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Managing an on demand Computing Environment through Provisioning and Orchestration
Introduction: the on demand vision
IT organizations find themselves in a place strikingly similar to that of manufacturers in the days before just-in-time manufacturing. Just-in-time allowed manufacturers to reduce inventory costs and streamline production processes while still meeting the most demanding customer expectations. Previously, companies maintained stockpiles of costly materials and could only slowly respond to changing customer demands as they waited to work through those stockpiles. Sound familiar?
Today, IT, like manufacturers of the past, finds itself over-provisioning (stockpiling) their systems in an attempt to accommodate growth. But, the business environment has become increasingly dynamic, characterized by frequent and rapid change, while the IT environment, even with over-provisioned systems, has remained static and slow to respond. The problem: repurposing existing systems and resources in response to change is slow, cumbersome and error prone. Instead, the best IT can do is to buy more processing power, storage and bandwidth than it generally needs just in case, which still doesn't solve the problem. To the contrary, it creates additional problems, as you will see below.
On demand computing is the IT counterpart to just-in-time manufacturing. Hurwitz & Associates views on demand computing as the key to enabling IT to meet the business challenges that result from rapid change by dynamically repurposing systems and resources automatically. On demand lets IT avoid the rip-and-replace strategy of abandoning older technology investments for newer technology. In addition, on demand computing gives IT the ability to efficiently manage and optimize increasingly complex heterogeneous system environments while controlling costs. Finally, it enables IT and the business to move quickly, proactively provisioning and re-provisioning IT resources as situations change and opportunities arise.
This paper will examine IBM's vision of the on demand operating environment. It will review the state of automation today and the need for systems to manage themselves. It will look at IBM's blueprint for automation and how automation can be used to solve the problems facing businesses now. It also will describe the critical role played by orchestration, which allows organizations to utilize resources most efficiently by proactively sensing and responding to peaks in demand and allocating IT resources based on business policy. It is such orchestration that allows organizations to move from inefficient just-in-case provisioning to automated just-in-time provisioning. Finally, this paper will introduce IBM's automation offerings.
Like just-in-time manufacturing before it, on demand computing does not require an overnight revolution. Instead, Hurwitz & Associates views on demand computing as an evolutionary process that allows companies to incrementally build on what they have today. This paper will show IT managers how they can get from where they are today to where they need to be in terms of automated operations while reaping increasingly greater benefits along the way and without disrupting their organizations in the process.
IBM's vision for the on demand operating environment
IBM envisions an on demand business environment in which organizations dynamically respond to market changes and customer demands. Here business technology focuses on clients' needs through on demand services. In this environment, organizations have the ability to marshal their ongoing investments to create profitable innovation. Businesses can now invest in technology so they may better adapt their operations to whatever the marketplace brings, and do so quickly and efficiently
To succeed in this kind of exacting business environment, IBM brings a vision of on demand computing that encompasses the entire business process: business operations through business consulting, utility computing and the on demand operating environment. Specifically, on demand means integrating the IT infrastructure and enabling it with self-managing (autonomic) capabilities. It means the ability to direct the right resources and capacity to the right place at the right time. It also means technology is infused with business value and insight. IBM focuses on a long-term vision that is both broad and comprehensive. It will take time for all components of this roadmap to become a reality; IBM's approach is to start by implementing key components that can be deployed in an incremental fashion. This paper will focus only on the on demand operating environment and the automation it entails.
In the near-term, agility, productivity and cost-reduction are primary goals of the on demand operating environment, but managers also are looking for long-term solutions that will help them achieve sustained growth, such as the ability to support new, flexible business models. On demand delivers both near-term gains and long-term solutions. The benefits of an on demand operating environment are compelling:
• Greater agility: the ability to change the business as fast as markets change 

• Increased responsiveness: the ability to quickly meet changing customer demands
• Improved investment management: the ability to manage costs by spending on resources only as needed and scaling those investments up or down as conditions dictate to maximize the utilization of existing IT investments while adding more technology only as needed
• Lower costs: the ability to manage and reduce costs through automation and increased levels of utilization
• Improved service level delivery: the ability to automatically scale up system resources to meet unanticipated service demand as well as reduce the human errors that often lead to service outages.
Specifically, automation enhances: 
• Business service management: the ability to monitor, integrate, model, and manage business services end-to-end across disparate systems in conformance with business strategies and objectives 

• Orchestration: the ability to identify problems before they impact the business, forecast resource demand for the purpose of resolving the problems, and ensuring sufficient system resources are available to deliver the required service levels without disruption and wasteful over-provisioning
• Process management: the ability to monitor business processes across different systems and various business silos to ensure seamless system support for the business process without the need to continually buy more systems and resources IBM delivers these benefits by helping customers implement the on demand operating environment.
As IBM envisions it, the on demand operating environment consists of three pieces:
1. Virtualization: the ability to pool IT resources for improved access and utilization 

2. Integration: combining resources to optimize operations both within the corporation and with key business partners
3. Automation: technology that reduces management complexity so that assets can be better utilized and optimized based on business policies while providing effective management.
All three pieces are important to achieving the on demand goals. Virtualization, for example, masks the differences between systems and shields users from the underlying complexity, enabling administrators and users to work at higher, more productive levels of abstraction. Integration ensures systems work together and information moves smoothly across all systems. It is automation; however, that delivers the most immediate payback in terms of cost reduction and increased speed and responsiveness. Automation allows companies to shift people from low-level administrative tasks to more value-producing tasks while enabling systems to adjust to changes quickly, often in real time. In addition, IBM provides QoS (quality of service) capabilities to deliver and manage consistent and predictable levels of service across all critical processes. The remainder of this paper will focus primarily on the automation aspects of the on demand operating environment.
State of automation today
Just as on demand computing enables companies to meet the just-in-time demands for IT resources, the automation component of on demand allows organizations to control administrator headcount while still increasing business agility. Without on demand, enterprises are reaching the point with their information systems where they cannot find, train and hire administrators to handle the growing workload and complexity even if they wanted to. Their inescapable conclusion: automation is the only answer.
IT managers are realizing they cannot hire their way out of the rapidly increasing systems management challenges they face just as they cannot buy and deploy technology fast enough. There are simply too many systems, which are increasing and changing too fast, and too much to do in the areas of availability, security, optimization, and provisioning to handle the tasks manually. The only option is to automate.
The case for enterprise systems automation is driven by seven factors:
1. Growing number of diverse systems 

2. Increasing complexity of the systems
3. The difficulty and cost of finding, hiring and retaining skilled people
4. The high cost of training people in sophisticated, complex systems
5. Rapidly changing technology
6. Increasingly higher likelihood of human error
7. Application requirements for dedicated systems
In short, a company can't find and hire enough skilled people fast enough and can't afford them in ever increasing amounts even if they could find them. Similarly, they can't afford the cost or the time to continually retrain people on rapidly changing complex technology.
Specifically, automation pays off by:
Reducing Costs
• Enabling less infrastructure to do more work resulting in reduced costs of people, software, hardware and facilities 

• Reducing deployment and maintenance workload, which reduces the number of highly-skilled administrators required
Improving Service Levels 
• Enabling the infrastructure to meet unanticipated peaks in demand 

• Reducing instances of human error
Improving Agility
• Reducing the time (from weeks to hours) required to repurpose or deploy new infrastructure thus enabling IT to react to the rapidly-changing demands of the business
The idea of using the computer itself to monitor its activities and to automatically perform routine tasks has long been appealing. Such automation; however, often seemed too good to be true. Still, companies have slowly turned to computers to handle management tasks and have experienced some level of success, particularly in areas such as performance monitoring and software distribution..
Hurwitz & Associates advises managers to build on these early successes by implementing automation in phases, a piece at a time. For example, you can build various automated provisioning capabilities on top of basic monitoring. IBM, too, has recognized the steps toward automation many companies have already undertaken and now offers a phased approach to automation beginning with monitoring and moving through provisioning and orchestration, building at each point on what is already there.
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The automation blueprint: integrating all benefits into one view 
IBM's approach is to focus on automation across a number of critical processes.
• Availability: addresses the health and appropriate functioning of the IT environment, ensuring the resources are protected and available to meet the demand at any given moment 

• Security: addresses the integrity of the data and the system, ensuring the confidentiality and integrity of the information assets and system resources
• Optimization: ensures organizations are making the most productive and efficient use of IT resources
• Provisioning: sets up system resources (self-configuring) through configuring managers and elemental provisioners to ensure the right resources are allocated to the right processes and people
• Infrastructure orchestration: uses intelligence and rules to ensure the operation of the system meets business requirements and dynamically delivers the expected business value
• Business service management: provides tools to manage service levels and meter and invoice customers for system usage, as well as model, integrate, connect, monitor, and manage business processes end-to-end, thus achieving a complete linkage of IT and business processes
-Quality of Service (QoS)-the ability to deliver and manage consistent and predictable levels of service across all critical processes. Behind the IBM automation capabilities in each of these areas is the company's intelligent, policy-based, self-managing (autonomic) computing technology.
Need intelligent systems to manage themselves
Companies need more than the automation of individual systems. Rather, they need an architected approach to system automation that will enable them not only to leverage what they already have but to ensure that whatever new technologies they acquire in the future can be brought into their automated management strategy. An architected approach to automation ties all the disparate systems into an intelligent automation environment in which all the pieces work together and processes can run seamlessly across multiple systems. Furthermore, at IBM, automation encompasses orchestration, which proactively senses and responds to peaks in demand and allocates IT resources to processes based on business policy. Through orchestration, organizations can reach higher levels of automation and rapidly respond to fluctuating business demands on the IT infrastructure based on the overall business goals of the organization.
Orchestration can pay off in three ways. First, it increases the reliability and flexibility of the systems, because the systems themselves can re-provision, re-configure and re-allocate their capacities and resources dynamically as the level and type of business activity change. Second, it boosts the organization's responsiveness to the market and to customers. No longer will the organization be slowed, because it could not re-direct and re-configure its systems fast enough to satisfy new customer demands or capitalize on a new opportunity. Third, it ensures systems are effectively configured and optimized in the most efficient way to meet the business needs.
Hurwitz & Associates has identified three tiers of system automation:
1. Monitoring and basic provisioning 

2. Coordinated provisioning
3. Intelligent, predictive, proactive provisioning
IBM's automation blueprint similarly calls for three tiers of orchestration and provisioning. These consist of monitoring and elemental provisioners, Provisioning Manager, and orchestration and lay out the path to the kind of architected intelligent solution described above. At the same time, the blueprint enables organizations to implement automation piece by piece starting with whatever they already have.
Following the IBM blueprint, organizations typically start with monitoring and elemental provisioners for networks or servers. Elemental provisioners; however, addresses only specific pieces of the automation puzzle. Each enables the organization to configure a particular piece of the environment more quickly and without the need for human intervention. The configuration of a more complex system; however, still requires significant manual coordination of multiple elemental provisioners and results in an essentially static environment. If conditions change, the administrators must recognize the change and direct the individual elemental provisioners to re-provision the network or systems as the situation dictates.
For more complex systems, IBM turns to Provisioning Manager, which intelligently coordinates the actions of multiple elemental provisioners. In this way, companies can automate and speed complicated system configuration tasks involving several elemental provisioners. Provisioning Manager can enable the automation of any best practice that might be required to deploy, maintain and redeploy complex computing infrastructures from pools of re-purposable hardware and software. Provisioning Manager lays the foundation for the final stage, orchestration.
Orchestration involves the use of Provisioning Manager across elemental provisioners for the coordinated provisioning of servers, OS, middleware, application, network, clustering, security, and more. It also relates resources to IT service topologies, mapping infrastructure to business processes. By understanding the three-tier topology of an application environment, an IT service can execute a coordinated task such as adding a server to an application server cluster, which requires sophisticated knowledge of the network, the cluster, load balancing, and other associated elements of the environment. Only with all of this knowledge is Provisioning Manager able to form a foundation for orchestration.
Orchestration itself requires that the service level objectives (SLOs) of an IT service can be related to the coordinated actions required to maintain the SLOs. If the orchestrator does not understand what the IT service topology is, it can't measure its performance against its SLOs. If the foundational provisioning management product doesn't understand how the underlying infrastructure relates to the IT service topology, it can't take coordinated action when directed by the orchestrator.
Thus, to achieve the full payback from the on demand operating environment organizations need to move beyond elemental provisioning and Provisioning Manager to fully-informed, policy-based orchestration, which marries broad automated provisioning to the recognition of changing market dynamics and business objectives. Orchestration uses built-in intelligence to anticipate and predict needs and proactively manage the appropriate systems. Orchestration enables companies to address issues at the business level by providing a higher view of the operating environment than elemental provisioners or Provisioning Manager can deliver. As a result, orchestration can recognize and forecast changes, such as performance degradation, and immediately take appropriate action. Layered above elemental provisioners and Provisioning Manager, policy-based orchestration offers the key to the on demand operating environment, scaling the environment up and down dynamically as the situation changes.
This management scheme extends beyond daily operations to such areas as disaster recovery and even testing, areas characterized by rapid and sudden changes in system demands. Again, organizations will reduce the need to continue to throw more systems and resources at these tasks, while benefiting from the ability to respond to dynamic situations quickly and proactively. In this way, enterprises can prevent problems before they impact the business and/or capitalize on fast moving opportunities before competitors.
How automation characteristics apply to solving customer challenges
Today, companies find themselves in a no-win situation as they race to keep up with demands for their system resources. As noted above, they are forced to continually buy more servers, storage and bandwidth to keep up with constantly escalating demand. Yet, no matter how much they buy, they still need more for the next application or the next business initiative. Meanwhile, this proliferation of system resources greatly complicates the management task. IT management cannot afford to hire more highly-trained professionals to handle the complexity. Even if this hiring were possible, organizations are often unable to anticipate problems that arise because of the interactions of applications, systems and networks across their own and their business partners' environments. Organizations find themselves being buried in systems that are vastly underutilized even as they are buying more technology. All the while, the high cost of management personnel combined with low IT resource utilization drives up the cost of the operating environment, undercutting any advantage from the purchase of low cost system hardware. At the same time, organizations continue to struggle to protect and ensure the availability of their systems and data.
The solution is automation that re-allocates and re-purposes system resources dynamically. Underutilized server and storage capacity can be automatically re-provisioned for different applications and new business initiatives, which boost utilization levels while reducing the need for costly management personnel. At the same time, automation can assist with server and storage consolidation, data backup and disaster recovery, process management, and even patch management. 
IBM Tivoli product mapping to the automation blueprint and customer challenges 
IBM has developed a family of modular, on demand solutions, codenamed Project Symphony, that give organizations a choice in how they deploy effective infrastructure management solutions to simplify their IT infrastructures through automation, while leveraging their current skills and IT resources. This set of solutions is delivered in a variety of ways: as a set of products, as IBM solution offerings, as IT service offerings, or as an outsourced service, depending on how much assistance the organization wants. Organizations that want to do it themselves can start with IBM Tivoli Intelligent ThinkDynamic Orchestrator. For those needing more help, IBM provides it as a solution offering, consisting of integrated, pre-tested hardware and software combined with optional implementation services.
IBM Tivoli's suite of automation management products forms an architected solution. This solution addresses the range of critical functionality, availability, security, optimization, provisioning, orchestration, and business services management, in an integrated, yet modular solution.
As an architected modular solution, IBM Tivoli solutions enable organizations to implement automation management step-by-step, building upon what they already have. It delivers the key to the automated provisioning and policy-based orchestration that is essential for reducing cost and achieving business value from on demand computing. In the end, it helps organizations to improve their business agility and responsiveness while reducing the cost of the systems' operating environment.
To do this, today, IBM is able to deliver automation products that help organizations achieve the benefits of the on demand operating environment. These products include:
• IBM Tivoli Provisioning Manager: enables resources to be pooled, deployed, maintained and redeployed as complex application infrastructures by automating any deployment and maintenance best practices. It coordinates complex provisioning of servers, OS, middleware, applications, networks, security, and clustering by allowing customers to automate their own, established best practices. 

• IBM Tivoli Intelligent ThinkDynamic Orchestrator: takes advantage of system intelligence to turn a collection of disparate, IT resources into an IT utility in which networking, server, storage, and other infrastructure resources are allocated and re-allocated as needed based on business policies and priorities and intelligent demand forecasting.
In addition, IBM offers the IBM Web Infrastructure Orchestration Solution, a combined hardware/software solution that incorporates the key capabilities of IBM Tivoli's automation management for on demand operating environment. It automates the provisioning of server hardware and software for the purposes of automating the deployment of Web application server configurations in preparation for production deployment. Specifically, it delivers Web server provisioning, load balancing, application health and performance monitoring, and data protection. It allows enterprises to improve service and performance levels and helps ensure business continuity.
IBM Tivoli intelligent automation: an evolutionary path to on demand 
IBM's approach to automation is intended to be incremental and non-disruptive. It offers a simple, evolutionary path from wherever the organization is today to where it needs to be to capture the benefits of on demand computing.
IBM Tivoli allows organizations to leverage their existing systems and deploy sophisticated automation in a modular way, implementing only those modules they need when they need them. It provides an architected and integrated approach, ensuring modules work together and information flows across the systems, which allows organizations to add new and different technology as needed in the future.
How will this automation approach impact customers? A good example is IBM's newest initiative, Orchestration and Provisioning Automation Library (OPAL), which provides the tools and resources needed to capture IT expert know-how and dynamically execute processes in response to changing business requirements. This capability is being offered to independent software and hardware companies and system integrators so they can create and leverage IT service management workflows to automate the provisioning of their applications in an on demand environment. 
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