2005—NL—1670 40
2005—SLP— 560 40
0 20050 50 26

Stacking U 00000000000 0OOOOOOOOOO

oo od
gboboboooon

gbobooboobooboob 4-1-1
iwakura.tomoya@jp.fujitsu.com

gooooooooooooooo
IPSJ SIG Technical Report

OO0 0000000000000 0D0DO0O000D0OD0O0OO StackingDOOOODOOOOOOODODOO
OO000OStacking 0000 0000000000000 O00ODOO0OO0DODODStackingOOODOOODOO
gbobbooooobboobbooobobobooboobboobobobobobboooooobooooo
OO000D0O00DDOO00OD0OD StackingODODODOOOOOOQOOOOOOCRLOOOOOOOOOOOO
OO00O0IREXOOOOODOOOOOO0O0O000O00000O00O0O0000DOC0O0O0000OO Stacking
O0O0000oooDOOoO0ODO0O000DODO0O0OFOD &Be300000ooobo0o0oooobooooDDO
gooono

0O000do : StackingdOOOOOOOOOQOOOOO

Efficient Stacking Learning Method and its Evaluation
with Japanese Named Entity Extraction

Tomoya Iwakura

Fujitsu Laboratories Ltd.
1-1, Kamikodanaka 4-chome, Nakahara-ku, Kawasaki 211-8588.

Abstract : In this paper, we propose an efficient stacking learning algorithm. For stacking learning, a
training data for a stacking model construction is required apart from a training data for each model
construction to be stacked. Our stacking learning algorithm acquires a training data for stacking by
conducting cross-validation to a training data for each model construction. The cross-validation results
are used as a training data for stacking. We evaluate our stacking method with IREX formal test data
called GENERAL for evaluation and ‘CRL data’ for training. Our method improves accuracy to acquire
a training data for stacking by conducting cross-validation with a larger number of subsets and attains
F-measure of 85.83. This result is better than previous one in this literature under the same condition.

Keywords : Stacking[ Japanese Named Entity Extraction, Machine Learning
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NBE SVM-Boosting SVM-ADTrees Boosting-AD Trees SVM-Boosting-AD Trees
Rec Prec T-M VsSVM | Rec Prec T-M VSSVM | Rec Prec T-M VSSVM | Rec Prec M VsSVM

ART 36.73 50 42.35  2.79 34.60  48.57  40.48  0.02 24.40  32.43  27.91  -11.65 32.65  48.48  30.02  -0.54
DATE | 90.97  96.18  93.51  -1.02 92.06  95.86  93.92  -0.61 89.53  96.5 92.88  -1.65 91.7 96.58  94.07  -0.46
LOC 81.49  86.92  84.12  -0.24 81.97  86.99  84.41 0.05 83.17  86.93  85.01 0.65 82.93  88.46  85.61 1.25
MON 100 100 100 0 100 100 100 0 100 100 100 0 100 100 100 0

ORG 74.04  84.46  78.9 -0.18 73.26  84.82  78.62  -0.46 72.75  83.73  77.85 -1.23 73.78  84.16  78.63  -0.45
PERC | 80.95 100 89.47  -8.00 85.71 100 92.31  -5.25 85.71 100 92.31  -5.25 85.71 100 92.31  -5.25
EPRS 88.17  88.92  88.54  -0.04 88.73  88.73  88.73  0.15 87.04  90.35  88.67  0.09 88.45  89.97  89.2 0.62
TIME 94.92  98.25  96.55 0 94.92  98.25 _ 96.55 96.61  96.61 96.61 0.06 94.92  98.25  96.55 0

Al 82.1 88.3 85.00 __-0.25 82.35 ___88.33 ___85.24 __ -0.1 81.47 ___87.08 ___84.6 ~0.74 82.564 __80.02 __85.66____0.32
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NBE SVM-Boosting SVM-ADTrees Boosting-AD Trees SVM-Boosting-AD Trees
Rec Prec T-M VsSVM | Rec Prec T-M VSSVM | Rec Prec T-M VSSVM | Rec Tec M VsSVM

ART 34.60  43.50  38.64  -0.02 28.57  58.33  38.36  -1.2 18.37  34.62 24 ~15.56 36.73  52.04  43.37  3.81
DATE | 93.86 95.94 94.890  0.36 92.06  95.86  93.92  -0.61 91.7 96.21 93.9 -0.63 92.42  95.88  94.12  -0.41
LOC 82.45  88.63  85.43  1.07 81.25  88.25  84.61 0.25 81.01  84.04  82.5 -1.86 81.73  88.08 84.79  0.43
MON 86.67  76.47  81.25  -18.75 100 100 100 0 86.67  76.47  81.25  -18.75 100 100 100 0

ORG 73.01 81.61 77.07  -2.01 72.49  82.46  77.15  -1.93 72.24  84.80  78.06 -1.02 73.52  82.66  77.82  -1.26
PERC | 90.48 100 95 -2.56 90.48 100 95 -2.56 100 95.45  97.67  0.11 90.48 100 95 -2.56
EPRS 88.45  89.2 88.83  0.25 88.17  89.17  88.67  0.09 88.17  90.72  89.43  0.85 87.61 89.63  88.6 0.02
TIME 94.92 100 97.39  0.84 94.92  98.25 _ 96.55 91.53  93.1 92.31  -4.24 94.92  98.25  96.55 0

Al 82.61 B7.71 85.08 ___-0.26 81.72 _ 88.68 _ 85.06 __ -0.28 81.00 __87.567 __84.2 “1.14 82.20 __88.44 __85.26____-0.08
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0900 (c)000NEOODOODOOD19/200 10000000001/200 StackingO OO OO

NBE SVM-Boosting SVM-ADTrees Boosting-AD Trees SVM-Boosting-AD Trees
Rec Prec T-M VsSVM | Rec Prec T-M VSSVM | Rec Prec T-M VSSVM | Rec Prec T-M VsSVM
ART 26.563  46.43  33.77 _ -5.79 24.40  54.55  33.8 -5.76 2.04 T1.11 3.45 =36.11 16.33  33.33  21.92  -17.64
DATE | 92.78 97.35  95.01  0.48 92.06  95.51  93.75  -0.78 91.34  93.7 92.5 -2.03 92.78  97.72  95.19  0.66
LOC 81.40  88.28  84.75  0.39 81.01 87.53  84.14  -0.22 80.05  86.05  82.94  -1.42 82.45  88.17 85.22  0.86
MON 86.67  76.47  81.25  -18.75 86.67  76.47  81.25  -18.75 100 100 100 0 86.67  76.47  81.25  -18.75
ORG 73.78  81.3 77.36  -1.72 74.81 82.44  78.44  -0.64 71.21  86.02  77.92  -1.16 73.26  82.13  77.45  -1.63
PERC | 80.95 100 89.47  -8.09 80.95 100 89.47  -8.09 100 95.45  97.67  0.11 80.95 100 89.47  -8.09
EPRS 88.17  90.2 89.17  0.59 88.17  88.42  88.20  -0.29 86.2 88.7 87.43  -1.15 87.61 90.14  88.86  0.28
TIME 94.02  98.25  96.55 0 93.22 100 96.40  -0.06 96.61 100 98.28 1.73 94.92  98.25  96.55 0
Al 81.01 88.28 ___84.07 __-0.37 81.78 __87.06 ___84.76____-0.58 70.80 _ 88.51 83.08 __ -1.36 81.60 _ 88.42 __ 84.87 ___-0.47

0 10: 000000000050 000000000000 StackingOOOODOOOO

NE SVM-Boosting SVM-ADTrees Boosting-ADTrees SVM-Boosting-ADTrees
Rec Prec F-M vsSVM Rec Prec F-M vsSVM Rec Prec F-M vsSVM Rec Prec -M vsSVM

ART 42.86 44.68 43.75 4.19 40.82 46.51 43.48 3.92 38.78 40.43 39.58 0.02 40.82 44.44 42.55 2.99
DATE 92.78 94.83 93.8 -0.73 90.61 92.96 91.77 -2.76 90.61 94.36 92.45 -2.08 90.97 92.99 91.97 -2.56
LOC 81.97 88.34 85.04 0.68 81.97 89.97 85.79 1.43 81.97 88.57 85.14 0.78 81.97 89.03 85.36 1

MON 100 100 100 0 100 100 100 0 100 100 100 0 100 100 100 0

ORG 74.55 82.39 78.27 -0.81 75.32 83 78.98 -0.1 74.04 82.05 77.84 -1.24 74.81 81.74 78.12 -0.96
PERC 100 95.45 97.67 0.11 95.24 95.24 95.24 -2.32 100 95.45 97.67 0.11 100 95.45 97.67 0.11
PERS 88.45 89.97 89.2 0.62 88.73 89.49 89.11 0.53 87.04 89.83 88.41 -0.17 88.73 90.26 89.49 0.91
TIME 94.92 98.25 96.55 0 93.22 98.21 95.65 -0.9 94.92 94.92 94.92 -1.63 94.92 96.55 95.73 -0.82
ATl 83.18 87.73 85.39 0.05 82.86 87.98 85.34 0 82.23 87.31 84.69 -0.65 82.92 87.46 85.13 -0.21

0 11:0000000000100000000000000 StackingOOOOODOO

NE SVM-Boosting SVM-ADTrees Boosting-ADTrees SVM-Boosting-ADTrees
Rec Prec F-M vsS VM Rec Prec F-M vsSVM Rec Prec F-M vsSVM Rec Prec F-M vsS VM

ART 40.82 40 40.4 0.84 40.82 43.48 42.11 2.55 40.82 36.36 38.46 -1.1 42.86 42.86 42.86 3.3
DATE 92.78 95.54 94.14 -0.39 92.06 94.44 93.24 -1.29 91.7 96.58 94.07 -0.46 92.78 95.19 93.97 -0.56
LOC 81.49 88.28 84.75 0.39 81.25 89.66 85.25 0.89 81.73 88.54 85 0.64 82.69 89.82 86.11 1.75
MON 100 100 100 0 100 100 100 0 100 100 100 0 100 100 100 0
ORG 74.29 82.57 78.21 -0.87 75.32 83.48 79.19 0.11 73.78 82.23 77.78 -1.3 74.55 81.69 77.96 -1.12
PERC 100 95.45 97.67 0.11 95.24 95.24 95.24 -2.32 100 95.45 97.67 0.11 100 95.45 97.67 0.11
PERS 88.45 89.46 88.95 0.37 88.73 88.73 88.73 0.15 87.04 89.05 88.03 -0.55 88.73 90.26 89.49 0.91
TIME 94.92 98.25 96.55 0 94.92 96.55 95.73 -0.82 94.92 94.92 94.92 -1.63 94.92 94.92 94.92 -1.63
ATL 82.92 87.52 85.16 -0.18 82.99 87.88 85.36 0.02 82.35 87.15 84.68 -0.66 83.43 87.82 85.57 0.23

012 0000000000200000000000000 StackingOOOOOOOO

NE SVM-Boosting SVM-ADTrees Boosting-ADTrees SVM-Boosting-ADTrees
Rec Prec F-M vsS VM Rec Prec -M vsSVM Rec Prec F-M vsSVM Rec Prec F-M vsS VM

ART 40.82 40 40.4 0.84 40.82 40.82 40.82 1.26 38.78 39.58 39.18 -0.38 36.73 38.3 37.5 -2.06
DATE 91.7 95.85 93.73 -0.8 93.5 95.93 94.7 0.17 92.06 96.59 94.27 -0.26 92.78 96.25 94.49 -0.04
LOC 81.49 88.51 84.86 0.5 83.65 90.63 87 2.64 82.45 87.95 85.11 0.75 83.41 88.97 86.1 1.74
MON 100 100 100 0 100 100 100 0 100 100 100 0 100 100 100 0
ORG 75.06 82.49 78.6 -0.48 75.06 83.43 79.03 -0.05 74.55 83.09 78.59 -0.49 75.32 83 78.98 -0.1
PERC 100 95.45 97.67 0.11 95.24 95.24 95.24 -2.32 100 95.45 97.67 0.11 95.24 95.24 95.24 -2.32
PERS 88.73 89.74 89.24 0.66 87.32 89.08 88.19 -0.39 87.32 89.08 88.19 -0.39 87.61 89.63 88.6 0.02
TIME 93.22 98.21 95.65 -0.9 94.92 96.55 95.73 -0.82 94.92 96.55 95.73 -0.82 94.92 98.25 96.55 0

ATL 82.92 87.63 85.21 -0.13 83.49 88.29 85.83 0.49 82.8 87.62 85.14 -0.2 83.3 87.98 85.58 0.24
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