Available online at www.sciencedirect.com

SciVerse ScienceDirect PrOCEd iCI

Social and Behavioral Sciences

ELSEVIER Procedia - Social and Behavioral Sciences 73 (2013) 438 — 443

The 2nd International Conference on Integrated Information

Framework for representing Semantic Link Network with
Adjacency Relation System

Teemu Mienpis®, Vesa Nyrhilg™"

“Department of Computer Science, University of Vaasa,Yliopistonranta 10, FI-65200, Vaasa, Finland

Abstract

In this paper we propose a framework of operations for representing semantic information with adjacency relation systems
(ARS). The framework consists of the following elements: (1) construction of domain-specific semantic network (SN), (2) the
refinement of semantic network into semantic link network (SLN) and (3) the conversion of semantic link network into
adjacency relation system (ARS). The proposed framework combines effectively semantic data structures with traditional data
structure. In this paper the proposed framework is used to modeling the statistical accident information reports.
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1. Key concepts and framework

Semantic network (SN) provides representations for concepts and their relations within a domain [1] [2] [3].
Statistical accident information reports provide the case data (domain) for this study [4]. At the first step domain
concepts and their relationships were mapped and SN was formed. At the second step relationships were analyzed
and Semantic link network (SLN) was formed by attaching semantic properties to each relationship.

1.1. Semantic Linked Network

Semantic link network (SLN) is a directed graph which consists of nodes and links between nodes. A node can
be for example text or a concept. Link between nodes is a labeled pointer. The label contains semantic properties
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which are derived from the domain [5]. Any semantic relationship between nodes is described by a property or by
a combination of properties [5]. According to Zhuge [6] the use of SLN can be justified as follows:

E It supports intelligent applications by assigning semantic indicators and rules to links and enabling relational,
analogical, inductive, and complex reasoning.

E It explores the laws of semantic linking. It pursues diversity and user experience of linking and exploring
rather than the correctness.

E It provides a light-weight semantic networking approach for peer-to-peer knowledge sharing.

According to Zhuge [5] [7] SLN provides the following semantic link primitives (Table 1.) which increase the
networks power of expression and as well reasoning capabilities.

Table 1. Semantic link primitives

Link type Characteristics

Cause-effect Transitive link that indicates causality between two items.

Implication Transitive link which means that the semantics of predecessor implies to its successor.

Subtype Transitive link indicates that successor is part of its predecessor.

Similar-to Intransitive link that describes similarity in semantics between successor and predecessor.

Instance Link showing that successor is an instance of the predecessor.

Sequential Transitive link which indicates that the content of item A is a successor of the content of item B. Also
links can be connected in a sequential chain.

Reference Transitive link which means that item A is an explanation of item B.

Equal-to Link showing that two items are identical in meaning.

Empty Link showing that two items are irrelevant to each other.

Null or unknown Link that indicates unknown or uncertain relation between two items.

Non-a relation Link that shows that there is no semantic relationship between two items.

Reverse relation operation If there exists semantic relation from A to B, then there exists also relation from B to A.

1.2. Adjacency relation systems

Adjacency relation systems (ARS) is a structure by which graphs can be used to illustrate the adjacency of
elements belonging to sets, which represent different entity types [9]. ARS is a pair ( A, R ),
where 4 w {4,,4,,*-,A,} ,n=1, is a set containing pairwise disjoint finite nonempty sets and
R« AR, |i,jE€E{l,2,~--,n}} is a set of relations, where each R, is a relation on A4, x A, . If
(%, ¥, (%,3,),...,(x, ¥, ) E R, are all the pairs of relation R, having X as the first component, then each
element y, (k w 1,2,...,m) is adjacent to the element x [10].

The procedure for converting SLN to ARS is quite straightforward. In ARS the nodes and links of the SLN are
represented as sets. Obviously, each node and link is a member of certain set of entity types.

Example 1. We have SLN (Figure 1) that contains nodes x; and y; that are connected by link oy, denoted as
X, ——s Y; (formal notation of SLN see for example [7]). The example ARS (Figure 2) is a pair (4, R) where
Aw{4,4,,45 and A W {x}, A4, « v}, 4 v {} . And R conmsists  of  relations:
Ris v {(x @)}, Ry o {(a,x)}, Roy o {( ), ) and Ry, w {(,0)))-

Olx
e 0

X Yi

Figure 1. Example SLN
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2. The case of statistical accident information reports

Statistical accident information reports are based on European Statistics on Accidents at Work methodology
(ESAW-methodology) (see [4]) which is used as a domain data for this study (Figure 3).

Level 1.
Circumstances

The circumstances just before
the accident, with 4 variables :
Workstation (optional),
Working Environment,
Working Process and Specific
Physical Activity

‘,/ Working

process

Workstation

Specific physical
<<optional>>

activity

Working
environment

Level 2.

Deviation
The Deviation, last « deviant event from normality »

leading to the accident, occurring in the framework
of the circumstances related at the previous level

Deviation

Material agent

Injured body
Level 3. part
Contact
The Contact — Mode of Injury,
which is the action that actually
injures as a consequence of the
Deviation related at the previous
level.

Contact

Figure 3. Concepts of Accident Record based on ESAW-methodology (see European Union)

In Appendix A is the first version of the semantic link network representation of the ESAW-based accident
report. The network in Appendix A has some semantic properties attached to connecting edges. The next step is
to analyze and assign links to a certain link primitives. Zhuge has defined twelve common link primitives (see
Table 1.) the rest of primitives are derived if needed from the domain. The edges of the network in Appendix B
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are assigned with Zhuge’s link primitives. The semantic link network can then be converted into adjacency
relation system. These steps should be done carefully because they effect to each other (see figure 1 and 2).

3. Conclusions

The benefits obtained by using ARS are: ARS is flexible enough to be used to represent relational and semi-
structured data. ARS allows effective data querying. Proposed framework can be utilized in decision making.
There is a method that converts ARS to relational database [11]. This means that semantically rich information
could be reclaimed in legacy systems and could be exploited in different business intelligence systems and
applications.
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Appendix A. An advanced semantic network of ESAW-methodology.

CASE: A slaughterhouse worker carving cutlets in the cutting department of a slaughterhouse
knocks his knife on the edge of the table and wounds his thumb.

Employee

Specific Physical
Activity Workstation

Working Process Working environment

Production,
manufacture,
processing

sual workstation or
within the usual local

Production area,
factory, workshop

Working with
hand-held tools

unit of work

Loss of control
(total or partial)
- of hand-held
tool

Hand-held non-motorised
tools - for cutting, separating;
Knife, large knife, craft knife

Contact

Material agent

Contact with
sharp Material
Agent (knife or
blade)

Injured body part:

Injury type

Open wound
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Appendix B. Zhuges link primitives used in ESAW-methodology based network.

CASE: A slaughterhouse worker carving cutlets in the cutting department of a slaughterhouse
knocks his knife on the edge of the table and wounds his thumb.

Employee

Ref: activity performed

Ref: main type of work Ref: describes where before the accident
performed by the victim the victim was working

Ref: work place
occupied by the victim

Working Process:
Production,
manufacture,

processing

Working environment:
Production area,
factory, workshop

Specific Physical
Activity: Working
with hand-held tools

Workstation:
Usual workstation or within
the usual local unit of work

N e
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_ - - _-
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ce:
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