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ABSTRACT

A text search method, which is caled an axis
specified search method, is proposed. This method is
suitable for full-text searches of a large-scale text col-
lection. In this method, in addition to specifying search
strings, the user selects an axis from a predefined set.
The system outputs excerpts and hyperlinks that are or-
dered along the axis. The search strings express the spe-
cific subject of the search, and the axis specifies a
general-purpose method of ordering results. Short sub-
topics, which cannot be easily caught by statistical meth-
ods, are effectively gathered from the text collection.
The user can get satisfactory results using a simple
search string. Even if the number of resultsisvery large,
the user can easily survey them, because they are well
structured. This method has been applied to an elec-
tronic encyclopedia and a newspaper database. In these
applications, distributed descriptions that were related to
each other could be gathered, and the user could dis-
cover their relationships from the results. For example,
by specifying “semiconductor” for a search string and
“year” for an axis, atable listing seven decades of semi-
conductor-related topics sorted by year was generated
from newspaper issues published over a single year. By
specifying “basin” for a search string and “area’ (m?) for
an axis, descriptions of the world's largest rivers were
extracted from the encyclopedia and sorted according to
their basin areas.

KEYWORDS: Information retrieval, full-text search,
information extraction, information gathering, document
classification, electronic encyclopedia, newspaper data-
base.

1. INTRODUCTION

Large-scale full-text searching is becoming much more
important because of the popularity of the Internet, in-
tranets, CD-ROM and DVD-ROM. Through a full-text

search method using an N-gram character index (e.g., an
inverted index) or Patriciatree [Mor 68] [Fra92], all the
places in a document in which the search string occurs
can be listed. However, afull-text search is usually used
for finding documents whose subject is related to the
search string. Most currently available full-text search
systems only return whole document information but do
not return information on each topic in the document.
Searching for subtopics in documents, even those not
directly related to the main subjects of the document, is
often useful though, because a document usually con-
tains subtopics or episodes and these may be much more
important to users than the main topics. Thistype of text
retrieval is caled fine-grained full-text searching (FFS)
in this paper.

There are four problemsin FFS. The first problemis
that it is difficult for an FFS system to find appropriate
units of documents. In passage-retrieval systems, a
document is divided into syntactic units such as sections
or paragraphs. However, a syntactic unit may contain
multiple topics, or a topic may be described in multiple
syntactic units. It is amost impossible to divide a
document into topics using current natural-language
processing technology.

The second problem is an explosive increase of
search results. If the number of results increases, it takes
too much time for the user to survey all of them, unless
they are structured properly. There are two causes of
this increase. One is that amount of available text is
increasing rapidly, causing the number of potential re-
sults to also increase. The other is that the number of
possible subtopics is much larger than the number of
documents.

The third problem is the difficulty of search string se-
lection. In conventional database retrieval, the end-user
accesses a database through professional searchers be-
cause elaborate selection and addition of strings in the
query are essential in this case. However, in retrieval
from the Internet or CD-ROM, the end-user directly
searches the media because there is usually no expert
who can help the user inthis case. It is often difficult for
usersto refine their queries.

The fourth problem is restricting views. If the user
successfully reduces the number of results, important
issues related to the subject are often discarded. The



user’s exposure to the potential search results is, there-
fore, too narrow. When searching paper dictionaries or
encyclopedias, the user may discover interesting infor-
mation from articles other than the one searched for on
the same page. This type of unexpected encounter is
often very important. Electronic searches often exclude
such a possibility. In other words, the conventional
search methods function as point searches, but a bird's-
eye view search or perspective search isrequired.

Methods for automatic classification of search results
using clustering, which is based on a vector space model
or a probabilistic model, have solved some of these
problems. Clustering may make surveying a large num-
ber of search results easier. Search string selection may
also become easier because the results that the user re-
quires may be gathered into a cluster. Views may aso
be widened because the user may see clusters of less
related issues.

However, there are two problems. Firgt, it is proba
bly impossible to handle short subtopics by the cluster-
ing-based methods because they are statistical methods
[Hea93]. Paragraphs may be classified by clustering,
but smaller units of text are difficult to handle because of
dtatistical errors. Second, the process of clustering does
not necessarily reflect the user’s intention because clus-
tering is a bottom-up and data-driven method. It is usu-
aly difficult for the user to understand the meaning of
each class in the results. In addition, the first FFS prob-
lem (the choice of appropriate units) is not solved be-
cause units of text used for statistical methods are
syntactic and units that contain multiple topics are classi-
fied into only one class. Thus, the FFS problems mostly
remain unsolved.

| believe that structuring of search results based on
the user’s intention is necessary to overcome the above
text-search problems. Thus, | have developed an FFS
method, which is called the axis-specified search
method. In this method, the user selects an axis to struc-
ture the search results. The function of the axis-
specified search is explained in Section 2. The outline
and several important issues of implementation are ex-
plained in Section 3. Two applications of this method,
i.e.,, Web-based encyclopedia and newspaper database,
are discussed in Section 4. The results of case studies on
these applications are discussed in Section 5. Related
work is mentioned in Section 6, followed the conclu-
sionsin Section 7.

2. FUNCTION OF
SEARCHES

Axis-specified searching is afine-grained full-text search
method. In an axis-specified search, the user selects an
axis, and inputs search strings.] The search strings ex-
press the specific subject of the search, and the axis

AXIS-SPECIFIED

1 Multiple axes can logically be specified in a search. How-
ever, only one axis can be specified in our current implementa-
tion mainly because of human interface design difficulty.

specifies a general-purpose method of ordering results.
The full-text search results are then ordered along the
axis and displayed in this order. They are placed in a
space specified by the axis. The criterion for structuring
search results is explicitly specified by the user, in con-
trast to clustering-based structuring methods [Cut 92]
[Cut 93] [Mor95], in which the structure is self-
organized. The axes that the user can select are prede-
fined by the search system. The space that is specified
by the axis is called a feature space, and a value on the
axis is caled a feature value. More exactly, the axis-
specified search method is a full-text search method
where the user selects a feature space in which the
searched texts labeled by the feature values that are ex-
tracted from the text are placed. The range of the feature
value can also be specified by the user. Therefore, un-
necessary results, whose feature values are outside of the
range, are omitted.

An example is shown in Figurel(a). The user
searches an encyclopedia by specifying “riot” asasearch
string. The user selects the geometrical axes and speci-
fies Japan as arange in the feature space. Then, excerpts
from the encyclopedia articles are sorted according to
geographical positions. The excerpts contain Japanese
geographical names and contain or are close to the
search string. Alternatively, the system can display a
map on which the geographical names and the excerpts
from the search results are overlaid. In this example,
“Aichi Prefecture’, “Toyoda City” (which is in Aichi
Prefecture), “Saitama Prefecture”, and “Tokorozawa
City” (which is in Saitama Prefecture) are geographical
names. “Mikawa’ and “Bushuu Riot” are the article
headings in the encyclopedia. Excerpts follow these
headings in the search resullts.

The geographical names are not necessarily biblio-
graphical information, nor are they always included in
the main topic of the document, but they may be in-
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(a) A search with the
geographical axes

(b) A search with the year
axis (year-table-style search)

Figure 1. Function of the axis-specified search
— two examples (translated from Japanese)



cluded in subtopics. Thus, subtopics, as well as subject
topics, are ordered along the geographical axis. The
user can see excerpts, or summarized information, in the
search results. The user can also follow hyperlinks,
which are underlined in the figure, and see the original
text. If the hyperlink embedded in the excerpt is clicked,
the original text around the extracted text is displayed.
(See Figure 6.) If the hyperlink embedded in the article
heading is clicked, the beginning of the article or the
whole article is displayed.

More concretely, an axis can be specified by one of
the two methods:. by units of a quantity or by the ending
or beginning of words. These methods are explained
below in reference to Figure 2.

The first method is called a quantity search. In this
method, an axis is specified in units of a quantity. For
example, if the axis is the year, date or time, then, “ 4"
(year), “H” (day), “H#” (hour), and other units of time
are used as the units (Figure 2(a)). Quantities with these
units are extracted from the text collection and sorted.
Although time may be expressed in many different units,
they can be interchanged. So they can be theoretically
put on the same axis. To filter this sorted result, the text
isretrieved by a full-text search for the search strings. If
the search string does not appear in the document in
which the units were found, or it appears but is not close
enough to the quantity in the text, the item is removed
from the results list. An example using this method is
shown in Figure 1(b). This figure shows an example of
a year-table-style search, which is a type of quantity
search. “Riot” is specified as a search string, and 1348
and 1400 are specified for the range of years. The re-
sults are displayed as a year table.

Some other units that are useful for a quantity search
are:

e “[” (yen) or “£%” (sen) — Units of Japanese money
that are interchangeable.

e “ R/ (dolar) or “ > k" (cent) — Units of
money that are interchangeable. These units are also

interchangeable to Yen, but are not constantly
changeable because the exchange rate is floating.

] (vear 1965)

Units

I/"IE_\‘ (Saitamarken)
(August 15) Suffixes
LA

(Tokyo-to Hinode-machi)
{7 (sayama-shi)

Suffix ;

(a) Extraction of a Japa-
nese date or quantity
expression

Figure 2. Extraction of units and suffixes from text
— examples

(b) Extraction of Japanese
geographical names

These units should, therefore, probably be separated
from yen or sen in the quantity search.

e “AN” (nin) or “4” (mel) — Units of a number of
people (equal units).

° nE/E\‘n (tOU), “SJEJ" (ba or Wa), nJ%n (b'), n[En (h|k|,
biki or piki), etc. — Units of a number of animals.

e “ff” (ko), “fft” (satsu), “Ff” (shu), etc. — Units of a
number of objects.

e m, km, mm, light year, etc. and km/h — Units of
length, distance, or velocity. Units of length and dis-
tance are interchangeable. Although knmvh is not in-
terchangeable to these other units, it is included here
because sometimes it is difficult to distinguish this
unit from km.

o m% mm? acres, hectares, etc. — Units of area that
are interchangeable.

e m®, mm? |, ml, etc. — Units of volume that are inter-
changeable.

e Hz, kHz, MHz, etc. — Units of frequency that are
interchangeable.

e °C — A unit of temperature.

The knowledge used to extract a quantity is not very
specialized, so the implementation is easy.

The second method is called the subword search. In
this method, an axis is specified by the ending or begin-
ning of words. For example, in Japan, geographica
names usually have suffixes (Figure2 (b)). Names of
prefectures have “ %", which is pronounced “ken” and
means prefecture, as suffixes, although there are excep-
tions. “#FEIR" (Saitamaken) is an example. Tokyo
has “to” as a suffix, i.e., “HEHS” (Tokyo-to). Cities,
towns and villages also usually have suffixes. “%k[LHi"
(Sayamarshi, where “shi” means city) and “ H @ HiH]™”
(Hinode-machi, where “machi” means town) are exam-
ples. Therefore, many, but not al, Japanese geographi-
cal names can be extracted only using syntactic
information. Although the above suffixes do not directly
specify axes, the geographical names can be placed in a
single-dimensional space of lexicographically sorted
names, or in a two-dimensional space of longitude and
latitude. The outline of the search procedure is similar
to that of the first method. Figure 1 () is an example of
using the subword-search method.

Some other suffixes that are useful for a subword
search are listed below.

e “JI|” (kawa or gawa, which means river), “ifl” (ko,
which means lake), “¥f&” (kai, which means sea), and
“1L" (yama, san or zan, which means mountain) —
Suffixes denoting geographical features.

e “FF” (shugi, which means “-ism”) or “#” (kyou,
which means religion) — Suffixes for the names of
doctrines or principles, or of religions.

e “Jk” (ha, which means party or school) — A suffix
for the name of parties or schools.



e “KifiiH" (daitoryo, which means president) or “#
FH” (shusho, which means prime minister) — Suf-
fixes for the name of a president or prime minister.

The words with these suffixes are not put on an axis in
the strict sense of “axis.” However, these suffixes show
the words belong to a category, i.e., afeature space, or to
one of severa categories. In addition, the words can be
sorted in an order, e.g., alexicographic order. Thus, if
“axis’ isinterpreted in a wide sense, the suffixes can be
regarded to indicate “axes.”

In both quantity and subword searches, the system
searches the text for a string that contains a specified
substring. In the quantity search, the whole string is a
guantity and the substring is a unit. In the subword
search, the whole string is a word and the substring is a
ending or beginning of the word. These methods have
been applied only to Japanese text so far. However, if
units, suffixes or prefixes exist for the strings to be ex-
tracted, these methods can be equally applied to texts in
any language.

The substrings, such as the above units and suffixes,
are for general-purpose use. Thus, a specialized subject
is specified by a search string, and a method of result
ordering is specified by a general-purpose axis.

The FFS problems described in the previous section
can be overcome by using the axis-specified search
method, if the user can select an appropriate axis. A
search result contains an excerpt, which is probably part
of atopic. If the topic is not understood from the ex-
cerpt, the user can see the whole topic by using the hy-
perlink. So the problem of text division into units is
overcome by eliminating the necessity of division by the
system. The user does not have to look at all the results.
Because they are ordered, results on atopic are gathered
and the user can distinguish results that may be neces-
sary from obviously unnecessary ones by feature values.
So the problem of the explosive growth of search results
can be overcome. The user can get satisfactory results,
which contain many but well-structured excerpts that can
be surveyed easily, without specifying a complicated
search condition. So the problem of difficulty in search-
string selection can be overcome. The user does not
have to make the search condition too narrow, but can
still survey many but well-structured results. The prob-
lem of restricting views can thus also be overcome.

Also, the axis-specified search method does not suf-
fer from the two problems of clustering-based methods.
First, this method is not a statistical method. Second, the
user’sintention is stated by specifying the axis.

3. IMPLEMENTATION
The outline and several important aspects of implemen-
tation are explained here.

3.1 Outline

An axis-specified search system consists of two main
parts (Figure 3): a set of index generators, and a search

engine. Index generators generate axis indices and a
full-text index from the text collection. Axis-index gen-
erators extract strings that match predefined patterns,
normalize the extracted information, and enter it into the
index. The method of information extraction is ex-
plained in Section 3.2. The purpose of axis-index gen-
eration is to drastically reduce the time that a search
would take without an axisindex. Anindex is generated
for each type of axes because the structure of each type
of axes index may be different. The full-text index gen-
erator generates an index that has the same structure as
one for a conventional full-text search.

The search engine is invoked by the user. The user
selects an axis, or selects a feature space, specifies a
range of feature values, and specifies search strings. The
search engine searches the corresponding axis index for
the values within the specified range, filters the search
results using the full-text index, and sorts the results.
The search engine may use the full-text index first and
then use the axis index. However, reversing the order of
index use may sometimes improve performance. Be-
cause the axis indices are generated before the user's
request, the axes are predefined and the user cannot de-
fine a new axis in this method. The search results are
scored. If the score of aresult istoo low, it is dropped
from the results list.

3.2 Information extraction and index generation

The axis-index generator inputs al the documents and
extracts strings that match predefined string-matching
patterns. A set of matching patterns is defined for each
axis. The extracted strings are normalized and entered
into the index. Most information can be extracted using
context-free rules. However, some information, such as
abbreviated Christian years (see below), is context-
dependent. Matching patterns and actions to be taken
when matched, i.e., normalization actions, are dependent
on the type of text to be handled. The same stringsin a
different text might have to be normalized to different
strings. The method of information extraction is ex-
plained here using two examples.

The first example is a method for a year-table-style
search, i.e., an axis-specified search with years as the
axis. This search method is used to search the World
Encyclopaadia [NEC 95] [HDH 98]. In this example, the
following forms of years are extracted.

e One to four digits of Christian years followed by
“4E” (which means “year”), e.g., “1989 4=.”

e The last two digits of Christian years followed by
“4E” | eg., “89 4F”, which means the year 1989.

e Oneto two digits of Japanese years that are preceded
by an era name and followed by “4”, e.g., “ -5k 10
4E” (10th year of the Heisei era).

e “...000 AR or “... JIAERI", where “F-Hi]" means
“years ago” and “ J7-H1” means “tens of thousands
of years ago.”
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Figure 3. Outline of system structure for axis-specified searches

o A parenthesized year, eg., “ 2 ¥ 7 Hfy (1917)”
(Russian Revolution (1917))

o “.. ik (... Century AD) or “aij ... A" (...
Century BC).

The years are normalized as Christian years. For ex-
ample, in the second case, the first two digits are sup-
plemented using the context. Both in the World
Encyclopagdia and in Mainichi newspapers [Mai 95],
more than 99% of two-digit year references are normal-
ized easily and correctly. However, the normalization
may be more difficult in other contexts.

The second example is an information extraction
method for a geographical search: an axis-specified
search in which the feature space is the geographical
space. This method can be used for a general-purpose
search of Japanese text. The following forms of Japa
nese geographical names are extracted.

“

o ‘... IR where “J&" (ken) means prefecture Also
included are “ 4t ¥ " (Hokkai-do), “ HL 5T #”
(Tokyo-to), “ K FJF” (Osakafu), and “ 5CH#:HF”
(Kyoto-fu).

e “... BB” (gun, which means district), “... " (shi,
which means city), and “... X" (ku, which means
ward). “[X" isextracted only for Tokyo.

e “... H]” (machi or cho, which means town) and “...
" (mura or son, which means village).

key ke | contents _

________ 0618800 (document id)

“Ken”, “do”, “to”, and “fu” indicate that the geo-
graphical names are at the highest level. “Gun” and
“shi” are at the second level. “Ku” isusually at the third
level, but it is at the second level in Tokyo. “Machi”,

“cho”, “mura’ and “son” are usualy at the third level.
Although there may be four or more levels of geographi-
cal names, arough model that consists of the three levels
explained above is currently used. Japanese geographi-
cal names are extracted using these three-level patterns
in which abbreviation of higher level geographical
names is alowed. The geographical names are normal-
ized by supplementing abbreviated parts. For example,
if the extracted name is “ ' #f [XHRAEHT”, it is normal-
ized to “ HLALER HHEF X #RAERT” (Tokyo-to Nakano-ku
Y ayoi-cho).

An example of an axis index is shown in Figure 4.
The key-value is a normalized feature value, and is used
as a key to look up this index. The search key must be
normalized because it must be possible to look up the
index using keys with interchangeable units or in differ-
ent form. Thelocation of the original text is specified by
the doc-id and the position. The doc-id is an identifier
of the document (or the text part), in which the value
appears. The position is the position of the text that con-
tains the feature value. The position is represented by
the distance from the beginning of the document (the
text part). The excerpt is atext fragment extracted from
the text at that distance. The excerpt can be stored into
the index to improve the
search performance. Alter-

key-val| doc-id posnori

OB s

1693 0619000§
1872 06188007 53
1895 (0618900
1905 |0618900
1928 (0618900

__________

207 11 ABAODA ,EIE‘E'E&L;‘EJE?, 19

,Muxifee
| 490 [T EIC (BEXIEE) (1928), (HE+EF

natively, it may be omitted
because it can be extracted
from the origina text when
being printed. There may be
multiple entries that have the
same key-value.

Lk (heading)
-.-#-538 (displacement)

1872 &£ (HEEY)
#H

1 This type of index, in which a

(8 Anaxisindex

Figure 4. The structure of an axis index

key consists of a key value, is
caled a value-to-position index.
There is another type of index,
but an explanation is omitted.

(b) A document
(an encyclopaedia article)



3.3 Search

When the search engine is invoked with both an axis and
search strings, intermediate search results are obtained
from both the full-text index and an axis index. These
results are merged and sorted by the following method
(Figure5). The location of the search string, denoted
positiong, is obtained from the full-text index. The loca-
tion of the feature value, denoted position,, is obtained
from the axis index. Here, d is defined as the distance
between the search string and the feature value, and is
positive regardless of the order in which the search string
and the feature value occur. The scoring function con-
tains a monotonically decreasing function of d as a term.
The function currently used in our prototype is
1-107°d? where d is measured by the number of char-
acters. If the score is too low, the search result is dis-
carded. If multiple search strings occur in a document,
the nearest one is used. The scoring function also con-
tains terms for evaluating the number of string occur-
rences in the document (i.e., the term frequency) and in
the collection.

Feature value (abbreviated)  Search string

F 12T RE T
_________ AN
distance (>0) B

\‘i\b Value
- osition Evaluation function
position, P F (monotonically decreasing)

Figure 5. Search-result evaluation

The scored search results are sorted using multiple
keys in the following manner. The feature value is used
as the primary key, and the score is used as the secon-
dary key. So the results are ordered by the feature value,
and results with the same feature value are ordered by
the evaluation value. (See the results of the search for
the world’ s largest river basinsin Section 5.)

4. APPLICATIONS

Two applications of the axis-specified search method are
discussed here.

4.1 Encyclopedia search
A prototype for searching the whole text of the World
Encyclopagdia [NEC 95] [HDH 98] using the axis
specified search method has been developed. This ency-
clopedia contains about 83,000 articles and 160 MB of
text including SGML tags.

The menu of this prototype offers three axis-specified
search methods:. a year-table-style search, a more general
quantity search, and a geographical-name search. The
geographical-name search is dightly different from the

geographical axis search shown in Figure1(a) in that
search results are sorted by the lexicographic order of
the geographical names. The year-table-style search is
separate from other quantity searches because it requires
both several techniques for specific information extrac-
tion and several specific input fields for the user. The
user can specify year range by Christian years or Japa-
nese years, and can select the unit of time to be searched.

The unit of time can be chosen from “4" (year) or
“fhf2” (century). Quantities followed by “4F” and “ it
%7 are collected to the time index. However, other
units, such as“ A” (month), “ H” (day) and “E§" (hour),
are not collected, because in an encyclopedia they are
less important for an axis than the year or century. All
the units listed in Section 2 are in the menu of this proto-
type, and there are some additional ones.

The interface and the result of a geographical-name
search for “—#¢” (riot) are shown in Figure 6. The user
specifies an axis and search strings in the input frame.l
Results are then displayed in the results-list frame. If the
user clicks a hyperlink in this frame, the article is dis-
played in the article frame.

The search system prototype currently works on a
Pentium PC with a Linux operating system. Both the
index generator and the search engine are written in
JPerl5 (the Japanese language version of Perl5). Web
browsers, such as Netscape Navigator or Internet Ex-
plorer, are used to browse and search the text. Thus, the
search engine is called through the common gateway
interface (CGl). A GNU database manager (GDBM),
which is a non-volatile hash-table manager, is used to
generate and search indices.

There are two benefits of using Perl to build this sys-
tem. One is that the pattern match for extracting infor-
mation from the text can be written easily in Perl. The
other isthat a GDBM or severa other hash-table manag-
ers can be easily accessed through the associative arrays
of Perl. Axis and full-text indices can be very easily
implemented using a GDBM. However, because Perl
programs are executed by an interpreter, the search en-
gine is dow. They are, therefore, suitable for a proto-
type but not suitable for the final product.

The index sizes and the number of entries in each in-
dex are summarized in Table 1. Theindicesinclude text
excerpts. The full-text index is also managed by the
GDBM. Uni- and bi-gram indices are used. The size of
the full-text index is 420 MB in the current implementa-
tion.

4.2 Newspaper search

A prototype for searching the text of Mainichi Newspa-
per issues published in 1995 by using the axis-specified
search method has also been developed. The number of
articles is about 111,000 and the amount of text is 120
MB including tags.

1 The menu items shown in Figure 6 are written in English.
However, interface that we usually use iswritten in Japanese.



Table 1. The sizes of axis indices for the encyclo-
pedia search

Index type Index size (MB) | Number of entries
Time index 12.01 (453 | 220,536 (years)
6,579 (centuries)
Quantity index 32.31(14.5%) | 611,889
Geographical index 19 (139 17,224

*1 The structure of these indices, which is called document-
value-pair-to-position index, is dightly different from that
shown in Figure 4.

"2 |ndex sizes without excerpts.

The programs used in this system are shared or simi-
lar to those used in the encyclopedia search. The axis
menu is similar too; year-table-style, quantity, and geo-
graphical-name searches are implemented. In the year-
table-style search, months are collected in addition to
years because information on a shorter time scale than in
an encyclopedia is important in a newspaper. Days are
not currently collected.

In the general quantity search, the range of collected
unitsis similar to that in the encyclopedia search. How-
ever, the expressions of units in newspapers are different
from those in the encyclopedia. Many unitsin the ency-
clopedia are written in symbolic form. They are written
in Japanese Kanji characters in newspapers mainly be-

Frames (windows)

cause characters are written downwards, so symbolic
forms are not suitable. Several examples are shown:

e Square meter is written as “-J A — % —" in the
newspaper but written as“m®” in the encyclopedia.

e Kilogram is written as“ = 7 A" in the newspa-
per but written as “kg” in the encyclopedia.

Numbers that precede the units are usually written in
Kanji characters in newspapers, but are sometimes writ-
ten in Arabic digits and are sometimes written in a mix-
ture of Kanji and Arabic digits. They are converted to
normal numbers. Two examples are shown:

o “—fEJLTFJ5 N, which means 190,000,000 people
and iswritten fully in Kanji characters.

o “3 H T ~7", which means 30,000 amperes and
is written in a mixture of Kanji and Arabic charac-
ters.

For example, the user interface and input/output val-
ues of a year-table-style search on semiconductors are
shown in Figure 7. Here, “~&{k” (semiconductor) is
specified as a search string, and the range of years is not
specified.

The size of the axis indices and the number of entries
in each index are summarized in Table2. Thetimein-
dex, which is used for the year-table-style search, are
much smaller than those for the encyclopedia search.

Normalized
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Figure 6. The interface and a search result from a World Encyclopaedia search (on Netscape Navigator 4)



Table 2. The sizes of axis indices for the newspa-

per search
Index type Index size (MB) | Number of entries
Time index 49 (4.4Y 64,092 )
Quantity index 943 (73.1Y) | 2,034,330
Geographical index 56 (4.07 184,419

" Index sizes without excerpts.

However, the quantity index, which is used for the gen-
eral quantity search, are much larger. This shows the
relative importance of year descriptions in the encyclo-
pedia. The size of the full-text index was 360 MB.

5. CASE STUDIES

Hundreds of experimental search sessions on encyclope-
dia and newspaper search prototypes have been per-
formed. Some results of the case studies are shown and
analyzed here.

Thefirst case study is for the newspaper database and
involves a year-table-style search on semiconductors. It
was asserted that the user wanted to know the history of
semiconductors.  Although a historical book would be
better than a year of newspaper issues for this purpose, it
was assumed that the user wanted to try this search. The
user may have received much more information than
expected from this search. The interface and search re-
sults are shown in Figure 7, and the search results can be
summarized as follows.

The number of articles that contained “ - 3& {&”
(semiconductor) was 275. (The number of occur-
rences was counted using a conventional full-text
search function on the prototype.)

. The number of listed items was 453. This exceeded

the number of articles because the articles contained
references to two or more years on average. If thear-
ticles contained less than one reference to years on
average, the number of listed items would be less
than the number of articles.

. The range of years that was extracted from the data-

base was from 1930 to 2002, since 1930 marks the
decade when theoretical research on semiconductors
began and 2002 is the planned completion date for
the construction of a space station for which new
semiconductors have been devel oped.

. The most noticeable topic in this result is the rela-

tionship, especially conflicts, between Japan and the
United States concerning semiconductors. The first
article on this topic is dated 1980 (as a decade), and
it isthe seventh item overall. (See the next item.)

. Of the 453 items, which dated from 1930 to 1993, 75

are examined in detail. The results were as follows.

e The number of items (excerpts) directly related to
semiconductors (as judged by the author) was 38,
so the precision was 51%. In other items, a refer-
ence to a year was also near the string “semi-
conductor”, but the referred year had no relation to
semiconductors.

L - ) .
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Figure 7. The interface and search results from a Mainichi Newspaper search (on Netscape Navigator 4)



e The number of items that mentioned the relation-
ship between Japan and the US concerning semi-
conductor deviceswas 24 (32%).

From points 3 and 4, it can be concluded that histori-
cal information on one or more specific topics over sev-
eral decades can be gathered from newspaper issues
published over ayear. From point 5, it can be concluded
that if the user's interest is not very specific, the preci-
sionisgood.

The second case study was on a quantity search for
information on the basins of the world's largest rivers. It
was asserted that the user wanted to find information
about the rivers that have a large basin. The user could
specify the following inputs: “¥iil&k” (basin) as a search
string and units of area (square meter, etc.) for an axis.
The range of feature values was not specified. The user
could then see the desired results. The first five items
are trandated into English here. The order of items co-
incides with the ranking of basin area except for the Rio
delaPlata. The basin area of the Rio de la Plata, which
is written in the encyclopedia, follows that of the Rio
Amazonas, but it is described as the fourth largest. The
user can see the result without following the hyperlinks,
but if the user wants to confirm the ranking, this can be
easily done by following the underlined links.

e 6,500,000 km? (6.50e+12 m?)
1. Rio Amazbnas 0.66 (keyword count: 2)
around ... km?and it isthelargest in theworld ...
2. Amazonia 0.39 (keyword count: 6)
occupies an areaaslargeas... km?...

e 4,350,000 km? (4.35e+12 m?)
1. RiodelaPlata1.02 (keyword count: 2)
... km? and it isthe fourth largest in the world ...

e 3,690,000 km? (3.69e+12 m?)
1. Congo River 1.02 (keyword count: 5)
aslargeas... km? Itisnextto Rio Amazdnas, and is

the second largest in theworld ...

e 3,248,000 km? (3.25e+12 n?)
1. Mississippi River 1.34 (keyword count: 11)
aslargeas... km?. Itisnext to Rio Amazonas and the

Congo River, and itisthethird ...

In this result, there are two descriptions of the basin
area of the Rio Amazbnas, and only one description of
the others. The quantities are shown using both the
original and normalized units, i.e., m? in this case, be-
cause the normalized quantities help the user compare
the original quantities in different units. “Keyword”
means the search string above.

The above result can be regarded as a two-column
table or relational database as shown in Table 3. This
demonstrates that a ranking of certain type of quantities,
such as the basin area of the world’s largest rivers, can
be gathered from an encyclopedia. This is an example
of gathering distributed information by using an axis-
specified search.

The third case study was on a quantity search for the
melting points of materials. It was asserted that the user
wanted to know which materials had very high melting

points. The user
specified the inputs:
“ @b " (melting

Table 3. Result of quantity
search for m? with “F&is”

poi nt) as a search Name of river Basin area
string and “°C” as a | _RioAmazonas | 6,500,000 km*
unit. The range of | RiodelaPlata | 4,350,000 km?
feature values was not Congo River | 3,690,000 km?
specified. The results | Mississippi River | 3,248,000 km?
contained information

on many materials.
Some of them contained information on tungsten, which
has the highest melting point of all metals. Three con-
tiguous items from the search results are transated here.
e 3407 °C (3.41e+03 C)
1. Heat resistant material 0.73 (keyword count: 19)
... C, tantalum 2985 °C, hafnium 2...
e 3400 °C (3.40e+03 C)
1. Tungsten wolfram 0.93 (keyword count: 2)
have... C ...
e 3387 °C (3.39e+03 C)

1. Refractory metal 0.80 (keyword count: 12)
... C), rhenium (3180 “C), tantalum ...

All the above items describe the melting point of
tungsten. It is not clear why the melting points are dif-
ferent, but it is probably because the measurement condi-
tions differed. The quantity search made these variations
in the melting points clear. This is another example of
gathering distributed information using an axis-specified
search.

6. RELATED WORK

Hearst and Plaunt [Hea 93] proposed a method for re-
trieving documents that contain a specific subtopic that
has a specific relation to a main topic. Their method is
based on passage retrieval. However, their purpose is
not to extract passages or subtopics themselves, but to
retrieve whole documents.

Takeda, Morohashi, and Nomiyama [Mor 95]
[Tak 97] proposed a method of showing documents by
“information outlining.” In their method, documents can
be viewed in chronologically, geographically or in sev-
eral other ways. The chronological and geographical
views are similar to the views shown in Figure 1. How-
ever, the purpose of this method is to categorize whole
documents and to show the outline of the document col-
lection. Thus, only the main topics of the documents are
categorized. Also, only statistical information, such as a
histogram, is shown in the view.

Nowell, et a. [Now 96] developed a visua interface
for a digital library system caled Envision. Envision
visualizes search results using two axes. The axes show
bibliographic information, such as author or date, and
the unit of the search is the document.

Zhu, et a. [Zhu 97] proposed a method for searching
for parts and services on the Web. They extracted the
types of parts and companies related to these parts from
WWW pages and summarized the results as histograms.



Their purpose was not just outlining, but to mine useful
information from the results. However, their method has
not yet been fully automated, and useful individual in-
formation may be discarded because they used statistical
methods.

7. CONCLUSION

The axis-specified search method, which is a fine
grained full-text search method has been proposed. The
function of axis-specified searching is summarized be-
low.

e The user specifies an axis and search strings, and the
search results are ordered along this axis.

e The search results contain excerpts from the text and
hyperlinks into the corresponding part of the original
text.

e The user can see each topic in the results, which is
related to the query, even when a document contains
multiple topics.

The axis-specified search was implemented and the
feasibility has been demonstrated;

e Indices for feature values were generated during pre-
processing, and they are used with a full-text index.

e The method has been applied to an encyclopedia and
a newspaper database.

The usefulness of the axis-specified search has been
shown through several case studies,

o Didtributed information, such as a ranking of a cer-
tain quantities or descriptions on a topic, can be ef-
fectively gathered.

e A history of one or more specific topics over several
decades can be extracted from newspaper issues pub-
lished over ayear.

The main focuses of future work will be as follows:

e The encyclopedia and the news database search sys-
tems should be evaluated by users.

e The axis-specified search should be applied to other
types of texts, such from Internet newsgroups or from
the WWW, and should be evaluated.

Error corrections and updates of this paper will be
available at http://www.st.rim.or.jp/~kanada/Papers/-
search-papers.html#Axis-DL.
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