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This paper proposes two efficient methods to improve
online grafting, which is one solution for selecting
features for machine learning classifiers. Online grafting
is preferable in that it incrementally selects features,
and it is defined as an optimization problem based on
¢1-regularized logistic regression. However, its learning
is computationally expensive because the algorithm for

online grafting requires frequent parameter optimization.

We propose two efficient methods that approximate
online grafting by testing multiple features
simultaneously. The experiments have shown that our
methods significantly improved efficiency of online
grafting.
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Algorithm 1 &> A4 7777 47

Input: F, D and A
f=0,w=0
forall f € F do
let f = (fi,....f;) and w = (wy,...,w;)
£CD = (o fi f), WESD i= (wy, ., w7,0)

(test)
oL, (w )

oWy

if > A then

f:.= f(test), w: = w(test)
Optimize w for D e e (%)
fl-reduction(f, w)
end if
end for
return fand w

Algorithm 2 #,-HIJ8i(¢, -reduction)

Input: f and w
forall w; € w do
if wj = 0 then
remove f; from f
remove w; from w
end if
end for
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Algorithm 4 4> T4 7577 4 7 (EEDHNE)

Algorithm 3 4> T4 7T 7T 4 7 (fE5EIE)

Input: F, D, A and C
fi=0,wi=(),i:=0,j:=0
forall f € F do

ii=1i+1

let f = (f;,....f;) and w = (wy,...,w;)

fCest) i= (fy, ., £, f), WD i= (wy, ..., wj, 0)

(test)
aL, (w )
aw

Jj+1

if > A then

f:= f(test), w: = w(test)
end if
if i > 2/ then
Optimize w for D ... (%)
¢, reduction(f, w)
i:=0,j:=j+1
end if
end for
return fand w

Input: F, D, A and C
f:i=0),w=(), i:=1
forall f € F do
i=1i+1
let f = (f;,....f;) and w = (wy, ..., w;)
£es i= (fy, o, £, ), WD i= (wy, ..., wj, 0)

aLD (W(test))

oWy

> A then

f:= f(test), w:= w(test)
end if
if i > |F|/C then
Optimize w for D ... (%)
fl-reduction(f,w)
ir=1
end if
end for
return fand w
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Figure 1 Image of multiplicative division method.
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Figure 2 Image of constant division method.
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Table 1 Specifications of data sets.

a9%a w8a IJCNN1 news20.binary
# Bt 123 300 22 1,355,191
# 2 ROMBEDOEREES 15,252 90,300 506 -
# T — X 26,048 36,624 39,992 10,000
# PARAT—4 6,513 8,922 9,998 4,998
#TANT—H 16,281 13,699 91,701 4,998
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Table 2 Experimental results for a9a.

(%) | BRI b E A FE IR () I Rt b B A% HEhFMEE
sy ENE 85.25 6,772 10.45 2,146 451
EETENE C=5 85.24 6,970 23.42 1,863 329
EXSyENE C=10 | 85.19 8,058 34.07 1,199 379
EXSyENE C=50 | 85.24 13,265 99.52 451 135
PN 85.19 505,822 5,952.71 116 102
7577 4 7[5]
LR+L1 85.19 15,252 10.78 15,252 643

# 3 EBRHER w8a
Table 3 Experimental results for w8a.

FEHE(%) | R b A5k R | R b E A HohE M
i35y Bk 99.04 38,209 17.26 12,491 673
TEE Sy EE C=5 99.04 37,713 37.77 9,429 673
TEHYENE C=10 | 99.07 39,807 47.03 5,083 596
EH Sy EE C=50 | 99.06 53,424 131.52 1,512 442
FrTA v 99.05 8,833,804 56,029.97 278 269
7577 4 v 75]
LR+L1 99.11 90,300 24.4 90,300 958

& 4 EBRHER IJCNN1
Table 4 Experimental results for IJCNN1.

FEHEE(%) | R b A5 R | R b E A HohE M
i35y Bk 97.64 742 20.44 394 391
EE Sy EE C=5 97.60 1,080 41.07 388 386
TEHOYENE C=10 | 97.58 1,962 67.92 380 380
EH Sy EE C=50 | 97.61 8,810 332.75 371 371
T 97.61 68,438 2,633.61 317 314
7577 4 v 75]
LR+L1 97.62 506 15.67 506 414

# b EBRKEER news20.binary
Table 5 Experimental results for news20.binary.

i EE (%) PARE AL A5 R | R b E AL HohE M
i35y Bk 94.90 37,176 11.77 5,007 2,327
EE Sy EE C=5 94.96 221,574 20.56 205,210 2,615
EE Sy EE C=10 94.94 145,456 34.44 115,802 2,201
TEHSyEE C=50 94.76 128,409 141.62 24,419 1,756
T4 95.00 16,302,937 15,994.70 1,851 1,412
7777 47 [5]
LR+L1 96.22 1,355,191 12.05 1,355,191 11,224
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Table 6 Qualitative performance comparison of each technique.
WL KR PR R LEA I KRG A
Ry Rk 5he BB ARIZ T /I ik
TEEYHIE i~ I I AR B RIZ T K~/ K~/
L TA T T TT 4T (PERIE) I AR VEIE Fc R K /)N
LR+L1 e el il K
#£ 7T MHAEDObEEMESICLIBEE LB Machine Learning (ICML 2003), pp. 592-599.

Table 7 Precision with combination feature sets.

MAadbERL | 2ROMHEDERME
Chs P2/ 38 V50 Chs 2 /38 V50

a9 84.91%/123 85.25%/451

w8a 98.94%/300 99.04%/673

IJCNN1 | 91.98%/22 97.64%/391
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(&t

14 L5 oy U ClRGE S 472 1,900 LL oo CPU =2 7 T
& D AR ERE InTrigger Z 42k L T 272 Wiz
InTrigger F— AMZEHTT 5. AMFZEIL JSPS AR (C)
22500121 O EZZ T b D TH H.
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