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	Competency 12: Continuous Process Improvement (CPI)

	

	Competency Element(s):

	12.1 Applies the principles of continuous process improvement (e.g., BPR, Lean Six Sigma, CMMI, etc.) to ensure the highest quality in acquired products and services.
12.2 Applies principles and practices of continuous process improvement to organizational needs and assess results to improve the internal acquisition business processes of the government.

	Element Issues (DAU): List ambiguities, misunderstandings, etc. to help IT FIPT next time they update competencies

	NONE.

	Acquisition Workforce IT Qualification Standard Product and Tasks related to Product (DAU)

	AWQI is not completed at this time.

	AWQI References (DAU)

	None at this Time.

	Assumptions (DAU)

	None.

	TLO (Job Product or Service) (DAU; SME can make recommendations)
	BLOOM/COURSE

	TLO 12.1.1 Given a Department of Defense (DoD) Information Technology (IT) acquisition scenario, apply the principles of Continuous Process Improvement (CPI) to ensure the highest quality in acquired IT products and services.
	BLOOM: 3

	ELO(s) with Major Takeaway (MT) (tasks which are required to build the product or service) (DAU)

	ELO 12.1.1.1 Given a list of continuous process improvement approaches, recognize the DoD CPI strategies for IT acquisitions.

MT 1.1.1 DoD CPI strategies include Lean, Six Sigma, and Theory of Constraints

Assessment Strategy: QUIZ
	BLOOM: 2
LEVEL 1

	ELO 12.1.1.2 Recognize the benefits of applying Capability Maturity Model Integrated (CMMI) concepts and principles to a DoD SW development project

MT 1.2.1 Organizations with mature SW development practices can better predict cost and schedule perimeters for their projects 

Assessment Strategy: Facilitated Discussion
	BLOOM: 2
LEVEL 2 (ISA201)

	ELO 12.1.1.3 Given a Department of Defense (DoD) Information Technology (IT) acquisition scenario, apply the principles of Continuous Process Improvement (CPI) to evaluate a vendor’s potential to deliver quality software products within cost and schedule perimeters

[bookmark: _GoBack]Assessment Strategy: Case
	BLOOM 4
LEVEL 2 (ISA201)

	TLO (Job Product or Service) (DAU; SME can make recommendations)
	BLOOM/COURSE

	TLO 12.2.1 Given a Department of Defense (DoD) Information Technology (IT) acquisition scenario, apply CPI concepts with the goal of improving the internal acquisition business process(es) of the government.
	BLOOM: 4

	ELO(s) with Major Takeaway (MT) (tasks which are required to build the product or service) (DAU)

	ELO 12.2.1.1 Identify the DoD policy that describes the Implementation and Management of the DoD-Wide Continuous Process Improvement Program

MT 2.1.1 The DoD policy that describes CPI implementation is DoDI 5010.43

Assessment Strategy: QUIZ
	BLOOM: 2
LEVEL 2 (ISA201)

	ELO 12.2.1.2 Define Continuous Process Improvement (CPI)

MT 2.2.1 Continuous Process Improvement–a comprehensive philosophy of operations that is built around the concept that there are always ways in which a process can be improved to better meet the needs of the customer and that an organization should constantly strive to make those improvements.

Assessment Strategy: QUIZ
	BLOOM: 1
LEVEL 2 (ISA201)

	ELO 12.2.1.3 Define Business Process Reengineering (BPR)

MT 2.3.1. BPR is the fundamental rethinking and radical redesign of business processes to achieve the dramatic improvements in critical contemporary measures of performance, such as cost, quality, service and speed

Assessment Strategy: QUIZ
	BLOOM: 1
LEVEL 2 (ISA201)

	ELO 12.2.1.4 Given a Department of Defense (DoD) Information Technology (IT) acquisition scenario, recommend the appropriate CPI methods with the goal of improving the acquisition / business processes.

Assessment Strategy: Case
	BLOOM: 4
LEVEL 3 (ISA301)

	MAJOR TAKEAWAYS (MT) with REFERENCES and CONTENT (Subject Matter Expert (SME))

	
MT 1.1.1 DoD CPI strategies include Lean, Six Sigma, and Theory of Constraints 

Content
“CPI has evolved for the DoD as an overall approach from separate performance
improvement schools of thought originating in the private and public sectors. Most notable
are the contributions of
_ Lean, which focuses on work flow, customer value, and eliminating process waste;
_ Six Sigma, which focuses on satisfying customer requirements while minimizing
waste by reducing and controlling variation; and
_ Theory of constraints, which focuses on systems thinking and improved throughput by
addressing system constraints.

Reference
DoD Continuous Process Improvement/Lean Six Sigma Guidebook Revision 1 dtd July 2008

MT 1.2.1 Organizations with mature SW development practices can better predict cost and schedule perimeters for their projects

Content
Organizations employing CMMI have less variation in their cost and schedule

Reference
Goldenson, Gibson & Ferguson. 2004. Why make the Switch? Evidence of the Benefits of CMMI
Slides 16, 18
http://www.sei.cmu.edu/library/assets/evidence.pdf


MT 2.1.1 The DoD policy that describes CPI implementation is DoDI 5010.43

Content
“This Instruction establishes policy, assigns responsibilities, and provides guidance for the DoD-wide implementation of the CPI/LSS program in accordance with the authority in title 10, United States Code (Reference (a)) and DoD Directive (DoDD) 5105.82(Reference (b)), and the guidance in Executive Order 13450 and DoDD 5010.42 (References (c)
and (d)).”

Reference
DoDI 5010.43 Implementation and Management of the DoD-Wide Continuous Process
Improvement/Lean Six Sigma (CPI/LSS) Program


MT 2.2.1 Continuous Process Improvement–a comprehensive philosophy of operations that is built around the concept that there are always ways in which a process can be improved to better meet the needs of the customer and that an organization should constantly strive to make those improvements.

Content
Same as MT

Reference
2008 Continuous Process Improvement /LSS Guidebook Revision 1

MT 2.3.1. BPR is the fundamental rethinking and radical redesign of business processes to achieve the dramatic improvements in critical contemporary measures of performance, such as cost, quality, service and speed

Content
Same as MT

Reference
DoDI 5010.43 Implementation and Management of the DoD-Wide Continuous Process
Improvement/Lean Six Sigma (CPI/LSS) Program




Foundational topics
There are a number of different approaches that can be taken to Continuous Process Improvement, and many of the most relevant models will be presented in this course. But there are certain fundamentals worth keeping in mind, regardless of which specific approach is selected.
· Feedback cycles. The goal of CPI is not to reach some particular end state, but to accurately monitor the performance of the organization and understand the effect of the activities being performed on the outcome. The iterative “Plan-Do-Check-Act” cycle, popularized by Dr. Edwards Deming, is a relatively simple and straightforward description of what it means to do CPI: An organization plans in that it understands its goals and designs a way to reach them; puts the plan into action; analyzes and understands the results to see if the desired results are being achieved; acts to improve the activities, if they fell short, or improves the goals. This basic idea is at the heart of many of the CPI approaches that have been elaborated.
· Identification of stakeholders and business goals. Any CPI approach will fail if the organization does not have a good understanding of what it needs to achieve, or which stakeholders need to be satisfied. Methods for stakeholder analysis and goal setting are important to ensure that effort spent on CPI is well directed.
· Process and product measurement. It is not possible to implement feedback loops, and understand the effects of activities on the products and services an organization delivers, without measurement. Unfortunately many CPI initiatives founder or don’t get off the ground because they assume that very accurate quantitative measures are necessary. On the contrary, there are several dimensions along which data can be classified, and there are no right or wrong answers, just metrics that are more or less appropriate to given needs. It is possible to start with lower fidelity measures that still provide some value, and improve data fidelity over time as needed. For example,
· Subjectivity / objectivity of measures: Asking stakeholders to rate their satisfaction on a Likert scale is an inherently subjective measure, but that may be entirely appropriate if the effectiveness of a service is being evaluated. In other cases (say, whether a delivered system meets its performance goals) objective measures are needed that are defensible and reflect accurately those characteristics.
· Quantitative / qualitative data: Many times, organizations have an inbuilt preference for numeric data. However, textual data often times can provide a more complete and rich understanding of the phenomenon of interest.
· Precision: Less precise measures can often be produced with less effort, but may still provide a useful level of insight.
· Experience / knowledge bases: Once a CPI program has helped the organization learn something about its ways of doing business, that knowledge needs to be disseminated somehow so that the organization as a whole can benefit. Some common ways of doing this include producing reports, lessons learned repositories, other work aides (tools, guidebooks, handbooks, forms and checklists), success stories. All have their own strengths and weaknesses.
· Change management: As with any other change initiative, CPI needs careful attention to managing “people aspects” in order to be successful. Since processes and products need to be measured in order to understand how they are performing, there are typically many opportunities for negative responses. How the CPI initiative is received by the personnel of the organization needs to be actively managed.


BUSINESS PROCESS REENGINEERING (BPR)
BPR is a methodology for significant improvement to a business process, or for radical change in, or complete replacement of, such a process (Agency, 2009).  
The following are concepts to consider when planning and executing a BPR effort.
1) Perform just-enough analysis to assure knowledge of the baseline business process
2) Streamline business operations and leverage the capabilities of the software meaning let the process inherent in the software package drive the ‘To-be’ process
3) Minimize the number of custom development objects
4) Hone in on the ‘real’ business requirements and challenge processes that merely accommodate ‘the way it has always been done’
5) Reduce cost of doing business by eliminating: 
a. Obsolete and inefficient processes
b. Obsolete regulations and controls
c. Lengthy review and approval cycles 
6) Ensure business processes are integrated across all impacted functional areas(Agency, 2009).  
The following are key success factors required for a successful business process reengineering
effort: 
1) Executive Leadership
2) Alignment with Strategic Objectives
3) Business Case for Change
4) Proven BPR Methodology
5) Effective Change Management
6) Process Ownership
7) Re-engineering Team Composition(Agency, 2009).  
[image: ]
Table 1 BPR Key Principles (Agency, 2009).
Notes on use:
The literature studying BPR suffers a bit from the fact that many instantiations of the approach look very different from one another. It is often reported, however, that BPR is better suited for environments where radical (rather than incremental) change and improvement are appropriate.
QUALITY MANAGEMENT
ISO 9000 – Quality Management
ISO (International Organization for Standardization) is an independent, non-governmental membership organization and the world's largest developer of voluntary International Standards.  The ISO 9000 family addresses various aspects of quality management and contains some of ISO’s best known standards. The standards provide guidance and tools for companies and organizations who want to ensure that their products and services consistently meet customer’s requirements, and that quality is consistently improved.
Standards in the ISO 9000 family include:
• ISO 9001:2008 - sets out the requirements of a quality management system
• ISO 9000:2005 - covers the basic concepts and language
• ISO 9004:2009 - focuses on how to make a quality management system more efficient and effective
• ISO 19011:2011 - sets out guidance on internal and external audits of quality management systems (Standardization, 2014a).
ISO 9001:2008
ISO 9001:2008 sets out the criteria for a quality management system and is the only standard in the family that can be certified to (although this is not a requirement). It can be used by any organization, large or small, regardless of its field of activity. In fact ISO 9001:2008 is implemented by over one million companies and organizations in over 170 countries (Standardization, 2014a)..
This standard is based on a number of quality management principles including a strong customer focus, the motivation and implication of top management, the process approach and continual improvement. These principles are explained in more detail in the pdf Quality Management Principles. Using ISO 9001:2008 helps ensure that customers get consistent, good quality products and services, which in turn brings many business benefits (Standardization, 2014a)..
Certification to ISO 9001:2008
Checking that the system works is a vital part of ISO 9001:2008. An organization must perform internal audits to check how its quality management system is working. An organization may decide to invite an independent certification body to verify that it is in conformity to the standard, but there is no requirement for this. Alternatively, it might invite its clients to audit the quality system for themselves. Read more about certification to management system standards (Standardization, 2014a).
Notes on use:
Because of its international popularity, ISO is recognizable worldwide, and may be appropriate in domains where collaboration with overseas companies is expected. ISO is not limited to a particular domain, but has been adopted by many different organizations and industries. It is important to note that ISO is focused on customers, and intends to provide some evidence that the organization delivers quality goods and services. Much of the impetus for adopting ISO is often driven by market pressures and adoption by competitors.
CMMI
CMMI is a process improvement model consisting of best practices addressing activities throughout the product lifecycle (Spaulding).  The development of CMMI was a collaborative effort by the US government, industry and Carnegie Mellon (University, 2011, pp. 1-2).  It has undergone several transformations since its inception in 2000 which was intended to improve on the Software Capability Maturity Model (SW-CMM) released in 1991(University, 2006, pp. 1-2).  Version 1.3, the current version, contains three main areas or constellations: CMMI-Services, CMMI-Acquisition and CMMI-Development.  For the purpose of this summary, we will only be concerned with CMMI-Development (University, 2011, pp. 1-2).    
CMMI-Development version 1.3 contains the twenty-two process areas shown below.  A process area is “a cluster of related practices in an area that, when implemented collectively, satisfy a set of goals considered important for making improvement in that area” (Spaulding, p. 18).  Though CMMI was initially funded by the DoD and maintained by the Software Engineering Institute – a Federally Funded Research and Development Centers (FFRDCs) at Carnegie Mellon - ownership was transferred to a for-profit subsidiary of Carnegie Mellon called the CMMI Institute (University, 2014).
	The process areas are grouped into maturity levels in order to assess the overall process maturity of the organization.  CMMI defines five maturity levels: Initial, Managed, Defined, Quantitatively Managed and Optimizing (Figure 10).  The stages are cumulative, meaning if one performs the process areas defined in Level 3, one is also performing the process areas in Level 2.  

[image: D:\User\Misc\Settings\Desktop\CMMI.png]
[bookmark: _Ref340318599][bookmark: _Toc341284183]Figure 1 CMMI Levels by Process Areas (Urbon & Charles, 2009)[footnoteRef:1] [1:  Chart structure was derived from a SPAWAR presentation depicting CMMI Process Areas and modified to represent CMMI-Dev process areas.] 

The twenty-two CMMI-Development process areas and associated purposes are shown below (Spaulding):
Causal Analysis and Resolution (CAR): to identify causes of defects and other problems and take action to prevent them from occurring in the future.
Configuration Management (CM): to establish and maintain the integrity of work products using configuration identification, configuration control, configuration status accounting and configuration audits.
Decision Analysis and Resolution (DAR): to analyze possible decisions using a formal evaluation process that evaluates identified alternatives against established criteria.
Integrated Project Management +IPPD (IPM+IPPD): to establish and manage the project and the involvement of the relevant stakeholders according to an integrated and defined process that is tailored from the organization’s set of standard processes.
Measurement and Analysis (MA): to develop and sustain a measurement capability that is used to support management information needs.
Organizational Innovation and Deployment (OID): to select and deploy incremental and innovative improvements that measurably improves the organization’s processes and technologies.  The improvements support the organization’s quality and process performance objectives as derived from the organization’s business objectives.
Organizational Process Definition +IPPD (OPD+IPPD):  to establish and maintain a usable set of organizational process assets and work environment standards. 
Organizational Process Focus (OPF): to plan, implement and deploy organizational process improvements based on a thorough understanding of the current strengths and weaknesses of the organization’s processes and process assets.
Organizational Process Performance (OPP): to establish and maintain a quantitative understanding of the performance of the organization’s set of standard processes in support of quality and process-performance objectives and to provide the process performance data, baselines, and models to quantitatively manage the organization’s projects.
Organizational Training (OT): to develop the skills and knowledge of people so they can perform their roles effectively and efficiently.
Product Integration (PI): to assemble the product from the product components, ensure that the product, as integrated, functions properly, and deliver the product.
Project Monitoring and Control (PMC): to provide an understanding of the project’s progress so that appropriate corrective actions can be taken when the project’s performance deviates significantly from the plan.
Project Planning (PP): to establish and maintain plans that define project activities.
Process and Product Quality Assurance (PPQA): to provide staff and management with objective insight into processes and associated work products.
Quantitative Project Management (QPM): to quantitatively manage the project’s defined process to achieve the project’s established quality and process-performance objectives.
Requirements Development (RD): to produce and analyze customer, product, and product component requirements
Requirements Management (REQM): to manage the requirements of the project’s products and product components and to identify inconsistencies between those requirements and the project’s plans and work products.
Risk Management (RSKM): to identify potential problems before they occur so that risk-handling activities can be planned and invoked as needed across the life of the product or project to mitigate adverse impacts on achieving objectives.
Supplier Agreement Management (SAM): manage the acquisition of products from suppliers.
Technical Solution (TS): to design, develop and implement solutions to requirements. Solutions, designs and implementations encompass products, product components and product-related lifecycle processes either singly or in combination as appropriate.
Validation (VAL): to demonstrate that a product or product component fulfills its intended use when placed in its intended environment.
Verification (VER): to ensure that selected work products meet their specified requirements.
Notes on use:
CMMI is most widely used in the software domain. Although CMMI is now less often mandated on DOD contracts, CMMI certifications are still widely recognized in the US federal sector. Its use is growing outside of the US as many software outsourcing companies in other parts of the world rely on it as an imprimatur of quality.
ISO/IEC 15504 
The ISO/IEC 15504 (formerly called: Software Process Improvement and Capability Determination (SPICE)) family is an Information technology -- Process assessment family of standards.  The family of standards can be found below:
ISO/IEC 15504-1:2004 Information technology -- Process assessment -- Part 1: Concepts and vocabulary  
ISO/IEC 15504-2:2003 Information technology -- Process assessment -- Part 2: Performing an assessment 
ISO/IEC 15504-2:2003/Cor 1:2004  
ISO/IEC 15504-3:2004 Information technology -- Process assessment -- Part 3: Guidance on performing an assessment 
ISO/IEC 15504-4:2004 Information technology -- Process assessment -- Part 4: Guidance on use for process improvement and process capability determination 
ISO/IEC 15504-5:2012 Information technology -- Process assessment -- Part 5: An exemplar software life cycle process assessment model 
ISO/IEC 15504-6:2013 Information technology -- Process assessment -- Part 6: An exemplar system life cycle process assessment model 60.60 
ISO/IEC TR 15504-7:2008 Information technology -- Process assessment -- Part 7: Assessment of organizational maturity 
ISO/IEC TS 15504-8:2012 Information technology -- Process assessment -- Part 8: An exemplar process assessment model for IT service management 
ISO/IEC TS 15504-9:2011 Information technology -- Process assessment -- Part 9: Target process profiles 
ISO/IEC TS 15504-10:2011 Information technology -- Process assessment -- Part 10: Safety extension (Standardization, 2014c).
Process assessment is based on a two dimensional model containing a process dimension and a capability dimension. The process dimension is provided by an external process reference model, which defines a set of processes characterized by statements of process purpose and process outcomes. The capability dimension consists of a measurement framework comprising six process capability levels and their associated process attributes.  The assessment output consists of a set of process attribute ratings for each process assessed, termed the process profile, and may also include the capability level achieved by that process (Standardization, 2014b).
There are 5 levels of capability that can be rated, from Level 1 to Level 5. At Level 0 is also defined, but this is not rated directly. In Level 1, one attribute is directly rated. There are 2 attributes in each of the remaining 4 levels  (El Emam, 1998).  These 6 levels and associated attributes are shown in Table 1.
Notes on use:  ISO/IEC 15504 is similar in some ways to CMMI, but has not achieved the same level of uptake, especially in the United States market. (In the mid-1990s, when known as the SPICE model, it had been much more widely adopted in Europe.) Currently, the ISO/IEC 15504 model has lost much of its support, except in some specialized markets (e.g. Automotive SPICE ® among commercial car companies: http://www.automotivespice.com/).
[image: ]
[bookmark: _Ref398354192]Table 2  Overview of the capability levels and attributes (El Emam, 1998)
Quality Standards Summary
ISO/IEC 15504 (SPICE), ISO 9001 and CMMI can be applied to the software engineering portion of the system, but they only provide what needs to be done and not how it needs to be accomplished.  Though the ISO 9001 and CMMI standards are similar, the ISO standard is less detailed and pertains to the entire organization whereas the CMMI is more detailed and is more focused on engineering and program management (Architecture and Systems Engineering in IT Acquisition, 2010). Both ISO certifications and CMMI levels are typically assessed by externally led teams every three years to maintain their status, or else the qualification is considered to have “expired.”


ITIL
Many IT organizations have chosen to adopt the Information Technology Infrastructure Library (ITIL) collection to improve their approach to IT service management. This is therefore more of a “how to” guide than the quality standards mentioned above, but ITIL is frequently described as containing best practices in the domain.

Lean
Lean manufacturing, sometimes called the Toyota Production System derives much of its direction from the methods used by the Japanese automobile manufacturer Toyota (Reeb & Leavengood, 2010).   The lean in lean manufacturing refers to the elimination of all waste. Waste is defined as any activity that creates no value —and value is defined by the customer (Reeb & Leavengood, 2010).  These methods became internationally recognized as a result of Womack, Jones, and Roos book, The Machine That Changed the World. They studied the practices of 90 automobile assembly plants in 17 countries to learn about Japanese successes in manufacturing. They reported that the hallmarks of lean production are teamwork, communication, and efficient use of resources. The lean approach for manufacturers is to improve their organizations by focusing on the elimination of any and all muda—the Japanese word for waste. The approach focuses on continuous system wide improvement, not only in the manufacturing division but business wide, and advocates methods to control the flow of material on the shop floor (Reeb & Leavengood, 2010).  
Engineering processes differ in fundamental ways from factory processes.  Most of the differences are driven by the fundamental uncertainty of product development processes—at the beginning of the process, the exact content of the output is not known (McManus, 2005). This is in stark contrast to factory operations, where the ideal is to make a part precisely the same as the last one. The product development process is also acting upon information more than physical material—the ultimate output is the specification of a product rather than the product itself. Finally, most product development processes are acting on a mix of jobs, of greater or lesser difficulty or complication. This is not a fundamental difference; it is analogous to a factory working on mixed-model production. It does, however, complicate the application of process improvements.  The similarities are driven by another fundamental—although the outcome may be uncertain at the beginning of a product development job, the process should be repeatable  (McManus, 2005).
Consider Womack and Jones’ 5 steps to lean:
• Precisely specify value by specific product
• Identify the value stream for each product
• Make value flow without interruptions
• Let the customer pull value from the producer
• Pursue perfection
We find we must re-imagine how the concepts of value, value stream, flow, and pull apply.   Value, especially as the process is underway, is harder to see, and the definition of value added is more complex. The value stream consists of information and knowledge, not the easy-to-track material flows of the factory. Due to uncertainties or interdependencies (e.g., between different analytical steps), branching or iterative flows may be beneficial, which is rarely if ever true in the factory. The “pull” to which the system should respond is also rarely a simple customer demand that can be used to calculate a takt time (a metronome-like beat that paces the process; at each beat a product is created). Product development operations are usually intermediate steps in an overall enterprise effort to create value.  Finally, perfection is even harder to reach, as simply doing the process very fast and perfectly with minimal resource used is NOT the final goal; efficient product development process is simply an enabler of better enterprise performance and better products  (McManus, 2005).  A mapping of lean manufacturing principles to engineering can be seen in Table 2 .
Notes on use: Lean (and associated approaches such as Kanban) has become more popular in recent years. For this reason, adopters of lean will find a wealth of books and other resources focused on contemporary projects and environments. The focus on removing waste and of identifying value streams may make lean approaches particularly valuable in times of constrained budgets.


[image: ]
[bookmark: _Ref398362431]Table 3 Applying the Five Lean Steps to Engineering (McManus, 2005)

Six Sigma
          Six Sigma places an emphasis on identifying and eliminating defects from products (power converters, sales quotations, proposals to a customer or a paper presented at a conference, etc.). The goal is to improve processes by eliminating waste and opportunity for waste so much that mistakes are nearly impossible. The goal of a process that is Six Sigma good is a defect rate of only a few parts per million. Not 99% good, not even 99.9% good, but 99.9996% good (White, 1992).  
To achieve Six Sigma quality, a process must produce no more than 3.4 defects per million opportunities. An “opportunity” is defined as a chance for nonconformance, or not meeting the required specifications. This means we need to be nearly flawless in executing our key processes. At its core, Six Sigma revolves around a few key concepts (Electric):
Critical to Quality: Attributes most important to the customer
Defect: Failing to deliver what the customer wants
Process Capability: What your process can deliver
Variation: What the customer sees and feels
Stable Operations: Ensuring consistent, predictable processes to improve what the customer sees and feels
Design for Six Sigma: Designing to meet customer needs and process capability (Electric)

Notes on use: Six sigma is most appropriate when an organization’s top priority is the removal of defects and the product’s final quality. Six sigma has been adopted in many industries, and many resources exist for practitioners.


Theory of Constraints
TOC focuses on system improvement. A system is defined as a series of interdependent processes. An analogy for a system is the chain: a group of interdependent links working together toward the overall goal. The constraint is a weak link. The performance of the entire chain is limited by the strength of the weakest link. In manufacturing processes, TOC concentrates on the process that slows the speed of product through the system (Nave, 2002).  TOC consists of five steps:
Identify. The constraint is identified through various methods. The amount of work in queue ahead of a process operation is a classic indicator.  Another example is where products are processed in batches.
Exploit. Once the constraint is identified, the process is improved or otherwise supported to achieve its utmost capacity without major expensive upgrades or changes. In other words, the constraint is exploited. 
Subordinate. When the constraining process is working at maximum capacity, the speeds of other subordinate processes are paced to the speed or capacity of the constraint. Some processes will sacrifice individual productivity for the benefit of the entire system. Subordinate processes are usually found ahead of the constraint in the value stream. Processes after the constraint are not a major concern—they are probably already producing under capacity because they have to wait on the constraining process.  
Elevate. If the output of the overall system is not satisfactory, further improvement is required. The company may now contemplate major changes to the constraint. Changes can involve capital improvement, reorganization or other major expenditures of time or money. This is called elevating the constraint or taking whatever action is necessary to eliminate it.
Repeat. Once the first constraint is broken, another part of the system or process chain becomes the new constraint. Now is the time to repeat the cycle of improvement. The performance of the entire system is re-evaluated by searching for the new constraint process, exploiting the process, subordinating and elevating (Nave, 2002). 

Six Sigma, Lean and Theory of Constraints Compared
[image: ]
Table 4 Comparison of six Sigma, Lean and Theory of Constraints (Nave, 2002)

Quality Factors
Stakeholders and Quality Factors Derived from DAU Lesson (https://learn.test.dau.mil/CourseWare/66_13/media/Module_6.pdf)
Each quality perspective embraces a different viewpoint of what is most important for software quality. Each project stakeholder is likely to have different software quality priorities based on his or her perspective. 
Logisticians who are responsible for software life-cycle support, would likely have an Attributes perspective. Quality attributes, such as maintainability and supportability, would be among their top priorities.
Systems Engineers have concerns about the ability of the software to work on a wide variety of target hardware. From a systems perspective,  they would be concerned about all aspects of software quality but would consider portability and transportability as particularly important.
End Users, who use the system in a combat environment, operate from the User-Focused perspective. For them, performance and reliability are key software quality attributes.
Software Suppliers work and are paid under the terms and conditions of a contract. Quality from their perspective means meeting contractual requirements.
Quality factors include: Correctness, Portability, Interoperability, Reusability, Efficiency, Reliability, Expandability, Flexibility, Survivability, Integrity, Testability, Usability, Maintainability and Verifiability. 

DoD CPI Strategies, CPI Deployment Cycle Implementation Process and CPI Deployment cycles
The Department of Defense (DoD) Continuous Process Improvement Transformation Guidebook provides members of the Department with a framework that is to be used for implementing and sustaining a culture of continuous improvement. It focuses on the following four key elements of CPI that require a common understanding and support to facilitate ongoing CPI initiatives and set the stage for greater enterprise-level improvements (Defense, 2006): 
A broad-based, structured CPI implementation method that spotlights why a sound plan is needed and how to determine and implement the best solution. This involves strategic planning at the enterprise level to properly focus CPI activities and involves operational planning at the organizational level to achieve aligned CPI performance improvement across the enterprise value stream. The methodology describes stakeholder key roles and responsibilities involved in supporting, monitoring, and repeating the improvement process.
A focus on CPI implementation within a structure of goals that are aligned to a warfighter-driven, outcome-based metric. Goals that are pursued and achieved in each CPI project should be measured by results-oriented performance metrics that support war fighter customer requirements most effectively in terms of time and cost. CPI projects should be in strategic alignment with an organization’s results-oriented metrics (such as Government Performance and Results Act (GPRA) related measures) to ensure the optimal impact on the enterprise value stream. Improved reliability, reduced processes’ cycle times, and a focus on targeted effectiveness at lowest total cost are driving elements of Improvement efforts. 
Emphasis on the management and integration of CPI projects. Project management principles are at the heart of success for supporting CPI projects, although CPI itself is not a project but rather a journey of continuous improvement without end. Periodic progress evaluation and reporting are essential for results achievement and synergy among improvement projects. This Guidebook provides a format for initiating, tracking and evaluating CPI projects in terms of process improvement.
Ways to determine how well projects and organizations are progressing with CPI initiatives, training, and certification. This Guidebook provides a Framework and useful checklists to gauge organizational CPI maturity. CPI maturity can be recognized at various discrete stages. A critical mass of trained CPI resources is needed for success.  To rapidly and effectively implement CPI in DoD, individuals shouldbe trained to fulfill various full time and part time roles in CPI-related functions. The commitment for some key personnel may be two or more years. Levels Of expertise will be defined and individuals identified based on the level of expertise they achieve. Outside expert assistance is likely to be Initially needed from sources such as other DoD activities or the commercial sector. But the goal is to develop in-house CPI expertise and capabilities within a reasonable timeframe (e.g. 1 to 3 years) and take full ownership for the continuing emphasis on CPI.  
CPI “Musts” DoD CPI Framework Experience in both the public and private sectors indicates that the following are required to ensure effective CPI implementation (Defense, 2006):
1. An established infrastructure to support CPI implementation—In DoD, the CPI infrastructure for each organization should consist of a Champion, Steering Committee, Support Team, and Work Groups, as appropriate. Peer groups should also be used to strengthen performance across the DoD functional areas. 
2. Outcome-focused goals that are strategically aligned, mission related and add real customer value through the operations of the organization. 
3. Thorough problem Definition, Measurement, Analysis, Improvement and Control (DMAIC) within a logical methodical CPI plan of action for all projects and other initiatives. 
4. Strong and continuously visible leadership commitment from the very top of the organization that stresses and supports a CPI
Culture of innovation and team work. 
CPI Principles 
Several principles evolved from organizations that have engaged in CPI planning and implementation; they represent the best of current CPI thinking: 
1. Determine the current situation using objective (fact-based) data analysis.
2. Analyze problems as a variation from a known or expected standard.
3. Set a goal to holistically improve the entire system and avoid sub optimization through 
isolated focus on process sub elements.
4. Focus on the people, machines, and systems that add value.
5. Improve processes through continuous controlled experimentation.
6. Make decisions based on long-term improvement.
7. Employ partnering with suppliers, customers, and other stakeholders  (Defense, 2006).
DoD CPI Deployment Cycle
The underlying CPI concepts are put into practice through a disciplined CPI deployment approach that should change how we view and think about work. It provides a customer satisfaction focus that is value-driven, not task driven, with value being defined by the customer. Operations are viewed in the context of customer expectations and requirements, operational environments, resource requirements, and technology. Figure 2-2 illustrates the steps in the CPI deployment cycle. The following paragraphs outline each of these steps.   
[image: ]
Figure 2 CPI Deployment Cycle (Defense, 2006)
DoD CPI Deployment Cycle for Acquisition Organizations
While Figure 2 provides an excellent overarching framework, the acquisition organization has an additional complexity. While a CPI cycle can be maintained purely within the DoD framework, the acquirer must also consider the CPI activities of its contractors. It is tempting, in fact, to assert that all CPI will be done by the developers, and to seek contractual mechanisms to achieve this. It is common to see RFPs that demand some form of CPI achievement, even though there is no policy that requires this. Below are some thoughts about each dimension. Some of the more common standards and methodologies will be mentioned; recommending a particular choice is dependent upon the specific situation, and are best discussed in a CPI team initiation environment.
Contractor Efforts
The two overarching approaches most frequently seen are ISO 9000 and CMMI. ISO 9000 certifications are often managed within the quality structure of the contractor, and can be an excellent partner for the acquirer in addressing quality assurance activities. CMMI is often pursued as a large scale process improvement effort, rather than a quality assurance effort. For specific, focused improvement, Lean, Six Sigma, and Theory of Constraints efforts allow contractors to target specific areas, providing excellent “how to” methodologies beyond what is found in standards like ISO 9000 and models like CMMI.
Acquirer Efforts
While ISO 9000 is seldom approached within an acquirer’s organization, one of the CMMI models has been tailored for use by an acquisition organization. Other acquisition organizations have chosen to partner with their contractors to pursue mutually beneficial process improvement. Examples that reduce “low value” effort include:
· metrics efforts to share a constrained set of “dashboard” elements for joint decision making 
· DID reviews to reduce low value deliverables
· “Agile” and “incremental” approaches to early delivery of workable system versions
It may also be useful to both the contractor and acquirer to have government participation in the contractor’s process improvement reviews, and to encourage contractor expertise on government improvement efforts. This builds teamwork and understanding that benefits both parts of the team.
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Incomplete Process
There is general failure to attain the purpose of the process. There are no easily
identifiable work products or outputs of the process.

Tevel 1

Performed Process
The purpose of the process is generally achieved. The achievement may not be
rigorously planned and tracked. Individuals within the organization recognize that an
action shouid be performed, and there is general agreement that this action is
performed as and when required. There are identifiable work products for the.
process. and these testify to the achievement of the purpose.
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Process performance atiribute

Tevel 2

Managed Process,
The process delivers work products of acceptable quality within defined timescales.
Performance according to specified procedures Is planned and tracked. Work
products conform to specified standards and requirements. The primary distinction
from the Performed Level is that the performance of the process is planned and
managed and progressing towards a defined process.
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Performance management attribute
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Work product management attribute

Level 3

Established Process
The process Is performed and managed using a defined process based upon good
software engineering principles. Individual implementations of the process use
approved, tallored versions of standard, documented processes. The resources
necessary to establish the process definition are also in place. The primary
distinction from the Managed Level is that the process of the Established Level is
planned and managed using a standard process.
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Level 4

Predictable Process.
The defined process is performed consistently in practice within defined control
limits, to achieve its goals. Detalled measures of performance are collected and
analyzed. This leads to a quantitative understanding of process capability and an
improved ability to predict performance. Performance is objectively managed. The
quality of work products Is quantitatively known. The primary distinction from the
Established Level Is that the defined process is quantitatively understood and
controlied.
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Gptimizing Process.
Performance of the process is optimized to meet current and future business needs,
and the process achieves repeatability in meeting its defined business goals.
Quantitative process effectiveness and efficiency goals (targets) for performance are
established, based on the business goals of the organization. Continuous process
monitoring against these goals is enabled by obtaining quantitative feedback and
improvement is achieved by analysis of the results. Optimizing a process involves
piloting innovative ideas and technologies and changing non-effective processes to
meet defined goals or objectives. The primary distinction from the Predictable Level
is that the defined process and the standard process undergo continuous refinement
and improvement, based on a quantitative understanding of the impact of changes
1o these processes
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ment methodology in your organization. Almost all
plead that if you adopt their specific tools or follow
a specific way of thinking, all your business prob-
lems will be solved.

After listening to multiple champions advocate
their special methodology, how do you choose
what will be best for your situation? What method-
ology fits the culture of your organization?

Many process improvement methodologies
appear to conflict with each other or at least down-
play the contribution of other

predict the expected outcome of that process. If the
outcome is not satisfactory, associated tools can be
used to further understand the elements influenc-
ing that process.

Through a rigid and structured investigation
methodology, the process elements are more com-
pletely understood. The assumption is the outcome
of the entire process will be improved by reducing
the variation of multiple elements.

Six Sigma includes five steps: define, measure,

methodologies. This montage of
tools and philosophies creates the
illusion of conflicting strategies.

Improvement Programs

P}oglam Six Sigma Lean thinking ‘Theory of constraints
In this article, I will discuss the — -
basi £ the three Improvement Theory Reduce variation Remove waste Manage constraints
asics ol ty P Application | 1. Define. 1. Identiy value. 1. Identity constraint.
methodologies and present a model quidelines | 2. Measure. 2. Identify value stream. | 2. Exploit constraint.
to help you understand their con- 3. Analyze. 3. Flow. 3. Subordinate processes.
¢ d effect d similariti 4. Improve. 4. Pull. 4. Elevate constraint.
cepts and ellects and similarities 5. Control. 5. Perfection. 5. Repeat cycle.
and differences. Table 1 describes Focus Problem focused Flow focused Systems constraints
the essence of each methodology.
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