


Fig. 11. IBM's test UDDI registry
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¥¥Find a Service - Mozilla Firefox ) = ||:||£|
File Edit “iew Go Bookmarks Tools Help o i

Qél - E@ - @ [@ @ ||_| https ;/Auddi. ibm.com/testregistry findservice? ELI @ Go I@_

| | Customize Links | | Free Hotmail | | Windows Media | | Windows | | htm

Search :

Home Products & services Support & downloads Wy account
IBM Corporation = Services/UDD| = Find

UDDI Business UDDI Business Test Registry

Registry Universal Description, Discovery. and Integration
Find

Find a Service

Enter values to search on for one or more of the criteria below then press the Find button to begin
the search. You may use the "%’ symbal as a wildcard that matches any character.,

Service Name [ Maximum of § names separated by spaces )

Starting wiith I

Exact Match? ¢ Yes @ Mo
Case Sensitive? © Yes # No

Locator

Categnr\fISeIec:t vl

Yalues I

Technical Model Name [ Maximum of 5§ names separated by spaces )

Starting with |input_tModel

Find Qualifiers ;

Sort by Mame & ASC O DESC
Sort by Date & ASC O DESC

Cancel Find

o

Dione | uddiibm.com (5~

Fig. 12. search by using input tModel as reference
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(:g - E> - @ @ ||_| https: Afuddi.ibm.com/ftestregistry findservice

Al © e |Gl

|| Cugtomize Links || Free Hotmail | Windows Media || Windows || htm

UDDI Business

Registry

Find

Related Links:

t IBM

Home Products & services Support & downloads
IEM Corporation = Serdces/JDDI > Find

UDDI Business Test Registry

Universal Description, Discovery, and Integration

Find Service Results

Your query returned a total of 1 matching service(s). Press the New Search button to
search again,

" New Search

Help UDDOI Terms of Use Support

Privacy Terms of use Contact

Service Nams — oeseription Jownmg Business |

CookingEook Service of cooking books CookingEook

My account

|uddi.ibm.c0m w|

Fig. 13. a web service that has semantic information



63

¥ service Details - Mozilla Firefox - |EI |§|
File Edit Wiew Go Bookmarks Tools Help o

Qél - EE} - @ [@ @ Iu htins //uddi.ibm, com festreqistry /findservice?action= ﬂLI ® Go I@,

| | Customize Links | | Free Hotmail | | \Windows Media | | Windows | | htm

[ B [

Home Products 8 services Support 8 downloads My account
IBM Corporation » Serices/UDDI = Find

dbbl Buningas UDDI Business Test Registry
Registoy Universal Description, Discovery, and Integration

Find

Service Details

Related Links:

The details of the selected sewice are shown below,  Please use your browser's Back
button to return to the previous page OR Press the New Search button to search
again.

Service Information

CETFAD50-81E6-1107-9124-0006290DC0A53

Ouning Business —— Jownerkey

CookingBaook CA3BF2F0-31EB-11D7-8124-00062390C0AS3

Service Name(s)
) 77T

CookingBook

Service Description(s)

Service of cooking books

Access Point(s)
ProtocolAddress  [oeseription _______[Actions

http localhost: 8080 MNone Details

Service Locator(s)
Code ——  oeserpion  [yoc [

http:flocalfCntology#iaoney Input
http:/flocalfOntology#CookingBook output

-
Cone uddiibm.com =~

Fig. 14. details of the semantic Web service
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[~/public_html/thesis/code/myUDDIWalker] [10:40am] java myUDDIWalker.Main

connection to registry is created...

got registry service, query manager, and life cycle manager...
services who used some input tModel:

service key:CE7F9D50-81E6-11D7-9124-000629DCOAS53

services who used some output tModel:

service key:CE7F9D50-81E6-11D7-9124-000629DCOAS53

services who used both input/output tModel:

service key:CE7F9D50-81E6-11D7-9124-000629DCOAS53

service detail:

service name: CookingBook

service key:CE7F9D50-81E6-11D7-9124-000629DCOA53

classification name: com.sun.xml.registry.uddi.infomodel.InternationalStringImpl@199939
classification name: com.sun.xml.registry.uddi.infomodel.InternationalStringImpl@9a9b65
[~/public_html/thesis/code/myUDDIWalker] [10:40am]

Fig. 15. results obtained by using the current UDDI crawler

5.5 Examples of Matching Algorithm’s Results

After the SWS repository is created, the broker can search for candidate Web services in it. To do
so, the service request has to be also expressed in OWL-S language, and this request has to be read and
processed by the matchmaking engine. This section presents the details of this final process of the

proposed architecture.

5.5.1 Using OWL-S to Represent Service Requests

In order for the matchmaking engine to work, there should be a service request submitted to the
matchmaking algorithm. As discussed in earlier sections, these service requests should also be written in
OWL-S language. Figure 16 shows one of such service requests. This request is also used as example in

the following sections.

<?xml version='1l.0' encoding='IS0-8859-1"'?>



<!DOCTYPE uridef[
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.w3.0rg/1999/02/22-rdf-syntax-ns">

w3.0rg/2000/01/rdf-schema">

.w3.0rg/2002/07/owl">

daml.org/services/owl-s/1.0/Service.owl">
daml.org/services/owl-s/1.0/Process.owl">
daml.org/services/owl-s/1.0/Profile.owl">

"http://www.daml.org/services/owl-s/1.0/ActorDefault.owl">

"http://tinman.cs.gsu.edu/~lyu2/thesis/SimpleBioOntology.owl">

<!ENTITY rdf "http://www
<!ENTITY rdfs "http://www.
<!ENTITY owl "http://www
<!ENTITY service "http://www.
<!ENTITY process "http://www.
<!ENTITY profile "http://www.
<!ENTITY actor
<!ENTITY domainOnt
<!ENTITY DEFAULT

1>

<rdf:RDF
xmlns:rdf= "sgrdf;#"
xmlns:rdfs= "grdfs;#"
xmlns:owl= "gowl; #"
xmlns:service= "gservice; #"
xmlns:process= "gprocess; #"
xmlns:profile= "gprofile; #"
xmlns:actor= "sactor;#"
xmlns:domainOnt= "&domainOnt; #"
xmlns= "&DEFAULT; #">

<owl:Ontology about="">

<owl:imports rdf:resource="&
<owl:imports rdf:resource="¢&
<owl:imports rdf:resource="&
<owl:imports rdf:resource="¢&
<owl:imports rdf:resource="&
<owl:imports rdf:resource="¢&
<owl:imports rdf:resource="&
<owl:imports rdf:resource="¢&

</owl:0Ontology>

"http://tinman.cs.gsu.edu/~1lyu2/thesis/request2.owl">

rdf;"
rdfs;" />
owl;" />
service;"
profile;"
process;"
actor;" />
domainOnt;"

/>

/>
/>
/>

/>

<profile:Profile rdf:ID="BioInformatics ws reg2">

<profile:hasInput rdf:resource="#inputl-protein"/>
<profile:hasInput rdf:resource="#input2-protein"/>
<profile:hasOutput rdf:resource="#outputl-alignment"/>

</profile:Profile>

<process:Input rdf:ID="inputl-protein">
<process:parameterType rdf:resource="&domainOnt; #Protein"/>

</process:Input>

<process:Input rdf:ID="input2-protein">
<process:parameterType rdf:resource="&domainOnt; #Protein"/>

</process:Input>

<process:UnConditionalOutput rdf:ID="outputl-alignment">
<process:parameterType rdf:resource="&domainOnt; #GlobalAlignment"/>

</process:UnConditionalOutput>

</rdf :RDF>

Fig. 16. an example of a service request written in OWL-S
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It is clear from this service request that the user is looking for a service that will accept two
Protein sequences as input and output the GlobalAlignment back to the user. This example will

be used in the next few sections to show the work done by the matching algorithm.

5.5.2 Using Jean APIs to Understand OWL-S Profiles and Make References

As stated previously, this prototyping system is developed using Java. To “understand” the
ontology and OWL-S profiles (including both service descriptions and service requests), Jean is heavily
used — part of its APIs is designed and implemented to make ontologies and OWL-S profiles
understandable to machines. The development of the OWL-S crawler discussed in the previous section
shows the details about using Jean to parse OWL-S profiles. The logic used to understand OWL-S
profiles is quite similar to that used to parse the domain specific ontology file. Appendix B is the result of
using Jean to parse the example ontology, including all the classes that are defined in this ontology and
the relations between these classes.

The other part of its APIs is an inference engine, which is proved to be very useful in the
development of the matchmaking algorithm. To see this, consider the following typical scenario where
inference is needed. Suppose one is searching for a Web service that takes Protein as the input. The
search agent now finds one service that accepts AminoAcidSequence as the input. In this case, with
the help from the inference engine, the agent can quickly realize that Protein is in fact is a sub class of
AminoAcidSequence, therefore, the current web service is a potentially qualified candidate. In fact,
this is the most frequently used feature when the matchmaking engine in this search is developed.

Jena already has the inference engine embedded into its APIs. To activate this inference engine,
the OntModelSpec.OWL MEM RULE INF parameter should be used. On the other hand,
OntModelSpec.OWL MEM will disable the inference engine. For more information, see Jena’s office

site given in [41].
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5.5.3 Using the Matching Algorithm to Find Candidate Set

This section presents one example of using the matchmaking engine to find the candidate service
set. When a service request is received by the broker, it will invoke the matchmaking algorithm to search
in the repository to find potential candidates. Figure 17 presents a screen shot of using this algorithm. The
service request is shown in Figure 16.

Clearly, the matchmaking engine first makes a connection with the SWS repository, and then it
reads in the service request file. In this example, the user is looking for a service that will accept two
Protein sequences as input parameters and output the GlobalAlignment back to the user. The
engine ignores several candidates since 1) they do not have the correct number of input parameters
(without the need to further check the output), 2) they use different domain ontologies.

In this example, the engine presents 3 candidates. The first one has an exact match for the output,
but it is using Sequence as the input, since Sequence is a super class of Protein, this match is a
Level-1 match. The second one is another Level-1 match: the output A1ignment is again a super
class of the required output GlobalAlignment. The same is for the last match: the output matches

exactly, but AminoAcidSequence is a super class of Protein.



“8 1:tinman.cs.gsu.edu - default - S5H Secure Shell

File Edit Yew Window Help

H E&A N2 2@ &M a0 % &8

&1 quick Connect ] Prafiles

[«spublic_htwml/theziz/code/myMatchnaker][9: 58am] Java myMatchmaker.Main
connected to 3W3 repository [(ORACLE tablesz) successfully ...
read the serwvice recquest ...

INPUT requested: Protein, Protein,

OUTRUT requested: Globaldlignment,

executing the matching algorithm...

»rrrx> gkip one candidate zince the nuamber of input parameter iz different!
»exexe skip one candidate zince the nmumber of input parameter iz different!
»=x>x> skip one candidate since the nmumber of input parameter iz different!
»>=x>x> skip one candidate zince the number of input parameter iz different!
»xxrx> 3kip one candidate since the number of input parameter is different!
»erere skip one candidate since the nmumber of input parameter iz different!
»»x>x> skip one candidate zince the number of input parameter iz different!
»»x>x> gkip one candidate zince the domain-specific ontoloyg iz different!
»=xexr skip one candidate zince the domain-specific ontoloyy is different!
»=x>x> skip one candidate since the domain-specific ontoloyg is different!
»»=x>x> skip one candidate zince the domain-specific ontoloyg is different!
»xxrx> 3kip one candidate since the domain-specific ontoloyy is different!

the followinhg candidates are found:

»exrk semantic web serwice description

[service name]: BioInformatics_ws_d4

[zervice contact]: lyuZ@ztudent. gsu.edu

[description url]: http://tinman.cs.gsu. edu/~1yudthesisBioInformatics_ws_ 2 1.owl
[ontology url]: http: //tinwan, o5, gsu, edus/~1lyuz /thesis/SinpleBioOntology. owl
[input]: 3edquence,3equence,

[ourtput]: Globaldlignment,

»=x>> semantic web serwice description

[zervice name]: BioInformatics ws alignmentl

[serwice contact]: lyuZ@student. gsu.edu

[description url]: http://tinman.cs.gsu. edus~1lyud/thesis/BioInformatics_ws_2 3.owl
[ontology url]: http: //timman. cs. gazu. edu/~1yuzZ/thesis SinpleFiolntology. owl
[input]: Zedquence,iequence,

[output]: Alignment,

»>=x>x Zemantic web serwice descriprtion

[service hame]: BioInformatics_ws_alignmentl

[service contact]: lyuZBztudent. gau.edu

[description url]: http://tinman.cs.gsu. edu/~1lyuz/thesis/EioInfornatics ws_2 4.owl
[ontology url]: htrp: //timman. cs. gau. eduys~ 1y /thesis SSinpleFiolntology. owl
[input]: Awinobcidiequence,iminchcidiequence,

[output]: Globalklimmment,

finished executing the matchihg algorithm... all done

[~/public_html/thezisscode /myMatchmaker J[DING! ] I

Connected to kinman,cs.gsu.edu 35HZ - aes128-cbe - hmac-mds - none | 87x51 ;EI

Fig. 17. a screen shot of the matchmaking result
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CHAPTER 6

CONCLUSIONS AND FUTURE RESEARCH WORK

6.1 Conclusions and Summary of Contribution

Web services are playing an important role in business application integrations and other
application fields such as bioinformatics. With the development of the related technologies, there have
been more and more Web services available for use. Given this proliferation of available Web services, it
is therefore crucial for the service consumers to discover and select the desired services in an efficient and
even automated manner: only after the automated discovery and selection of the relevant Web services is
accomplished, one can further discuss other highly desirable capabilities such as automated service
invocation, composition and monitoring.

Given this background, this research proposed an indexation and discovery architecture for
semantic Web services, together with an application example in the area of bioinformatics. In this
approach, a semantic Web service repository is created and maintained by a Web crawler which collects
semantic Web service descriptions from both the ontology-oriented UDDI registries as well the Web sites
hosting these services. After receiving a service request, the broker in the system will invoke a matching
algorithm and a candidate set will be returned to the user. Different degree of matching is also considered
when the candidate set is created.

This proposed architecture is further implemented as a prototyping system in the area of

bioinformatics, using Java and Jena APIs. The running example of the prototyping system shows that
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different components of the system can work together to collect the semantic Web service profiles, build
the SWS repository and finally present to the user the desired service candidates.

Some of the contributions of this research work are summarized in Section 3.3, which covers the
main benefits of the proposed architecture. To briefly reiterate, these benefits include the following:

e  More comprehensive coverage

This follows from the fact that the Web crawler visits not only the public/private UDDI registries,
but also the Web to find all the Web sites hosting semantic Web services. Therefore, a search request
submitted to the system is satisfied by not only searching the UDDI registries, but also the potentially a
large number of Web sites.

e More flexibility to service publisher

Besides the option to register the service into UDDI registry (and insert relevant UDDI tModels
to add the semantic descriptions), the publisher can also elect to directly publish the service profiles on
their Web sites without adding any entry into the UDDI registries.

e  More up-to-date repository

A centralized UDDI registry always suffers form the possibility of being obsolete. However, the
SWS repository can be updated periodically.

e More transparency to the client

In the proposed architecture, the broker hides the complexity of the matching algorithms. When a
particular service is requested, the effort on the client side can be minimized.

Besides the above contributions, the following can be further summarized here:

e The proposed architecture can be easily extended to include more desirable features.

For instance, more powerful matching algorithms can be used to replace the current one, and QoS
model can be built on top of the matching algorithm to further “screening” the candidate set (details can

be found in [21]).
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e Asa proof of concept, this research provides a concrete implementation of a working
semantic Web service discovery system.

This includes an example ontology written in OWL, Web service description markup using
OWL-S language, semantic Web service repository created by a Web crawler, and a matchmaking engine.
At the current stage of this research area and to our best knowledge, there are not many concrete
examples (even prototypes) that have all the necessary components working together to implement the
discovery of semantic Web services.

e As a proof of concept, this research also provides an example in the area of Bioinformatics to
illustrate the value that can be added by using semantic Web services in these important
application fields.

As discussed earlier, Bioinformatics involves vast amount of data and knowledge resources that
are widely distributed, highly heterogeneous and diverse, yet the biological questions to be answered are
computationally quite complex. This makes the Web based tools the ideal candidate. The implemented
system in this research, although a prototype, provides a concrete example of how the semantic Web

services can add more value to Web based application for Bioinformatics methods and discoveries.

6.2 Future Research Work

Possible future research work is discussed in this last Section. This includes the possible

improvements to the current prototype system and potential new research directions.

To improve the current prototyping system, the following can be considered:

e  More sophisticated matching algorithms can be designed and implemented into the system.

For example, preconditions and effects can be considered in the matchmaking algorithm. The

description of preconditions and effects can be added easily to the OWL-S profiles using the OWL-S
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ServiceProfile upper ontology. Other possible improvements, such as letting the service requester
express special “user-defined matching” rules [23], can also be explored. Another example is to introduce
QoS models into the matchmaking engine, detailed discuss about this approach and implementation can

be found in [21].

e More controls and improvements to the Web and UDDI crawler.

The performance of the proposed system not only depends on the matching algorithm, but also
the Web/UDDI crawler: the more semantic Web service descriptions the crawler can collect, the more
chance a given service request would be satisfied. Currently, the crawler may access large numbers of
pages that don't contain OWL-S profile descriptions, and precious system resources may be wasted. The
use of heuristics to focus on OWL-S pages may be desirable. In particular, we are looking at the so-called

“weighting algorithms” — some of the examples can be found in Expose [40].

Potential new research directions can include the following:

e Automatic service invocation.

Automatic invocation of the service can be considered as a future research direction. The current
indexation and discovery structure focus mainly on the discovery of the services, and the next logic step
would be to further let the system handle the service binding and execute the services on behalf of the
service requester. More specifically, a client will send the service parameters together with the service
discovery request, and receive the final results if candidate services have been found. For a detailed
introduction and discussion of service invocation, see [42].

e Automatic service composition

Following directly from the automatic invocation, another research direction is the composition
of Web services. Composition is the process of selecting, combining and executing Web services to

achieve a user’s object. Human beings perform manual Web service composition by exploring their
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knowledge of what a Web service does, as well as information provided on the service’s Web pages, in
order to execute a collection of services to achieve some objective. To automate Web service composition,
al this information must be encoded explicitly in an unambiguous computer interpretable from. This issue
closely related to the service discovery and also seems to be a crucial feature in the Web of the future. For

a more comprehensive discussion of service composition, see [6].
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APPENDICES

A. A small ontology in the area of Bioinformatics

<?xml version='1l.0' encoding='ISO-8859-1"7?>
<!-- this is a experimental ontology in the area of bioinformatics -->
for my master research in Dept of Computer Science -->

<l--
<!--

<rdf

<!--

<l--
<l--

created by Liyang Yu, August 6, 2005 -->

:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlns:owl="http://www.w3.0rg/2002/07/owl#"

xmlns="http://www.yuchen.net/#"

xmlns:simpleBioOntology="http://www.yuchen.net/#"

xml :base="http://www.yuchen.net/">

xml:base identifies the default namespace used in this ontology
model, sometimes, it is used to identify ewhere this xml document
is placed. also notice that this base URL does not have the "#",
therefore, all the concepts that are in this namespace will have

to have prefixed by a "#".

for example, if you want to access class Protein using Jena, the

namespace we should use is

http://tinman.cs.gsu.edu/~lyu2/thesis/SimpleBioOntology

the full class name will be:

http://tinman.cs.gsu.edu/~lyu2/thesis/SimpleBioOntology#Protein

add label and comments to these classes and properties -->

so we can remember them -->
<l-— HEHHHHHEEEEEEEEEEEE >
<!-- top level classes -->

<P HH#HHHEAAF A S >

<owl:Class rdf:ID="Structure">

<rdfs:subClassOf rdf:resource="http://www.

</owl:Class>

<owl:Class rdf:ID="SequenceCharacteristics">

<rdfs:subClassOf rdf:resource="http://www.

</owl:Class>

<owl:Class rdf:ID="Alignment">

<rdfs:subClassOf rdf:resource="http://www.

</owl:Class>

<owl:Class rdf:ID="Function">

<rdfs:subClassOf rdf:resource="http://www.

</owl:Class>

<owl:Class rdf:ID="Chromosome">
<rdfs:label>chromosome</rdfs:label>

<rdfs:subClassOf rdf:resource="http://www.

</owl:Class>

w3

w3

w3

w3

w3

.0rg/2002/07/owl#Thing" />

.0rg/2002/07/owl#Thing" />

.0rg/2002/07/owl#Thing" />

.0rg/2002/07/owl#Thing" />

.0org/2002/07/owl#Thing" />
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<owl:Class rdf:ID="Gene">

<rdfs:label>chromosome</rdfs:label>

<rdfs:subClassOf rdf:resource="http://www.w3.0rg/2002/07/owl#Thing"/>
</owl:Class>

<owl:Class rdf:ID="ProteinName">
<rdfs:label>proteinName</rdfs:label>
<rdfs:comment>the name of a given protein structure</rdfs:comment>
<rdfs:subClassOf rdf:resource="http://www.w3.0rg/2002/07/owl#Thing"/>
</owl:Class>

<U—— HHfHHEEEEE AR >
<!-- all sub classes -——>

<P-— HHfHEFHEAF SRS S >

<owl:Class rdf:ID="BiologicalStructure">
<rdfs:subClassOf rdf:resource="#Structure"/>
</owl:Class>

<owl:Class rdf:ID="Sequence">
<rdfs:subClassOf rdf:resource="#BiologicalStructure"/>
</owl:Class>

<owl:Class rdf:ID="SecondaryStructure">
<rdfs:subClassOf rdf:resource="#BiologicalStructure"/>
</owl:Class>

<owl:Class rdf:ID="TertiaryStructure">
<rdfs:subClassOf rdf:resource="#BiologicalStructure"/>
</owl:Class>

<!-- this identifies a location within a given sequence -->
<!-- so later on, we can use this to do subsequence operations -->
<owl:Class rdf:ID="SequencelLocation">

<rdfs:subClassOf rdf:resource="#SequenceCharacteristics"/>
</owl:Class>

<!-- this identifies the "similarity" of two sequences -->
<owl:Class rdf:ID="SequenceSimilarity">

<rdfs:subClassOf rdf:resource="#SequenceCharacteristics"/>
</owl:Class>

<!-- this identifies the length of a given sequence -->
<!-- we can use this to do sequencelength opertions -->
<owl:Class rdf:ID="SequencelLength">

<rdfs:subClassOf rdf:resource="#SequenceCharacteristics"/>
</owl:Class>

<owl:Class rdf:ID="GlobalAlignment">
<rdfs:subClassOf rdf:resource="#Alignment"/>
</owl:Class>

<owl:Class rdf:ID="LocalAlignment">
<rdfs:subClassOf rdf:resource="#Alignment"/>
</owl:Class>

<owl:Class rdf:ID="DNA">
<rdfs:label>dna</rdfs:label>
<rdfs:subClassOf rdf:resource="#Sequence"/>
</owl:Class>

<owl:Class rdf:ID="MessengerRNA">
<rdfs:label>dna</rdfs:label>
<rdfs:subClassOf rdf:resource="#Sequence"/>
</owl:Class>

<owl:Class rdf:ID="AminoAcidSequence">
<rdfs:label>dna</rdfs:label>
<rdfs:subClassOf rdf:resource="#Sequence"/>
</owl:Class>
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<owl:Class rdf:ID="Polypeptide">
<rdfs:label>dna</rdfs:label>
<rdfs:subClassOf rdf:resource="#AminoAcidSequence"/>
</owl:Class>

<owl:Class rdf:ID="Protein">
<rdfs:label>dna</rdfs:label>
<rdfs:subClassOf rdf:resource="#Polypeptide"/>
</owl:Class>

<owl:Class rdf:ID="PrimaryStructure">
<owl:equivalentClass rdf:resource="#Polypeptide"/>
</owl:Class>

<owl:Class rdf:ID="AlphaHelix">
<rdfs:subClassOf rdf:resource="#SecondaryStructure"/>
</owl:Class>

<owl:Class rdf:ID="BetaSheet">
<rdfs:subClassOf rdf:resource="#SecondaryStructure"/>
</owl:Class>

<owl:Class rdf:ID="TertiaryX">
<rdfs:subClassOf rdf:resource="http://www.w3.0rg/2002/07/owl#Thing"/>
</owl:Class>

<owl:Class rdf:ID="TertiaryY">
<rdfs:subClassOf rdf:resource="http://www.w3.0rg/2002/07/owl#Thing"/>
</owl:Class>

<owl:Class rdf:ID="Tertiaryz">
<rdfs:subClassOf rdf:resource="http://www.w3.0rg/2002/07/owl#Thing"/>
</owl:Class>

<owl:Class rdf:ID="BiologicalFunction">
<rdfs:subClassOf rdf:resource="#Function"/>
</owl:Class>

<owl:Class rdf:ID="ProteinFunction">
<rdfs:subClassOf rdf:resource="#BiologicalFunction"/>
</owl:Class>

<P HHEHEHEEEA R >
<!-- property definition -->
<V-— #HEHHHHHE R EE RS >

<owl:ObjectProperty rdf:ID="organized-into">
<rdfs:domain rdf:resource="#DNA"/>
<rdfs:range rdf:resource="#Chromosome"/>
</owl:ObjectProperty>

<owl:0ObjectProperty rdf:ID="strings-of">
<rdfs:domain rdf:resource="#Chromosome"/>
<rdfs:range rdf:resource="#Gene"/>
</owl:ObjectProperty>

<owl:0ObjectProperty rdf:ID="transcribed-from">
<rdfs:domain rdf:resource="#MessengerRNA" />
<rdfs:range rdf:resource="#DNA"/>
</owl:ObjectProperty>

<owl:0ObjectProperty rdf:ID="translated-from">
<rdfs:domain rdf:resource="#AminoAcidSequence"/>
<rdfs:range rdf:resource="#MessengerRNA"/>
</owl:ObjectProperty>

<owl:0ObjectProperty rdf:ID="has-name">
<rdfs:domain rdf:resource="#Protein"/>
<rdfs:range rdf:resource="#ProteinName"/>
</owl:0ObjectProperty>



80

<owl:DatatypeProperty rdf:ID="protein-name-type">

<rdfs:domain rdf:resource="#ProteinName" />

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string™ />
</owl:DatatypeProperty>

<owl:DatatypeProperty rdf:ID="sequence-type">

<rdfs:domain rdf:resource="#Sequence" />

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string™ />
</owl:DatatypeProperty>

<owl:DatatypeProperty rdf:ID="sequencelocation-type">

<rdfs:domain rdf:resource="#SequenceLocation" />

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#integer" />
</owl:DatatypeProperty>

<owl:DatatypeProperty rdf:ID="sequencelength-type">

<rdfs:domain rdf:resource="#SequencelLength" />

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#integer" />
</owl:DatatypeProperty>

<owl:DatatypeProperty rdf:ID="sequenceSimilarity-type">

<rdfs:domain rdf:resource="#SequenceSimilarity" />

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#float" />
</owl:DatatypeProperty>

<owl:DatatypeProperty rdf:ID="x-type">

<rdfs:domain rdf:resource="#TertiaryX" />

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#float" />
</owl:DatatypeProperty>

<owl:DatatypeProperty rdf:ID="y-type">

<rdfs:domain rdf:resource="#TertiaryY" />

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#float" />
</owl:DatatypeProperty>

<owl:DatatypeProperty rdf:ID="z-type">

<rdfs:domain rdf:resource="#Tertiaryz" />

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#float" />
</owl:DatatypeProperty>

<owl:ObjectProperty rdf:ID="start-location">
<rdfs:domain rdf:resource="#Sequence"/>
<rdfs:range rdf:resource="#SequenceLocation"/>
</owl:ObjectProperty>

<owl:0ObjectProperty rdf:ID="end-location">
<rdfs:domain rdf:resource="#Sequence"/>
<rdfs:range rdf:resource="#SequencelLocation"/>
</owl:ObjectProperty>

<owl:0ObjectProperty rdf:ID="length">
<rdfs:domain rdf:resource="#Sequence"/>
<rdfs:range rdf:resource="#SequenceLength"/>
</owl:ObjectProperty>

<owl:0ObjectProperty rdf:ID="similarity">
<rdfs:domain rdf:resource="#Sequence"/>
<rdfs:range rdf:resource="#SequenceSimilarity"/>
</owl:ObjectProperty>

<owl:ObjectProperty rdf:ID="alignment">
<rdfs:domain rdf:resource="#Sequence"/>
<rdfs:range rdf:resource="#Alignment"/>
</owl:ObjectProperty>

<owl:0ObjectProperty rdf:ID="has-primary-structure">
<rdfs:domain rdf:resource="#Protein"/>
<rdfs:range rdf:resource="#PrimaryStructure"/>
</owl:0ObjectProperty>

<owl:0ObjectProperty rdf:ID="has-secondary-structure">
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<rdfs:domain rdf:resource="#Protein"/>
<rdfs:range rdf:resource="#SecondaryStructure"/>
</owl:ObjectProperty>

<owl:ObjectProperty rdf:ID="has-tertiary-structure">
<rdfs:domain rdf:resource="#Protein"/>
<rdfs:range rdf:resource="#TertiaryStructure"/>
</owl:ObjectProperty>

<owl:0ObjectProperty rdf:ID="has-x">
<rdfs:domain rdf:resource="#TertiaryStructure"/>
<rdfs:range rdf:resource="#TertiaryX"/>
</owl:ObjectProperty>

<owl:ObjectProperty rdf:ID="has-y">
<rdfs:domain rdf:resource="#TertiaryStructure"/>
<rdfs:range rdf:resource="#TertiaryY"/>
</owl:ObjectProperty>

<owl:0ObjectProperty rdf:ID="has-z">
<rdfs:domain rdf:resource="#TertiaryStructure"/>
<rdfs:range rdf:resource="#Tertiaryz"/>
</owl:ObjectProperty>

<owl:0ObjectProperty rdf:ID="has-function">
<rdfs:domain rdf:resource="#Protein"/>
<rdfs:range rdf:resource="#ProteinFunction"/>
</owl:ObjectProperty>

</rdf :RDF>



B. Classes and Their Relations Parsed by Using Jena APIs

===== al]1 the classes that are defined ===

--— classes in this ontology file ---

http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.
http://www.

w3.
w3.

org/2002/07/owl#Nothing
org/2002/07/owl#Thing

yuchen.net/#GlobalAlignment
yuchen.net/#Function
yuchen.net/#Protein
yuchen.net/#ProteinFunction
yuchen.net/#BiologicalStructure
yuchen.net/#TertiaryY
yuchen.net/#Alignment
yuchen.net/#TertiaryX
yuchen.net/#SequencelLocation
yuchen.net/#AminoAcidSequence
yuchen.net/#Chromosome
yuchen.net/#Structure
yuchen.net/#SequencelLength
yuchen.net/#ProteinName
yuchen.net/#Gene
yuchen.net/#LocalAlignment
yuchen.net/#MessengerRNA
yuchen.net/#SequenceSimilarity
yuchen.net/#TertiaryStructure
yuchen.net/#Sequence
yuchen.net/#TertiaryZ
yuchen.net/#Polypeptide
yuchen.net/#PrimaryStructure
yuchen.net/#BiologicalFunction
yuchen.net/#BetaSheet
yuchen.net/#SecondaryStructure
yuchen.net/#DNA
yuchen.net/#SequenceCharacteristics
yuchen.net/#AlphaHelix

w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3
w3

.0org/2001/XMLSchema#short
.org/2001/XMLSchema#int
.org/2001/XMLSchema#long
.0org/2001/XMLSchemafbyte
.org/2001/XMLSchema#unsignedInt
.org/2001/XMLSchema#unsignedByte
.org/2001/XMLSchema#unsignedLong
.org/2001/XMLSchema#nonNegativeInteger
.org/2001/XMLSchema#unsignedShort
.0org/1999/02/22-rdf-syntax-ns#List
.org/2000/01/rdf-schema#Class
.0rg/1999/02/22-rdf-syntax-ns#Statement
.org/2002/07/owlf#Property
.org/2001/XMLSchema#string
.0org/1999/02/22-rdf-syntax-ns#Property
.org/2002/07/owlf#Ontology
.org/2000/01/rdf-schema#Resource
.org/2001/XMLSchema#integer
.org/2002/07/owl#Restriction
.org/2001/XMLSchema#float
.0org/2002/07/owl#Class
.org/2000/01/rdf-schema#Literal
.org/2001/XMLSchema#date
.org/2001/XMLSchema#boolean
.org/2001/XMLSchema#decimal
.org/2001/XMLSchema#duration
.org/2001/XMLSchema#nonPositiveInteger
.org/2001/XMLSchema#dateTime
.0org/2001/XMLSchema#time

end of classes ——-—-———-—--—-

class structure in the model ====
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Class:

is
is
is
is

a
a
a
a

Class:

is
is
is
is
is
is
is
is
is
is
is
is

[N VR VR IR TR U]

owl:Nothing

sub-class of Class:
sub-class of Class:

owl:Thing

sub-class of Class:

super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class

of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of

Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:

owl:Thing
rdfs:Resource

rdfs:Resource

simpleBioOntology:
owl:Nothing

simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:

simpleBioOntology:GlobalAlignment
sub-class of Class:
sub-class of Class:
sub-class of Class:
simpleBioOntology:Function
sub-class of Class:
sub-class of Class:

super-class of Class:
super-class of Class:

rdfs:Resource
owl:Thing
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AlphaHelix

TertiaryStructure
Sequence
SequencelLength
AminoAcidSequence
BiologicalFunction
SequencelLocation
DNA

BetaSheet
LocalAlignment
ProteinFunction
PrimaryStructure
Polypeptide
SequenceSimilarity
GlobalAlignment
SecondaryStructure
BiologicalStructure
Protein
MessengerRNA
Chromosome
Alignment
TertiaryY
TertiaryX

Gene

Structure
ProteinName
SequenceCharacteristics
TertiaryZ

Function

simpleBioOntology:Alignment

rdfs:Resource
owl:Thing
simpleBioOntology:
simpleBioOntology:

simpleBioOntology:Protein
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
simpleBioOntology:ProteinFunction
sub-class of Class:
sub-class of Class:
sub-class of Class:
sub-class of Class:
simpleBioOntology:BiologicalStructure
sub-class of Class:
sub-class of Class:
sub-class of Class:

of
of
of
of
of
of
of
of

sub-class
sub-class
sub-class
sub-class
sub-class
sub-class
sub-class
sub-class

super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class
super-class

of
of
of
of
of
of
of
of
of

Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:

rdfs:Resource
owl:Thing
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:

owl:Thing
rdfs:Resource
simpleBioOntology:
simpleBioOntology:

rdfs:Resource
owl:Thing

BiologicalFunction
ProteinFunction

Polypeptide
Sequence
BiologicalStructure
AminoAcidSequence
Structure
PrimaryStructure

BiologicalFunction
Function

simpleBioOntology:Structure

simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:

TertiaryStructure
Sequence
SecondaryStructure
BetaSheet
AlphaHelix
PrimaryStructure
DNA

Protein
Polypeptide
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super-class of Class: simpleBioOntology:AminoAcidSequence
super-class of Class: simpleBioOntology:MessengerRNA
simpleBioOntology:TertiaryY

sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing

simpleBioOntology:Alignment

sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing

super-class of Class: simpleBioOntology:LocalAlignment
super-class of Class: simpleBioOntology:GlobalAlignment
simpleBioOntology:TertiaryX

sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing
simpleBioOntology:SequencelLocation

sub-class of Class: owl:Thing

sub-class of Class: rdfs:Resource

sub-class of Class: simpleBioOntology:SequenceCharacteristics
simpleBioOntology:AminoAcidSequence

sub-class of Class: owl:Thing

sub-class of Class: rdfs:Resource

sub-class of Class: simpleBioOntology:Sequence

sub-class of Class: simpleBioOntology:BiologicalStructure
sub-class of Class: simpleBioOntology:Structure
super-class of Class: simpleBioOntology:Polypeptide
super-class of Class: simpleBioOntology:PrimaryStructure
super-class of Class: simpleBioOntology:Protein
simpleBioOntology:Chromosome

sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing

simpleBioOntology:Structure

sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing

super-class of Class: simpleBioOntology:BiologicalStructure
super-class of Class: simpleBioOntology:SecondaryStructure
super-class of Class: simpleBioOntology:BetaSheet
super-class of Class: simpleBioOntology:TertiaryStructure
super-class of Class: simpleBioOntology:AlphaHelix
super-class of Class: simpleBioOntology:PrimaryStructure
super-class of Class: simpleBioOntology:DNA

super-class of Class: simpleBioOntology:Protein
super-class of Class: simpleBioOntology:Polypeptide
super-class of Class: simpleBioOntology:Sequence
super-class of Class: simpleBioOntology:AminoAcidSequence
super-class of Class: simpleBioOntology:MessengerRNA
simpleBioOntology:Sequencelength

sub-class of Class: owl:Thing

sub-class of Class: rdfs:Resource

sub-class of Class: simpleBioOntology:SequenceCharacteristics
simpleBioOntology:ProteinName

sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing

simpleBioOntology:Gene

sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing
simpleBioOntology:LocalAlignment

sub-class of Class: owl:Thing

sub-class of Class: rdfs:Resource

sub-class of Class: simpleBioOntology:Alignment
simpleBioOntology:MessengerRNA

sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing

sub-class of Class: simpleBioOntology:Sequence

sub-class of Class: simpleBioOntology:BiologicalStructure
sub-class of Class: simpleBioOntology:Structure
simpleBioOntology:SequenceSimilarity

sub-class of Class: owl:Thing

sub-class of Class: rdfs:Resource

sub-class of Class: simpleBioOntology:SequenceCharacteristics
simpleBioOntology:TertiaryStructure

sub-class of Class: owl:Thing

sub-class of Class: rdfs:Resource



is a
is a
Class:
is
is
is
is
is
is
is
is
is
is
Class:
is a
is a
Class:
is
is
is
is
is
is
is
is
is
Class:
is
is
is
is
is
is
is
is
is
Class:
is a
is a
is a
is a
Class:
is
is
is
is
is
Class:
is
is
is
is
is
is
Class:
is a
is a
is a
is a
is a
Class:
is
is
is
is
is
Class:
is
is
is
is

ORI R R R R TR (U CRE R TIECRE ] (U VRV VR R TR

[V VR VR VR

(U RN VR TR

[N CRN VR

[URSURR U]

sub-class of Class:
sub-class of Class:
simpleBioOntology:Sequence
sub-class of Class:
sub-class of Class:
sub-class of Class:
sub-class of Class:

owl:Thing
rdfs:Resource
simpleBioOntology:BiologicalStructure
simpleBioOntology:Structure

simpleBioOntology:BiologicalStructure
simpleBioOntology:Structure

super-class of Class: simpleBioOntology:AminoAcidSequence
super-class of Class: simpleBioOntology:DNA

super-class of Class: simpleBioOntology:MessengerRNA
super-class of Class: simpleBioOntology:PrimaryStructure
super-class of Class: simpleBioOntology:Protein
super-class of Class: simpleBioOntology:Polypeptide

simpleBioOntology:TertiaryZ

sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing
simpleBioOntology:Polypeptide

sub-class of Class: simpleBioOntology:PrimaryStructure
sub-class of Class: owl:Thing

sub-class of Class: rdfs:Resource

sub-class of Class: simpleBioOntology:AminoAcidSequence
sub-class of Class: simpleBioOntology:Sequence

sub-class of Class: simpleBioOntology:BiologicalStructure
sub-class of Class: simpleBioOntology:Structure
super-class of Class: simpleBioOntology:PrimaryStructure
super-class of Class: simpleBioOntology:Protein
simpleBioOntology:PrimaryStructure

sub-class of Class: simpleBioOntology:Polypeptide
sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing

sub-class of Class: simpleBioOntology:Sequence

sub-class of Class: simpleBioOntology:BiologicalStructure
sub-class of Class: simpleBioOntology:AminoAcidSequence
sub-class of Class: simpleBioOntology:Structure
super-class of Class: simpleBioOntology:Polypeptide
super-class of Class: simpleBioOntology:Protein
simpleBioOntology:BiologicalFunction

sub-class of Class: owl:Thing

sub-class of Class: rdfs:Resource

sub-class of Class: simpleBioOntology:Function
super-class of Class: simpleBioOntology:ProteinFunction
simpleBioOntology:BetaSheet

sub-class of Class: owl:Thing

sub-class of Class: rdfs:Resource

sub-class of Class: simpleBioOntology:SecondaryStructure
sub-class of Class: simpleBioOntology:BiologicalStructure
sub-class of Class: simpleBioOntology:Structure
simpleBioOntology:SecondaryStructure

sub-class of Class: owl:Thing

sub-class of Class: rdfs:Resource

sub-class of Class: simpleBioOntology:BiologicalStructure
sub-class of Class: simpleBioOntology:Structure
super-class of Class: simpleBioOntology:AlphaHelix
super-class of Class: simpleBioOntology:BetaSheet
simpleBioOntology:DNA

sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing

sub-class of Class: simpleBioOntology:Sequence

sub-class of Class: simpleBioOntology:BiologicalStructure
sub-class of Class: simpleBioOntology:Structure
simpleBioOntology:SequenceCharacteristics

sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing

super-class of Class: simpleBioOntology:SequencelLocation
super-class of Class: simpleBioOntology:SequenceSimilarity
super-class of Class: simpleBioOntology:SequencelLength
simpleBioOntology:AlphaHelix

sub-class of Class: rdfs:Resource

sub-class of Class: owl:Thing

sub-class of Class: simpleBioOntology:SecondaryStructure
sub-class of Class: simpleBioOntology:BiologicalStructure
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sub-class of Class: simpleBioOntology:Structure
xsd:short

sub-class of Class: xsd:integer
sub-class of Class: xsd:long

sub-class of Class: xsd:int

super-class of Class: xsd:unsignedShort
super-class of Class: xsd:unsignedByte
super-class of Class: xsd:byte

xsd:int

sub-class of Class: xsd:integer
sub-class of Class: xsd:long
super-class of Class: xsd:unsignedShort
super-class of Class: xsd:unsignedByte
super-class of Class: xsd:unsignedInt
super-class of Class: xsd:byte
super-class of Class: xsd:short
xsd:long

sub-class of Class: xsd:integer
super-class of Class: xsd:unsignedShort
super-class of Class: xsd:unsignedLong
super-class of Class: xsd:unsignedByte
super-class of Class: xsd:unsignedInt
super-class of Class: xsd:byte
super-class of Class: xsd:int
super-class of Class: xsd:short
xsd:byte

sub-class of Class: xsd:integer
sub-class of Class: xsd:long

sub-class of Class: xsd:int

sub-class of Class: xsd:short
super-class of Class: xsd:unsignedByte
xsd:unsignedInt

sub-class of Class: xsd:nonNegativelInteger
sub-class of Class: xsd:integer
sub-class of Class: xsd:unsignedLong
sub-class of Class: xsd:long

sub-class of Class: xsd:int

super-class of Class: xsd:unsignedShort
super-class of Class: xsd:unsignedByte
xsd:unsignedByte

sub-class of Class: xsd:unsignedShort
sub-class of Class: xsd:byte

sub-class of Class: xsd:nonNegativelInteger
sub-class of Class: xsd:integer
sub-class of Class: xsd:unsignedLong
sub-class of Class: xsd:long

sub-class of Class: xsd:int

sub-class of Class: xsd:unsignedInt
sub-class of Class: xsd:short
xsd:unsignedLong

sub-class of Class: xsd:nonNegativeInteger
sub-class of Class: xsd:integer
sub-class of Class: xsd:long
super-class of Class: xsd:unsignedShort
super-class of Class: xsd:unsignedByte
super-class of Class: xsd:unsignedInt
xsd:nonNegativelnteger

sub-class of Class: xsd:integer
super-class of Class: xsd:unsignedShort
super-class of Class: xsd:unsignedLong
super-class of Class: xsd:unsignedByte
super-class of Class: xsd:unsignedInt
xsd:unsignedShort

sub-class of Class: xsd:nonNegativelInteger
sub-class of Class: xsd:integer
sub-class of Class: xsd:unsignedLong
sub-class of Class: xsd:long

sub-class of Class: xsd:int

sub-class of Class: xsd:unsignedInt
sub-class of Class: xsd:short
super-class of Class: xsd:unsignedByte
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rdf:List

sub-class of Class:

rdfs:Class

sub-class of Class:

rdf:Statemen
sub-class of
owl:Property
sub-class of
xsd:string
sub-class of
rdf:Property
sub-class of
super-class
super-class
super-class
super-class
super-class
owl:0Ontology
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Class:
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Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:
Class:

sub-class of Class:
sub-class of Class:

super-class of Class:
super-class of Class:
super-class of Class:

rdfs:Resource

rdfs:Resource
super-class of Class:
super-class of Class:

owl:Class

rdfs:Datatype
rdfs:Resource
rdfs:Resource
rdfs:Resource

rdfs:Resource
Class:

owl:DatatypeProperty
owl:0ObjectProperty
owl:FunctionalProperty
rdfs:ContainerMembershipProperty
owl:0OntologyProperty

rdfs:Resource

simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:

rdf:List
owl:Thing

simpleBioOntology:
simpleBioOntology:
rdf:Statement

simpleBioOntology:

rdfs:Class
owl:Nothing

simpleBioOntology:
simpleBioOntology:

xsd:integer

simpleBioOntology:
simpleBioOntology:
simpleBioOntology:

owl:0Ontology
rdf:Property

simpleBioOntology:
simpleBioOntology:

owl:Class

simpleBioOntology:

xsd:string

simpleBioOntology:

rdfs:Literal

simpleBioOntology:

xsd:float

simpleBioOntology:
simpleBioOntology:
simpleBioOntology:

owl:Property

simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
simpleBioOntology:
owl:Restriction

simpleBioOntology:

xsd:decimal
rdfs:Resource
xsd:unsignedShort

TertiaryZ
Alignment
MessengerRNA
Gene

Chromosome
BetaSheet
GlobalAlignment

DNA
Sequencelocation
Structure
AminoAcidSequence
Sequence
SecondaryStructure

AlphaHelix
Protein

TertiaryY

TertiaryX
ProteinName
PrimaryStructure
Function
SequenceCharacteristics
ProteinFunction
Sequencelength
SequenceSimilarity
LocalAlignment
Polypeptide
BiologicalStructure

BiologicalFunction

TertiaryStructure

xsd:nonNegativelnteger

xsd:unsignedLong
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super-class of Class: xsd:unsignedByte
super-class of Class: xsd:unsignedInt
super-class of Class: xsd:byte
super-class of Class: xsd:long
super-class of Class: xsd:int
super—-class of Class: xsd:short
owl:Restriction

sub-class of Class: owl:Class
sub-class of Class: rdfs:Resource
xsd:float

sub-class of Class: rdfs:Resource
owl:Class

sub-class of Class: rdfs:Class
sub-class of Class: rdfs:Resource
super-class of Class: owl:Restriction
rdfs:Literal

sub-class of Class: rdfs:Resource
xsd:date

xsd:boolean

xsd:decimal

super-class of Class: xsd:integer
xsd:duration

xsd:nonPositivelInteger

xsd:dateTime

xsd:time
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