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This research studies and compares web content analysis techniques. Then presents an
approach to analyze web content by representing a system knowledge using ontology, working
together with natural language processing techniques. The results of web content analysis will be
stored in a frame-slot format, which can be used as a knowledge base for other applications such

as a question-answering system.
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Rembrandt Harmenszoon van Rijn was born
July 15, 1606, in Leiden, the Netherlands.

Rembrandt Noun
Fnvelhonged
Born Verb
Snnwiniwvue afatnedrzguas
ontology Rembrandt Person
Date_of_birth July 15, 1606 Date
Date v
afanawf </ Netherlands Location

Person
Place _t——_—_
Leiden City win e sduitouiiy

Place_of_bifth Wordnet
Netherlands Country

<person>
<name> Rembrandt Harmenszoon van Rijn></name>
<place_of birth> Leiden, Netherlands</place_of_ birth>
<date_of_birth>
<day>15</day>
<month>July</month>
<year>1605</year>
</date_of_birth>
<person>
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Rembrandt Harmenszoon Van Rijn was born July 15, 1606, in Leiden, the Netherlands.
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Qutput : Location —in Leiden, the Netherlands
Date - July 15, 1606
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Free golf at a beautiful new

villa on Florida’s sunny gulf .
Determining the text's Dewiin: Spics

coast. For more information »
domain

please contact to Alen at

alent@travel.org or request
v

yours offer to GTA

Identifying the concept(s)

b, 4

Semantic annotation

A

Free <sport>golf</sport> at a beautiful new <building>villa</building> on
<state>Florida</state>'s sunny <ocean>gulf</ocean> <shore>coast</shore>.
For more information please contact to <person_name>Alen</person_name>
at <email>alen@:ravel.org</email> or request yours offer to

<travel_agency>GTA</travel_agency>
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Id1{time->"morming”]

Id1{place->"continent"]

(1) In the morning there will be very sunny in the 1d1[wE intensity->"very"]

continent (:> 1d1{forecast->"sunny"]

L Id2{time->not_defined]
(2) rain in the other parts of the country.
Id2[relative_place->"other parts”]

Id2[forecast->"rain"]
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Id1{time->"moming”]
Id1[time->"morning"]

Id2[time->not_defined]
[d2[time->not_defined]

=> [d2[time->"moming""]
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Tropical depression forms in Mexico's Gulf aUleb?OE??day!
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MEXICO CITY (Reuters) — A tropical depression formed in the Gulf of Mexico late on Wednesday and was sct to
slam into the Gulf Coast near the Texas-Mexico border on Thursday, a region still recovering from Hurricane
Alex, the U.S. National Hurricane Center said in a report.

Another serious storm in the Gulf of Mexico could further disrupt efforts to contain BP's massive oil spill off the
Louisiana coast.

A tropical storm waming was issued in the lower Rio Grande valley along the border, from south of Baffin Bay,
Texas to Rio San Fernando, Mexico. The waming signaled the storm could make landfall within the acxt 24 hours.
1t would be the second named storm of the Atlantic hurricane season after Hurricane Alex battered northem
Mexico last week, dumping heavy rains and flooding the major Mexican city of Monterrey in the state of Nuevo
Leon, killing 12 peaple.

Alex, a Category 2 storm when it hit, shuttered some oil and gas production ix the Gulf of Mexico as a precaution

St it o7 2o e UG
s - L . N .
oo A5 " and delayed BP's efforts to capture oil gushing from its damaged well.
b ez o~
. - The new depression was expected to drench the border with up to 10 inches of rain in some places and cause
e T T
s e gk St ¢ strong winds by Thursday aftemoon or evening.
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4.1.2 Topic Identification
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4.1.3 Semantic Annotation
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- The storm was moving northwest near 10 mph
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- a gradual turn to the west-northwest was expected over the next 48 hours
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152 1o : Hurricane Bill spun northward toward New England Coast Saturday with wind
and rain as official warned beach lovers to head indoor the night. sznoudielsylvntos 2
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- Hurricane Bill spun northward toward New England Coast Saturday with wind and
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- official warned beach lovers to head indoor the night
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[Hurricane Bill] spun [northward], .. toward [New England Coast] .,

stormevent
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4.1.4 Knowledge Extraction
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F18019M 151NN L8VDL52 1o : The storm was moving northwest near 10 mph, and
a gradual turn to the west-northwest was expected over the next 43 hours.
Semantic Rules:
WeartherDomain -> WeatherEvent COMMA CC WeatherEvent
WeatherEvent -> Weather WeatherDirection | WeatherDirection WeatherDateTime
WeatherDirection -> direction windSpeed | direction
WeatherDateTime -> dateTime
Lexical Rules:
Weather -> “storm”
direction -> “moving northwest” | a gradual turn to the west-northwest y
windSpeed -> “near 10 mph”

dateTime -> “over the next 48 hours”

[{32]
COMMA >,
CC ->“and”
WeartherDomain
~
WeatherEvent cCoOMMA CC WeatherEvent
s ———— T T ——
J— ~__ | — —
Weather WeatherDirection . and Weathermtlon Weatherll)ateTime
storm direction windSpeed direction dateTime

mawving northwest  near 10 mph a gradual turn  tne west-northwest  ovar the next 48 hours

A 43 Tassaradu I¥anuminevesilss Toa “The storm was moving northwest near 10

mph, and a gradual turn to the west-northwest was expected over the next 48 hours.”
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yuaaen
é1901915210n : The storm was moving northwest near 10 mph, and a gradual tum to

the west-northwest was expected over the next 48 hours.

WeatherEventl:
Weather: storm
WeatherDirection:
direction: moving northwest
windSpeed: near 10 mph
WeatherEvent2:
WeatherDirection:
Direction: a gradual turn to the west-northwest
WeatherDateTime:
dateTime: over the next 48 hours
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intselendhaduwuiuwsy WeatherEvent2 i higuyselilesnin idsngieya
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WeatherEvent2:
Weather: WeatherEventl
WeatherDirection:
direction: a gradual turn to the west-northwest
WeatherDateTime:
dateTime: over the next 48 hours
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WeatherEventl:
Weather:

WeatherDirection:

<

WeatherEvent2:

storm <

direction: moving northwest

windSpeed:

near 10 mph

Weather: WeatherEventl.Weather
WeatherDirection:

direction: a gradual turn to the west-northwest
WeathérDateTime:

dateTime: over the next 48 hours

AR 4.4 frpdhaunsuveatlss Tea “The storm was moving northwest near 10 mph, and a

gradual turn to the west-northwest was expected over the next 48 hours.”
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Ontology Directed Semantic Annotation Process

Suthasinee Kuptabut

Faculty of Information Technology
King Mongkut Institute of Technology Ladkrabang
Bangkok, Thailand
suthasinee_dol@yahoo.com

Abstract—This paper proposes a process for annotating semantic
‘concepts to sentences excerpted from webpages. The annotation
process is guided by a domain specific ontology and an entities
knowledge base. The overall process has four steps: extracting
textual contents from a webpage, selecting relevant sentences,
extracting clauses and phrases from a sentence and assigning
concepts to phrases. The process is demonstrated using weather
news webpages.

Keywords-compouent; semantic analysis; semantic annotation;
ontology; knowledge base

L INTRODUCTION

This paper proposes a new semantic tagging process, which
is a part of ontology directed semantic based parser information
extraction system. The purpose of the system is to extract
information from news webpages and represent semantic
information in a frame-like format. In this paper, we focus on a
semantic tagger. A semantic tagger assigns concepts to phrases.
Concepts or semantic tags are predefined in a domain specific
ontology. By referencing to classes, instances, and relations, a
semantic tag helps to relate words to their relevant concepts
from the domain specific ontology. The output of the semantic
tagger will be further processed by a semantic analysis module.
The finished system will be able to automatically construct a
knowledge base from web contents to be used for other
applications such as a question answering system.

Previous researches that worked on semantic tags are
[13[2](3]. [1] matches semantic tags to textual contents using
regular expression patterns. [2] uses a dictionary to analyze
words concepts. [3] uses a domain ontology to annotate text. In
our work, the semantic tagging process is guided by a domain
specific ontology and a name entity extraction tool. An
ontology determines the classes, their properties and relations
between classes in the domain. An advantage is that using an
ontology is more flexible than using a dictionary. The name
entity extraction tool helps to recognize proper names, such as
places and organizations in sentences. Hence, the proper names
will be correctly annotated.

The paper is organized as follows. The second section
reviews related research. The third section describes the overall
process, the fourth section shows the experiment using a
weather forecast domain and the last section is the conclusion.

1]
W

Ponrudee Netisopakul 4

Faculty of Information Technology
King Mongkut Institute of Technology Ladkrabang
Bangkok, Thailand
ponrudee@it.kmitl.ac.th

II.  RELATED WORK

OnTeA [1] is a semi-automatic semantic annotation tool. It
is able to analyze a document such as HTML and a plain text. It
mainly relies on regular expression patterns matching method.
In the example, it annotates detected words using a job offer
ontology. After the process, sentences will be represented as an
instance of the ontology and the detected words will be the
instance’s properties.

[2] proposes the semantic analysis system to analyze a
sentence meaning from the spoken utterances and store it into a
semantic database. The semantic analysis system is developed
as a part of the spoken dialog system for Croatia’s weather
data. The semantic analysis system analyzes sentences based
on predefined semantic categories and dictionary. The semantic
categories represent categories in the weather forecast domain
such as the land weather forecast, the sea weather forecast and
s0 on. The predefined dictionary is composed of vocabularies
organized by semantic categories. The system assigns a
semantic category to the text and extracts words using the
defined dictionary. The extracted words are stored in a weather
knowledge base.

[3] develops a semantic tagger that is a part of an
information extraction system in the maritime search and
rescue domain (SAR). The semantic tagger selects and’
annotates words according to the SAR ontology. If a2 word in
the text matches an instance concept from the ontology, the
semantic tagger then assigns the concept to the word. If the
selected words are not found in the ontology, the semantic
tagger attempts to find similar concepts to match with the
selected words using the similarity measure.

Our approach is similar to previous works. However, we
use name entity extraction tool to recognize proper names, such
as places, organizations, and persons and regular expression
patterns. :

III. THE PROCESS

Fig. 1 shows an architecture of the proposed process, which
consists of a webpage content extraction module, a sentence
selection module, clauses and phrases extraction module and a
semantic tagging module. An input to the system is a weather
news webpage. The knowledge bases of the system are a
weather forecast domain ontology and an entities knowledge
base. The content extraction module extracts textual contents
from the webpage using web content extraction tool from [6].



Then, the sentence selection module selects the related
sentences by mapping words with instances from the domain
ontology. Next, the clauses and phrases extraction module
extracts clauses and phrases from the sentence using the
Stanford parser [5]. Finally, the semantic tagging module
annotates a semantic tag to a phrase.
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Figure 1. The architecture of a semantic tagging process
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A. The domain ontology

The knowledge bases are necessary for defining semantic
background of the domain. This paper uses a weather forecast
domain ontology to describe related concepts in the domain.

The ontology represents concepts and properties or
relationships of concepts in the domain. This paper assigns
weather concepts to words in a sentence. A weather ontology is
defined as weather events, which have quantifiers such as
intensity, distribution, direction and so on. It also has date and
time of the event and location where the event occurs. Fig. 2
illustrates the weather ontology defined by our system.

Wearther Domain

Y

WeatherQuantifier |

v —

r DateTime

|

Quantifier
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[ WindEvent J| Precipitation

Figure 2. The example of the weather ontology

Table I shows examples of properties of class in the
weather ontology.

o
o

TABLE L THE EXAMPLE OF PROPERTIES OF CLASSES IN THE WEATHER

ONTOLOGY
Concept Property
WeatherEvent

StormEvent windSpeed, windMaxSpeed

PercipitationEvent | precipitaionAmount

WaveEvent waveHeight

PressureEvent pressureLevel
TemperatureEvent temperatureDegrees

B. Name entity extraction

Our system uses name entity extraction tool to extract
people, organizations and places. To extract these entities, we
use a Stanford Named Entity Recognizer [4]. The outputs of
the Stanford Named Entity Recognizer are stored in the
entities knowledge base as text files format.

C. A webpage content extraction module

The input of the system is an html webpage. Only the text
content in the webpage is selected. The other types of contents
such as multimedia contents or graphic are left out. In
addition, advertisements are removed too. The AlchemyAPI
[6] provides API to extract a textual content from a webpage.

D. Sentence selection module

The textual content from the previous module may contain
both relevant and irrelevant sentences to the weather domain.
Therefore, the sentence selection module filters out irrelevant
sentences. The sentence selection is guided by the domain
specific ontology and rules. The rules define relevant concepts
in the ontology for the selection process. The instances of
concepts are used to classity the sentences. For example, a
relevant concept is a weather concept. If the sentence contains
instances of weather concepts, then the sentence is selected and
sent to the next module.

E. Clauses and phrases extraction module

This module extracts clauses and phrases that correspond to.
concepts in the domain ontology. First, the selected sentence
from the previous step is analyzed for its syntactic structure
using Stanford Parser [5] with probability context free grammar
(PCFG). The parser produces a parse tree. From the tree,
clauses and phrases are detected. A clause is detected by
pruning the parse wee. The S and SBAR tags are extracted.

The clause is then further broken into noun phrase,
adjective phrase and adverb phrase. Fig. 3 illustrates the noun
phrase extraction “the New England coast”, “Saturday” and “wind
and rain”.

NP
e S
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T R ——— L 'A“‘-.
OT MNP NHP NH NNP N MNP
{ | \ | { | T
the Maw En ssasl| Saturday| wath NIN CIE: N!N
yind  3nd  rain

Figure 3. Excerpt of a parse tree for noun phrases extraction



Fig. 4(a) shows the phrases extracted from the sentence
“Hurricane Bill spun northward toward the New England coast
Saturday with wind and rain as officials warned beach lovers to
head indoors for the night”. There are 2 clauses: the first clause
is “Hurricane Bill spun northward toward the New England
coast Saturday with wind and rain”, and the second clause is
“officials warned beach lovers to head indoors for the night”.
The meaning of the first clause is related to a weather domain
because it is corresponding to a hurricane weather event.
Therefore, the first clause is selected. But the second clause is
not selected because there is no mention of any weather event.

Fig. 4(b) shows the phrases extracted from the sentence
“Forecasters said the island can expect 1 to 2 inches of rain,
and Outer Cape Cod and Martha's Vineyard may receive only
an inch”. There are 3 clauses: the first clause is “Forecasters
said”, the second clause is “the island can expect 1 to 2 inches
of rain”, and the third clause is “Outer Cape Cod and Martha's
Vineyard may receive only an inch”. The second clause has a
weather event of “rain”, while the third clause has a weather
description of “rain”. Therefore, both the second clause and the
third clause are extracted and sent to the next module.

F. Semantic tagging module

This module annotates extracted phrases with semantic
tags using an entities knowledge base and the domain ontology.
For the weather domain, the semantic tag types are weather
event, weather description, weather location, weather date and
weather quantifier concepts.

There are three methods for a phrase to be annotated:
assigning a semarfic tag by an entities knowledge base,
assigning a semantic tag using regular expression patterns, and
assigning a semantic tag with instances of classes in the domain
ontology. Each method will be applied successively.

First, the phrase is tagged with a concept corresponding to a
vocabulary in the entities knowledge base which contains the
location, person and organization name. If the phrase is found
in the entities knowledge base, the found phrase is tagged with
its entity name. For example, the phrase “the New England
coast” is annotated with the location tag.

Second, a phrase is assigned a semantic tag using regular
expression patterns that define data properties of classes. For
example, a phrase “1 to 2 inches™ is identified by a regular
expression pattern  “([0-9]*[\.]*[0-9]*)*\s(inchesfinch)” in
which a pattern is defined in a precipitation data property of a
precipitation class. Therefore, the phrase is tagged with the
data property name.

Third, the phrase is searched with instances of classes in the
ontology. If the phrase is found, the found phrase is assigned a
semantic tag with the concept of instance.
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Figure 4. The example of Clauses and Phrases Extraction module (a)
sentence: “Hurricane Bill spun northward toward the New England coast
Saturday with wind and rain as officials wamed beach lovers to head indoors
for the night.” (b) sentence : “Forecasters said the island can expect 1 to 2
inches of rain, and Outer Cape Cod and Martha's Vineyard may receive only

an inch.”
Clause:  [Humicane  Bill]  [spun] Clause: [Hurricane Billjgeeme o [spun)
[northward] toward [the New England 3| [rorthward]pieais toward {the New
coast] [Saturday] with [wind and rain] "] Englind coastleiss [Sanurdaylpamwes
with [[wind)winsgwa and [r2in)pacpiaise)
(a)
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Figure 5. The example of the annotated phrases (a) sentence: “Hurricane Bill
spun northward toward the New England coast Saturday with wind and rain as
officials warned beach lovers to head indoors for the night.” (b) sentence :
“Forecasters said the island can expect 1 to 2 inches of rain, and Outer Cape
Cod and Martha's Vineyard may receive only an inch.”

Fig. 5(a) shows the annotated phrases in Fig. 4(a). A
“Hurricane Bill”, “northward”, “the New England coast™,
“Saturday”, *wind”, and “rain” are annotated with a
StormEvent, a Direction, a location, a DayofWeek, a
WindEvent, and a Precipitation tags respectively.

Fig. 5(b) shows the annotated phrases in Figure 4(b). There
are two clauses to annotate phrases. The first clause consists of
phrases “the island”, “1 to 2 inches”, and “rain”. Their phrases



are annotated with a location, a precipationAmount, and
Precipitation tags respectively.

IV. EXPERIMENTS AND EVALUATION

In our experiments, we work with weather news web pages.
We design an ontology that represents concepts of a weather
domain. The semantic tags are derived from the weather
ontology. We collected 50 web pages containing 655 sentences.

The implement of the system is based on python
programming language using RDFLib [7] and NLTK [8]
library. The RDFLib is a python library for working with RDF
ontology. The NLTK library works on sentence segmentation
in sentence selection module and clauses and phrases extraction
module.

A semantic annotation process starts working with collected
webpages. These webpages are collected from yahoo weather
news  (http://news.yahoo.com/science/weather) and an
accuweather website (http://www.accuweather.com). Textual
contents of webpages are extracted using AlchemyAPI tool.
The system then calls the Stanford Name Entity tool to
recognize places, organizations, and persons. The results are
divided into text files corresponding to various types of name
entities, called an entities knowledge base. Now, the content of
a webpage is broken into sentences and each sentence is sent to
the sentence selection process. In our experiment, the sentence
selection module selected 489 sentences out of 655 sentences
for semantic annotation. Clauses and phrases that correspond to
concepts in the domain ontology are extracted from the
selected sentences. The number of selected clauses is 641
clauses out of 1,203 clauses. The selected clauses are then
broken into phrases. Then, the phrases are annotated with
semantic tags correspond to concepts in our weather domain
ontology and vocabularies in the entities knowledge base
previously constructed. The output of the system is semantic
annotated sentences.

Table II shows the results of a sentence selection module,
clauses extraction module and semantic tagging module. The
second column are the total number of relevant sentences,
relevant clauses and relevant phrases from webpages. The
third column are numbers of selected sentences, selected
clauses and selected phrases extracted by our system. The
fourth column are numbers of relevant sentences, relevant
clause and relevant phrases successfully extracted and
annotated by our system. From the experiment, the system can
extract 96.37% of relevant sentences from all relevant
sentences, extract 86.63% of clauses out of relevant clauses and
correctly annotate 91.22% of selected phrases and 84.63% of
all relevant phrases.

[RS]

TABLEIL. = THERESULTS OF SENTENCE SELECTION MODULE (THE
NUMBER OF SENTENCES), CLAUSES EXTRACTION MODULE (THE NUMBER OF
CLAUSES) AND SEMANTIC ANNOTATION MODULE (THE NUMBER OF SEMANTIC

TAGS ASSIGNED TO PHRASES)
Module V Allrelevant | All selected All selected
sentences sentences by relevant
from our system * | sentences from
webpages our system
Sentence selection
module 496 489 478
Hrelevant | All selected Al selected
clauses from | . clauses by relevant
webpages our systemt clauses by our
system
Clauses extraction . T
module 673 641 583
All relevant | All selected All selected
phrases annotated relevant
from phrases by annotated
webpages our system phrases by our
system
Semaatic  tagging 5
module 2,049 1,901 1,734

To evaluate a performance, precision, recall and-
f-measure are calculated as follows. A precision is defined
as the ratio of relevant extracted sentences, clauses and
correctly annotated phrases by the system and the total number
of selected sentences, clauses and phrases by the system.

relevantselectionsor annotationby oursystem

M

precision= 5
all selectionsby oursystem

A recall is defined as the ratio of relevant extracted
sentences, clauses and correctly annotated phrases by the
system and the total number of corresponding relevant
sentences, clauses or phrases from webpages.

_ relevantselectionsor annotationby oursystem

1l 2

reca
all relevancies from webpages

To obtain a better measure to describe performance, we also
used F-measure which combined precision and recall measures.
The F-measure is defined as follows:

2 x precisionx recall

&)

f —measure= —
precision+ recall

Table III shows the precision, recall, and f-measure values
for each module for ontology directed semantic annotation
process. The values show that the performance of the semantic
tagging module depends on the clauses extraction module. In
the future, we will improve the method in clauses extraction
module in order to improve the performance of the system.



TABLE IIL THE PRECISION, RECALL, AND F-MEASURE VALUES FOR THE

MODULES OF OQUR SYSTEM
Module Precision Recall F-measure
Sentence  selection 97.75 96.37 97.06
module
Clauses  extraction 90.95 86.63 88.74
module
Semantic  tagging | o, 84.63 87.9
module

V.  CONCLUSION AND FUTURE WORK

An ontology directed semantic annotation process described
here is an important part of an ontology directed semantic
based parser information extraction system. The process
annotated phrases with semantic tags corresponding to
predefined concepts in a domain specific ontology. From an
experiment with weather news webpages, the proposed
process is able to correctly annotate about 87.9%, in F-
measure.

In tuture work, we will extend the methodology to cover
wider domain such as natural disaster warning news and so on.
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