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~ Abstract ) addition: Some student wants to use additional mail
With the computerization of educational environments, the addresses.

amount and types of student information available on com-
puter have been increasing. However, it is difficult to handle
such data in traditional databases, because student infor-
mation has a lot of irregularity and representational diver- o piversity

subtraction: A student may leave a project group
temporarily.

sity.

In this paper, we propose Gmls for managing data of such replacement: A student finds some mistakes in his

irregularity and diversity. First, we explain data structures submitted report and wants to submit another re-

and primitive operations. Then we show that applications port to partially replace the previous one.

can be built on Gmls eaSin. Fina”y, we show the result of substitute: A student may ask his friend to send his

handling sample data by our prototype Gmls system. report on behalf of him because he isiill.

1. Introduction synonym: A teacher wants to treat reports with the
subject‘Re:reportl’ as those with the subject

With the computerization of educational environments, ‘reportl’ .

the amount and types of student information available on ) . ) ) )

computer have been increasing. However, student infor- These are just a few examples of wregulanty and diversity.
mation cannot be handled in the relational data model orAS these examples show, student information has a lot of
object-oriented data models effectively because the studentTegularity and representational diversity. So, we need a
information has much irregularity and representational di- dat@ model for such data. In this paper, we propose Gmis

versity. for a model of the data.
subtraction(®) 1.1. Related works
Student | Name MailAddress | grou
umber 7 replacement Many data models have been proposed so far. The rela-

01001 | Taro Aoki 201001 A/ reference, partial replacement)

tional data model [1, 2] and the object-oriented data models

01003 Ichiro Inoue aOlO@ Bj 1d| subject from Mail body
01008)] Taro inoue | aofoos [ [ [ Feport | so1001 quoston [3] are the mOSt popular ones. -
annotation addition X reportDh inoue | _report _ The relational Qata model manages_a. normalized rela-
[} CRe ooy a01003] replace tion, and schema is used to keep the validity of the database
Geinbospiar)  (inove@oncyyycom ) [5] report/] Zpsai§subsiiute by forbidding the data which do not conform to the schema.

Re‘?‘f;f;,y{jasy/m The object-oriented data models permit much richer
(s not a creator. structure than the relational data model does. However, it
still requires that all data conform to a predefined schema.
Figure 1. Examples of irregularity and diversity It is impossible to define a schema for unexpected irregular-
ity and representational diversity. So these data models fall
short of handling irregularity and diversity we are facing.
Lore[4, 5] is a database management system for semi-
structured data, more specifically, XML. Lore consists of
OEM, Lorel, and DataGuide. OEM is a graph, where nodes
are objects and edges are labeled with attributes. OEM
annotation: When a teacher has a student who is in needs not conform to a particular schema. DataGuide is an
hospital, he wants to put this fact on the student’s application to extract useful information like schema from
record. data. Lorel is a query language based on OQL extended

Sample irregularity and representational diversity are
listed below for the data in Figure 1.

e Irregularity
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MailAddress { MailAddress,

second }

O/ O O O

201003 inoue@xxx.yyy.com a01003 inoue@xxx.yyy.com
Figure 2. An example representation in labeled graph Figure 3. Labelset example
with path expression, which is a pattern on a sequence of la- . .
e MailAddress MailAddress

bels of target edges. For specifying a Lorel query, we have
to know the schema at least roughly, even though we can
use wild cards partially. main second

For managing educational information, there are many

projects such as SCORM(Shareable Courseware Object
Reference Model Initiative) [6]. However, the irregularity
and representational diversity are not discussed intensively
in these projects.

a01003 inoue@xxx.yyy.com

Figure 4. Labelset in labeled graph

1.2. Outline of this paper

) . . . Note here that there are two arcs with the label
This paper is organized as follows. We introduce Gmis {*MailAddress? in their labelsets. By following the arcs,

in Secti_on 2. We explain data structure_ anql basic operations,, o an get two nodes with the label§&i01003"} and the

In Section 3 we show two sample applications of Gmls. The |he|setf‘inoue@xxx.yyy.com: If we include more labels

conclusion is found in Section 4. in the labelset we can make a distinction between the arcs

2 Gmls and the terminal nodes of them. For example, we can get
one of the arcs by the labels€MailAddress’, ‘second}

In this chapter, we introduce Gmls formally. Gmis WhOse terminal node is labelgdnoue@xxx.yyy.con.

stands for a directed Graph Model with Label Sets for Semi-

structured Data Management. As this example shows, we can describe precise condi-

tions as well as rough conditions on target nodes by speci-

2.1. Data model fying distinguishing or common labels.
In the conventional labeled graph, multiple labels have
As is often adopted as an abstract model for semi-to be represented by the labels of the sequence of arcs as

structured data, graph is adopted as an abstract model irshown in Figure 4 or the labels of dangling arcs. In Gmls,
Gmls, but differently from the previous models its nodes multiple labels can be represented directly as shown is Fig-
and arcs may have multiple labels in Gmls. In this paper, ure 3.
we call a set of labeltabelset For example{‘a01003} Now, we show how the sample data of irregularity and
and{‘MailAddress’, ‘main’} are labelsets. diversity in Figure 1 is encoded in Gmls in Figure 5.

Formally, Gmls is defined a®\, A,L,C) whereN is a set
of nodesA is a set of arcs such thatC N x N, L is a set annotation: The label'be in hospital’is added to the la-
of labels, andC is a predicate ofiN UA) x L. C is meant to belset of the node as an annotation.
express that i€(x,1) holds, then the node or arxchas the
labell. For a node or arx, {I | C(x,1)} is called thdabelset
onx.

Figure 2 shows an example representation of a conven-
tional labeled graph in Gmls. As omitted in this figure, curly
brackets and commas are omitted if there is no ambiguity. ¢ ptraction: We can delete nodes and arcs.

If we want to distinguish two mail addresses, we can add
the label'main’ or ‘second’to each labelset as shown in replacement: New nodes for the succeeding reports are
Figure 3. created and the arc from the new report to the previous

addition: A new node for the additional mail address is
created. Two nodes for the mail addresses are given the
common labelMailAddress’ and distinguishing label
‘main’ or ‘second:



substitute: We need to compare the report of the sender
and the report of the creator.

synonym: When we find a divergent subject of reports
such asreportl’ and‘Re: reportl’, we want to put
the common labéteportl’ to them so that they can be
picked up by the common lab&kportl’.

For constructing these operations, primitive operations
should meet the following requirements.

e There may be many annotations, additions, and so
forth. So nodes and arcs with the same labels should
be able to be handled at a time.

Figure 5. The sample data of irregularity and diversity

represented in Gmls e Target labels may be put on either nodes or arcs. So
the primitive operations should make no distinction be-
tween nodes and arcs as much as possible.

one is created. When we grade reports we can see the |t must be easy to follow arcs.
report is partially replaced by following the incoming

arcs. In order to satisfy these requirements, we introduce the
following eight primitive operations.

Below, we say ‘a node withabelsetto mean that the la-
belset of the node contaitabelsetand ‘a node ofabelset
to mean that the labelset of the nodéaikelset We also say
‘labelsetis added to a node’ to mean tHabelsetis added
to the labelset of a node. We sagbelsetis subtracted from
synonym: We add the labeteportl’ to the labelsetRe: a node’ to mean thaabelsetis subtracted from the labelset

reportl’. Then, we can p|Ck up nodes and arcs with of a node. The similar statements are used for arcs. If the

the labelsetreportl’ and'Re: reportl’by the common  terminal node of an arc is the starting node of another arc,
label‘reportl’ uniformly. then we call the latter arc the following arcof the former.

substitute: A report and its sender are related by the arc
with the label'substitute; while a report and its writer
are related by the lab&ubmit’. So, we can avoid the
possibility that the report is mistaken to be submitted
by the sender.

As these examples show, Gmls can represent data with e Creation of nodes or arcs

irregularity and diversity of student information.
— CreateNodéabelse)

2.2. Primitive operation A node oflabelsetis created.

— CreateArcglabelset,labelses, labelset)
Arcs of labelseg from nodes withlabelset to
nodes withabelset are created.

Now we consider the primitive operations of Gmls.
We first review what kinds of operations may be needed
for handling the sample data.
) ) ) _ e Deletion of nodes and arcs
annotation: We want to find annotations even if we don'’t
know whether annotations are attached to nodes or — Destroylabelse
arcs. Here, we do not want to make a distinction be- Nodes and arcs witlabelsetare deleted.
tween nodes and arcs.

e Addition of labels to and subtraction of labels from la-
addition: We need to send a mail to all the mail addresses belsets of nodes and arcs

of each student.
— AddLabelglabelset, labelset)

subtraction: We want to find the students who don'’t be- labelset is added to nodes and arcs with
long to any groups. labelset.

replacement: When multiple reports are submitted from — SubtractLabeldabelset, labelset) _
a student, we want to know the relations among the labelset is subtracted from nodes and arcs with

reports. labelset.



e Extraction of labelsets from nodes and arcs with subtraction:

labelsef

— GetlLabel$labelset)

This operation returns all the labels of nodes and

arcs withlabelset.
e Traversing operation of nodes or arcs

— ExtendNodeArdabelset, labelset, labelses,
labelsef,up | down)
If the fifth argument is ‘up’,labelset is added
to the arcs witHabelset whose terminal nodes
havelabelset, andlabelsej is added to the start
nodes of the arcs.
If ‘down’ is specified at the fifth argument, the

starting nodes and terminal nodes are treate

conversely.

— ExtendArcAr¢labelset,labelset, labelses,
labelseg,up | down)
If the fifth argument is ‘down’, arcs dibelset

By AddLabels we can add the label
‘NoGroup to nodes. Then, byExtendNodeArcthe
label ‘marK is added to the starting nodes of the
arcs with group. Then, by SubtractLabels the
labelset{"NoGroup,‘marK} is subtracted from the
nodes with labelsgt NoGroup, ‘mark }. The remain-
ing nodes with NoGroup are the targets.

replacement: By ExtendNodeArcwe can add a specific
label to the arcs between the given nod&eport’ and
the other nodes dfeport’. Then byGetLabeldor the
specific label we can get other labels of the arcs, which
are useful for understanding the relationship between
the reports.

dsubstitute: By repeatedly applyindg=xtendNodeArcwe

can create an arc between a report with a student as
a creator and the one with the student as a substitute.
Then, we can check whether reports related by the arc
are similar or not.

are created from the starting nodes of arcs with synonym: By AddLabelswe can add the common label

labelset to the terminal nodes of the following

arcs withlabelset. When the arcs exist already,

labelset is added to the arcs. Thelabelsej is
added to the starting nodes of the created arcs.
If ‘up’ is specified at the fifth argument, the

starting nodes and terminal nodes are treated

conversely.

Figure 6 shows an example usetoftend ArcArc
In this figure, the dotted arc wittstudentNanie
is created as the shortcut of an arc witudent’
and the following arc withhname’. The label
‘tmp is added to the starting node.

{tmp}
{ student

{ gp < { StudentName }
<= ae’

{ ‘Taro Aoki' }

ExtendArcArc({ student} ,{ name},
{ StudentName} ,{ tmp} ,down)

Figure 6. An example use of ExtendArcArc

By these primitive operations, the irregularity and diver-

sity of the sample data can be handled as follows.

annotation: By GetLabeldor the labelsef‘be in hospi-
tal'}, we can get all labels related to the annotation.

addition: By ExtendNodeArone can follow arcs labeled
{'MailAddress’}.

‘reportl’ to all the nodes labele®Re: reportl’ Then,
we can extract all the labels of reportl’s GgtLabels

3. Application

In the previous section, we introduced very primitive op-
erations of Gmls. For handling the semantics of student in-
formation, complex applications are needed. In this section,
we show that such complex applications can be developed
using the eight primitive operations effectively. As sample
complex applications, we introduce a table form viewer and
concept analyzer.

3.1. Table form viewer

A part of data in Gmls might have regular structure such
as table.

Suppose that names, addresses, regular reports, pro-
grams, and mails are stored in Gmls, and we need the list
of students and their reports. In this case, we want to view a
name and report as a record in table form. For this purpose,
we introduce a table form viewer.

This table form viewer shows a table which is encoded
in Gmls under an encoding rule specific to the viewer. The
sample data encoded in Gmls and its table form are shown
in Figure 7. In this example, the table is supposed to have
‘MailAddress’, ‘name,; and‘number’ as attributes.

Note that a table handled here is slightly more general
than the normalized relation in that the table may have a
repeating group in its fields.

Figure 8 shows that three tables are generated from a sin-
gle graph.



{MailAddregs}

number}

—p

table(MailAddress,name,number)

MailAddress

name

number

a01001 ,
aoki@xyz.com

Taro

Aoki

01001

{a01001, {Taro Aoki} {01001}
aoki@xyz.com}

These three tables are
generated from

Figure 7. Table view

person,

one graph. 201002
name
nami
Gmls Taro Aoki 01001 question  Report Kei Abe
Table View
table 1 table 2 table 3
student name numbe name | report1 | report2}
a01001 Taro Aoki 01001 | [Taro Aokijquestion| Report
201002 Kei Abe 01002 Kei Abe

Figure 8. Three table views for different attributes

Even though the encoding is fixed, we can modify a
graph in Gmls to fit to the encoding so that it can be visual-
ized in a table form. Figure 9 shows the example of a table
view for a modified graph. By the primitive operations, a

3.2. Concept analyzer

Suppose that students have submitted multiple reports.
In this case, for proper handling of reports a teacher needs to
know the relationship between the reports. For this purpose,
the teacher has to know the right labels suchraplace or
‘follow-up’ to pick up the arcs between the reports. In order
to find out the relationship between labels, we may employ
concept analysis by Galois lattice[7] by regarding nodes and
labels as objects and attributes, respectively.

Figure 10 is an example of concept analysis. A Galois
lattice is generated for the binary relation between nodes of
three reports and labelmail’, ‘ mulé, ‘ Internet, ‘ usage,
‘editor, and ‘html’.

From this lattice, we see that repotts and#2 are simi-
lar, ‘mail’ and ‘mulé, or ‘mail’, ‘ Internet, and ‘html’ are
in groups, while mail’, ‘mule, and ‘Internet are not in
groups.

R Jmail mule [Internet [usage|editor| html

#1| 1 1 0 1 0 o)

#2| 1 1 0 0 1 o)

#3l 1| o 1 ol o 1 fmai{l23}
{mail,Internet, html}{3} {»

—

galois lattice

usage}{]} {mail,mule‘editor

{mail,mule,usage,editor, Internet,htmli}{}

node is created for each group and an arc is created from a Figure 10. A binary relation and Galois lattice
group to each member of the group. Then we can visualize
group and its student list in a table form.

ngDUp

VAR

K ‘N,
;’ StddentNo
™.,

student

201002

GroupName .,

i, M

g or

5 name

A ‘Taro Aok’ 01001 question Report ‘Kei Abe’
Table View

GroupName StudentNo

A

01001, 01005, 01006,

B

01002, 01004, 01008, .....

No

01003

Figure 9. Table view for modified graph

3.3. Prototype system

We have implemented a prototype system of Gmls in
Java, and used reports of an introductory Java class as sam-
ple data of student information in the prototype Gmls sys-
tem.

Figure 11 shows a part of the sample data and Figure 12
shows the table form viewer. Figure 13 shows the prelimi-
nary concept analyzer.

4. Conclusion

The experiment by the prototype Gmls system for the
actual data showed that Gmls is promising.

We have implemented just two preliminary applications.
For practical use, more and more applications should be de-
veloped, and their mutual interference on Gmls has to be
carefully evaluated.
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Figure 11. Student information in the prototype system
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Figure 12. Table form viewer in the prototype system
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Figure 13. Concept analyzer in the prototype system

There may be relations between labels, and some explicit
support for the relations may be useful. We want to extend
Gmls in this direction.

We also want to apply our prototype system to more ac-
tual data.
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