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Abstract

This paper extends class-based generalization and class-based specialization. In the class-
based generalization (specialization, respectively), the names of the attributes of the super-
class (subclass) are changed according to the name of the superclass (subclass). Revised
class-based generalization (specialization, respectively) permits subclasses to have the at-
tributes whose names are the same as those of the attributes of the superclass (superclasses).
This extension improves the representation capability through the class-based generaliza-
tion and the class-based specialization.

Keywords:class-oriented, data model, generalization, semantic, specialization.

1 Introduction

In recent years, various kinds of knowledge have been represented, gathered, and used
around us according to the advances of computers and computer networks. Wikipedia is
an encyclopedia collaboratively created over the Internet [1]. It gathers the knowledge of
many people, and many people use it. Question and answer sites receive questions, and
many users answer them [2]. The knowledge has been gathered all over the world. We
could find some answers to our questions on these web sites. The conceptual descriptions
of web resources have been represented in the Resource Description Framework (RDF),
which is a kind of semantic network [3]. By using these descriptions, web resources could
effectively be manipulated. These descriptions represent the knowledge of web resources.
Generalization is an important mechanism in conceptualizing the real world [4][5][6][7].

Generalization is an abstraction in which a set of similar classes is regarded as a generic
class [4]. In making such an abstraction, many individual differences between classes may
be ignored. For example, students and teachers are required to be treated just as persons. In
this case, the class "Student” and the class "Teacher” are generalized to the class "Person.”
The attributes which are of both of the classes "Student” and "Teacher” are those of the
generalized class "Person.” The instances of "Student” and "Teacher” are treated as those
of "Person.” Attributes are inherited upward in the case of generalization. On the other
hand, specialization can be used to define possible roles for members of a given class [6].
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For example the class”Dog” is definedasa specializedclassof the class”Animal.” All
of the attributesof "Animal” areinheritedto "Dog.” Thatis, theclass’Dog” hasall of the
attributesof the class”Animal.” Moreover,the class’Dog” could haveits own attributes.
Attributesareinheriteddownwardin the caseof specialization.

Generalizationand specializationare introducedin many datamodels. The entity-
relationship(ER) model supportsISA relationshipsfor specializationand generalization
[5]. ThelFO modelintroducestwo kinds of ISA relationships:specializatiorandgener-
alizationrelationshipg6]. Generalizatiorand specializatiorareintroducedinto a graph-
baseddatamodel [7]. Generalizationand specializationof edgesas well as nodesare
considered.Theseare examplesof the supportof generalizatiorand specialization.The
representatiopowerbecomesigh throughthem.

In the databasealesign,there are somecaseswhere generalizationor specialization
doesnot work well. Let us considerthe situationthat we treattwo classes Student” and
"Teacher."Theclass'Student”hasanattribute”studentno,” while theclass'Teacher’has
an attribute "teacherno.” When we try to generalizethesetwo classedo createa gen-
eralizedclass”Person,”we encounterthe problem. As theseattributes’studentno” and
"teacherno” arenotthe sametheattributecorrespondingo them,e.g.,”personno,” is not
includedin theclass’Person.”

The class-basedeneralizatiorandthe class-basedpecializatiorhave beenproposed
to addresdo this kind of problem[8]. Whenthe attributeshavingtheir classnamesn the
attributenames areinheritedupwardto the superclassthe nameof the attributegeneral-
ized hasthe superclas®amein its name. In the casedescribedabove,the attributename
becomes’personno” whenthe nameof the superclasss "Person.” For the class-based
specializationthefunctionalityis the sameasthe class-basedeneralizationDatabasele-
signerscanputappropriatsnamego thegeneralizedttributes. Thesemechanismsesultin
theimprovemenbf understandabilitandmaintainabilityof databases.

Theoriginalclass-basedeneralizationhoweverdoesnotconsideithatsubclassekave
theattributesvhosenamesarethe sameasthatof the generalizedittributeof the superclass
whenthe namesncludeclassnamesn them. The class-basedpecializatiordoesnot per-
mit subclasse® havetheattributesvhosenamesarethe sameasthatof theattributeof the
superclassihenthe namesncludeclassnamesn them. The class-basedpecializations
alsotoo strictin the caseof multiple inheritance.

This paperextendghe class-basedeneralizatiorandthe class-basedpecializatiorto
permitsubclasseto havethe attributeswhosenamesarethe sameasthat of the attributes
of the superclassvhenthe namesncludeclassnames.This extensionmprovestherepre-
sentatiorcapabilitythroughthe class-basedeneralizatiorandspecialization.

Theremaindeof thepaperis organizedasfollows: Section2 describegraditionalgen-
eralizationandspecializationSection3 explainsheclass-basedeneralizatiomndspecial-
ization. Sectiond extendgheclass-basedeneralizatiorandthe class-basedpecialization.
Sectionb givessomeconsiderationslLastly, Section6 concludeghe paper.

2 Generalizationand Specialization

2.1 Fundamental Structure

The structureof a classis representedvith a pair of its nameanda setof attributes. An

attributeis a pair of its nameandits datatype. For example,a classnamed’Student”is
representedvith ("Student”,{ ("studentno”, Int), ("name”, String), ("address” String) }).

Copyright © by IIAI. Unauthorized reproduction of this article is prohibited.



Class-Based Generalization and Class-Based Specialization
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Figure 1:Examplesof generalizatiomelationshipga) andspecializednes(b).

2.2 Generalizationand Specialization
2.2.1 Generalization

In thegeneralizationthe commonattributesof original classesretheattributesof agener-
alizedclass.Whena class’Student” hasattributesnamed’name,” "age,” and”class,” and
aclass'Teacher’hasattributesnamed’name,”"age,” and”subject,” the classobtainedby
the generalizatiorfrom thesetwo classe$astheattributesnamed’name” and"age’

Thisgeneralizations shownin Figurel(a). A generalizatiomelationshigs represented
with a brokenarran. The classes'Student” and "Teacher” are generalizedo the class
"Personin_school.” The attributesof "Student” and "Teacher” are inheritedupward. In
the generalizationthe classes'Student” and"Teacher”are usually called subclassesand
theclass’Personin_school”is calleda superclassThe attributeof a subclasgsuperclass,
respectively)s calledanoriginal (generalizedattributein this paper.

Classedorm a layer structurethroughgeneralizatiorrelationships. This structureis
calledtheclasslattice. Thedirectionof edgesof this lattice is oppositeto that of general-
izationrelationships.

Althoughthe datatypetreewasalsointroducedn orderto generalizedatatypes[7], it
is omittedbecaus®f the spacdimitation.

2.2.2 Specialization

In the specializationthe attributesof an original classare the attributesof a specialized
class.Whena class’Person”hasattributesnamed’name” and”age,” the classobtainedby
the specializatiorfrom the class’Person”alsohasthe attributesnamed’name” and”age.”
Theseattributesaresaidto be inheriteddownward. The specializectlassalsocould have
attributesof its own. Theattribute”class” of the class’Student”is anexampleof this kind
of attribute.

This specializationis shownin Figurel(b). A specializatiorrelationships represented
with anarrow. The classes'Student” and"Teacher”are specializedrom the class”Per-
sonin_school.” The attributesof "Personin_school” are inheriteddownward. In the spe-
cialization,the classe$Student”and"Teacher"areusuallycalledsubclassesandtheclass
"Personin_school”is calleda superclass.

Classedorm a classlattice throughspecializatiorrelationshipsasthroughgeneraliza-
tion ones.Thedirectionof edgef this latticeis the sameasthatof specializatiorrelation-
ships.
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Figure 2: An éample of class-based generalization.

3 Original Class-Based Generalization and Specialization

3.1 Class-Based Generalization

Class-based generalization enables a superclass to have attributes whose names are different
from those of subclasses [8]. This capability is similar to that of the semantic generaliza-
tion [9][10][11][12][13][14]. The names of the original and the generalized attributes are,
however, based on the names of classes. These are not free from the class names.

Definition 1 LetCsypbe a superclass based wsubclasse€sy, (1<i<n). Itis said that
Csup is created through the class-based generalization from the subdags€s <i<n)
when an attribute o€syp, sayattrsyp, satisfies one of the following conditions:

(1) For allCqyp, there is the attribute i@sy, whose name is the same as thaatifs,.

(2) The name ofittrsypis the concatenation of the name@f,, and a character strirgjr.

For all Csyy, there is the attribute @5, whose name is the concatenation of the name of
Csup and the character strirggr.

Example 1 An exampleof the class-basedeneralizatioris shownin Figure2. The at-
tributescommonto all of subclassesyhich are”name” and”dept,” are the attributesof
the class’"Member” Thesearethe attributessatisfyingthe condition (1) of Definition 1.
The attribute "studentno” of the class”Student,” the attribute "teacherno” of the class
"Teachey’ andthe attribute”"memberno” of the class"Member” are an exampleof the
attributessatisfyingthe condition (2) of Definition 1, althoughlower andupperlettersof
namesareignored.In thiscasethecharactestringstr is” _no.” Theattribute’memberno”
is treatedasthe attributegeneralizedrom "studentno” and”teacherno.”

As shownin Examplel, thegeneralizedttribute, whosenameis notthe sameasthose
of the subclasses;an be introducedthroughthe class-basedeneralization.This makes
it possibleto give more appropriatenamesto the attributesof subclasseshan the ordi-
nary generalization. It is preferredfrom the viewpoint of the databasealesign,whereit
is recommendedo put an appropriatenameto an attribute[5]. For example,the name
"personname’is saidto be betterthanthe name’name” for the class’Person.”

3.2 Class-Basedspecialization

Theclass-basedpecializatiorenables subclasso haveattributesvhosenamesarediffer-
entfrom thoseof superclassel8]. Thenamesof the original andthe specializedattributes
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Figure 3: An &ample of class-based specialization.

are based on the names of classes.

Definition 2 Let Csyp be a subclass based nrsuperclasseSs,p (1<i<n). It is said that
Csublis created through the class-based specialization from the supercass€s<i<n)
when an attribute dEg,, sayattrsyy, satisfies one of the following conditions:

(1) For allCsyp, there is the attribute i@s,, whose name is the same as thaatifsyp

(2) The name ofttrg,, is the concatenation of the name@{,, and a character strirgjr.

For all Csup, there is the attribute i@s,, whose name is the concatenation of the name of
Csup and the character strirggr.

Example2 An exampleof theclass-basesdpecializations shownin Figure3. Theattribute
"memberno” of the class "Memberfs an exampl®f the attribute satisfying the condition
(2) of Definition 2, although lower and upper lettease ignoredThis attribute is inherited
downwardto theattribute’studentno” of theclass’Student,”’andtheattribute’teacherno”

of the class"Teacher’ The otherattributesof the class”"Member” which are”"name” and
"dept,” areinheriteddownwardto the classesStudent”and”Teacher’astheyarebecause
thesearetheattributessatisfyingthe condition(1) of Definition 2. Theattribute”grade” of
theclass’Student”is a specificattributeof this class.

4 Class-Basedseneralization and SpecializationRevised

4.1 Class-Basedseneralization Revised

Theoriginal class-basedeneralizatiordoesnot considerthe situationthatsubclassebave
the attributeswhosenamesare the sameasthat of the attributegeneralizedo the super-
classwhenthe namesncludeclassnamesn them. The classlattice shownin Figure4 (a)
is of this situation. The attributes’memberno” areincludedin the subclassesStudent”
and"Teachef” Theseattributesaregeneralizedo the attribute’memberno” of the super-
class’Member” owing to the condition(1) of Definition 1. As theattributes’studentno”
and’teacherno” areincludedin the classes'Student” and"Teachef’ respective}, these
attributesare also generalizedo the attribute’'memberno” of the superclassMember”
dueto the condition(2) of Definition 1. This situationdoesnot violate the conditionsof
Definition 1.

Let us consideranothersituationshownin Figure4 (b). As all of the subclasseslo
not havethe attribute”’memberno,” the condition(1) of Definition 1 is not satisfied.The
condition(2) of Definition 1 is neither satisfied because the class "Teactiees not have
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Figure 4: Class-based generalizatienised

the attribute "teacheno.” In this situation, the superclass "Member” cannot include the
attribute "membemo” as the generalizedne undemDefinition 1. However, the attribute
"memberno” had better béncluded in the superclass as the generalized one because the
attribute "membemno” of the class'Teacher” is the same name as that of the superclass
"Member,” and all of the subclasses, "Student” and "Teacher” have the attributes related to
the attribute "membeno.” Definition 1 is revised in order to permit this situation.

Definition 3 Let Csypbe a superclass based msubclasse€gy, (1<i<n). Itis said that
Csupis created through the class-based generalization from the subdags€s <i<n)
when an attribute o€syp, sayattrs,p, satisfies one of the following conditions:

(1) For allCqyp, there is the attribute i@sy, whose name is the same as thaatifs,

(2) The name oéttrgpis the concatenation of the nameQaf,,and a character strirgjr for

all Csyp, where there are one or two attributes<dn, whose names are the concatenation
of the name oCsyy, or Csyp, and the character strirgr.

Fromhere on, the class-based generalizatisans the one based Befinition 3, and
theoriginal onemeanghe onebasedn Definition 1.

The procedureof decidingthe attributesof a superclasss shownin Figure 5. This
procedurdakesthesuperclassameanda setof subclasseastheinputs.At Line 6, aclass
c1 is selectedrom the setof subclasseslt is consideredo be goodto selectthe subclass
havingthe leastattributesbecause¢he numberof loopsbecomeghe minimum. All of the
attributesareexaminedvhetherthey canbe generalizedr not at Lines8-13. Lines 8 and
9 arefor the attributessatisfyingthe condition(1) of Definition 3, while Lines10to 13 are
for thosesatisfyingthe condition(2). Theexpressiora - b (a + b, respectively)means
thatthe charactestringb is removedrom (appendedo) the charactestring a.

4.2 Class-BasedspecializationRevised

Accordingto Definition 2, thesubclasSTA,” whichis asubclas®f classesStudent”and
"Teachef’ hasonly theattributes'ta_no” and’name”asshownin Figure6 (a) becausaill of
the superclassesiusthavethe attributeswvhosenamesarethe sameone. This is, however,
too restrictiveto use. All of the attributesof superclasseare inheriteddownwardto a
subclassn thetraditionalspecializationIn the class-basedpecializationthis inheritance
mustbe supportedasshownin Figure6 (b).

Moreover theattribute whosenameis thesameasthatof theattributeof thesuperclass,
aswell astheone,whosenameincludestheclassnamein it, mayberequiredto beincluded
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1: PROCEDURE: Decide_attributes_of_superclass
2: INPUT: sup: superclass name

3: Csub: a set of subclasses

4: OUTPUT: Asup: attributes of superclass

5: Asup = {}

6 cl = one class in Csub

7 foreach attribute ai of subclass ci

8 if(all cj in Csub have ai) then

9: Asup = Asup U {ai}

10: else if(for all cj in Csub, cj has (cj + (ai - c1)) or (sup + (ai - c1))) then
11: sa = sup + (ai - c1)

12: Asup = Asup U {sa}

13: endif

14: end_foreach

15: END

Figure 5:Procedure of deciding attributes of a superclass for class-based generalization.

Student Teacher Student Teacher
student_no name grade][teacher_no name title ] ‘student_no name grade] [teacher_no name title J

name grade title

(@) (b)

Figure 6: Class-based specializatigith multiple inheritance.

in a subclass. Figure 7 shows examples of this situation. In Figure 7 (a), the attribot# "ta
is the one inheritedrom the attributes "studento” and "teachemo” of the classesStu-
dent” and "Teacher,” respectively, based on the class-based specialization. The attributes
"studentno” and "teachemo” are also includeéh the subclass "TA.” Figure 7 (b) shows
the situation in the single inheritance. The attribute "memi#rof the classMember” is
inherited to the class "Student” as the attributes "memii@rand "studenino.”

Definition 2 is revised in order to permit this situation. For this purpose, the following
definition only defines the attributes inherited from superclasses. A subclass could have its
specific attributes as in the conventional specialization.

Definition 4 Let Csypbe a subclass based nrsuperclasseSs,p (1<i<n). It is said that
Csublis created through the class-based specialization from the supercags€s<i<n)
when an attribute o€, inherited from the superclasses, syrs,, satisfies one of the
following conditions:

(1) There exists the attribute @y,, whose name is the same as thaatifsp,

(2) The name ofttrgy, is the concatenation of the name@{,, and a character stringr,
where there is the attribute @, whose name is the concatenation of the namésgj
and the character strirgjr.

From here on, the class-based specialization basdakefinition 4 is called the class-
based specialization, and the one base®efinition 2 is called the original one.
The procedure of deciding the attributes of a subclass inherited from the superclasses
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Figure 7: Class-based specializatrewised.

1: PROCEDURE: Decide_attributes_of_subclass_inherited
2: INPUT: sub: subclass name

3: Csup: a set of superclasses

4: OUTPUT: Asub: attributes of subclass

5: Asub = {}

6 foreach superclass cj in Csup

7 foreach attribute ai of superclass cj

8 Asub = Asub U {ai}

9: if (ai contains cj) then
10: sa = sub + (ai - c¢j)
11: Asub = Asub U {sa}
12: endif

13: end_foreach

14: end_foreach

15: END

Figure 8: Procedureof decidingattributesof a subclassnheritedfrom superclassefor
class-basedpecialization.

is shownin Figure8. All of the attributesof the superclasseareinheritedto the subclass
(Line 8). Additionally, the attributewhosenamecontainsthe nameof the superclas its
nameis inheritedto the subclassTheattributename howevercontainghe subclassiame
insteadof the superclasgame.

5 Considerations

As the attributeswhich do not exist in a classcannotbe inherited upward (downward,
respectivelyjn theconventionabeneralizatior{specialization)theattributehavinganame
different from that of a classcannotbe includedin the conventionalgeneralizationspe-
cialization). In the class-basedeneralizatior(specialization)the attributehavinga name
differentfrom thatof a subclasgsuperclassganbeincluded.
Semantigeneralizatiomndspecializatiorhavebeenproposed9][10][11][12][13][14].
In the semantigeneralizatior{specializationrespectively)the superclasgsubclassgould
havetheattributehavingthe namedifferentfrom thoseof subclasseéuperclassegswith
theclass-basedne. Thesemantiggeneralizatiorandthe semanticspecializationhowever,
requireadditionalinformation. This informationincludescorrespondencemndviewpoints.
The correspondenceepresentshe mappingbetweerthe attributesof subclasseandthose
of superclassesThe viewpointis a lattice of concepts. It guaranteeshe validity of the

Copyright © by IIAI. Unauthorized reproduction of this article is prohibited.



Class-Based Generalization and Class-Based Specialization

attributenames. Although the attributeshaving different namescanbe includedin a su-
perclassor subclaswing to the correspondenceandthe viewpoints,specifyingthemis
cumbersomeThe class-basedeneralizatiorand specializatiordo not requirethem. The
attributenameis automaticallydecidedaccordingo thenameof thesuperclassr subclass.
It is consideredhatit is easierto usetheclass-basedeneralizatiorandspecializatiorthan
to usethesemantiones.

Thecondition(1) of Definition 3 andthatof Definition 4 areof the conventionafjener-
alizationandthe conventionakpecializationrespectivel. The condition(2) of Definition
3 andthatof Definition 4 arespecificto theclass-basednes.Theattributenameis changed
accordingo thenameof a superclasgsubclasstespectivelyjn theclass-basedeneraliza-
tion (specialization).

6 Conclusion

This paperrevisedthe class-basedeneralizatiorandthe class-basedpecialization. The
revisedclass-basedeneralizatior(specializationrespectively)permitsa subclasgo have
the attributewhosenameis the sameasthatof the attributeof the superclasgthoseof the
attributesof the superclassegswell asthe nameincludingthe classnamein it. Database
designercangeneralizgspecializeattributesto the onehavinganappropriatsnamemore
flexibly than the originatlass-based generalizatigpecialization).

Semantigeneralizatiorandspecializatiorarealsoflexible onesaswith theclass-based
ones. The integrationof themis includedin future work. Implementationof the class-
basedgeneralizatiorandthe class-basedpecializatiorfor showingthe feasibility andthe
effectivity is alsoin futurework.

References

[1] Wikimedia Foundation, "Wikipedia,” https://en.wikipedia.org/wiki/ Wikipedia

[2] Yahoo!, "Yahoo! Answers,” https://answers.yahoo.com/

45

[3] World Wide Web Consortium (W3C), "Resource Description Framework (RDF),”

http://www.w3.0rg/TR/PR-rdf-syntax/

[4] J. M. Smith and D. C. P. Smith, "Database abstractions: Aggregation and generaliza-

tion,” ACM Transactions on Database Systems, vol. 2, no. 2, 1977, pp. 105-133.

[5] A. Silberschatz, H. Korth, and S. Sudarshan, Database System Concepts (4th ed.),

McGraw Hill, 2002.

[6] S. Abiteboul and R. Hull, "IFO: A Formal Semantic Database Model,” ACM Trans-

actions on Database Systems, vol. 12, no. 4, 1987, pp. 525-565.

[7] Y. Ohira, T. Hochin, and H. Nomiya, "Introducing Specialization and Generalization
to a Graph-Based Data Model,” Lecture Notes in Computer Science, Springer, 6884
(Proc. of 15th Int’'l Conf. on Knowledge-Based Intelligent Information and Eng. Sys-

tems (KES2011)), 2011, pp. 1-13.

[8] T. Hochin and H. Nomiya, "Class-based Generalization and Specialization,” Proc. of
2015 International Conference on Computer Application Technologies (CCATS2015),

2015, pp. 42-47.

Copyright © by IIAI. Unauthorized reproduction of this article is prohibited.



46

[9]

[10]

[11]

[12]

[13]

[14]

T. Hochin, H. Nomiya

T. Hochin andH. Nomiya, "Semantic Generalization in Graph-Based Data Model and
Its Easy Usage,” ACIS International Journal of Computer & Information Science, vol.
13, no. 1, 2012, pp. 8-18.

T. Hochin, "Extension for Explicit Specification of Semantic Generalization,” Proc.
of 14th IEEE/ACIS International Conference on Software Engineering, Artificial In-
telligence, Networking and Parallel/Distributed Computing (SNPD 2013), 2013, pp.
432-437.

T. Hochin and H. Nomiya, "Inner Specialization and Generalization in Semantic Spe-
cialization and Generalization,” Proc. of 1st ACIS International Symposium on Ap-
plied Computers & Information Technology (ACIT 2013), 2013, pp. 349-354.

A. Hayashi, A. Terakawa, and T. Hochin, "Semantic Generalization and Semantic
Specialization in Archaeology,” Proc. of 2nd ACIS International Symposium on Ap-
plied Computers & Information Technology (ACIT 2014), 2014, pp. 807-812.

T. Hochin and H. Nomiya, "Semantic Specialization: Specialization Using Explicit
Specification and Semantic Information,” ACIS International Journal of Computer &
Information Science, vol. 14, no. 1, 2013, pp. 21-30.

T. Hochin and H. Nomiya, "Explicit Generalization as Generalization of Semantic
Generalization,” Proc. of 3rd ACIS International Conference on Applied Computers
& Information Technology (ACIT 2015), 2015, pp. 511-516.

Copyright © by IIAI. Unauthorized reproduction of this article is prohibited.





