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There is an increasing demand for highly dependable, low-cost information systems,
and the open source operating system Linux is gaining attention as a way of meeting
this demand. Also, the database management system (DBMS) market has shown
growing interest in open source DBMS technology due to its suitability for producing
easy-to-build systems at low cost. From the point of view of performance and reliabil-
ity, however, open source DBMSs lag behind their proprietary rivals.

One way of meeting this market demand for an inexpensive, easy-to-build DBMS that
nevertheless offers high performance and high reliability is to combine the open source
DBMS PostgreSQL with the proprietary DBMS Symfoware Server in such a way as to

exploit the advantages of both systems.

1. Introduction

These days, information systems in business
network environments must feature low-cost, high
reliability, and robustness in platforms that can
cover the whole operating spectrum from the fron-
tend system to the enterprise. Linuxisvery much
in the public eye as such a platform.

Businesses around the world are adopting
Linux for their enterprise systems because it is
superior in terms of reliability, cost, performance,
and openness and because support services for
Linux are becoming increasingly available. Linux
is also increasingly being chosen as the platform
for Internet servers.

The effects of the open source revolution have
also been seen in the database management sys-
tem (DBMS) market, and the adoption of open
source DBMSs on Linux platforms is becoming
more and more prevalent.

As Internet business enters the broadband
age, the need for systems to run 24 hours a day,
365 days a year while supporting large numbers
of users and processing vast amounts of data is
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paramount. For this reason, high performance
and availability are constant requirements.

For an enterprise system constructed on a
Linux platform to fulfill these conditions, it must
have a DBMS that possesses superior processing
ability, be able to manage large amounts of data,
and be extremely robust.

It is now relatively easy and inexpensive to
construct open source DBMSs for use with Linux.
Because these systems support an assortment of
Application Programming Interfaces (APIs) as
well as the Structured Query Language (SQL)
standard, they also compare favorably with sys-
tems that use existing proprietary databases in
terms of functionality.

However, when viewed in terms of reliabili-
ty and performance, deficiencies can be discerned
in open source systems applied in backend situa-
tions (e.g., regarding criteria such as recovering
damaged databases, large-scale data manage-
ment, and processing speed).

The required solution is a system that can
be easily designed and implemented at low cost,

117



T. Nakazawa et al.: Combining Fujitsu’s High-Performance, High-Reliability DBMS Technology with Open Source DBMSs

supports a wide variety of APIs, and matches the
performance and reliability of a proprietary
DBMS.

2. Towards a solution

As stated in the Introduction, what is re-
quired is a high-performance, high-reliability
DBMS that has the open source advantages of
being easy and inexpensive to build.

Our approach is to integrate the storage
management functions of a proprietary DBMS
with an open source DBMS.

2.1 PostgreSQL

From a host of available open source DBMSs,
we chose PostgreSQL and decided to improve on
it.

PostgreSQL is a DBMS that includes a huge
variety of APIs written in Java and PHP hyper-
text preprocessor (PHP: a recursive acronym) and
excels in terms of producing applications. Fur-
thermore, because PostgreSQL was tried and
tested in an objective relational database man-
agement system during its development, it readily
conforms to the SQL standard and provides a va-
riety of SQL functions required for expressing
business logic in mission-critical systems.

Added to the above, there exists in Japan a
vigorously active PostgreSQL user community
and, accordingly, a wealth of related documenta-
tion and literature is available in Japanese. For
this reason, as far as the systems integration
market is concerned, there is a large number of
engineers with PostgreSQL know-how, which in
turn creates a favorable environment for the rap-
id progress of PostgreSQL."2

Consequently, in the current climate, where
the need for IT systems is matched by the demand
to cut initial costs (e.g., installation, setup, and
customization costs), PostgreSQL is able to com-
pete with proprietary DBMSs as a first-choice
database system solution.

However, there are also problems with
DBMSs that have led some businesses to put off
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installation and adopt a wait-and-see attitude.

The first of these problems concerns perfor-
mance scalability. With IT systems whose
infrastructure is Internet-based, it is impossible
to predict whether (or how quickly and by how
much) processing requests to the database will
increase after the system is up and running. Even
in such cases, the common expectation is that,
within the limits set by hardware capacity, the
response time of the DBMS will not deteriorate
once the system is in use. It is further expected
that, even if the demands of processing do exceed
the hardware capacity, a simple addition or ex-
pansion of hardware will improve performance
proportionately (e.g., if the CPU is overloaded,
increasing the number of CPUs will guarantee an
improvement in performance scalability).

The second problem concerns fault tolerance.
Although PostgreSQL may be easy on application
developers, it raises a number of issues for sys-
tem administrators. The biggest of these is how
to preserve data when errors occur. PostgreSQL
can only restore a database up to the point where
the last backup was made, and the loss of the data
updates that were done since that last backup can
equate to a significant financial loss for a busi-
ness. In addition, the VACUUM command must
be run regularly in order to free areas in the da-
tabase that are being used unnecessarily and
thereby maintain system performance.

Fujitsu has been conducting development
with the two-fold aim of 1) solving the above-
mentioned problems in PostgreSQL by applying
the technology of its proprietary DBMS Sym-
foware Server and 2) producing a DBMS that can
be safely applied to business systems. The inten-
tion is also to achieve this aim without losing any
of the advantages offered by PostgreSQL while
maintaining full APl compatibility.

2.2 Symfoware Server

In order to solve the problems described
above and elevate the performance and reliabili-
ty of PostgreSQL to a sufficiently high level,

FUJITSU Sci. Tech. J., 40,1,(June 2004)



T. Nakazawa et al.: Combining Fujitsu's High-Performance, High-Reliability DBMS Technology with Open Source DBMSs

Fujitsu loaded the storage management mecha-
nism of Symfoware Server into PostgreSQL. This
compensated for the perceived deficiencies in Post-
greSQL by adding the functions described below
and making it possible to apply the improved sys-
tem in an enterprise system.¥4

1) Media recovery

Media recovery is a feature that recovers
databases damaged by disk trouble. It recovers a
database to its status immediately before the trou-
ble occurred based on the backup data and stored
archive logs. ™t b

In Symfoware Server, it is possible to gather
backup data without any detrimental effect on the
applications that use Symfoware Server. The da-
tabase recovery process makes it possible to
recover the status immediately before the disk was
damaged.

2) Stealth Sync Control

Even if a database system ends the updated
transaction normally, data is generally not writ-
ten immediately to the database by the simple act
of reflecting the updated data on the buffer. In-
stead, it is usually written to the database either
at a specified time or when the data to be updat-
ed exceeds a specified size.

However, because resources are concentrat-
ed on updating the database at this time, if there
is a simultaneous access from an application, ap-
plication throughput may be negatively affected.

Stealth Sync Control has been developed to
stop this happening. It does so by constantly mon-
itoring the log retrieval status and database
update status and automatically writing updated
data to the database at the optimum time. This
ensures that, even if there is a large amount of
data to update, a stable throughput can be
achieved.

3) Pipeline Control

Pipeline Control is a feature that enables two

or more database processes (e.g., reading data

note 1) A log that records details of database up-
dates. This is the name used in Symfoware
Server.
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from external files, writing data, and sorting data)
to be run in parallel, thus ensuring a high-speed
data processing flow. Normally, when a database
is being created, one process must end before the
next can begin. Pipeline Control avoids this by
using the buffer on the memory to run processes
simultaneously.

This has the advantage of reducing data pres-
ervation and maintenance tasks, because the time
required to create the database is shortened.

4) Performance scalability

Symfoware Server’s architecture makes op-
timum use of hardware (e.g., CPUs, memory, and
disk drives).

Within the DBMS kernel, a resource manag-
ing background daemon is distributed to each
resource in a multithread structure. These dae-
mons run asynchronously and efficiently with
application backend processes.

Because the parallel running of application
backend processes in a multi-CPU environment
is fully taken into account, a high level of perfor-
mance scalability is realized.

2.3 Extending functions

By applying the storage management
technology of its proprietary DBMS Symfoware
Server to the open source DBMS PostgreSQL,
Fujitsu has created a low-cost, high-performance,
high-reliability DBMS called PostgreSQL Plus.

However, sufficient ease of operation cannot
be secured through the simple combination of
these technologies. Therefore, we added the func-
tion extensions described below to PostgreSQL
Plus to improve operability.

1) All-in-one Backup

This is an extended function for simplifying
the process of making backups.

All-in-one Backup copies backup data for the
system catalog and all tables and operating envi-
ronment files required for media recovery to a
designated backup location. There is no need to
stop business applications in order to perform a
backup. In addition, All-in-one Backup deletes
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any archive logs that are not required for media
recovery.

This means that, after preparing a backup
location and an archive log file large enough to
hold a full day’s updated data, daily backups can
be done just by running All-in-one Backup.

2) Areare-use

MultiVersion Concurrency Control™®2 (MVCC)
is an advanced technology for improving database
performance. By allowing multiple versions of
data to exist, MVCC guarantees that data is
viewed consistently within a transaction and pre-
vents interference between transactions, thus
improving data concurrency.

However, the disadvantage arises that, for
the duration of each transaction, the size of the
accessed data increases with each new version
that is created, so there is a corresponding detri-
mental effect on performance.

In PostgreSQL, the VACUUM commandt 2
must be run to manage the unnecessary areas
created in the database due to the existence of
multiple versions. This frees up the areas for re-
use in other operations. Running the VACUUM
command on a regular basis also prevents the
database from becoming too large. Unfortunate-
ly, the VACUUM command can be difficult to run
in systems that run constantly, with the result
that a lot of unnecessary areas are created in da-
tabases that are repeatedly added to or updated.
This can also lead to the database file size becom-
ing unreasonably large.

In PostgreSQL Plus, this type of problem is
solved because data is stored in such a way that it
does not have to be reorganized. This means that
unnecessarily used areas can be automatically
freed without stopping the system. Consequently;,
there is no need to run the VACUUM command

and the time and effort required to perform the
most burdensome maintenance tasks in Postgr-
eSQL are reduced.

2.4 Improving usability

As described above, applying Symfoware
Server technology in PostgreSQL makes it possi-
ble to reduce costs, simplify system construction,
and improve performance and reliability, result-
ing in an overall improvement in system
operability. In PostgreSQL Plus, there is an ad-
ditional improvement in terms of usability.

In PostgreSQL, a wide variety of tools are
available for defining the database and
accessing data (e.g., open source software such as
phpPgAdmin,™*4 as well as free software). Be-
cause database access is standardized using SQL,
it is easy to transplant and “borrow” tools from
other DBMSs. However, each DBMS has its own
specifications, meaning that system-specific tools
are required for tasks such as environment
modification and everyday operation. This caus-
es a lack of tools for improving operability. This
is also true of PostgreSQL.

In order to solve this problem, PostgreSQL
Plus provides tools to support tasks from instal-
lation, through building the environment, to all
aspects of the everyday running of a system. Post-
greSQL Plus Setup is a tool for building a database
environment that facilitates the tasks of creating
instances and making environment settings
(Figure 1). PostgreSQL Plus Administrator is a
tool for database administrators that allows
operations to be performed using generic Web
protocols (Figure 2).

These tools not only make it easier to use the
PostgreSQL Plus storage management functions,
but also improve overall usability by making it

note 2) A method of maintaining data consistency
that allows multiple versions of data to be
retained.

note 3) A PostgreSQL-specific command that frees
up area held by deleted data, allowing it to
be re-used.
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note 4)  Software written in PHP that allows Postgr-
eSQL to be managed from a Web browser.

Distributed under license by GPL.
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Figure 1
PostgreSQL Plus Setup window.

easier to execute applications and work with the
database. In addition, PostgreSQL Plus Setup
automatically optimizes environment settings,
enabling PostgreSQL Plus’s already high perfor-
mance to be enhanced to the maximum.

3. Conclusion

In the DBMS market, a trend towards adop-
tion of the Linux open source operating system is
apparent, and this is accompanied by a surge in
interest in open source DBMSs. However, cur-
rently available open source DBMSs leave much
to be desired in terms of performance and reli-
ability, such that they are not yet ready to compete
with proprietary DBMSs.

There is therefore a demand for a DBMS
product that combines the open source DBMS
benefit of simple system construction at low cost
with the proprietary DBMS benefits of high per-
formance and reliability. Fujitsu has combined
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Figure 2
PostgreSQL Plus Administrator window.

the superior technology of its established DBMS
Symfoware Server with the highly regarded open
source DBMS PostgreSQL to create such a prod-
uct. It must be pointed out that this product,
PostgreSQL Plus, is not simply the result of bun-
dling together two existing products. Instead, the
current state of the DBMS market was studied
and new features were included in accordance
with users’ requirements.

We have no doubt that PostgreSQL Plus will
satisfy this demand in the DBMS market.
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