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ABSTRACT

To enable cooperative problem solving by people and com-
puters it is necessary to share the transition of objects,
because objects at a given time are the accumulation of
their transitions. With this perspective, we defined seman-
tic structure as the organization of problem-solving systems.
Semantic structure transition with elapsed time reflects how
and what knowledge is used to solve a problem. Based on
this argument, we constructed two systems for a semantic
structure. The first system was designed to construct and
manage the semantic structure, and the second was designed
to derive the semantic structure transitions.
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1. INTRODUCTION

Semantic computing is information technology based on
semantics shared by people and computers so that they can
cooperate to solve problems. To share semantics a common
representation is required. This is often represented as a
tree or a graph, called a semantic structure in this paper.
Semantic structure is manipulated dynamically by people
and computers during the problem-solving process, resulting
in changes in form as time passes.

In this paper, we show that this transition of semantic
structure is important in semantic computing because its
structure is the accumulation of transitions. Transitions are
caused by operators applying their knowledge. Therefore,
people and computers need to share the semantic structure
at any given time, as well as its transitions.

Based on this description, we propose two systems, the
first is a system to animate the semantic structure and the
second is a system to derive the semantic structure transi-
tions from the problem-solving records.

2. RELATED WORK
2.1 Semantic web service
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The semantic web is a project to store semantics that
are useful for problem solving in the web. Semantic web
service [5] is a project to compose a problem-solving system
with semantics prepared by the semantic web. For these
purposes, OWL [4] and OWL-S [2] are being developed to
represent the structure of objects and services.

The semantic web service creates a system of a user’s re-
quirements automatically by combining elemental semantic
web services. It may change its behavior using parameters
in the process, but the system once created is not changed
during the problem-solving process. This means that seman-
tics to solve a problem are not shared between a user and
the semantic web system. It is not suitable for a problem
where the user’s intention is not clear in the initial stage of
problem solving.

2.2 Chancediscovery

Chance discovery is a method that forms the structure
from data and interacts with the structured data and people
to solve a problem, concretely to discover a chance. Struc-
tured data is not a semantic structure described in this pa-
per, it is a structured expression of explicit data at a given
time.

In chance discovery[7][6], people are involved in a problem-
solving process and the data structure is reconstructed at
any point during this process. Therefore, it can be said that
semantics is shared in the problem-solving process. By this
means, interaction between people and the structured data
is an important part of chance discovery, but transition of
these interaction results is not a focus. In addition, struc-
tured data is constructed from data at a given time, it does
not manage the transition of data and interactions.

Structured data is generally represented as a graph that
includes only explicitly expressed nodes. In the chance dis-
covery process, however, people can extract the background
structure as groups of nodes.

3. SEMANTIC STRUCTURE

To enable cooperation of people and computers in the
problem-solving process they must share a common repre-
sentation, with a structure that reflects the problem struc-
ture. People and computers operate using this to solve a
problem. Such a structured object for cooperation we call a
semantic structure.

3.1 Example of a problem-solving process

Generally, a tree or graph structure is used to represent
the semantic structure. In this section, we define an object
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Figure 1: Example of semantic structure transition

of a problem-solving process as a semantic structure and
give an example of how semantic structure is manipulated.
In the next section, we extend the concept of semantic struc-
ture from an object to an organization of problem-solving
systems.

In the section that follows, we use the writing of this pa-
per as an example of a problem-solving process, that is a
semantic structure operating process.

First, we conveived the semantic structure and its tran-
sition is important in problem solving. Node 0 in figure 1
denotes this intention. We developed a prototype system
where people and computers cooperate to solve problems
(node 1). Next, we wrote a description of the system (node
2). We also developed another system that derives topic
transitions from the problem-solving records (node 3). Then
we planned to write this paper (node 4). To describe these
systems in detail the limit of space is insufficient so some of
node 2 is deleted (as node 5). It follows that nodes 1 and 3
are refined from the perspective of nodes 0 and 4. In these
steps the semantic structure is transformed as time passes.

3.2 Cause of semantic structuretransition

In example above, knowledge (ideas, intentions, etc.) is
used to transform the semantic structure. Knowledge is
not a semantic structure itself, but knowledge is something
that transforms semantic structure in line with the prob-
lem solver’s intention. Semantic structure exists as a result
of knowledge application. Therefore, things required to be
shared between people and computers are not only the se-
mantic structure but also the knowledge to construct it.

3.3 Semantic structure as an organization of
problem-solving systems

In section 3.1, we described semantic structure as a single
object. It is not a static object, but dynamically trans-
formed. We manipulate it as a subject. In this case, one
problem-solving system was formed as the entire semantic
structure and its manipulator.

In a large-scale problem, manipulation is not performed
on the whole structure but on a part of the structure, es-
pecially at each node. For example, in writing a paper, we

Figure 2: Internal object and external object
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must focus many points from various positions. Therefore,
it is natural that there exists a subject for each node of a
semantic structure. This means that each node contains a
subject and an object, and so each node is a problem-solving
system.

Therefore, the semantic structure is an organization of
problem-solving systems. Each problem-solving system has
a subject and an object, and a subject manipulates its object
based on its knowledge.

In a problem-solving process, many standards are applied
to the semantic structure. For example, in writing a paper,
we not only perform text writing (as in node 2 above) but
also thinking opinion, structuring paragraphs (as for node
4), and proofreading text, etc. Therefore, in this case, ob-
jects of each subject are not only one node of the semantic
structure (figure 2(1)) but also group of nodes (figure 2(2)).

3.4 Semanticstructureand asolution of apraob-
lem

In general, the entire semantic structure is not required
as solution of a problem. For example, writing this paper,
semantic structure includes a node that represents the struc-
turing of paragraphs (node 4 above), the limit on the number
of pages, the date of the deadline, etc. However, these nodes
are not expressed explicitly as this paper in the solution, but
included implicitly as part of the semantic structure (figure
3).

Semantic structure includes all problem-solving processes,
therefore the user is required to decide how to derive the
solution from the semantic structure. In most situations,
lower nodes linked to each other are suitable as a solution.
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Figure 4: Example of problem structure represented
as problem-solving units
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Figure 5: Components of a problem unit

4. SEMANTICSTRUCTURE MANAGEMENT

SYSTEM

We constructed a semantic structure management system
based on the above description [11][8]. The system consists
of problem units and the case base. A problem unit rep-
resents a node of the semantic structure. The case base
contains structures of problem units constructed previously.

Figure 4 shows an example of a problem structure display-
user interface. Problem structure is represented as the orga-
nization of problem units. The displayed problem structure
corresponds to the semantic structure.

This example problem structure represents a communica-
tion subsystem simulator design problem for a small space
satellite, “XI-IV”. “XI-IV” is a development project of the
Intelligent Space Systems Laboratory in the University of
Tokyo.

4.1 Problem unit

One problem unit corresponds to one node of the semantic
structure. Figure 5 shows the components of a problem
unit. Each problem unit has subjects, users assigned to the
problem, and a built-in inference engine. Each unit also
has an internal object represented by couple, attribute and
value, and a controller to communicate with any other part
of the system. Figure 6 shows the main user interface of

O F MR EE PSA- Mozilla
. File Edit View Go Bookmarks Tools Window Help

Q. © O @ |y =]
[
FMEEESE > EREEEE CMRI5E DJ-C1 DINSER

: User

T TIT T T TTIT TI T TI T TIT T
A0C~+60'C

ault_nane [331[0] = "FH Receiver"s =]

i - a4

ault_cand [11(0] = 710065

ault_cand[I11] = 415

2

15 H
ool Zow
] zObject
IIlIIlIlIIlIIIIlIIlIlIIlIIIIlIIIIlIIlIlII e

1

require

attribute || 27—

2ult_cand [11(2]
ault_cand [11(3]
ault_cand [11(4] =

o}
2
3

ault_nane [34100] = "Fi Receiver s

i - 4
el t_cand [11[0] = 710065
atrioute [2— 1 ultcand [11[1] = 41
ault_cand[1][2] = 2
ault_cand [1][3] = 1

=

ault_cand [114] = 114

e (ko1 et
atriute f‘_ External
stwite [[inkioz - Objects
E
‘D J-C1 ‘ @
i [katsuaki i~
ot iy 2

Figure 6: Main user interface of a problem unit
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Figure 7: Problem-solving process

a problem unit. With this interface, a user controls the
behavior of a unit.

Each problem unit has SOAP[1] interface, so a unit can
handle web services like as lower problem units.

4.2 Problem management process

Figure 7 shows the tasks of a problem unit. In this flowchart,
a problem unit is created by another unit, the whole prob-
lem structure being constructed top-down. In addition, the
problem structure is managed by each part of the problem
units.

The tasks of a problem unit shown in figure 7 are divided
into two parts. The first is to create the lower structure,
and the second is to analyze, evaluate and modify its own
object and lower units, as external objects.

To create the lower units, either the subject (the user or
the built-in inference engine) selects an existing structure
from the case base, or the user creates new units. The user
creates lower units based on his or her own intention and
knowledge. On the lower structure selection screen (figure
8(a)), the user can read the intention of the existing struc-
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Figure 9: Object evaluation code writing interface

ture. On the lower unit creation screen (figure 8(b)), users
are required to write their intentions. The inference engine
selects a structure based on the numerical priority of the cur-
rent system. In the future, we plan to redesign a problem
unit to enable the inference engine to select a lower struc-
ture based on other grounds, such as a logical description
that computers and people can share.

The second task of a problem unit is evaluating and mod-
ifying objects to solve the assigned problem. This task con-
sists of three parts. First is analyzing objects, which is per-
formed by retrieving the attributes and values of the objects.
The second is evaluating these values. The third is modify-
ing these values and adding or deleting attributes. A user
performs these tasks using the user interface, shown in fig-
ure 6. This interface provides functions that add and delete
attributes, modify values, and copy attributes and values
from other objects, with the user’s knowledge.

The built-in inference engine performs this based on knowl-
edge prepared beforehand, represented as declarative rules
or procedural codes. Figure 9 shows the evaluation code
writing screen. The attributes and values of each object
are provided as input data, and the evaluation results are
applied to each object.

Significantly describing the user’s intention and knowledge
in advance enables an increase in the computer’s component
of the tasks. On the other hand, a user could perform all the
tasks of a problem-solving process with own knowledge. A
problem unit that provides the user interface records knowl-
edge, the context of it applied, and the result as structure of

lower problem units. In this way, the users provide knowl-
edge as cause of semantic structure transition, and the com-
puters records semantic structure as composition of knowl-
edge. In addition, the computers (problem units) can indi-
cate candidates of semantic structure transitions based on
recorded context. As thus described, problem-solving tasks
and semantic structure transforming procedures are shared
in problem-solving units between the users and the comput-
ers.

4.3 Solution of a problem

The organization of problem units represents a problem
structure that is a reflection of the semantic structure. As
described in section 3.4, some part of the object structure
in a semantic structure is not used in a solution. Therefore,
the solution of a problem could be derived from the objects
in problem units. This derivation process could be done
after each problem unit found a solution; or, if it is clear
in advance whether or not a problem unit is included in
the solution, the process could be performed by adding an
attribute to the problem unit’s object beforehand.

Otherwise, there exists another approach, to make each
evaluation procedure of problem units return the pair, at-
tribute and value, that comprise a solution, and to collect
the entire object of a solution at the top problem unit.

5. ACQUISITION OF SEMANTIC STRUC-
TURE TRANSITION

We constructed a system that derives topic structure tran-
sitions from the problem-solving records. Topics discussed
in the problem-solving process are the problem solver’s focal
points which reflect his or her view of the problem structure.
Therefore, topic structure reflects semantic structure and
topic structure transitions reflect semantic structure transi-
tions.

With derived transitions, the user can consider what causes
these transitions. Structure transition is useful as a candi-
date for the lower structure of a problem unit in the problem
management system.

5.1 Topic structure transition extraction pro-
cedure

We detect the transition of topics in the following three
steps[12]:

1. Grouping documents depending on their creation time.
2. Forming clusters within each group.

3. Detecting the relationships between clusters over the
group.

For a document d, let ¢(d) denote its creation time. Sup-
pose a set D of documents is given and let E(D) denote the
creation time of the earliest document in D, ie., E(D) =
ming. , ¢(d). Similarly, let L(D) denote the creation time
of the latest document in D. Then, we set a document group
at every time interval T such that

L(D) - E(D)

N
Based on the time interval T', we form N document groups
Dl, DQ, cee ,DN, where

D;={d|c(d) < E(D)+i-T}

T=
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Figure 10: Screen of the transition acquisition sys-
tem

Note that D; C Dy C--- C Dy = D.

Because each document often includes more than one topic,
we must segment each document.

First, Japanese language morphological analysis is applied
each document with Chasen[3]. Technical terms are often
used in the documents, so we set to analyze a series of nauns
are treated as one noun. Then windowing is performed with
a window size of 200 characters, and the overlap is 67 charac-
ters to make text segments. If boundary between segments
exists on a ward, each length of segment is extened to in-
clude the word.

Next, to make clusters of these segments for each docu-
ment groups, we make document vector of each text seg-
ment by couples of words and its frequency, and perform
clustering these document vectors by Ward’s method[9] with
GETA[10]. We divided the text segments into 50 clusters for
each document group. If the upper bounds to the number
of clusters are fixed and a new cluster is added composed
of new elements far from existing clusters, it is necessary to
reorganize the existing clusters to reduce their number. As a
result, clusters that are close to each other are collected into
one cluster. Therefore, with the goal that similar items be
organized into the same clusters as time passes, and newly
added topics form new clusters, we fixed the number of clus-
ters.

Then, to measure the similarity between clusters, function
5im(Ch,i, Cm, ;) is defined as follows:

$im(Ch.iy Crm j) = [Cni N Cmijl (1)
|Cr.il
where n and m are group numbers such that 1 <n <m < 50
and C,,; denotes the ith cluster at group n.

The following Jaccard similarity measure (2) is usually

used to quantify the similarity of the clusters:

_ G N Oyl
 [Cyi U C

However, when Cp; C Chyr,j(k > 1), the topic correspond-
ing to C,,; has been merged with other topics to form a
broader topic, Cpk,;. Therefore, we used (1) as our simi-
larity measure.

Based on this similarity function, the relation between
clusters belonging to adjoin document groups is made vis-

Jaccard(Chr,i, Cm,;) (2)

Clustering Result

Topic Structure

Figure 11: Mapping clusters to topics

able. We use the TouchGraph LinkBrowser! for visualiza-
tion (figure 10).

The similarities between clusters of adjoining groups are
calculated using the expression (1), and clusters with simi-
larities of 0.3 or more are linked.

The distance of the cluster Cy,; and Cy 41,5 is calculated
by the following expressions:

distance(Chr,i, Cni1,5)
=—A-5im(Cn,i,Cny1,j) + B ®3)

When visualizing relationships between clusters, the dis-
tance between nodes without links is taken as zero.

One of the feature words of the cluster was used as the
label for each node. The numerical values of a label rep-
resent the number of the document group that the cluster
belongs to and the number of text segments that the clus-
ter contains. The direction of the arrow of a link shows the
chronological direction. When a user selects a cluster the
feature words of the cluster are displayed in a popup win-
dow, then the user can refer to documents that belong to
the cluster.

5.2 Extraction of semantic structure transi-
tion
To extract topic structure from clusters, it is necessary to
map clusters to topics. Therefore, mapping function F

Tk,i = F(Cn,z)

is needed (figure 11) where the ith document group is Dj,
kth node of topic structure of D; is Tk,;, nth cluster of D;
is Cn,i~

F' is not defined in the system, users are required to de-
fine F' by reading the detail of the topics and clusters, or
by using text similarity, etc. Each label of a cluster graph
(figure 10) shows a representative word of the cluster. It
is selected based on TFIDF measurement function used by
[13]. However, it is not easy to understand the meaning of
a cluster from only one representative word. To understand
the meaning of a cluster precisely the user needs to read
text segments that belong to it. Other representative words
and a HTTP link to text segments are shown as a pop-up
window similar to figure 10, the user can read the details

"http:/ /www.touchgraph.com/
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Figure 12: Relation between topic transition graph
and topic structure

of a cluster following the link. When users decide that a
cluster reasonably represents a node of the semantic struc-
ture, they can set it to be a problem unit in the semantic
structure management system.

Figure 12 shows the elemental relations between the clus-
ter graph and topic structure transitions. Clusters B and C
belong to the same document group.

As described above, document group sets correspond to
the creation time of the document, figure 12(a) shows cluster
A changed into cluster B and C as time elapsed. This means
text segments that belong to cluster A are divided into B or
C. In this situation two topic structures could be considered.
The first case is where A is an upper concept of B and C,
because A includes text segments of B and C. The second
case is that A is a lower concept of B and C, because a part
of B and a part of C make A. The decision as to which case
represents the real topic structure transition depends on the
user’s judgment.

Figure 12(b) shows clusters B and C merged into cluster
D as time elapsed. This means the text segments that be-
long to cluster B and C are collected into cluster D. In this
situation it is also possible to consider two topic structures.
The first is that D is an upper concept of B and C, because
D includes B and C. The second case is that D is a lower
concept of B and C, because a part of B and a part of C
make D. The judgment as to which case represents the real
topic structure transition depends on the mapping function
F and on the user’s decision.

6. EXAMPLE OF SYSTEM UTILITY

In this section, we describe the construction process of the
“XI-IV” communication subsystem simulator as an example
of the utility.

To simulate the communication subsystem, there exists a
method that constructs a semantic structure of the commu-
nication subsystem and animates it as the simulator using a
semantic structure management system. However, because
speed of simulation is required, we defined the requirement

of the problem as the generation of a C-source code to sim-
ulate the communication subsystem.

First, construction of the structure of the communication
subsystem is required. This purpose is aided by the applica-
tion of the topic structure transition acquisition system for
documents, which were created in the XI-IV design process.
Topic structure transition indicates a knowledge of XI-IV
design.

The XI-IV project has 398 minutes from January, 2000 to
December, 2002. All were written in Japanese. The average
length of the minutes is 2703 bytes. Every minute includes
the creation date and the contents of the discussions. As a
result, a graph with 492 intersections was obtained.

We could obtain an overview of topic transition with the
graph. Moreover, we added a function to the visualization
section of the system, to limit displaying nodes that include
text segments that contain designated keywords. With this
function, a topic transition that related to the communica-
tion subsystem was obtained and applied to the construction
of semantic structure, with the management system.

In the semantic structure management system, we as-
signed a problem unit to each functional part of the com-
munication subsystem, and describe the C-source code frag-
ment that simulates its function. Each code fragment was
collected to an upper problem unit and the upper unit merged
these fragments. Finally, the entire simulation source code
was collected in the top problem unit and this was the solu-
tion to this problem.

7. CONCLUSION

To enable cooperation of people and computers for prob-
lem solving, it is necessary to share information concerning
the target objects; and to share the transition of objects, be-
cause objects at a given time are the accumulation of tran-
sitions. Transition is caused by the problem solver’s knowl-
edge. Knowledge is not a representation of a static structure
at a given time but the cause of dynamic transition of the
structure.

With this perspective, we defined the semantic structure
as an organization of problem-solving systems. In the se-
mantic structure people and computers cooperate to solve
a problem by sharing information about objects and tasks.
Semantic structure transition with time reflects what and
how knowledge is used to solve a problem.

We constructed two systems for the semantic structure.
The first system was designed to construct and manage the
semantic structure, and the second was designed to derive
the semantic structure from problem-solving records. The
latter system provides partial structure transition knowl-
edge to construct the semantic structure. The former sys-
tem constructs the semantic structure with this knowledge,
and operates the semantic structure with the knowledge.

While applying topic transition to construct the commu-
nication subsystem simulator, it was little difficult to find
nodes that have similar granularity in the topic transition
graph and the problem structure. We planned to resolve this
difficulty by improvement of clustering method in topic tran-
sition acquisition system. Current system employs Ward’s
method for clustering. In this method, to reduce number
of clusters leads to make large clusters that include small
clusters. It has not always been upper concept of smaller
cluster, but only group of them. Therefore, we are trying
to another method of clustering to make clusters of text



segments based on structure of a document.

Currently, users are required to perform tasks other than
operating the semantic structure, e.g. searching existing
knowledge, and mapping topic and semantic structure. In
the future, we plan to reduce these tasks and refine the con-
cepts and systems so that the problem-solving process will
work better.
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