Active classification with
comparison queries
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What is (inter)active learning?
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Thresholds in 1D

(an example where active learning helps)
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Thresholds in 1D
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Thresholds in 1D
o ON#(SLH(0™<1(1 " (EA=(1#2P)

Q10" ((LOZISHHC LTHAAE <114™ IA/R1H) 451} )7$)11
2" KHBL($H" =) IHCLIAE) SIS THOHN) 11 (12" L( 1A%O

e 2)1" (2B)#211$-40#)SACLHD21) ; 15412 1) "4T 6%
UGHA=B<2H I



Half-planes in 2D
(active learning is limited)
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Half-planes in 2D
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Active learning with
additional queries



Enhancing active learning
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Active classification with
comparison queries



Active classification with
comparison gueries

H ={sign(g):g e F}, where F is a set of real functions
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Half-planes in 2D
(comparisons retain advantage)

* 0" E<#(/A")iHB1($ficompares distance from the
separating line.
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Active learning half-planes in 2D
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Active learning half-planes in 2D
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Active learning half-planes in 2D
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Active learning half-planes in 2D

2)HC1IL ; W) <BAARLI
BYF) " 5)i) 1}

%

[SHHH#E<TLHE" BARLE\S
THO#C LTI

T8 sh< " )20 )b
07" ALAZI2"§11) 14
_Gi0B/1Z40" ) 144 :

b




Active learning half-planes in 2D
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Active learning half-planes in 2D

2)HC1IL ; W) <BAARLI
BYF) " 5)i) 1}
%

[GHHH#E <100 BARLED\S
TEHOH#C LTI}

167) i< D) 2801
07" ALAZI2 %11 14
_(0B/T;50" ) LAY +
~HOHC LTI <B2AW)I0™) 1A}
*EBA2CLH0™ ((102P3

h
h




Active learning half-planes in 2D
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Active learning half-planes in 2D
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Active learning half-planes in 2D
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Learning Half-spaces
with comparison-queries



(some of the) main results

Theorem. There are n points in | ° that require (n)
label/comparison queries for revealing all labels!
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Theorem. Assume each point x, €{0,...,B}*. Then all
labels can be revealed using &(dlogBlogn) queries.

o NEMH(LABR2AM<<ISHI " (Hargetmargin



Technical contribution:
Inference dimension
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Inference dimension
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Inference dimension

H ={sign(g):g e F}, where F is a set of real functions

Definition. The Inference dimension of H

is the minimal k s.t:

every realizable sample of size k contains a point
whose label can be inferred from the comparison
and label queries on the remaining points



Example: thresholds functions

. . ] Definition. The Inference dimension is
Claim. Thelinference dimension of the minimal k such that:

thresholds is 3. Every .realizab‘le sample of size k
contains a point whose label can be

inferred from the comparison and
label queries on the remaining points
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Inference ¢
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Upper bound. The labels of any realizable sample can
be revealed using O(klogklogn) comparison and

label queries.

"#3%&'(#)*+, There is a realizable sample of size k
that requires | (K) queries for revealing all labels. '
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Future research
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Summary
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