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Figure 3 Transform the VAS to PD: first time = 35 second time = 65

0 20 40 60 80 100

4.1 The clustering algorithm

We extend the idea of a hierarchical clustering in the framework of conventional data
analysis. Let n be the number of PD and K be the number of cluster (the algorithm is
same for PCD).

Step 1  Begin with K clusters, each containing only a single PD, K = n. Calculate
distance between PD.

Step 2 Search the minimum distance among K clusters. Let combine the pair
selected among the clusters. Combine PDs into a new cluster, It is described
by mixture distribution of the member, where mixture weight is equal. Let
K be K—-1.If K > 1, go to Step 3, otherwise Step 4.

Step 3 Calculate the distance between new cluster and other cluster, and go back to
Step 2.

Step 4 Draw the dendrogram.

Kullback-Leibler divergence is the natural way to define a distance measure between
probability distributions (Kullback, 1968), but not symmetry. We would like to use the
symmetric Kullback-Leibler (symmetric KL) divergence as a distance between concepts.
The symmetric KL-divergence between two distributions s; and sy is

D(s1(x), s2(2)) = D(s1()||s2()) + D(s2()||s1())

= /c: s1(x) log Z;Eg dr + /_0:0 sa(x) log Zjég de, )

where D(s1]|s2) is KL divergence from s; to sy and D(ss]|s1) is one from s; to s;.
4.2 Distance between normal distribution
In Section 4.1, we use symmetric KL-divergence as distance between PDs.

Let PDs be d dimensional N(u;,X;) and N(p;, ;). Symmetric KL-divergence in
Step 1 is

D (p(x|pi, Z:) ,p (2|1, E5))
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=tr (Z;%7") +tr (Z;57) 2

ot (574 57) (s — ) (s — ) ") = 2d.
Let PDs be d =1,

D (p (zlps; 03) , p (2|1, 95))
1 ol  ol+ )2 o2  oF+(p = )2

gj

4.3 Distance between Gaussian mixture distributions

After Step 2 or the case of PCD, we need to calculate symmetric KL-divergence between
Gaussian mixture distributions. However, it cannot be analytically computed. We can
use, instead, Monte-Carlo simulations to approximate the symmetric KL-divergence. The
drawback of the Monte-Carlo techniques is the extensive computational cost and the
slow converges properties. Furthermore, due to the stochastic nature of the Monte-Carlo
method, the approximations of the distance could vary in different computations.

In this paper, we use unscented transform method proposed by Goldberger et al.
(2006).

We show approximation of D(s1||s2) in (1). Let cluster ¢; contains d-dimensional
distribution Nd(ug), »WY(m = 1,... M). Expression formula of ¢; is s1(x) = Zﬁle

( ]0(1)), where wY is a mixture weight, p(m|0£,1)) is m™ probability density

funcuon of Nd(p,%) 2(1)) and 9(1) (1 £,1), E,(%)). Simmilary, cluster c; contains
d-dimensional distribution Nd(,u(2) 2(2))(l =1,...L). Expression formula of ¢ is
5= Y 0 p(@l6”).

Approximation of KL-divergence from s; to sy by using unscented transform
method is

Disls2) dewmzlo $1(0n.8) @
m=1

Om,k)

where 0, are sigma points. They are chosen as follows:

oms = pD + (\/dzg?) , s)

i

Omra = p —( dz;?) ,
t

such that (\/ ES,?) is t® column of the matrix square root of =W, Then,
t

Omt = ug) + d)\m tu(l) (6)

Om,t+d = Mg) -V d)\(l ﬁi)t,



Transform of visual analogue scale data and their clustering 149

where t =1,...,d, p'Y is mean vector of m™ normal distribution in s, ,\fjjt is t™

eigenvalue of EQ) and uﬁ)t is t™ eigenvector. If p = 1, the sigma points are simply
W) o).

We can calculate approximation of D(ss||s1). Substituting these approximations into (1),
we obtain the symmetric KL-divergence. We set the divergence as distance between
cluster ¢; and cs.

5 An application to PD

In this section, we apply our proposal method to real VAS data from Keio University
School of Medicine. This is masked data and is not be tied to any information that
would identify a patient. To compare the traditional method, we apply centroid method
to the same data.

5.1 Medical questionnaire in Keio University School of Medicine

Centre for Kampo Medicine, Keio University School of Medicine, have a questionnaire
to patients to help medical decision. The questionnaire includes one set of questions
about their subjective symptoms. There are 244 yes-no questions and 118 VAS
questions, for example, “How do you feel pain with urination?”. Patients answer these
questions every time when they come to Keio University. Doctors can understand
patients’ fluctuate in severity.

5.2 Data description and result

For our analysis, we deal with a question which ask about how patient feel cold:
“Do you feel cold in your left leg?”. The data contain 435 patients’ first and second
VAS value. We transform this dataset to PD. Table 1 shows extracts taken from the
original data and their translation.

Table 1 Original data and their translation

Patient ID First VAS value Second Vas value N(u,o?)

1 100 78 N(89, 121)
2 0 50 N(25, 625)
435 42 5 N(23.5, 342.25)
5.3 Result

The result of our simulation show in Figure 4. Vertical axis of this dendrogram means
distance between PDs. There seem to be three large Cluster, A, B and C.

The PDs of Cluster A have large variance. The member of Cluster B has small
variance. The member of Cluster C has small variance and large mean. The level that
patients’ expression of sense of pain appears in features of clusters.

The result of centroid method show in Figure 5.
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Figure 4 Dendrogram for PDs (see online version for colours)
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Figure 5 Dendrogram of traditional method

6 An application to PCD

In this section, we show the case of PCD.

6.1 Data description and result

We also use the medical questionnaire in Keio University School of Medicine. We deal
with four question: “Do you feel cold in your leg?”, “Do you feel pain in your leg?”,
“Do you feel cold in your hand?”, “Do you feel pain in your hand?”. The data contain
113 patients’ first and second VAS value. We transform this dataset to PCD.
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6.2 Result

The result of our simulation is shown in Figure 6. Vertical axis of this dendrogram
means distance between PCDs.

Figure 6 Dendrogram for PCDs
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7 Concluding remarks

In this paper, we defined PD and PCD that are from transformation of the VAS to
_distribution-valued data. We also proposed hierarchical clustering method for them.
Comparing across a group of patients by using the VAS is difficult, but our method can
do it. Through the simulation, we verified our model.
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Abstract

The purpose of this study was to reveal the modern history of Japanese philosophy
. . . . . 1

using natural language processing (NLP) and visualization. Knowledge has been
increasing at an exponential rate with advances in science and technology in recent
years resulting in massive amounts of knowledge that have been extremely difficult to
process manually. Thus, it is important to utilize information technologies (IT) to
support new discoveries of knowledge from large numbers of resources, such as
literature. To implement the study, we have developed:

1) A corpus representing a modern history of Japanese philosophy,
2) A computational model for extracting ontology® from the corpus, and
3) An interactive user interface (UI) to support new discoveries of knowledge.

We chose “Shisou” (thoughts) by the Japanese publisher Iwanami Shoten for the
target corpus, which is one of the most representative journals of philosophy in Japan
that has an almost 90 year history from 1921 to the present-day. It is comprised of about
8,600 papers and more than 160,000 pages of textual data. The first step in this study
was to develop a technology to digitize such large amounts of textual data from physical
books (semi-) automatically. Because the target was too huge to digitize manually (i.e.,

1 Although the definition of knowledge is domain-specific, our definition of knowledge here is
the particles represented by ontology, which is the (hierarchical) collection and classification of
(technical) terms used to recognize their semantic relevance.

2 Although the definition of ontology is also domain-specific, our definition of ontology h
ere is, as previously mentioned, the (hierarchical) collection and classification of (technical)
terms used to recognize their semantic relevance.



by typing), a rapid, accurate and low-cost approach was required. Thus, we developed
an Optical Character Reader (OCR) based (semi-) automatic book-digitizing system, in
which we integrated three processes:

1) Book scanning
i) OCR
1it) Automatic document style recognition

The input for the system were physical books and the output was a full-text corpus
with meta-data, i.e. titles, authors, page numbers, and dates.

We propose a knowledge structuring (KS) system!"! to integrate NLP and the
visualization-based interactive Ul for the model of ontology extraction and UI. The
system architecture is modular, and it integrates five components (Fig. 1): a)
information (ontology) extraction, b) a corpus database, ¢) information retrieval, d)
similarity calculations, and e) visualization.

System Architecture

Fig.1 KS System Architecture

The main objective of the system was to facilitate knowledge acquisition from
documents and generate ideas through terminology-based real-time calculations of
document similarities and their visualization with an interactive Ul. Fig. 2 outlines the
visualization of knowledge structures for $//Sou papers relevant to the keyword “shisou
(thoughts)” in the 1930s. The system constructs a graph to structure knowledge in which



the nodes (dots) reflect relevant papers with the keyword, and the links between the
nodes reflect semantic similarities that are calculated based on terminological
information in the papers. Additionally, the locations of all nodes are calculated and
optimized when the graph is drawn. The distance between each node depends on how
close they are in meaning. Cluster recognition is also carried out based on the detection
of groups of papers in which every combination of papers that are included is strongly
linked (i.e., their similarity exceeds a threshold). As seen in Fig. 2, several clusters are
automatically recognized and category names such as “Marxism”, “socialism” and
“right-wing thoughts” are also automatically assigned to clusters to facilitate an
overview of thoughts discussed in these papers.

We have currently finished digitizing and creating a “Shisou” textual database of
the 20 years from 1940 to 1959 and installed it in the KS system. Several experiments
on text digitization were conducted to evaluate the OCR and style recognition process to
improve accuracy. We obtained more than 98% accuracy in OCR, about 90%
accuracy in style recognition according to the latest evaluation.

We expect to discover new knowledge on the historical flow of Japanese thinking
during one of its most important eras from before World War 1II to the present-day by
digitizing and analyzing huge amounts of historical textual data with the system.
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Fig.2 Visualization of knowledge structures
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* Kampo formulae for Alzheimer disease.
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