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Abstract— In future web will not be a collection of 

documents but can become sets of linked data sources. 

Keyword search is a way to search this kind of web as in 

present scenario, but will impose a high cost. This is 

because keyword search has to be applied to every source to 

find a match for any of keywords of the query. Hence 

routing keywords only to relevant sources that can reduce 

the unnecessary cost of running keyword search queries 

over all sources is needed. Also in the linked web setting a 

query is better answered with the help of data present across 

multiple sources i.e. the result of search is relevant 

combination of sources rather than relevant source. This can 

be achieved through a novel method which we propose in 

this paper. This method involves generation of top-k routing 

plans which can direct the search to appropriate sources 

based on the presence of keywords .A graph representing 

relationships between keywords and the data elements 

related to them at different levels i.e. at level of keywords, 

data elements, element sets, and sub graphs that connect 

these elements is generated. This is called multi-level 

keyword-element relationship (KER) graph. A scoring 

mechanism is proposed for computing the relevance of 

routing plans by ranking elements as well as relationships 

thus providing best results to the query. 
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I. INTRODUCTION 

Linked Data (LD) is a term that stands for a new way of 

representing information on Web in such a way that it 

enables the integration of data and information on the whole 

in order to achieve unprecedented search and querying 

capabilities. This marks for an important step towards the 

realization of the Semantic Web vision. At the core of the 

LD methodology is a set of principles and best practices 

describing how to publish structured information on the 

Web.Linked data is the face of future web where not only 

the documents have links in between them but the data itself 

is kind of connected(each connection bearing a meaning)[9]. 

On the whole, Linked Data holds thousands of sources 

containing billions of RDF triples, which are in a way 

connected with the help of millions of links. RDF triples 

mention the subject, object and predicate(link, type of 

relationship)  there by depicting a relationship nature 

between objects. Though various types of links can be 

established, the ones frequently published are same as links, 

which denote that two RDF resources represent the same 

real-world object. These are same as links generally comes 

very handy in avoiding the conflict over identity of multiple 

sources in the linked web setting. An example structure of 

linked data is shown in the figure.1.  

Unlike searching relational databases where query 

languages like SQL, SPARQL are used, Keyword search is 

employed in web thus allowing everyone to access the web 

in the way he needs. But keyword search incurs high cost 

since it needs to be applied to every source. so, in this paper 

we limit the keyword search to relevant sources through a 

novel method. Also the problem that needs to be solved in 

the linked data is to generate the “relevant combination of 

sources” rather than identifying “relevant sources” as in 

source selection problem [1]. Address this problem by 

generating query routing plans. A routing plan thus serves 

both the purposes 1) reducing cost 2) generating “relevant 

combination of sources”. A ranking is also applied to the 

routing plans to return top-k routing plans as in IR-style 

Ranking [2] 

 
Fig: 1.An illustration of linked data 

II. RELATED WORK 

Keyword search paradigm previously had four dimensions 

of work i.e. 1) keyword search on the single databases 

generating structured results.2) source selection methods to 

identify most relevant sources.3) Ranking to determine top-

k plans.4) Search over Linked Data and Navigation 

A. Keyword Search: 

There are 2 important methods that are used in keyword 

search namely schema-based approaches and schema 

agnostic Approaches. 

Schema is a term that defines structure of the 

database. 

Firstly schema-based approaches know the 

structure of database (schema) and are applied on the top of 

off-the-shelf databases [1][2].A keyword is matched by 

mapping keywords to the elements of the databases, called 

keyword elements. Then, with the knowledge on schema, 

valid join sequences are obtained and are employed to join 

the matched keyword elements to form the candidate-

networks that represent all the possible results to the 

keyword query.  

Secondly Schema agnostic approaches [8] are 

ignorant of the structure i.e. schema of the database and 

hence work directly on top of data itself. Results are 

computed by studying structures in the underlying graphs. 

These graphs are studied for the Steiner trees (shortest path 

between nodes identification though it involves adding a 

fictional path.) For example in fig.1, for john tuning award 

the path (Steiner tree) is from per2 to prize1. DISCOVER is 

one such system where no knowledge of schema is needed 
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to carry out keyword search. It carries out search on 

relational databases by defining an interface that 

communicates with database directly. Its key algorithms 

work on the theory that two tuples are connected if and only 

if the traversal between the tuples is possible primary key-

foreign key relationships. It exploits the properties of the 

database schema to produce the minimum number of SQL 

queries needed to answer to the keyword query. But it uses 

static optimization techniques and not very helpful in case of 

Linked data. 

In our system these works can be helpful but needs 

to be extended. For routing problem it is better to 

concentrate at a higher level i.e., at the level of sources 

rather than working at data element level. 

B. Source Selection Problem 

This is about identifying the appropriate source in which the 

result can be found .For this purpose we need to identify 

relevant database. A database is relevant to a given query if 

its keyword relationship model covers all pairs of  keywords 

present in that query. The existing methods for this purpose 

use the 1) M-KS and 2) G-KS. 

M-KS [1] maintains relationships between 

keywords in the form of matrix. This form of approach is 

accurate when depicting binary relationships but incurs a lot 

of false-positives. False-positives in turn cause non-relevant 

database to be selected there by causing increase in the 

amount of search time and cost. 

An improvement over M-KS is G-KS[9] where the 

relationships are depicted in a form of graph called 

Keyword-Element Relationship Graph(KERG).In this all the 

relationships of any degree can be represented there by not 

limiting to binary degree. Each node in G-KS graph 

represents a keyword, every edge between two nodes 

containing the keywords ‹ki,kj› indicates that there exists at 

least two connected tuples ti↔ tj that match ki  and kj. 

Moreover, the distance between ti and tj are marked on the 

edges. This is obviously a great solution provided we are not 

considering any linked data .But if Linked data setting 

comes to picture this fails badly because of complexity of 

relationships. 

Hence a Summary graph which can depict 

relationships at all possible levels i.e., keyword, element, 

element-set called multi-level KERG is created for our 

purpose. 

C. Ranking Problem: 

Generally the style of ranking used in the search to prioritize 

the search results is the IR-style approach [2]. In 

DISCOVER [4] each tuple is given a score by applying the 

standard IR-ranking formula (or its variants); and individual 

scores are aggregated together using a score aggregation 

function, namely comb (·), to get the whole final score. But 

it gives highest relevance value to a tuple in which the 

appearance of keywords even partly. In SPARK [3] two 

important things are added to IR-style approach. Firstly the 

completeness factor is added to avoid such situation i.e , 

Partial results getting high scores. Secondly to minimize 

each individual score over-influence on aggregated score 

document-length Normalization is used.Since we are 

considering ranking in linked web setting the links also has 

semantics and it is proper to rank even the Links .Hence this 

approach is taken in this paper. 

D. Search over Linked Data and Navigation 

This is an approach in which the search over linked data is 

proposed differently where query is entered in a stepwise 

manner [11].This method also starts normally where the user 

enters his keywords in the form of query and proceeds 

further by giving the keywords interactively. 

E. Navigation 

The navigation is different in this approach since in the 

other methods such as NautiLOAD [12] the navigation takes 

place when a query is entered but it is assumed that the user 

should know RDF links upfront i.e., user know all the links 

to navigate the linked data. This is not the case with this 

approach where the user does not need to have knowledge 

on RDF links but can feed keywords to the navigation 

interactively to direct it towards the required answer. 

F. Search 

Search is carried out using the string matching algorithms 

where strings are matched for each of the triples of RDF. 

This search is further enhanced by applying string matching 

to URIs as well where comments and labels are considered 

in looking for valuable information. 

But this approach requires user to interact with the 

system always hence requires knowledge of the 

web(difficult for novice users).Also the approach is costly 

because of its application  to all links. Hence in our 

approach we are not bothering user with the prerequisites he 

need to have while entering the query. 

III. PROPOSED APPROACH  

In our work we develop a summary Graph which depicts 

relationship between keywords at different levels that is at 

all possible levels that can strongly emphasize the semantics 

of relationship which is similar to predicate of RDF Triples. 

The four different levels we generate as part of Summary 

graph[6] are 1) word level 2) Entity level 3) Set level  and 

4)Source-level.  

A. Multi-Level Interrelationship Graph 

1) Word-Level  

This kind of Graph called Keyword-Relationship Graph 

(KRG) [1] [2] is built in previous approaches also but in our 

work we enhance this graph with the additional Information. 

A KRG captures relationships at keyword-level which is a 

bit different from the keyword search solutions. In keyword-

search solutions the relationships represent path between 

Keywords. This paths are obtained for every pair of 

keywords in the query. This in turn leads to creation of 

several Sub graphs. But this presence of paths and the Sub 

graph generation does not assure the relevance of the 

database which predominantly to be checked out before 

continuing further with search (Non-relevant databases are 

to be avoided).To ensure this we look for the presence of 

Steiner Graph in the subgraphs and eliminate the sub graphs 

that does not contain the Steiner Graphs in them (because 

they are irrelevant).This is an additional filter step. 

2) Entity-Level  

The Steiner graph generation involves the consideration of 

Tuples (entity) in which the keyword is present. Thus this 

step ensures selection of graphs where in not only keywords 

but also the tuples in which the keywords present are 
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connected. This in turn indirectly causes the entity-level 

graph to be generated. This is more economic than in 

keyword search solutions where in edges between data 

graphs are to be explored. On the whole we are generating 

Entity-level Keyword-Element graph (E-KERG) up to this 

step.  Using E-KERG, we can extract connections between 

the keywords ‹ki,kj› and can conclude if  the corresponding 

entities ‹ni,nj› are connected or not. Eventually this leads in 

extraction of database information to construct keyord 

routing plans.This level would be sufficient in general 

scenario.[4] But we are concerned about the linked web 

setting where the Sources also need to be considered. 

3) Set-Level  

Given W(G,N,) and W
‟
(G‟,N

‟
,‟), a set-level keyword-

element relationship graph can be defined as a tuple WK 
„
 

=(NK
‟
, K

‟ 
) where NK

‟ 
represents keyword-element node at 

the level of set,K
‟ 

represents the relationship between the 

nodes and k is a keyword that matches some descriptions  of 

the entities. There is a keyword-element relationship (KER) 

between n‟ki and n‟kj  iff there is an ni ϵ n‟i that mentions ki, 

and nj ϵ n‟j that mentions kj, and ni ↔ nj. we can also define 

the path length to be considered when creating a graph with 

a parameter dmax. A dmax -KERG is one such KERG, which 

includes only paths between ni and nj with length dmax or 

less into its structure. 
To generate relationships at this level first all terms 

are extracted from the query and for each pair of keywords 
‹ ki ,kj› iff ki  is present in the entity description of 

ni, kj is mentioned in the entity description of nj , ni↔nj or 

(ni==nj) there exists an element-level KER. For each pair of 

element-level KERs a set-level KER is created iff ni1,ni2 ϵ ni‟ 

and nj1,nj2ϵnj‟. To compute all set-level KERS this is 

performed iteratively. The figure2 illustrates the join plan 

for three keywords that when performed iteratively can 

generate all the relationships at set-level.   

 
Fig. 2: Join plan 

4) Source-Level 

Now the set-level data graph determines how the elements 

(databases) are connected this give way to indirectly 

establishing relationship even between the source as well. 

Hence we end up with a source-level graph as well. 

a) Relationships Within Source 

These are represented with the help of a matrix where in the 

presence of path between nodes is represented using 1 

otherwise 0 is placed in the matrix if no path exist between 

the nodes ni and nj    

b) Relationships Between Sources 

In this case also we depict relationships between the sources 

using the Boolean matrix using 1 to represent presence of 

relationship which in turn depends on relations at set level 

and 0 for the non-presence of relationship. 

Thus through using this Approach we are able to 

generate a summary graph called multi-level KERG. The 

graph generated by taking all relationships into account at 

different levels is as shown below. 

 
Fig. 3: Multi-level interrelationship KERG 

B. Computing Routing Plan 

Generating routing plan is a 2-step process. They are 1) 

generating routing graph and 2) routing-plan generation 

1) Routing Graph Generation 

A Routing graph is a subgraph of the summary graph and is 

defined as below. 

Given a keyword query K={k1,k2,……,k│k│} and a 

KERG WK 
„
(NK

‟
, K

‟ 
),a routing graph WK

„s
(NK

‟s
, K

‟s 
)is a 

subraph of WK 
„ 
 that satisfies the following properties: 

 For each query keyword k ϵ  K, there is a node n‟ki 

(k,n‟,g) ϵ NK
‟s 

 It is a complete graph, i.e., for every pair of nodes‹ 

ni ,nj ›there is an edge between them 

Thus the steiner graphs that are present in the 

summary graphs can be called the routing graphs. They are 

also helpful in providing additional information like 

relevance which can be measured against presence of the 

entire-Information intended. This relevance data can be 

further used as an input to ranking functions to generate 

ranked Routing plans. 

2) Routing Plan Generation 

Routing plans are created on summary graph by taking 

query as a parameter.Algorithm1(RP_Generation 

Algorithm) depicts the steps  that are to be carried out to 

generate Routing plan. Given a query K and the summary 

WK
„s
, this algorithm computes a set of routing plans [RP].In 

the first  step the algorithm figures out the join plan JP. 

using this join plan, KERG relationships are obtained for 

each  pair of keywords, and are joined with the intermediate 

result table T .This intermediate table contains candidate 

routing graphs, along with the scores of their individual 

elements and their combined score.The join plan execution 

results in combined score computation for every tuple in T , 

i.e., for every routing graph WK
„s
 .The resultant Routing 

graphs, which represent the same set of sources, should be  

aggregated into one single result since we should output 

only those plans that represent unique combination of 

sources. 

Algorithm 1:  RP_generation(K, W′K)  

Input: The query K, the summary W′ K (N′K, ε′K)  

Output: The set of routing plans [RP] 
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 JP ← a join plan that contains all {ki, kj} ϵ 2
K
; 

 T ← a table where every tuple captures a join sequence of 

KERG relationships e′K ϵ ε′K, the score of each e′K, and the 

combined score of the join sequence; it is initially empty;  

While JP.empty() 

 do {ki, kj}← JP .pop(); 

 ε′{ki, kj}← retrieve(ε′K, {ki, kj}); 

 if T.empty() then 

 T ← ε′{ki, kj}; 

 else T ← ε′{ki, kj} ⋈  T; 

 Compute score of tuples in T via SCORE (K, W′
S

K);   

Apply page_rank in combination with object rank to IR-

style approach in order to improve the semantics importance 

in ranking.  

[RP] ← Group T by sources to identify unique combinations 

of sources;  

Compute scores of routing plans in [RP] via SCORE (K, 

RP);  

Sort [RP] by score; 

C. Ranking Routing Plans: 

To present the user with the information he intended to get 

relevant plans to be produced. For this purpose we propose a 

multi-level IR-style scoring scheme to produce Ranked 

routing plans. 

1) Keyword-Element Score 

As in IR-style mechanism tf and idf are used to compute the 

keyword-element score.tf describes the descriptiveness of 

keyword with respect to element. tf denotes the frequency of 

occurrence of the keyword in a keyword-element node 

nk‟(k,n‟g). This kind of approach is based on vector-space 

model. In this approach we take a  document and  represent 

it  as a vector as the name suggests in the following manner: 

vector (t1, t2, t3, . . . , tn), where ti has a value of 1 if term i is 

present, and 0 if term i is absent in the document. Though tf 

is a good measure it gives equal importance to all terms 

which is not correct. we should give weight to the terms so 

that the results reflect the user intent.Hence we use one more 

measure called idf.idf denotes the distinctiveness of 

keyword ,in that document where numerator denotes the 

number of keyword-element nodes and denominator 

represents number of nodes that contain the keyword. 

Intuitively, a higher tf(ki ,nk‟) means that more 

likely,nk‟ is about ki, while a higher idf(ki)  reflects that ki is 

a less common term. 

(1) 

(2) 

 Calculate the relevance of each routing graph node 

nk‟ w.r.t ki by combining these two metrics. 

(3) 

Keyword-element score calculation is the same as 

that in all keyword-search solutions. The improvement over 

existing approaches in our work is assigning scores to 

keyword-element relationships as well. 

2) Keyword-Element Relationship Score 

The same metrics as in traditional IR-style ranking 

mechanism are used also here with respect to a distance d 

between each pair of keyword-element nodes. Analogous to 

keyword-element scores, we define the frequency 

 (term-frequency) which generally denotes 

the number of keyword-element relationships 

 at  distance d, which have 

been summarized to one KERG relationship   

and  is computed from the total number of 

KERG relationships and the ones where    

(4) 

3) Ranking Keyword-Routing Plan 

Finally, the rank of a keyword routing plan RP is computed 

as the aggregation 

(5) 

Where top-k routing plans are high quality plans 

that contains the information the user needs the most. This is 

to remove the unintended information that gets added in the 

search and making it costly.   

 To calculate the score of a KRG node w.r.t. k, in G-

KS all entities in the database that mention k are considered. 

This causes even the tuples that has no contribution towards 

final answer have an effect on the final score. The same 

issue applies to KRG relationship scores. But the score of a 

KERG element (relationship) w.r.t. k is computed not from 

all elements (tuples) mentioning k but only those that 

participate in the set-level element (relationship).Hence this 

approach of ours is more efficient. 

4) PAGE-Rank with Object-Rank 

a) Page Rank: 

Page rank is an approach where the ranks are applied to 

individual pages as the name suggests and all the page ranks 

are aggregated recursively to obtain overall rank.  

PR(A) = (1-d) + d (PR(T1)/C(T1) + ... + PR(Tn)/C(Tn)) 

where 

PR(A) represents the PageRank of page A, 

PR(Ti) represents the PageRank of pages Ti which link to 

page A, 

C(Ti) represents the number of outbound links on page Ti 

and 

d represents the damping factor which can take values 

between 0 t0 1 

The above page ranking is only applicable to 

elements only it does not consider the relationships ranking.  

The approach of page rank is not sufficient in the linked web 

since relationships are also ranked hence object rank 

approach is applied to overcome this limitation where 

ranking to relationships is equally important as ranking the 

entities 

b) Object Rank: 

Object-rank[13] applies authority-based ranking to the 

object and this ranking flows towards other object through 

the link. This approach is complex but can help the search to 

give promising results  

In this approach it is possible to test the ranking 

with varying weights and this can absolutely generate the 

relevant results rather than the important results. This can be 

attributed to the adjustability feature of the object rank 

where it can direct the ranking in a more domain specific 

and/or user-requirement driven manner. This is done by 

adjusting weights of importance against relevance.   
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5) Top K-plans 

The complex problem of computing routing plans in a 

linked web setting has been reduced to a much more easier 

standard problem of processing join queries.In the algorithm  

after the scores have been defined, it can be understood that 

any of top-k algorithms such as rank-join should be applied 

to generate the k best results and to terminate early.For 

Example in our approach we have considered Rank join to 

output the order of relevance of the plans. Rank join works 

in the following manner.  

Firstly it takes a query routing plan with pre-

determined  join order. With rank join the order of join 

operators can be chosen randomly hence fixed join order 

does not matter really, also the order of joining values is not 

affected by the  order of operators(mostly join) but are  

determined by the pulling strategy, which mainly consider 

inputs that are more likely capable of generating top-k 

results (those with high scores). Thus, rank join really needs 

entries that are arranged as per the order of their score, and 

uses a monotonic score aggregation technique for obtaining 

the score of the joined result. As input to the rank join, we 

use KERG relationships that we have captured for a 

particular keyword pair. Since both the score aggregation 

functions in (3) and (5) are monotonic w.r.t. their individual 

element scores, the input entries can be indexed with and 

sorted, this makes applying of the rank join easier without 

really having a need to modify Algorithm 1,we can now 

apply rank join on these sorted inputs instead of standard 

join operators to compute top-k results. 

IV. RESULTS 

The first step in our approach is generating linked data for 

which the we took the help of LODifer as shown in Fig 4. It 

is a method through which the text can be converted to 

linked data without losing its rich meaning.for this purpose 

LODifer uses natural language processing(NLP),word sense 

disambiguation(wsd) and uses DBPedia,wordnet to place the 

text in to linked web setting.The following fig depicts the 

first step towards our goal.  

 
Fig. 4: generating Linked data 

The second step is towards generating the 

multilevel interrelationship graphs where establishing the 

links between the elements from lower level to higher level 

making a graph with so many links that has a meaning as 

represented in Fig 5 & Fig 6.  

 
Fig. 5: generating links at keyword-level 

 
Fig. 6: Linking elements at entity-level 

Next task is to create a Routing plan which gives a 

direction to our search in order to direct navigation towards 

the required answer as shown in Fig 7. For this purpose we 

try to identify all the possible paths and apply join 

sequences that can lead to answer in the minimal amount of 

time and cost. The following figures shows the routing plan 

generation  

 
Fig. 7: Routing plan generation 
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The routing plans obtained are not one but many. 

Though all these can deliver the desired results to query the 

best among them can serve the purpose with the minimum 

of time and cost. Hence to obtain the best plan ranking is 

performed in the IR-style manner and made further efficient 

by applying the page rank together with object rank 

algorithm and the results are shown in the below figure Fig 

7 & Fig 8.  

 
Fig. 7: Ranking Routing plan 

Further the filters can also be applied resulting in the ranked 

combination of sources which is the expected result as 

shown in Fig 9. 

 
Fig. 9: Filtered combination of sources 

V. CONCLUSION 

We have proposed a method that can be employed in present 

as well as in future for the scenario of search in the web. In 

present our method is helpful in improvising the 

performance of keyword search by limiting its applicability 

to only the relevant sources .For future we came up with an 

solution that can fetch results for a query even when the data 

is spread across the multiple connected linked sources. we 

proposed an improvised ranking approach where the 

relationships are also ranked along with the elements thus 

paying equal attention to relationships .This in turn lead to  

identification of meaningful top-most relevant plans. 

VI. FUTURE ENHANCEMENTS 

Our work provides new opportunities in the field of artificial 

intelligence since this linked web setting is modeled on the 

lines of RDF triples and ontology. This modelling of web 

along these terms paves path for the development of 

semantic-web where the machine-based learning and 

supervising is possible.Here all the problem is solved by the 

machine and this makes unsupervised learning a 

reality(more properly).This indirectly instills the common 

sense into the machine which is the only aspect that is 

making the man superior over machine.   
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