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Abstract- Transactions in web data are often quantitative data and fuzzy set theory can be used to
represent such data. The time spent by users on web pages is one of the types of data stored in web log
files, which can be used as an important factor in analyzing users’ browsing behavior. In all existing
researches for mining fuzzy association rules in web usage data, the number and parameters of

membership functions for the time parameter are assumed to be constant across all web pages. However,
the number and parameters of the membership functions used for each web page are different from other
web pages, which can influence the behavioral analysis of users. Therefore, to address this challenge,
in this paper, a reinforcement-based optimization approach using learning automata (LA) called LA-
OMF is proposed. The proposed method is able to simultaneously find the number and parameters of
trapezoidal membership functions to derive fuzzy association rules in web data. A new heuristic has
also been proposed to increase the convergence speed of the proposed method and eliminate
inappropriate membership functions. The performance of the proposed algorithm was compared to
FWMA, MAOMF and FTARM + PFGM algorithms on the real dataset. The results of experiments on
datasets of different sizes show that the proposed LA-OMF by extracting the optimized membership
functions increased the average efficiency of the cost function and fuzzy support.

Keywords- Web usage mining, Learning automata, Fuzzy set, Fuzzy association rule, Trapezoidal membership
function.
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Proposed LA-OMF Algorithm

Input:

n: number of Web log records; m: number of Web pages ;
p: Web page number ; K,,,, ! maximum number of
membership functions; Maxiter: maximum number of
iterations; /tr: number of iterations ; ee: minimum support .

Output: optimal number of membership functions OptMF
and its associated set of membership functions BestMF

Step 1: Define appropriate membership functions matrix v
[1[]1 and action vector Action [].

Step 2: Define Global f,(n) and initialize it with a
maximum value.

Step 3: initialize BestMF = @.
Step 4: initialize F «— 0.
Step 5: Foreach MF, ,2 =i = K4, do

Step 5.1: Create a team of LA with { Kjqax X 4 - 4)
automata such that each automaton has the length of r.

Step 5.2: Initialize parameters of each automaton,
such as a, b, r (see Section 3.2).

Step 5.3: Define the action-set of each automaton (see
Section 4.4).

Step 5.4: Repeat Steps (5-4-1) to (5-4-3) until the
maximum number of iterations is satisfied.

Step 5.4.1: Each automaton Aj l=i=m,je€E
{wlyy, clys , erya, wiy,}]) at instant n selects an action
ozfv,, (n) (see Section 4.3).

Step 5.4.2: Evaluate the objective function and
obtain f,(n). (see Section 4.5).

Step 5.4.3: Update the parameters of each
automaton (see Section 4.6).

Step 5.5: If £, (n) < Globalf,(n), then
Step 5.5.1: Globalfi,(n) « f,(n) and save the
associated membership functions in BestMF
Step 5.5.2: OptMF « i.

End if.

End for.

Step 6: Report OptMF, Global 8,(n), and BestMF.
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Number of Algorithm Overlap Coverage Suitability Fuzzy support B.(m)
Linguistic
terms
#MFs =2 LA-FOMF 0.0000 1.0000+0.0000 1.0000 1.3541 0.7368+0.0243
FWMA 0.0000 1.0000+0.0000 1.0000 0.8216 1.2175+0.0000
FTARM+PFGM 0.0018 1.0000+0.0000 1.0018 1.2805 0.7823+0.0342
MAOMF 0.0512 1.0000+0.0000 1.0512 1.3101 0.8024+0.0580
#MFs=3 LA-FOMF 0.0026 1.0000+0.0000 1.0026 1.4771 0.6842+0.0092
FWMA 0.0000 1.0000+0.0000 1.0000 0.8285 1.2070+0.0000
FTARM+PFGM 0.0186 1.0000+0.0000 1.0186 1.1951 0.8523+0.0672
MAOMF 0.0245 1.0000+0.0000 1.0245 1.2166 0.8421+0.0652
#MFs=4 LA-FOMF 0.0073 1.0000+0.0000 1.0073 1.2674 0.7895+0.0072
FWMA 0.0000 1.0000+0.0000 1.0000 0.8261 1.2105+0.0000
FTARM+PFGM 0.0235 1.0000+0.0000 1.0235 1.3714 0.7463+0.0161
MAOMF 0.0362 1.0000+0.0000 1.0362 1.1727 0.8836+0.1139
#MFs=5 LA-FOMF 0.0140 1.0000+0.0000 1.0140 1.2024 0.8421+0.0058
FWMA 0.0000 1.0000+0.0000 1.0000 0.8173 1.2235+ 0.0000
FTARM+PFGM 0.0476 1.0000+0.0000 1.0476 1.1455 0.9145+0.0524
MAOMF 0.0752 1.0000+0.0000 1.0752 1.1369 0.9457+0.0943
#MFs=6 LA-FOMF 0.0230 1.0000+0.0000 1.0230 1.1424 0.8947+0.0063
FWMA 0.0000 1.0000+0.0000 1.0000 0.8055 1.2414+0.0000
FTARM+PFGM 0.0674 1.0000+0.0000 1.0674 1.1174 0.9552+0.0389
MAOMF 0.0923 1.0000+0.0000 1.0923 1.0987 0.9941+0.0873
CTI ol s g0 walizio gl 3Iail b 0315 (g9 5 ool cawds g LS dumslio 10 Jgar
Data Algorithm Overlap Coverage Suitability Fuzzy support B.(m)
50K LA-OMF 0.0025 1.0000 1.0025 1.3723 0.7368
FWMA 0.0000 1.0000 1.0000 0.8462 1.1817
FTARM+PFGM 0.0165 1.0000 1.0165 1.3284 0.7652
MAOMF 0.0724 1.0000 1.0724 1.3585 0.7894
100K LA-OMF 0.0040 1.0000 1.0040 1.4726 0.6842
FWMA 0.0000 1.0000 1.0000 0.8683 1.1519
FTARM+PFGM 0.0268 1.0000 1.0268 1.4190 0.7236
MAOMF 0.0952 1.0000 1.0952 1.4314 0.7651
150K LA-OMF 0.0009 1.0000 1.0009 1.5640 0.6316
FWMA 0.0000 1.0000 1.0000 0.8679 1.1522
FTARM+PFGM 0.0325 1.0000 1.0325 1.4672 0.7037
MAOMF 0.0863 1.0000 1.0863 1.4231 0.7633
200K LA-OMF 0.0016 1.0000 1.0016 15784 0.6316
FWMA 0.0000 1.0000 1.0000 0.8662 1.1544
FTARM+PFGM 0.0409 1.0000 1.0409 1.4910 0.6981
MAOMF 0.1153 1.0000 1.1153 1.5035 0.7418
250K LA-OMF 0.0014 1.0000 1.0014 1.2712 0.7895
FWMA 0.0000 1.0000 1.0000 0.8656 1.1552
FTARM+PFGM 0.0452 1.0000 1.0452 1.24088 0.8423
MAOMF 0.1476 1.0000 1.1476 1.2718 0.9023
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FuzzySupport(a1)=% X (2:22 +14+0+1+ 0) =0.38
FuzzySupport(az):% X (1 +0+0+ % + 0) = 0.24
FuzzySupport(as)= % X (0 +0+ 19020__5555 +0+ 1) =03
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