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ABSTRACT

The success or failure of organizations will be determined largely by the ability to affordably upgrade information and other systems and reconfigure them in real time. Such capability requires the establishment of appropriate plans and strategies to effectively deal with the enormous managerial and technical challenges associated with management of diverse systems and technologies. Besides mitigating technical risks, an organization must also begin to formulate necessary acquisition, technology, and support strategies to effectively manage systems and technologies used by them. We must also respond effectively to the challenges associated with the complexity of integrating different kinds of systems and technologies, the rapid obsolescence of deployed systems and technologies, and the capability of competitors to access technologies and systems more quickly and effectively. 

The ability to rapidly insert new technology, develop new systems, reconfigure existing systems in real time, and protect intellectual property and resources require an adaptive modern network of systems capable of accommodating evolving needs and technologies. What is needed is a flexible and agile technology management approach built upon a secure, integrated network of modular open architectures. Adherence to such an approach is necessary for creating an open and adaptive organization and for deterring competition and expanding business. This paper proposes an archetype for developing a robust and flexible Technology Management Approach (TECKMAP) built upon integrated networks of modular open architectures. The proposed archetype will enable an organization to:

· Attain capability to more effectively reconfigure systems and applications; 
· Integrate commercial and indigenous technologies more effectively;
· Insert new technology quickly across various system platforms;
· Improve effectiveness of collaborative systems and applications; and
· Reduce total ownership costs of technologies and systems through commonality, software and hardware reuse, reduced development cycle time, and  increased access to multiple sources of supply.
Introduction

International presence in the global market is no longer a luxury afforded by a few, but a necessity for all kinds of organizations that want to grow and sustain. Expanded international presence will demand capability to effectively deal with the economic fluctuations, technological, and other risks associated with heavier reliance on foreign customers. Satisfaction of foreign customers’ needs demands the ability to effectively develop and integrate various E-commerce and other technologies, deploy the systems resulting from such integration rapidly and efficiently, and modernize the systems as needs and technologies change.

There is little doubt that future organizations must be less costly and more adaptive. Moreover, the organizational infrastructure must possess inherent capability to adapt to the gigantic paradigm shift brought about by the massive rate of technological advances and the pervasive globalization of economies, markets, and conflicts. The new pattern of change has business and engineering dimensions reinforcing each other and creating a paradigm shift greater than the sum of its parts. Let’s identify some of the fundamental ingredients of these business and engineering paradigm shifts and review their implications in greater details.
Business Changes and Implications

 The new way of doing business is rapidly being shaped by the following major changes: 

1.  Immense Technological Big Bang. The technological breakthroughs that occurred during the last century and the ones that will emerge in the near future are rapidly and drastically changing our lives and the way we will manage organizations. In our opinion, the floodgate of this massive change is about to be fully opened and its accelerating speed, enormous intensity, and impacts will soon overwhelm us. The emerging paradigm of technological change will be at least 1000 times more powerful than the mechanization technology breakthroughs that happened during the industrial revolution. This paradigm – or Technological Big Bang – will ultimately free us from dependence on this planet and throw human species into the unbounded possibilities of the heavens. For this reason, we chose to call this massive shift in know-how and capability to harness the fruits of human intelligence, a technological big bang. 

As examples let us look at some military technology breakthroughs that seemed to be far-fetched only a decade ago. At sea, stealth technology will cloak submarines and ships. Crew-less ship decks could have hypersonic, directed energy and electromagnetic guns. Undersea vehicles would improve their capability to gather intelligence and deliver amphibious forces. In a fully digitized battlefield, robots on board of unmanned ship decks, undersea vehicles, or unmanned aircraft gain the potential to fight the enemy, capture territory and if needed, defend it. In the air, long-range precision munitions fired from submarines, ships and bombers would strike targets from extended ranges. In space, new satellite imaging capabilities would penetrate foliage and other obscurants such as walls, allowing military planners to better see their targets. With advances in microelectronics, self-healing (piezoelectric) materials could lead to radical advances in airplane design. We may see airplanes that have distributed self-assessment and repair in real time. Self-healing wings that flex and react like living organisms could become versatile bombers, and swarms of tiny unmanned aircraft could be deployed to monitor international borders and peacekeeping operations. As the practice of learning from nature (biomimetics) grows further, the speed of integrating the next-generation technologies would increase, making these technologies feasible sooner than expected. 

Implications: Next generation technologies under development will change the balance of power and the way organizations are managed and compete. Such technologies benefit those who can effectively plan, develop and exploit them. The development and exploitation of emerging technologies, among other things, require the pursuit of evolutionary acquisition strategies based on modular open architectures.

2.  Drastic proliferation of scientific and technological knowledge. Unlike the past, scientific information is no longer a secured and privately owned secret. Knowledge has become a public good and is readily available to everyone around the world. The rapid advance and integration of telecommunication and computer technologies, and the standardization efforts within the newly emerged industries has created suitable conditions for proliferation of technologies. With the advent of the Internet, wireless handheld technologies, and mushrooming of Internet cafe shops around the world, we will witness a drastic increase in the speed of proliferation and a shrinkage of time needed to respond to emerging market needs and technologies.  

Implications: Protection of intellectual property and cyberspace resources will become the most critical element of an effective competitive strategy. It necessitates that we always be at least one step ahead of adversaries in capturing the new knowledge, inserting its latest applications (i.e., new technologies), and creating the means to neutralize its adverse impacts. Without permeable boundaries (i.e., being open) the best systems will soon lag behind the technological curve because they will not be able to absorb the new knowledge as it becomes available, modernize existing systems affordable, and create advanced firewalls to protect against unauthorized intruders. 

3.  Shift in values and priorities. The era of salvation by government is very rapidly coming to an end. The welfare state is being replaced by interdependent enabling states. Geographic and cultural boundaries are gradually being removed by telecommunication and Internet technologies. Disappearance of such boundaries will result in convergence of thoughts and values and adoption of common views regarding quantity and quality of life. Consequently, the citizens of the world now seek freedom and democracy to enjoy life as they wish to, demand access to the same high quality products that others have, and expect higher level of service from private and public institutions. Convergence of values will necessitate higher degree of standardization of products and services and the ability to quickly and effectively respond to rising needs and expectations. They demand proactive prevention of wars and support peacekeeping efforts that are technological rather than labor intensive, and destroy property rather than people. The public also demands a smaller government and access to educational and 
Implications: Due to a shift in priorities and less appropriation, the corporation of the future will be leaner and an integrator and consumer of new technologies and systems rather than the sole producer of them. This shift requires a new way of thinking in the minds of government and private sector leaders, and a complete overhaul of the private and public sector infrastructure and culture. Rather than ornamental and short-term changes, private and public entities must become flexible open systems that can efficiently and effectively interact with their surrounding environment and rapidly adapt to it. 

4.  Shrinkage of Response Time. There is little doubt that the time span for product development, production of goods and services, and the overall managerial decision making is approaching real time. Real time decision making requires dominant knowledge base systems capable of reconfiguring and effectively integrating different technologies, deploying the systems resulting from such integration very efficiently, and continually modernizing those systems as needs and technologies change. 
Implications: To assess the implications of the rapid shrinkage of response time one can look at the decisions faced by executives in charge of protection and defense of modern communication infrastructure mostly positioned in space. Protection of such assets demand presence in space which in turn will demand capability to quickly and effectively deal with the political, technological, and other risks associated with heavier reliance on space in future. Besides mitigating the political risks, government leaders in charge of defense must be also ready to meet the challenges associated with the complexity of integrating various land and spaced-based technologies, the rapid obsolescence of deployed systems, and the capability of adversaries to access such technologies quickly and efficiently. They must also make quick and effective decisions to defend the massive land and space-based assets resulting from the deployment of such technologies wholeheartedly and with utmost urgency, care and diligence. Moreover, the response time to emerging threats will definitely shrink to a few minutes if not seconds, which demand real-time communication systems. The defense of land-based and space assets require a network of weapons systems capable of accommodating evolving threats and technologies.
5.  Ever increasing reliance on outsourcing. No single organization is the engine of change for new technologies. Rather than being a developer, most of organizations have become integrators and consumers of commercial technologies. As a result of globalization of competition and the prospect of making more profit in the global market, various industries have shifted their focus away from internal production to outsourcing and integration of commercial goods and services that others have a better comparative advantage. Also, as a result of brain drain, highly skilled and specialized employees have become very scarce, like endangered species, and a large number of functions performed by these people are being outsourced to contractors. 

Implications:  As a witness to this trend, a greater number of military unique functions have been transferred to outside contractors. The contractors can now initiate, study, develop, design, test, produce, support, and operate the various weapons systems and may even be soon more directly involved in warfighting operations. Major implication is that integration will become the most important critical factor for success. Although the emerging technologies mentioned earlier create important opportunities by themselves, the rapid integration of these technologies will create a whole that is much greater than the sum of its parts.

6.  Shift in Strategy: The above-mentioned changes will collectively result in pressures to revise the corporate and government strategies. The new strategy will definitely result in a dramatic reduction in number of people employed while increasing the use of technologies that can plan, monitor and control from long distances. Such a historic shift would reduce the vulnerability of organizations to labor unrest and provide them with enormous flexibility to respond to new initiatives. The new government and corporate strategies will have to be less dependent on very old and obsolete legacy systems. In today's situation, the life-cycles of the constituent technologies of which systems are built turns over several times inside the design cycle of traditional systems. If it takes 3 to 6 years in auto industry to design and field a new car system, the technologies available in the early stages will have run their life cycles and be not merely obsolete, but unavailable at any price.
Implications: Real-time development and production will be the basis for competition among organizations and nations. In an information dominant field, the systems must be upgraded and reconfigured on a continuing basis and their useful life will be extended indefinitely. 
Engineering Changes and Implications 

The engineering of future systems essentially faces the same set of realities. It is quite possible to "go it alone" and develop unique systems that meet no standards other than those created specifically for a program by a company. But such an approach eliminates the tremendous engineering and business leverage that is available in the commercial marketplace. Indeed, it may be economically impossible in today's environment.
1. Need for developing technologies before developing systems. Industry and government are full of examples of massive resources that were wasted developing systems that did not originally have proven technologies. Time-phased requirements and evolutionary development will become the dominant acquisition strategy. The tremendous cost of technology development will be shared by a large number of interested parties, each acting in their own self-interest. Interactions among all of these stakeholders will drive the marketplace towards convergence in a mainstream that meets the requirements of many stakeholders. If you are in the mainstream, then you can dip into the technologies created and marketed by others any time it is needed. 
Implications: As a witness to this trend one can look at the way the U.S. Department of Defense is changing the way it will acquire future systems. The Department has recently approved a new acquisition process in response to the need for developing technologies before developing systems. Also, the leaders in manufacturing industry, as a result of the advent of integrated design and manufacturing systems are doing design and production is in parallel and in real time..

2. Shift in role of the system designer. The role of the systems designer shifts to that of architect and integrator, rather than detailed designer. The systems designer who can depend on the stability of interfaces that are typically found in open systems solutions is able to select products from a wide variety of competing sources. These products are selected with due regard for the architecture required to solve the problem at hand, and then integrated to form a functional product for the user.

Implications: In today’s environment, the commercial system designers will be less likely to reveal their technical and business secrets to government or the prime contractors in charge of integrating various subsystems and products. Companies invest millions of dollars in developing their technical and managerial know-how and do not want to share their secrets with government bureaucrats or prime integrators who are in most cases current or future competitors. They only do business with another organization if they receive assurances that their intellectual property rights will be protected. The development of systems consisting of different elements from different sources requires assurances on protecting the intellectual property rights and applications of well-defined interfaces defined by widely-used and consensus-based commercial standards.

3. Shift toward more standardized interfaces. Designers can provide viable solutions only when the interface is known. In closed proprietary systems the interface and access is controlled by the owner of the specification or standard, . Others wishing to develop systems must reverse engineer, or depend on poorly understood publicly released information. The result is that systems that are not purchased entirely from a major vendor are typically sub-optimized designs of often doubtful integrity. The essential characteristic of standards usable in the open system context is that they be available to all either at no cost or for a reasonable fee. By designing a product based on open interfaces, the vendors will be able to protect their intellectual property rights and at the same time increase the exposure of the market to their product. 

Products with closed interfaces will practically limit the marketplace to only one or at best, a few vendors with profound negative effects on ability to insert new technology and reduce total cost of ownership. These effects are created mostly by the lack of competition. Three of the most common are detailed below:

· The vendor is under no pressure to maintain prices. Even if a vendor must buy into a project with a low initial bid to secure subsequent sales, the buyer is locked into that single vendor for years to come and cannot easily migrate to a more reasonable pricing structure;

· The technology that is available is determined not so much by market demand, but rather by what the major vendor believes is warranted and in their own best interest;

· Other commercial items may not be readily available, or may not integrate well into the existing system. This situation occurs because the proprietary interface standards are not published, so only those sub-vendors favored by the major players are provided with information.

Implications: Most, if not all of the benefits of open systems are realized through gaining access to multiple sources of supply. Developing modular architectures based on open interface standards enables such access. Having access to multiple sources of supply does not mean that a customer should change their supplier frequently. A supplier that produces high quality products, upgrades them on a continuing basis, and uses open interfaces is in a better position to gain the trust of customers and create a long lasting relationship with them. Moreover, in an environment dominant by open standards, a virtual network is created consisting of suppliers, users, developers and other stakeholders. Additionally, if the interfaces are well controlled, then the underlying support technologies can change without adversely affecting the ability to modify a system. If an organization continues to remain outside the mainstream, its procurement costs will continue to rise and the design flexibility of its systems will drastically diminish.

Selection of standards is among the most important tasks undertaken in implementation of an open system strategy. Performance, cost, long term availability and supportability, upgrade potential, and openness are examples of criteria used for selecting an interface standard. Chart 1 depicts the preferred type of standards to use.
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Figure 1 Preferred Standards

4. Active participation in standards setting organizations. It has become a necessity for product developers and systems engineers to understand the standards development process and to participate in it to ensure that their organizational needs are met by the standards that are released. Frameworks can be created within an open system environment that permits adequate flexibility to account for different types of requirements. But, these benefits will most likely multiply several times if there is active and vigorous participation in the standards setting process. The goal is to influence the specifications of standards that will most likely be widely accepted and become stable. When standards are reasonably stable, as well as widely distributed, then competent vendors can create compliant products that work together with related products of other vendors to form a viable system. The role of the builder of a system then changes from that of designer to that of architect and integrator.

Implications:  It is also necessary for organizations to recognize that dependence on open standards also imposes constraints and discipline (as does any approach). If the integrity of the interfaces are not maintained, or if extensions found on limited product lines are used in the design, then the system design may cease to be open. As a result, the benefits of openness are lost, and the design becomes more like a traditional point solution than an open systems solution.

The Open System Strategy

An OS strategy is an integrated business and technical strategy that employs a sound systems engineering processes and continuing market research to develop modular and flexible architectures characterized by widely supported and consensus-based interface standards published and maintained by recognized standards organizations. An OS strategy is an effective enabler for achieving integrability (the ability to quickly and affordably interconnect and assemble existing platforms, systems, subsystems, and components as needed). Open system strategies are also effective enablers for achieving rapid acquisition with demonstrated technology, evolutionary and conventional development, interoperability, life-cycle supportability, and incremental system upgrade without redesign of entire system or large portions thereof. It will also enable continued access to cutting edge technologies and products from multiple sources, and prevents the buyers from being locked into proprietary technology. 

The OS strategy is an effective approach for adapting to current patterns of change brought about by the business and engineering paradigm shifts identified earlier. It is an effective approach for adapting to the massive rate of technological advances brought about by the immense technological big bang. The permeable boundary and the plug and play capability of an open system enable access to scientific and technological know-how available at the global market. An OS strategy is also compatible with public demands for leaner and more affordable systems than could more effectively interact with their surrounding environment and rapidly adapt to it. It will make an organization capable of rapid reconfiguration and affordable modernization as neds and technologies change. Finally, an OS strategy is also compatible with the outsourcing trends and shifts in strategies. It will enable effective integration of different technologies and rapid deployment of the systems encompassing such technologies. 

Types of Open System Strategies 


Generally speaking, one can follow two strategies for designing and implementing open systems: top-down and bottom-up. Traditional practice in the development of systems has been to develop systems from the top down, where high level requirements were analyzed, partitioned, and allocated to hardware and software elements. The need to satisfy demanding performance requirements in harsh environments usually led to unique and often proprietary designs. Taking advantage of design from similar applications or commercial products was rarely practiced in the development of systems. A top-down OS strategy (Figure 2) also applies a top-down system development approach but designs systems flexibly to take advantage of commercial products and technologies. 


By following a top-down OS strategy, the organization establishes an overall implementation/deployment plan for OS implementation, sets priorities for applications, constitutes an enterprise-wide policy for development, and establishes a list of preferred key interfaces that must remain open to enable exchange of information and products. Appointment of a corporate champion to promote the concept, development of an enterprise level OS architecture and directing a detailed development and deployment plan for implementation of OS are among other tasks associated with a top-down OS strategy. The underlying assumption of a top-down OS strategy is that the corporate top executives are in a better position to understand the business model, system of system requirements, and the overall cost constraints. 
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Figure 2: Top-Down Open System Strategy


The implementation of open systems through a top-down strategy may prove to be more direct and efficient since policies, procedures and the selection of a particular subsystem/ component for transition originates from the corporate/enterprise level. This approach integrates complex development efforts with uniformity and economy of scale, but constrains rapid development and local innovation at the end-user level.


Establishing and implementing the OS strategy from the top requires highly technical expertise at the corporate headquarter, especially if the business entity is comprised of many different subsystems operating in various environments. Often, the technical expertise lies outside the corporate / enterprise level and thus the selection of the OS champion becomes an insurmountable task for system/product level engineers and managers to accept and concur. Lower level engineers/managers may think that there is politics involved with the open system mandates from the top. They may also believe that the selected open standard may not be appropriate since the subsystems/components have to adopt to architectures that are proposed by someone else who may not be familiar with needs and constraints at the lower level.


To overcome the above-mentioned drawbacks of a top-down strategy, an organization may follow a bottom-up OS strategy that relies on inputs and wisdom at the lower level to develop and deploy open systems throughout the organization. Figure 3 depicts the upward flow of information in a bottom-up OS strategy. 
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Figure 3: Bottom-up Open System Strategy


A bottom-up strategy for implementing OS is usually initiated from the people/programs at the lower end of the organizational hierarchy.  The driving force for adoption of an open system strategy is common sense and an immediate-felt need by experienced system engineers. They want to develop a viable and life-long system and be able to continuously upgrade the system as new technologies become available. They use COTS software or hardware to reduce the overall development cost and they are aware of the variation in price and reliability of products available. They also soon will realize that if they do not define the interfaces within their system by open standards they will be unable to take advantage of competition to get the best value for their organization. So in the absence of mandates from the top, they initiate OS feasibility studies and begin to use widely supported and well-established standards for selected interfaces within the system. As the benefits of using open systems are realized, the lessons will then be shared with other programs/ systems both laterally and vertically which will result in application of open systems in other places in the organization. With this strategy, usually the top management is the last to know about the potential of an OS strategy and the value added in reducing cost, higher conformity, more effective interoperability, and commonality across all the systems.  


 Bottom- up OS strategies may be proven to be more robust than top-down strategies, especially if the architects/engineers at the lower level possess sound systems engineering skills and have adequate understanding of the OS concept. A bottom-up approach encourages rapid and innovative development of open architectures at the subsystem or user level. While fast and effective for users, this approach leads to duplication of effort and lack of uniformity among similar subsystems, compromising cost-efficiency. Moreover, the subsystem/component level implementers may not share the same strategy as the enterprise level architects who have a broader understanding of the mission, cost constraints, and the required system of system interoperability. 


By following common sense and sound systems engineering principles, acquisition planners and executives will soon recognize the need to follow a balanced OS strategy. Such a strategy is built upon the advantages of both a top-down and a bottom-up strategy. Inputs from the lower levels as well as from the suppliers and customers are gathered and analyzed to create a shared OS vision and a well-thought deployment plan for the organization. A balanced OS strategy will take advantage of prior lessons learned and will establish organization-wide policies and processes to implement open systems. Because a balanced OS strategy is based on full participation by all the stakeholders affected, it will be more effectively bought into and more quickly implemented. Figure 4 shows the upward and downward flow of information in a balanced OS strategy.  
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Figure 4: Balanced Open System Strategy
The Building Blocks of a Successful Technology Management Strategy
Modern organizations are in need of developing, acquiring, and integrating a variety of complex systems and technologies. Such an important task can not be undertaken haphazardly though trial and error. Organizations need a systematic and purposeful approach to effectively guide them in assessment, selection, development, transfer, deployment, and integration of new technologies. They also need a robust infrastructure that makes it easier, faster, and more affordable to insert and sustain the portfolios of technologies utilized by the organization. The authors of this paper believe that by adherence to their proposed Technology Management Approach (TECHMAP) the executives of organizations will be in a better position to lead their organizations in the path of lower total ownership costs and rapid assessment, development, deployment, and integration of technologies. 
The proposed framework has been developed based on authors’ years of experience in government and industry, and has successfully been tested and proven to be useful, especially in technology intensive and high-tech organizations. The main focus of TECHMAP is on modular open system strategy which enables an organization to effectively respond to technological change by developing flexible and adaptable integrated networks of secured modular open architectures. The proposed TECHMAP comprises of four major strategies (Figure 5):
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Figure 5: The Technology Management Approach (TECHMAP) Framework

1. Technology Assessment Strategy

2. Technology Transfer and Development Strategy

3. Technology Insertion and Integration Strategy 

4. Technology Support and Sustainment Strategy
These strategies are formulated in congruent and based on the overall corporate strategy of an organization, and will be facilitated and enabled by adherence to a modular open system strategy. In a way, the overall corporate strategy establishes the framework and guidance, and the modular open system strategy establishes an effective infrastructure for selection, assessment, and deployment of an organization’s portfolios of technologies. Continuing market analysis and technological forecasting are other essentials for the establishment of a viable and adaptive TECHMAP. Market analysis is needed to gather intelligent information on existing and emerging technologies, products, and standards. Market analysis is supplemented by application of various technological forecasting tools to discover technology trends and predict timing and availability of scientific breakthroughs. 

The proposed framework is not an end into itself. It receives inputs from other organizational functions and provides them with the means to more efficiently and effectively perform such functions. Organizational systems such as production, finance, marketing, and R&D will become transparent to the TECHMAP by the versatile open infrastructure established based on an integrated network of secured open architectures (Figure 6). 
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Figure 6: The Encompassing Nature of a Technology Management Approach 

As the acronym depicts, TECHMAP is a map that shows the position of the organization with respect to market conditions and the life cycle of various technologies impacting or have the potential to impact the well being of the organization. In other words, TECHMAP maps the whereabouts of the organization with respect to key technologies needed and guide the organization to effectively correct its path. An effective TECHMAP could be regarded as the center of the nervous system in an organization. As such, it will provide real time planning, control, communications, intelligence, and integration capabilities with respect to assessment, selection, development, and deployment of an organization’s technology portfolio.
As is shown in Figure 6, the integrated networks of secured modular open architectures will provide the necessary linkage among the main subsystems of an organizational system infrastructure. Such network is characterized by enduring interoperability, integrability, affordability, adaptability, and supportability throughout the life cycle of a technology and its encompassing system(s). These attributes are realized by employment of open interface standards for key interfaces used in various system and subsystem architectures. Key interfaces are common boundaries or connections between modules that are subject to rapid technology turnover and/or increased failure, or have requirement for commonality and/or interoperability (Azani 2001). When such interfaces are defined by open standards, they permit: (1) quick and effective communication among subsystems and technologies; (2) rapid configuration and reconfiguration of systems and technologies; (3) affordable development and supportability through continuous access to multiple sources of supply; and, (4) increased adaptability to upgrade and change as new technologies become available or requirements evolve.  Let us take a closer look at each of the essential subsystems comprising a TSM. 
The Guiding Principles for Establishing a Technology Management Approach 

The author recommends the following guiding principles as a means to expedite the TECHMAP development process and achieve its technology plug and play capabilities:

1. Create a shared vision among all the stakeholders to create a viable and adaptable TECHMAP greater than the sum of its constituent technology strategies. 
2. Create a balance between ease of integration, affordability, performance, and interoperability. 

3. Delegate decision authority to the lowest possible organizational levels to cut unnecessary bureaucracy and speed up the decisions needed for developing and deploying the required technologies. 

4. Institute appropriate incentives to expedite the overall technology management process. These incentives must address how to reward people and organizations (e.g., program executive officers, program managers, systems engineers, and acquisition logisticians, contractors) for thinking beyond the boundaries of their departments/programs to achieve the necessary attributes. 

5. Maintain flexibility through management processes that leverage the natural cycle rates of the underlying technologies, architecture-driven modularity, and sufficient control over interfaces and design. To enable and maintain flexibility, channel resources to leverage commercial products and technologies.

6. Use modular partitioning principles (e.g., maximum decoupling and synergism) to identify and select interfaces that must be defined by open standards. Be mindful that not all the interfaces within a subsystem have to be open. The attributes of TECHMAPcan best be realized by suitable modular partitioning of systems. If the interfaces are controlled at an appropriate level, then modularity consistent with the best economic and engineering requirements can be achieved. Partitioning and modularity can be attained with minimum effort and cost by applying an open system strategy. Methods must be developed for assessing not only the degree of openness, but also the quality of the choices made. There must be an understanding that practical openness requires adherence to an OS strategy, but after due and diligent consideration of the OS strategy, a closed system design may be preferred if that best meets the performance and life-cycle cost goals.

7. Utilize specific milestone reviews and performance measures to ensure that the system design and support conform to the open system strategy and standards. Pay special attention to the selection of standards. Standards require relatively long periods to mature, and then after reaching maturity have a relatively short half-life. Some attention must be given to the nature of the standards selected. One that is too mature, despite being widely supported, may well disappear under the onslaught of superior new technologies. On the other hand, juvenile standards may not achieve sufficient support to merit consideration. Nevertheless, conscientiously selecting a youthful standard and being wrong is still usually cheaper and quicker than adopting a unique or proprietary standard. Moreover, be mindful that systems may be declared open simply because it is a requirement, not because it is a reality.

8. Institute careful change management and planning. Establish plans to change the structure, processes, and the means by which technologies and systems are developed, fielded, and supported. A synergistic partnership with employees, suppliers, and customers is essential. Such partnership will require noticeable organizational and cultural changes. The acquisition strategy of each system and technology must be derived from an overarching acquisition strategy. The acquisition process must concentrate on interrelationships among systems and technologies being acquired rather than on acquiring systems in isolation from each other. The acquisition process must also shift the emphasis from short term cost of system development to total costs of ownership; from requirements frozen early in the acquisition cycle of a system to flexible and evolving capability (system of systems) requirements; from unaffordable supportability to Just in Time (JIT) supportability enabled through modularity, economies of scale and, continuous access to multiple suppliers. The cultural and structural changes will result in organizational resistance and passive behavior in the beginning. But, a new organizational equilibrium will soon be reached based on the quality of plans and the degree of empowerment and involvement of various stakeholders.

Conclusion: 

The OS strategy is among a few options available to organizations to eliminate threats from obsolete technologies, closed systems, and budget constraints; and to rapidly and effectively exploit the technological opportunities. By following an OS strategy an organization has at its disposal efficient and effective means to leverage the investment made by the commercial sector in new products, technologies, and scientific know-how , and effectively integrate them into highly advanced and efficient systems. 

The open systems strategy can play an integral part in enabling the development and deployment of portfolios of technologies that create competitive edge for organizations. The inherent flexibility of an open system design provides the best means to address time-phased requirements and the evolutionary acquisition nature of technology development, integration, and sustainment.  The assessment, selection, development and deployment of technologies built upon secured modular open architectures is not an easy task. It requires managerial and technical principles to guide us in the dark universe of unknowns and potential setbacks. It necessitates careful creation of a balance between ease of integration, affordability, performance, and interoperability. It also demands delegation of decision authority to the lowest possible organizational levels to cut the unnecessary bureaucracy and speed up the decisions needed for developing the needed systems. Various types of incentives are also needed and specific milestone reviews and performance measures must be established. Adherence to interface management and modularity principles is a must. Finally, careful change management and planning is needed to foster the structural and cultural changes required for timely development and deployment of a new technology. 
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