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ABSTRACT

This paper addresses the problem of the unsuitability of
most relational databases to express data annotations by
defining data annotation models that allow users to annotate
relational data at five levels - database, relation, column, tu-
ple, and cell. These models are structured using Extensible
Markup Language (XML). The most important feature of
these models is that they do not require any structural or
schematic changes to the underlying database. It is common
knowledge that database administrators (DBAs) are very
resistant to making any structural or schematic changes to
their deployed databases. Moreover, these models are simple
to understand, flexible, extensible, customizable, database-
neutral, and platform-independent. These models also allow
users to cross-reference related annotations. Simplicity and
the ease of understanding is the main motivation for the de-
sign of the data annotation models presented in this paper.

Categories and Subject Descriptors

H.4 [Information Systems Applications]: Miscellaneous;
D.2.8 [Information Systems]: Design for data annotation
models to annotate relational data.

General Terms

semantic data annotations

Keywords

annotating relational data, data annotations, semantic an-
notations

1. INTRODUCTION

The metadata schema in most relational databases is un-
suitable for expressing data annotations. Data annotations
are defined as semantically rich metadata applicable to a
particular application domain that help further clarify fea-
tures of interest.
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A feature of interest is a data item that a user wants to
annotate [8]. Types of data annotations include comments,
descriptions, definitions, notes, error messages, among sev-
eral others. Most relational databases utilize their metadata
schema to store statistical information for constraint check-
ing and query optimization.

This paper presents data annotation models that address
the problem of the unsuitability of metadata schema pro-
vided by relational databases to express data annotations.
These models allow users to annotate relational data at five
levels of granularity - database, relation, column, tuple, and
cell. The most important characteristic of these models is
that they do not require any structural or schematic changes
to the underlying database. It is common knowledge that
database administrators (DBAs) are resistant to structural
and schematic changes to their already deployed databases.
The data annotation documents based on these models re-
side, outside the database, on the host file system of a com-
puter system. Thus, these models stand a greater chance of
being adopted for existing database deployments. In addi-
tion, these models are easy to understand, flexible, extensi-
ble, customizable, database-neutral, platform-independent,
and allow users to cross-reference related annotations. The
ability to customize these data annotation model stems from
the flexibility given to users to declare an annotation based
on their individual requirements. Specifically, users can cus-
tomize the applicationDomainSpecificTag tag according
to their specific requirements. Simplicity and ease of under-
standing are the key motivating factors for the development
of the data annotation models presented in this paper.

Data annotations reduce communication and data exchange
hassles and provide almost all database users (scientists, cus-
tomer service providers, banks, corporations) with a more
collaborative environment. A scientist, who wants to share
the discovery he or she made while investigating an im-
age can utilize annotations to annotate the image. He or
she can also seamlessly share these findings with other re-
searchers. Due to its numeric nature, it is often difficult to
interpret the semantics of scientific data, simply by looking
at it. As an example, it is difficult to interpret whether the
data in the TEMPERATURE column is expressed in Metric or
English units. Annotations can help scientists to annotate
the TEMPERATURE column with the appropriate unit. If the
column contains temperature in both Metric and English
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annotate each cell individually with its unit. An alternative
is to change the data type of the TEMPERATURE column, from
DECIMAL to VARCHAR, to accommodate the unit. This might



not be desirable since the scientists will lose the ability to
manipulate the data mathematically. Moreover, this also
requires a change to the underlying RDBMS. In some cases,
annotations might also help reduce costs, and save time and
effort. As an example, a customer can dispute a charge on
his or her bank statement using annotations. The customer
need not restrict himself or herself to the customer service
hours. A customer service provider can also use annotations
to update the customer.

The rest of this paper is organized as follows - Section
2 compares and contrasts the data annotation models pre-
sented in this paper with Annotea, DBNotes, MONDRIAN,
SLIMPad and those presented in [8] and [6]; Section 3 presents
the data annotation models that allow users to annotate re-
lational data at five different levels of granularity - database,
relation, column, tuple, and cell; Section 4 discusses a few
ways of extending the work presented in this paper; and
Section 5 presents conclusions and future work.

2. RELATED WORK

This section compares and contrasts the annotation mod-
els presented in this paper with Annotea [9], DBNotes [5],
MONDRIAN (7], SLIMPad [10], and with those presented
in [8] and [6]. Annotea allows users to annotate documents
identified by a URI with or without the knowledge of the
authors. Similar to the models presented in this paper,
DBNotes and MONDRIAN annotate relational data. The
models presented in this paper deal with relational data to
be annotated at five different levels - database, relation,
column, tuple, and cell. DBNotes focuses on the where-
provenance and annotation propagation. MONDRIAN fo-
cuses on biological databases, and allows users to annotate
both single values and the association between multiple val-
ues. SLIMPad annotates data that resides in a variety of ap-
plications, such as databases, spreadsheets, and documents,
among several others. SLIMPad addresses annotations in
the domain of physicians providing treatment to patients.
The system presented in [6] annotates audio-visual docu-
ments. The system presented in [8] annotates neuroanatom-
ical images at various levels of granularity.

Annotea and SLIMPad utilize RDF to define annotations.
DBNotes and MONDRIAN utilize relational data to express
annotations. The annotation system in [6] utilizes LEDA
graph structure and XML Document Object Model (DOM)
to express annotations. The data annotation models pre-
sented in this system also utilizes XML to structure data
annotations. The system presented in [8] uses text-based
annotations. All annotations, by default, based on the data
annotation models presented in this paper, are accompanied
with metadata information, such as the author’s name and
the creation time stamp. This behavior is common with
annotations in Annotea. Both Annotea and the data anno-
tation models presented in this paper allow annotations to
cross-reference related annotations.

Annotations in Annotea reside in generic RDF databases,
accessible through HTTP servers. Annotations presented in
[8], [6], and in this paper reside outside the underlying data-
base whose data they annotate. Data annotation documents
based on the data annotation models presented in this paper
reside on the file system of a computer system. SLIMPad
modifies the base layer that it annotates in order to store
annotations. DBNotes and MONDRIAN store annotations
within the RDBMS. Columns may be added to relations in

<annotationDocument >
<documentName>uniqueName</documentName>
<documentld>uniqueld</documentld>
<annotationAttachedTo>
<database>databaseName</database>
</annotationAttachedTo>
<l--annotation and annotationMetadata may occur
multiple times in a single document -->
<annotation>
<applicationDomainSpecificMetatag>
dataAnnotation
</applicationDomainSpecificMetatag>
<annotationMetadata>
<author>someone</author>
<recorded>someDateAndTime</recorded>
</annotationMetadata>
</annotation>
<referencedAnnotations>
<documentNameList>
<documentName>uniqueName</documentName>
<documentName>uniqueName</documentName>

</documentNameList>
</referencedAnnotations>
</annotationDocument>

Figure 1: Database-Level Data Annotation Model

order to annotate relational data [3]. Annotations at column
and tuples levels can be expressed using this scheme. How-
ever, it is difficult to express annotations at the database,
relation, and cell levels.

3. DATA ANNOTATION MODELS

Figures 1-5 present data annotation models that allow
users to annotate relational data at five different levels of
granularity - database, relation, column, tuple, and cell.
XML is used to structure these data annotation models.
XML was chosen because it provides several advantages over
other data formats, such as text, e-mail, or electronic forms.
XML is database-neutral and platform-independent. XML’s
database-neutrality allows the use of same data annotation
models to express data annotations on base data that re-
sides in heterogeneous databases, such as, DB2 UDB, Ora-
cle, SQL Server etc. XML’s platform-independence allows
users to express, share, and utilize data annotations irrespec-
tive of the operating system and platform they use. Since
XML supports Unicode, the support for expressing data an-
notations in several different languages is already built-in.
Therefore, it can be used to share data seamlessly regardless
of the underlying database and operating system. XML sup-
ports Unicode, and therefore, can support several different
languages [11].

Modules. Each of the data annotation model presented
in Figures 1-5 may be further divided into modules, namely,
identification, level, annotation, annotation metadata, and
cross-reference. These modules are illustrated in Fig. 6. The
identification module uniquely identifies a data annotation
document. It contains the hierarchy within the documentName
and documentId tags. The level module represents the level
(database, relation, column, tuple, or cell) that a data anno-
tation document annotates. The level module is identified
by the tag annotationAttachedTo. The annotation mod-
ule contains the actual data annotation, and the annota-
tion metadata module maintains bookkeeping information
(creation time stamp and author) on the actual annota-
tion. The annotation module is characterized by the tag
applicationDomainSpecificTag, which is enclosed within
the annotation tag. The annotation metadata module con-
tains the node hierarchy within the annotationMetadata



<annotationDocument>
<documentName>uniqueName</documentName>
<documentld>uniqueld</documentid>
<annotationAttachedTo>
<database>databaseName</database>
<relation>relationName</relation>
</annotationAttachedTo>
<!l--annotation and annotationMetadata may occur
multiple times in a single document -->
<annotation>
<applicationDomainSpecificMetatag>
dataAnnotation
</applicationDomainSpecificMetatag>
<annotationMetadata>
<author>someone</author>
<recorded>someDateAndTime</recorded>
</annotationMetadata>
</annotation>
<referencedAnnotations>
<documentNameList>
<documentName>uniqueName</documentName>

</documentNamelList>
</referencedAnnotations>
</annotationDocument>

Figure 2: Relation-Level Data Annotation Model

<annotationDocument>
<documentName>uniqueName</documentName>
<documentld>uniqueld</documentld>
<annotationAttachedTo>
<database>databaseName</database>
<relation>relationName</relation>
<column>columnName</column>
</annotationAttachedTo>
<l--  annotation and annotationMetadata may occur
multiple times in a single document -->
<annotation>
<applicationDomainSpecificMetatag>
dataAnnotation
</applicationDomainSpecificMetatag>
<annotationMetadata>
<author>someone</author>
<recorded>someDateAndTime</recorded>
</annotationMetadata>
</annotation>
<referencedAnnotations>
<documentNameList>
<documentName>uniqueName</documentName>

</documentNameList>
</referencedAnnotations>
</annotationDocument>

Figure 3: Column-Level Data Annotation Model

<annotationDocument >
<documentName>uniqueName</documentName>
<documentld>uniqueld</documentid>
<annotationAttachedTo>
<database>databaseName</database>
<relation>relationName</relation>
<!--for composite primary keys, list values sep arated
by commas-->
<tuple>primary key</tuple>
</annotationAttachedTo>
<l--annotation and annotationMetadata may occur multiple
times in a single document -->
<annotation>
<applicationDomainSpecificMetatag>
dataAnnotation
</applicationDomainSpecificMetatag>
<annotationMetadata>
<author>someone</author>
<recorded>someDateAndTime</recorded>
</annotationMetadata>
</annotation>
<referencedAnnotations>
<documentNameList>
<documentName>uniqueName</documentName>

</documentNameList>

</referencedAnnotations>
</annotationDocument>

Figure 4: Tuple-Level Data Annotation Model

<annotationDocument>
<documentName>uniqueName</documentName>
<documentld>uniqueld</documentld>
<annotationAttachedTo>
<database>databaseName</database>
<relation>relationName</relation>
<column>columnName</column>
<!I--for composite primary keys, list
values separated by commas-->
<tuple>primary key</tuple>
</annotationAttachedTo>
<l--annotation and annotationMetadata may occur
multiple times in a single document -->
<annotation>
<applicationDomainSpecificMetatag>
dataAnnotation
</applicationDomainSpecificMetatag>
<annotationMetadata>
<author>someone</author>
<recorded>someDateAndTime</recorded>
</annotationMetadata>
</annotation>
<referencedAnnotations>
<documentNameList>
<documentName>uniqueName</documentName>

</documentNameList>
</referencedAnnotations>
</annotationDocument>

Figure 5: Cell-Level Data Annotation Model

<annot at i onDocunent >
<documentName>...</documentName>
<documentld>...</documentld>
<annotationAttachedTo>
<database>...</database>
</annotationAttachedTo>
<annot at i on>
<applicationDomainSpecificMetatag>
dataAnnotation
</applicationDomainSpecificMetatag>
<annotationMetadata>
<author>...</author>
<recorded>...</recorded>
</annotationMetadata>
</ annot ati on>
<referencedAnnotations>
<documentNameList>
<documentName>...</documentName>

< Identification

< Level

<~ Annotation

< Annotation Metadata
~ Cross-Reference

</documentNameList>
</referencedAnnotations>
</ annot at i onDocunent >

Figure 6: Modules

tag. By default, each annotation is accompanied with the
annotation metadata, namely the name of the author of the
annotation and the creation time stamp of the annotation.
The cross-reference module (characterized by the element
hierarchy within the referencedAnnotations tag) allows re-
lated annotations to cross-reference each other. Annotations
are, in essence, immutable i.e. an annotation that semanti-
cally overrides another annotation does not cause the origi-
nal annotation to be erased.

Storage. Data annotation documents based on the mod-
els presented above reside on the file system provided by
a computer system. When the number of data annotation
documents becomes prohibitively large, a smart indexing
scheme would become necessary to quickly locate and re-
trieve annotations. An alternative is to store annotation
documents on disks that are being designed specifically to
store and efficiently retrieve semi-structured data [2]. An-
notation documents may also be stored inside a relational
database. XML documents stored in their entirety inside
relational databases present a few problems. The first prob-
lem is that the storage of annotation documents inside the



relational database that contains the base data being an-
notated would require structural and schematic changes to
the database. The second problem is that all queries that
use “select *” might need to be modified. Similarly, “insert
into” queries that do not mention the column names ex-
plicitly would need to be modified. Thirdly, an SQL-XML
parser would be needed to process queries that pertain to an-
notation documents. XML documents can be shredded and
parsed in order to convert them into tabular format suit-
able for mapping on to relational data [1]. This defeats the
whole concept of semi-structured data format - the data to
begin with is not suitable for storage into a relational data-
base. Moreover, putting shredded XML documents back
together is expensive since it requires the computation of
several joins. Annotation documents can also be stored in
XML native databases. However, retrieving these annota-
tions from XML native databases requires the knowledge of
XQuery. XQuery is a complex query language, and might
present users with a steep learning curve.

Alternatives and their Disadvantages. An alterna-
tive to using the data annotation models presented in Fig-
ures 1-5 is to keep notes in text documents. However, this
approach presents a few problems. First, this alternative
does not provide a uniform, consistent mechanism to ex-
press annotations. The reason is that each user would use
his or her own personal format. Second, sharing text doc-
uments across platforms is difficult. Third, keeping anno-
tations in text documents does not automatically maintain
metadata information on annotations. The data annotation
models presented in this paper not only address all of these
problems, but also present useful features, such as, cross-
referencing and annotation metadata.

Another alternative to using the data annotation models
presented in Figures 1-5 is to declare ANNOTATION columns.
An ANNOTATION column may be added for each data col-
umn. A single ANNOTATION column can express tuple-level
annotations. However, this technique requires the addition
of columns to an already deployed database. This might be
problematic because it is common knowledge that DBAs are
resistant to making any changes to already deployed data-
bases. Secondly, this technique is only effective for annotat-
ing data at the column and tuple levels. The third problem
with this technique is that all queries with “select *” must
be modified to exclude ANNOTATION columns, particularly, if
the users want to view data only. Similarly, all data insertion
queries that use “insert into relation values()” with-
out specifying the columns into which data has to be inserted
must also be modified. All applications that retrieve data
from the database, and manipulate and process this data
must be modified accordingly to accommodate the changes
in the underlying database. Such changes to the underly-
ing database, and applications that work in association with
the database, can prove to be particularly difficult for pro-
duction systems that are typically heavily used. Another
major disadvantage of this technique is that is might not be
possible to cross-reference related annotations since the an-
notations stored in database columns are no longer uniquely
distinguishable.

Although, it might be feasible to utilize ANNOTATION columns

to annotate relational data at the column and tuple level,
this technique cannot be used effectively to annotate at the
database, relation, and cell levels. This is because it is hard
to decide which relation should host the column that anno-

<annotationDocument>
<documentName>RE1</documentName>
<documentld>RE1</documentld>
<annotationAttachedTo>
<database>REAL_ESTATE</database>
</annotationAttachedTo>
<annotation>
<actionRequired>
Please create a separate database for properties
listed at $1,000,000 or more. Separate out real
estate agents that deal exclusively in these
properties. Proposed database name -
Name the relations using firm’s standard naming
conventions.
</actionRequired>
<annotationMetadata>
<author>theManager</author>
<recorded>April 2, 2004 10:37:15 PM</recorded>
</annotationMetadata>
</annotation>
</annotationDocument>

LUXURY_ESTATES.

Figure 7: Database-Level Example Annotation Doc-
ument

<annotationDocument>
<documentName>plintlogyLateTriassicl</documentName>
<documentld>Pall</documentld>
<annotationAttachedTo>
<database>PALEONTOLOGY</database>
<relation>LATE_TRIASSIC</relation>
</annotationAttachedTo>
<annotation>
<description>
Neither flowering plants nor grass existed. The
ground was covered with ferns and mosses. Plant life
was very drab — just green and brown in color.
</description>
<annotationMetadata>
<author>paleontologist</author>
<recorded>Apr 17, 2004 8:02:08 PM</recorded>
</annotationMetadata>
</annotation>
</annotationDocument>

Figure 8: Relation-Level Example Annotation Doc-
ument

tates the entire database. Similarly a column must be added
to each relation to store annotations at the relation and cell
levels.

Examples. Fig. 7 presents an example database-level
data annotation document that a real estate firm’s man-
ager might use to convey to his or her DBA to transfer the
records of properties for over a million dollars into a separate
database. With the use of data annotations, the manager
does not need to schedule a meeting with the DBA. The
DBA can carefully review his or her manager’s annotation,
make the appropriate changes, and inform the manager after
transferring the pertinent data into a separate database.

Fig. 8 presents an example data annotation document
at the relation level that a paleontologist might use to an-
notate a relation in a paleontology database with informa-
tion on topography or habitat existent during a particular
period. This document annotates the LateTriassic rela-
tion. The LateTriassic relation may contain information
on Coelophysis, Cynodant, and Placerias, among others.
However, these relations would not contain information on
the state of the earth, or the habitat, or the weather during
the LateTriassic period.

Fig. 10 illustrates how a chef can utilize the column-
level data annotation model (presented in Fig. 3) to an-
notate the Quantity column in the relation CondimentList
(see Fig. 9). Fig. 11 presents an example cell-level data
annotation document that a chef can use to annotate the



Id] Name
Salt
Turmeric 2

Quantity
3

=

CondimentList

[e8)

Figure 9: Relation CondimentList

<annot at i onDocunent >
<docunent Name>cooki ngReci peQuant i t y1</ docunment Name>
<docurrent | d>cooki ngl</ docunent | d>
<annot at i onAt t achedTo>
<dat abase>COOKI NG</ dat abase>
<rel ati on>RECI PE</rel ati on>
<col utm>QUANTI TY</ col unm>
</ annot at i onAt t achedTo>
<annot ati on>
<note> Al|l quantities in tablespoons.
Conversion: 1 tablespoon =5 milligrams </note>
<annot at i onMet adat a>
<aut hor >Chef Alice</aut hor>
<recorded>May 27, 2004 9:12:24 ANK/recorded>
</ annot at i onMet adat a>
</ annot ati on>
</ annot at i onDocurnent >

Figure 10: Column-Level Example Annotation Doc-
ument

cell that contains the data value Turmeric in the relation
CondimentList.

Fig. 13 presents an example data annotation document
at the tuple level. The department secretary uses the tuple-
level data annotation model presented in Fig. 4 to inform
the graduate coordinator that John Doe has accepted their
offer of admission, and therefore, his record must be moved
from relation Offered to Accepted (see Fig. 12). For more
details on data annotation models, please refer to [4].

4. EXTENDED DATA MODELS

As the number of data annotation documents grows, a
smart indexing scheme will become necessary to locate and
retrieve data annotation documents efficiently. A new stor-
age scheme especially customized for storage and efficient
retrieval of semi-structured data is also a viable option [2]. A
query language, named Annotation Query Language (AnQL)
may be used to query data annotation documents based on
the data annotation models presented in this paper. AnQL
is an SQL-like query language that is designed to make use of

<annot at i onDocunent >
<docunent Name>cooki ngCondi nment Li st </ docunment Nanme>
<docurrent | d>cooki ng2</ docunent | d>
<annot at i onAt t achedTo>
<dat abase>COOKI NG</ dat abase>
<rel ati on>CONDI MENT_LI ST</rel ati on>
<col urm>CONDI MENT_NAME</ col um>
<t upl e>8</t upl e>
</ annot at i onAt t achedTo>
<annot ati on>
<caution>
Be very careful with turneric. Turmeric |eaves
yellow stains on everything incl. counter tops,
and clothes. These stains are extrenely difficult
to renove.
</ caution>
<annot at i onMet adat a>
<aut hor >al i ce</ aut hor >
<recorded>Apr 27, 2004 4:18:16 AM/recorded>
</ annot at i onMet adat a>
</ annot ati on>
</ annot at i onDocurnent >

Figure 11: Cell-Level Example Annotation Docu-
ment

NEW_STUDENT_INFO
STUDENT_ID |NAME DOB
999888777 John Doe  |1/1/1984

123456789 Jane Smith |1/2/1986
ADMIT_INFO
STUDENT_ID |YEAR [DEGREE |PROGRAM
999888777 2004 |B.S. ELEC. ENGG.
123456789 2004 |M.S. COMP. SCI.

Figure 12: Admission Database

<annot at i onDocunent >
<docurent Name>admni ssi onsNewSt udent | nf o
</ docunent Nane>
<docurent | d>adm1</ docunent | d>
<annot at i onAt t achedTo>
<dat abase>ADM SSI ONS</ dat abase>
<rel ati on>NEW STUDENT_| NFO</ r el ati on>
<t upl €>999888777</ t upl e>
</ annot at i onAt t achedTo>
<annot at i on>
<comment >
John Doe (1d 999888777) accepted offer.
Pl ease change status.
</ conment >
<annot at i onMet adat a>
<aut hor >depar t nent Secr et ar y</ aut hor >
<recor ded>May 27, 2004 4:03: 08PM
</ recorded>
</ annot at i onMet adat a>
</ annot at i on>
</ annot at i onDocunent >

Figure 13: Tuple-Level Example Annotation Docu-
ment

the already existent abundant SQL knowledge and skill set.
With SQL-like semantics, AnQL would not present as steep
a learning curve as that presented by XQuery and XPath.
For more details on AnQL, please refer to [4]. Data models
may also be extended to annotate data based on other mod-
els, such as object-oriented or hierarchical. A data annota-
tion management system, designed as a virtualization over
the underlying relational database, that implements both
the annotation models presented above and AnQL may also
be developed.

5. CONCLUSIONS AND FUTURE WORK

This paper presents data annotation models that allow
users to annotate relational data at five levels of granularity
of relational data - database, relation, column, tuple, and
cell. These models address the problem of unsuitability of
metadata schema provided by a majority of relational data-
bases to express data annotations. These models do not
require any structural or schematic changes to be made to
the underlying relational database. It is common knowledge
that DBAs are highly resistant to making any structural and
schematic changes to their deployed databases. Therefore,
these models have a better chance of getting accepted for ex-
isting database deployments. Additionally, the data annota-
tion models presented in this paper are simple, flexible, ex-
tensible, database-neutral, and platform-independent. The
documents based on these models reside outside the under-
lying database on the file system of computer system. A
data annotation management system, that utilizes AnQL to
query data annotations, may be developed to implement the
data annotation models presented in this paper.
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