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Abstract

This paper describes a system participating in the
MuST T2N subtask. To the participating system, we
applied the method of implicit trend information ex-
traction utilizing relative expressions such as “0.1%31%
(grew 0.1%)”, “BUAFE- (previous year)”, “WZI5m (max-
imum)” . Relative differences and numerical changes
in trend information can be signified by relative expres-
sions. The system extracts elements of four types by
pattern-based rules considering the relative expression.
The extracted element is compared with the query word
by identifying the synonym of the elements utilizing an
EDR dictionary and some synonym databases.

Some experiments were conducted with the MuST
T2N formal run test collection. Although the results
showed precision of 0.220 and recall of 0.029 totally, the
outcomes of additional evaluations suggested the funda-
mental process performs effectively.

Keywords: trend information, relative expression,
quadruplet.

1 Introduction

Information technology has expanded the variety of
computerized text information. In modern society, one
of the most serious problems is how to select use-
ful information effectively amidst information over-
load. In order to extract the useful information, com-
piling information flexibly according to a user’s inter-
est [1] is necessary. Kato et al.[2] proposed “Multi-
modal Summarization for Trend information” to compile
information[3][4][5]. “Trend” is defined as the first an-
swer to the user’s question such as “how is it going in the
game machine industry since 2006 ?” or “what changes
have been seen in gasoline prices this year ?”. In trend
information, time-series and geographical data are of-
ten included. Furthermore, interpretations, causes and
forecasts of those data are also included in trend infor-
mation. To extract and visualize the trend information,
three stages are required as follows:

stage 1: Extraction of basic elements
stage 2: Selection of optimum visualization type
stage 3: Addition of annotations

Now, we try to solve the problem of stage 1. On the
basis of the MuST definition[2], we defined a quadruplet,
which is a set of four basic elements: name, par, date
and val.

Ex1.

2007 D7 ¥ o e —)Viliw R BIEH0.1%8 o 1 &
8824 Hr—A&ieolk,

(In 2007, the quantity of beer shipped by Asahi
grew 0.1% over the previous year to 188.24 million cases).

Ex2.

Ry avliEmERuE BIEL 1%/ © 1414 TRE - 7z,
(PC shipment volume declined 1% from the previous year
to 1.414 million units.)

A relative expression signifies relative differences and
a change of numerical values[6]. In many cases, the ex-
pression references not only one piece of trend informa-
tion explicitly but also other trend information implic-
itly. Therefore, a relative expression is useful for collect-
ing many more elements for quadruplets from identical
documents easily.

Two examples of relative expressions are shown in
Ex1 and Ex2. Explicitly, quadruplets are arranged from
Ex1.

{ E—JUHSTEEE (the quantity of beer shipped), 77 E (Asahi), 2007
£ (2007 year), 1 = 8824 737 — X (188.24 million cases)}
Considering suggestion of relative expression “BI4FLE
0.1%18 (grew 0.1% over the previous year)” , other
quadruplets are inferred.

{ E—JLTEE (the quantity of beer shipped), 777 (Asahi), 2006
£ (2006 year), 1 {2 8800 737 — X (188 million cases)}

Imaoka et al.[7] constructed trend information extrac-
tion rules with the tendency of relative expression in
newspaper articles. They also evaluated their imple-
mented extraction rules for trend information with exper-
iments. And it was confirmed that the extraction based
on a relative expression is well-performed. However, the
appropriateness of extraction for the input query word
has not been considered.
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Figure 1. Overview of Our System

In this paper, we propose a trend information extrac-
tion system based on relative expression. We describe
the overview of our participating system at the MuST
T2N subtask in section2. In section3, performance of
our system is evaluated. In section4, the results are dis-
cussed.

2 System Overview

This section describes an overview of our imple-
mented system (Figurel). On the basis of relative
expressions, quadruplets for trend information are ex-
tracted from the MuST corpus, which has been tagged
with several kinds of tags. The system consists of the
four modules below.

module 1: Basic elements extraction
module 2: Quadruplets complementation
module 3: Component validation
module 4: Implicit quadruplet generation

The detail of each process of the four modules is il-
lustrated in the following subsections.

2.1 Basic Elements Extraction

Utilizing extraction patterns, basic elements for
quadruplets and a relative expression are extracted from
documents. The pattern has been manually generated
with abstraction of relative expressions frequently in the
MuST corpus. Ex3 and Ex4 show some examples of ex-
traction patterns.

Ex3.

<date> @ <par> @ <name> | <date> L <rel> o
<val>

(In <date>, <name> by <par> grew <rel> over <date> to
<val>.)

Ex4.
<name> & <date> [ <rel> Ik <val>
(<name> declined <rel> from <date> to <val>.)

In search of a document in corpus' , tagged charac-
ters matched with the extraction pattern are extracted as
an element relating each tag type. By collecting the ele-
ments, a quadruplet is arranged.

Ex5.

<date>2007 F </date> @D <par> 7 ¥ b <fpar> D
<name> Y — VIiEfiE </name> ¥ <date> RiF </date>
L <rel>0.1%</rel> D <val>1 1§ 8824 J1/r — A </val>
Lo an

(In  <date>2007</date>, <name>the quantity of
beer shipped</name> by <par>Asahi</par> grew
<rel>0.1%</rel> over <date>the previous year</date> to
<val>188.24 million cases</val>.)

f

Py <date> @ <par> @ <name> 1% <date> H <rel> 1
D <val>

(In <date>, <name> by <par> grew <rel> over <date> to
<val>.)

4
name =  E—) VIR
(the quantity of beer shipped)
par= 7Y%t (Asahi)
date = 2007 F (2007)
val= 1188824 i —=A
(188.24 million cases)
4

Qi=
{ E—JLLTEIE (the quantity of beer shipped),
7Y E (Asahi), 2007 F (2007),
1 {2 8824 737 — X (188.24 million cases)}

In Ex5, the extraction pattern P; extracts four ele-
ments, which are “E — Vi1 & (the quantity of beer
shipped)” as name, “7 ¥ & (Asahi)” as par, “2007 4F-
(2007)” as date and “1 {& 8824 J7 /7 — X (188.24 mil-
lion cases)” as val from the sentence ex1. In the end, a
quadruplet @); is arranged.

2.2 Quadruplet Complementation

In some cases in the process of the basic elements
extraction, not enough elements are extracted to fill a
quadruplet.

To glean such missing elements, complementation
rules are applied. Details of complementation rules are
explained below.

name: The nearest name element ahead of a part
matched with the extraction pattern

par: The nearest par element ahead of a part matched
with the extraction pattern from a sentence

'In T2N subtask, a document unit is defined as one newspaper arti-
cle.

— 510 —



Proceedings of NTCIR-7 Workshop Meeting, December 16-19, 2008, Tokyo, Japan

If a par element is not found in a sentence, the
quadruplet does not have a par element.

date: The complementation rules are applied in the fol-
lowing order. The element matched with the rules
is complemented.
(1) The nearest date element ahead of a part
matched with the extraction pattern in a sentence
(2) The date element which is close to the head of
an article
(3) The date when the newspaper article was written

In complementation rules (1) and (2), the date ele-
ment matched with patterns “<date> @ (<date>
no)” or “<date> \Z BV B (<date> ni-okeru)” is
complemented.

The val element is extracted by only extraction patterns
and is not complemented.

In Ex6, extraction pattern: “<name> & <date>
It <rel> i@ <val> (<name> declined <rel> from
<date> to <val>.) ” is applied. Then, name:*“/3Y 2
5 8 (the PC shipment volume)” and val:“1414 JJ
£ (1.414 million units)” are extracted. Because the par
element and date element could not be extracted by the
extraction pattern, the two elements are complemented
by the complementation rules. In this case, there is not a
par element in the sentence matched with the extraction
pattern. Therefore, the quadruplet does not have a par
element. On a date element, “2007 5 is complemented
by the second complement rule. Finally, quadruplet: {
23NV a2 EFE R (the PC shipment volume), ¢, 2007
4 (2007), 1414 J1 & (1.414 million units)} is extracted.

Ex6.

HARTE T TRIRBp AT <date>9 H </date>.

<date>2007 &F </date> OV 2 UEHNRBEEREL &,
<name> /) A VAW <mame> V& <date> WITF </date>
TE <rel>1%</rel> WkD <val>1414 TH <ival> -7z,

(On <date>9th</date>, JEIDA reported the PC shipments in
<date>2007</date>. <name>The PC shipment volume</name>

declined <rel>1%</rel> from <date>the previous year</date>
to <val>1.414million units</val>.

2.3 Component validation

In this module, the quadruplets that relate to the query
word are selected. To select the quadruplets related to a
query word, components of the name element and the
query word are validated.

We assumed that both a name element and a query
word also consist of a headword (a unit of trend) and
a specifier (a subject of trend). Some examples are
shown in Tablel. For example, ” 73Y 2 > i & (PC
shipment volume)”(name element) is divided into ” 7
Y 2> (PC)”(specifier) and 4 &% (shipment vol-
ume)”(headword).

Figure 2 shows an overview of component validation.
For validation, three processes are applied as follows:

(1) generating suffix set

Query word| | name element

Generating suffix set

I .

Distinguishing components «—

)

Checking components

EDR
dictionary

Synonym
database

Figure 2. Overview of Component valida-
tion

(2) distinguishing components
(3) checking components

If checking components succeeds, the name element re-
lates to the query word. Through the three processes,
the quadruplets relevant to the query word are selected.
Each process is illustrated below.

Table 1. Component of name Element

name element specifier headword
AVEWAIE TS AVEN QRS
(PC shipment volume) (PC) (Shipment volume)
B — b v—)u HHEE
(The quantity of beer shipped) (Beer) (The shipped quantity)
LSRR BEE P3RS
(Approval rating for political parties) | (Political parties) (Approval rating)

In order to validate components, the EDR dictio-
nary?,the synonym database and the headword database
are utilized. The synonym database and the compo-
nent database are constructed manually. The synonym
database includes 54 associate relations to check a spec-
ifier. The headword database includes 142 relations to
check a headword.

Generating suffix set: This process is applied to the
query word and the extracted name element. The ob-
ject character unit is divided into a set of morphemes.
The set of morphemes is refined by deleting words such
as particles and auxiliary verbs. Based on the refined
morphemes set, suffixes are generated for each element.
In Ex7, ” &8 (volume)”,” i 58 (shipment volume)”
and ”7%Y 3 VAT (PC shipment volume)” as suffix
are generated form /%Y 2 > @ H#HEF AT (PC shipment
volume)”.

2http://www.jsa.co jp/EDR/index html]?
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Ex7.
RNy arolisa i
(PC shipment volume)
= RNyary /| i) / B
(PC) (shipment) (volume)
=suffix:  { B AR, AV a v iliEEaER )}
(volume, shipment volume, PC shipment
volume)

Distinguishing components: In this process, each one
of the query word and the name element is divided into
a headword from a specifier.

First, on the query word, the following steps are ap-
plied.

step 1: Each suffix is compared with the entries in the
headword database.

step 2: If exactly the same characters as the suffix are
found in the database, the matched suffix is recog-
nized as a headword. The other part of a query word
is also recognized as a specifier.

step 3: If exactly the same characters as the suffix are
not found in the database, the process ends.

step 4: To the name element, the same step is also ap-
plied.

If the headword is identical to the name element, the par
element becomes a specifier.

Ex8 shows the process when “/NY =1 > O i fif
A1 (PC shipment volume)” is divided into ”Hff
B8 (shipment volume)”(headword) and ”/%Y 2~
(PC)(specifier).

Ex8.

headword db:{ R0, HEER, i, ...}
(the shipped quantity, shipment volume,
approval rating)

suffix: { B, AR, Y a VAR )

(volume, shipment volume, PC shipment

volume)

suffix headword db

B = “HAFRUE” - miss
(volume) (the shipped quantity)

B = “SCHFE” : miss
(volume) (approval rating)
IR = “tH#HF AR : match

(shipment volume) (shipment volume)

4
headword: ~ { 1% &% (shipment volume)}
specifier:  { /XY 2 (PO)}

Checking components: The identity of the headwords
and the specifiers are checked respectively. The name
element that passed both checks is determined to relate
to the query word.

(1) Checking headword:

step 1: The ids for two headwords, which are query-
derived and element-derived, are retrieved from the
headword database and compared.

step 2: If they are identical, go to the next step; if they
are not the same, the process ends.

(2) Checking specifier:

step 3: The ids for two specifiers, which are query-
derived and element-derived, and the id of the up-
per concept from the element-derived specifier are
retrieved from the EDR dictionary and compared.

step 4: In the following cases, the element-derived
specifier is relevant to the query-derived specifier
and the process ends.

(a) Both specifiers had the same id (Ex9).

(b) The id of the query-based specifier is identical
to the id of the upper concept from the element-
derived specifier (Ex10).

step 5: If they are not identical, go to the next step.

step 6: The ids for two specifiers, which are query-
derived and element-derived, and the id of the rele-
vant concept to the element-derived specifier are re-
trieved from the synonym database and compared.

step 7: In the following cases, the element-derived
specifier is relevant to the query-derived specifier.

(a) Both specifiers have the same id, and they are
recognized as identical specifiers (Ex11).

(b) The id of the query-based specifier matches the
id of the associative concept from the element-
based specifier (Ex12).

Ex9.

query: NV aUEAL
(PC shipment volume)
[/NY 3 ¥ (PC)=3c677f]

name: N—VF N2 2—FDLRER
(Personal computer shipment volume)
[N=VFNara—F
(Personal computer)=>3c677f]

Ex10.
query:  DRSCHFER
(Approval rating for political parties)
[ (Political parties)=>0f95e0]

name: i‘f%$
(Approval rating)
par: R
(LDP)

[ R%E (LDP)=17£26=>0f95¢0]
Ex11.
query: T I H AR T HHAER
(digital camera shipment volume)
[T¥ % IVH AT (digital camera)=>1]
name: TV H ADHEERL
(digital camera shipment volume)
[T¥H A (digital camera)=>1]
Ex12.
query: XV 2D AER
(shipment volume of PC)
[XY 2 (PC)=50]
name:  HFEE
(shipment volume)
par:  NEC [NEC=74=-50]

If the name element consists of only a headword and
a quadruplet does not include the par element, the spec-
ifier is checked based on co-occurrence in a sentence.
The sentence where the val element has been extracted
is searched for the query-derived specifier ahead of the
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extracted point. If the specifier is found, the name ele-
ment is relevant to the query word. In Ex13, because the
query-derived specifier:”7¥Y 22 2 (PC)” appear in the
sentence where the val element:*1249 J1& (12.49 mil-
lion units) has been extracted, name element is relevant
to the query word.

Ex13.

query: NV A VAR
(PC shipment volume)

name: HHRFE T (shipment volume)

sentence: /Y IV N &FILRIF 1.9%K D 1

JR 7360 1R <, EEE X6 4.20%H o
1249 T e
(PC shipment value declined 1.9 % from
the previous year to 1.736 trillion yen and
shipment volume grew 4.2 % over the year
to 12.49 million units.)

2.4 Implicit Quadruplet Generation

In this module, to reason the other quadruplet, some
reasoning rules are applied for every relative expression.
Applying the elements in an explicit quadruplet to the
reasoning rules, other implicit elements for date and var
are calculated.

For instance, the following four basic elements are ex-
tracted from the first sentence in Ex1 and arranged as a
quadruplet.

nameezp = B —IVilifi
(The quantity of beer shipped)
parezp = 7Y E (Asahi)
dateeqp = 2007 4F (2007)
valegp = 1168824 T —2R

(188.24 million cases)

N
{ B—)UILi#f R (the quantity of beer shipped),
FHE (Asahi), 2007 4 (2007),

1 {i& 8824 J3 & — A (188.24 million cases)}

As the rule related with ” FI4F1E 0.1%18 (grew 0.1%
over the previous year)”, (a) and (1) in Figure3 are se-

lected and applied to datecy, and vale,,. Consequently,
the other quadruplet is arranged.

dateimp = 2007 4 (2007 year) - 1 4 (1 year)
= 2006 F(2006 year)
) _ 118 8824 T — A (188.24 million cases)
valimp = o1

" 1+ 160
= 1188800 /i —A (188 million cases)

4
{ E—JLHFTE (the quantity of beer shipped),
7Y E (Asahi), 2006 £F (2006 year),
1 £ 8800 737 — X (188 million cases)}

3 Experiments

In Table2, evaluation results of our system for the
MuST T2N formal run are shown. Because we could
not completely implement the function described in sec-
tion2, the results show precision of 0.220 and recall of
0.029 on the micro-average. Precision and recall on the
macro-average are (0.093 and 0.021 respectively. There

is remarkable difference between the micro-average and
macro average in precision. The result indicates that the
system still has uneven performance.

Table 2. Formal Run Evaluation Results

Precision  Recall = F-measure
micro-ave. 0.220 0.029 0.051
macro-ave. 0.093 0.021 0.031

Table 3. Evaluation Results for Relative Ex-
pressions

Precision  Recall  F-measure
system|1 0.220 0.068 0.108
system?2 0.638 0.226 0.333

In the formal run, recall for evaluation is defined as
the proportion of the target elements that the system ex-
tracted from all documents. The target elements are pairs
of date element and val element. Our system extracts
elements only for relative expression. Recall for exact
evaluation should be defined as the proportion of the tar-
get elements that the system extracted from documents
for relative expression. We also evaluated performance
of our system for relative expression. In Table 3, perfor-
mance results are shown for the participating system in
the formal run (system1) and the system implementing
all functions described in Section 2(system2). Precision
and recall on the micro-average are 0.638 and 0.226 re-
spectively.

4 Discussion

Regarding performance of the whole system, the re-
sult shows precision of 0.638 and recall of 0.226. This
result indicates that basic elements are not sufficiently
extracted.

Table 4. Detailed Evaluation Results of Our
System

Precision  Recall =~ F-measure
modulel 1.000 0.669 0.802
module2 0.718 - -
module3 0.882 0.455 0.600
modulel: basic elements extraction
module2: quadruplet complementation
module3: implicit quadruplet generation

Table 4 shows detailed evaluation results of our sys-
tem. Regarding the extraction of basic elements process,
the result shows precision of 1.00 and recall of 0.699. It
can be said that the extraction pattern could not extract
enough basic elements. It is conspicuous for these three
topics: “7 I A (digital camera)”, “IA{EFEES (com-
munication device)” and “#'V U  (gasoline)”.

In the topics “7 ¥ A A and “IH{ZHEER”, the main
cause is that many specific expressions out of the train-
ing data appeared in those articles. We can enlarge the
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Figure 3. Example of Reasoning Rules

training data to solve this problem. In the topic of “JJ
YV Y 27 Ttis difficult to abstract relative expressions in
articles because there is no regular appearance of relative
expressions.

For the complementation of elements process, only
precision is meaningful to evaluate because of the task
of complementing four elements. As a result of this pro-
cess, precision marked 0.718. The failure of the comple-
menting of the date element is remarkable in particular.
An excessively strict condition for extracting the date el-
ement caused the failure of the complement.

The outcome of synonymy identification shows 0.882
for precision and 0.455 for recall. Mainly, identification
was unsuccessful in the case where the name element is
verbose. For example, “EN/ XV 2 > HEF ST (domes-
tic PC shipments)” is divided into “FEX /%Y 22> (do-
mestic PC)” as a specifier and “11 5/ & % (shipments)”
as a headword. But no synonym is found for “[& P /¥
Y 2 (domestic PC)” because of verboseness. In or-
der to apply identification properly, the specifier should
be recognized as “/¥Y 2 > (PC)” with the estimating
structure of a specifier.

In the other instance, “¥+y8E:E & PHS O & aHNA
B (the total number of cellular phone and PHS sub-
scribers)” was divided into “i#7#i55 & PHS(cellular
phone and PHS)” as a specifier and “& &t A S (the
total number of subscribers)” as a headword. How-
ever, strictly, two specifiers such as “¥#5+#7#E 5 (cellu-
lar phone)” and “PHS” should be recognized. To solve
this problem, the method to extract elements considering
parallel noun structure is necessary.

5 Conclusion

A trend information extraction system using relative
expressions was proposed. We defined relative expres-
sions and described the overview of our participating
system at the MuST T2N subtask in section2. Our sys-
tem was evaluated by MuST T2N subtask evaluation.
We could not obtain satisfactory results in comprehen-

sive performance because of the implementation prob-
lem.

Therefore, we also conducted additional experiments
and each module of the system was evaluated. The re-
sults showed fairly good precision and promising recall
and suggested that the fundamental process performs ef-
fectively. We believe there is good potential in our pro-
posed method.

In the future, we need to improve the recall of the
proposed method. Moreover, for applying the method
to non-tagged documents, we should try to modify
the extraction process with the named entity extraction
method.
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