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Abstract: The idea of automatic generation of data entry forms based on relational data models
is a common and known idea that has been discussed day by day more than before according
to the popularity of agile methods as well as improvement of programming tools in software
development. One of the requirements of automation methods, whether in commercial products
or relevant research projects, could be the concept of metadata as a mediator between database
and data entry forms. The metadata usually includes some schemas and constraints of target
database, which could be used as a model for automatic generation of data entry forms. However,
the most metadata models proposed in relevant researches have simple and undetailed structure.
In other words, only the initial requirements of data entry are covered in the proposed metadata.
In this study, the main objective is to emphasize the structure of metadata to discuss its enrichment
methods to cover more data entry requirements. In this regard, some parts of a metadata model
are also presented for objectification of the ideas.
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I. INTRODUCTION

Over the years, automation of data entry
user interfaces based on data models has
been one of the methods of implementing
data entry requirements in software programs.
The main purpose of automation methods
is to accelerate the implementation process
through prevention of taking repetitive works.
In practice, this is done through reuse of
designs and logics leading to database data
entry. The main requirements include UI
design with the capability of CRUD operations
on the entities, validation of input values and
implementation of data transactions queries
in consistence with a target database. In order

to implement the logics, the usual solution
is using metadata as a guideline model
which some parts of it could be perceived
through data dictionary resides in relational
database management system. However, by
considering metadata repository in a DBMS
as the only source, the function of designed
data entry forms would be very simple and
rigidly depended on the physical model of the
database. Hence, the possibility of defining lots
of high level concepts or design details would
be lost. On the contrary, through enrichment
of the metadata, a wider range of data entry
requirements could be covered.

In this study, has been tried to provide
some ideas about the methods of formation,
maintenance and enrichment of the metadata
devoted to data entry requirements. This is
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done through classification of requirements and
discussing methods and examples in response
to these requirements. In this regard, it has also
been tried to decline the dependence of metadata
on implementation technologies of application
level to develop the use of metadata to more
applications and platforms.

II. RELATED WORKS

As this study has emphasized the content of
metadata, to review the relevant works, those
works are selected that have used metadata
as a part of solution to implement data entry
forms. In ref [1], the solution for generation of
web data entry forms using extracted metadata
from database is analyzed; although no specific
structure and format is specified to maintain the
metadata. In ref [2] with almost similar solution
with [1], the idea of storage of metadata in XML
format is discussed. The metadata used in these
solutionsis too simple to generate data entry forms
and includes elementary data from independent
structure of each table and its columns. For
example, in the proposed metadata, the details of
relationships, types of relationships and simple
requirements as the possibility of defining value
set for a column are not addressed. In a different
work in ref [3], the same idea of generation of
web forms using metadata is presented. Although
this metadata is presented in form of an Entity-
Relationship model, in addition to simplicity of
concepts, it is significantly depended on technical
requirements of application (in this case HTML
pages).

In general, such applied attitude to metadata
to discriminate the ideas and technologies could
be observed in other works such as [4], [5] and
[6]. In other words, in most researches, the
content of metadata is not exclusively considered
and emphasis has been on the applied role of
metadata to discuss the solutions.

Clearly, with simple or application-depended
metadata, there would be no chance to cover
a broad range of data entry requirements.
Therefore, it would be better to separate the
concerns of metadata generation and the way
of using it through separating the declarative
independence of metadata from decision making
processes consuming the metadata as much as
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possible.

III. A SAMPLE DATA MODEL FOR DATA
ENTRY

In this section, for a better understanding
of the ideas presented in this paper and also
providing better examples, a sample ERD model
is presented. This model represents the structure
of a sample database which could be the target
of data entry forms. It should be noted that this
model is not necessarily a reality-based model,
but simply covers various types of data entry
requirements and concepts. This model keeps
track of a company’s employees, departments
and projects. The model is divided into two parts
presented in Fig.1 and Fig.2. In Fig.1, the main
entities of Employee and Department and their
relationships are presented. Each employee has
a many-to-one relationship with the Department
table to determine the related working
department. Each department has also a one-
to-one relationship with the Employee table that
determines the manager of the department. Also,
through an IS-A relationship, each employee
can be specialized into Engineer and Technician
entities. Finally in Fig.1, the ParkingOwner entity
is shown. This entity represents the owners of
parking lots in a company which has a union
relationship with department and employee. In
other words, each parking lot could be owned by
either a department or an employee.

Employee Employee_Project
T ssN int S EmployeeSSN  int
‘h‘ DepartmentName  varchar(256) H———04 ‘~9 ProjoctNumber  int
Works_On Ij Hours int
- v
Manager T Works_For
'
S
=
§ Name varchar(256) 7 "umhwp"”"' —
ManagerSSN  int
‘H o F- - - - -0d 451 DepartmentName  varcha...
‘ﬁ LocationlD int .
L Owns [ Twe varcha...
S —
Location -
G ty
7o int -
‘icmﬂ int BO-----4 T © int
- N, har(128;
D Address  varchar(512) D ame. varchar )
A S

Fig.1 Sample database ERD model (First part)

In Fig.2, four new tables have been added to
the previous model. First, the Project table that
represents the projects of a department and has a
many-to-one relationship with Department table.
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Also, this table uses the Employee Project table
to establish a many-to-many relationship with the
Employee table. In this way, for each department’s
project the employees involved in the project are
identified. Finally, the Location table is presented
which specifies the address of each department
and also has a many-to-one relationship with the
City table.

Employee ) Engi
I ssN int 7 o int
‘HOopannwnrNam varchar(256) P ‘HEmp&)yooSSN int
j Nama varchar(65) Is-a lj Type varchar(32)
j LastName varchar(§4)
] BinnDate varchar(10) T
[f] Gender varchar(g) —e int
j DeActive Bit [N s ﬁ&np&yymss.\' int
a Type varchar(32)
+ ki :
Manager é Works For 7 f
4
' Doparment )| —
I Name wvarchar(256) — o U nngnlar |
ManagerSSN  int U m
:Locarfn’aa nt @ DopartmentName  varchar(256) ()
j Code T As-a (‘_I-IEmpioycoSSN int
: Tyee n m O -~ D Type smalint

Fig.2 Sample database ERD model (Second part)

IV. EXTRACTION OF THE INITIAL
ELEMENTS OF METADATA

In order to form the initial elements of
metadata and as the beginning point, the data
dictionary of target database residing in DBMS
could be used. One way to extract the existing
metadata is to query the data dictionary using
the known standards. However, the ways of using
these standards may be different in each RDBMS.
For example, in relational databases of SQL Server
and MySQL, the concept of information schema
is supported; although different concepts are used
in almost similar methods in Oracle database. In
table 1, the way of extraction of tables, columns
and the referential constraints in SQL Server and
MySQL are presented. Similar queries of the same
objects in Oracle are presented in table 2. In ref
[6], [7] and [8], technical documents about the
metadata management of mentioned relational
databases are presented.
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Table 1 Using the concept of information schema in

fetching database objects

Extraction of Instruction

Select * from
Tabl .
ables Information_schema.tables
Columns Select * Information_schema.columns
Referential Select * from
Constraints [Information_schema.referential constraints

Table 2 Fetching the same database objects in Oracle

Extraction of Instruction
Tables Select * from user_tables
Columns select * from user_tab_columns
Referential .
. Select * from user_constraints
Constraints -

After extracting the desired data from the
database, a structure is needed to maintain the
metadata. In this solution, a relational model is
proposed. The advantages of providing relational
model for the metadata are as follows:

o It is in consistence with the target data

entry relational database.

o It could be visualized through entity-
relationship models.

o If needed it could be converted simply to
other formats like XML using common
available tools.

o Using today’s ORM technologies, the
metadata could be used effectively. In this
way, in addition to separate the technical
concerns of metadata manipulation,
the key requirement of metadata survey
(through entities and relationships) could
be done with more facility.

Finally, the initial extracted objects like tables,

columns and relationships could be illustrated in
an ERD model as figure 3.

& UnioueConswaingd int
O Sy, Cotumald it

Fig.3 Core structure of the metadata
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Obviously, this entity-relationship metadata
model or the sample data entry model presented
in previous section can be implemented
in any commercial relational database. By
implementation of these two models in SQL
Server and using the commands like Table 1 to
reproduce the sample database model in form
of proposed metadata model, the data of three
tables of Table, Column and Relationship would
be similar to figures 4, 5, and 6.

SELECT * FROM [.‘1yIdea].[dbo].[Table]|

100% = 4

= Results || |3 Messages
ID  MName
Technician

Engineer

5 Ciy
Employee_Project
11 Employes

12 Project

14 Location

15 Department

S I - e T & B - FE R N B
_
©2

=5

Fig.4 Data view of Table entity after converting the
sample model to metadata

EISELECT [ID],[TableID],[Name], [Primarykey],[IsIdentity]
,[IsNull], [DefaultValue], [DataType], [Position]
FROM [MyIdea].[dbo].[Column]

100% - 4

3 Resuts | [y Messages

Name Pri Is Is D.. DataType P
1 55N 1 1 ] int 1
2 DepatmentMName O ] ] wvarchar 2
3 2 n Name ] ] ] wvarchar 3
4 1N LastName 0 0 0 varchar 4
5 ¥ N Birth Date 0 0 0 wvarchar 5
6 35 11 Gender ] ] ] wvarchar 6
7 36 11 DeActive 0 0 1 bit 7

Fig.5 Data view of Column entity after converting the
sample model to metadata

=|SELECT ID, FirstSideTableID, SecondSideTableID, Name
FROM  Relationship
100% - 4

[ Results _‘_J Messages

First. Sec. Name
1 " g Agz-a=(PK)Employee.5 5N >({FK)ParkingOwner Employee 55N
2 15 6 As-a=(PK)Department. Name:>{FK)ParkingOwner Department Na
3 9 15 12 Cantrols={P K)Department.Name »{FK)Project Department Name
4 17 14 15 FKDepartment254181=(PK]Location.|D>{FK)Department Locati
5 1% 12 10 FKEmployee_P471962=(PK)Project. Number>{FK)Employee_Pr..
6 21 9 14 FKLocation479699=(PK)City. |D>{FK)Location.Cityl D
7 23 N 3 lg-a=({PK}Employee. S5N>(FK)Engineer Employse 55N
8 2 N 2 ls-a=(PK)Employee.SSN={FK) Technician Employee SSN
5 41 1" 15 Manages={PK)Employeer.55M>(FK)Department. ManagerS5MN
10 45 15 11 Works_For=(PK)Department. Name>{FK)Employee.Departmert...
" a7 " 10 Waorks_On={PK)Employee.55N>(FK)Employee_Project. Employ...

Fig.6 Data view of Relationship entity after converting
the sample model to metadata
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V. METADATA ENRICHMENT

In this section, the methods of extending the
core metadata are discussed. With more coverage
of data entry requirements, a metadata could be
enhanced from a repository of some physical or
structural properties to a source containing higher
level conceptual or behavioral concepts. The
practical method used to enhance the structure of
metadata is modifying its current structure (the
structure extracted from the database in previous
section) through adding entities, relations and
attributes based on some requirement analysis
and inferences. These changes could be the result
of considering some general requirements of
data entry or some specific strategy of data entry.
Firstly, some general requirements (generalizable
to other solutions) are discussed.

General and common requirements

When consuming the physical model of a
relational database to design data entry forms
and logics is discussed, recognized elements such
as tables, columns and relationships come to
mind. Assessing common requirements of these
elements, which can be involved in the designs
decision-makings of data entry forms (directly
or indirectly), could be a good beginning point.
Therefore, for the purpose of better separation
of requirements, they could be divided into
table requirements, column requirements and
relationship requirements.

o Table requirements: for each table, the
following types of general requirements could be
applied in the metadata:

Defining custom alias name for each table;

Determining the table data entry mode in

group or single form (one by one record);

Determining whether a table is a reference

table; For example, the Ci#y table in the sample

model is a reference table.

Determining whether a table is an associative

table; For example, the Employee Project

table in the sample model is an associative
table.

Determining table independent data entry:

this property specifies that whether a table
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can be the beginning point of a data entry
scenario or not and it should be accessed just
through relationship with other entities. For
example, logically the Location table cannot
be used as an independent data entry form
and is considered as a piece of complementary
information along with other entities.

o Column requirements: similarly, the
following characteristics could be counted for
each column:

Defining custom name for each column;

Determining the data entry ability of column;

Determining the search ability of column;

Determining the view ability of column in

result of search operations.

o Relationship requirements: for each
relationship, regardless of type of relationship, the
following characteristics could be defined:

Defining custom name for the relationship;

Determining data entry ability of relationship;

Determining the searching ability of

relationship;

Determining the view ability of relationship;

The mandatory constraint of relationship;

The transferability quality of relationship;

Determining the creation ability of other side

of the relationship; For example, is it possible

to create a new city when entering location
information, or the city item is just selectable?

Capability of creating the other side of

relationship directly in the current form or in

a separate form.

The model after making these modification is
shown in Fig.7.

Relations Mg ] { Table h|
o int o nt
W FirseSicoTabiolD nt PO [ Namo varchas(128)
% SecondSideTatielD nt 0] Avas varchari128) (|
;.‘4...-« varchan512) PCH - ; st chDataE néry [ ]
] Vs varchar(128) [ [ isReforercaTatia ] M)
[l] DataErtryEnas it (] [ sAsmociativeTable bt [N
1 se d bt (] [ independersDataEntry bt N
; Vie it (K] 2 Y
InC bt M) ) Column
[ sSecondSideManaatory [ (] ¥e L
n| ran shoratio [ [N] iy Tabio i nt
I SideTranaleratle bt M 4 Hame warchaei128)
7 sRntSdeCroatatie [ (1] ] DataErtryEnatiod bit
: IsSecondSideCratable it (M| [ SeamhEratied bt
(] sFntSideDrectyCratatie it [N} ; ViewEnabled ] |
(] mBecondSideDrectyCreatable B3l (] - vachaeii28) [ |
] PrimaryKey b1
] Isleraty Bt
T tsht B
j DetauitValun vachard000) [ |
[ DataType varchar(128)
[ Postion it ]
\ J

Fig. 7 Adding attributes to the model elements

Specialization of elements

In previous section, some simple general
requirements were discussed which could be
responded through adding some attributes to
the initial metadata model. However, a desirable
enrichment process of metadata is not limited
to adding some properties. In other words,
some advanced requirements should be covered
through adding new entities and relationships
to the model. The first proposed technique
to cover more advanced requirements in the
model is specialization of the existing elements.
Using this technique, in addition to make the
model developable to host more complicated
requirements, the core model, derived from
physical structure of relational databases, could
be preserved. In order to specialize the concepts
in the model, a few ISA-Relationship types on
tables, relationships and columns could be added.

Specialization of tables: each table in a database
could be resulted by realization of several higher
level entities. For example, in implementation
of ISA-Relationships in form of accumulation
of superclass and subclass in a single table,
the table could encompass structure and data
from several entities simultaneously. Through
specialization of tables by making its columns,
relations and even its data selective, chance
of introducing new entities in the metadata is
provided. For example, in Fig. 8 by adding a new
entity called TableDerivedEntity, each previously
detected table can be specialized. In other words,
columns and relationships of each existing table
can be selected and grouped in frame of a new
entity. Moreover, using the criteria property in
TableDerivedEntity, a distinctive range of data
rows for each entity could be defined.

s Table { Column )
o int Li---4g 10 int
W TablolD it
T
T
TableDx
T S (_ TableDrivedEntity Columns )
3 - “ ColumniD int
M TR, e TableDrivedEntitylD i
P I t
[ Hame  varchar(128) “ v 8
0] Alias vachar(128) [

=
L] Criera  varchariao0) [
T

'
2 g

¥ [+] int

¢n1 FirstSigeTableDrivedEntiniD int

“1 SoecondS e TableDave dEntitdD it

Fig. 8 Specialization of tables in the metadata
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For example, using this method, the
department records of Department table can be
classified using the Type field. Then it is possible
to allow just some specific types of departments
to have projects.

Departments
Name Code Type
Department 1 1001 Type 1
Department 2 1002 Type 1
Department 3 1003 Type 2
Criteria : Type = 'Type P
Department P1 1004 Type P
Department P2 1005 Type P
Projects
Number DepartmentName Title
S00 Department P1 Project 1
5002 Department P2 Project 2
5003 Department P2 Project 3

Fig. 9 Classification of departments based on type

Specialization of relationships: through
separation of types of relationship in metadata,
specific properties could be defined for each
type of relationship. For example, in Fig. 10
one-to-many and one-to-one relationships have
been specialized through adding new entities
inheriting from the base Relationship entity.

1o int

( Relations hipType )|
D int

OmToOneRelationshi pT OneToManyRelationshipT
Gyi0 int 0 int
:MarlysndeCounl m [

Fig.10 Specialization of relationships in the metadata

Specialization of columns: types of columns
could be also specialized based on data type.
Hence, not only separated specifications and
structures are defined for each data type, but also
it is possible to define structure for custom types
of data in the metadata.
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r NumericColumnType ]

( Column \ ‘D ColumnlD  int
¥ o int |- = - <04 | ] Precision  int IN]
O TablolD it (1] Scake nt [
[ Minvalve ot [
- i [ Maxvalue it [
L}
= 5,
4 DateColumnType 3 C StringColumnTy pe \
@, ColumniD  int % ColumniD  int
L:j DateFormal varchar(16) m | MaxLength int
3 Format varchar(128) [

Fig. 11 Specialization of columns in metadata

Higher level relationships

One of the main capabilities of a desirable
metadata could be possibility of defining
conceptual and higher level relationships of
target database like ISA relationships or Union
relationships. Without prediction of these
relationships in metadata, a big gap remains
between metadata model and the object-oriented
designs of entities behind the data entry forms.
One technique to cover higher-level relationships
is defining conceptual relationships in the
metadata model and adjusting existing physical
relationships with these conceptual relationships.
Through classification of physical relationships in
form of conceptual relationships, a bridge could
be created between physical implementation of
relationships and their underlying higher-level
concepts. For example,asin Fig. 12,aset of physical
relationships of superclass to subclass in database
level (defined in SupertoSubRelationshipType)
could be mapped to an IS4-Relationship entity
in the metadata level. In this way, it is possible to
define the known ISA-Relationship properties,
such as total participation or disjoint quality of
the relationship in the metadata.

In another example, many-to-many
relationships could be defined in the metadata
through the ManyToManyRelationshipType
table. Since all the many-to-one relationships
in physical level are converted to one-to-
many relationships there would be a link
between ManyToManyRelationshipType and
OneToManyRelationshipType to detect all the
implementing physical one-to-many relationships
of each many-to-one relationship.
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SARelationship -
7o it (__SuperT: pType )
[ Name varchar(128) [ b Ll i
] : % ISARolationshiplD  int
L] IsTolatParticpation  bit '

D IsDisjoint it

(_ ManyToOneRelationshipType RelationshipT
Ur? ] int G_vp!D int
6.._ Many ToManyRelationshipTypelD it

v
bt
! UnilonToSublnionRalationship
g b L int
iy ToMan R pType W LinionR hpTypelD  int
Fio !
[ Name vamhars12) [ 2}5

UnionRelationshipT:
0 int
[f] Name varchar(1
[ IsTolatPartcipation bit

Fig. 12 Definition of conceptual relationships in the
model

In this way, all the physical or conceptual
relationships defined in the sample model can be
defined in the metadata. In tables 3 and table 4
all the relationships of sample model and their
definition class in the metadata are shown.

Table 3 Definition of sample model relationships in the
metadata (Part 1)

Relationship Type Metadata Definition
Department- One to
Employee Many / OneToManyRelationship
(Works for) Physical
One to
City-Location Many / OneToManyRelationshi;
ty Physical Y P
One to
Dep a.rtment- Many / OneToManyRelationship
Project .
Physical
Employee-
Department (21 I;e/to OneToOneRelationship
(Manages) Physical
Department- One to . .
Location One / OneToOneRelationship
Physical
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Table 4 Definition of sample model relationships in the

metadata (Part 2)
Relationship Type Metadata Definition
Employee- Many to
ploy Many / ManyToManyRelationship
Project
Conceptual
Employee- One to . .
Employee Project Many / OneToManyRelationship
Physical
Project- One to . .
Employee Project Many / OneToManyRelationship
Physical
Employee- 1S-A
. ployee- Relationship ISARelationship
Engineer/Technician
/ Conceptual
Employee- Superclass SuperToSub-
Engineer to Subclass/ RelationshipType
& Physical PLyP
Employee- Superclass SuperToSub-
Technician to Subclass/ RelationshipType
Physical
ParkingOwner- Union
Employee Relationship UnionRelationshipType
/Department / Conceptual
Union
ParkingOwner - | Superclass to UnionToSubUnion-
Employee Union RelationshipType
Subclass/
Physical
Union
ParkingOwner - | Superclass to UnionToSubUnion-
Department Union RelationshipType
Subclass/
Physica

More complicated requirements

With emphasis on more complicated
requirements and some creativity, more dynamic
requirements and constraints of data entry
could be predicted in metadata. Some of these
requirements might be as follows:

o The value range of a column: the feature

of defining valid range of values for a
column;

o Arc relationships: selecting a single
relationship  from several specified
relationships of an entity;

o Conditional relationship: the condition of
making or not making of a relationship
based on the entry value of an attribute of
the entity;

o Conditional range of values: the
dependence of value range of an attribute
on the entered value of another attribute
of the same entity;
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o The condition of converting the values:
dependence of values an attribute could
be changed to on the current value of the
attribute.

For example, through adding three simple
entities to the model (figure 13), value range of
a column, conditional relationship, conditional
range of values and conditions of value conversion
could be covered. Using the ColumnValue entity,
the value range of a column is defined. Using the
ColumnValue Relationships entity, disabling or
enabling of relationships based on column values
is possible and with the ColumnValue Columns
entity, it is possible to determine the list of valid
values for a column based on another column’s
value (or based on the same column’ value in
case).

(" ColumnValue_Rel hip )
"tg? RelationshiplD  int
%, ColumnValuelD  int

Relations hi
'j ID int

[[] Enabled bit (Y
\
( ColumnValue A
'_'," D int
‘hl ColumniD  int
3 Value varchar(max)
\

( ColumnValue_Column

”','?Cofwnnﬂ) int S i
%, ColumnValuelD  int J "
ij ValidValue varchar{max)

L

Fig. 13 Adding some complicated requirements of data
entry to the model

For example, by placing the “male” and
“female” values in the ColumnValue table for the
Gender column of the Employee table, in the data
entry process these values would be selectable
rather than entered by user. Now presume we need
another rule that do not allows male employees
to involve in projects. This rule can be defined
easily in the metadata by adding a record in the
ColumnValue Relationship table for previously
defined “male” value and then setting the project
relationship disabled.
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Generic designs in metadata

Definitely, with more coverage of data entry
requirements using the mentioned methods,
the obtained model would be more efficient
and applicable. However, such modifications
in metadata model could also lead to some
complications. Complexity of metadata structure
or its non-general structure would bring some
drawbacks such as less understandability and
less generality of the model. In order to meet the
problem, some generic designs could be used to
define some of the requirements in the model if
needed. Using these generic designs, there would
be no need to define all required attributes of
tables, relationships and columns explicitly in
the metadata. Moreover, it might be necessary
to define many application level attributes in the
model. For example think of a requirement that
needs to make emphasis on some columns in the
UI by making the font of the column’s label bold.
This requirement is a trivial application level
requirement and it is not wise to put it directly in
the metadata model.

A general strategy to make such changes in
the model might be using dynamic properties in
form of tag/value. In Fig. 14, an example of the
mentioned design technic is presented. As shown,
the extra attributes of tables and columns could
be defined in form of dynamic data rows rather
than static physical attributes.

i Column_Tag ( Column \|
“ ColumniD  int
“, TaglD int

i o int
@ TablelD it
[ value varchar(128)
p

i

Tag
'J‘ [+] int
: Name varchar{128)

-

3 Category varchar(128)

:

Entity_Tag (T dEntity \

S, TagiD int 7 o int
4‘-.’, TableDrivedEntitylD  int @ TablelD  int
j Value varchar(512)

"y

Fig. 14 Generic constructs to define attributes of tables
and columns

.
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Model customization

Using the techniques mentioned in the
previous sections, an enriched metadata would be
achieved that can be generalized to many common
data entry solutions. The next supplementary step
of metadata enrichment, could be customization
of metadata to fit any specific data entry approach.
These subjective customization could include
adding optional types of attributes, entities or
relationships to the metadata. For example, in
Fig. 15, according to directed nature of data entry
scenarios in applications, instead of one physical
relationship between each pair of entities, two
directed relationships could be defined in the
metadata. This way, in addition to possibility of
separating attributes of each direction, the process
of navigation through entities and relationships
in data entry forms are facilitated.

licitOne ToOneR: =
E::,-o int &= A Relations hipType
3 *0_4_9\5310 int
~ J
{implicitOneToOneRelati Type WO
@y int 1% )

J

( OneToManyRelationshipType \
Lv-‘ D int

Relations hip
YD i

[l] ManySideCount it [}

{

ManyToOneRelationshipType
¥ plyp
L‘»f ) int

‘hlManyTcJJara)-Rekaruc,u‘.shbT;peJD int [}

Fig. 15 Defining sample directed relationships in the
metadata

For example, using the mentioned design, now
itis possible in data entry forms to let the Manages
relationship between employee and department
be established only from the department side. As
such, for each department, the manager employee
is selectable while this relationship would be
hidden in the employee form.

Regardless of reasons of customizations in
metadata, the innovations applied to metadata
could be also generalized to other solutions or
just be limited to scope of a system.
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VI. INITTALIZATION OF CONSTRUCTS

A metadata with no data has no use and
meaning in practice. As it was mentioned, data
for core elements of metadata could be derived
from the database. However, to initialize the
extended parts of metadata what strategy could be
considered? According to key role of metadata in
automated dataentrysolutionsand need to careful,
quick and integrated management of all details,
it is recommended to use a software program to
manage metadata. With such an administrative
program, in addition to apply control rules in
metadata initialization, the involvement of user
in lots of technical complexities (for example
implementing metadata manipulation queries)
could be avoided. In designing such a metadata
management program, a combination of three
methods of coding, rule engine and design expert
intervention is generally proposed.

mCoding: for initialization of some constructs
of metadata, fixed code snippets could be applied.
Algorithms of these codes would not change
a lot over the time. The examples could be the
previously mentioned technics for extraction of
initial structure of metadata from the database,
extracting list of available values of a column in
database (for example to fill the ColumnValue
entity automatically) or converting types of
relationships to each other in the metadata.

mRule engine: experience have proved that
there are semi-fixed rules and techniques in
designing databases. These rules may be observed
by a specific designer team or in a specific
solution; although they may vary from a problem
to another or from a designer team to another. For
example, the rules of naming tables and columns
are in this group. To extract some information of
metadata due to these changeable designs, it is
recommended to use rule engine environments.
Hence, the way of implementation of these rules
in extraction of information from the database is
not depended on principal code of the program.

As an example, suppose a database that has 30
reference tables all starting with “Ref_” like “Ref_
City”. Think of a metadata management program
that has a module to detect reference tables. In
facing such a situation the mentioned module
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can be implemented in two ways; hardcoded or
dynamically programmable. Since a metadata
management program is supposed to work with
various database designs it would be better to use
the dynamic rules.

Rulesetl :

Rule IsReferenceTable(iableDrivedentity tableDrivedentity)

rule: tableDrivedentity.Table.Name.StartsWith("Ref _");
action: SetTableReferenceTable(tableDrivedEntity.Table.Name);

'
Fig. 16 Sample dynamic rule for detecting reference
tables

mDesign expert intervention: a known
challenge with the perception of concepts from
the physical implementations of databases or
literally reverse database engineering could be
ambiguousness and mismatches in translating
different design layers to each other (Conceptual,
Logical and physical layers). In ref [10], the
necessity of interpretations of user in validation
of the concepts perceived from the database and
in ref [11], the necessity of intervention of user
in the process of conceptualization of database
reverse engineering are emphasized. In general,
the necessity of applying user’s comment (as
complementary part of mechanized methods)
could be caused by lack of certain correspondence
in mapping models from conceptual to physical
level and vice versa. Moreover, ithasbeen observed
that in implementation of lots of concepts in
the database, implicit structures (e.g. Triggers)
are used. Regardless of these explanations and
considering the defined metadata, there are
some configurations in the metadata, which
should be initialized in customized way due to
user’s decision. For example, the way of setting
alias names for tables and columns or setting the
display order of columns are in this group.

VII. SOLUTION IN PRACTICE

In this section, the proposed solution for the
formation and enrichment of metadata and also its
effectiveness in covering some of the fundamental
data entry requirements are examined. For this
purpose, the real database of AdventureWorks is
used which is a well-known sample database used
in many of the Microsoft's documentations. The
version of the AdventureWorks database used is in
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this paper is 2012 and it is available on [12]. Also
[13] helps to understand the database design as
it describes all the tables in the AdventureWorks.

In order to manage the metadata model as
well as its use in designing data entry forms,
existence of two programs is presumed; one
manages the information in the metadata, and
the other uses this information in generating
the data entry forms of the target database. It is
necessary to mention that the examples provided
of the features of these two programs are merely
due to the visualization of the proposed concepts
and the details of the design or implementation
of the mentioned programs - due to irrelevance
with the main theme of this research, which is the
enrichment process of the metadata - will not be
covered. Figure 17 shows how the four concept
of metadata management program, data entry
program, metadata database and target database
interact with each other.

Metadata Database Target Database

Defines pmetadata

Metadata Generator Data Entry Application

Fig. 17 Proposed applications and databases interaction
pattern

As previously mentioned, in order to extract
the primary elements of the metadata, the data
dictionary of target database could be used.
For example, by running the queries shown in
figures 18 and 19 in SQL Server, the details of all
relationships in AdventureWorks are accessible,
including relationship names and involving
primary and foreign key tables and columns.
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SELECT k.

fke parent_object_id = cp

column_id A0 Tk referenced_object_id « cr

21 Resubs (3 Messages
Congtraim_Nsme PK_Tabks FX_Tatis
Lt X X Addruss
FR_BaOMMstorisls_Froduct_CompanentD P

1

2 [ TR

3 FR_BAOMSWnals_Produel ProductAssembhiD Produst BdUMalinal

4 FK_BAOMNstrls_Unithostiar_UrsthissureCode Unionsury  BACALlursls

5 FX_BusnossEmeyAndress_Address Addross Address [
& FK_BusnossErttyhddress_AddressType_AddressTypll)  AddressType  BusinessEréphddress

Fig. 18 Fetching relationship names and tables in SQL
Server

“SELECT fk name 'C
FROM  sys.foreign_keys Fk TNHER
ON fk.parent_object_id - tp.object_id I
ON fk.referenced_object_id - tr.object_id IN

sys.foreign_key_columns fkc ON fkc.constraint_object_id = fk.object_id
} I sys.columns cp ON fkc.parent_column_id = cp.column_id

fle . parent_object_id - cp.object_id f

O fke.referenced_column_id = cr.column_id A
fke . referenced_object_id - cr.object_id

umn’, ep.name “FK_Column®
tp
cys.tablas tr

sys.columns er

W% -

0 Results %) Messages
Canstraint_Name PK_Calumn FK_Cobumn
FK_Address_StateProvince_StateProvincelD SinteFrovincelD SinteProvincelD

1

2 FK_BAOMatorisls Product ProducthssamblylD Productly Producthssomblyll
3 FR_BEOMatenals_Product_Componentid) Produc ComponentiD

4 FK_BAIOM ks L Unith ‘o Unithd ode  Unithl o
5 FH_BusineasEntityAddross_Bi SEntity_BusinossEnti | BusinassEntitdD BusinessE ntitylD)
6 FH_BusinessEnbtybddress_ v5_AddoessiD AddressiD AddressiD

ri FK_BusinessEntitvAddress AddressTvos AddressTyvoelD AddressTyoslD AddrassTvpselD

Fig. 19 Fetching relationship columns in SQL Server

In this way, by adding a feature to a
metadata management program, all 72 tables,
91 relationships, and 749 columns of the
AdventureWorks database could be extracted and
then transformed into the core metadata model. In
Fig. 20, a view of a sample metadata management
application and the entities extracted from the
AdventureWorks database is displayed.

i MainWindow

Database Name : AdventureWorks2012

Username : sz

Password [ connect | [ Extract metadata

Entities | Columns | Relationships |

Update Count: 72

D T || Name g || RelatedSchema < || DatabaseName T |~
> (13081 ScrapReason Production AdventureWoerks2012 =
| 3088 Shift HumanResources AdventureWoerks2012
| 30093 ProductCategory Production AdventureWorks2012
| 3101 ShipMethod Purchasing AdventureWorks2012

|3',D? ProductCostHistory Production AdventureWorks2012

|3112 ProductDescription Production AdventureWorks2012

|312[I ShoppingCartltem Sales AdventureWorks2012

1 |1‘ L PraductDacument lDr-\du tion
]

7 AdventursWorks2012 |7
0

Fig. 20 Extracted entities in a sample metadata
management application

Interestingly, this basic information in the
metadata can be used to design some data entry
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forms and the relationships between them. For
example, in Fig. 21 the Ul of the ProductCategory
form in a data entry application is displayed.

Fig. 21 The data entry form of ProductCategory table in
a sample data entry application

Considering the role of metadata in explaining
automation solutions, related works like [1],
[2], [5] and [6] have optimistically defined the
metadata structure at the current depth, in other
words, a repository of elementary information
about tables, columns and relationships. But, as
mentioned earlier, this paper attempts to focus on
the metadata and its capabilities in more depth.

Now, wusing the metadata extension
process described previously, more data
entry requirements could be applied in the
ProductCategory form.

In the first step, metadata could be extended
according to the "Common requirements”
method discussed previously. Thus, it is possible
to define some simple attributes for any concept
in the metadata core and then managing them
in the metadata management program. For
example, suppose it is intended to apply three
new requirements in the ProductCategory form.
The first requirement is to change the form name
from the "ProductCategory” term to the "Product
Category”, the second requirement is to set the
columns of rowguid and ModifiedDate to read-
only mode and the third requirements is to hide
the relationship with the ProductSubcategory
entity. All these requirements can be resolved
by adding simple attributes to the current
metadata elements and then setting them in the
metadata application. The methods of setting the
three mentioned requirements in the metadata
management program are shown respectively in
Figures 22, 23 and 24.
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57 MainWindow =N
Database Name : AdventureWorks2012
Username : sa
Password : *** [ Connect ] [ Extract metadata
Entities | Columns | Relationships |
[ update |[ Refresh | Count: 72
D T “ MName T ||Alias T ” RelatedSchema '\]:
> |13081 ScrapReason Production
‘ 3088 Shift HumanResources
[3093 ProductCategory Production
‘ 3101 ShipMethod Purchasing
T 210 Dmmdu HCostHi mwl Production - M

Fig. 22 Setting the Alias attribute for entities

15 Tcinwindow EE
Database Name : AdventureWorks2012

Username : sa

Password : *** [ Connect ][ Extract metadata ]

‘| Ent\tiesl Columns | Relaticnships |

.
oY ” MName T ||Alias T “ DataEntryEnabled 7 || PrimaryKey

> ||3089 | ProductCategoryl ProductCate

|3[}QU Name Name 0

021 rowguia owgud [0 [

|3092 ModifiedDate | ModifiedDal [ =
N 1 [ 0

Fig. 23 Making columns read-only in the metadata
management application

Database Name : AdventureWorks2012

Username : sa

Password : *** | Comnect | [ Extract metadata
Entities | Columns Relatmnshlps|
All relationships
[ uUpdste |[ Refresh |
T [[Name T H Entityl 7 H Entity2 T | DataEntryView |
78 | FK_ProductReviev Product ProductReview
|79 FK_ProductReviev| ProductReview | Product (=]

@I&D FK_ProductSubeca ProductCategory ProductSubcategory | [
|81 FK_ProductSubea| ProductSubcateg| ProductCategory (=]

|82 FK_ProductVendc| Product ProductVendor =] -
I ] ] v

Ll

Fig. 24 Making relationships hidden in the metadata

management application

Data Entry Applicati

v, i

Entities

dbo

Production

SrrapReasan

ProductCateg
£ ProductCostr
* ProductDescr
L= ProductDocul

£ Productinven
2 ProductlistPr
£ ProductMaode
£ ProductMode

L= ProductMode +

>

Product Category ‘ x

€ Clear @ Info K save

ProductCategorylD | 2 Name

Fai2ee0230068 | MogifiedDate |

* Delete

Companents

rowguid |

Info =0

Fig. 25 The ProductCategory form after applying some

basic requirements

In the next step of metadata enrichment, the
concept of specialization of the core elements
such as tables, relationships, and columns was
discussed. For a better understanding of the
capabilities added to the data entry forms by
specializations in the metadata, data entry form
of the Person table is considered. In this form,
two requirements are defined; the first one is to
apply a validation rule to the PersonType field and
expresses that the field should only accept string
values composed of 2 characters. The second
requirement is the ability of defining only one
email address for each person. In other words, to
set the relationship between the Person entity and
the EmailAddress as a one-to-one relationship
and not one-to-many. As shown in Fig. 26,
currently it is possible to set a PersonType value
with a length of more than two characters. It is
also possible to define multiple e-mail addresses
through the link to the EmailAddress form.

Entities v 2] Person x
AR
SalesPerson
SalesPersont @ Clear @ Intn o save H® Delete # Search
L SalesReason ) e =
g BusinessEntitylD [s |Persontype 7
& personcreai | CEnn —
L SolesTerritor || |
L. Salesiemtor &
[ Person € Clear & Info el 5ave ® Delete | .
L Address - - B
AT BusineséntitylD | Emaiéddressd | EmeiAdiress L
StateProvine > | [s jossefi@aduenture-works 1| b
BusinessEnti |
1[900 [o00 | ris.com ¥ | | —
T i | PRI
ComectType || [Person>Emaitaddress: | = [la]] o [Person> Emplogee: [ |A| a5
CountryRegi/ = o
E:‘::A'z::; S| | Person>Password - || uz | PersonsBusinessEntity: | = ||2|E|

Fig. 26 The Person data entry form before applying

requirements

After applying these changes in the metadata,
the ProductCategory form will be changed to Fig.

25.
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In order to meet the requirements, the
metadata can be extended according to the
previously proposed specialization methods. For
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the first requirement, specialization of the string
columns in a new entity is proposed (inherited
from column entity as Fig.11). Hence, attributes
such as the length and the format of a string
column could be defined.

,
Database Name : AdventureWorks2012

Username : sa

l Connect H Extract metadata

I Entities | Columns | String columns |Re\at\'ensh\ps|

Password : ***

Update
ColumnlD T ”ColumnNan‘ T |Maxtength T || Format
3563 PersonType 2
< il [ ¥

Fig. 27 Defining string columns’ properties in the
metadata management application

For the second requirement, the same way
applies. More precisely, some specialized entities
for relationship types should be added to the
model and then assigned to existing relationships
in the metadata application. Figure 28 shows how
to specialize the relationship between Person and
EmailAddress into a one-to-one relationship.

All relationships
[ Update | [ Refresn |
T ”Name T || Entityl T || Entity2 T ” DataEntryView |
16 | FK_Document_Em| Employee Document El =
}17 FK_Document_En| Document Employee El
FK_EmailAddress_ Person EmailAddress El
}19 FK_EmailAddress_ EmailAd| ‘Ccnvarl to one-to-many relationship
}20 FK_Employee_Per| Person Convert to one-to-one relationship
-
il \‘ ll [ L

Fig. 28 Setting the relationship between Person and
EmailAddress to one-to-one

After applying these changes in the structure
and content of the metadata, the Person form will
be changed to Figure 29. Firstly, the PersonType
filed would not accept values with more than two
characters; secondly, only one email address can
be entered for each person.
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Person X
G Clear & Info  Save % Delete 4% Search
BusinessEntitylD l:l PersonType EM
MNameStyle Il Title Mr. .
EmailAddress = . S
<3 Clear & Info o save ¥ Delete &% Search

Emailaddress  jossef0@adventure-worl rowguid 20c4093a-4f4a-dcad-bb

MadifiedDate | 2/17/2002 ==

D@ Person>Employee : D@
[l llat] [ TpersonsBusinessentiy: = ol (5 |

Fig. 29 The Person form after applying the requirements

Person>EmailAddress :

Person>Password :

In order to examine the higher-level
relationships in the AdventureWorks database,
we consider the most significant inheritance
relationship which Introduces BusinessEntity
table as the superclass and the tables of Person,
Vendor, and Store as subclasses. In order to define
this inheritance relationship in the metadata,
we act as described previously in "Higher level
relationships" section. In other words, we classify
the physical relationships between the mentioned
tables in the form of a higher-level conceptual
relationship. Fig. 30 shows how to define these
relationships in the metadata management
program.

Entities | Columns Ke\atlonsmps‘

| Allrelationships |  One to many relationships | Many to one relationships
| Implicitonctoone | Explicitone toone | Many tomany | Inheritance | Union

Update Refresh

.]m T H Name < |SuperTyp W ||SubTypeEntities W ||lsTol W [IsDis ¢
(1] BusinessEntity BusinessEntity Person,StoreVendor

Superclass to subclass | Subclass to superclass |
Update
ilID A4 ” Name

> ‘123—1- FK_Person_BusinessEntity_Busin

T ” PairRel

EntitylD=(PK)BusinessEntity.Bu 1235
‘1346 FK_Store_BusinessEntity_BusinessEntitylD=(PK)BusinessEntity.Bus 1347

‘1352 FK_Vendor_BusinessEntity_Busin

EntitylD=(PK)BusinessEntity.B: 1353

Kl ] | 0

Fig. 30 Managing ISA relationships in metadata
application

Now, the properties like Disjoint or
TotalParticipation can also be defined for
inheritance relationships. More important,
when designing a data entry form containing
ISA relationships (like the BusinessEntity data
entry form), instead of visiting ISA relationships
separately according to their physical level
design, they can be implemented as a group of
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relationships realizing a higher level concept.

Entitier > 0| DBusinessCntity

¥
Sale<TerritaryHic

I Persan € Clear & Info kel save ®0o % Search
Address |
AddressType BusinessEntitylD B | rowguid 1b3d(

i 1/12/201 = isines<| ~Business| e
Statclrovinee et v | Blu-msf Entity>BusinessEnti [ |(]
BusinessEntity LyAddress : 4

DusinessCatityAc
BusinessEntityCc
ContactType

BusinessEntity> BusinessEnti
o] |

A ISAVerson_Vendor_Store

BusinessEntity> Person LHA‘ BusinessEntity>Store: | 1|4
EmailAddress — b=t

—— ~ ||| Businessentity>Vendor: |7Hﬁ‘ l:l

.

CountryReginn |

Fig. 31 ISA relationship between the BusinessEntity and
the group of subclasses (Person, Store and Vendor)

However by considering a database with data
like AdventureWorks, there is a more efficient
way to identify and initialize the majority of
relationships types rather than assessing them one
by one by a system expert; through implementing
a simple algorithm in the metadata management
program, it is possible to identify most of the
relationship types automatically. This algorithm
is shown in figure 32.

Identfying defauk relationship type

Relationship's foreign keys are
their tble's primary keys?

Set relationship as
15A-Reationship

There & multiple foreign key daty kems
for some of the primary key data kems?

There is data for

relatonship in database? ’ ‘ r
. ‘
Set relationship type
as one-to-many

Fig. 32 Algorithm of setting default relationship types

By running this algorithm on the
AdventureWorks database, 73 relationships were
identified as one-to-many, 11 relationships as one-
to-one and 7 relationships as ISA relationships.
The ISA relationships are shown in Table 5 and
the one-to-one relationships are listed in Table
6. Rest of the relationships are one-to-many
relationships.

Table 5 Detected ISA relationships in the
AdventureWorks database
No Superclass Subclass
1 BusinessEntity Person,Store, Vendor
2 Person Employee,Password
3 Employee SalesPerson
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Table 6 Detected one-to-one relationships in the
AdventureWorks database

No uSStat From To

1 Address BusinessEntity Address

2 Person BusinessEntityContact

3 Person Customer

4 Person EmailAddress

5 Employee JobCandidate

6 CreditCard PersonCreditCard

7 * Person PersonCreditCard

8 * Person PersonPhone

9 ProductDesc ProductModelProduct-

ription DescriptionCulture

10 Product ProductProductPhoto
11 * Product ShoppingCartltem

By closer examination of these relationships,
we find that the proposed method succeeds in
identifying about 95% of the relationship types
correctly, in other words, 86 relationships out of
90 relationships. More precisely, all of the one-
to-many relationships are correctly detected and
from the one-to-one relationships, only three of
them (marked with * in the table) - in spite of their
one-to-one data match in the database - require
to change to one-to-many relationships. Also,
among the detected inheritance relationship,
it would be conceptually better to change the
relationship between Person and Password
tables to a one-to-one relationship. As mentioned
earlier, these conversions can be easily done in
the metadata managing program.

The next idea referred in enrichment methods
was the possibility of including more complex
requirements in the metadata. Using these
definitions in metadata, it is possible to improve
the raw data entry forms to forms containing
more and more business rules. For example,
remember the PersonType field in the Person
form. In fact this field can only accept values from
a certain range of two-character strings (‘IN;
'EM, 'SP', 'SC', 'VC' and 'GC"). To cover this issue,
a change in the metadata model and application
can be done that allows to define a set of values
for a column. In Figure 33, the feature of setting a
set of values for a column is displayed. Note that
these values can be directly extracted from the
target database automatically.
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| Entities | Columns | String columns
Key/Value range | Relationships
[ Update ] [ Extract key/value range |
mColumn T || ?| KeyTitle g
> | PersonType N
| PersonType EM
| PersonType P
PersonType SC
| PersonType VC
PersonType GC

Fig. 33 Defining a set of values for the PersonType field

Therefore, the user can only select the value
of the PersonType field from a predefined set of
values.

Person *
43 Clear & Info el Save ® Delete _
BusinessEntityID IZIPErsonType EM ~
y N
MNameStyle ] Title m
FirstNarne Jossef  MiddleName P
sC
Goldbert
LastMame ¢ Suffix Ve
EmailPromotion D AdditionalContactInfo GC
rowguid Odea2Bfc ModifiedDate 2/

Fig. 34 Selecting the value of the PersonType field

At the end of this section, the proposed idea of
inserting some of the requirementsin the metadata
in form of general and dynamic construction
would be considered. These categories of
requirements can be either application level or
technical requirements that are not directly related
to the business rules of data entry forms. For
example, setting a distinctive color for a column's
header might be a requirement. In Figure 35, the
proposed method of defining the color property
as a tag and assigning it to columns through the
ColumnTag table is presented. Also in Figure 36,
the effect of these definitions in the metadata on
the data entry form is shown.
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—ISELECT ID,Name,Category

FROM Tag
—|SELECT ColumnID,[Column].Name,TagID,Column_Tag.Value
FROM Column_Tag inner join [Column]

on [Column].ID=ColumnID
100 % - 4

[Z Results _'_1 Messages

1D Name Categony

Foreground LI

ColumnlD  Name TaglD  Value
1 BusinessErtitylD 2 Red
2 3563 PersonType 2 Blue

Fig. 35 The concepts of Tag and ColumnTag in the

metadata
Person kS
43 Clear &P Info H Save  Delete _
BusinessEntitylD \ZI PersonType EM
NameStyle B Title Mr.
FirstName Jossef MiddleName H

Fig. 36 Different colors of fields based on the metadata
definitions

VIII. CONCLUSION

In this study, the idea of generation
and enrichment of metadata for automatic
implementation of data entry forms based on
database models is discussed. According to the
mentioned, the structure of metadata could be
systematically enhanced from a simple source of
database schema depended on data dictionary
to a more comprehensive model. A key point in
discrimination of the solution is commitment to
the known schema of relational databases and
development of metadata based on the extracted
initial elements.

The enrichment process begins from the
extraction of common elements such as tables,
columns and relationships and representing
them in a relational model. Afterwards, through
adding some properties to these elements,
some common requirements of data entry
would be covered. In the next step, for purpose
of more structural development of model,
some specialization techniques on the existing
elements of the metadata are discussed. Then, the
idea of considering some higher-level concepts
of target database in the metadata design like
ISA-relationships is proposed. The possibility
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of adding more complex rules and validation
requirements in the metadata is the next
discussed extension. However, there would be no
need to apply all requirements and modifications
explicitly in the metadata structure. To decrease
the size of metadata, some attributes could be
defined and initialized in form of tag/value using
generalization techniques.

Moreover, for purpose of Iinitialization
of the proposed structures in metadata and
generally metadata management, necessity of
implementing a controlling software program is
referred. According to this idea, by means of this
program, the data in metadata could be initialized
and managed through using a combination of
three methods of coding, rule engine and direct
intervention of user. In Fig. 37, the function of
a metadata management program in a general
automation approach of data entry is illustrated.

In the final section, in order to observe the
functionality of the proposed solution, examples
of initialization, extension and application of the
appropriate metadata for data entry of a standard
database is provided.

Considering the data nature of metadata,
the enrichment of metadata is not limited to
mentioned requirements and it is possible to
extend it over other directions and applications.
For example adding user profile concepts and
related access controls for users or designing
schemas for configuring a variety of reports in the
metadata can be a supplementary goal.

Target Database

54
L z ,

amm s o

Metadala Management </> Coding

Application
| g xeion Fxpert
J Providing data
=.

-
-

Relational| Metadata

wogmnduery Beg

ORM tool

Data Entry Application
H (U1 + Datas Access Logic) i
L S|

Fig. 37 Role of a metadata management program in an
automated data entry approach
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