
Fig. 3 illustrates an example citation graph 300 in accordance with an example

implementation of the subject matter described herein.

[0045] As shown in Fig. 3, nodes 310, 312, 314, and 318 may indicate the Doc 873,
Doc 646, Doc 757, Doc 1055 in the above tables, and edges 320, 322, 324, 326, 328 and
330 may indicate that there is a citation between the nodes connected by one of the edges.
The edge 320 indicates a citation context such as the citation context associated with Doc
873 and Doc 1055. In other implementation, depending on the specific requirements

and/or situations, other data structures may be used to store the citation context.

[0046] In implementations of the subject matter, multiple algorithms may be used in
determining the similarity between the inquiry and the citation context. The citation
context may be indicated by a text fragment as shown in Table 5, then text analysis may

be performed to the text strings:
® String 1 (the inquiry): “what is the definition of marriage;”

® String 2 (the citation context): “This is not to say that marriage can never be
defined to include same-sex unions. As noted, civil marriage in California is
based entirely on statutory law. (Lockyer, supra, 33 Cal.4th at p.
1074) ....... ”

[0047] In one simple implementation, the Strings 1 and 2 may be scanned and feature
vectors 1 and 2 may be extracted from the two strings respectively. Based on a
comparing of the two feature vectors 1 and 2, the similarity level may be obtained. In
another implementation, text and semantic analysis may be performed to the Strings 1 and
2, and then both of the text similarity and semantic similarity may be considered in
determining the similarity level. In a further implementation, other algorithms such as

deep learning and the like may be adopted to determining the similarity level.

[0048]  Although Fig. 3 schematically illustrates only one edge from the node 310 to the
node 312, there may be multiple edges indicating multiple citation contexts from the node

310 to the node 312. Fig. 4A illustrates example edges in a citation graph in accordance

12
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with an example implementation of the subject matter described herein. For simplicity,
only two nodes 310 and 312 are illustrated in Fig. 4A, where there may be multiple
citations (indicated by edges 410A and 320) between the documents indicated respectively
by the two nodes. At this point, an individual similarity level may be determined by
comparing the inquiry and the citation context indicated by the edge 410A, and another
individual similarity level may be determined by comparing the inquiry and the citation
context indicated by the edge 320. Then, the two determined similarity levels may be

added to generate a total similarity level for the ranking procedure.

[0049] In some implementations, for a document from the first group of documents, the
number of citations in the document may be determined based on the respective citation
context; and then the similarity level between the inquiry and the respective citation

context may be determined based on the number.

[0050] In the above implementation, the number of the citation between two documents
may be considered, and thus the citation context may include a counter that counts the
number of citation. Fig. 4B illustrates another form of the edges in the citation graph
400A in accordance with an example implementation of the subject matter described
herein. In Fig. 4B, the edge 410B from the node 310 to 320 shows that the document of
the node 320 is cited twice in the document of the node 310. It is to be understood that
the more citations exist between the two documents, the more relevance exist
therebetween. In one implementation, the number of the citation may be directly used as
the similarity level. In another implementation, the similarity level determined based on

text similarity comparison may be weighted by the number of the citation.

[0051] In the implementations described in the above paragraphs, for each of the
documents that are found in the repository, a similarity level may be obtained, and then
the found documents may be ranked according to the similarity levels indicating matching
degrees between the inquiry and the found documents, thereby forming a recommendation.
In this implementation, the documents with higher matching degrees may be listed on the
top of the recommendation, and the user may first read the documents listed at the top of
the recommendation. Further, the user may judge whether the document is relevant to

his/her inquiry based on the personal judgement.

[0052] In some implementations, in response to receiving a user input that specifies a

13



10

15

20

25

30

WO 2018/090344 PCT/CN2016/106462

document in the recommendation as a relevant document, the relevant document may be
added into a result for the inquiry. In this implementation, if the user believes that the
document well matches the inquiry and is a true relevant document, he/she may add the
document into a final result. On the other hand, if the document is irrelevant according

to the user, then the user may tumn to the next document in the recommendation list.

[0053]  Figs. 5A to 5B illustrate similarity graphs 500A and 500B at respective phases
for determining a search result in accordance with an example implementation of the
subject matter described herein. The structure of the similarity graph 500A in Fig. 5A is
similar to that of the citation graph 300 in Fig. 3, where the difference lies in that the edges
in Fig. 5A indicate the similarity levels determined by using the method described in the
preceding paragraphs. Specifically, in this example, the nodes 310, 312, 314, and 318
indicate the documents (such as Doc 873, Doc 646, Doc 757, Doc 1055) and the edges
510, 512, 514, 516, 518, and 520 indicate the similarity levels determined from the

corresponding citation contexts.

[0054] In one implementation, the similarity level may be further weighted based on
edge distribution of the citation graph. The edge distribution reflects the number of edges
originated from respective nodes. If a node has a number of edges originated from it,
this may indicate that this node has more importance than another node with fewer edges.
Thus the edge distribution may be used as a weighting factor for the similarity levels.
For example, the similarity levels indicated by edges originated from the node may be
summed up to generate an overall similarity level for the document indicated by the node.
For the node 310, the overall similarity level may be determined as:
SimilarityLevel,,, 4o 310=5 + 15 + 10 =30. For the node 312, the overall similarity level
may be SimilarityLevel, g0 312= 15 + 8 = 23. In another example, if the citation graph
is represented by an undirected graph, then the edge distribution may reflect the number of

edges connected to respective nodes.

[0055] In another implementation, if a document is cited in multiple documents, i.e. its
corresponding node has multiple edges, a special score may be added to the similarity
level for the document. Referring to Fig. SA, the edges 516 and 520 indicate that the
document of node 316 is cited in both the documents of nodes 310 and 312, thus the

similarity level for node 316 may be increased with a special score (for example, 5 points).
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[0056] In another implementation, if the number of citation is considered, the similarity
level determined for each node may be weighted by the corresponding number. In a
further implementation, the overall similarity level may be determined according to
another method, for example, selecting a maximum from the similarity levels indicated by
edges originated from the start node as the overall similarity level for the document
indicated by the node. At this point, the overall similarity level for the node 310 may be
15, which is the maximum of 5, 15, and 10.With the above method, the similarity levels
for all the four nodes may be determined and the four documents indicated by the four
nodes may be listed in a recommendation list according to a descending order of the
similarity levels. After reading the document of node 310, the user may specify the
document as a relevant one, and a pin 530 may be dropped (as illustrated in Fig. 5B). At
this point, the document of node 310 may be added into a result of the inquiry.

[0057] For a traditional search engine, although the engine may find hundreds of or
even more documents based on the inquiry, some true relevant documents may not be
returned in the search result. In this situation, even if the user reads all the returned
documents, it is still possible that he/she cannot find the desired document. At this point,
the user has to modify the inquiry and conduct another round of search. The
implementations can take advantage of the true relevant document specified by the user in
the prioritized recommendation list to start another round of search in the repository. In
other words, the true relevant document may be used as a “seed” and initiate another
searching for further documents in the repository, and then the found documents may be
ranked according to corresponding similarity levels. Details for the further searching and

ranking will be described hereinafter.

[0058] In some implementations, for a document in the result, the repository may be
searched for a second group of documents based on a respective citation context of the
document. Then similarity levels between the inquiry and the citation contexts of a third
group of documents may be determined, where the third group includes documents both
from the recommendation and the second group of documents. Next, the
recommendation may be updated by ranking the third group of documents based on the

determined similarity levels between the inquiry and the third group of documents.

[0059] The citation relationship between two documents may indicate a relevance

degree therebetween. In this implementation, the documents that are closely relevant to
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the document in the search result (which is specified by the user as the true relevant
document) may be found based on the citation context. Then, the newly found
documents (in the second group of documents) together with the previously found
documents (in the first group of documents) may form a third group of documents. For
each onc in the third group of documents, a similarity level may be determined and then
the documents in the third group may be ranked and the recommendation may be updated

with the ranking.

[0060]  Although the first and second groups of documents may have an intersection,
the second group will usually include a candidate document that is not included in the first
group returned from the inquiry. In this situation, the candidate document is not included
in the first group because it has poor relevance with the inquiry. However, as it is closely
associated with the true relevant document specified by the user, this candidate document
may be considered for the recommendation. Comparing with the traditional search
engine where this candidate document will never be added into the recommendation, the
implementations of the subject matter use the documents in the search result as seeds to

find more potential candidate documents.

[0061] Further, similar processing may be performed to each one in the third group of
documents for determining the similarity levels and updating the recommendation by
ranking, details of the steps will be omitted hereinafter. Fig. 5C illustrates similarity
graphs during a further round of search. In this example, the document of the node 312
may be listed as the first one in the updated recommendation. In response to the user
specifying the document of the node 312 as a relevant document, a pin 532 may be

dropped and the document of the node 312 may be added into the search result.

[0062] In some implementations, in response to receiving a user input that specifies a
document in the result as an irrelevant document, the irrelevant document may be
removed from the result. In this implementation, if the user finds a document in the
search result is not a desired one for some reason, then he/she may remove the unwanted

document.

[0063] In the case that an irrelevant document being removed from the search result,
the target document, which is found by using the citation context associated with the

removed document, may be highlighted. Alternatively, it is also possible to highlight the
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document that is in the second group but not in the first group. The highlighted
document is found based on a precondition that the seed document is a true relevant
document matching the inquiry, once the seed document is removed and labeled as an
irrelevant one, the precondition collapses and then the target document may be highlighted
for the user’s reconsideration. Alternatively, the target document may be directed from

the search result.

[0064] Additionally, in some implementations, the citation context may further
comprise a citation weight that is associated with at least one of: a category of the target
document and a position of the citation relationship in the document, and the determining
similarity levels may further comprise: weighting the similarity level based on the citation

weight.

[0065] In some implementations, the similarity level may be weighted by a citation
weight indicating a potential importance factor associated with the citation. In one
implementation, the category of a cited target document in a citing document may be
considered for determining the citation weight. This implementation may be useful in
legal documents search. For example, if the target document is for the constitution law
of a country, then the citation weight may be set to a high value; and if the target
document is for the common law, then the citation weight may be set to a relative low
value. Accordingly, when different categories of target documents are cited by a same

document, the corresponding citation weights may be different.

[0066] In one implementation, the citation weight may be associated with the position
of the citation. Usually, the abstract section of a document is a brief of the document and
thus may be more important than other sections of the document. Thereby, if a target
document is cited in the abstract of the document, then the corresponding citation weight
may be set to a high value; and if the target document is cited in another less important

section of the document, then the citation weight may be set to a relative low value.

[0067] Continuing the above example, when citation weight is considered, the data
structure for the citation context in Table 5 may be modified and an example is illustrated
in Table 6. At this point, the similarity level determined according to the previous

paragraphs may be further weighted by the citation weight.

Table 6. Example Data Structure for Citation Context
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Document Target Citation Citation Context
Document Weight
Doc 873 Doc 1055 1.2 This is not to say that marriage can
never be defined to include same-sex
unions. As noted, civil marriage in
California is based entirely on
statutory law. (Lockyer, supra, 33
Cal.4th at p. 1074.) ... .
[0068] Additionally, in some implementations, the recommendation may be filtered

based on at least one of types and timestamps of documents. Usually, the repository may

include multiple types of documents. In a legal database, there may be laws,
implementing regulations, rules, cases and the like. The implementation may provide a
classification to the documents in the recommendation. In one implementation, the user
may search all the laws related to the inquiry in the legal database, and the user may
search all the cases in the legal database. Alternatively, in some implementations, the
user may search both the cases and the laws in the legal database. The type may relate to
various aspects of the documents. For example, the legal documents may be classified
into laws or cases; in another example, the legal documents may be classified according to
the countries such as the legal documents in United State, the legal documents in China
and so on; in a further example, the legal documents may be classified according to a

further standard.

[0069]

documents in accordance with an example implementation of the subject matter described

Fig. 6A illustrates an example similarity graph 600A including various types of
herein. In Fig. 6A, the nodes may be classified according to the types of the documents
indicated by the nodes. Specifically, the shaded nodes 316 and 314 may indicate laws

and the nodes 310 and 312 may indicate legal cases.

[0070]

documents may also be classified according to the timestamp of the publication date of

As the laws and cases change with the development of the society, then legal

them. Fig. 6B illustrates an example similarity graph 600B considering publication dates
of the documents in accordance with an example implementation of the subject matter
described herein. The structure of the similarity graph may change according to the
timestamp associated with the inquiry. If the inquiry specifies a timestamp of “Years:
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2010 to 2016,” then the node related to a document failing to match the timestamp will be
removed and the similarity graph may be illustrated as Fig. 6B.

[0071] In accordance with implementations of the subject matter described herein, the
citation relationship may indicate at least one of: the target document being cited in the

respective document, or the respective document being cited in the target document.

[0072]  Although the directed graphs are described as example citation/similarity graphs
in the above implementations, this is merely for illustration without suggesting any
limitations as to the scope of the subject matter described herein. In other
implementations, the directions of the edges in the citation/similarity graphs may be
reversed to indicate that the document of the first node is cited in the target document of
the second node. Further, the direction of edge is taken into account in the above
implementations, in other implementations, the citation/similarity graphs may be
represented by an undirected graph and the citation relationship between may be indicated
by an undirected edge, as long as a document is cited in a target document or the

document cites the target document.

[0073] Some examples will now be described hereinafter by referring to Figs. 7A, 7B,
8A, 8B, 9A and 9B. Fig. 7A illustrates an example interface 700A including a search
result in response to an inquiry in accordance with an example implementation of the
subject matter described herein.  As illustrated in Fig. 7A, the inquiry 710A including the
string “what is the definition of marriage” is inputted into the search engine. The left
frame in the interface 700A is a recommendation of documents returned by using the
method described above, where the document 720A is listed at the top of the
recommendation due to a maximum similarity level, and the document 722A is listed as

the second one in a descending order of the similarity levels.

[0074]  Further, the search engine may display target documents that have citation
relationship with the documents in the recommendation. When the types of the legal
documents are considered, the target documents may be divided into two types: the laws
(indicated by the reference number 732A) and the cases (indicated by the reference
number 730A). Although Fig. 7A illustrates the recommendation in form of a list, other
data structures may be used in displaying the recommendation. For example, tables,

icons, tabs, and other visual components may be used in the interface.
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[0075] Fig. 7B illustrates an example interface 700B including a list of cited laws in
accordance with an example implementation of the subject matter described herein. A
list 710B of the target documents may be displayed in response to the button 732A in Fig
7A is pressed. Moreover, a button 720B may be displayed in the interface 700B to the
user. In response to the button 720B being pressed, the document “In re Marriage Cases

143 Cal. App. 4th 873” may be added into the search result.

[0076] Figs. 8A and 8B illustrate the interfaces of the search engine after the Doc 873
is added into the search result. Fig. 8A illustrates an example interface 800A including a
recommendation list of relevant legal cases in accordance with an example
implementation of the subject matter described herein. A button 820A is provided in the
interface 800A for receiving which type of documents may be displayed. In Fig. 8A, the
document in the search result 810A is used as the seed document, and the list 830A in the
right frame of the interface 800A shows the recommended documents obtained based on
the search result 810A and the inquiry. As the user specifies that only cases may be
displayed in the recommendation, the list 830A includes only candidate cases related to

the inquiry.

[0077] Referring to Fig. 8B, this figure illustrates an example interface including a
recommendation list of relevant laws in accordance with an example implementation of
the subject matter described herein.  As the type of the returned documents is set to “laws”
by the button 820B, by taking the document in the search result 810B as the seed

document, the list 830B shows the laws ranked according to the similarity levels.

[0078] Figs 9A and 9B illustrate the functions of adding/removing a document
into/from the search result, respectively. Fig. 9A illustrates an example interface 900A
including a recommendation list in response to a document being added into the search
result in accordance with an example implementation of the subject matter described
herein. By pressing the button 840 in Fig. 8A, another document “Perez v. Sharp, 32 Cal.
2d 711” may be added into the search result 910A. At this point, a further round of
search may be performed by the search engine and the recommendation may be illustrated

as the reference number 930A.

[0079]  Fig. 9B illustrates an example interface 900B including a recommendation list

in response to a document being removed from the cart in accordance with an example
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implementation of the subject matter described herein. If the user finds an unwanted
document is added into the search result 910B, the user may remove the unwanted
document from the search result 910B. At this point, the repository may be searched
based on the documents in the search result 910B and the document that are found by
using the removed document may be highlighted or directly removed from the

recommendation 930B.

[0080] It is to be understood that the above figures are only example interfaces that
may implement the proposed subject matter. Those skilled in the art may design other

interfaces to achieve the functions of the subject matter described herein.

[0081] Although the above paragraphs describe the implementations by considering the
user interaction with the search engine, in another implementation, the user interaction is
not necessary step. Instead, a rule may be defined that the top three documents in the
recommendation may be added into the result of the inquiry, and the search engine will
initiate a new round of search in the repository. Further, another rule may define that the

search may stop if the size of the result reaches a predefined number.

[0082] In addition, though documents and inquiries written in English are described as
examples in the above implementations, it is to be understood that the proposed search
engine may be modified to conduct the search in a repository including documents in
other languages such as Chinese, Japanese, French, Russian, Spanish, German, and other
languages. Meanwhile, the subject matter does not limit the language of the inquiry, and
the inquiries may be written in other languages. In one implementation, the documents

and the inquiry may even be written in different languages.

[0083] Fig. 10 is a block diagram of a device suitable for implementing one or more
implementations of the subject matter described herein. It is to be understood that the
device 1000 is not intended to suggest any limitation as to scope of use or functionality of
the subject matter described herein, as various implementations may be implemented in

diverse general-purpose or special-purpose computing environments.

[0084]  As shown, the device 1000 includes at least one processing unit (or processor)
1010 and a memory 1020. The processing unit 1010 executes computer-executable
instructions and may be a real or a virtual processor. In a multi-processing system,

multiple processing units execute computer-executable instructions to increase processing
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power. The memory 1020 may be volatile memory (e.g., registers, cache, RAM),
non-volatile memory (e.g., ROM, EEPROM, flash memory), or some combination

thereof.

[0085] In the example shown in Fig. 10, the device 1000 further includes storage 1030,
one or more input devices 1040, one or more output devices 1050, and one or more
communication connections 1060. An interconnection mechanism (not shown) such as a
bus, controller, or network interconnects the components of the device 1000. Typically,
operating system software (not shown) provides an operating environment for other
software executing in the device 1000, and coordinates activities of the components of the

device 1000.

[0086] The storage 1030 may be removable or non-removable, and may include
computer-readable storage media such as flash drives, magnetic disks or any other
medium which can be used to store information and which can be accessed within the
device 1000. The input device(s) 1040 may be one or more of various different input
devices. For example, the input device(s) 1040 may include a user device such as a
mouse, keyboard, trackball, etc. The input device(s) 1040 may implement one or more
natural user interface techniques, such as speech recognition or touch and stylus
recognition. As other examples, the input device(s) 1040 may include a scanning device;
a network adapter; or another device that provides input to the device 1000. The output
device(s) 1050 may be a display, printer, speaker, network adapter, or another device that
provides output from the device 1000. The input device(s) 1040 and output device(s)
1050 may be incorporated in a single system or device, such as a touch screen or a virtual

reality system.

[0087] The communication connection(s) 1060 enables communication over a
communication medium to another computing entity. Additionally, functionality of the
components of the device 1000 may be implemented in a single computing machine or in
multiple computing machines that are able to communicate over communication
connections. Thus, the device 1000 may operate in a networked environment using
logical connections to one or more other servers, network PCs, or another common
network node. By way of example, and not limitation, communication media include

wired or wireless networking techniques.
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[0088] In accordance with implementations of the subject matter described herein, a
search engine 140 may be executed on the device 1000 to provide ranked documents in

response to an inquiry to a document repository.

[0089] Now only for the purpose of illustration, some example implemented will be

listed below.

[0090] In some implementations, the subject matter described herein may be embodied
as a device. The device comprises a processing unit and a memory. The memory is
coupled to the processing unit and stores instructions for execution by the processing unit.
The instructions, when executed by the processing unit, cause the device to perform acts
comprising: in response to receiving an inquiry, searching a repository for a first group of
documents; determining similarity levels between the inquiry and citation contexts of the
first group of documents, a citation context indicating a citation relationship between a
respective document in the first group of documents and a target document; and
generating a recommendation of documents by ranking the first group of documents based

on the determined similarity levels.

[0091] In some implementations, the determining similarity levels comprises: for a
document from the first group of documents, determining a text fragment associated with
a citation in the document based on the respective citation context; and determining the
similarity level between the inquiry and the respective citation context based on a text

similarity between the inquiry and the text fragment.

[0092] In some implementations, the determining similarity levels comprises: for a
document from the first group of documents, determining the number of citations in the
document based on the respective citation context; and determining the similarity level

between the inquiry and the respective citation context based on the number.

[0093] In some implementations, the determining similarity levels comprises: obtaining
the citation contexts from a citation graph, a node in the citation graph indicates a
document, an edge between a first node and a second node in the citation graph indicates a
citation relationship between a document indicated by the first node and a target document
indicated by the second node; and determining the similarity based on edge distribution of

the citation graph.

[0094] In some implementations, the acts further comprise: in response to receiving a
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user input that specifies a document in the recommendation as a relevant document,

adding the relevant document into a result for the inquiry.

[0095] In some implementations, the acts further comprise: for a document in the result,
searching the repository for a second group of documents based on a respective citation
context of the document; determining similarity levels between the inquiry and the citation
contexts of a third group of documents that includes the recommendation and the second
group of documents; and updating the recommendation by ranking the third group of
documents based on the determined similarity levels between the inquiry and the third

group of documents.

[0096] In some implementations, the acts further comprise: in response to receiving a
user input that specifies a document in the result as an irrelevant document, removing the

irrelevant document from the result.

[0097] In some implementations, the acts further comprise: filtering the

recommendation based on at least one of types and timestamps of documents.

[0098] In some implementations, the citation relationship indicates at least one of: the
target document being cited in the respective document, or the respective document being

cited in the target document.

[0099] In some implementations, the citation context further comprises a citation
weight that is associated with at least one of: a category of the target document and a
position of the citation relationship in the document, and the determining similarity levels

may further comprise: weighting the similarity level based on the citation weight.

[00100] In some implementations, the subject matter described herein may be embodied
as a computer-implemented method comprising: in response to receiving an inquiry,
searching a repository for a first group of documents; determining similarity levels
between the inquiry and citation contexts of the first group of documents, a citation
context indicating a citation relationship between a respective document in the first group
of documents and a target document; and generating a recommendation of documents by

ranking the first group of documents based on the determined similarity levels.

[00101] In some implementations, the determining similarity levels comprises: for a

document from the first group of documents, determining a text fragment associated with
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a citation in the document based on the respective citation context; and determining the
similarity level between the inquiry and the respective citation context based on a text

similarity between the inquiry and the text fragment.

[00102] In some implementations, the determining similarity levels comprises: for a
document from the first group of documents, determining the number of citations in the
document based on the respective citation context; and determining the similarity level

between the inquiry and the respective citation context based on the number.

[00103] In some implementations, the determining similarity levels comprises: obtaining
the citation contexts from a citation graph, a node in the citation graph indicates a
document, an edge between a first node and a second node in the citation graph indicates a
citation relationship between a document indicated by the first node and a target document
indicated by the second node; and determining the similarity based on edge distribution of

the citation graph.

[00104] In some implementations, the method further comprises: in response to
receiving a user input that specifies a document in the recommendation as a relevant

document, adding the relevant document into a result for the inquiry.

[00105] In some implementations, the method further comprises: for a document in the
result, searching the repository for a second group of documents based on a respective
citation context of the document; determining similarity levels between the inquiry and the
citation contexts of a third group of documents that includes the recommendation and the
second group of documents; and updating the recommendation by ranking the third group
of documents based on the determined similarity levels between the inquiry and the third

group of documents.

[00106] In some implementations, the method further comprises: in response to
receiving a user input that specifies a document in the result as an irrelevant document,

removing the irrelevant document from the result.

[00107] In some implementations, the method further comprises: filtering the

recommendation based on at least one of types and timestamps of documents.

[00108] In some implementations, the citation relationship indicates at least one of: the

target document being cited in the respective document, or the respective document being
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cited in the target document.

[00109] In some implementations, the citation context may further comprise a citation
weight that is associated with at least one of: a category of the target document and a
position of the citation relationship in the document, and the determining similarity levels

may further comprise: weighting the similarity level based on the citation weight.

[00110] In some implementations, the subject matter described herein may be embodied
as a computer program product. The computer program product may be tangibly stored
on a non-transient machine-readable medium and comprises machine-executable
instructions. The instructions, when executed on an electronic device, cause the
electronic device to: in response to receiving an inquiry, search a repository for a first
group of documents; determine similarity levels between the inquiry and citation contexts
of the first group of documents, a citation context indicating a citation relationship
between a respective document in the first group of documents and a target document; and
generate a recommendation of documents by ranking the first group of documents based

on the determined similarity levels.

[00111] In some implementations, the instructions further cause the electronic device to:
for a document from the first group of documents, determine a text fragment associated
with a citation in the document based on the respective citation context; and determine the
similarity level between the inquiry and the respective citation context based on a text

similarity between the inquiry and the text fragment.

[00112] In some implementations, the instructions further cause the electronic device to:
for a document from the first group of documents, determine the number of citations in the
document based on the respective citation context; and determine the similarity level

between the inquiry and the respective citation context based on the number.

[00113] In some implementations, the instructions further cause the electronic device to:
obtain the citation contexts from a citation graph, a node in the citation graph indicates a
document, an edge between a first node and a second node in the citation graph indicates a
citation relationship between a document indicated by the first node and a target document
indicated by the second node; and determine the similarity based on edge distribution of

the citation graph.

[00114] In some implementations, the instructions further cause the electronic device to:
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in response to receiving a user input that specifies a document in the recommendation as a

relevant document, add the relevant document into a result for the inquiry.

[00115] In some implementations, the instructions further cause the electronic device to:
for a document in the result, search the repository for a second group of documents based
on a respective citation context of the document; determine similarity levels between the
inquiry and the citation contexts of a third group of documents that includes the
recommendation and the second group of documents; and update the recommendation by
ranking the third group of documents based on the determined similarity levels between

the inquiry and the third group of documents.

[00116] In some implementations, the instructions further cause the electronic device to:
in response to receiving a user input that specifies a document in the result as an irrelevant

document, remove the irrelevant document from the result.

[00117] In some implementations, the instructions further cause the electronic device to:

filter the recommendation based on at least one of types and timestamps of documents.

[00118] In some implementations, the citation relationship indicates at least one of: the
target document being cited in the respective document, or the respective document being

cited in the target document.

[00119] In some implementations, the citation context may further comprise a citation
weight that is associated with at least one of: a category of the target document and a
position of the citation relationship in the document, and the instructions further cause the

electronic device to weight the similarity level based on the citation weight.

[00120] In general, the various example implementations may be implemented in
hardware or special purpose circuits, software, logic or any combination thereof. Some
aspects may be implemented in hardware, while other aspects may be implemented in
firmware or software which may be executed by a controller, microprocessor or other
computing device. While various aspects of the example implementations of the subject
matter described herein are illustrated and described as block diagrams, flowcharts, or
using some other pictorial representation, it will be to be understood that the blocks,
apparatus, systems, techniques or methods described herein may be implemented in, as
non-limiting examples, hardware, software, firmware, special purpose circuits or logic,

general purpose hardware or controller or other computing devices, or some combination
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thereof.

[00121] In the context of the subject matter described herein, a machine readable
medium may be any tangible medium that can contain, or store a program for use by or in
connection with an instruction execution system, apparatus, or device. The machine
readable medium may be a machine readable signal medium or a machine readable
storage medium. A machine readable medium may include but not limited to an
electronic, magnetic, optical, electromagnetic, infrared, or semiconductor system,
apparatus, or device, or any suitable combination of the foregoing. More specific
examples of the machine readable storage medium would include an electrical connection
having one or more wires, a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic storage device, or any suitable

combination of the foregoing.

[00122] Computer program code for carrying out methods of the subject matter
described herein may be written in any combination of one or more programming
languages. These computer program codes may be provided to a processor of a general
purpose computer, special purpose computer, or other programmable data processing
apparatus, such that the program codes, when executed by the processor of the computer
or other programmable data processing apparatus, cause the functions or operations
specified in the flowcharts and/or block diagrams to be implemented. The program code
may execute entirely on a computer, partly on the computer, as a stand-alone software
package, partly on the computer and partly on a remote computer or entirely on the remote

computer or server.

[00123] Further, while operations are depicted in a particular order, this should not be
understood as requiring that such operations be performed in the particular order shown or
in sequential order, or that all illustrated operations be performed, to achieve desirable
results. In certain circumstances, multitasking and parallel processing may be
advantageous. Likewise, while several specific implementation details are contained in
the above discussions, these should not be construed as limitations on the scope of any
disclosure or of what may be claimed, but rather as descriptions of features that may be

specific to particular implementations of particular disclosures. Certain features that are
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described in this specification in the context of separate implementations can also be
implemented in combination in a single implementation. Conversely, various features
that are described in the context of a single implementation can also be implemented in

multiple implementations separately or in any suitable sub-combination.

[00124] Various modifications, adaptations to the foregoing example implementations of
this disclosure may become apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the accompanying drawings. Any
and all modifications will still fall within the scope of the non-limiting and example
implementations of this disclosure. = Furthermore, other implementations of the
disclosures set forth herein will come to mind to one skilled in the art to which these
implementations of the disclosure pertain having the benefit of the teachings presented in

the foregoing descriptions and the drawings.

[00125] Therefore, it will be to be understood that the implementations of the disclosure
are not to be limited to the specific implementations disclosed and that modifications and
other implementations are intended to be included within the scope of the appended claims.
Although specific terms are used herein, they are used in a generic and descriptive sense

only and not for purposes of limitation.
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WHAT IS CLAIMED IS:

1. A device comprising:
a processing unit; and
a memory coupled to the processing unit and storing instrucﬁons for execution by
the processing unit, the instructions, when executed by the processing unit, causing the
device to perform acts comprising:
in response to receiving an inquiry, searching a repository for a first group
of documents;
determining similarity levels between the inquiry and citation contexts of
the first group of documents, a citation context indicating a citation relationship between a
respective document in the first group of documents and a target document; and
generating a recommendation of documents by ranking the first group of

documents based on the determined similarity levels.

2. The device of claim 1, the acts further comprising:
in response to receiving a user input that specifies a document in the
recommendation as a relevant document, adding the relevant document into a result for

the inquiry.

3. The device of claim 2, the acts further comprising:

for a document in the result, searching the repository for a second group of
documents based on a respective citation context of the document;

determining similarity levels between the inquiry and the citation contexts of a
third group of documents that comprises the recommendation and the second group of
documents; and

updating the recommendation by ranking the third group of documents based on

the determined similarity levels between the inquiry and the third group of documents.
4, The device of claim 2, the acts further comprising:

in response to receiving a user input that specifies a document in the result as an

irrelevant document, removing the irrelevant document from the result.
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5. The device of claim1, wherein the determining similarity levels comprises:
for a document from the first group of documents,
determining a text fragment associated with a citation in the document
based on the respective citation context; and
determining the similarity level between the inquiry and the respective

citation context based on a text similarity between the inquiry and the text fragment.

6. The device of claim 1, wherein the determining similarity levels comprises:
for a document from the first group of documents,
determining the number of citations in the document based on the
respective citation context; and
determining the similarity level between the inquiry and the respective

citation context based on the number.

7. The device of claim 1, wherein the determining similarity levels comprises:

obtaining the citation contexts from a citation graph, a node in the citation graph
indicating a document, an edge between a first node and a second node in the citation
graph indicating a citation relationship between a document indicated by the first node and
a target document indicated by the second node; and

weighting the similarity based on edge distribution of the citation graph.

8. The device of claim 1, wherein the citation context further comprises a
citation weight that is associated with at least one of: a category of the target document
and a position of the citation relationship in the document, and the determining similarity
levels further comprises:

weighting the similarity level based on the citation weight.
9. The device of claim 1, the acts further comprising:

filtering the recommendation based on at least one of types and timestamps of

documents.
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10. The device of claim 1, wherein the citation relationship indicates at least
one of: the target document being cited in the respective document, or the respective

document being cited in the target document.

11. A computer-implemented method comprising:

in response to receiving an inquiry, searching a repository for a first group of
documents;

determining similarity levels between the inquiry and citation contexts of the first
group of documents, a citation context indicating a citation relationship between a
respective document in the first group of documents and a target document; and

generating a recommendation of documents by ranking the first group of

documents based on the determined similarity levels.

12. The method of claim 11, further comprising:
in response to receiving a user input that specifies a document in the
recommendation as a relevant document, adding the relevant document into a result for

the inquiry.

13. The method of claim 12, further comprising:

for a document in the result, searching the repository for a second group of
documents based on a respective citation context of the document;

determining similarity levels between the inquiry and the citation contexts of a
third group of documents that comprises the recommendation and the second group of
documents; and

updating the recommendation by ranking the third group of documents based on

the determined similarity levels between the inquiry and the third group of documents.
14. The method of claim 12, further comprising:

in response to receiving a user input that specifies a document in the result as an

irrelevant document, removing the irrelevant document from the result.
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15. The method of claim 11, wherein the determining similarity levels
comprises:
for a document from the first group of documents,
determining a text fragment associated with a citation in the document
based on the respective citation context; and
determining the similarity level between the inquiry and the respective

citation context based on a text similarity between the inquiry and the text fragment.

16. The method of claim 11, wherein the determining similarity levels
comprises:
for a document from the first group of documents,
determining the number of citations in the document based on the
respective citation context; and
determining the similarity level between the inquiry and the respective

citation context based on the number.

17. The method of claim 11, wherein the determining similarity levels
comprises:

obtaining the citation contexts from a citation graph, a node in the citation graph
indicating a document, an edge between a first node and a second node in the citation
graph indicating a citation relationship between a document indicated by the first node and
a target document indicated by the second node; and

weighting the similarity based on edge distribution of the citation graph.

18. The method of claim 11, wherein the citation context further comprises a
citation weight that is associated with at least one of: a category of the target document
and a position of the citation relationship in the document, and the determining similarity
levels further comprises:

weighting the similarity level based on the citation weight.

19. The method of claim 11, further comprising:
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filtering the recommendation based on at least one of types and timestamps of

documents.

20. A computer program product being tangibly stored on a non-transient
machine-readable medium and comprising machine-executable instructions, the
instructions, when executed on an electronic device, causing the electronic device to:

search a repository for a first group of documents in response to receiving an
inquiry;,

determine similarity levels between the inquiry and citation contexts of the first
group of documents, a citation context indicating a citation relationship between a
respective document in the first group of documents and a target document; and

generate a recommendation of documents by ranking the first group of

documents based on the determined similarity levels.
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