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Abstract. Exchanging huge volumes of data is a common concern in various 
fields. One issue has been the difficulty of cross-domain sharing of knowledge be-
cause of its highly heterogeneous nature. We constructed an ontological model of 
abnormal states from the generic to domain-specific level. We propose a unified 
form to describe an abnormal state as a "property", and then divide it into an "at-
tribute" and a "value" in a qualitative form. This approach promotes interoperabil-
ity and flexibility of quantitative raw data, qualitative information, and gener-
ic/abstract knowledge. By developing an is-a hierarchal tree and combining causal 
chains of diseases, 17,000 abnormal states from 6000 diseases can be captured as 
generic causal relations and are reusable across 12 medical departments. 
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1 Introduction 

Recent advances in science and technology, together with the increasing diversity and 
volume of data, have led to recognition of the importance of data exchange. Scientists 
observe objects through experimentation to identify the attributes they possess and the 
values of those attributes; in other words, scientific data are represented by attributes 
and values. Many ontologies have been developed based on this approach, such as 
BFO [1], DOLCE [2], and OGMS [3], and they have contributed to understanding the 
semantics of heterogeneous data. However, one problem with these ontologies is the 
difficulty of exchanging their concepts because of their individual formulations. 
YAMATO has focused on integrating these differing formulations [4]. 

In this study, we developed an ontology of properties which allows interoperable 
representation in a consistent manner. 

Understanding and analyzing the cause of failures and anomalies is a common is-
sue  in   various   domains, such  as   machinery,  aviation,  materials,  and  medicine. 
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Other abnormal states include parameter anomalies, which are classified into in-
creased or decreased parameter, depending on whether or not the attribute has a high-
er or lower value than a threshold level. Various generic abnormal states related to 
parameter change, e.g., increased/decreased velocity, increased/decreased pressure, 
etc., are defined by using general physical parameters, such as velocity, pressure, and 
concentration.  

3.2 Level 2: Object-Dependent Abnormal States 

Top level concepts at Level 2 are dependent on generic structures, such as "tubular 
structure", "bursiform structure", etc., which are common and are used in many do-
mains. By identifying the target object and specializing generic abnormal states of 
Level 1, an is-a hierarchal tree at Level 2 was developed with consistency. For in-
stance, by specializing "small in area" at Level 1, "constriction of tubular structure", 
where the cross-sectional area has become narrowed, is defined at Level 2, and this is 
further specialized in the definitions "water pipe narrowing", "intestinal stenosis", and 
so on. 

In the lower level of the tree, abnormal states dependent on domain-specific ob-
jects are defined. In the medical domain, for example, "constriction of tubular struc-
ture" at the upper-left in Fig. 4 is specified as "vascular stenosis" dependent on "blood 

vessels" (Fig. 4, 
middle left.), and 
is further speci-
fied into "coro-
nary stenosis" 
dependent on 
coronary artery 
(Fig. 4, lower 
left.). Thus, we 
can represent 
concepts at all 
required granular-
ities in the expert 
domain.  

Here, in gen-
eral, the difficulty 
arises in how fine 
a granularity 
needs to be sup-
ported in our 

ontology. In the medical domain, for example, as compared to "polyp formation", 
"gastric polyp formation" in a specific organ (the stomach) might be redundant and 
dispensable. However, it is widely known that abnormal states on one component 
subsequent influence adjacent components, which causes other abnormal states. Ac-
tually, a medical concept like gastric polyp is different from nasal polyp; the former 

Fig. 4. Specialization of abnormal states from generic level to specific
level 
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causes gastric cancer, whereas the latter causes dysosmia. Therefore, there is a need 
for distinct abnormal states at specific organ levels. 

From an ontological engineering point of view, our framework for modeling ab-
normal states is intended to capture abnormal states from the generic level to the spe-
cific domain-level, so as to provide abnormal states in a necessary number of specific 
organ/tissue/cell layers in the medical domain. 

Note that, although such abnormal states of specific cells are defined at Level 2, 
they are distinct from context-dependent concepts at Level 3. 

For example, hypertension, which means high blood pressure, can be defined in a 
context-independent manner at Level 2 with reference to level 3 concepts used in 
various diseases. For instance, how hypertension causes renal artery sclerosis should 
be defined in a context-dependent manner, i.e., a disease-dependent manner (e.g., 
renal artery sclerosis-dependent) at Level 3. 

3.3 Level 3: Specific Context-dependent Abnormal States 

Level 3 concepts are captured as context-dependent abnormal states, which are spe-
cialized from abnormal states at Level 2 in specific diseases or machine failure. For 
example, "coronary stenosis" dependent on coronary artery at Level 2 is defined as a 
constituent of the disease angina pectoris at Level 3, which causes myocardial ische-
mia (Fig. 2, lower right), which is also defined as a constituent of hyperlipidemia.  

In summary, our ontology can represent various anomalies with consistency. In 
our ontological approach, common concepts can be kept distinct from specific ones 
and can be defined as appropriate according to their context. By building an anomaly 
ontology with an is-a hierarchy tree, higher level concepts are more generic and can 
be shared as cross-domain common knowledge, and lower-level concepts are de-
signed to represent domain-specific knowledge for the required granularity, which is 
suitable for practical expertise. Consequently, our approach can provide backbone 
concepts with a machine understandable description, which supports the development 
of an infrastructure for anomaly knowledge of failures/diseases and will be useful for 
a wide range of applications. 

4 Application of Anomaly Ontology 

We have been developing a disease ontology in our Japanese Medical Ontology 
project. We define a disease as a dependent continuant constituted of one or more 
causal chains of clinical disorders appearing in a human body and initiated by at least 
one disorder [6]. 

Each disease is structured as a directed acyclic graph (DAG), which is composed 
of nodes (clinical disorders) and relations. We can introduce an is-a relation between 
diseases using chain-inclusion relationship between causal chains as follow: 
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Disease A is a super type of disease B if the core causal chain of disease A is included 
in that of disease B. The inclusion of nodes is judged by taking an is-a relation be-
tween the nodes into account, as well as sameness of the nodes. For example, that 
diabetes and type-1 diabetes are respectively defined as <deficiency of insulin → 

elevated level of glucose in the blood> and <destruction of pancreatic beta cells → 
lack of insulin in the blood → deficiency of insulin → elevated level of glucose in 
the blood>. Then, we get <type-1 diabetes is-a diabetes>. 

Currently, clinicians from 12 medical departments have described causal chains 
consisting of over 6000 diseases and approximately 17,000 abnormal states (Table 3). 

We defined upper level concepts (classes) such as clinical disorders (abnormal 
states), causal chains, causal relationships (cause and effect), etc. based on 
YAMATO. In addition, by using these abnormal states, we developed an anomaly 

ontology with a three-layer model, 
as described in the previous sec-
tion, and have also applied our 
representation model as described 
in Section 2.  

Abnormal states are defined as 
causes or results of each disease, 
i.e., context-dependent concepts at 
Level 3 described in one medical 
department. For instance, in the 
Department of Gastroenterology, 
one clinician defines "intestinal 
stenosis" as the cause of ileus. 
Each Level 3 abnormal state is 
stored as an organ-dependent ab-
normal state in the Level 2 leaf. 
Furthermore, at upper levels, ab-
normal states are more sharable. 
For example, "intestinal stenosis" 

and "esophagostenosis" are able to share "stenosis of digestive tract" at Level 2. 
Moreover, "coronary stenosis" can be shared with a corresponding upper level 2 con-
cept, i.e. "tubular stenosis", via the is-a hierarchical tree of the anomaly ontology.  

Level 2 leaf abnormal states are able to be reused as reference information for oth-
er diseases at all 12 medical departments. For example, level 3 "coronary stenosis" 
described in the Department of Cardiovascular Medicine is first stored as a Level 2 
leaf abnormal state, and later it can be reused as a result of Level 3 "accumulation  
of cholesterol" in hyperlipidemia at another department, namely, the Department of 
Diabetes and Metabolic Diseases (Fig. 5). 

Table 3. Statistics 
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Note that, once a causal chain related to an abnormal state is described, another 
clinician can use it as a generic causal chain. Consequently, a clinician at the Depart-
ment of Diabetes and Metabolic Diseases can annotate the generic progression of 
"coronary stenosis".  

Though the causal chains of each disease are 
described at particular medical departments,  
generic causal chains can be generated by  
combining causal chains that include the same 
abnormal states, which allows all causal relation-
ships, including 17,000 abnormal states from 12 
medical departments, to be visualized (Fig. 6). 

Since our approach can manage both the 
causal relations of diseases and the related is-a 
hierarchical structure of the anomaly ontology, 
it might be a good infrastructure for managing 
various kinds of anomaly knowledge. 

In this sense, using our infrastructure, which 
connects abnormal states to various granularities 
of abnormal states via (1) causal chains of dis-
ease i.e., horizontal relations among the same 
level, and (2) an is-a hierarchy in the ontological 

structure, i.e., vertical relations among the different level, will facilitate cross-domain 
usage among heterogeneous concepts of abnormal states and diseases/failures. This 
method should aid in understanding the mechanisms that cause diseases and lead to 
more-complete understanding of related abnormal states. Furthermore, knowledge 
regarding canonical causal chains of upper-level abnormal states can be annotated 

Fig. 5. An example of sharing of abnormal states between different medical departments 

Fig. 6. An example of the dynamic
generation of generic causal chain of a
disease 
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from the relations among real 
causal chains by using the 
anomaly ontology and causal 
chains (Fig. 7).  

For example, from a causal 
chain including "coronary ste-
nosis" at Level 2, we could 
obtain an upper-level causal 
chain including "blood steno-
sis" and the even higher level 
"tube stenosis". 

If we trace the vertical rela-
tion of each abnormal state 

from some causal chains of diseases that are understood, a common scenario might be 
generated as a canonical causal chain, which will provide a clue to revealing the  
mechanisms of other diseases that remain poorly understood.  

5 Related Work 

There are at least three methods of describing qualities in BFO [1], DOLCE [2] and 
Galen [7]. BFO recommends the <Entity, Property> (e.g., <John, tall>) formalism, 
whereas DOLCE recommends <Entity, Attribute, Value> (e.g., <John, height, 
180cm>) and Galen recommends <Entity, Property, Value> (e.g., <John, tallness, 
large>). However, all three descriptions have the same meaning, namely, John's 
height. 

A property description such as <bone, deformed> seems not to be covered by 
DOLCE whereas it is covered by BFO, which does not cover <Entity, Attribute, Val-
ue>. The YAMATO ontology covers all these three kinds of descriptions and supports 
interoperability among them.  

Since it is based on the YAMATO ontology, our representation model is not only 
able to manage the three kinds of description but can also be used as a reference on-
tology for representing properties (qualities) among these upper ontologies. 

In the biotechnology community, Phenotypic Quality (PATO) [8] is a famous on-
tology of phenotypic qualities, defining composite phenotypes and phenotype annota-
tions, and the current version of PATO adopts property descriptions, e.g., <eye, red>. 
Our ontology is compatible with the latest PATO description, and also with older 
versions of EAV (Entity + Attribute + Value) . 

In the medical domain, many medical ontologies have been developed for realizing 
sophisticated medical information systems, such as Ontology for General Medical 
Science (OGMS) [3], DO [9], IDO [10]. However, they do not include sufficient 
information regarding the relations between abnormal states in one disease. In future, 
we plan to link to an external ontology such as OGMS and provide useful information 
about causal relationships in diseases so that the concepts complement each other. 

Fig. 7. Causal chain layers 
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6 Conclusions 

In this paper, first, we discussed various complicated issues of abnormal state con-
cepts and introduced a representation model that handles 17,000 abnormal states from 
approximately 6000 diseases by capturing properties, which are consistently decom-
posed into attributes. Next, we proposed a systematic method for developing an ano-
maly ontology from the generic level to the specific domain level. We have also  
developed a hierarchical tree for capturing both commonality and specificity discrete-
ly.  Our model demonstrated that common knowledge about abnormal states can be 
shared at the upper level of abnormal states and is reusable for describing other dis-
eases in different medical departments. 

From preliminary studies on abnormal states from our ontological tree, the number 
of top level (Level 1) generic abnormal states, which are not dependent on the human 
body and are common concepts in multiple domains, is about 100. 

Furthermore, with a combination of our anomaly ontology and causal chains of 
diseases, we can capture all causal relations of 17,000 abnormal states in approx-
imately 6,000 diseases from 12 medical departments. 

In the medical domain, e-health needs data exchange, such as Electronic health 
records (EHR), in order to exchange data appropriately, and it is necessary not only to 
manage data as quantitative values but also to capture the intrinsic essentials as seman-
tics. Hence, our representation model has interoperability between qualitative data and 
the properties of anomalies, as shown in Section 2.3, which might contribute to organiz-
ing an integrated system in which various anomalies from raw data to abstract knowledge 
are accessible and manageable by computers. Our approach provides various useful in-
formation for a better understanding of the essentials of abnormal states in disease, and in 
addition, provides practical usability from the raw data level to the semantics level.  

As shown in Fig. 8, from the raw data level to the anomaly knowledge level, a 
three-level architecture that consists of (1) a database for raw clinical data, (2) a  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 8. Integrated system architecture for anomaly knowledge 
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processor of interoperating quantitative, qualitative and property information, and (3) 
a knowledge space for abnormal states, where an ontology and causal chains are de-
veloped as a backbone, might be suitable.  
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