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Abstract. We propose a new visualization system that automat{A) Understanding the user’srequirement

ically draws a graph from a large amount of numerical data cor- The purpose of this process is to extract information from the
responding to a user's requirement. The system has the followingser’'s requirement that is necessary for data aggregation. Our sys-
functions: to understand the user's requirement, to select the netem can recognize two types of user requirements as fdllows

essary data_ from a datata}ble, to con_vert ?nd aggregatt_a the selec e>c<jl) In 1995, the precipitation in the Kinki district was significant
data to a suitable granularity, and to visualize the data with an appro- in Kyoto Prefecture
priate graphical style. In this paper, we introduce a semantic frame )

in order to formally deal with the user's requirement. The semantid€2) What was the population of each gender by prefecture in the
frame consists of two subframes: one is mainly for selecting and re- Shikoku district in 19997

structuring data, and the other is mainly for choosing an appropriatgne yser requirement (ex1) is an example of a declaration-type re-
graph-type and emphasizing focal characteristics. We also explain &jyjirement, and (ex2) is a question-type requirement. A declaration-
aggregation algorithm for making the necessary datatable. With thigne requirement is used when the user wants to get a graph that is
system, a user only inputs his/her requirement described in a naturgkpected to support his/her thoughts, and a question-type require-
language, and then he/she is able to get an appropriate graph frQfent is used when the user wants to know the tendency of data.

an enormous amount of data even if the data granularity is not well From the viewpoint of drawing a graph, the difference between

suited to the requirement. these requirements is that the former includes two sorts of clue in-
formation for visualization, such as information on “what to draw”
1 INTRODUCTION and information on “focal point.” The information on “what to draw”

Recently. the stor nd or in d of computers hav brelates to decisions on drawing objects, whereas the information on
ecently, the storage and processing speed ot Computers have begl, point” relates to decisions on the drawing method such as a

!mproved dr?mﬁtlcally Wgh Te rap_ltc)il prtog:ess n Eechnolggy. Th_ﬁ%aph-type or emphasis method. For instance, in the case of the user
'”.‘gro"em‘f” s dave made 1t possible to frgntsacMopera Ions'tvk\l"th quirement (ex1), “In 1995, “the precipitation,” and “the Kinki dis-
wide variely and an enormous amount of data. Ioreover, wi ict” are information on “what to draw,” and “significant in Kyoto

enrichment of network infrastructures, users can now share data wi refecture” is information on “focal point.” Conversely, the latter
each other and use them according to their needs. However, it is Stw/pe of requirement only includes information on “what t,o draw.”

difficult for users to collect beneficial data from a large amount of I this process, these two types of information are extracted from
stored data because: (1) each user’s load increases according to {Hg Users require'ment in the form of a semantic frame

amount of data, (2) the appropriate graph depends not only on the
characteristics of the data but also on the interests of each user, affé) Organizing the necessary data
(3) stored data is not always described in a granularity best suited to The purpose of this process is to select the necessary tuples from a
each user’s requirement. datatable, to convert them into a suitable granularity, and to aggregate
In order to solve this problem, a system that helps a user handi&@em in compliance with the user’s requirement. These operations are
a large amount of data easily according to the interest of the user Bx€cuted based on the semantic frame generated in process (A).
needed. Itis also important that the system have an intuitive and eagg) Visualizing the data
interface. Accordingly, we propose a new visualization system that In this process, the system makes a graph suitable for the user’s
has a natural language interface. The functions of the system are tequirement based on the organized datatable constructed in the pre-
understand the user’s requirement, to select the necessary data fre@ious process.
stored data, to convert and aggregate the selected data to a suitabledur system determines candidates of appropriate graph-types
granularity, and to visualize the data in an appropriate graphical styldased on the characteristics of the organized data and the seman-
tic frames. Several graph candidates are chosen from 13 graph-type
2 VISUALIZATION PROCESSESOF OUR candidates in the order of preference.
SYSTEM Then, the system determines the necessary parameters for drawing
] o ] _agraph by considering how to emphasize focal characteristics of the
Our visualization system draws a graph suited to a user’s réquirggraph (e.g., the scale of the Y-axis or the color scheme).
ment by the following three processes. Finally, the system makes a graph by using these parameters.
Since our main goal is to clarify how to draw a graph that reflects

L NTT Communication Science Labs., Hikaridai 2-4, Seika-cho, Soraku-gun,
Kyoto 619-0237 Japan, ema{lmat, hayatoyo, kafg@cslab.kecl.ntt.co.jp 2 Our current system can handle Japanese sentences only.
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a user’s requirement described in a natural language, we mainly de- [

) ; . . AR ATTR MEAS | GRANU REST
scribe the first two processes in this paper. X | measuring daté _ date year | x = 1998
Y place nominal| prefecturs; €  Kinki distrigt
3 DEFINITION OF TARGET DATATABLE £ | precipiation [numerical _mm

In our system, all original data is stored in the following datatable. Figurel. “What to draw” frame of user requirement (ex1)
Let A; be an attribute of data and; be an instance ofl;. The
relationship betweerd; anda;; is described as follows.

VAR ATTR MEAS | GRANU REST
dom(A) = {air. ... a; 1 W | measuring datg date year | w; = 1997
(4i) = {air, ., aim}, @) X place nominal| prefectufe; €  Shikoku distrig]
where the functionlom is a mapping function betweet#; anda;;. Y gender | nominal | gender |y, =many,=woman
Z population numerical person

The datatable consists of a finite subset of Cartesian products of
dom(A;). In other words, a tupléds, ..., d,)(d; € dom(4;),1 <
i < n) means one datum in the datatable.

To simplify the problem, we assume that the datatable satisfies the
second nominal form wherg4,, ..., A,,_1} are candidate key at-
tributes and only4,, is a non-key attribute. That is, all candidate key GRANU(var), and RESTVar) mean the value of each slot respec-
attributes are independent of each other (J‘.‘EQA] :¢ for Z?é]), the'y A “what to draw” frame has several lines depending on the
and attributes whose instances belong to the same domains are M§€r's requirement. Information about one drawing object is repre-
permitted even if they are described in a different granularity. For in-sented in one line. One drawing object relates to one attribute in a
stance A; described in the granularity of “city” and,; described in datatable. Therefore, the number of lines must not exceed the num-
the granularity of “prefecture” are not permitted because they belonger of attributes in the datatable.
to the same domain and an implication relation exists between them. User requirements (ex1) and (ex2) are translated into the frames
As a first step of our approach, we establish the restriction that thehown in Figure 1 and Figure 2, respectively. Our system extracts in-
measure ofd,, be numerical. formation that comes under each slot by matching each user require-

Table 1 shows an example of a datatable. In this datatable, “placenent and generalized patterns of requirements stored in the system’s
and “measuring date” are candidate key attributes and “precipitationMebase- The patterns are mainly connection rules of auxiliary verbs
is a non-key attribute. In this paper, we assume that the user requir@d postpositional particles in Japanese.

Figure2. “What to draw” frame of user requirement (ex2)

ment (ex1) is a request to this datatable. The details of each slot are as follows.
Tablel. Example of a datatable * VAR . . . .
A var, a slot value of VAR, is a temporary unique identifier.
[ Place [ Measuringdate [ Precipitation | e ATTR

:gttg:gg iggggggi 8;88 i The ATTR slot takes the name of a drawing object as a slot value.
Hokkaido | 1995/01/01 03-00 3 The name of each drawing object corresponds to an attribute in a

. . . datatable. All drawing objects are determined by the noun phrases
Okinawa | 2000/01/27 22:00 2 in the user’s requirement.
Okinawa | 2000/01/27 23:00 1 For instance, the noun phrases such as “precipitation,” “1995,”

“the Kinki district,” and “Kyoto Prefecture” appear in user

requirement (ex1). These noun phrases correspond to attributes in

the datatable (e.g., Table 1) such as “precipitation,” “measuring
4 UNDERSTANDING A USER REQUIREMENT date,” and “place.” Note that both “the Kinki district” and “Kyoto

Prefecture” correspond to the same attribute “place.” These
In order to make a computer understand a user's requirement de- attributes are accepted as ATT&().

scribed in a natural language, it is necessary to convert the require-

ment into a formal representation that the computer can handle® MEAS_ ) ) ] )
Therefore, we propose a semantic frame as a formal representation MEAS _Indlcates the measure of the draWIhg object._ It is used to
of a user's requirement. The frame consists of two sub-frames: a determine an operator set that can be applied to the instance set of
“what to draw” frame and a “focal point” frame. Note that the “fo-  attributes corresponding to ATT®(). The operator set depends

cal point” frame might not be used according to the type of user re- °N MEAS({ar) and is used in process (B). In our system, “nomi-
quirement. For instance, user requirement (ex1) is described by using Nal" “date,” “‘numerical,” or “order” can be taken as MEA&).

both frames, whereas user requirement (ex2) is described by using FO instance, when MEASr) is “nominal,” the instances of
the “what to draw” frame only. the corresponding attribute may have implication relations by

lower/upper concepts. Therefore, the instances can be applied
. ., with coarser/finer granulation operations. However, they cannot
41 “What todraw” frame be applied with a mathematical operation such as a plus or minus

Drawing objects mentioned in a user's requirement are described in OPeration. In contrast, when MEA®{) is “numerical,” the
a “What to draw” frame. This frame is mainly used to aggregate a instances of the corresponding attribute can be applied with a

datatable in a later process. mathematical operator and can also be applied with a translation
This frame consists of five slots: VAR, ATTR. MEAS operator that translates the instances into ratio or cumulative
GRANU, and REST. In this papevar, ATTR(var), MEAS(var), values.
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¢ GRANU FOC COMP DEG
GRANU is the granularity of the drawing object. The user may Yi = {Kyoto Prefecture] yn y; | significant

want to visualize the data in a different granularity from the stored
data in the datatable. In order to absorb the granularity difference, Figure3. *“Focal point” frame of user requirement (ex1)
our system aggregates the tuples to a suitable granularity based on
GRANU(var).

For instance, “place” of user requirement (ex1) is described in the
granularity of prefecture. If the instances of attribute “place” in
the datatable are described in the granularity of city, our system  District: Hokkaido  Kanto  Kinki ~ Chugoku
aggregates the data into a granularity of prefecture. e

e REST
REST indicates the restrictions of the drawing object mentioned
in a user’s requirement and is used to choose the necessary tuples
from the datatable. Figure4. Upper/lower concept knowledge with granularity tags for places
For instance, in user requirement (ex1), as the user’s interest is
limited to the Kinki district as the “place,” tuples concerning other

districts such as the Kanto district are not necessary. In additionl,-’ ORGANIZING THE NECESSARY DATA

the user’s interest is also limited to 1995 for the “measuring date. Nt all of the tuples in a datatable are necessary to make a graph
Inour system, RESTAr) can be described in several ways such asgagisfy a user's requirement. Moreover, a datatable may not be de-
instance designation (e.gu, = Kyoto Prefecture), upper concept scriped by an appropriate granularity to make a graph satisfy a user’s
designation (e.gy: € Kinki district), or region designation (e.9., requirement. Therefore, the system should have the function to select
0 < y; < 100). only the necessary tuples from a datatable and aggregate them in a

Our current system visualizes data on 2-dimensional statisticajuitable granularity. Our system selects and aggregates tuples from a
charts and the charts can be drawn ifrax n table is obtained. datatable by the following algorithm.

Since the set of information described in these slots is enough to
make such a table from the target datatable, our system can draw_a

Country:

Prefecture; Shiga Kyoto Osaka Hyogo Nara Wakayama

graph if a complete frame is obtained. 5.1 Dataselection
) First, our system selects tuples that satisfy all of the restrictions de-
4.2 *“Focal point” frame scribed as RESTr) in the “what to draw” frame from the datatable.

The focus of a user’s interest that should be emphasized and notice:(?r. |nsEance, |n_ the case of F"%”re 1‘: our system selec"ts tuples that
Satisfy “measuring date = 1995” and “plaeeKinki district.

on a graph is described in a *focal point” frame. This frame consists As a practical matter, a restriction in the form of upper/lower con-
of three slots: FOC, COMP, and DEG. Each slot takes one slot value. p_ . ! . PP

B - . ._Cept designations is expanded by looking up upper/lower concept
For example, the “focal point” frame for user requirement (ex1) is

. knowledge. Figure 4 is an example of upper/lower concept knowl-
shown in Figure 3. ) . . : B
) edge with granularity tags for places in Japan. For instance, “@lace
The details of each slot are as follows. a2 h .
FOC Kinki district” is expanded to “place $Shiga, Kyoto, Nara, Osaka,
[ ]

Wakayama, Hyogh”
FOC indicates focal instances mentioned in the user’s require- 4 yogh

ment. For instance, “Kyoto Prefecture” is a focal instance in user _
requirement (ex1). 5.2 Data aggregation

¢ COMP Next, the system aggregates the selected tuples.
COMP indicates a comparison object for FOC. For instance, in  For eachvar in the “what to draw” frame, the system checks the
user requirement (ex1), the comparison object for the FOC (granularity consistency between GRANY) and the granularity of
Kyoto Prefecture) is the other prefectures in the Kinki district. the corresponding attribute of the tuples. If GRANBI'O is coarser

e DEG than the granularity of the corresponding attribute, the system trans-
DEG indicates an expression that expresses the degree of FOC!gjs each instance of the tuples into a granularity that is the same as
COMP. GRANU/(var) by using operations determined by MEA&).

Several expressions such as “increase,” “increase slightly” and Conversely, if GRANUYar) is less than the granularity of the at-

“increase rapidly” may exist in a declaration-type requirement intribute, our system lets the user know that the system cannot draw a

order to show the degree of FOC in comparison with COMP. 1t9raph suited to the user's requirement.

is necessary to clarify the differences on a drawn graph because After the above operation is finished successfully for eweay

the user's intentions are different in these expressions. ThereforéPIes that have the same instances for every candidate key attribute

our system decides the emphasis method complying with DEGre aggregated into one tuple as shown in Figure 5.

For example, if an expression “increase slightly” exists in a user

requirement and a line chart is chosen as a su_itable graph-type foy3 Organizing the necessary datatable

the requirement, the system draws the chart with a wider range for

the Y-axis in order to make the slant of the chart gefitler Then, the system organizes the datatable based on the subordinate
relations between attributes. These subordinate relations can be de-

3 The current system does not check whether the user requirement is concéped by candidate key attributes in the original datatables. Since
tually correct or not. {A1,...,A,_1} are candidate key attributes and only, is not,
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Place | Measuring date | Precipitation | Table2. Organized datatable from “what to draw” frame in Figure 1

Shiga 1995 7

Shiga 1995 6 Shiga | Kyoto | Nara | Osaka| Wakayama| Hyogo
Kyoto 1995 13 1366 | 1607 | 1287 | 1379 1409 1190
Kyoto 1995 10

Table3. Organized datatable from “what to draw” frame in Figure 2

Place | Measuring date | Precipitation |

- Tokushima| Kagawa | Ehime | Kouchi
E hcl)?g iggg ;g man 395000 494000 | 711000 382000
Y woman 436000 534000 | 793000 | 431000

Figure5. Example of tuple aggregation

an organized datatable, (2) the combination of attributes in an orga-

nized datatable, (3) whether a semantic dependency exists between

attributes or not, (4) whether a “numerical” attribute is treated as a
an instanced, € dom(A,) can be determined if all instances ratio or not (e.g., whether the sum of the instances becomes 100 or
di € dom(A;) (1 < i < n — 1) are designated. A subordinate not), and (5) the attribute of FOC in the “focal point” frame.

relation is derived as equation (2). We construct decision rule sets with a statistical technique based
on the above factors to choose appropriate graph-types. By using the

dom(Ay) x -+ x dom(An—1) = dom(An). (2 rule sets, appropriate graph types can be selected with a probability

0% or more for all test data, equal to the organized data in this

From the above relation, the system reduces the candidate key e(ﬁt !

tributes, each of which has only one instance in the aggregated dat g?ﬁgn the svstem determines the emphasis method and the parts of
able. By this operation, the system decides on the structure of the ' Y P P

organized datatable as equation (3). ismphasi; by clarifying a significant points in the graph based on the
focal point” frame.
A} XX AL = Ay, @) For the organized datatable, tuples having the same insta_nces as
the slot value of FOC are chosen as the objects to emphasize and
where A; is an attribute that has plural instances after the aggreapplied with several emphasis operations in the drawing of a graph.
gation. For example, in the case of the lower table in Figure 5, thé-or instance, when a bar chart is chosen for the datatable, the graph
attribute “measuring date” is reduced because the attribute only habjects corresponding to the objects to emphasize are displayed in a
the instance “1995". deep color with a thick edge, whereas comparison objects determined
As the restriction for drawing on a two-dimensional graph, theby COMP in the “focal point” frame are displayed in a light color
number of candidate key attributes should be less than two. If mor@ith a thin edge.
than two candidate key attributes exist after the above operation, the Moreover, in the case of a line chart, the appearance of change
system requires additional restrictions to the user. in the graph becomes intuitively comprehensible by suitably setting
For instance, in the case of user requirement (ex1), “precipitationthe scale of the Y-axis; for instance, to express “the rapid increase,”
is a non-key attribute and only “place” has plural instances. Therethe scale scope is set small to draw a large-change graph, while to

fore, the following relation is obtained. express “a slightly increase,” the scale scope is set large to draw a
small-change graph[8]. This operation depends on the slot value of
place — precipitation 4) DEG in the “focal point” frame.
Finally, the system makes a graph using the parameters.
From this relation, the datatable shown in Table 2 is organized. We made a prototype system named KEVIN that uses each of the

In the case of user requirement (ex2), “population” is a non-keyahove processes. Microsoft Excel is used for the process of drawing
attribute, whereas candidate key attributes “place” and “gender” havg graph in our system. The following two sentences are examples of

plural instances. Therefore, the following relation is obtained. user requirements.
place x gender — population (5)  (ex3) There was much precipitation in Kanagawa Prefecture when
the precipitation of Kanagawa Prefecture from January to Junein
From this relation, the datatable shown in Table 3 is orgaflized 1995 was compared with that of Tokyo.
(ex4) What were the amounts of monthly production of the audio
6 VISUALIZING DATA apparatus and the visual apparatus in 1998?

In this process, the system draws a graph suitable for the user’s rT-he output result when user requirement (ex3) is input is shown in
s p th ‘d tﬁ ized d gt tpbl %igure 6. The precipitation of both prefectures are shown by plural
quirement based on the organized datatable. bar charts. The thickness of the edge and the arrangement of the color

First, the car’1d|date_s of approprlate_ graph-types that effectlve_ly e adopted as the emphasis methods. For these effects, a graph that
press the user’s requirement are decided based on the semantic frame . e p : "
- emphasizes the precipitation of “Kanagawa Prefecture in June 1995
and organized datatable.

By analyzing graph d by new: rs and “whit rs” Wis drawn.
y analyzing graphs used by newspapers a € Papers, We o output result when user requirement (ex4) is input to the sys-
f_ound that an appropriate graph could be se_lected by gving att_eq-em is shown in Figure 7. The amounts of monthly production of the
tion to five factors[9]: (1) the number of candidate key attributes "Ntwo kinds of apparatuses are shown by plural line charts. No empha-

4 Our system assumes the closed-world assumption that no rain has fall&#s operation is applied because user requirement (ex4) does not have
anywhere if the target datatable does not have the tuple. information about a “focal point”.
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Figure7. Output example for user requirement (ex4)

7 COMPARISONWITH RELATED WORKS

Information visualization is an effective approach for handling

tween the suitable data of the user’s requirement and the stored data.
DBsena[2] and an OLAP (On-line Analytical Processing) based vi-
sualization tool[7] have been proposed as frameworks for dealing
with details that vary from the user’s requirement. These systems,
however, do not describe the necessary knowledge and methodolo-
gies to automatically visualize information.

Greens'’ research[1] is remarkable for our interests. Their system
makes data visible based on a user’s requirement. They proposed a
language that represents a user’s requirement by using a first-order
logic with restricted quantification (RQFOL). Although the language
can represent complex user requirements, representation elements
such as predicates depend on specific domains. That is, the language
does not guarantee applicability to other domains. Moreover, as they
are not concerned with data granularity, their system seems incapable
of handling various types of data described in different granularities.

In contrast to these systems, our system makes a datatable from a
user’s requirement and visualizes the data. In other words, the sys-
tem generates a datatable that reflects the attributes, granularity and
restrictions of a user’s requirement without being limited to a spe-
cific domain. That is, our approach has a lower domain dependency.
Moreover, the datatable is organized with a suitable granularity that
can be applied to various types of data. Therefore, we conclude that
our system has advantages for solving the above problems.

8 CONCLUSIONSAND FUTURE WORKS

In this paper, we proposed a new visualization system that automat-
ically draws a graph from a large amount of numerical data corre-
sponding to a user’s requirement. By using this system, a user can
obtain a graph that effectively reflects his/her required information
without considering the necessary parameters for the drawing.

In the future, we will verify the effectiveness of the proposed sys-
tem by applying data from various domains. We will also develop
methods that automatically generate the necessary knowledge from
existing databases, LANs, and the Internet.

large amounts of data efficiently, and several systems have been

proposed[5].
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