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Abstract: Ensemble learning using stochastic filtering was proposed by Murata as an on-
line version of Schapire’s algorithm. The algorithm stochastically uses negative examples to
maintain diversity of students. We analyze ensemble learning using the stochastic filtering
with statistical mechanical method based on online learning theory. Analyzing a model
composed of a nonmonotonic teacher and three students which are updated with Hebbian
rule, we show that the stochastic filtering is effective to keep students’ diversity rich and to
improve the generalization performance. In addition, we show that the students’ symmetric

breaking occurs if a probability of negative example is larger than 0.5 and the dimension

is finite.
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stepO0: three different classifiers J1, Jo, J3
stepl: pick an example (z, d)

step2: choose i € {1, 2,3} randomly
step3: calculate H(z) =3, sgn(J; - x)

step4: if H(x) =0, train J; with (z,d)
otherwise, flip a fair/unfair coin
head: train J; with (z, d)
tail: train J; with (z, —d)

stepb: goto stepl until some condition is fulfilled

step4U tail 0000000000000 O0O0OO
gbbobooobooboobooboboobobaobod
oboboooooobbooboobooooo J,00
oboooooooobooobogo

J{"‘H =J7" 4+ O(—ubuy’) fra™
+O(uy'uz") (s"f{" + (1 —s")gi") 2™,
P(s"=1)=1-P(s" =0) =b. (11)
Jodoof0000dbOO00O0bDOoDOoOOOoDODOOggOO

ODO000000oDoooon0Og b0 step4d head
O000o00o00U0o0oUe()0D00D0oOoDOoOoood

goooood
+1
O(z) = ’
©) {07

gbooobobOooboboobooooooooooo
UbOdOobOO0Ostep20000000O

z >0,

z < 0. (12)



step2: i =m (mod 3) + 1
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