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Chapter 1
Introduction to TRIOLE
The IT infrastructure should enable enterprises to quickly adapt to changes in their business, develop and deploy business applications rapidly, and operate stable and reliable systems all the while reducing their Total Cost of Ownership (TCO).

Fujitsu will offer server, storage, network and middleware products using the core technologies of automation, virtualization, and integration.  It will also integrate those products into a platform and provide it to customer to help them optimize their IT infrastructure and realize the best returns on their investments in that infrastructure.

1.1
Challenges due to Changes in Business and IT Environments

The business environment and IT systems are experiencing a significant change and continuous evolution.  In addition, the effectiveness of investments in IT is under close scrutiny by management.  There is an urgent need to examine IT investments from every aspect such as the effective use of existing IT assets, the time to development and deployment of IT systems, and maximizing revenue opportunities and while minimizing operating costs, and so on.

(1) Coping with changes in business environments
The business environment is changing dramatically, accelerating the integration and separation of enterprises and resulting in the transformation of industries on a global scale. Furthermore, in order to create new business value, business processes and services across enterprises are becoming common through M&A and alliances.  As a result, it is strongly desired that IT systems adapt in tandem to these changes in the business environment.

(2) Coping with changes in IT systems
As the multi-vendor supplied system has evolved, special purpose systems such finance, account, and HR have been implemented on a departmental basis. As a result, IT systems within enterprises are distributed and increasingly complicated.  Moreover, these systems, which are now networked and today comprise a large complex enterprise system.  Consequently it is getting harder to guarantee the quality of systems made up of a collection of many products, isolate problems attributable to the different equipment, devices and products. This difficulty extends to the process of adding new hardware to such an enterprise system.

(3) Coping with IT evolution
IT continues to make accelerated progress through technological innovation such as the increase in choices of services brought about by Web services, one-stop-view services, broadband networks and a ubiquitous network*1,.  As a result, there will be a growing need for a mechanism to adopt and use emerging new technologies effectively now and in future years.

1.2
TRIOLE

The universal mission of an enterprise in deploying IT systems is to obtain the greatest possible value from the investment. As a total solution provider, Fujitsu also shares this view on IT systems. To achieve that mission, Fujitsu aims to develop and deploy business applications rapidly, provide stable and reliable systems operation and reduction in TCO while adapting customers to changes in their businesses through the life cycle of their IT systems.  Fujitsu’s TRIOLE*2 vision achieves that goal.
(1) Business Agility

TRIOLE enables the customer’s existing systems to quickly adapt to changes in business and transform them into an IT system that is holistically optimized.  Furthermore, by supporting web services and ubiquitous networking, TRIOLE aims to help customers significantly expand business and improve productivity.

(2) Rapid development and deployment of business applications

TRIOLE aims to enable customers develop and deploy business systems rapidly using a framework.  Fujitsu offers predefined control logic components as part of the framework. This enables rapid development of highly reliable applications as well as the reuse of those applications.
(3) Stable and reliable systems and reduced TCO

Fujitsu applies automation technology to its components in order to enhance reliability not only of the components themselves, but also all the way up to a customer’s system level.  Furthermore, Fujitsu guarantees the compatibility and quality of customer systems, including well tried and test ISV*3 & IHV*4 products. It also ensures that customer systems are secure and efficient.  With Remote Customer Support System (REMCS*5), the system prevents problems with its monitoring and predictive functions by taking quick action in the event that any problem occurs or even before the problem occurs.

*1
Ubiquitous network: A network accessible anytime and anywhere, from computers and various mobile equipment such as cellular phones.

*2
TRIOLE: German musical term for “triplet.”
*3
ISV: Independent Software Vendor

*4
IHV: Independent Hardware Vendor

*5
REMCS: Remote Customer Support System, which is Fujitsu’s remote customer support service

1.3
TRIOLE Achieves the Vision of a New Platform
In the multi-vendor system environment, any hardware and middleware products e.g., Fujitsu and ISV/IHV products can be combined in a platform.  On the other hand, using a wide variety of applicable products makes it difficult to maintain the consistency and compatibility of the products. This results in a significant amount of effort when developing a customer system and operating the system in a stable manner. Fujitsu has realized an open and mission-critical platform. By being open, customers have the freedom to choose products with desired features while retaining the ability to develop and deploy a stable system in a short period of time.

Fujitsu believes in a new platform, which optimizes the customer’s system through platform integration.
Fig. 1 Evolution Toward a New Platform
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(1) Enhancement of Fujitsu’s Products using Core Technologies 

Fujitsu applies the core technologies of automation, virtualization, and integration to each platform product and continues enhancing them.  With the enhancements, the products achieve a new degree of compatibility and consistency at the system level, which optimizes the entire system.

Fujitsu also actively applies standard technologies such as open architecture and open source to products.  It provides an open platform enabling the quick integration of business application programs and customer systems even in heterogeneous environments where different hardware, OS and middleware are used together.

(2) Platform integration

Fujitsu models a new platform by combining its products and leading ISV/IHV products taking into consideration reliability, security, performance, and scalability.  Fujitsu also verifies each model thoroughly to guarantee the compatibility, consistency, and quality of the entire platform through its life cycle.

Fig. 2 New Integrated Platform

[image: image4.emf]Corporate hub

Web service

Information sharing hub

GRID

computing infra.

Integration of information systems

End user level

Third party hardware

Third party software

Process hub Process hub

Client

Client

Corporate hub

Web service

Information sharing hub

GRID

computing infra.

Integration of information systems

End user level

Third party hardware

Third party software

Process hub Process hub

Client

Client


1.4
Modeling and Offering a Platform


The IT system is made up of various servers, storage, networks and middleware and is required to be developed and deployed through a combination of various products.  As a result, variations and configurations of the system can get complicated and its combinations are unlimited.  It will probably grow large-scale, making it difficult to keep the compatibility of the entire system.

Fujitsu models platform development to enable the development of an open and high-quality platform in a short time.

TRIOLE overcomes challenges to the multi-vendor system and integrates carefully selected and highly regarded ISV/IHV products into servers, storage, networks and middleware.  TRIOLE works toward an integrated platform that achieves the consistency and compatibility of the entire customer system.

(1) IT system building block functional elements and Pi template definitions
TRIOLE standardizes the platform development process to divide each component into blocks by functional elements.  This block combination is defined as a “Pi template.”  Pi templates have been designed, built and verified in advance to provide the requisite availability, fault tolerance, reliability, scalability and performance.  The combination of these templates enables TRIOLE to respond to customer needs in a flexible manner.

(2) Pursuing open and high-quality platform integration

Considering support and maintenance, Pi templates contribute to achieve open and high-quality platform integration with Fujitsu products and carefully selected ISV/IHV products.

(3) Customizing the model according to customers’ system requirements

The existing assets, system size, and components are typically different according to customer systems.  Pi templates, however, can be customized according to the customer system requirements to apply to their individual systems.

Customization is available at various levels.  When further customizing the verified Pi templates, Fujitsu will meet customer needs by trading off development period for customization.

Fig. 3 Verified Pi Templates for Platform
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Chapter 2
Toward Business Agility

From Individual Point to Whole Holistic Optimization---- Service-oriented Integration Increases Asset Value 

Service-oriented integration enables existing systems to adapt quickly to changes in customer’s business and develops an optimum IT system by utilizing the existing IT assets. 
Service-oriented integration achieves a rapid restructuring and integration of business operations.

2.1
The Concept and Aim of Service-oriented Integration

Enterprises have developed several business applications, and business models to carry out operations are established according to the IT system in the enterprises.  All customer systems, which are distributed throughout the enterprise, store important information indispensable to business.  These existing systems are valued assets to enterprises and, therefore it is important to effectively utilize and manage them.

(1) Adapt quickly to changes in the business using the existing IT assets

Business environments are changing quickly, encouraging the brisk integration and separation of enterprises and alliances between enterprises.  At the same time, the integration and restructuring of many existing IT systems is required and there is an urgent need to take flexible actions in these situations.
Fujitsu believes that IT systems are moving into the age of the utilization of the existing assets from that of scrap-and-build and TRIOLE’s Service-Oriented Integration will make this possible.  With TRIOLE, Fujitsu pursues maximum effectiveness from new IT investments as well as from existing IT assets now and in future years.

Fujitsu will realize a flexible IT environment using service-oriented integration regardless of the purpose, form and work front of the customer system.  TRIOLE aims to drastically expand business and improve convenience for customers using web service linkage and ubiquitous networking.
Fig. 4 Integration and Development of IT Systems
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(2) Concept of Service-Oriented Integration

Fujitsu will realize the expansion of business through Service-Oriented Integration, which has the following three stages; Business Processes Integration, Information Integration and People Integration.

• Business Processes Integration:  New/existing applications and systems.

• Information Integration:  Enormous amount of distributed data.

• People Integration:  People and the broad knowledge within a company.

This integration will broaden its range of integration while advancing and expanding step by step according to various developments such as an increasing amounts of network data and changing business requirements.

Fig. 5 Evolution of Service-oriented Integration
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The roles of software modules used to achieve service-oriented integration are shown in the figure below.

Fig. 6 Configuration of Service-oriented Integration
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*6　Web service: Services available on the Web

*7
DWH: stands for Data WareHouse.  A database for drawing up corporate strategies and making decisions

*8
BI: stands for Business Intelligence.  Software products that enable customers to collect, classify, and access data that supports decision making and contributing to business operations by using data accumulated within enterprises

*9
OLAP: stands for Online Analytical Processing.  A function for end users to analyze in various ways to extract useful information from information accumulated in the DWH

*10
Mining: A function for mining raw data accumulated in DWH and extracting useful information (including hypotheses, knowledge and problems) from the data
2.2
Business Process Integration

- Significantly Reduced Man-hours by XML*11 Hub -

Business process integration involves linking business applications to create a new business operation.

Business process integration plays the following two roles:

1) “n-to-n” information sharing between various customer systems (Information sharing hub)

2) Business Process Integration toward Improvement of automation and agility of business operations (Business process hub)

The existing business process integration has been positioned as a corporate hub to integrate information systems in enterprises.  TRIOLE’s vision Business Process Integration aims at integration including end users using two hubs as follows.

Fig. 7 Development of Business Process Integration
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(1) Information sharing hub  - Sharing of information between various customer systems –

The information sharing hub enables rapid linkage with mainframes of each company including ERP packages and GS/M series.

Conventionally, linkage between customer systems and application programs required programming.  However, the corporate hub, enables linkage with customer systems and with application programs once the customer creates a format for the linkage.  This results in cost reductions and productivity improvements.  The information sharing hub enhances the uncomputerized upper process support tools to significantly reduce consulting costs and adjustment costs between business departments.

The information sharing hub makes a common dictionary for each business pattern such as general accounting, management accounting and production management and stores each of them into the repository.  With reference to the common dictionary, the information sharing hub finds data items (names) and matches them automatically. With the information sharing hub, both of the creation of matched formats and the definitions of data items are unnecessary, which enables quick linkage.

Fig. 8 Conversion of Data Items in Business Linkage
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(2) Business process hub  - Business process integration –

The business process hub provides a business process runtime environment including process-flow control, modeling/monitoring, and templates for business process development to control the business process at an end user level and aims to optimize the entire customer system.

The business process runtime environment enables the customer to define and execute the business process and also to redefine the business process based on the execution result.  The business template function provides templates for display (JSP*12/Servlet) and processing of intra-company operations, inter-company transactions and managerial decision-making.  Combining these templates will expand the business process from “in-B” to “B-to-B.”

The modeling/monitoring (analysis) tools are tools that facilitate modeling and monitoring for analysis/evaluation of the business process.

Fig. 9 Configuration of Business Process Hub
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*11
XML: Extensible Markup Language.  A markup language that enables users to describe tree-structured data as text data using tags

*12
JSP: Java Server Pages.  The technology to dynamically generate Web pages on the Web server using the Java language and send them to clients

2.3
Information Integration
- Management Functions, High-speed Search Functions, BI Functions –

Information integration aims to integrate an enormous amount of data stored in various existing customer systems to enable the full utilization of the data.  It provides contents management functions, high-speed XML contents search functions, and business intelligence functions.

Fig. 10 Configuration of Information Integration
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(1) Dynamic collection of contents

Contents management manages location information of content stored in each customer system, how to access the content and contents-to-contents relations as meta-information.  It also manages business applications and data linkage definitions in the information-sharing hub and dynamically collects content to realize construction of a spiral data warehouse.

This enables utilization of information in the current systems step-by-step to speedily satisfy the needs of the end users and while reducing significantly the cost of constructing a data warehouse, which typically involves considerable expenses related to initial investments.  Step-by-step investments realize further expansion of customer systems.

(2) High-speed search of XML contents

In order to facilitate the standardization of data item formats and the addition or modification of data specifications, which have been difficult for the conventional RDB to do, this function stores the contents as XML (text) data. The XML accelerator (tentative name) realizes a high-speed search of stored XML data.  The data search achieved is five to ten times faster than general XML databases.

(3) Real-time analysis of distributed information

Information integration provides the OLAP tools to analyze freely and in real-time information distributed to various customer systems in enterprises.  In addition to the functions of the conventional tools (R-OLAP and M-OLAP), the new OLAP tools enable the “utilization of highly fresh information” and “utilization of detailed information including summary information” to expand the number of users of the information.  For example, sales and development departments can utilize accounting information in real time, which has been used only in the strategy departments, resulting in expanding marketing activities.  Furthermore, information integration provides H-OLAP tools that have both the flexibility of R-OLAP and the performance of M-OLAP to reduce significantly the cost of developing a customer system for utilization of information.
2.4
People Integration
- Knowledge Sharing and Know-how Accumulation –

People integration provides the necessary information from a wide range of information sources as needed to support increasing individual knowledge.  Although the existing system has provided personalized information simply through a  web interface accessible via a browser, the new people integration will provide well-developed functions in three steps as follows:

• Step 1: Personalizes various screens by standardization of the display frames 

• Step 2: Provides the workplace for information communications among groups

• Step 3: Provides a knowledge sharing infrastructure making strategic use of information obtained from business process integration, information integration and individual know-how

Fig. 11 Configuration of People Integration
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2.5
Models for System Development using Service-oriented Integration
The following are the typical models (basic applicable forms) for system development consolidating business applications, information and knowledge (people).

(1) Model for development of business application integration system

Fig. 12 Development of a New Accounting System into which Package Applications Are Integrated
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Fig. 13 Integration of Current Business Systems Associated with Business Mergers
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(2) Model for development of information integration system

Fig. 14 Development of Data Warehouse Using Business Process Integration
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Fig. 15 Development of Information Infrastructure Using Information Integration
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(3) Model for development of knowledge integration system

There is a move afoot to integrate new operating procedures and know-how with the business process, and/or to define and share them as knowledge in association with the business contents.  Human resources (HR) and e-learning also tend to be utilized as knowledge associated with business contents.

Fig. 16 Scenario where knowledge is used
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2.6
Position of Global Server in Service-oriented Integration

For a long time, the global server has supported many customers’ business activities as a business information system platform.  The business environment surrounding business is changing from rapidly and business information systems must grow in response to the changes.  
To accomplish this, instead of redeveloping the system from scratch, the utilization of existing and abundant intellectual assets (application programs, databases, and design and operational know-how) previously accumulated will most effectively enhance effectiveness in terms both of speed and cost.  
The global server will guarantee the portability and continuity of existing assets, and work toward integration of the transaction tasks which have been managed by global servers (such as manufacturing- and distribution-associated ordering operations and finance-associated deposit/exchange operations) with new technology realized though service-oriented integration.

Fig. 17 Relationship to Mainframe
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(1) Integration with people integration

By using the Web computing technology, most of challenges to conventional transactions (such as integration into the IP network*16, release from complicated client software management and improvement in serviceability) can be solved and integrating the global server with people integration holds promise the expansion of business activities.

(2) Integration with business process integration including global server

Business process integration connects individual systems optimally arranged for each operation logically to realize a high-value-added business information system.  The transactions on the global server are indispensable to customer’s business activities.  Integrating business process integration with the global server holds promise of providing highly competitive business activities.

(3) Integration with information integration

Transaction information on the global server is important for customers to do business analysis. And, most of the information are generally used on a monthly, weekly or daily basis.  In various aspects from drafting of management strategies to inventory control, the result of judgment depends largely on the degree of freshness of information.  TRIOLE will offer the results of updating transactions on the global server in real time to enhance the freshness of information.

*13
CRM: stands for Customer Relationship Management.  A method for establishing the relationship between enterprises and customers using information system 

*14
SCM: stands for Supply Chain Management.  A method for realizing just-in-time control of parts procurement, production, distribution and selling using information system

*15
SFA: stands for Sales Force Automation.  To bring efficiency to sales departments of enterprises by making full use of information communication technology such as a personal computer and the Internet

*16
IP network: A network using TCP/IP protocols
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Chapter 3
Toward Rapid Development and Deployment of Business Applications
- A Framework that Extends its Applicability to Cover the Entire Customer System including Mission-critical Systems–
With the introduction of a new development framework called B².Sframework*17, TRIOLE enables rapid systems development requiring minimal programming. The framework consists of an application framework and an application control base/operation control base.
3.1
Concepts and Effectiveness of Framework
At present, IT vendors are offering frameworks for application development mainly based on Web-front systems.  In an open environment, however, multi-vendors are increasing in number and as the heterogeneous environment grows popular, resulting in the diversification of development environments for business applications.  Under these environments, a simple application framework is not enough to develop a reliable mission-critical system in a short period of time.

TRIOLE’s B².Sframework enables development ranging from Web-front systems up to mission-critical systems, and concentrates on designing business applications without developing any control block in infrastructure to achieve rapid development and deployment of business applications.

(1) Extends the applicability of a framework to include the development of mission-critical systems
[B².Sframework is a framework that extends applicability of development ranging from Web-front systems to mission-critical systems, as well as the development of business applications.
Consolidating the systems and business application development skills and know-how that Fujitsu has developed for many years, TRIOLE will enable development and deployment of the entire customer system.

Fig. 18 Applicability of B².Sframework
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 (2) Building Block System

The building block system framework consists of a hierarchically of two components--- platform and application program- and customizes required functions by components.  These components are called “function blocks.”  Combining function blocks makes it possible to develop a more reliable customer system in a shorter period of time.

With the platform component, customers choose and combine several tens of function blocks to develop applications.  The application program component is developed by the application framework based on the J2EE standard architecture and the application control base/operation control base for development of business systems that support the life cycle of mission-critical systems.

Fig. 19 Configuration of B².Sframework
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(3) Rapid designing of customer system and standardization of development style

■ Shortening of design period for customer system

B².Sframework will provide frequently used functions as sophisticated modules.  This framework regards the Web server and DB server as function blocks, customers apply the system configuration with patterned combinations and arrangements of the blocks that TRIOLE provides, which will shorten the amount of time needed to design a customer system.

■ Standardization of development style

The inconsistency in the quality of the system caused by individual developers can be minimized by using a predefined systems design method and modularized functional blocks. By adopting development logic as well as modules enables the standardization of the development style, which will improve program readability and maintainability. This will help homogenize the quality of development and improve the quality of the entire customer systems.

*17
B².Sframework: stand for Building Block System framework

■ Ensuring high quality

Using software parts of Fujitsu’s time-proven control logic (such as DB control) separated from business logic describing business processing, customers can concentrate on developing business logic and develop a high-quality system with efficiency.  Combining the verified models and function blocks, developers will be able to develop a reliable customer system. 

3.2
Application Framework
This framework standardizes a development style according to the J2EE application design guidelines and provides logic for some of the same components as standard.  Concealing the platform parts of the OS and middleware, the framework supports flexibly frequent modifications and increased variations and ensures high reusability.

Fig. 20 Location of Application Framework
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The framework has the following merits:

● Business application development based on business logic

● Load reduction in business application development and productivity improvement in business application

● Asset utilization by Struts, a J2EE-based open source development framework

● Development and deployment of reliable customer system with quality modules

● Realization of some of the same components by standardization of development style
● Improvements in program readability and maintainability of customer system

*18
EJB: stands for Enterprise Java Beans.  One of the Java components building technologies that sets the specifications for components running on the server

3.3
Application Control Base/Operation Control Base
This application control base/operation control base is a control base for developing business systems that support the life cycle of mission-critical systems.  Applying the application control base to the customer system enables developers to speed up significantly the new development and/or the repeated development of business systems.

Applying the operation control base enables customers to maintain the stable operation of changing business systems.

Fig. 21 Application Control Base
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(1) Application control base

The application control base provides the business processing pattern library consisting of the following four business processing models and control modules for business application development as standard.  The developers can develop high-quality business applications to support large-scale and high-reliability systems just by changing the combination of the four business processing models according to applications or choosing the business processing pattern library needed to create business logic.

■ Synchronous online processing model

This model provides work assignment, transaction control, exception handling, automatic retry control, log acquisition, and so on.

■ Asynchronous online processing model

In addition to the control logic of the synchronous online processing model, this model provides background processing and linkage mechanisms (status inquiries and notification of the result).

■ Center-cut processing model

This model processes business operations, which have undergone batch processing, online and concurrently in response to 24-hour online services.  Using the same applications and resources as those for online services enables load control without affecting response to online services.

■ Batch processing model

This model provides control logic that repeats the same processing for all records in the input files.  It also provides the functions for operation schedule design, automatic rerun in the event of error, and restart in order to operate automatically batch jobs exceeding 10,000 cases per day required for the mission-critical system.

(2) Operation control base

The operation control base provides the functions for business operation control and operational resource management to keep the continuous stable operation of business systems.  This significantly improves the operating efficiency of large-scale mission-critical systems.

■ Business operation control

This provides the functions for business management, business day management and automatic operation.

■ Operational resource management

This provides the functions for hot-swapping, log acquisition, fault information acquisition and capacity management required for 24-hour continuous operation.  The functions for data integrity (backup/restore) and data transfer (clustering, backup center) are also provided to retain business data securely.
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Chapter 4
Toward Stable & Reliable Systems and Reduced TCO
- Autonomous System Infrastructure to Overcome Challenges Associated with Scalability and Complexity Increases –

Today’s growing globalization and life infrastructure require IT systems to provide service 24 hours a day, 365 days a year.  It is unacceptable for the customer system to go down due to temporary workload increase, for Web service to worsen due to unbalanced operating load between customer systems, and for the customer system to shut down due to maintenance.
In response to these needs, TRIOLE will guarantee the compatibility, consistency and quality of the entire customer system including ISV/IHV products as well as Fujitsu products and provide customer systems with safe and highly productive systems.

4.1
Working toward Autonomous System Infrastructure
Fujitsu has developed approaches that realize high reliability and fault tolerance at the parts, equipment and products hardware and software level constituting the infrastructure of customer systems.  It aims to provide mutual linkage between the high reliability and fault tolerance of products to realize a fault-tolerant customer system.  This linkage is called “autonomous system infrastructure.”

Fig. 22 Working toward Stable & Reliable Systems
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(1) Work toward stable & reliable operation at parts and systems levels

Fujitsu will enhance fault tolerance functionality at parts level such as CPU and disk cache parity and CPU instruction retry.  At systems level enhancement includes redundancy and hot swapping.

Fig. 23 Working toward Stable & Reliable Operation at Part and System Levels
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(2) Working toward stable & reliable operations at the product level Fujitsu will enhance fault tolerance at the product level for example, the redundancy of cluster systems, storage and network, or the expansion of online hardware and software.

Fig. 24 Working toward Stable Reliable Operation at Product Levels
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(3) Work toward Entire Customer System

The high reliability of individual products and mechanism of scalability (optimization mechanisms) alone can never realize the stable and reliable operation of a customer system and reduced costs.

Fujitsu will introduce the Resource Coordinator (development code name) as a core component to optimize the entire customer system with individual optimization mechanisms interconnected. This is to achieve the stable and reliable operation of the entire customer system through its life cycle.

■ Introduction and addition of customer system

Fujitsu guarantees the consistency of the customer system by both system and logic configurations so that customer can introduce and add systems easily and properly.

■ Operations

TRIOLE will detect and pinpoint the location of faults early and [as well as predict potential faults or load spikes in advance of their occurrence.  These functions will reduce the frequency of occurrence of the fault and shorten operational recovery time to realize continuous operations. It will work toward the total security of the customer system and also ensure the safe operation of the customer system 

■ Maintenance

During software or hardware maintenance, TRIOLE can predict the impact of the maintenance and will adjust the operations to be affected to alternative operations in advance in order to achieve system maintenance during operations.  TRIOLE’s remote customer support system (REMCS) continuously monitors the customer system for stable and reliable operation.

4.2
Optimization of Entire Customer System by Resource Coordinator 

Fujitsu has introduced a new optimization mechanism, Resource Coordinator (development codename) to automatically allocate sufficient hardware and middleware resources in response to spikes in processing requests.  The Resource Coordinator will manage and control the resources of the entire customer system including storage, networks and middleware in a unified way and also optimize the resources.

(1) Position of Resource Coordinator

The Resource Coordinator is the optimization mechanism of the entire customer system, covering servers, storage, networks and middleware. It coordinates the resources of the entire customer system uniformly by linking with the autonomous control mechanism embedded within individual products 

Fig.25  Location of Resource Coordinator
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(2) Dynamic resource allocation by Resource Coordinator

The autonomous system infrastructure is required to be able to dynamically allocate resources of sufficient capabilities to various servers and middleware degraded in performance due to increases in processing requests during peak periods.

The core product achieving this dynamic allocation is the Resource Coordinator.  It has the functions of “configuration/fault management” and “performance/workload management.”  The “configuration/fault management” function manages the configuration of various hardware resources and monitors the operational status of hardware and middleware to detect faults.  The “performance/workload management” monitors and detects performance errors and bottlenecks and reallocates resources according to policy settings.

These functions permits monitoring in details the operational status such as the usage rate of middleware, CPU and memory running on the server in order to allocate servers with sufficient processing capabilities to middleware degraded in performance. The allocation is performed according to the policies with existing load balancer.

(3) Application of Resource Coordinator to products from Other Companies

Fujitsu has published the API of the Resource Coordinator so that customers can use it to control products from other companies.  The published APIs from competitor products can also be used in the Resources Coordinator.
4.3
Servers and Middleware-based Optimization of Entire Customer System
To achieve non-stop operation, it is necessary to prevent customer system failure caused by hardware errors or hang-ups caused by overload.  This must be accomplished according to the service-level management of the entire customer system as well as on a fixed number of servers 

Fujitsu expands service-level management from a single server to multiple servers and three-layered system models in stages and ensures detailed management of performance and workload.

(1) Enhancing the continuation of operation

Fujitsu believes that the base of workload management in three-layered system models is to control the application program (AP) server. We provide the following solutions to CPU or memory contention among multiple application programs in the AP server:
■ Prevention of performance degradation as online processing and batch processing coexist

When two or more business applications are in the same server, the load of applications with low-priority such as batch processing affect the processing capabilities of applications with high-priority such as online processing, causing degradation in the response time and the throughput of online applications.

The Resource Coordinator and middleware (such as Interstage) jointly allocate CPU resources preferentially in order not to allow crowded transactions to exceed the allowable range resources, and also coordinate the multiplicity of application programs to prevent degradation in their performance.
■ Batch job priority decisions

The Resource Coordinator and Systemwalker OperationMGR jointly allocate CPU resources and decide the priorities for batch jobs according to the batch priority.
■ Dynamic coordination of load fluctuations caused by mixed applications

Online applications and B2B applications may cause imbalanced load fluctuations in a weekly or monthly cycle such as on settlement day (claim/payment) and the patterns of the load fluctuations cannot be duplicated and are complicated. Usually, only the fixed allocation of CPU resources cannot respond to these complicated applications.

Resource Coordinator can analyze the patterns of load fluctuations and make recommendations based on the analytical data, which the operator can use to decide how to coordinate dynamically the allocation of CPU resources.

■ Optimization of AP server scalability in SMP*19 system

The AP server may not provide performance suitable for large-scale SMP.  Resource Coordinator can optimize CPU scheduling in the SMP system with middleware resources to improve the scalability of the AP server.
Fig. 26 Example of Preferential resource allocation when Online and Batch applications are mixed
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(2) Increasing the efficiency in operation

If there are still crowded transactions and the lack of resources are predicted after coordinating the server resources in each node, Resource Coordinator will warn the operator to perform the following processing.  In this case, the Resource Coordinator presents performance information on applications across two or more AP servers to the operator to assist in the operator’s decision.

■ Changes of partition and coordination of resources by changing partition

The Resource Coordinator moves the partition boundaries to allocate resources preferentially to higher-priority applications that have insufficient resources.

Fig. 27 Coordination of Resource Allocation by Changing Partitions 
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■ Workload Adjustment by provisioning*20

The Resource Coordinator will generate software configurations necessary for the AP servers and Web servers as nodes in the shared server pool and dynamically incorporate them into the AP servers and Web servers as needed.

*19
SMP: stands for Symmetric MultiProcessor.  A multiprocessing method is one in which two or more CPUs can process in parallel.

*20
Provisioning: A function to quickly allocate resources pooled in advance to customer systems

Fig. 28 Workload Adjustment through Provisioning
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(3) Server pool in data center

The Resource Coordinator pools backup resources in the data center and allocates them according to load.  To keep the service level, Resource Coordinator monitors the load status of each server to control autonomically the load balance and resources to be supplied to applications on the entire customer system.

Resource Coordinator associates the resources to be coordinated with the amount of I/O transactions and the network bandwidth at a predetermined time.  This ensures that the customer system is controllable at a defined and measurable service level.

4.4
Storage-based Optimization of Customer System
As storage networking advances, storage can be integrated independent of the servers, enabling a reduction in the cost of operations management and data sharing.  On the other hand, problems associated with operations management and fault measurement arise.

Fujitsu promises to realize stable & reliable systems and reduced TCO using a storage management mechanism that manages storage-related resources comprehensively using the Resource Coordinator.

(1) Predicting Allocation of resources and visualization of fault and impact

■ Problems associated with complicated storage networks

With the complexity of the storage networks, considerable skills and effort are required to design and develop hardware configurations, and design and operate backups.  Furthermore, the prediction of the correspondence between data used in application programs and the storage disk required is getting more difficult, taking more time and efforts to identify the cause and impact in the event of trouble.
■ Solution by integrated management of storage management mechanism

Fujitsu will integrate and control storage-related resources to solve these problems (storage SLM*21 mechanism).

The storage SLM mechanism enables nonstop operation, sever independence and autonomous backup/recovery which are preconditions for the stable and reliable operation of the customer system.
■ Automatic configuration design/development function

In existing customer systems, storage SLM reads definition and connection information on each component to choose the most suitable sample configuration out of the multiple sample configurations to design a new configuration.  Based on the information, this mechanism generates definition information on each component automatically to design the most suitable configuration in terms of reliability and performance according to the policy setting.
■ Access path display function

The access path and connection relationship between the database used in application programs and the physical disk can be listed on a screen.  Customer can understand which data and applications on the server are to be affected instantly when a failure occurs. Thus during system maintenance, system replacement, and performance tuning, they can minimize the impact on applications.

(2) Expansion of the range of technology from storage SLM to IP storage

Fujitsu will expand the technology of storage SLM from FC-SAN to IP storage (MAS or iSCSI) to further extend to the broadband storage network between the data centers.  It aims to guarantee the security of storage access and quality of services QoS in order to ensure safety and stability.

Fig. 29 Consistent Management of Servers, Networks and Storage

*21
SLM: stands for Service Level Management.  To quantitatively manage network quality, latency, throughput and availability

4.5
Network-based Optimization of Entire Customer System
Fujitsu servers and network products have high-reliability functions based on the technologies of automation and virtualization.

Fujitsu also is working on achieving stable communications, continuous applications, and simple and easy network operation management to provide high-reliability IT systems. This consists of various servers and network products including those from other companies with different capabilities and functions.

(1) Stable communication  - Sharing and optimum allocation of resources –

For load concentration and sudden load fluctuations, a server load balancer virtualizes the server and regulated the communication load according to the operational status of the server to ensure business application response.

For sudden load fluctuations and increases, a server pool is provided in conjunction with the Resource Coordinator.

Fujitsu will incorporate routing path management and congestion control technology into the shaping (band control) function to automatically adjust communication load, such as wide-area load distribution and error recovery on a wide range of networks.

(2) Continuous operation  - Visualization of failure –

● Fixed failure in network equipment

Fujitsu duplicates the system and communication path to achieve continuous operation.

● Performance error, intermittent failure, and failure on one side of communication path caused by insufficient processing capabilities and overload

Fujitsu enhances the monitoring function in the network to grasp the status of the entire network to visualize where the error occurs.

Fig. 30 Monitoring Network Errors

Fujitsu will provide criteria information required when the operator intervenes in the event of a failure. This is to shorten the time taken from detection of an error until identification of the location of the error and minimize the operator’s intervention and allowing support for a 24 hours a day 356 days a year continuous operation

Fig. 31 Minimization of Operator’s Intervention in the Event of Failure

(3) Simple and easy network operations management  - Autodiscovery of configuration resources –

TRIOLE accurately autodiscovers the physical configuration (equipment, server connection) and logical configuration (IP address, VLAN, sub-net) of the network and the compatibility between those configurations. This helps to ensure the connectivity of the entire customer systems and the compatibility between communication parameters and network design toward the business SLA*22.

Fujitsu will also make efforts on automation to avoid the effects of network errors on applications and the recovery from the error. This also includes automation of design/compatibility tests at the time of introduction and configuration change.

*22
SLA: stands for Service Level Agreement.  A concept that represents network quality with numeric values of latency and throughput, etc., the network provider and the network user develop, maintain and manage a network by mutual agreement on an SLA.

4.6
Integrated Management and Autonomous Protection of IT System Security
Protecting the customer system from an illegal access requires some measures (periodical audit and update) including Web application operation as well as the use of a firewall and products for detecting illegal intrusion and virus attacks.

For the operations management of security, some measures against the ever-changing threat of security are always required, which becomes a burden to customer in terms of cost.  For this reason, integrated and autonomous security management is necessary.  It is especially important to protect illegal entrance at the system frontend and realize the following functions.

(1) Integration of access security function

Autonomous protection against illegal access monitors illegal access in a unified way using the security function to process information monitored and detected according to the policy settings and automatically change settings of each security function.

Fig. 32 Integrated Security Management at the System Front-end

(2) Integrated validation/authentication management

In the customer system using the Web server as a core, for example, validation/authentication is needed for each Web server and application, which becomes a large burden to customers and operators.  For this reason, Fujitsu will integrate validation/authentication information according to the unified policies.

4.7
Stable and Reliable Systems through Its Life Cycle
For the stable and reliable operation of the customer system and reduced TCO, support is indispensable after starting operations.  Fujitsu provides REMCS (see Section 1.2 TRIOLE) to realize the stable and reliable operation of the customer system throughout its entire life cycle.

(1) Reduction in the workload of the customer systems operation manager Fujitsu REMCS is a support system that always monitors, analyzes and predicts the status of the customer system after starting operations from the remote center. It provides high-quality support services.  Preventive maintenance with REMCS promises stable operations and quick troubleshooting to reduce workload for the customer system operations manager.

Fig. 33 Basic Functions of REMCS


(2) Enhancement of the support base (autonomous support)

Toward the stable and reliable operation of the customer system and reduced TCO, Fujitsu will link the autonomous control mechanism of each product with the Resource Coordinator.  We at Fujitsu aim for a maintenance-free platform development, clarification of service level, and reduced skill for development and operation of a platform such as TRIOLE.
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