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1 Introduction — Goal of Deliverable 5

The goal of this Deliverable is to specify, at the physical level, the INTERMON policy based
data collection, and to discuss implementation issues related to the INTERMON data base.

The main focus of this deliverable is:

Open data base concept and adapters with identification of policies for data base and
INTERMON tool usage

Comparison of data base technologies, in particular with respect to the suitability for
INTERMON data base implementation.

Mapping of logical to physical data base design with focus on domains for attributes
(columns)

Physical data base model description in XML format in order to support adaptation and
standardized interfaces to different kind of applications.

According to [Int-D2], the INTERMON data base is aimed at flexible retrieval of QoS and
traffic model parameters as well as interoperability with existing measurement architectures
and data bases developed in European and international research activities, as for instance
AQUILA, QORE, RIPE TTM box. The data base physical design presented in this
Deliverable is derived from the logical INTERMON data base specification [Int-D2] with
attribute and domain enhancements for more efficiency. It is conformant with the scenarios
described in [Int-D1].

A particular aim of this Deliverable is to define the INTERMON data base model with focus
on attribute (column) domains and their data types. For the physical data base specification
the ERwin tool, AllFusion™ ERwin Data Modeler 4.1, is selected, which allows the XML
generation of INTERMON physical data base model.

XML representation of the physical INTERMON data base model is the base for a specific
implementation by using an appropriate data base technology and for adaptation to different
applications.

This deliverable compares different data base technologies with respect to their usage in the
INTERMON context. Both commercial data bases, such as ORACLE, and open source data
bases, such as MySQL and PostgreSQL, are considered.

The main criteria for the comparison include functional, application development and
commercial issues such as:

- Elementary features (basic data types, SQL language features, declarative integrity
constraints, programming abstractions, automatic generation of identifiers, national
characters support)

- Transactions and multi-user access (transactions, locks)

- Programming in database (stored procedures and triggers)

- Elements of database administration (access control, backup copies, data migration)
- Portability and scalability (portability of DBMS, scalability)

- Performance and VLDB (Very Large Databases) (query optimisation, structures
supporting query optimisation, support for analytical processing, allocation of disk
space, data size limits, VLDB implementations)

- Distributed databases (access to multiple databases, heterogeneous systems support)

IM-WP402-v202-NEC-SR-DS-Deliverable_D5_ST.doc Page 5 of 56
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- Special data types (large objects in database, post-relational extensions, support for
special data types)

- Application development and interfaces (embedded SQL, standard interfaces,
additional interfaces, interoperability with Web technology, XML, CASE)

- Reliability (failure recovery)
- Commercial issues (technical support available, market position).
This Deliverable is organised in following chapters.

The main design and realisation concepts of the INTERMON architecture based on policy
controlled data collection are discussed in chapter 2.

Chapter 3 deals with data base technologies suitable for INTERMON data base
implementation.

Chapter 4 is focussed on the specification of the physical design of the INTERMON data
base in ERwin.

IM-WP402-v202-NEC-SR-DS-Deliverable_D5_ST.doc Page 6 of 56
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2 INTERMON Policy Based Data Collection

2.1 ldentification of data collection policies in
INTERMON

The focus of the INTERMON data base concept is integrated policy based inter-domain
monitoring and modelling. The main users of the system and their interest in the data base
are:

- ISP operator - border router traffic flow monitoring and modelling

- End-user and application service developer — spatial composition of inter-domain to
end-to-end QoS.

The main advantage of the INTERMON approach is that users (customers) in an inter-
domain environment may request the execution of complex QoS and traffic monitoring and
modelling tasks through a common Graphical User Interface and policy controlled
mechanisms for data collection.

“Policy” controlled data collection defines rules for sharing the INTERMON data base
information (monitoring, modelling and topology data) between different INTERMON users.
The concept of policy controlled data collection allows inter-domain performance
measurements and models for QoS / SLA analysis and verification, as viewed by one ISP
operator or by an application end-user, to be reused by other ISP operators or application
end-users.

There are different reasons to define INTERMON data base usage policies:

- The INTERMON data base relates QoS and traffic measurement and modelling data
for different aggregation intervals (i.e. INTERMON automated measurement reports per
hour, day, week, month, year). There are different users of the INTERMON system
interested in operational and planning QoS data. For these users policies should be
defined to access the different kind of data dependent on the time scales.

- Policies are required for usage of inter-domain performance and traffic data by the end
user in order to derive spatial composition of inter-domain performance and traffic to
end-to-end QoS, as well as to identify the inter-domain connection and the border
router(s) of the inter-domain path which are responsible for the degradation of end-to-
end QoS of applications.

- The usage of INTERMON toolkit allows to obtain QoS measurements for different load
conditions of the border router (i.e. multiplexing of application traffic flows) and to plan
the SLA in the inter-domain environment dependent on the border router traffic loads.
There is a need to share this information with end-user of applications.

- Predictive long and short term models of inter-domain parameters derived from the
monitoring data in the INTERMON data base allow to take decisions on application
traffic mapping to inter-domain routing paths, and border router resources. Policies to
use inter-domain QoS and traffic models of ISP border router by end-user for inter-
domain QoS/SLA predictions are also required.

Policies for data collection are considering the INTERMON scenarios and the data exchange
derived from them. A scenario for inter-domain QoS and SLA verification using INTERMON
is discussed in Requirements Analysis [Int-D1] and [HMHQ 02] showing different points for

IM-WP402-v202-NEC-SR-DS-Deliverable_D5_ST.doc Page 7 of 56



IST-2001-34123

e INTERMON INTERMON Deliverable 5 IM-WP402-v201-NEC-SR-DS-

Deliverable_D5

collection of end-to-end and inter-domain QoS data. This scenario is based on the spatial
composition of inter-domain to end-to-end QoS intended to be used in QoS/SLA monitoring,
modelling and verification.

In [Int-D1] also inter-domain traffic engineering and planning scenarios based on border
router traffic flow measurement, modelling and visual data mining are proposed.

The logical design of the data base includes entities and relationships to describe policies
for:

- Interactions and information exchange of end users and ISP operators as responsible
to border router interfaces and end-systems

- Usage of modelling and measurement data related to passive border router traffoc
flow monitoring scenarios as well as active inter-domain and end-to-end QoS
measurement scenarios.

The next figure shows the components of the INTERMON policy controlled data collection
architecture:

End user ISP operator ISP provider

Policies concer ning accessrights

v v

Palicies for data base Palicies for tool usage
access
| nter- QoSMonitoring QoS Traffic Visual data
dstomaltn Toolkit Modélling Monitoring & mining
ructure Modéling
Discovery
[Traffic [Traffic
Endtoend |Inter-domain| [End to endinter- Monitoring Jmodelling R ;
Border Router QoS Performa- QoS Jdomain dgigfnli i;A Visudl
evel and AS monitoring  nce predictionperforman| | ISP Border } ISP border scenarios fgor
IConnectivity dependent on [monitoring models  Jce models| fouter Traffidouter Traffic obtaining spaial
application -long M easurementjFlow Models com osi?ion of
QoS and -short | Border router diff e’: ent kinds of
SLA term [ Applicationftraffic matrix parameters
requirements Traffic En??;tem ~1SP Visudlisation
prp’ication of inter-domain
raffic models troffir onninoarinn
v v v Yy v v v v

Intermon Data Base — integration of different kinds of topology, QoS and traffic monitoring and
modelling data

Figure 1: INTERMON policy controlled data collection architecture

The policy controlled data collection is realized in INTERMON based on attributes of the “IM-
user” entity. The “IM-user” entity attributes are intended to identify the user of the
INTERMON system and its access rights. Based on this, rules for sharing of “export/import”
inter-domain QoS and traffic information are defined. Each user of the INTERMON toolkit
(ISP operator or application user) builds its “individual” INTERMON data base for specific
“IM-user” entity.
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2.2 INTERMON Data Base, Tools and Interfaces

The INTERMON data base includes measurement scenarios, results and statistics obtained
from the policy controlled data collection. The policy based data collection in INTERMON is
open for interoperation with other QoS architectures and flexible to integrate different kind of
measurements and statistics into the relational data base. XML representation of
INTREMON data base model serves to this purpose.

XML [XML-W3C] is being used in several quarters for the definition and encoding of
messages in data communication protocols. Though such messages could be transported in
many different ways, including via preferred for demanding distributed applications operating
within a domain. It is interesting to note that the OMG has also recently issued an RFP that
aims to be able to represent XML documents as OMG IDL data types and therefore to
support the transport of XML documents via CORBA interfaces. Solutions such as this point
to the benefits of being able to separate the representation of data in XML from its transport,
which may exploit a number of alternative protocols. XML tools plays a useful role in the
configuration and deployment of component based management applications, therefore has
been selected for specification of INTERMON data models.

INTERMON open architecture design is intended to adapt import/ export measurement and
modelling interfaces of external QoS monitoring and modelling systems based on XML data
description interfaces. The adapter concept allows to reuse the great amount of QoS
monitoring data obtained by other QoS monitoring architectures developed in European
projects ([AQUILA], [TEQUILA], [CADENUS]).

Measurement results and statistics collected by INTERMON QoS monitoring components at
different collection points (border routers, end-systems) are adapted to INTERMON data
base using XML data descriptions.

Examples for adapters for integration of external measurement and modelling data into the
INTERMON data base using XML data descriptions are:

Traffic trace filter to XML descriptions transforming ISP border router traffic traces into
INTERMON data base entities (i.e. border router traffic flow measurement scenarios and
results)

Translator of external QoS measurement data to XML representations of INTERMON
data base entities (i.e. measurement scenarios and their corresponding results). For
instance, such adapter could be written to transform AQUILA data base measurement
data to INTERMON XML data models.

The INTERMON data base defines relations between different kinds of entities which are
stored and processed with the INTERMON integrated tools for:

Inter-domain structure discovery
QoS monitoring (end-to-end QoS and inter-domain performance, border router traffic)
Modelling of inter-domain and end-to-end QoS as well as border router traffic

The integrated measurement and modelling concept is based on relating of the modelling
entities (derived per end-to-end QoS parameter, inter-domain performance metric and border
router traffic flow) to the corresponding measurement statistics and result entities (describing
aggregated statistics results) of the specific measurement scenario for a given time
aggregate.

The following figure presents the open and flexible approach of INTERMON data collection
architecture:
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The design of the INTERMON data base is optimized to provide information for:

Figure 2: INTERMON policy controlled data collection with adapter concept

inter-domain QoS and SLA verification, especially to obtain spatial composition of inter-
domain performance to the end-to-end QoS in an inter-domain environment

inter-domain traffic engineering, focusing on border router traffic flow measurements and
modelling considering different flow granularities.

The spatial composition of inter-domain performance (QoS) is base for QoS/SLA verification
of applications in an inter-domain environment. It is defined by the mapping of the inter-
domain performance measurement and modelling data to the end-to-end QoS measurement
and modelling data considering topological information. Obtaining of spatial composition is
supported by definition of entities and relations describing the inter-domain topology of the
end-to-end connections, i.e. inter-domain connection entities are linked to inter-domain paths

describing the specific end-to-end connection.

These design concepts of the INTERMON data base are important to derive requirements for
comparison of data base technologies in the next chapter.

IM-WP402-v202-NEC-SR-DS-Deliverable_D5_ST.doc
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3 Technologies for INTERMON data base

Implementation

3.1 Comparison of data base technologies

3.1.1 Criteria considering INTERMON data base
requirements

There are different features to compare data base technologies dependent on the goal of the
data base usage. General requirements for INTERMON data base technology are:

- relational data base with support of different kind of features
- large scale data base

- portability

- distributed character

- support of special data base types.

Commercial and OpenSource data base technologies could be chosen in INTERMON
dependent on the user (ISP provider, end user).

As the physical designed of the INTREMON data base is expressed in XML, it should be
possible to transform it to different kinds of data base technologies and adapt to different
applications.

Following features could be taken as base for comparison of existing data base technologies:

- Elementary features (basic data types, SQL language features, declarative integrity
constraints, programming abstractions, automatic generation of identifiers, national
characters support)

- Transactions and multi-user access (transactions, locks, multi-user access)

- Programming in database (stored procedures and triggers)

- Elements of database administration (access control, backup copies, data migration)
- Portability and scalability (portability of DBMS, scalability)

- Performance and VLDB (Very Large Databases) (query optimisation, structures
supporting query optimisation, support for analytical processing, allocation of disk
space, data size limits, VLDB implementations)

- Distributed databases (access to multiple databases, heterogeneous systems support)

- Special data types (large objects in database, post-relational extensions, support for
special data types)

- Application development and interfaces (embedded SQL, standard interfaces,
additional interfaces, interoperability with Web technology, XML, CASE)

- Reliability (failure recovery)
- Commercial issues (technical support available, market position).

IM-WP402-v202-NEC-SR-DS-Deliverable_D5_ST.doc Page 11 of 56
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3.1.2 Comparison of Oracle, MySQL and PostgreSQL
DBMS

3.1.2.1 Basic Data Types

Basic data types are used by all INTERMON applications. The support of the data types by
the different technologies is shown in Table 1:

Basic datatypes  Good average Very good
Broad subset of SQL'92 Subset of SQL'92 types Broad set of native data

Character, numeric and i includi Il ol i i i includi
dateftime data types ypes, including all plus specific ypes. types, including

SQL'92 numeric types. Some SQL'92 types are boolean, money, many
mapped into Oracle date-time and numeric
types. No boolean type types. SQL'92
nor equivalent. types syntax

mapped directly
native PostgreSQL
types.

Table 1: Comparison of basic data types

3.1.2.2 SQL language comparison

Important for INTERMON visual data mining facilities are SQL features for data base
operation concerning:

- SQL language features support

- Declarative Integrity constraints which are defined declaratively in SQL (e.g. in CREATE TABLE
statement) and executed by DBMS

- Programming abstractions such as virtual SQL language structures such as synonyme. A
synonym is an alias for any table, view or other object in database.

- Support of views and updateable views. A view is a tailored presentation of the data
contained in one or more tables (or other views). A view takes the output of a query and
treats it as a table; therefore, a view can be thought of as a "stored query" or a "virtual
table". It should be possible to use views in most places where a table can be used.
Updateable view is a view which can be used in DML (Data Manipulation Language)
statements for modification of the data.

- Automated generation of identifiers
- National code support

- Automated page conversion when code pages on server and on client differ, a conversion
should be carried out.

IM-WP402-v202-NEC-SR-DS-Deliverable_D5_ST.doc Page 12 of 56
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Comparison of these features is given in next table:

SQL
features

Conformance with SQL
standards

Conformance with
SQL'89, SQL'92 and
SQL3 standards.

language Average

MySQL is compatible
with SQL'92 entry level.

MySQL Differences
compared to ANSI
SQL92

- For VARCHAR
columns, trailing spaces
are removed when the
value is stored.

- In some cases, CHAR
columns are silently
changed to VARCHAR
columns.

- Privileges for a table
are not automatically
revoked when a table is
deleted. Explicitly
REVOKE is required to
revoke privileges for a
table.

- NULL AND FALSE will
evaluate to NULL and
not to FALSE.

Functionality missing
from MySQL:

- Sub-selects (in FROM
clause).

- SELECT INTO
TABLE. MySQL doesn't
yet support the Oracle
SQL extension:
SELECT... INTO
TABLE... MySQL
supports instead the
ANSI SQL syntax
INSERT INTO...
SELECT..., which is
basically the same
thing. Alternatively,
SELECT INTO
OUTFILE... or CREATE
TABLE... SELECT
could be used

- Transactions;

Good

Good conformance with
SQL'89, conformance
with SQL'92 entry level
declared.

Good

PostgreSQL
implements an
extended subset of the
SQL92  and SQL3
languages. Some

language elements are
not as restricted in this
implementation as is
called for in the
language standards, in
part due to the
extensibility features o
PostgreSQL

IM-WP402-v202-NEC-SR-DS-Deliverable_D5_ST.doc
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- Stored procedures and
triggers;

- Foreign key clauses
(ON DELETE, ON
UPDATE) exist only for

compatibility;
- Views.
Subqueries in  SQL No
query
Subqueries in FROM No. Will be added in

clause next versions

Declarative
constraints

integrity Average

Yes

Primary key

Yes

Unique key
Foreign key No. FOREIGN KEY
clause is allowed for
compatibility only and
has no effect on
database operation.

No. CHECK clause is
allowed for compatibility
only and has no effect
on database operation

Programming
abstractions

Views No

Updateable views No

Uncorrelated and
correlated subqueries
allowed. Queries can be
nested up to 255 levels.

Yes.

Very good

Yes

Yes

Yes. ON DELETE
CASCADE supported

Very good

Yes

Yes

n the WHERE and
HAVING clauses the
use of  subqueries

(subselects) is allowed
in every place where 3
value is expected. In
this case the value must
be derived by
evaluating the subquery
first.

No. The feature will be
supported from version
7.1

Very good

Yes

Yes

Yes. ON DELETE
CASCADE and ON
UPDATE CASCADE
supported. SET NULL,
SET DEFAULT and NO
ACTION also
supported.

The CHECK constraint
specifies a restriction on
allowed values within a
column. The CHECK
constraint is also
allowed as a table
constraint. The SQL'92
CHECK column
constraints can only be
defined on, and refer to,
one column of the table.
PostgreSQL does not
have this restriction.

Average

yes

No. Similar functionality
can be achieved using

IM-WP402-v202-NEC-SR-DS-Deliverable_D5_ST.doc
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Synonyms

Automatic generation
of unique identifiers

Autoincrement (counter)
columns

- Columns of such type
are automatically filled
by DBMS with unique
numbers.

Sequence objects

- Sequences are objects
generating series of
unique numbers.

National characters
support
Support  for  West-

European and Central-
European Languages

Which code pages are
supported (ISO 8859-1,
ISO 8859-2)

Automatic conversion
of code pages (e.g.
between client and
server)

average

MySQI supports
autoincrement columns
(only  for  numerical
types). There can be
only one autoincrement
column in a table which
have to be indexed.
Default value is next
value

No

good
yes
Many code pages,
including 1SO 8859-1

and ISO 8859-2.

No

Very good

No

Yes. Many parameters
allow precise control of
sequence

Very good

Yes

Many code pages,
including 1SO 8859-1

and ISO 8859-2.

Yes

INSTEAD OF rules
No

Very good

SERIAL data type

CREATE SEQUENCE
is a PostgreSQL SQL
language extension

good
yes
Many code pages,
including ISO 8859-1

and ISO 8859-2.

No

Table 2: Comparison of SQL data base features

3.1.2.3 Application development and interfaces

Considering the INTERMON application development, comparison of data base features for
application development with different interfaces is required. Such are for instance:

- Embedded SQL is a method of use SQL statements in 3GL programs (e.g. in C/C++ or
Cobol). The precompiler takes SQL statements embedded in 3GL program and
converts them to standard language code.

- Interface to Web technology

- XML support

- CASE (Computer Aided Software Engineering).

The next table illustrates the features of the different data bases concerning application
development and interfaces.

IM-WP402-v202-NEC-SR-DS-Deliverable_D5_ST.doc
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Application Oracle PostgreSQL
development and
interfaces

Embedded SQL Very good good

Languages supported Java (SQLJ), C/C++, C (ecpg preprocessor).
COBOL, Pascdl,
FORTRAN, Ada.

Standard interfaces good Very good good

ODBC yes yes yes

JDBC 2 types of JDBC drivers JDBC Thin Driver - for PostgreSQL provides a
are supported. cliens-side applications type 4 JDBC Driver.
(applets) in three layer  Type 4 indicates that
architecture; JDBC OCI the driver is written in
Client-Side Driver - for Pure Java, and
client-server communicates in the
applications; JDBC database's own network
Server Driver - to create protocol. Because of
applications working on this, the driver is
server side (servlets). platform independent.
Once compiled, the
driver can be used on
any platform.

Additional interfaces Very good Very good Very good

yes

Interfaces for PHP yes yes

Interfaces for root yes yes yes
Other non-standard Perl, C

interfaces Many. e.g. Oracle OCI - C, C++, Libpgeasy,

low level access to Perl, TCK/TK, Python
DBMS; OraPerl

Interoperability  with good Very good good
Web technology

Support from popular Yes (e.g. Apache http Yes (e.g. Apache http Yes (e.g. Apache http
Web servers server). server). server).

Dedi W rver non .
edicated Web servers one Several specialized none

Oracle Web products
exist, e.g.:

- Oracle WebDB - for
simple Web
applications;

- Oracle Application
Server (OAS) - for

professional, scalable
Web applications;

- Oracle Internet Server

IM-WP402-v202-NEC-SR-DS-Deliverable_D5_ST.doc Page 16 of 56



IST-2001-34123

e INTERMON INTERMON Deliverable 5 IM-WP402-v201-NEC-SR-DS-

Deliverable_D5

(IAS) - specialized
version of Apache http
server; for professional,
scalable Web
applications;

XML poor Very good

XML support integrated M Oracle delivers many

in DBMS XML tools integrated
witch DBMS (parsers,
processors XSLT etc.),

e.g..

- XDK - XML
developer's Kit (XML
parsers and XSLT
processor with
interfaces for Java, C,
C++ and PL/SQL);

- XSU - XML SQL
Utility;

- XSQL Servlet.

Special solutions for XML documents can be

storage of XML stored in object data

documents types in database
tables. Oracle Internet
File System can
automatically parse
XML files, store their
contents in relational
structures and re-create
XML from relational
data.

CASE Very good

Support from CASE Oracle Designer is a

packages powerful CASE tool
highly integrated with
Oracle DBMS and other
Oracle products. Oracle
DBMS is also supported
by many leader CASE
products.

Table 3: Application development and interfaces

3.1.2.4 Stored procedures and triggers

Stored procedure and triggers could be used for development of visual data mining
environment for INTERMON. Stored procedures are procedures in procedural programming
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language, which are stored in database and can be executed on server side.Active rules are
statements or procedures defined in the database (as an extension to table definition) that
are automatically executed where given event (e.g. DML statement) occurs.Triggers are

active rules defined as procedures in procedural language.

The next table shows the comparison of data base environments considering stired

procedures and triggers.
Stored procedures MySQL Oracle

and triggers

Poor Very good

No stored procedures
supported in current
version.

Languages for PL/SQL and Java.
writing stored

procedures

CREATE [AGGREGATE]
FUNCTION function_name
RETURNS
{STRING|REAL|INTEGER}
SONAME
shared_library_name,
DROP FUNCTION
function_name.

A user-definable function
(UDF) is a way to extend
MySQL with a new
function that works like

native (built in) MySQL
functions such as ABS()
and CONCAT().
AGGREGATE is a new
option for MySQL Version

3.23. An AGGREGATE
function works exactly like
a native MySQL GROUP
function like SUM or
COUNT(). CREATE
FUNCTION saves the
function's name, type, and
shared library name in the
mysql.func system table.
For the UDF mechanism to
work, functions must be
written in C or C++, the
operating system must
support dynamic loading
and mysqld must be
compiled dynamically (not
statically).

No triggers supported now
and won't be added in the
future.

In PL/SQL. Possibility of
writing triggers reacting on
the events:
BEFORE/AFTER
DELETE/UPDATE/INSERT.
INSTEAD OF triggers can
be used for updating data

Active rules, triggers

PostgreSQL
Very Good

PL/PGSQL, PL/TCL,
PL/Perl, SQL, C,
possibility of creating
new language -
CREATE
LANGUAGE.
Functions written in
C can be compiled
into dynamically
loadable objects, and
used to implement
user-defined SQL
functions.

-Declarative rules -
extension to SQL.
SELECT, INSERT,
DELETE or UPDATE
as a rule event could
be specified.
INSTEAD OF rules
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through views. can be used for
updating data
through views.

-Procedural triggers
in PL/PGSQL,
PL/TCL, PL/Perl, C.
CREATE
CONSTRAINT
TRIGGER creates a
trigger to support a
constraint. BEFORE
or AFTER on
INSERT, DELETE or
UPDATE could be
specified as a trigger
event.

Table 4: Stored procedures and triggers

3.1.2.5 Recovery

Automatic recovery from failures is important for large data bases in INTERMON context.
Comparison of the recovery features is shown in the next table:

Recovery from failures  MySQL Oracle 8 PostgreSQL

Average
Very good Average

Automatic recovery No automatic recovery. Recovery from soft No. There is no
from failures The binary log can be failures is automatic and transaction log, so the
useful if there is a need transparent. Recovery only recovery method is

to revert to backup files from media failures to restore database
after a crash and the requires backup copy. from backup
updates that occurred With redo logs it is
between the time of the possible to recover all
backup and the crash commited transactions
have to be redefine. or to recover to specific

time point

Table 5: Recovery comparison

3.1.2.6 Transactions and multiuser access

Transactions and multiuser access are further features which could be used by INTERMON
toolkits. If some transactions are performed concurrently, each of them should view the data
as if there is no concurrent transaction in the system.

With read commited isolation level each query executed by a transaction sees only data that
was committed before the query (not the transaction) began. This isolation level prevents
from reading dirty (uncommitted) data. ACID means: Atomicity, Consistency, Isolation and
Durability of the transaction. In particular, the data should be consistent at the end of the
transaction, but the integrity rules could be temporarily broken during the transaction.
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Serializable transactions see only those changes that were committed at the time the
transaction began, plus changes made by the transaction itself. Serializable transactions do
not experience nonrepeatable reads or phantoms.

The next table shows the comparison of transaction and multiuser access.

e IS e

processing

Support for transaction
processing

ACID transactions (e.qg.
DEFERRED clause)

Method of transaction's
isolation

Partial rollback of
transaction

Support for transaction poor

Transactions are not
fully supported. There is
semi-transaction
processing in the
newest version of
MySQL, but it cannot be
even compared with
Oracle nor PostgreSQL.
In addition: using semi-
transactions in MySQL
requires special
database design and
slows down all queries.
Better tools will be
available in next
versions.

No

N/A

N/A

Very good

yes

yes

Oracle offers the read
committed and
serializable isolation
levels. Versioning is
used rather than locks -
reads do not lock writes
and vice versa.

Yes - rollback to
savepoint. There is also
a possibility to start a
new, independent
transaction from current
transaction.

Very good

Yes

Yes

PostgreSQL offers the
read committed and
serializable isolation
levels.

No

Locks

Locking level (table,
page, row)

poor

Currently MySQL only
supports table locking
for ISAM/MyISAM and
HEAP tables and page
level locking for BDB
tables

Very good

Row level and table
level.

Very good

Row level and table
level. In addition to
locks, short-term
share/exclusive
latches are used to
control read/write
access to table pages
in shared buffer pool.
Latches are released
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Deadlock detection and Yes

resolving
Multiuser access
Practically useful

maximum number of
concurrent users

Practical maximum

number of concurrent

users writing to the
database

Average

N/D

Very good

Over thousand.
Ability to service a
great amount of

parallel connections
to a database - use of

multi-threaded server.

No limit

immediately after a
tuple is fetched or
updated.

Yes

Avergae
N/D

Table 6: Transactions and multiuser access criteria

3.1.2.7 Special data types

Special data types like binary large objects, geometrical objects, etc. could be used especially for
storage of modelling data in INTERMON. The object-relational model allows users to define object
types, specifying both the structure of the data and the methods of operating on the data, and to use
these data types within the relational model.

Comparison of special data types is given in the following table:

Large objects in
database

Binary Large Objects

Good

There are four BLOB
types TINYBLOB,
BLOB, MEDIUMBLOB,
and LONGBLOB in

Very good

Yes. LONG RAW (2
GB), BLOB (4 GB) and
BFILE (external
storage, up to 4 GB)

MySQL. They differ only data types.

in the maximum length
of the values they can

hold. This types store
up to 2"32(4GB) hytes
of information.

average

Must be defined by user
(CREATE TYPE) - size
is limited by max. row
size. PostgreSQL
provides an interface
supporting large binary
objects. There are two
built-in registered
functions, lo_import and
lo_export which are
convenient for use in
SQL queries. BLOBs
are saved in files
outside tables, only OID
(object id) of the BLOB
is stored in PostgreSQL
table. There is no size
limit for such defined
BLOBs (except file
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Character Large
Objects

Post-relational
extensions

User-defined data types

Object-relational
extensions

The four TEXT types
TINYTEXT, TEXT,
MEDIUMTEXT, and
LONGTEXT correspond
to the four BLOB types
and have the same
maximum lengths and
storage requirements.

Poor

No

Support for special data Poor

types

Special data types
(multimedia, etc.)

Packages supporting
special data types

Possibility of creating
new special data
types and

programmatic support

No

N/A

No

Yes. LONG (2 GB) and
CLOB (4 GB) data
types

Very good

Yes, user can define

new complex data types

Objects with persistent
identity can be stored in
database tables. They
can contain complex
data structures and
user-defined methods.
No inheritance is
possible. Object views
allow to use relational
data as if they were
stored as object types.

Very good

Many DBMS options
supporting various
special types of data,
including full-text

search, spatial data and

time series (in future
versions time series
option functionality will
be included directly into
SQL analytic functions.

It is possible to create
user-defined complex
data types, methods
for object types, user-
defined functions and
SQL operators.

Table 7: Special data types

system limits).

Yes - TEXT type (size
limited by max. row
size).

good

Users may add new
types to PostgreSQL
using the CREATE
TYPE command

Table structure can be
inherited.

average

Geometric types that
represent two-
dimensional spatial
objects

Built-in functions
supporting LOB types

CREATEOPERATOR
defines a new user
operator. CREATE
AGGREGATE
defines a new
aggregate function.
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3.1.2.8 Performance issues and Very Large Data Base Issues

INTERMON data base is a large scale data base and could be considered as VLDB, i.e.
Very Large DataBases - multiple gigabytes or single terabytes.

Special performance issues are required for optimization of operation and storage of data
bases, especially VLDB such as:

Support for OLAP (On Line Analytical Processing), multidimensional analysis and
similar analytical processing. Star queries are queries against star data schemas,
typical for data warehouses and OLAP. A star query is a join between a fact table and a
number of lookup tables. Each lookup table is joined to the fact table using a primary-
key to foreign-key join, but the lookup tables are not joined to each other.

Partitioning addresses the problem of supporting very large tables and indexes by
allowing users to decompose them into smaller and more manageable pieces called
partitions.

The majority of application programs require partition transparency, that is the
programs should be insensitive to whether the data they access is partitioned and how
it is partitioned. Partitions can help solve performance problems. A query which only
requires rows that correspond to a single partition (or range of partitions) can be
executed using a partition scan rather than a table scan.

Clusters as an optional method of storing table data. A cluster is a group of tables that
share the same data blocks because they share common columns and are often used
together.

Bitmap indexing technology is used mainly in analytical processing. Bitmap index, a
bitmap for each key value is used instead of a list of row addresses. Each bit in the
bitmap corresponds to a possible row, and if the bit is set, it means that the row
contains the key value. If the number of different key values is small, bitmap indexes
are very space efficient. Bitmap indexing efficiently merges indexes that correspond to
several conditions in a WHERE clause. Rows that satisfy some, but not all conditions
are filtered out before the table itself is accessed. As a result, response time is
improved, often dramatically.

Hashing is a way of accessing table data alternative to indexing. To use hashing, a
hash table containing the results of a hash function for each key value is created.
DBMS uses a hash function to generate a distribution of numeric values, called hash
values, which are based on specific key values. To find or store a row in a hash cluster,
DBMS applies the hash function to the row's key value; the resulting hash value
corresponds to a data block in the database, which DBMS then reads or writes on
behalf of the issued statement. To find or store a row in an indexed table or cluster, at
least two I/Os must be performed (but often more): one or more I/Os to find or store the
key value in the index, and another I/O to read or write the row in the table or cluster. In
contrast, when DBMS uses a hash function to locate a row, no I/O is required.

The following table illustrates comparison of different performance issues:
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Types of query g ey e Types of query
optimization (rule- optimization (rule-
based, cost-based, etc.) based, cost-based, etc.)
Types of query Query optimizer Rule-based optimizer .Cost-based. The task
optimization (rule- analyzes primarily a (analyzes only a syntax of the planner/optimizer
based, cost-based, etc.) syntax of the query, but of the query) and cost- is to create an optimal
it can also use some based optimizer (uses execution plan. It first
Query optimization is statistics of indexes. statistics of data, can combines all possible
choosing the most use histograms). ways of scanning and
effective plan of query joining the tables that
execution (use of appear in a query. All
indexes, methods of the created paths lead
joining tables, etc.). to the same result and

it's the task of the
optimizer to estimate
the cost of executing
each path and find out
which one is the
cheapest. Every index
access method must
provide a cost
estimation function for
use by the
planner/optimizer.

Genetic Query
Optimization (GEQO) -
the GEQO module is
intended for the solution
of the query
optimization problem
similar to a traveling
salesman problem
(TSP). Possible query
plans are encoded as
integer strings. Each
string represents the
join order from one
relation of the query to
the next. The GEQO
module gives the
following benefits to the
PostgreSQL DBMS
compared to the
PostgreSQL query
optimizer
implementation:
handling of large join
queries through non-
exhaustive search;
improved cost size
approximation of query
plans since no longer
plan merging is needed
(the GEQO module
evaluates the cost for a
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No. EXPLAIN exists -
like in PostgreSQL.

Possibility of "manual”
query optimization

Possibility of giving
"hints" to the query
optimizer or tuning its
parameters.

Structures supporting
query optimization

Bitmap indexes

Clusters

Hashing

Type of optimization
can be choosen. For
cont-based optimizer
hints can be used to
control query optimiser.
A goal of optimization
can be chosen. An
execution plan for a
query can be stored and
used in subsequent
queries.

Very good
Yes

Yes. Clustering is
dynamic - new or
changed data in
clustered tables is
automatically
reclustered.

Yes (hash clusters)

- Function-based
indexes (a function call
can be used in index
key).

- Index-organized tables
(the data for the table is
held in its associated
index).

- Reverse key index -
with reversed bytes of
each column indexed
while keeping the
column order. Such an
arrangement can help
avoid performance
degradation in indexes

query plan as an
individual).

No, only some tricks
can be used. Some
optimizer parameters
can be tuned for a
whole session.
EXPLAIN structure can
also be used, which
explains if indexes
needed for effective
execution of given
qguery exist.

no

When a class is
clustered, it is physically
reordered based on the
index information. The
clustering is static. In
other words, as the
class is updated, the
changes are not
clustered. No attempt is
made to keep new
instances or updated
tuples clustered. If one
wishes, one can
recluster manually by
issuing the command
again.

Hash access methods
for indices - an
implementation of
Litwin's linear hashing.

Partial index - an index
built over a subset of a
table.
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Support for analytical
processing

OLAP supporting
functions in SQL

Special optimization of
star queries

Allocation of the disk

average
space

Manual" tuning of the no
allocation

Automatic partitioning
of large
tables/indexes

Use of partitions in
guery optimization

Data size limits good

Max. number of rows

3398

Max. number of
and columns in a table columns in one table -

where modifications to
the index are
concentrated on a small
set of leaf blocks. By
reversing the keys of
the index, the insertions
become distributed
across all leaf keys in
the index.

Very good

Yes

Very good

Yes - many parameters
of the allocation can be
tuned on system,
tablespace or object
level.

Yes. Automatic
("intelligent") partitioning
is implemented as an
option. Query optimizer
is capable of using only
necessary partitions to
speed up query
execution. Partition
independence allows
DBMS to perform some
operations concurrently
on different partitions.
Some maintenance
operations can be
performed against
separate partitions
rather than full table.
Manual partitioning
using partition views is
also possible.

yes

Very good

Max. number of
columnsin one table -
1000. Up to 32
columns in index key.

average

No

Average

Rows - unlimited,
columns - 1600.
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Max. number of tables
and indexes per table

Max. size of a table row

VLDB implementations

Known VLDB
implementations

Number of tables - not
limited, one table can
have up to 16 indexes
(256 bytes max. key
length).

65534 (BLOB and
TEXT not included).

unlimited

Limited only by max.
number of columns and
max. size of columns of
specific data types.

Very good

Terabyte databases
exist.

Unlimited

8k, configurable to
32k. The limit will be
removed in version
7.1

Good

60GB databases exist.

Table 8: Performance and VLDB (Very Large Databases) Criteria

3.1.2.9 Distributed Data Base Criteria

INTERMON data base is a distributed data base. For distributed data bases important which
features are for instance:

- Replication which is the process of copying and maintaining database objects in
multiple databases that make up a distributed database system. Replication can
improve the performance and protect the availability of applications because alternate
data access options exist.

- Two-phase commit mechanism which guarantees that all database servers participating
in a distributed transaction either all commit or all roll back the statements in the

transaction.

- Heterogeneous system ability to contains various types of database servers.

The next table compares the data bases in respect to distributed data base issues:

Access to multiple average Very good Average
databases
Replication Replication works fine in| Yes. Basic (read-only, no
the last stable version snapshot) replication
(3.23.32). Itis master- | available in basic DBMS
slave replication using | configuration. Advanced
binary log of operations | (symmetric,
on the server side. It is | multimaster) replication
possible to build star or | is available as an
chain type structures. option.
Two phase commit no yes no
Heterogeneous systems poor good poor

support
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Gateways to other none

DBMSs

Yes. Gateways to other

DBMSs are available.

Heterogeneous services

allow user to access
non-Oracle data in

transparent way.

Table 9: Distributed data base issues

3.1.2.10Database administration

none

For INTERMON architecture data base administration functionalities such as tools for data
import and export are important. Also backup functions are required for large data basea with
integrated toolkits. An incremental backup is a backup that contains only the data that has
been modified since a previous backup. On-line backups are backups that are performed
when the database is on line .The following table compares the data base systems in the

context of data base administration:

Access control Very good

User is identified on the
base of the login,
password, and
hostname (from the
connect). Authorization
is made on server side,
but there is possibility to
use secure connections
between client and
server using SSL.

User authorization

Very good

User is identified on the
base of the login and
password; there is also
possibility to use
operating system level
authorization

good

Local entries control
access by users logged
into the same computer
as the database server.
Local connections use
Unix domain sockets.
The following per-
database authentication
options are available:

-trust - Trust users
connecting to this
database.

-password - Require a
password of users
connecting to this
database.

- crypt - Like password,
except send the
password in an
encrypted manner. This
method is more secure
than password.

- reject - Reject all
connection requests for
this database.

Host and hostssl entries
control TCP/IP network
access. These entries
support all of the local
options, plus the
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Object access privileges
(level)

Access privileges
grouping

Backup copies
Incremental backups

On-line backups.

Data migration

Tools for data export (in
universal formats)

Tools for data import

Table level. UPDATE
and INSERT rights can
also be limited for
selected columns.

Access rights on the
table level. UPDATE,
INSERT and
REFERENCES rights
can also be limited for
selected columns.

Not possible Privileges can be
grouped into roles.

Roles can be granted to

users or to other roles.

Average Very good

no Yes
no Yes

Very good Good

All data can be exported
(dumped) to SQL
statements ready to
insert to another
database. There exists
a special utility -
mysqldump which can
do that. It dumps only
selected tables or the
whole database. It has
also many additional
options (only structure,
only data, with dropping
old tables, etc.). BLOB
values are saved inside
normal tables, so there
doesn't exist any
problem with dumping
such a values.

Only spooling of SQL
query results..

Import from text files,
html, dbf.

High-speed and very
flexible data loader.

following:

- ldent - Use a remote
ident server for
authentication.

- krb4 - Use Kerberos IV
authentication.

- krb5 - Use Kerberos V
authentication.

Table level.

Groups of users can be
created and privileges
can can be granted to
these groups.

Average
No
No

Very goof

pg_dump is a utility for
dumping out a
PostgreSQL database
into a script file
containing query
commands. pg_dumpall
is a utility for dumping
out all PostgreSQL
databases into one file.
It also dumps the
pg_shadow table, which
is global to all
databases. pg_dumpall
includes in this file the
proper commands to
automatically create
each dumped database
before loading. COPY
moves data between
PostgreSQL tables and
standard file-system
files. COPY instructs
the PostgreSQL
backend to directly read
from or write to a file.

COPY moves data
between PostgreSQL
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tables and standard file-
system files. COPY
instructs the

PostgreSQL backend to
directly read from or
write to a file.

3.1.2.11 Portability and scalability

Table 10: Database administration

Portability and scalability are issues which could be considered by the selection of data base
system. The following table shows the comparison:

Portablility of DBMS

Hardware and system
platforms supported

Portability of data and
code (e.g. stored
procedures)

Scalability

Support for symmetric
multiprocessing (SMP )
systems (parallel query
execution, etc.)

Good

Many Unix, Windows
and OS/2 platforms.

If MySQL version 3.23
is used, then some files
(.frm, .MYI, .MYD) could

be copied between
platforms with different
architecture but using
the same floatingpoint
format. Data and index
files in ISAM databases

are independent of
hardware architecture
and in some cases of
systems. Generally if
we want to move
database to other
platform we use
"mysqldump" program.

Good

MySQL is multi-
threaded server so it
can use many
processors. A separate
thread is created for
each connection.

Very good

Over 200 platforms,
including Unix,
Windows, mid-range
and mainframe
platforms.

Data and code can be
ported between
platforms without any
changes. Oracle
export/import utilities
should be used.

Very good

Oracle can use
multiprocessor SMP
systems, e.g. for query
paralleling (Parallel
Query Option).

good

Many Unix and
Windows platforms,
QNX - real time system
for x86.

yes

Average

PostgreSQL is not
threaded, but every
connection gets it's own
process. The OS will
distribute the processes
across the processors.
Basically a single
connection will not be
any faster with SMP,
but multiple connections
will be.
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Support for massively
parallel processing
(MPP) systems

No.

MPP systems can be
used by Parallel Server
Option.

no

3.1.2.12Commercial issues

Commercial issues such as prices, technical support and position on the market are to be
considered in the data base selection. Commercial comparison is summarised in next table:

Table 11: Platforms, portability and scalability

Prices Very good Poor Very good |
Price of unlimited Free Number of processors * free
version number of MHz * USD
15
Price of the smallest Free 5*USD 160 free
multi-user installation

Technical support from  Average
manufacturer

Availability and quality
of technical support

Price of technical
support

Mailing lists and Web-
site. Also technical
support services by

phone available (paid).

Paid technical support
is available, prices -
N/D.

Good

Technical support
services available on
several levels. Quality
of these services is
quite high.

22% of the price
annually.

poor

Mailing lists and Web-
site.

Free (for free version).

Position on the market

Market share

Specific market
segments occupied

Poor

N/D

Web servers (non-
transactional services).
Linux-based systems

Very good

About 40% of
commercial RDBMS
market.

N/A

poor

N/D

Education. Small Web
services

Table 12: Commercial comparison of data bases
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3.1.3 Summary of evaluated data base features in

INTERMON context

The next table summarizes the evaluation of all features in the different data base systems

and their importance for INTERMON:

Features Importance  for| MySQL Oracle PostgreSQL
INTERMON
Basic data types A B C A
A
SQL
Q c B B
Declarative A
constraints C A A
Programming A
abstractions D A =
Generation of ids | B A
C A
National chars C B A B
Transactions A D A A
A
Locks
D A A
. A
Multiuser access C A C
Stored B
procedures and A
triggers D A
A
Access control A A B
Backup A c A C
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Data migration A B A
. A
Portabili
ty 5 A B
Scalability A B A c
A
Query
optimization B A B
Structures A
supporting D A B
optimization
Support for A
OLAP D A D
Allocation of the | A
disk space C A C
Size limits A B A c
VLDB A
implementations D A B
Access to A
multiple C A C
databases
Heterogeneous A
systems support D B D
Large objects A
ge oD B A C
Post-relational B
extensions D A B
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Support for B

special data D A C

types

Embedded SQL | B B

D A

Standard A

interfaces B A B

Additional A

interfaces A A A
A

Web technology B A B

XML A D A D

CASE B D A D

Recovery A C A C

Prices A A D A

Technical A

support C B D

Position on the A

market D A D

Table 13: Summary of evaluated features for INTERMON data base
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4 INTERMON Data Base (IM-DB) physical
Design Approach

The objective of a physical model is to provide a database administrator with sufficient
information to create an efficient physical database. The physical model also provides a
context for the definition and recording in the data dictionary of the data elements that form
the database, and assists the application team in choosing a physical structure for the
programs that will access the data.

4.1 Physical Model Development with ERWin Tool

In ERwin, the physical model is the version of the data base model that captures the exact
design of the physical database, including column datatypes and constraints, index
assignments, denormalized tables, physical storage assignments, and other physical
properties of the database that ERwin generates as a part of the schema for the target data
base server.

A physical model in Erwin could be created:

- As the implementation model for a completed, fully attributed logical model.

- Independently, without concern for the logical model.

- By reverse engineering an existing target database.

- In conjunction with the creation of the logical model, so that both the logical and
physical models are created simultaneously.

In a logical/physical model, automated switching between logical and physical data base
model is possible. ERwin displays the physical model that corresponds to the logical model,
and activates the physical options that could be used to define the properties of physical
model objects, such as columns, tables, indexes, views, triggers, and stored procedures.
ERwin customizes the physical modeling options based on the characteristics of the selected
target database. For example, column-level properties that are specific to the particular
database appear in the Columns dialog, including supported datatypes, null options, and
display characteristics. Table-level properties that are specific to the particular database
appear in the Tables dialog so that the physical storage parameters or triggers could be
defined. Once the physical model is defined, ERwin can generate it to the target database in
the exact syntax required by the particular system.

ERwin also supports the following features:

- The definition of model objects in the logical model as logical only and the definition of
model objects in the physical model as physical only. These options could be used, for
example, to fully normalize a logical model and then denormalize the corresponding
physical model to enhance database performance or model real-world data structures.

- The automatic conversion of many-to-many relationships in the logical model when the
physical model is changed. The resulting structure in the physical model changes the
many-to-many logical relationships into two one-to-many relationships connected to an
associative table.

ERwin provides support for both roles of a physical model: generating the physical database
and documenting physical design against the business requirements.

Each option in the logical model has a corresponding option in the physical model.
Therefore, each entity becomes a relational table, attributes become columns, and keys
become indices.

ERwin could be used to denormalize the structure of the logical model so that a related
physical model that is designed effectively for the target RDBMS could be used.
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Once the physical model is created, ERwin can generate all model objects in the correct
syntax for the selected target server; directly to the catalog of the target server, or indirectly,
as a schema DDL script file.

4.2 Mapping of logical and physical model objects

There are three levels of logical models:

The Entity Relation Diagram - A high-level data model that includes all major entities and
relations. The Entity Relation Diagram does not contain much detail and is often used in
the initial planning phase.

The Key Based Model - A model that describes major data structures such as entities,
primary keys, and sample attributes.

The Fully Attributed Model - A complete model that includes all required entities,
attributes, key groups, and relations.

Most of the objects in the logical model correspond to a related object in the physical model.
For example, the logical model contains entities, attributes, and key groups, which are
represented in the physical model as tables, columns, and indexes, respectively.

The entities are dependent entity (for instance, child to parent relation) or independent
entities. Attribute in the logical data model are described with logical data type (text, number,
date time, blob).

Domain (logical or physical) is an independent model object that is used to assign properties
to an attribute or column.

Primary keys (PK), alternate keys (AK), foreign keys (FK), and inversion entries (IE) could be
defined in a logical model. Any or all the keys from a logical model can subsequently appear
as indexes for the corresponding tables in the physical model

Determining key group attributes is an important task in developing a logical model. A key
group is a logical modelling tool used to identify:

Relations between entities, that are implemented as foreign keys. A foreign key appears
in a child entity and represents the migration of the primary key of the parent entity to the
child entity.

Potential primary keys or alternate keys for use in the physical model. Primary and
alternate keys are unique keys created from one or more attributes that uniquely identify
a single instance in an entity. From the list of available unique keys, the primary key or
the alternate key are selected that most efficiently accesses database information.

Potential inversion entry keys in the logical model. An inversion entry key comprises one
or more attributes that are frequently used to access information in the entity, but are
non-unigue.

A relation is used in a logical model to show that there is an association or link between two
entities, or between an entity and itself. ERwin creates the following types of relations:

Identifying relation
Non-identifying relation
Subtype relation
Many-to-many relation

Recursive relation
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In the logical model, each relation can show the following information:
Type of relation
Parent end of relation
Child end of relation
Optional symbol (only for non-identifying relations)
Referential integrity

When a relation in a logical model is created , either a primary key attribute or an alternate
key attribute of the parent entity migrates into the child entity as a foreign key. By default, all
properties of the primary key or the alternate key migrate to the foreign key in the child entity.
It could be chosen which primary key or alternate key attribute properties migrate with the
foreign key for each relation in the data base model.

While the identification of non-unique keys is not required in the logical model, it is useful for
capturing user requirements for physical data access. These non-unique key groups can
then be indexed in the physical model to improve the performance of queries.

4.3 Physical model objects

4.3.1 Relationships in the physical model

Relationships are used in both the logical and physical models, and can be represented in
either model as one or more foreign key attributes.

A relationship is used in the physical model to show that there is an association or link
between two tables, or between a table and itself. The physical modelling is used to add
relationships:

- ldentifying relationship
- Non-identifying relationship
- Recursive relationship.

A non-identifying relationship is a relationship between two tables in which an instance of the
child table is not identified through its association with a parent table, which means the child
table is not dependent on the parent table for its identity, and can exist without it.

In a non-identifying relationship, one instance of the parent table is related to multiple
instances of the child.

Two types of non-identifying relationships are differentiated:
- Optional non-identifying relationship
- Mandatory non-identifying relationship

In a mandatory non-identifying relationship, the columns that are migrated into the non-key
area of the child table are required in the child table. Therefore, the foreign key cannot be
null.

In an optional non-identifying relationship, the columns that are migrated into the non-key
area of the child table are not required in the child table. This means that nulls are allowed in
the foreign key.

The non-identifying relationship is used to create recursive relationships.
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In the diagram window, each relationship can visually depict the following information:
- Type of relationship
- Parent end of relationship
- Child end of relationship
- Optional symbol (only for non-identifying relationships)
- Referential integrity
- Foreign key name
- Cardinality

A recursive relationship is a non-identifying relationship between two entities or tables that
represents the fact that one company can own another company. In this type of relationship,
the parent entity or table and the child entity or table are the same. There are following types
of recursive relationships:

- Hierarchical Recursive (single-table recursion). In this type of relationship, a parent
entity or table can have any number of children, but a child can only have one parent.

- Network Recursive (double-table recursion). In this type of relationship, a parent
entity or table can have any number of children, and a child can have any number of
parents.

In network recursion, an entity or table has a many-to-many relationship with itself. When a
many-to-many network recursion problem exists, the situation could be clarified by adding an
intermediate entity or table and converting the many-to-many relationship into two one-to-
many relationships. In both types of recursive relationships, role names must be assigned to
migrating foreign keys to capture the meaning of the recursive relationship.

A recursive relationship must be a non-identifying relationship for the following reasons:

- In an identifying relationship, the primary key of the parent would become a subset of
the primary key of the child.

- The key attributes or columns could not have a NULL value.

- The entity or table would be a parent of itself. The migrated key would perpetually
migrate.

When a primary key attribute or an alternate key attribute migrates from a parent entity to a
child entity, it becomes a foreign key attribute in the child entity. Since a foreign key can have
a different role than the role of the related primary key or alternate key, a role name to a
foreign key attribute could be assigned.

- In a mandatory non-identifying relationship, the columns that are migrated into the
non-key area of the child table are required in the child table. Therefore, the foreign
key cannot be null.

4.3.2 Index table

An index is a special type of object designator that is used in relational databases to speed
up data retrieval. Indexes could be used in two ways:

- To sequentially access the indexed file.

- To directly access individual records in the indexed file based on a given value for the
indexed field.
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Four types of indexes could be used in the physical model:-

- Primary key (PK) index. - A primary key (PK) index is an index on the primary key
columns in a particular table. A single table can have only one primary key index. A
primary key index is unique, so the indexed columns cannot have duplicate values.
ERwin automatically creates a primary key index for each table that has one or more
primary key columns. The default name for a primary key index is XPKTableName, as
specified by the Index Name macro

- Foreign key (FK) index. A foreign key (IF) index is an index on one or more foreign
key columns in a particular table. ERwin automatically creates a foreign key index for
each set of foreign key columns that migrate through a relationship. The default name
for a foreign key index is XIFnTableName, as specified by the Index Name macro.-

- Alternate key (AK) indexes. - A unique, or alternate key (AK), index is an index on a
set of columns in a particular table other than the primary key column set. Duplicate
values in the indexed columns are not allowed. In a logical/physical model, if at the
logical level, an Alternate Key key group is created that uses one or more columns in
a table, ERwin automatically creates the corresponding unique index for the table. At
the physical level, the Indexes dialog is used to create a unique index on a table. The
default name for a unique index is XAKnTableName, as specified by the Index Name
macro.

- Inversion entry (IE) indexes NOTE: A non-unique, or inversion entry (IE), index is an
index on a set of columns, other than the primary key column set, in a particular table.
Duplicate values in the indexed columns are allowed.

- In the logical model, an Inversion Entry key group could be created that uses one or
more columns in a table and ERwin will automatically create the corresponding non-
unique index for the table. In the physical model, the Indexes dialog can be used to
create a non-unique index on a table. The default name for a non-unique index is
XIEnTableName, as specified by the Index Name macro.

There are unique and non unique indexes.

An Erwin Index-Editor is used to create the index with its properties. Depending on the target
database, other index properties may be available. By default, ERwin automatically creates
the Primary Key index, which is unique and includes all primary key columns. Only one
Primary Key index can apply to a table. But, multiple AK (unique) or IE (non-unique) indexes
could be created. When ERwin creates an index, it specifies that primary and alternate key
indexes do not accept duplicate values.

A unique, or alternate key (AK), index is an index on a set of columns in a particular table
other than the primary key column set. Duplicate values in the indexed columns are not
allowed.

4.3.3 Table and column definition

Following types of tables could be contained in the physical data model:
- Independent table
- Dependent table

When a table is added to the model, the table type is determined based on the relationship in
which it is involved. The table is collected to another table as independent or dependent
using the relationship type. If a table is a child table in an identifying relationship, it appears
on the diagram window as a dependent table (table box with rounded corners). All other
tables appear as independent tables (box with square corners).
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The columns in a table has physical properties such as datatype, null option, defaults,
validation rules, volumetrics, comments, user-defined properties, display properties, and
even storage properties for some target servers. A default datatype and null option to new
columns is automatically assigned based on the default settings in the Target Server dialog.

In addition to specifying column properties in the Columns dialog, also other properties such
as datatype, edit masks, and other using the Domain Dictionary to define domains could be
assigned.

The domain is a named set of column properties that can be attached to one or more
columns in a model to quickly and accurately define their properties. To speed the process of
defining physical column properties, a set of column properties could be grouped together in
the Domain Dictionary dialog and saved as a domain.

If entities and attributes in the logical model are created, corresponding tables and columns
in the physical model are automatically created. Columns that are generated in this way are
assigned the attribute name (with spaces and reserved characters replaced by underscores)
and a datatype, based on the domain assigned to the attribute in the logical model.

4.3.4 Domains and Data Type mapping to Target DBMS
Standard domains and user defined domains could be specified in the physical model.

Before the physical properties of DBMS are defined, the target DBMS must be selected
where the physical schema is obtained. The Target Server dialog is used to select the target
SQL or Desktop DBMS where the physical schema is created, and to define default settings
for generating the schema.

When the target DBMS is selected, ERwin helps to define a particular schema by providing
DBMS-specific datatypes and name length warnings. ERwin can convert the datatype
assigned to each attribute to the closest datatype available on the new target server. For this
purpose, specific datatype mapping rules could be specified. Domain data types can be
selected to be converted or not.

When domain data types are not selected to be converted and domains in the physical
model are created, the datatype settings for those domains are not updated to reflect the
new target DBMS. It is possible manually to update those datatypes so they work correctly
with the new target DBMS.

In the physical design, it is important that the correct datatypes to columns are assigned.
Datatypes could be assigned in following cases:

- Derive a physical model from a logical model, i.e. switch from the logical model to the
physical model.

- Derive a physical model from a physical model.
- Migrate from one version of a DBMS to a newer version, or change the target DBMS.
- Create a physical model by reverse engineering from a DBMS or script file.

When there is a need to compare the information stored on the server with the information
defined in the physical model and import or export data from one to the other, an active
connection to the target database must be created. ERwin can connect to the system catalog
in the target database using one of these methods:

- The native interface utilizing vendor-specific functions for connecting to that catalog.
- Open Database Connectivity (ODBC) middleware.
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Generic open database connectivity (ODBC) is supported to extend its target server support.
If the database runs on a target server that supports a generic ODBC driver, the
ODBC/Generic is selected as the target server. When the generic ODBC is used to connect
to a database, ERwin queries the database to determine the physical properties it supports
such as standard datatypes, user-defined datatypes, and physical storage objects.

4.3.5 XML output for different target DBMS

XML format is used to export ERwin data to applications that support XML. XML format
provides structured markup of the ERwin metadata according to elements and attributes
defined in the ERwin 4.x Document Type Definition (DTD).

The attributes for the Model element in the XML output could be quickly reviewed to identify
the model type, target server, and Data Base Management System (DBMS) version.

The following excerpt from the ERwin 4.x DTD defines the attributes for the element Model:
<IATTLIST Model
id CDATA #IMPLIED
ModelType CDATA #IMPLIED
TargetServer CDATA #IMPLIED
DBMSVersion CDATA #IMPLIED
DBMSMinorVersion CDATA #IMPLIED

>

Each attribute can receive a value in the tagged data. For example, the following XML output
is generated for a Logical/Physical model with Oracle 8 assigned as the Target DBMS:

<Model id="{6233CCAF-1C80-11D5-9460-00E029220220}+00000000"  ModelType="3"
TargetServer="174" DBMSVersion="8" DBMSMinorVersion="0">

ModelType mapping is shown below:
Value Model Type

1 logical model
2 physical model
3 logical/physical model

TargetServer value DBMS

Version value DBMS Minor Version value

AS/400 189 4ax 4 0

DB2/MVS 4 170 4 4 0
DB2/390 5 170 5 5 0
DB2/390 6 170 6 6 0
DB2/UDB 5 192 5 11 0
DB2/UDB 5.2 192 5.2 12 2
DB2/UDB 6.1 192 6.1 13 1
HiRdb 195 4.X 0 0

INFORMIX 179 7.X 7 0
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179 9.1x 9 0

179 9.2X 9 2

Ingres 175 2.X 2 0

175 6.4 6 4

InterBase 193 5 0 2
ODBC/generic 194 2.0

194 3.0 3 0

ORACLE 174 7.3 7 3
174 8.x 8 0

PROGRESS 188 8.x 8 0
Rdb 183 7 7 0

Red Brick 191 5.x 5 0
SAS 196 not indicated 0O
SQLBase 176 5.0 5 0
176 6.X 6 0

SQL Server 172 6.5 6 0
172 7.0 7 0

172 2000 8 0

SYBASE 173 11x 11 0
Teradata 190 2.X

SQL Anywhere 185 5 0
Access 186 97 8 0

186 2000 9 0

Clipper 182 not indicated O 2
dBase IV 177 15 0 2
FoxPro 181 6.X 6 2
Paradox 187 7.X 7 0
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5 INTERMON physical data base model design

5.1 Mapping of logical to physical INTERMON data
base model

INTERMON data base design approach considers two model stages:

- Logical data base model focussing on the relationships between entities, attribute and
primary keys definitions as well as their domains.

- Physical data base model addressing tables, columns, indexes, physical relationships
and domains.

ERwin Tool is used for automatically mapping of the logical model into physical data base
model.

The INTERMON logical data base design is discussed in [Int-D2].

The main issues of the INTERMON data base model [Int-D2] are entities and their
relationships grouped into:

- topology and policy data (including entities describing user, ISP description, end
system, end-to-end connection, inter-domain connection, border router interface)

- measurement scenario specifications (entities focussed on inter-domain QoS, end-to-
end QoS and border router measurement scenarios)

- measurement aggregate data (entities aimed at measurement statistics)

- modelling results (entities for modelling statistics, cumulative distributions,
autocorrelation functions, prediction model)

- traffic data description entities.
INTERMON logical data base design from [Int-D2] is enhanced by:

- reduction of the number of required attributes and entities by consideration of
application scenarios for automated report generation.

- exact definition of relationship types (non-identifying and identifying)

- specification of domains describing the values of the attributes as well as their data
types.

The enhancements are due on the better knowledge of the design (for instance modelling
items), domain definitions and physical data base mapping.

In addition, the automated mapping of the logical design to physical helps to take decisions
on reducing the number of entities, keys and attributes.

The fully attributed logical model is a complete model that includes all required entities,
attributes, key groups, and relationships. In INTERMON data base design, ERwin is used to
denormalize the structure of the logical model so that a related physical model is built that is
designed effectively for the target RDBMS.

The next figures represents the fully attributed logical INTERMON data base model derived
with Erwin :
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Figure 3: Logical INTERMON data base model with ERwin
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In the physical INTERMON model shown in next figure, the tables with columns descriptions
are given together with their domain and type assignment.
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Figure 4: Physical INTERMON data base model with ERwin
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The physical INTERMON data base model shown in the figure 4 captures the exact design of
the physical database, including column datatypes and constraints, index assignments,
denormalized tables, physical storage assignments, and other physical properties of the
database that ERwin generates as a part of the schema for the target server.

The INTERMON data base relationships in the logical and physical data base representation
are defined in Erwin notations as follows:

- identifying relationships (One-to-Zero-One-or-More ) by normal lines

- non-identifying relationships where zero values are allowed (Zero-or-One-to-Zero-
One-or-More) by dashed lines - - - -

ERwin customizes the physical modelling options based on the characteristics of the
selected target database.

5.2 INTERMON Domain Dictionary

Domain dictionary is important part of the INTERMON physical data base model and its
adaptation to different applications.

Domain names are abstractions describing values which could be assigned to the columns
of the tables of the physical data base model, and which can be used of the toolkit accessing
the INTERMON data base.

The domain dictionary gives the mapping between the domain names to their data type
presentations. Flexible design is supported by defining of domain names to represent
abstractions of column values.

The next table shows the domain dictionary of the INTERMON data base model and which
values they are representing.

Domain Description

D_interface_name IP interface name

D_IP_address IP V4/V6 address
D_IP_port IP port number
D_prot_type IP protocol type

D_QOS reservation Data structure describing type of reservation and reserved values

(RSVP, DiffServ)

D_values List of values

Datetime Timestamp

D_access_level

Value for identification of access level

D_data_access_control

Value for identification of policy controlled data collection

D_Asnumber

AS number as defined in Internet documents

D_BR_state

Border router state identifies the software and hardware equipment
of the border router such as:

- Used QoS technology and characteristics

- monitoring and measurement components
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- GPS support

D_BR_type

Type of border router
- peering point
- exchange point

- border router

D_class_flow

Following flow classes are defined for IPFIX application
- Never ending flow
- Long lasting
- Thin flow

D_class_flow_loss

Array showing the measured packet loss per flow class

D_class_flow_number

Array showing the measured flow number per flow class

D_class_flow_volume

Array showing the measured traffic volume per flow class

D_connection_type

Connection type
- Intra-domain
- inter-domain connection

- peering

D_dist_type

Type of distribution for traffic generation:
- constant
- exponential
- Pareto

- Uniform

D_interval_unit

Interval units are defined as
- second
- minute
- hour
- day
- week

- year

D_IPFIX_flow_type

Specified as combination of flags and parameter values:
Src/Dst IP address possibly plus subnet mask
Traffic class: ToS for IPv4 (or Traffic Class in IPv6)
MPLS
DSCP if DiffServ supported
Protocol type
transport layer field
Src/Dest port number

interface (incoming or outgoing)
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total traffic

* means all flows with given characteristics

D_ISP_type Type of ISP such as
- Backbone
- tier

- small

D_meas_unit Measurement unit option gives the unit for flow measurement:
- Bytes

- packets

- regular

D_frequency_option - ireguar

D_model_type Model type:
- ARIMA
- ARMA

D_QoS_type QoS type:

- end-to-end delay
- packet loss

- throughput

- delay jitter

D_traffic_class Data structure which depends on the application and QoS model

D_traffic_type Defines the application described with the generated traffic

D_BR_info Border router parameters and characteristics used for monitoring
and modelling

D_ES _info End system parameters and characteristics used for monitoring and
modelling

D_interface_info Interface parameter descriptions used for monitoring and modelling

D_interface_statistics Interface parameter statistics

Table 14: Domain list in the INTERMON data base model

The domain descriptions will be enhanced by the applications and tools using INTERMON
data base. The flexible definition of the domain values allows in the future slightly changes of
INTERMON data base design.
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5.3 XML representation of INTERMON data base
model

The INTERMON physical data model is generated as XML representation in order to allow
flexible adaptation of applications to INTERMON data base.

XML was standardized within the WWW Consortium (W3C) with the aim of bringing mark-up
based publishing to the Web [XML-WC3]. In addition to supporting human access to
information, XML has also found strong applications in data processing and system
integration due to it ability to be machine processable, but in an implementation independent
way. A key feature of XML is the separation of a document's content from how it is
presented. The latter is defined not in the XML document, but in a separate Stylesheet that
can be associated with it [XML-A]. The format of stylesheets is defined by W3C in the form of
the eXtensible Stylesheet Language (XSL) [XSL]. XSL is extended to include support for
transforming an XML document of one type into one of another type using the XSL
Transformation (XSLT) [XSLT]. XML also benefits from standardised API such as XML &
HTML Document Object Model (DOM) [DOM] which is an API that supports to manipulation
of HTML or XML documents.

The OMG has defined the XML Model Interchange facility (XMI) [XMI] for exchanging object-
based models between CASE tools using XML. XMI is an instantiation of the Meta-Object
Facility (MOF) [MOF], so that XML can be used to exchange any model conforming to the
OMG's MOF, such as UML models or CORBA Component Models [XML-COBRA]. This
presents the possibility of mapping between XMI documents and other types of XML
management data documents, providing a potentially useful integration route to UML-based
CASE tools during

analysis and design of specifications (as now advocated in the TMN Methodology for the
Definition of Management Interfaces).

XML representation of INTERMON data base model allows the usage of INTERMON data
base by different applications and to adapt INTERMON data structures and domains to
different applications.

XML for supporting the data base representation is also chosen to support the world wide
activities on standardisation by promoting XML in the area of the data collection and
representation.

The XML representation of INTERMON data base model includes different sections. It is
working document for development of INTERMON tools and applications.

Part of the XML description of the INTERMON physical data base is shown as example in
Appendix 3.
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6 Conclusion

The goal of the deliverable 5 is to specify the INTERMON data base focussing on physical
design of data structures and domains. Deliverable 5 is the base for the module specification
(i.e. physical design of the INTERMON components in the next project phases.

The main contributions of this Deliverable to the INTERMON data base design are:

Comparison of features of data base technologies for INTERMON data base
implementation

The INTERMON policy based data collection design and physical model of the
INTERMON data base able to integrate data from different kinds of measurement and
monitoring tools (QoS, traffic) for automated measurement.

Generation of XML representation of INTERMON data base table items for later usage in
specific data base applications.
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Appendix 3 — Part of the XML description of
INTERMON data base

This part of the XML description is intended to show the descriptive power of XML applied to
INTERMON data base. As example the sections describing INTERMON data base model as
whole description as well as some particular entities (“QoS autocorrelation function”) and
attributes (“QoS ident”) are shown.

<?xml version="1.0" ?>
- <ERwin4 FileVersion="4100">

- <Model id="{41920979-572F-4018-BA32-E9318EC1B7F4}+00000000" ModelType="3" TargetServer="174"
DBMSVersion="8">

- <ModelProps>
<Name>NEW_IM_DB.XML</Name>
<Type RO="Y">3</Type>

<File_Name RO="Y">C:\Eigene
Dateien\intermon\deliverables\D3_specification\new_im_db.xmI</File_Name>

<Page_Grid>0</Page_Grid>

<File_Format RO="Y">3228</File_Format>
<Entity_Width>0</Entity_Width>
<Entity_Height>0</Entity Height>
<Layout_Grid>0</Layout_Grid>
<Layout_Grid_X>0</Layout_Grid_X>
<Layout_Grid_Y >0</Layout_Grid_Y >
<Font_Height>16</Font_Height>
<Font_Width>6</Font_Width>
<Unique_Names>0</Unique_Names>
<Target_Server RO="Y">174</Target_Server>
<Default_Datatype>CHAR(18)</Default_Datatype>
<Non_Key_Null>0</Non_Key_Null>

<Repos>50</Repos>
<DBMS_Version RO="Y">8</DBMS_Version>

<Logical_Notation>0</Logical_Notation>
<Old_Repos>50</Old_Repos>
<Max_View_Expr_Display_Len>20</Max_View_Expr_Display_Len>
<Physical_Notation>0</Physical_Notation>
<Index_Name_Macro>X%KeyType%TableName</Index_Name_Macro>
<Max_Def _Display_Len>40</Max_Def Display_Len>
<Table_Name_Macro>%EntityName()</Table_Name_Macro>
<Current_Tool>true </Current_Tool>
<MM_Preview >true </MM_Preview >
<Saved_From_Previous_Version>false</Saved From_Previous_Version>
<Model_Background_Color>16777215</Model_Background_Color>
</ModelProps>

<Repos>50</Repos>
<DBMS_Version RO="Y">8</DBMS_Version>
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<Logical_Notation>0</Logical_Notation>
<Old_Repos>50</Old_Repos>
<Max_View_Expr_Display_Len>20</Max_View_Expr_Display Len>
<Physical_Notation>0</Physical_Notation>
<Index_Name_Macro>X%KeyType%TableName</Index_Name_Macro>
<Max_Def _Display_Len>40</Max_Def_Display Len>
<Table_Name_Macro>%EntityName()</Table_Name_Macro>
<Current_Tool>true </Current_Tool>
<MM_Preview >true </MM_Preview >
<Saved_From_Previous_Version>false</Saved From_Previous_Version>
<Model_Background_Color>16777215</Model_Background_Color>
</ModelProps>

<Entity id="{3DB63BBB-C187-47D1-A57A-8915FD2653AF}+00000000" Name="Qo0S
autocorrelation function">
- <EntityProps>

<Name>QoS autocorrelation function</Name>
<Type>6</Type>
<Index_Generate>1</Index_Generate>
<Physical_Only>false </Physical_Only>
<Physical_Name >QoS_cumulative_distribution</Physical Name>
</EntityProps>
- <Attribute_Groups >

- <Attribute id="{BE7CD5E5-4A88-4AF9-9678-19AC31E990FB}+00000000"
Name="QoS_ident">

- <AttributeProps>
<Name>QoS_ident</Name>
<Type>0</Type>
<Null_Option>1</Null_Option>
<Order>1</Order>
<Physical_Order>1</Physical_Order>
<Physical_Name >QoS_ident</Physical Name >

<Parent_Domain>{8EB9729C-7C6B-4659-A5D8-
CD29AEE49433}+00000000</Parent_Domain>

<DO_Color_Inherited>0</DO_Color_Inherited>
<DO_Font_Inherited>0</DO_Font_Inherited>

</AttributeProps>
- <History_Information_Groups>

- <History_Information id="{AAF12010-52B7-476F-86DA-
724CD47100CD}+00000000" Name ="">

- <History_InformationProps>
<Type>1</Type>
<Created_Time>1032895377</Created_Time>

<Default_Object_Alternative_Id
RO="Y">0</Default_Object_Alternative_ld>

</History_InformationProps>
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