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ABSTRACT

1.1 Problematic

This work is located in the domain of distributed
information retrieval (DIR). A simplified view of the
DIR requires a multi-search in a set of collections,
which forces the system to analyze results found in
these collections, and merge results back before
sending them to the user in a single list.
Our work is to find a fusion method based on the
relevance score of each result received from collections
and the relevance of the local search engine of each
collection, which is the main issue of our work.

One of essential problems of distributed
information retrieval systems is the fusion of
results obtained from a set of local information
retrieval systems. The user must receive one list as
response to his request. This list is the fruit of the
fusion of different result's lists of different local
information retrieval systems.
For example, user presents a query to the
distributed information retrieval system. The
system forwards the query to selected servers.
Each server calls its local information retrieval
system to search for the query. Each server
provides a list of results to the distributed system.
Finally, the distributed system merges all the lists
of results in a single list and returns it to the user.
Therefore, the main problem is to define a set of
rules for merging these lists.
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1 INTRODUCTION
The growth of the number of servers on the
worldwide network makes the management of a
huge quantity of information an obligation. For
this, the use of information retrieval systems
became indispensable especially in the distributed
world. To organize this huge quantity of
information, web search engines find their origins
in the information retrieval systems developed to
find, from a database of documents, relevant
documents to a user request. [1], [2], [3], [4], [5],
[6]
Information retrieval systems can be categorized
into classes based on their architectures:
centralized and distributed. Centralized systems
require that all documents were located on the
same site. But distributed systems were considered
as a set of independent information retrieval
systems allowing the simultaneous access to
distributed collections of documents on local or
wide network. [7], [8], [9]

1.2 Background
The field of information retrieval touches the
distributed world in order to try to find relevant
information contained in distributed servers. A
user can't search the information in all these
distributed servers. He needs a system which can
do an automatic search for him.
A distributed information retrieval system [10] can
do this work for the user, where the system
receives the query of the user, then, and according
to the query, it selects the pertinent servers and
tries to find the needed information in these
servers. Each server sends back a list of results.
The user can't process all the lists of results by
himself, the system has to do this task for him.
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Rl

1.3 Challenges

Search

Merging results is challenging in particular in the
context of a heterogeneous lists of results for
several reasons.
The challenges are (1) make lists of results
compatible, (2) sort merged results and (3) have a
good relevance.
As we have said in the last section, the received
lists of results from selected servers are not
compatible because each server uses his own
method of information retrieval. Therefore,
merging and sorting results in one list is a
problem.
We have to resolve this problem without losing
the relevance.
The rest of the article is organized as follow.
Section 2 discuses related work. We describe our
proposals in section 3 and we report our
experimental results in section 4. Finally, section 5
concludes the article.
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Best servers
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Server l

Server k

Server 1

Search

Search
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results
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"Best servers selection". In this part, according to
the query's content, the relevant servers will be
selected.
The query will be sent to the selected servers in
order to find relevant documents.
An important component of the system was the
merging (or combining) results process. This
module receives all the lists of results from
selected servers and generates a combined list.
The system returns this combined list to the user
who can use it easily.
In this work, we address issues pertaining to the
merging results process in distributed information
retrieval system.

Server n

Server l

Server k

Server 2

Server 1

2 RELATED WORK

Figure 1. Information search process in distributed
information retrieval system

Figure 1 shows the details of information search
process in distributed information retrieval. In the
first part, there is an important process called

Recently, there are a lot of researches realized in
the domain of distributed information retrieval [3],
[9], [11], [12], [13], [14], [15], [16], [17].
We focus our search on the last step of the process
of distributed information retrieval systems which
is the fusion of results.
The architecture of fusion process is shown in
Figure 2.

79

International Journal of Digital Information and Wireless Communications (IJDIWC) 6(2): 78-86
The Society of Digital Information and Wireless Communications, 2016 ISSN: 2225-658X (Online); ISSN 2412-6551 (Print)

Firstly, Roa et al.[11] have presented the results of
the research carried out on the field of ranking
strategies.
The analysis reported in their survey aims at
providing a starting point towards future
developments on benchmarking and empirical
evaluation of ranking solutions for the Web of
Linked Data.
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Hubert et al. [18] propose CombSUM method
which is based on the local scores obtained by
different servers.
The score of the document Dj is calculated as
follow:
𝑛𝑏𝑟
𝑆𝑐𝑜𝑟𝑒𝐶𝑜𝑚𝑏𝑆𝑈𝑀𝑗 = ∑𝑖=1𝑠𝑒𝑟𝑣𝑒𝑟𝑠 𝑠𝑐𝑜𝑟𝑒𝑖𝑗
(1)
Hubert et al. [18] propose also CombMNZ method
which is based on the local scores and the number
of servers which have returned the query
document in their results.
The score of the document Dj is calculated as
follow:
𝑆𝑐𝑜𝑟𝑒𝐶𝑜𝑚𝑏𝑀𝑁𝑍𝑗 = (∑𝑛𝑏𝑟_𝑠𝑒𝑟𝑣𝑒𝑟𝑠
𝑠𝑐𝑜𝑟𝑒𝑖𝑗 ) × 𝐶𝑜𝑢𝑛𝑡𝑗 (2)
𝑖=1
where Countj is the number of servers which have
returned the document Dj.
This normalization isn't very important for our
goal.
There is another kind of methods [3] based on the
length of results of different servers. In this kind
of methods, the local score of returned documents
is weighted by the coefficient Wi calculated as
follow:
(𝑆 −𝑆 )
𝑊𝑖 = 1 + ( 𝑖𝑆 𝑚 )
(3)
𝑚

Figure 2. Architecture of fusion process

where Si is the score of the ith server calculated as
follow:
𝐿 ∙𝑘

Dragut et al. [13] describe a system that integrates
spatial objects from multiple local search engines.
They find the set of neighborhoods in a search
engine that best approximates the area of a
neighborhood in a different search engine.
Huo et al. [14] propose a fusion model to improve
the tail queries by introducing new results from
their reformulations. In our case, we have one
query and several collections.
Savoy et al. [3] propose a method called RSM
(Raw Score Merging) where they use local scores
to sort results of different servers. They suppose
that all servers use the same method to sort results
and scores are compatible.
In our case, servers don't use the same method to
sort results.
Other methods exist exploiting the heterogeneity
of the sources of the documents. We can cite the
CombSUM method and CombMNZ method.

𝑆𝑖 = 𝑙𝑛 (1 + (∑𝑑𝑏𝑖

𝑗=1 𝐿𝑗

))

(4)

where Li is the number of documents returned pas
the ith server
and db is the number of interrogated servers.
These methods aren't pertinent for our case.
Rasolofo proposes in its thesis [19] the Round
Robin approach where the merged list of results is
constructed by taking alternately one document of
each list returned by servers.
The disadvantage is that this method doesn't take
into account the difference between the scores of
the documents.
The CORI [20] algorithm is one of best used
algorithms. The score of a document is calculated
as follows:
𝐷=

𝐷 ′ +0.4×𝐷 ′ ×𝐶 ′ 𝑖
1.4

(5)

where:
𝐷′ = 𝑆

𝑆−𝑆𝑚𝑖𝑛

𝑚𝑎𝑥 −𝑆𝑚𝑖𝑛

(6)

and S is the local score of a document;
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Smax and Smin are the maximal and the minimal
values of local scores of documents.
𝐶 −𝐶𝑚𝑖𝑛
𝐶′𝑖 = 𝐶 𝑖 −𝐶
(7)

In order to improve the relevance of the merging
process and minimizing the calculation time, we
had two ideas:

and Ci is the relevance of the algorithm used by
the ith server.
The final CORI score D is normalized between 0
and 1. According to the studies, the computational
time of this method increases rapidly.
Yuwono and Lee propose a method called
"Rank_based" [21] based on the conversion of
ranks of documents in the list of results into a
value of similarity.
This conversion isn't important for our case.
Rasolofo speaks about a method called
Normalized Raw Score [19]. In this method the
local scores are normalized by using maximal
score of returned documents of all servers.
This normalization also isn't important for our
case.

3.2 Approach Based on the Relevance of Local
Information Retrieval Systems

𝑚𝑎𝑥

𝑚𝑖𝑛

3 PROPOSED APPROACHES
In the distributed information retrieval we need to
merge incompatible lists of results returned by
several servers.
The problem of merging results is difficult
because the lists of results are incompatible. They
come from different information retrieval systems.
Therefore, we can't gather all received lists of
results in a single list without pretreatment.
To resolve this problem, we have to
mathematically model the merge process which is
the last step in the process of a distributed
information retrieval system.

The first idea is an approach based on the
relevance of local information retrieval systems
used by servers and local scores. We call it "M1"
for (Method 1).
We define the weight function as the difference
between the relevance of local information
retrieval system and the maximal value of
relevance of all used information retrieval
systems. It is defined as follows:
𝑤𝑓(𝑖) = (𝑆𝑚𝑎𝑥 − 𝑆𝑖 ) × 100
(8)
where:
wf(i) represents the weight of the ith server;
Si is the relevance of the information retrieval
system used by the ith server. It is restricted
between 0 and 1;
Smax is the maximal relevance of information
retrieval systems used in all known servers.
The constant 100 is used to make wfi as a
percentage since Si is restricted between 0 and 1.
The algorithm 1 gives the details of calculation of
the weight function.
Algorithm 1
Calculate 𝑤𝑓(𝑖) = (𝑆𝑚𝑎𝑥 − 𝑆𝑖 ) × 100
Require: i
Ensure: 𝑤𝑓(𝑖)
Find 𝑆𝑚𝑎𝑥
return (𝑆𝑚𝑎𝑥 − 𝑆𝑖 ) × 100

3.1 Problem Formulation
In the rest of this article we represent the merge
process as a system defined as follows:
MP = <SR, CR, wf>
where:
MP is the Merge Process system;
SR is the Set of lists of Results returned by
consulted servers (called: local results);
CR is the list of Combined Results (called: global
results);
wf is the weight function used to make local
results compatible.

And then, the local results (SR) of documents
returned by the ith server are weighted by wf(i).
𝑆𝑅𝑖𝑗 = 𝑆𝑅𝑖𝑗 × 𝑤𝑓(𝑖)
(9)
Finally, documents selected by servers are sorted
by their weights to build the CR list (global
results).
The algorithm 2 shows how to combine the lists of
local results in a single list.
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Algorithm 2 Combine results
Require: SR, S
Ensure: CR
k  0
for I = 0 to nbServers do
for j = 0 to sizeof(SR[i]) do
CR[k]  SR[i][j]*wf(i)
k++
end for
end for
Sort the table CR
return CR

3.3 Approach Based on the Relevance of Local
Information Retrieval Systems and the Ranks
of Selected Documents
The second idea is based on the relevance of local
information retrieval systems used by servers and
the ranks of selected documents in local results.
We call it "M2" for (Method 2).
We define the weight function as the ratio between
the relevance of local information retrieval system
and the maximal value of relevance of all used
information retrieval systems.
To make this weight dependent on the rank of
documents, the ratio is multiplied by the
complement of the rank of a document in its list of
results.
The weight function is defined as follows:
𝑆
𝑤𝑓(𝑟𝑎𝑛𝑘𝑖 , 𝑖) = (𝑟𝑎𝑛𝑘𝑚𝑎𝑥 − (𝑟𝑎𝑛𝑘 − 1)) × 𝑖
(10)
𝑆𝑚𝑎𝑥
where:
ranki is the rank of a document in the local list of
results SR of the ith server (ie. the rank in SR[i] 
1);
wf(ranki,i) is the new score of the rankth document
of the ith server;
rankmax is the maximal value of rank;
Si is the relevance of the information retrieval
system used by the ith server;
Smax is the maximal value of the relevance of all
consulted servers Smax=MAX(S1,S2,...,Sn).
We note that the new score wf(ranki,i) depends, at
the same time, on the local ranks of documents in
the local lists of results and the relevance of the
information retrieval systems used by consulted
servers.
The algorithm 3 gives the details of calculation of
the weight function.

Algorithm 3 Calculate 𝑤𝑓(𝑟𝑎𝑛𝑘𝑖 , 𝑟𝑎𝑛𝑘𝑚𝑎𝑥 , 𝑖, 𝑆)
Require: ranki, i, S, rankmax
Ensure: wf(ranki, i)
Find Smax
return (𝑟𝑎𝑛𝑘𝑚𝑎𝑥 − (𝑟𝑎𝑛𝑘 − 1)) ×

𝑆𝑖
𝑆𝑚𝑎𝑥

Finally, documents with good scores are the
closest to the query.
Using the new score wf(ranki,i), we try to make
results provided by different servers compatible.
The algorithm 4 shows how to combine the lists of
local results in a single list.
Algorithm 4 Combine results
Require: SR, S
Ensure: CR
k  0
for i = 0 to nbServers do
rankmax  sizeof(SR[i])
for ranki = 1 to sizeof(SR[i]) do
CR[k]  wf(ranki, rankmax, i, S)
k++
end for
end for
Sort the table CR
return CR

4. EXPERIMENTAL RESULTS
In this section we present results of performed
experiments in order to validate the performances
of our approaches.
We need to evaluate our approaches in real
conditions by taking into account the factor of
computational time and the sizes of the corpora.
4.1 Evaluation of Execution Time
In order to compare our propositions with existing
approaches of fusion of results, we begin by
calculating the execution time using the same
corpora with these methods.
The following graphs show the evolution of
execution time of developed methods.
The graphs of Figure 3 show that the fusion time
of each method rises almost linearly depending on
the number of servers. (Except the CORI method
which rises exponentially).
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We observe that our first proposition called "M1"
presents a good execution time comparing to the
other methods.
Our second proposition "M2" is situated between
"CORI" and "Ranked based" methods which is a
good result.
160
CORI

NRS
Rank_Based

140

4.2 Evaluation of the Relevance of Merge
Process
The relevance of a method isn't based only on the
computing time. For this, we propose to use
another metric called the "Mean-Squared Error"
(MSE).
Considerate that S is the number of documents
sorted by a method of fusion. We propose to
calculate the error rate of fusion process by the
following formula:
1
𝑀𝑆𝐸 = |𝑆| × ∑𝑖∈𝑆(𝐼𝑑𝑖 − 𝑂𝑖 )2
(11)

RRPriority

In Eq. (11), Idi is the rank of the ith document in
the ideal sorted list of results; and Oi is the rank
assigned to the ith document by the fusion method
to evaluate.
In order to evaluate the relevance of implemented
methods of fusion, we use the set of servers
showed in Table 1, where spi is the relevance of
the ith server.

M1
M2

120

Execution time (seconds)

100

Table 1. Results obtained by different servers
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Server 1
Server 2
Server 3
sp1 = 90
sp2 = 70
sp3 = 40
doc
score
doc
score
doc
score
LA123 65.5 FR453 87.54 FT567 87.54
LA673 57.8 FR012 75.5
FT195 51.64
LA946 35.7 FR673 11.84 FT548 40.9
LA765 19.81
LA546 10.74

60

40

Server 4
sp1 = 35
doc
score
DTR318 42.9
DTR707 24.95
DTR850 29.15
DTR964 44.54
DTR123 83.64

20

0
0

10

20

30

40

Number of servers

Figure 3 Evolution of computing time of fusion process
according to the number of servers

Server 5
sp2 = 60
doc
score
MHT217 90.43
MHT232 15.54
MHT305 22.56
MHT471 13.07

After several tests with changing the number of
servers, we obtained the results shown on the
Table 2. Each column represents the sorted list of
results obtained by one method.
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Table 2. Comparison table of fusion results obtained by
several methods

CORI
Modified
MHT217
DTR123
FT567
FR453
LA123
LA673
FR012
FT195
LA946
DTR964
DTR318
FT548
DTR850
LA765
DTR707
MHT305
MHT232
LA546
MHT471
FR673

NRS
LA123
FR453
LA673
MHT217
FR012
FT567
DTR123
LA946
DTR964
DTR318
FT195
LA765
MHT305
DTR850
MHT232
MHT471
DTR707
FT548
FR673
LA546

CORI
Modified
MHT217
DTR123
FT567
FR453
LA123
LA673
FR012
FT195
LA946
DTR964
DTR318
FT548
DTR850
LA765
DTR707
MHT305
MHT232
LA546
MHT471
FR673

RRPriority Rank_Based
LA123
FR453
MHT217
FT567
DTR123
LA673
FR012
MHT305
FT195
DTR964
LA946
FR673
MHT232
FT548
DTR318
LA765
MHT471
DTR850
LA546
DTR707

LA123
LA673
LA946
MHT217
FR453
MHT305
LA765
DTR123
DTR964
FR012
MHT232
FT567
DTR318
LA546
FT195
DTR850
FR673
MHT471
FT548
DTR707

M1

M2

FR453
LA123
MHT217
FR012
LA673
FT567
LA946
DTR123
FT195
LA765
FT548
DTR964
DTR318
MHT305
DTR850
LA546
MHT232
DTR707
FR673
MHT471

FR453
LA123
MHT217
FR012
LA673
FT567
DTR123
LA946
FT195
FT548
DTR964
LA765
DTR318
MHT305
DTR850
DTR707
MHT232
LA546
FR673
MHT471

According to the prepared query, we find that
results of "CORI modified" method are the best

comparing to other methods. For this, we consider
that results of "CORI modified" method represent
the ideal list of results, and we compare the results
of all other methods with those of "CORI
modified".
On Table 2 we can see that the 8 first answers of
our methods are almost equivalent to answers of
"CORI modified" method. And we can see clearly
that our two approaches are better than the other
methods (NRS, RRPriority, Rank_Based).
After these tests, we can apply the Eq. (11) to
calculate the error rate of each method. We found
results shown in Table 3.
Table 3. Error Rates of Results Returned by Several
Methods

Methods
CORI Modified
M1
M2
NRS
RRPriority
Rank_Based

MSE
00.00
05.80
05.80
10.40
10.60
13.50

We observe on Table 3 that the error rates of
proposed methods "M1" and "M2" are better than
those of NRS, RRPriority and Rank_Based
methods.
Finally, according to these tests, we conclude that
our approaches are good in computing time and in
terms of relevance comparing to existing methods.
4.3 Discussions
Results obtained by performed experiments show
that the calculation time of merge process rises
almost linearly depending on the number of
servers, except the "CORI modified" method
which rises exponentially.
Graphs of Table 3 show that our first proposition
called "M1" presents a good execution time
comparing to the other methods. Our second
proposition "M2" is situated between "CORI
modified" and "Ranked based" methods which is a
good result.
Results of the relevance tests show that the error
rates of proposed methods "M1" and "M2" are
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better than those of NRS, RRPriority and
Rank_Based methods. The MSE of our proposed
approaches is 5.8, but the MSE of NRS method is
10.4, the MSE of RRPriority method is 10.6 and
that of Rank_Based method is 13.5.
Based on these tests, we conclude that our
proposed approaches are good in computing time
and in terms of relevance comparing to existing
methods.
5 CONCLUSION
In our work, we were interested to the distributed
information retrieval systems and especially to the
last step in the process of these systems which is
result's merging.
After studying different existing approaches of
result's merging, and in order to ameliorate the
performances of these methods, we proposed to
add the relevance of local information retrieval
systems of different servers.
By using the relevance of local information
retrieval systems, the merging process provides
good performance when we merge different lists
of results obtained by different servers.
The highlight of this proposition is to taking into
account the heterogeneity of local information
retrieval systems.
To evaluate our propositions and to compare them
with existing approaches, we used the computing
time and the error rate of each method.
Our tests showed that proposed approaches "M1"
and "M2" are better than existing methods: NRS,
RRPriority and rank_based in terms of computing
time - relevance ratio.
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