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Abstract

The operation of system integrator and service provider businesses conducted by NTT Group companies requires particularly high performance and quality SoR (systems of record) information technology
(IT) systems, and these systems must also be maintained and operated stably and efficiently over long
periods of time. This article introduces some initiatives in community development to improve the quality, functionality, and performance of open source software (OSS) and to accumulate and develop knowhow for promoting application of OSS at the NTT Open Source Software Center. It also reviews initiatives involving the Macchinetta framework to improve the productivity and quality of software development and to eliminate duplicated investment at the NTT Software Innovation Center, with the goal of
realizing an environment in which OSS can be used with confidence throughout the life cycle of IT systems.
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1. OSS Technology Initiative: PostgreSQL
The NTT Open Source Software Center (NTT OSS
Center) is collaborating with NTT Group companies
and the open source software (OSS) community, conducting technical development, and accumulating
know-how regarding various OSS, from operating
systems (OS) to middleware, so that software development, maintenance, and operation of information
technology (IT) systems centered on OSS can be performed stably and efficiently in the businesses being
operated by the Group companies. Database management systems (DBMSs) hold a very important position in information and communication systems, and
the NTT OSS Center has put great effort into expanding application of PostgreSQL* since its inception.
The objectives have included enhancing performance
and functionality as database sizes have increased,
and facilitating migration from commercial DBMSs.
There have also been initiatives to develop large-scale
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databases using external table functionality, to conduct research and development (R&D) on distributed
databases, and to improve compatibility so that Structured Query Language (SQL) dialects defined by
commercial DBMSs can run unmodified on PostgreSQL (Fig. 1).
The latest version, PostgreSQL 10, introduces
declarative table partitioning, which was developed
under the leadership of members of the NTT OSS
Center. Partitioning is a function whereby performance or operability is improved by dividing and
storing data in multiple tables, and it is particularly
useful when handling very large datasets. In previous
versions, PostgreSQL did not provide a dedicated
partitioning function, and pseudo-partitioning had to
be implemented by combining table inheritance functions, triggers, and CHECK constraints. With the
introduction of a dedicated partitioning function,
*

PostgreSQL: An OSS relational database management system.
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NTT contributions are shown in red.

[Activities in the early days]
Commercial DBMS targeting small-tomedium organizations (databases less
than terabyte class) with corresponding
functionality and performance

PostgreSQL 9.1
• Synchronous replication
• UNLOGGED TABLE
• Enhanced partitioning

PostgreSQL 9.0
• Asynchronous replication
• Row/conditional triggers
• Exclusive conditions

2011
PostgreSQL 8.1
• Partitioning
• Two-phase commit
• Improved buffer management

2010
2009

PostgreSQL 10
• Logical replication
• Declarative table partitioning
• Parallel query improvements
• Quorum commit

PostgreSQL 9.3
• Writable foreign tables
• Foreign data wrappers
• Updatable views/Materialized views
• High-speed failover

2018
2017

PostgreSQL 8.4
• Window functions, recursive queries
• Improved compatibility with other DBMSs
• Automatic memory management for
VACUUM

2006

PostgreSQL 8.3
• HOT: Improved update performance
• Automated VACUUM
• Full text search

BRIN: Block Range Index
CPU: central processing unit

2014
PostgreSQL 9.4
• Semi-structured (JSON)
high-speed search
2012
• WAL parallel write
PostgreSQL 9.2
•
Partitioning functions /
• Index-only scan
• Major performance improvements Foreign data wrapper
improvements
• Planning improvements
• Replication advances

2013

[Activities during development period]
Improved functionality to increase
database scale and to facilitate
migration from commercial DBMSs

HOT: Heap-only tuples
JSON: JavaScript Object Notation

Large-scale parallel
distributed systems

2016

2015

2008

2007

PostgreSQL 8.2
• CPU scaling
• Online indexing
• Generalized inverted index
(GIN)

PostgreSQL 9.5
• UPSERT implementation
• BRIN (large-scale data indexing)
• Improved functions linking
to external DBs

PostgreSQL 9.6
• Parallel queries
• Multi-synchronized replication
• Improved postgres_fdw

[Future]
Large-scale and high-performance,
expand into enterprise systems

WAL: Write-Ahead Logging

Fig. 1. Contributions to PostgreSQL development.

partitioning can be applied by simply declaring a
partitioning structure in SQL when creating the table
(CREATE TABLE statement). Data insertion is faster
that it was with the earlier pseudo-partitioning practice.
To further expand PostgreSQL into enterprise systems, the NTT OSS Center is working to implement
sharding, which will enable table partitions to be
distributed over multiple servers to distribute load
and improve performance. The new partitioning and
foreign data wrapper (FDW) function are necessary
as basic functions of sharding. The NTT OSS Center
has also led the enhancements of FDW, which enables
tables on a remote server to be accessed as though
they were local tables. Some functionality is still not
adequate for implementing sharding, for example,
support for distributed transactions, but the NTT OSS
Center will continue development in collaboration
with the community and will work to expand PostgreSQL into a database that can be scaled out to
larger sizes.
Note that in addition to partitioning, PostgreSQL
10 incorporates various other new functionalities and
improvements, including a new logical replication
function that enables replication by table, enhancements to parallel queries so they can be used in more
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cases, and a new quorum commit functionality developed under the leadership of those at the NTT OSS
Center.
2. Technically verified OSS suite: OSSVERT
Since its inception, the NTT OSS Center has been
operating its OSS Suites Verified Technically (OSSVERT) program. In OSSVERT, the NTT OSS Center
verifies the operation of systems composed of OSS
that is recommended and supported by the Center and
provides technical materials summarizing the results.
Technical materials provided include model overviews, installation procedures, environment definitions, and verification reports. Use of the recommended middleware configurations and various settings verified and provided by OSSVERT facilitates
rapid and efficient system design and construction.
The main OSS in OSSVERT configurations is maintained and supported by the NTT OSS Center, so safe
and secure operational support is available.
In the past, OSSVERT initiatives have dealt with
verifying the construction of three-tier web systems
on physical servers, but with recent trends to expand
the use of OSS, the NTT OSS Center has begun using
OSSVERT to verify other types of OSS that are
2
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expected to be used more widely in the future. Specific initiatives include verifying the OpenStack
(RDO Liberty) run-time environment, cloud environments utilizing Amazon Web Services (AWS), and
three-tier web systems built on Docker.
Beyond simply verifying operation, the NTT OSS
Center has also been using OSSVERT to test new
combinations of middleware in order to evaluate their
potential for service provision and to discover any
constraints or issues as early as possible. Software is
checked for any problems particularly from the perspective of availability and performance under high
loads, so that any necessary cautions or considerations when designing and building systems can be
clearly identified, and any defects are discovered,
investigated, and analyzed. This enables solutions or
workarounds to be found quickly.
A strength of OSSVERT is that it provides information that can be used immediately based on testing. A
certain amount of information can be obtained from
technology books and the Internet, but it is very difficult to find information on how to appropriately
operate various enterprise functionalities using the
latest configurations. OSSVERT provides reference
information suitable for enterprise use based on practical testing.
3. Use of OSS for enterprise application
development: Macchinetta framework
It is becoming very common to use platform software called an application framework (AP framework) when developing applications for various types
of business operations (business APs). An AP framework is software that mediates between the business
AP and the software operating environment composed of hardware, OS, and middleware. An AP
framework can increase productivity by providing
various common functions, and it has other benefits
such as promoting more uniform quality since the
framework has conventions that reduce differences
among programmers developing the application, and
more efficient maintenance and management, since
common knowledge based on the framework makes
systems easier to understand.
The NTT Software Innovation Center has developed the Macchinetta framework as a new AP framework that can be used throughout the NTT Group [1].
This will improve efficiency for personnel training,
software development, and maintenance, and it also
has the benefit of eliminating duplicate investment
since it is used throughout the Group. The basic poli3

cies in developing this framework were to use OSS of
a global standard, to ensure it was applicable on a
wide range of IT systems, and not to be constrained
by proprietary technology.
The Macchinetta framework is composed of a recommended OSS stack model, which is a stack of OSS
products needed for common functionality, and technical documentation to facilitate development using
the AP framework (Fig. 2). The recommended OSS
stack model has been tested in multiple combinations
of OSS products so that they can be stably used in
such combinations. In addition to components for
developing web systems with popular architectures, it
also includes batch processing architectures necessary for business APs, and client-side components for
improving operability. It has been adopted as the
standard AP framework for NTT Group companies
doing systems development, such as NTT DATA and
NTT Comware. In principle, it will be used for all
new projects and has a large and growing record of
practical applications.
To provide even higher quality support and increase
the reliability of the AP framework, we continue to
participate actively in improving OSS and are conducting R&D in cooperation with the OSS community. To implement major functionalities such as web
application server-side processing and batch processing in the Macchinetta framework, we are using an
OSS set centered around the Spring Framework [2],
which is developed by the Spring community. We are
providing bug patches to improve the quality of this
OSS and proposing new functionality based on needs
within the NTT Group. In particular, we are contributing by working on vulnerabilities that could lead to
security risks. These are investigated and analyzed in
collaboration with NTT Group companies, and bugfix proposals are created in communication with
principal developers in the community.
An active OSS community is also essential to
ensure that the OSS we are using has many users and
continues to be developed and maintained for a long
time. We are actively contributing to invigorating the
community such as by making presentations explaining the latest technologies at events sponsored by the
community in Japan and around the world, and by
promoting technical and event information on the
web.
4. Future plans
The NTT OSS Center and NTT Software Innovation Center endeavor to increase the usability of OSS
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The Macchinetta framework takes
care of details that developers have
to consider or implement.

Minimize the parts that
developers have to
implement.

Application
Macchinetta
framework

[Uniform quality]
Differences between developers are reduced by
developing software according to the
established routines of the framework.

Hardware / OS / middleware
Macchinetta framework materials

[Maintenance efficiency]
Understanding of the system is facilitated by
shared knowledge of the framework.

[Improved productivity]
Development workload is reduced by providing
various common functions.

OSS stack recommended model
(Combining multiple
OSS packages)

Technical documentation

• A verified stack that can be used
stably in multiple APs (common
feature of enterprise AP frameworks)
• Specifically, implementation of
selection and verification from
multiple OSS packages

• Application technology that uses an
enterprise AP framework to ensure
the smooth implementation of work
by teams, from design through
coding and testing
• Specifically, work procedures, rules,
sample APs, etc.

Fig. 2. Overview of Macchinetta framework.

Development benefits
Use of common
development
technologies/
know-how

Unification and standardization enable
know-how within the group to be used
for more efficient development.

Enterprise systems (web systems)

Operational benefits

Macchinetta framework
Use of common
operational
know-how

OS / middleware / etc.

OSSVERT

Hardware / cloud platform
All composed of OSS

• Having many systems operating on
a common base improves operational
efficiency, including the handling of
problems.
• Vulnerabilities can also be addressed
quickly through cooperation within
the group.
The Macchinetta framework can
be run on OSSVERT operating
environments.

Using widely available OSS facilitates finding technical staff and avoids vendor lock-in.

Fig. 3. Software development and operation with OSSVERT and the Macchinetta framework.

by testing coordinated operation of OSSVERT and
the Macchinetta framework as described above
(Fig. 3). We are also providing the necessary technologies and tools for software development and
operation, supplying know-how, and supporting
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problem solving so that system updates for IT system
security and modernization can be done and the OSS
can be maintained and operated stably and efficiently
over long periods of time. Through these endeavors,
we are promoting the use of IT in NTT Group
4
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companies and helping to reduce their capital expenditure and operating expenses.
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