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A Study on Construction of Domain Ontology in
Third-party Logistics
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Abstract

A large number of industry and trade circulation enterprises integrate logistics resource. They give
links of product transport to some professional logistics enterprises in order to reduce costs. We call these
professional logistics enterprises as the Third-party Logistics. As the development of the computer and
internet, the suppliers, buyers and the Third-party Enterprises comnect each other with internet. And
different company use different management software, so heterogeneous data become a hig problem of the
information system for Third-party Enterprises. We built the logistics ontology with protégé, and
translate it in OWL. We also built the rules for Logistics Ontology to improve the limitations of the OWL.
Then we design the intelligent system for 3PL Enterprises Distribution Center based on Logistics
Ontology and Logistics Rules. At final, we give an example to show the workflow visually.
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| . Introduction

A large number of industty and trade circulation
enterprises  integrate logistics resource.  They give links of
product transport to some professional logistics enterprises
in order to reduce costs.

Usually we call these professional logistics enterprises as
The Third party Logistics Enterprises. They  typically
specidize  in  integrated  operation,  warehousing  and
transportation services that can be scaled and customized to
customer's  needs based on market conditions and the
demands  and  delivery  service
products and materials [1].
with computers, they have to exchange many information of
the cargo every day. Usualy, different company use
software, and different data base
designers and managers use different concept
interpretations  when create the data model, so a concept
sometimes  have many different interpretations in  different
systems. It leads to the semantic heterogeneous in the
information system for Third party Enterprises.

Yan Jian yuan realized the data shaing and
exchanging by XML, and then introduced this method in
logistics information exchange platform [2]. She provided a
heterogeneous  data exchange model based on the attributes
of the XML (open, self descriptive and expandability), and
then used this model to implement enterprises’ Intermal and
extenal data share. But XML camot present the
relationship between the data since it is a descriptive
method for structured data.

Although there are some researches on heterogeneous
data, the heterogeneous  in  the
communication and exchange still is the problem of logistics

requirements  for  their

Because of the management

different management

semantic information
information platforms and systems, it is presented as the
following:

1) Different system use different concept and non
standard term to describe the domain knowledge.

2) Although XML can present the relationships
between the concepts, but it cannot present the connotative
relationships of them

Ontology i formal

an expliit and specification

description of shared concept model. So we use ontology to
solve semantic  heterogeneous problems, we design  logistics
domain ontology to normalize the logistics concepts for the
Third party Logistics Enterprises and then set the logistics
rules to present the relationship between the concepts,
finally, provide applicaion of the Logistics Domain
Ontology and the Logistics rules in the Distribution Center
of the Third party Logistic Enterprises.

Il. Related work

2.1 Ontology

Ontology is a metaphysics concept. As the development
of the artificial intelligent, people introduce ontology into
computer science. In recent years, Ontologies are widely
used in artifical intelligence, the Semantic Web, systems
engineering, ~ software  engineering,  biomedical  informatics,
library  science, enterprise  bookmarking, and  information
architecture.  They are used for knowledge representation,
sharing, integration, reuse and management.

In computer science and information sclence, many
definitions of ontologies have been given, in our opinion, the
essence of an ontology is based on the related definitions
made by T. Gruber, he defined it as ‘formal, explicit
specification  of a  shared  conceptualization.  [3]  Studer
explained ontology detailed as following [4]:

1) Conceptualization: refers to an abstract model of some
phenomenon in the world by having identified the relevant
concepts of that phenomenon.

2) Explicit means that the type of concepts used, and the
constraints on their use are explicitly defined.

3)  Formal refers to the fact that the ontology should be
machine readable, which excludes natural language.

4) Shared reflects the notion that an ontology captures
consensual knowledge, that is, it is not private to some
individual, but accepted by a group.

2.2 Ontology Language
There are many ontology representation languages, the
OWL is generally used since it is the basic of the Semantic
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Web. It adds more vocabulary for describing properties and
classes, for instance, relations between classes, cardinality,
equality, richer typing of properties, characteristics of
properties, and enumerated classes. It has more facilities
for expressing meaning and semantics than XML, RDF, and
RDF-S as well [5].

2.3 Ontology Methodology

Knowledge Engineering  Methodology  is
development  methodology  which  is  based
Includes seven steps as following [6]:

1) Determine the dormain and scope of the ontology.

2

an  ontology
on Protégé.

) Consider reusing existing ontologies
) Enumerate important terms in the ontology

3

4)  Define the classes and the class hierarchy
5 Define the properties of classes

6) Define the facts of the class

7)  Create instances

lll. Construction of Domain Ontology in
Third party Logistics

Logistics
Management

Integrated

Management
Fig.1 3PL Enterprises Information System Structure

Customer Customer
Relationship Service

~

Figl shows the three mamin parts of the 3PL Enterprises
systemi  Integrated = Management  Center,
Customer  Service Center and Logistics Management  Center.
The Logistics Management Center is the nost important
department; it includes the Warehouse Management  Center
and Distibution  Center.  The  information  system  of

information

Warehouse Management  Center is used for managing the
inventory level. The information system of Distribution Center
the transport information, such as the location
information of cargo in the warchouse, the load information of
the cargo and the location information of the conveyance. So
we begin our study from the Distribution Center.

controls

3.1 Building the ontology for 3PL Enterprises

3.1.1  Determine
ontology

the scope and pupose of the

The basic operation of the logistics service is transport
and warehouse. So people always pay attention on the
transport  operation and the warehouse operation. We
provide the following questions to ensure the requirement
and to test the characteristics of the ontology:

o What is will be transported?

o What are the properties of the cargo and

considerations during the transport?

e How to develop a rational transport plan?

o What should be transported by specific conveyance?

o Whether the warehouse could accommodate the

cargo or not?

312 Enumerate important tems in the ontology

Domain  information dictionary is used for define useful
and potentiall domain concepts, properties and instances.
We can prevent inconsistencies between the concepts of the
domain ontology with it. Since the information dictionary
can ensure the each concept is complete, concise, and
without redundancy.

Tablel. Information Dictionary

vocabulary cP Definition Category
LogisticsDomsin Class father class of the logistics Thing
concepts
CargeDomain Class father class of the cargo LogisticsDomain
WarehouesDomain Class father class of the ware house LogisticsDomain
ConveyanceDomain Class father class of the conveyance LogisticsDomain

the cargo cannot transport
with
the property of transport
dangerours cargo or not

cantTransportWith property
property
property

ObjectProperty

transport
isDangerours

ObjectProperty
DatatypeProperty

3.1.3 Define the dasses and the class hierarchy
Because our study is based on the transport operation
and warehouse operation, we need a classification method
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which includes the
and warehouse operation. As the figure 5 shows, we class

information about transport  operation

the goods as following: dangerous cargo, explosive cargo,
flammable cargo, and fragile cargo, gasify cargo, hygroscopic
cargo, liquid cargo, mordant cargo and so on.

W [

Asserted Hierarchy X3

ol Thing
v LogisticsDomain

v CargoDomain

[ 3 Cargo

v CargoClassifition
DangerousCargo
ExplosiveCargo

FlammakleCargo
FragileCargo
GaseftyCargo
HygroscopicCargo
LiguidCargo
MordantCargo
PerciousCargo
PoizonousCargo
PutrescibleCargo
RagioactiveCargo
solidCargo
WateryCargo

> conyancebomain

WarehouseDomain

Fig2 Class and Class Hierarchy in Protégé Interface

Cargo should be transported, different cargo correspond
different conveyances. We class the conveyance as: plane
train, ship, and vehicle. And vehicle includess van, tank
wagon, special Vehicle, refrigerator car, and flat car.

[ @ Metadata(Ontology1268700449.0wl) | (0 OWLCI

For Proj

Asserted Hierarchy

owl: Thing
¥ @ LogisticsDomain
» @ Cargo
@ Warehouse
v ) Transportation
® Plane
@ TankWagon
) SpecialVehicle
) RefrigeratorCar
@ FiatCar

Fig.3 Conveyance of the Cargo in Protégé Interface

3.14 Define the properties of classes

After defining the classes and the class hierarchy, we
define the properties of classes. All of the propery is defied
by ourselves, and all the property has domain and range.
There are two kind attributions in the ontology:

ObjectProperty presents the relationship of the cdlass, so
the domain and range of it is class.

DatatypeProperty presents the information of the class,
so the domain of it is class, but the range is data type.

So the range is different. For example, the property
isTransprtBy' is a object property, the domain is ‘ Cargo),
the range is ‘conveyance, it means cargo is transport by
conyance. And ‘isDangerous’ is a datatype property, the
domuain is ‘cargo and the range is ‘bool. It means the cargo
is dangerous or not. We list the property of the classes in
the table 2.

Table 2. Attribution of the Cargo

Property Domain Range Mean
isTransportedBy Cargo  |Conveyance is transported by
cannotTransportWith Cargo Cargo can not transport with
isDangerous Cargo Sool dangerous cargo or not
isExplosive Cargo Hool explosive cargo or not
isWartery Cargo Bool is waterery cargo or not
isFragile Cargo Bool is fragile cargo or not
ishlordant Cargo Bool 15 mordant cargo or not
isHygroscopic Cargo Bool is hygroscopic cargo or not
isFlammahble Cargo Bool is flammable cargo or not
1sPoisonous Cargo Bool IS pOISONOUS £arge or not
isPutrescible Cargo Boal is putrescible cargo or not
hasState Cargo State cargo state
highestTemprature Cargo Int highest temprature
lowestTemprature Cargo Int lowest ternprature

And we realize them in the protégé.

PROPERTY BROWSER

For Project: @ logistics

f Chbject rDatatype rAnnotation rm
%

[ Object properties
[ hasState
[ izTransportedBy < transport

[ tranzport < izTransportedBy

Fig4 OvjectProperty of Cargo in protégé interface
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PROPERTY BROWSER

For Project: @ logistics

((Object | Datatype | Annotation |1 |
b

Il Datatype Properties
I highTemprsture
¥ W isDangerous

W i=Explosive
I i=Flammable
B izMordant
I i=Poisonous
M izRadioactive
M isFragile
M isHyproscopic
W izPrecious
W izPutrescible
W isEtery
M o Temprature

Fig.5 DatatypeProperty of Cargo in protégé interface

315 Define the facts of the class

The attributes are used for establish the constraints, in
other word, the attributes are used to restrict the individual
belongs a certain class or not.

Table3. List of Define the facts of the dass

Class Necessary and Sufficient Condition Meaning

DangerousCargo < Cargo and isDangerous has true Dangerous Cargo

ExplosiveCargo < Cargo and isExplosive has true Explosive Cargo

FlammableCargo € Cargo and isFlammable has true Flammable Carge

FragileCargo < Cargo and isFragile has true Fragile Cargo

HygroscopicCargo C Cargo and isHygrescopic has true Hygroscepic Cargo

ModantCargo < Cargo and isMordant has true Modant Cargo

PoisanousCargo < Cargo and isPoisonous has true Poisonous Cargo

RadioactiveCargo < Cargo and isRadioactive has true Radinactive Cargo

WateryCargo < Cargo and isWatery has true Watery Cargo
LiquidCarge < Cargo and hasState has liquidState Liguid Cargo
GaseityCargo < Cargo and hasState has gaseity Gaseity Cargo

3.2 Building the rules

After building the ontology with protégé, it can translate
the intermnal representation into OWL.

OWL can present the semantic of class concept in the
domain ontology with constraint and Boolean combinations;
it also can present the relationship between concepts with

the attributions. But the description of the OWL comes from

the inference of relevance based on the

Sometimes OWL cannot present the logical rules, such as ‘if
- then --*. In the domain ontology for 3PL Enterprises, we

need ‘if -+ then -+ to present the logistics rules.

The basic rules of the logistics are following:

1) The rules on distribution: The poisonous, radioactive
cargo should be transport separately; the watery cargo
camnot be transported with hygroscopic cargo; the explosive
cargo camnot be transported with flammable cargo.

2)  The rules on choosing the convey: Liquid cargo must
be transported by tank wagon; putrescible cargo must be
transported by refrigerator car; dangerous cargo nust be
transported by special vehicle.

classification.

Because the important application of ontology is reasoning
(inference), in our study we want to use ontology to realize
the intelligent information system by reasoning Except for
the rules, we need inference engne to realize the reasoning.
So we choose Jena. It is a Java framework for building
Sementic Web  applications;,  provides a  programmatic
environment for RDF, RDFS and OWL, SPARQL and includes
a rule based inference engine [5]. To introduce the rules into
intelligent system we should huild the rules in Jena formal
rule language.

[poisonousRule: {Px rdf:type LO:PoisonousCargo)(?y isPoisonous?
(?b rdf:type LO:False)
-»(?x LO:cannotTransportWith?y)]
[hygroscopicRule: (?x rdf:type LO:HygroscopicCargo)
(?y rdf:type LO:WarteryCargo)
-=(?x LO:cannotTransportWith?y)]
[explosiveRule: (?x rdf:type LO:ExplosiveCargo)
(?y rdf:type LO:FlammableCargo)
-={?x LO:cannctTransportwith?y)]

3.3 Intelligent System of the 3PL Enterprises

As Fig6 shows, we design an intelligent information
system for the 3PL Enterprises Distribution Center, the
system gets the information about the cargo from users and
Jena read the 3PL Ontology OWL document, then 3PL
Ontology Individual will be produced with Jena APL Then
the Inference Engine do the reasoning based on the 3PL



242 T T E WA G f k2011, 04)
Rule Base and 3PL Ontology Individual. At final, the We can get the Logistics ontology individual

intelligent system put out the result of reasoning to users.

Cargo Order

nduwasts

Logistics

Ontalogy
Individusl

Loglstics
Rules

Base

Inferencs Engine

Inference Result

ndyng wajsts

Fig6 Workflow of the Distribution Center

I give assume an exanple to show how the ntelligent
information for the 3PL Enterprises works.

bi nme | state peoperty | weipht |concipmar| consignas

1} cergol | smld vatery a

12 cagol | seild

Eprozeopae | 1 |

13| corgod | soild | witery a ]

o m
lx m
al m

Jena API

Logistics ontology

Cargol=WateryCargo
Cargo & HyproscopicCargo
Cargo3 < WateryCargo

[hygroscopicRule: {?x rdf:type
LO:HygroscopicCargo)
(?y rdf:type LO:WarteryCargo)
->{?x LO:cannotTransportWith?y)]

—

=
=

Inference Engine

‘ Cargol and Cargo2 cannot transport with Cargo2 |

Fig.7 Example of the Distribution Center Workflow

As Fig7 shows, we assume that we get a Cargo Order

I nang state property weight |comsigner| comzignes |
11 cargol go1ld walery o ad 1 |
12 cargol sotld | Hyprogcopic o la W
i3 cargod soild vatery 21 3 un

Cargol=WarteryCargo
Cargo2 = HygroscopicCargo
Cargo3=WarteryCargo

According to

[hygroscopicRule: (7x rdf:itype LO:HygroscopicCargo)
(?y rdf:type LO:WarteryCargo)
-»{?x LO:cannotTransportWith?y)]

We get the result

‘ Cargoland Cargo3 cannot transport with Cargo2+

[V. Conclusion

We have bult domain ontology for Third party logistics
in our study. Then we presented them in OWL (an ontology
Language).

We dlso built the rules for Logistics Ontology to improve the
limitations of the OWL. Then we design an intelligent system
based on logistics ontology, logistics rules and inference engine
in the distribution centers of the 3PL Enterprises.

Ontology is an  explicit formal  specification
description of shared concept model. The Logistics Domain
Ontology ~ supports  unified  concept  interpretations — for
designers and managers to create the data model In that
case interact and share of the data can be implemented in
an integrated environment. It will give a hig help to realize
seamless integration and comnection with most systems of
the Logistics.

The Logistics Ontology and Logistics Rules base realize
nmake the

and

the information system reasoning automatically;
information system Intelligent.

Acknowledgement

"This research was supported by the MKE(Th
e Ministry of Knowledge Economy), Korea, un
der the ITRC(Information Technology Researc



A 32 BF BA0A e £E2A P& 243

(]

[2l

(3]

(4]

6]

h Center) support program supervised by the
NIPA(National IT Industry Promotion Agenc
y)" (NIPA-2011-(C1090-1121-0009))

mk
e

=]

The Third party Logistics Enterprises in Wikipidia
website, http.//en. wikipedia.org/wiki/3PL

Yan Jian yuan, Regional logistics information
platform architecture and capabilities, Pan Pacific
Business Conference, ppll2 116, May,2003

TR Gruber, “A Translation Approach to Portable
Ontology ~ Specifications”,  Knowledge  Acquisition  ppl9
21, May 2, 1983

Rudi Studer, V. Richard Benjamins, and Dieter
Fensel, “Knowledge Engineering: Principles and
Methods”, Source, Data & Knowledge Engineering
archive. Volune 25, Issue 1 2 ppld 21, March 198

Jos de Brijn, “WP 2 Ontdogy Managemrent, D27,
Ontology  Representation Language”, Data, Information
and Process Integration with Semantic Web
Services, pp/9 112, June 28, 2006

Mariano  Ferndndez,” METHONTOLOGY:  From
Ontological Art  towards Ontological Engineering”,
AAAI Technical Report, p33-39, June 1997

PN |

A Aot ois}l
AR ks
PRk AFHFY, LA

Emuil : ginagaol 3@sina.com

A
1982 Eolhefa seist

ARSI ols}

1984+ Folehefn ohelel
AR olsh}

1097 : Feleistan vfotsl
ARt olsfeb

1968 - @A) : <EoskaL et

AFEEe) 15

208 - 2010 APIHAHRALS
ey

010 - @A AhI=AHIARS]
27

PRk AME7IE, USNS-S
HloTEAlofsR =, FHIAH

2357

FEmail : kig@sunchon.ackr

o Al A

Al gk ok
AFEEEIT} )

FAEok 252X, A8IR14], USN,

ERER

Email © bamihyang@nate.com

ol & &

2001 @ ok
ARSI SA AL

2008 - AA - FFuhga

ARZAPI AN
ARSI W
Rl AlEZIE dlofElslofst
o0

FHIFHE =T

Emuil : helglory@wku.ac ke
ES I
1982 : ZAek

AAE e} F3AL
1986 : <lskoiska

AAE s} FAAL
1998+ ATl

AAEe) FEAL
1993 - & A =HAYenst

AR FA W
Aok FrHIFE Al 2E]

RN

Ermeil © hhchoi@suncheon.ac.kr



WWwWWw.KcCi.go.kr



