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Abstract. Search keywords can be considered as decision criteria (goals), whereas the docu-
ments contained in the original result list of a search engine can be considered as decision alter-
natives in the sense of adequate search results. The paper shows how a decision making model
based on interactions between decision goals can be used for re-ranking of the search results
obtained by classical search engines. The decision making model was previously applied to real
world problems in production optimization and business process management. In contrast to
other approaches, the interactive structure of decision goals for each decision situation is calcu-
lated explicitly based on fuzzy types of interaction. In this paper, after a brief description of the
model an application to the calculation of context depending re-rankings of search results of
internet search engines is presented. It is shown that keywords of search queries can be under-
stood as decision goals and that the decision making model can be successfully applied for con-
text dependent re-ranking of the search results. Using the model, popularity based rankings can
be re-ranked making use of context dependent information derived from the query keywords.

Keywords: Decision making, interaction of decision goals, context depending rankings, inter-
net search, re-ranking of search results.

1 Introduction

Humans efficiently decide whether or not a listed document is interesting from the
point of view of the search query they previously entered to the search engine. They
rather perform a cross check of the documents instead of reading them in detail and
rank them with respect to the initial intention of the search query expressed by the
keywords of the query. The process of re-ranking the search results can be consid-
ered as a decision making process with the keywords used in the query being the de-
cision goals. The decision alternatives are the selected documents themselves which
are to be re-ranked with respect to the keywords. It is shown how the concept of in-
teractions between decision goals (here: keywords) can be applied for ranking the
documents (here: decision alternatives). In the subsequent sections first basic defini-
tions used to formalize the concept of interactions between decision goals are
presented. It is also discussed in which sense interactions between the goals are used
to model the decision making. Then it is shown how the model is applied to the
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problem of context dependent ranking of documents being search results of a classi-
cal internet search engine. Subsequently the results obtained from a system prototype
are discussed and a summarizing conclusions are made.

2 Basic Definitions

Before we define interactions between goals as fuzzy relations, we introduce the no-
tion of the positive impact set and the negative impact set of a goal. A more detailed
discussion can be found in [6] and [7].

Def. 1)

Let A be a non-empty and finite set of potential alternatives, G a non-empty and finite
set of goals, A N G =J,ae A, g€ G,oe (0,1]. For each goal g we define the two
fuzzy sets Sg and Dg each from A into [0, 1] by:

1. Positive impact function of the goal g: S,(a):= 4, if a affects g positively with de-
greeothen Sy(a)= &, Sy(a):= 0 else.

2. Negative impact function of the goal g: Dj(a):= ¢ if a affects g negatively with
degreedthen Dy(a)= &, Dy(a):= 0 else.

Def. 2)

Let Sg and Dg be defined as in Def. 1). Sg is called the positive impact set of g and Dg
the negative impact set of g.

The set S contains alternatives with a positive impact on the goal g and J'is the de-
gree of the positive impact. The set Dg contains alternatives with a negative impact on

the goal g and J1is the degree of the negative impact.

Def. 3)
Let A be a finite non-empty set of alternatives. Let 2(A) be the set of all fuzzy subsets
of A. Let X, Y € 2(A), x and y the membership functions of X and Y respectively.

The fuzzy inclusion T. P(A)x P(A) —[0.1] is defined as follows:

I(X,Y) := Zueq (min(x(a), y(a))) | Taea, for X # D and I (X,Y):= 1 for X = &, with
x(a) € X and y(a) € Y.
The fuzzy non-inclusion N: P(A)x P(A) —[0,1] is defined as:

N(X.,7):= 1-I(X.Y)

The inclusions and non-inclusions indicate the existence of interaction between two
goals. The higher the degree of inclusion between the positive impact sets of two
goals, the more cooperative the interaction between them. The higher the degree of
inclusion between the positive impact set of one goal and the negative impact set of
the second, the more competitive the interaction. The non-inclusions are evaluated in
a similar way. The higher the degree of non-inclusion between the positive impact
sets of two goals, the less cooperative the interaction between them. The higher the
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degree of non-inclusion between the positive impact set of one goal and the negative
impact set of the second, the less competitive the relationship.
The pair (Sg, Dg) represents the whole known impact of alternatives on the goal g.

Then Sg is the fuzzy set of alternatives which satisfy the goal g. Dy is the fuzzy set of

alternatives which are rather not recommendable from the point of view of satisfying
the goal g.

3 Interactions Between Goals

Based on the inclusion and non-inclusion defined above, 8 basic fuzzy types of inter-
action between goals are defined. The different types of interaction describe the spec-
trum from a high confluence between goals (analogy) to a strict competition (trade-

off).

Def. 4)
Let Sg 7 Dg 7 S 92 and Dg2 be fuzzy sets given by the corresponding membership

functions as defined in Def. 2). For simplicity we write S instead of Sg ; et Let
858 € G where G is a set of goals.

The fuzzy types of interaction between two goals are defined as relations which are
fuzzy subsets of G XG as follows:

1. g, is independent of g,: <=> min(N(s1, 57), N(51. D), N(S2. D). N(D}. D)
g assists g,: <=> min(I(s;5,).N(51.D»))

g cooperates with g1 <=> min(I(5.5,).N(s1,D2). N(§7. D)

g is analogous to g5' <=> min (I(s1.52):N(s1.02).N(s,.0.I(D1.D 7))
g hinders g,: <=> min(N(s1,5,).1(51. D))

g competes with g,: <=> min(N(S1,5-).1(51.D2).1(52. D)

g is in trade-off to g ,: <=> min (N (51,5 ,). 1(51.D2). 1(5 5. D). N(D|. D))
g is unspecified dependent from gy <=>

® N N A WwDD

min(I(s1,57).1(s1. D2).1(55. DD, I(Dy. D7)

The interactions between goals are crucial for an adequate orientation during the
decision making process because they reflect the way the goals depend on each
other and describe the pros and cons of the decision alternatives with respect to the
goals. For example, for cooperative goals a conjunctive aggregation is appropriate.
If the goals are rather competitive, then an aggregation based on an exclusive dis-
junction is appropriate. The interactions between the decision goals have been
applied in a problem independent decision making model that has already been ap-
plied in many relevant real world solutions [9], [11]. For a more detailed discussion
see for instance [7].
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4 Approaches Related to the Decision Making Model Based on
Interactions Between Goals

Since fuzzy set theory has been suggested as a suitable conceptual framework of deci-
sion making [2] several different approaches have been developed [3], [4], [5], [13],
[14], [15], [17], [19],[20], [21]. The decision making approach based on interaction
between goals significantly differs from these approaches. For a more detailed discus-
sion see for instance [6], [8], [10], [12]. It also significantly differs from fuzzy rule
based approaches applied for instance to the selection of web service compositions [1]
as these approaches do not explicitly use negative selection information.

S Application to Context Dependent Ranking of Internet
Search Results

In the subsequent sections the application of the decision making model to the context
dependent ranking of documents that are search results of a classical internet search
engine is described. First the ranking problem is defined. Then it is indicated how the
positive and negative impacts sets are used in order to translate the context of a search
query to the decision making model. Subsequently examples of search queries are
shown and the results of the rankings of the documents are discussed. The discussion
of the resulting rankings is made by comparing the results with the rankings obtained
by a well-known internet search engine.

5.1 Description of the Ranking Problem

Classical internet search engines generate rankings which are not based on content
dependent information. The search keywords which represent the context of the query
are used as index information. The rankings of the documents are then rather popular-
ity based and concentrate on information like the number of input and output links.
On the other hand a particular user evaluates the search result from his own point of
view, that means from the point of view of the context of his own query. In conse-
quence, the ranking generated by a classical search engine may not fit the intention of
the user’s search query. In such cases a document may be part of the set of documents
found but may be ranked with a lower value and placed towards the end of the rank-
ing generated by the search engine. The aim of the approach presented below is to re-
rank the result of a classical search engine in a way that better fits the context of the

query.
5.2 Positive and Negative Context Information

The search keywords can be considered as decision criteria (as goals in the sense
of Def. 1) whereas the documents contained in the original result list of the search
engine can be considered as decision alternatives. Using the decision making
model presented in the previous sections the ranking problem can be solved in the
following way.
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For each search query the keywords used are considered as the set G of decision
goals. The result list to this query generated by the conventional search engine is con-
sidered as the set of decision alternatives A. For every goal (keyword) the positive
impact function’s value for a particular document a € A is defined by counting the
number of occurrences of the keyword (goal) normalized by the total number of
words contained in the document (alternative). The more occurrences of the search
keyword in the document the higher the value of the positive impact function of the
keyword (goal) for the document (alternative) and the lower the value of the negative
impact function of the keyword (goal) for the document (alternative). In an analog
way we model: The less occurrences of the positive keyword (goal) in the document
the lower the value of the positive impact function and the higher the value of the
negative impact function.

The user also has the possibility to define the so-called negative keywords which
are key-words that should not appear in the document. Using the concept of impact
functions for each negative keyword again the documents are evaluated in an analog
way as the positive keywords but with opposite increasing and decreasing values.

In the sense of the search query defined by the user the positive keywords describe
what the user is tentatively looking for, the so-called positive context of the search
query. The negative keywords describe what the user tentatively is not looking for,
the so-called negative context of the search query.

Every search query is evaluated in the way that every document which is contained
in the ranking generated by the conventional search engine is considered as a decision
alternative a € A. For every keyword the values of both the positive and the negative
impact functions are calculated as described above. If for every keyword both the
positive and the negative impact functions are calculated and the impact sets are
passed to the decision model based on interactions between decision goals (here
search keywords). The decision model calculates a new ranking of the documents
which better correspond then to the context of the search query defined by the user.

5.3 Examples of Search Queries and Resulting Rankings

Let us explain some experimental results of the search concept obtained by using
some common sense examples. The examples presented subsequently are based on
the internet search results of Google and Google’s index information. As already ex-
plained each search query consists of two sets of keywords. The first one is the posi-
tive keyword set (PKWS). The PKWS consists of keywords which describe what the
user is searching for, that means the positive context of the search query. The second
set of keywords is the negative keyword set (NKWS). The NKWS consists of key-
words that describe the context the user is rather not interested in, that means the
negative context of the search query. A search query is always a pair (PKWS:
={positive keywords }, NKWS:={negative keywords}). The search is organized as fol-
lows: First the search engine Google is used to generate a list of documents based on
a search query with the PKWS as keyword list and the result is the initial search result
list (ISRL). The order of the links in the ISRL is the initial ranking (IR) of the links or
documents. The ISRL is used as input for the re-ranking procedure based on the inter-
actions between the keywords (goals) as presented in the previous sections. The result
of the re-ranking is the final ranking (FIR). For simplicity, in the subsequent examples
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the ISRL consisted of at most 50 links. Therefore both IR and FIR have at maximum
50 ranking positions.

Let us consider a first search query Q1=(PKWS:={Klose},NKWS=:{}). The posi-
tive keyword set consists of the keyword “Klose”, the negative keyword set is empty.
The IR of the query consists of 50 positions of which 24 links refer to documents
about the German soccer player Miroslav Klose. If we modify the search query by
adding the negative keyword “Fussball” which is the German word for “soccer” we
obtain the search query Q2=(PKWS:={Klose}, NKWS:={Fussball}). The first 10
ranking positions of FIR of Q2 compared to the first 10 ranking positions FIR of Q1
and the links are given in Fig. 1. It can be seen that links with relation to the soccer
player Miroslav Klose dominate the FIR of Q1 and that the dominance in the result of
Q2 is reduced to 0 because in the FIR of Q2 the positions 1 to 10 do not contain any
link related to the soccer player Miroslav Klose.

FIR of Q1 FIR of 02

Tnk= Hesulting | Google Tinks Resulting | Google
Ranking | Ranking Ranking Ranking
kiroslave Klose —die offfizielle 1 1 Friedrich Klose —Wikipedia 1 ]
Webseite http#de. wikipedia. orgwiki/F
Attpdiwens miirosiavidiose de
Miroslay Klose —"Wikipedia 2 2 Die Klose Kollektion GrmbH 2 q
hitp:/ide wikipedia. orgfwikimi http /i, Klosekaollektion. des
Friedrich Klose —"Wikipedia 3 3 Staudengaertner-iKiose, Paeonien, 3 B
httpeifde wikipedia. orgAwikidF. . Staudenversand, Garten
Attpiiaaew staudengasnner-lio..

Die Klose Kollektion GrmbH El ES Galerie Klose & 11
http/Anevew. klogekollektion. des http A galerie-klose des
Staudengaertner-KKlose, Paeonien, & B BEQ Fits by Klose — Houston, TX & 12
Staudenversand, Sarten Hitp & wa. bbgpits com’
hitpeen: staudengaertner-kio
2006 FIFAYWYorld Cup Germany — [ 7 Rainer Klose Werkzeuge fiir's [ 13
Player Profile Page — KLOSE Miroslay Handwerk, Minster

— Germany Hittp e s lose-rms. ded
Http it aworidcup. yrakoo. corm’

Z00 FIFA WWord Cup Germany — 7 E] Fehlermeldung 7 T8
Player Profile Page — KLOSE Miroslav hitp A bundestag. defmdb 15/,
— German

Http it aworidcup. yrakoo. corm’

FEIT online - Fusshall --- WWh 2008 =] E] Klose, Hans-Ulrich =] 15
Es traf Klose http 2w bundestag de/mdb/hi

Attpdiwans Zedt delf 2006/2 4/ Fus

ZEIT online — Fusshall - Landerspiel =] 10 BEvW — Hilchenbach.de =] 13
Uberragender Klnse http#fenene. Klose-antriebstechn

Attpdiwany Zedt defonline 2006,

Galerie Klose 10 11 Farilie Klose aus Heisingen 1 19
hitpdfenee. galerie-klose. de/ it v [+ lose-family. der

Fig. 1. Comparison of the results of the search queries Q1 and Q2

Let us now consider an another search query Q3=(PKWS:={Ronaldo},
NKWS=:{}). Again for simplicity the IR was reduced to at most 50 links. Without
going into details it was observed that the ranking of Q3 contained in total 34 links
which refer to the Brazilian soccer player Ronaldo and 7 links referring to the Portu-
guese soccer player Christiano Ronaldo. Obviously there is an ambiguity because of
the nickname of the Brazilian player and the last name of the Portuguese player.
However, among the first 20 links in the ranking there were 17 links to Ronaldo and
only 2 links to Christiano Ronaldo. This overrepresentation of the Brazilian Ronaldo
was due to the fact that he is more famous and therefore there were more links to
internet sites referring to him. Let us compare the results of Q3 with the results ob-
tained for Q4=(PKWS:={Ronaldo}, NKWS=:{Brasil}). We used the radical “Brasil”
of the German word Brasilien for Brazil and defined it as element of the NKWS of
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the search query Q4. With this query we tried to lower the ranking positions of the
Brazilian Ronaldo. And in fact we observed that this was the case: Among the first
twenty positions of the ranking for Q4 there were 15 links to the Brazilian Ronaldo
and 5 links to the Portuguese Christiano Ronaldo. Please, note that we did not obtain
the same result by using the Google search with the excluding keyword “Brasil”. The
Google search result with “Ronaldo —Brasil” provided a ranking which still contained
17 links to the Brazilian among the first 20 positions in the ranking and 2 to the Por-
tuguese. We considered the first 10 ranking positions of both Q3 and Q4 observed
that in the ranking of Q3 we had 8 links to the Brazilian Ronaldo and only 2 to Chris-
tiano Ronaldo. Compared to this Q4 provided a ranking with 5 links to the Brazilian
Ronaldo and also 5 to the Portuguese Cristiano Ronaldo.

6 Usability of Positive and Negative Keywords

When using search engines, users normally make their queries with two or three
words. One might assume that it will be difficult motivating the user to provide nega-
tive keywords. However, if the search queries are not trivial, the number of keywords
may increase. It can be expected that if the classical popularity ranking doesn’t match
the user’s interest (like in the Ronaldo-Example) the documents on the top of the clas-
sical ranking will be negative examples of search results that do not fit what the user
was looking for. If so, it will be easy for the user to identify negative keywords for in-
stance by observing the titles and /or some keywords of these documents. Already af-
ter a few clicks there will be enough information available for writing down two or
three negative keywords and starting a new (extended) search query again. This kind
of user behavior may also be part of the user model and the user’s interaction may be
evaluated in the sense of an automated acquisition of both positive and negative query
information [16].

Please note that using negative keywords as considered in the paper is different to
the notion of negative selectivity as discussed in [18], where the selectivity is under-
stood as the cardinality of the result of the query and is called negative if the cardinal-
ity is equal to O.

7 Conclusions

The approach presented in this paper shows that the decision making model based on
interactions between decision goals may be successfully used to re-rank search results
of internet search engines with classical popularity based rankings. The process of
cross-checking documents can be modeled as a decision making process within which
the keywords are the decision goals and the decision alternatives are the documents to
be re-ranked. Using both positive and negative keywords helps to better describe the
search context. The interaction between the keywords considered as interaction be-
tween goals during the execution of the search queries is in opinion of the author a
promising idea of extending popularity based search by keyword oriented context de-
pending re-ranking of search results.
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