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TEXT & TYPE
% Precision | % Recall | % F-measure
TOTAL 89.05 67 76.47
PERS 91.6 69.36 78.94
LOC 92.13 74.53 82.4
ORG 82.96 53.71 65.2
DATE 92.04 75.93 83.21
MONEY 89.01 80.36 84.46
TIME 47 .14 39.58 43.03
PERCENT 95.24 81.67 87.93
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TEXT & TYPE
% Precision | % Recall | % F-measure
TOTAL 50.32 22.68 31.27
PERS 67.56 39.22 49.63
LOC 57.19 38.81 46.24
ORG 15.83 4.81 7.38
DATE 35.48 17.96 23.85
MONEY 9.13 9.82 9.46
TIME 10 6.25 7.69
PERCENT 16.67 11.54 13.64
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TEXT & TYPE
% Precision | % Recall | % F-measure
TOTAL 94.11 48.43 63.95
PERS 91.78 24.56 38.75
LOC 96.42 60.31 74.21
ORG 91.04 43.68 59.04
DATE 92.29 70.17 79.72
MONEY 89.29 83.93 86.53
TIME 7.14 6.25 6.67
PERCENT 98 90 93.83
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% Precision | % Recall | % F-measure

TOTAL 66.41 31.18 42.44
PERS 34.83 8.29 13.39
LOC 77.6 59.09 67.09
ORG 69.26 49.97 58.05
DATE 73.76 32.41 45.03
MONEY 23.33 16.96 19.64
TIME 0 0 0

PERCENT 33.33 5.51 9.46
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TEXT & TYPE
% Precision | % Recall | % F-measure
TOTAL 89.87 59.7 71.74
PERS 89.5 58.37 70.66
LOC 92.16 68.48 78.57
ORG 81.81 45.61 58.57
DATE 94.1 78.1 85.36
MONEY 91.67 73.21 81.41
TIME 47.14 39.58 43.03
PERCENT 90 70 78.75
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TEXT & TYPE
% Precision | % Recall | % F-measure
TOTAL 15.48 0.13 0.26
PERS 0 0 0
LOC 0 0 0
ORG 0 0 0
DATE 83.33 2.58 5.01
MONEY 0 0 0
TIME 0 0 0
PERCENT 0 0 0
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TEXT & TYPE
% Precision | % Recall | % F-measure
TOTAL 91.27 63.91 75.18
PERS 91.8 66.1 76.86
LOC 93.6 73.02 82.04
ORG 83.76 49.18 61.97
DATE 94.9 75.52 84.11
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MONEY | 8901 | 8036 | 8446
TIME | 4714 | 3958 |  43.03
PERCENT| 9737 | 80 | 87.83
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% Precision | % Recall | % F-measure
TOTAL 88.61 63.65 74.08
PERS 91.85 69.57 79.17
LOC 91.36 74.71 82.2
ORG 78.55 51.26 62.04
DATE 91.17 75.93 82.86
MONEY 85.71 80.36 82.95
TIME 35.71 39.58 37.55
PERCENT 91.3 81.67 86.22

QTPIR TI2OY NN KDY NORROPR IDIMVIR NOTYR NIREIN :6-10 hawv

ARTAWT DR MY 112 .2%-22 ARMDWA DIXAX WORA QTR TIVA MW W
D°XID1 OXY NINW 1T AR DIDNPA DAXY 7Y DOINNT PAINR M2 HWA R0 3%-22 anxnix
ARW ONTT.NIMIPM QTR MW ONTT? MY IR DTPINT TP LPAIN M2 TIN2 W 0ID? ORI
TIN2 IR IR L2197 T3 MNTNA DOYDAT DXV NAW T HWA 2W 15NWH RIT 03 0020

.Owa MU
2ISTPA DT A0 nyswn 6.4.5

AW NIND IARY PR 231,10 1D LN 9DIN VIV DWW MNIPRR NP2 12 NWANYIY 0191P0

D021 MO L0779 IR NIOM2D 7217 20 PRI "2 Manak ,7nRD .mand Y

65



Q°21077 IYOWR 73721 .075WR PDIR 19370 PRWIIA MANo? "7 vIv'a manak Tva ,ooxInan
.N27yna By N1anoa Sw o

:"'27yn"n NIANoT KHY 7I0IRW NV NIRYIN

TEXT & TYPE
% Precision | % Recall | % F-measure
TOTAL 89.49 63.51 74.29
PERS 91.53 68.87 78.6
LOC 91.56 74.73 82.29
ORG 80.63 51.97 63.2
DATE 93.7 73.87 82.61
MONEY 85.71 80.36 82.95
TIME 40.48 39.58 40.02
PERCENT 97.62 83.33 89.91
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% Precision | % Recall | % F-measure
TOTAL 87.58 60.5 71.56
PERS 91.3 63.79 75.11
LOC 91.07 74.03 81.67
ORG 76.24 51.06 61.16
DATE 94.12 79.03 85.92
MONEY 92.86 52.68 67.22
TIME 37.14 31.25 33.94
PERCENT 89.58 81.67 85.44
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TEXT & TYPE
% Precision | % Recall | % F-measure

TOTAL 87.72 59.96 71.23
PERS 90.54 68.87 78.23
LOC 89.96 71.13 79.44
ORG 80.22 47.75 59.87
DATE 88.14 75.72 81.46
MONEY 85.71 80.36 82.95
TIME 37.5 25 30

PERCENT 93.18 81.67 87.05
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% Precision | % Recall | % F-measure
TOTAL 88.9 62.8 73.6
PERS 91.45 70.19 79.42
LOC 91.56 74.54 82.18
ORG 78.22 52.14 62.57
DATE 94.73 72.75 82.3
MONEY 93.75 50 65.22
TIME 33.33 33.33 33.33
PERCENT 95 30.38 46.04
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TEXT & TYPE
% Precision | % Recall | % F-measure
TOTAL 31.79 1.23 2.37
PERS 0 0 0
LOC 0 0 0
ORG 0 0 0
DATE 77.35 16.71 27.48
MONEY 0 0 0
TIME 24.29 20.83 22.43
PERCENT 5.56 1.67 2.57
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TEXT & TYPE
% Precision | % Recall | % F-measure
TOTAL 33.67 26.35 29.56
PERS 49.97 34.58 40.87
LOC 45.01 36.56 40.35
ORG 14.64 7.22 9.67
DATE 28.69 33.53 30.92
MONEY 4.07 25.89 7.03
TIME 8.01 20.83 11.57
PERCENT 1.79 1.67 1.73
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Abstract

Named entity recognition is a computational linguistics task in which we seek to
classify every word in a document into one of eight categories: person, location,
organization, date, percentage, monetary value and "other". In the taxonomy of
computational linguistics, it falls under the domain of "information extraction".
Named Entity recognition is a foundation for work on more complex information
extraction tasks.

There has been a considerable amount of work on named entity taggers in recent years
in many languages. High accuracy results have been achieved for the English
language.

In non-English languages, reported performance is significantly lower than in English.

The problem in English is greatly simplified by the fact that most of the named
entities start with a capital letter.

The Hebrew language presents a lot of morphological ambiguity, which makes
automatic processing difficult. There are many other qualities, unique to Hebrew
language and culture that might influence the named entity recognition problem. For
example: "smichut", agglutination. In addition to these difficulties Hebrew doesn't
have the advantage of using capital letters.

Much work has been done on named entity systems for the English language.
Different researches have shown different approaches to this problem. Automatic
approaches (such as Hidden Markov models, Maximum Entropy models) have the
advantage of being dynamic and their development doesn't require much professional
linguistic knowledge.

The Maximum Entropy probabilistic modeling technique has proved to be the most
powerful one, which can handle large amount of statistical information. Such a system
constructs a statistic-probabilistic model that is able to evaluate the likelihood of
every word to be in one of mentioned above categories. The system estimates
probabilities based on the principle of making as few assumptions as possible, other
than constrains imposed. Such constraints are derived from training data, expressing
some relationship between features and outcome. We look for the probability
distribution with the highest entropy. After creating a model, a dynamic search

algorithm is used to find the most probable sequence of outcomes.
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The first step in approaching the Named Entity Recognition problem in Hebrew was
to define the tagging task for Hebrew. The task definition has to be as unambiguous as
possible. Tagging guidelines where phrased and we preformed some agreements tests
among human taggers to make sure that the task is well defined.

In this research we present three models for approaching the Named Entity
Recognition problem in Hebrew: Maximum Entropy model, Hidden Markov Model
and a simple model based on regular expressions and a lexicon extracted from the
training data.

This research focused on finding features that are suitable for this problem and for the
Hebrew language. We found out that local features (the current word and 1-2 words
around it) are the most significant. Important features are dictionaries and
grammatical and morphological features. The best results are achieved by combining
a large set of features. The training corpus has also a great impact on the performance
of the system.

The Maximum Entropy model has shown the best results out of the three models.
However, best results are archived when combining the three models.

The combined system has archived good results, the best results achieved so far for

Hebrew.
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