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Abstract—n data management, there is a situation where
equivalent objects are managed in different management
spaces. This often brings about a lack of data consistency,
which can often decrease the efficiency of management work.
We call it the data overlapping problem. We consider the
attaching function by an equivalent relation in the
Incrementally Modular Abstraction Hierarchy to be quite
effective to solve the problem. In this paper, we propose a
metadata centralized space, a data centralized space, and their
interconversion maps using Formula Expresson. We then
apply them to parts ledger management, where part data
oftentimes becomes unexpectedly overlapped in metadata
schema-centered management. These help users to arrange
dynamic worlds from a data-centric viewpoint and prevent
data overlap. In other words, if you utilize these functions in
data management, you can reconstruct data spaces from
different viewpoints.
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l. INTRODUCTION

their dependencies change dynamically and congthatie
been increasing in business environments. When alaa

managed after designing metadata schemas, datéampver

occurs, which brings about a lack of data incoesisy. For
example, when customer ledgers are designed andgedn
in different departments within a company, datal@nsame
customer may not be recognized as the same inyttens.
As a result, the more the number of customer lexdge
increases, the more complexity of the system irsaga

To avoid this, certain functions are needed: 1.with
data, metadata schemas should also work flexilig; 22 A
data model should support the mechanism which gteea
an equivalence relation. But, in data managemeirtgus
conventional data models [2][3][5], unlike data, tedata
schemas are not generally dealt with. Instead, taae to
be defined in advance in the system design, and

equivalent relation is not modeled. A more powerful
mathematical and fundamental background and aefinit

automaton to implement it are needed to model dymam
worlds accurately. Then, we propose the Incremigntal
Modular Abstraction Hierarchy (IMAH) [1] as the mos
appropriate model. The IMAH consists of the follogi
seven mathematical space levels:

1. A homotopy level
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2. Asetlevel

3. Atopology level, and a graph theoretical levehas
special case

4. An adjunction space level

5. A cellular structured space level

6. A representation model level

7. A projection level

In modeling cyberworlds in cyberspaces, we defiapegal
properties of cyberworlds at the higher level add anore
specific properties step by step, while moving ddiiiH.

The properties defined at the homotopy level avariants

of continuous changes of functions. The propettied do

not change by continuous modifications in time apdce
are expressed at this level. At the set theoret@ad!, the
elements of a cyberspace are defined, and a dotecf
elements constitutes a set with logical calculaio®when

we define a function in a cyberspace, we need duwsrthiat
guarantee continuity such that the neighbors amgpedto a
nearby place. Therefore, a topology is introduceib ia
cyberspace through the concept of neighborhood.
Cyberworlds are dynamic. Sometimes cyberspaces are

Rttached together, an exclusive union of two cyleres

where attached areas of two cyberspaces are egnival
may happen that an attached space is obtained.eThes
attached spaces can be regarded as a set of enisphces
called a quotient space that is another invari&ttthe
cellular structured level, an inductive dimensios i
introduced into each cyberspace. At the presemtdével,
each space is represented in a form which may bgiirad
before designing cyberworlds. At the view levele th
cyberworlds are projected onto view screens.

In IMAH, elements as data are defined at the setlle
while information corresponding to a metadata scnésn
defined at the topological space level for thet firse.

Next, we propose Formula Expression [9][11] amé#di
automaton, which is explained in Section Il. Sinite
expresses symmetry and recursiveness of informatitm

inimum restrictions, it can be considered that egah
versatility in modeling is higher than with any ethdata
model. In this paper, we focus on a generalizatidn
metadata schema operation to prevent data ovehtap.
Section Ill, we first design a metadata centralizpdce, a
data centralized space with Formula Expression, thed
interconversion maps using the quotient map and the
attaching map [9]. Next, we implement them in SmttV.

87



IMMM 2013 : The Third International Conference on Advances in Information Mining and Management

We demonstrate them in a simple example of padgee
management to show their effectiveness in SectioWe
reference related work in Section VI, and we codelin
Section VII.

Il.  THE DEFINITION OFFORMULA EXPRESSION

Formula Expression is a finite automaton defined as

follows:

Formula Expression in the alphabet is the resufinite
times application of the following (1)-(7).

(1) a(€X) is Formula Expression

(2) unit element is Formula Expression

(3) zero elemeny is Formula Expression

(4) whenr ands are Formula Expression, addition of

r+s is also Formula Expression
(5) whenr ands are Formula Expression, multiplication
of rxs is also Formula Expression
(6) whenr is Formula Expressior(y) is also Formula
Expression
(7) whenr is Formula Expressiodr} is also Formula
Expression
Combination is stronger in (5) than in (4). If theis no
confusion, x, (), {} can be abbreviated. + meansjailnt
union and is expressed as specifically and x is also
expressed aH.

Ill.  THE DESIGN OF TOPOLOGICAL SPACES AND

INTERCONVERSION MAPS

A. The space design

We design a formula for two topological spaces with
metadata schema by Formula Expression as follows:
1. metadata centralized spaces:
2 metadata idxE data id)
where each metadata id is uniquely identified.
2. data centralized spaces:
2 (X metadata ijixdata id
where each data id is uniquely identified.

B. The design of interconversion maps

Next, we design the two interconversion mdpand g
between the above spaces using the quotient maghand
attaching map [6].

f: ¥ metadata schemax*= data id)

— ¥ (X metadata schema)igdata id

g: X (£ metadata schema)idata id

— ¥ metadata schemax@x data id

f (metadata 1x(data 1+data 2+data 3)+metadata
2x(data 1l+data 3+data 4)+metadata 3x(data l+data
2+data 4))

=(metadata 1+metadata 3)xdata 1+(metadata 1)xdata

2+(metadata 1+metadata 3)xdata 3+(metadata
2+metadata 3)xdata 4
IV. IMPLEMENTATION

This system is a JAVA application using JDK6. Belisw
the coding for the interconversion mépPseudo-code is
used for simplicity. The focus is the recursiveqass (line
7) that is done if a coming numerical calculatisnof the
type ().

Function f (the argumeml)

1 term = null; factor ;

2 while (factor is not null){

3  term = getTerm(factor);

4 while (termis not null & term includg®{

5 factor = getFactor(term)

6 if(factor is of the type ()){

7 factor = Function f (the contents);

}

8 newFactor = newFactorxfactor;
}

9 newTerm = newTerm + term;

10 newFormula = newFormula + newTerm;

11 return newFormula;

V. A CASESTUDY: PARTS LEDGER MANAGEMENT

A. Outline

In this section, we take up an examplepafts ledger
management, which is done in most manufacturing
companies.

Parts ledgers management with consistency is ginera
considered to be difficult due to its complexityhel' major
reasons are: 1. Parts ledgers are managed inetiffplaces
with different metadata schemas within a companyatts
ledgers often change dynamically during mergers
companies or departmental integration within a camyp
and 3. Parts codes, which identify each part, #entimes
different for the same part, because the codeshameed
differently by suppliers and there are also many
inconsistencies in the way data is entered, sinadsp
information is managed in different departments: these
reasons, important information for management, sash
information about changes in the total price of@dpct due

f is onto mapping from a disjoint union of metadatato changes in the unit price of a part cannot bipuited

centralized spaces to disjoint union of data céiné@ spaces
attaching equivalent data identifiers, agdis also onto
mapping from a disjoint union of data centralizgées to
disjoint union of metadata centralized spaces lattgc
equivalent metadata identifiers. These designs nthke
general operation of a metadata schema with datsilpe.
The simple example of mdjis shown below.
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promptly by the management system. To avoid this, w
arrange parts ledger data using the above desigh wi
Formula Expression.

In this case study, we assume that company A and
company B have merged, and that their parts leddets
need to be managed in an integrated way. To dwedirst
create a formula for metadata centralized spacegadfs
ledgers, and then convert it to a formula for dagatralized
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spaces by the interconversion mapExample data are
shown in Figure 1, which is simplified as much asgible
without losing generality.

Company A

' N

branch 1 branch 2

[ \
parts ledger 1 parts ledger 2

[311 al2 al3 314J [531 a22 a23 314]

: i brar_l’gh’%

shows an equivalent
relation

a3l al2? al3 a34

/ J
m@ B

department 1 departmgnt 2
| |
ledger 4 parts ledger 5

shows equality

parts

[
E:\ll b12 bi13 b14] b21 b22 b23 b24]

Figure 1. An example of metadata centralized spicparts ledger
management

B. Input according to the space design

We first create a formula for parts ledgers in campA
and B according to the metadata centralized sgHok) (as
follows:

Formual:

company Ax(branch 1xparts ledger 1x(all+al2+a

13+ald)+branch 2xparts ledger 2x(a31+a22+a23+

ald)+branch 3xparts ledger 3x(a31+al2+al3+a3
4))+company Bx(department 1xparts ledger 4x(b11
+b12+b13+bl4)+department 2xparts ledger 5x(b2
1+b22+b23+b24))+company Bx(branch 1xparts le
dgerdx(b11+b12+b13+b14)+branch 2xparts ledger
5x(b21+b22+b23+b24))

Here, identifiers of company A and B, branch 1-~3,

department 1~2 and parts ledger 1espressnetadata id
andall~a34andbll~b24expresparts id

C. Data conversion by the interconversion maps

equivalent relations od11 ~ bl1, al2 ~ b12, al4 ~ band
a23 ~ b23 as seen in Figure The result is the formula
below:

Formula 2:

{company Axbranch 1xparts ledger 1+company

Bxdepartment 1xparts ledger 4}x{all+b11}
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+{(company Axbranch 1xparts ledger 1+company A
xbranch 3xparts ledger 3)+company Bxdepartment
1xparts ledger 4}x{al2+b12}
+(company Axbranch 1xparts ledger 1+company
Axbranch 3xparts ledger 3)xal3
+{(company Axbranch 1xparts ledger 1+company
Axbranch 2xparts ledger 2)+company
Bxdepartment 1xparts ledger 4}x{al4+b14}
+(company Axbranch 2xparts ledger 2)xa22
+{company Axbranch 2xparts ledger 2+company
Bxdepartment 2xparts ledger 5}x{a23+b23}
+(company Axbranch 2xparts ledger 2+company
Axbranch 3xparts ledger 3)xa31
+(company Axbranch 3xparts ledger 3)xa34
+(company Bxdepartment 1xparts ledger 4)xb13
+(company Bxdepartment 2xparts ledger 5)xb21
+(company Bxdepartment 2xparts ledger 5)xb22
+(company Bxdepartment 2xparts ledger 5)xb24

In the outputted formula, you can know that thesend

overlap of parts data, consequently, which

ledgars

specified part belongs to accurately. See Figure 2.

( Comp\any A Cnmp'any B CompanyA  CompanyA | CompanyB ]
bran,ch 1 departr‘nent 1 brar:ch 1 bran\ch 3 departr(nent 1

| parts ledger 1 parts ledger 4 \par‘ts I&:dger 1 parts Ie’dger 3 ) parts \e‘dger llJ

M] al2 bi2
f Company A Comp’anyA Company A Company A ) Company B )
brar;ch 1 depart:nent 3 brar:ch 1 bran\ch 2 depamtﬂent 1
parts ledger 1 parts ledger 3 parts Iédger 1 parts Iédger 2 | parts \e‘dger 4‘
a3 (a14 b14]

Company A Company A Company A Company A Company A

brar:ch 2 brar:ch 2 depam}nent 2 bran‘ch 2 depan:nent 3

parts \e[dger 2 parts \e[dger 2 parts Ie‘dger B parts Ie[dger 2 parts Is‘!dger 3

a23 h23 a3l

Company A
|
branch 3
|
parts ledger 3

Company B
|
branch 1

parts ledger 4

Company B Company B
| |
branch 2 branch 2

[

parts ledger 5 parts ledger 5

Company B
|
branch 2

parts ledger 5

a34

b13

b21 b22

b24

Figure 2. An example of data centralized spaces #fe interconversion
map in parts ledger management

D. Considerations

As we see in this example, using the above design w
Next, you converFormula 1to data centralized spaces Formula Expression, we can say that (1) in datatjngou
thorough mapf and also you attach the image recognizingonly have to create a formula of spaces, insteada of

metadata schema design or data input programsviamnad,
(2) in data output, you can see metadata schemas
specified part's data, instead of developing oufpograms
of metadata schemas, and (3) you only have to tattac
equivalent factors, instead of the design of udifitation.
This means that the parts- centered spaces, wiitindie no
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overlap of parts data, are constructed from théspadgers
spaces, which include some overlap. In other wotks,
parts ledger data are arranged from a parts-cenéve. The
novelty of this function in the system is that dgpeces can
be reconstructed generally from other points wtddffer
from the initial metadata schema design. Consetyatdta
overlap can be prevented using the function.

VI. RELATED WORK

One of the distinctive features of our researchhis
attaching function by equivalent relations, whickanc
eliminate data overlap and return it back to thevigus
state [9]. Such a function, based on the adjunctipace
level which extends the topological space leves haver
before been seen in other research [1]. Anotheuffeds the
application of the concept of topological procesasich
deals with a subset as an element, and that théacedpace

extends the topological space, as seen in Section 2

parts ledger management, preventing data overlap. W
conclude that the attaching function using Formula
Expression is effective to model dynamic changing
information worlds.
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