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Abstract

Combination methods have been investigated as a possible means to improve
performance in multi-variable (multi-criterion or multi-objective) classification,
prediction, learning, and optimization problems. In addition, information collected
from multi-sensor or multi-source environment also often needs to be combined to
produce more accurate information, to derive better estimation, or to make more
knowledgeable decisions. In this chapter, we present a method, called Combinatorial
Fusion Analysis(CFA), for analyzing combination and fusion of multiple scoring. CFA
characterizes each Scoring system as having included a Score function, a Rank
function, and a Rank/score function. Both rank combination and score combination
are explored as to their combinatorial complexity and computational efficiency.
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Information derived from the scoring characteristics of each scoring systemis used to
perform system selection and to decide method combination. In particular, the rank/
score graph defined by Hsu, Shapiro and Taksa (Hsu et al., 2002; Hsu & Taksa, 2005)
is used to measure the diversity between scoring systems. We illustrate various
applications of the framework using examplesin information retrieval and biomedical
informatics.

| ntroduction

Many problemsinavariety of applicationsdomainssuch asinformationretrieval, social
/ welfare/ preference assignments, internet/intranet search, pattern recognition, multi-
sensor surveillance, drug design and discovery, and biomedical informatics can be
formulated asmulti-variable (multi-criterion or multi-objective) classification, prediction,
learning, or optimization problems. To hel p obtain the maximum possible (or practical)
accuracy in calculated solution(s) for these problems, many groupshave considered the
design and integrated use of multiple, (hopefully) complementary scoring schemes
(algorithms or methods) under various names such as multiple classifier systems (Ho,
2002; Ho, Hull, & Srihari, 1992, 1994; Melnik, Vardi, & Zhang 2004; Xu, Krzyzak, & Suen,
1992; Kittler & Alkoot, 2003), social choicefunctions(Arrow, 1963; Y oung, 1975; Y oung
& Levenglick, 1978), multiple evidences, Web page scoring systems or meta searches
(Aslam, Pavlu, & Savell, 2003; Fagin, Kumar, & Sivakumar, 2003; Diligenti, Gori, &
Maggini, 2004), multiplestatistical analysis(Chuang, Liu, Brown, et al., 2004; Chuang,
Liu, Chen, Kao, & Hsu, 2004; Kuriakoseet al., 2004), cooperative multi-sensor surveil-
lance systems(Collins, Lipton, Fujiyoshi, & Kanade, 2001; Hu, Tan, Wang, & Maybank,
2004), multi-criterionranking (Patil & Taillie, 2004), hybrid systems (Duerr, Haettich,
Tropf, & Winkler, 1980; Perrone & Cooper, 1992), and multiple scoring functions and
molecular similarity measurements (Ginn, Willett, & Bradshaw, 2000; Shoichet, 2004;
Y ang, Chen, Shen, Kristal, & Hsu, 2005). For convenienceand without loss of generality,
we use the term multiple scoring systems (M SS) to denote all these af orementioned
schemes, algorithms, or methods. We further note the need for the word “hopeful ly”
above — there are limited practical means of predicting which combinations will be
fruitful — the problem we address in the remainder of thisreport.

The main purposein constructing multiple scoring systemsisto combine those MSS's
in order to improve the efficiency and effectiveness or increase the sensitivity and
specificity of the results. This purpose has been met; it has been demonstrated that
combining M SS' scanimprovetheoptimization results. Combination of multiplescoring
systems has been studied under different names such as classification ensemble (Ho,
2002; Hoetal., 1992, 1994; Kittler & Alkoot, 2003; Tumer & Ghosh, 1999; Xuetal., 1992),
evidence combination (Belkin, Kantor, Fox, & Shaw, 1995; Chuang, Liu, Brown, etal.,
2004; Chuang, Liu, Chen, et al., 2004), data/ information fusion (Dasarathy, 2000; Hsu
& Palumbo, 2004; Hsuetal ., 2002; Hsu & Taksa, 2005; Ibraev, Ng, & Kantor, 2001; Kantor,
1998; Kuriakose et al., 2004; Lee, 1997; Ng & Kantor, 1998, 2000), rank aggregation
(Dwork, Kumar, Naor, & Sivakumar, 2001; Faginet al., 2003), consensus scoring (Ginn
etal., 2000; Shoichet, 2004; Y ang et al ., 2005), and cooperative surveillance (Collinset
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