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Executive Summary

The software industry is relatively immature as an engineering discipline, and early methodologies used were not well suited to optimizing for quality and speed of development.  In fact, these methodologies have resulted in over-engineered, late products that still missed the fast changing needs of its customers.  Most software is not a product in and of itself but is instead enables a much larger business or personal process.  In this light, the key to quality is providing an agile organization that uses a methodology flexible enough to react quickly to change and to minimize delivery time.  The analogy to lean manufacturing is very strong, and organizations have begun to apply these principles to software development through the adoption of Agile practices to simultaneously improve development speed and product quality.
Introduction
Software surrounds us, from relatively simple embedded devices now found in almost every appliance we use, to extremely complex server based business applications running on equally complex operating systems and networks.  Software engineering has a somewhat tarnished image with respect to product quality, a reputation that is well deserved for several reasons:
· The software engineering discipline is immature and still dominated by personality and conflict over methodology
· Early methodologies were derived from other engineering disciplines and not optimal for the development of software systems

· Software products fulfill the majority of the human interface and are very visible to system users; problems in software are very visible to the users of the system

· Software users continue to value feature expansion over quality in the products that they purchase; software companies are often successful despite their reputation for quality
Despite this history, the industry has also been making great strides in the last 5 years in overcoming this early track record.  A new breed of software engineer now has a rising voice in the application of proven principles and new practices to simultaneously improve software product quality and productivity much like occurred in the manufacturing industry over the last 50 years.  However, this time the innovators are people who have spent their whole careers building commercial software and are designing methodologies that are true to the nature of software development.  While it is reasonable to view software development as a simple subset of product development, the intrinsic nature of software as an intangible collection of ideas expressed in code argues for practices specialized to the medium.
While the premise of this paper is that modern principles of lean, agile development are gaining rapid acceptance and transforming software engineering, these changes are best understood in the context of the standards and systems from which they evolved.  To gain this context, we first examine the role and influence that the various Quality systems have had to date on software development, then review the evolution of software development methodologies, and then finally analyze the principles and practices of lean, agile software development and the impact that they are having on the industry.
Application of Quality Systems to Software

Quality Systems have broad applicability to any organization as the tenets of continuous improvement are certainly just as relevant to a software company as to any other organization.  However, the focus of this paper is on the more specific impact of these Quality Systems on how commercial or internal software is actually developed.  Let’s begin by reviewing the most popular Quality Systems (ISO-9000, Malcolm Baldrige, TQM, and Six Sigma) and their applicability to software development.
ISO-9000

The ISO-9000 standard is really the first and only Quality System to have directly addressed the specifics of software development methodology within their standards.  ISO 9000-3:1997 provides just such a framework, first by specifying the same generic approach to process management through a quality system, but then by extending this to include specific sections on software contract review (Section 4.3), software development and design (4.4), and software purchasing (4.6). (1)  While this standard is provided as a guideline, it does not impose any requirements and auditors can not actually audit against and certify to this standard.  Actual use of this standard is difficult to ascertain, although there were a few companies that advertised their ISO certification and referenced ISO 9001-3 specifically.  When ISO 9000:2000 was released, ISO chose to with draw the guidance and it was removed from the specification.
While the basic process management discipline imposed by ISO 9000/9001-3 was certainly much needed by the software industry, the ISO organization overstepped their bounds by also dictating a methodology and practices as part of the specification.  Their guidance for software development was based on what is known as the traditional waterfall model (to be discussed in detail later) and was overly prescriptive and burdensome for software development of any but the largest scale.  There are now related guidance documents on software life cycle processes (ISO 12207), Software Process Assessment (ISO 15504), a software measurement process framework (ISO 15939), and a product quality model and metrics (ISO 9126). (2)  In the end, ISO 9000 remains a useful process management tool for software organizations but is still rarely adopted by software companies.
Malcolm Baldrige


The Baldrige award program has to date not proven its applicability to software development organizations.  A quick review of the recipients to date (3) shows over the 18 years since its inception, no software development or related services company has been selected to win the award.  This may be a reflection of the relative process immaturity of software companies.  The limitations here are not theoretical – Tingey (4) provides a comparison and mapping of the 7 Baldrige Award criteria to the 24 SEI Capability Maturity Model (CMM, to be discussed in detail later) criteria and shows that a company pursuing CMM certification could effectively pursue the Baldrige Award.  As you would expect, they overlap most heavily in the category of Product and Service Processes.  The lack of any recipients could be due to the fact that CMM is pursued far more aggressively outside the U.S. by offshore companies seeking to sell software development services to the U.S.  Again, the broad application of this standard to driving continuous process improvement is certainly relevant and needed within most software organizations, but there does not appear to be any special relevance.

Total Quality Management (TQM)

TQM is only linked to software development in the most generic sense.  (5)  Software is developed using processes and these processes need to improve.  The software industry is over reliant on testing to ensure quality, and TQM would provide a framework for decreasing this dependency.  It would also drive toward measurement of processes to ensure that they remain in control.  These principles are relevant to improvement of software development but TQM is not the chosen vehicle.  As you will see in the next section, organizations wishing to pursue these goals are focusing their energy on Lean Six Sigma.
Lean Six Sigma


Despite the deep manufacturing origins of both Lean and Six Sigma, the combination of these approaches is proving to be very influential in the software industry.  Design For Six Sigma (DFSS) can be applied to either a linear or iterative product development model, so in that context it can be used in combination with other iterative Agile Development practices to achieve an iterative software development process.

The nature of Six Sigma is iterative as companies repeatedly apply the DMAIC loop to provide for continuous process improvement, and this is also being proven to be the most practical approach to developing software as well.  (6)  As shown below, DMAIC has even been directly mapped to the specific phases of a software development iteration (with liberties taken on the Improve and Control phases).
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The relationship between DFSS and a software development lifecycle (SDLC) is best summarized as follows:  
“While DFSS aligns with the sequence of events in many development life cycles, from requirements through design and delivery, it lives at a broader scope, as a bridge and information pipe between business and development. An SDLC addresses lower-level software-specific things, like configuration management, that are not part of DFSS. In turn, DFSS drives measurement, forecasting, realization and downstream control of business results, which are connected with, but outside the scope of, most SDLCs.” (6)
Because DFSS is not prescriptive on methodology, it can easily be used in combination with Agile software practices derived from Lean principles to provide effective continuous improvement of processes with practices that are consistent with the optimal way to develop software.  This combination of Six Sigma, Lean, and Agile methodologies promises to be the driving force in the software industry for years to come.
Other Software-Specific Quality Systems
There have been numerous past attempts by different software development tool vendors to establish proprietary methodologies that are supported or automated by the tools they provide.  Rational Software provides the “Rational Unified Process (RUP)” and Microsoft advocated the “Microsoft Solutions Framework (MSF)”.  However, none of these were comprehensive enough to be considered a full quality system.  The possible exception to this is the Capability Maturity Model (or CMM) provided by the Software Engineering Institute.
Software Engineering Institute’s (SEI) Capability Maturity Model (CMM)
Founded in 1984 at Carnegie Mellon, the SEI was formed to advance software engineering principles and practices through a federally funded research and development center. (7)  One program in particular, the Software Engineering Process Management Program, focused on the development of proven methodologies through structured process management.  They defined a maturity model called the CMM that defines 5 levels or stages of process maturity (1 - Initial, 2 - Managed, 3 - Defined, 4 - Quantitatively Managed, and 5 – Optimizing) and built an assessment process that would allow a software organization to determine (and even certify) its level.
As you can see, achieving a level 5 organization means not only having defined processes whose performance is reproducible and quantified, but also that there must be evidence of continuous improvement demonstrated by the organization.  CMM has proven to be broadly applicable in the software industry because it does not necessarily prescribe either a software development methodology or a specific quality system.  For organizations such as offshore development contractors, the CMM has proven to be a useful technique for both building process capability as well as the credibility for marketing that capability to potential customers.  In contrast, few commercial software companies that have captive, in-house product development or IT teams choose to pursue CMM certification.  Nevertheless, the dramatic growth of outsourced low-cost software development over the last 5 years guarantees that CMM will remain very relevant to the industry.
Evolution of Software Methodologies
To best understand the state of the art in using Six Sigma and Lean Software Development, we start with a brief review of the relatively rapid evolution of these practices.  While the development has been chaotic and fragmented, there have been three fairly distinct phases in this history:  Waterfall, Iteration, and Agile/Lean.
Waterfall
The first software development methodologies evolved out early work pioneered by the Department of Defense in the 1960’s that established what has become known as the “waterfall method” of software development.  While intuitive in design (you can’t test it until you build it, you can’t build it until you design it, and you can’t design it until you know what it needs to do), the methodology was really driven by the needs of the government procurement process.  Government contracts required milestones that represented progress towards completion as a means for determining when payments should be made, and since these projects often spanned multiple years, the contractors also needed protection against changing requirements affecting the scope of the project.  The design of this methodology closely mirrors similar approaches used for other hardware-based military systems.
Iteration


In the 1990’s, software practitioners realized that the rigid, serialized waterfall process with fixed phase gates was too rigid for a fast changing marketplace.  The waterfall methodology emphasized a complete and detailed understanding of all requirements prior to proceeding into design, development, and test.  This forced software customers to attempt to define any and all features they thought they might need, often with little context for what they actually needed, and led to feature bloat and analysis paralysis.  
Since software is usually just a reflection of real life processes and these processes are constantly changing, the waterfall method delivered products that took so long to develop that they were often not relevant by they time they were completed.  Ironically, it was the process that was the problem, not the software itself.  Software can be very agile, but it requires processes designed to be reactive to what is learned during the development process and people that see this flexibility as a positive thing.


Iterative development processes acknowledge that long development cycles are inherently bad.  Instead, they focus on shortening the development cycle into iterations that result in a partially complete product delivered at the end of each iteration.  Microsoft developed many of these practices, and it was the leader of the Visual C++ team, Jim McCarthy, that first described them for the public in “Dynamics of Software Development”. (8)  Microsoft went on to further codify this approach in the Microsoft Solutions Framework.  These early innovations provided an alternative to waterfall as a more effective way of building commercially successful software.
Agile / Lean

In February 2001, a group of 17 leading software developers met to discuss the state of the industry and, in particular, their frustration with the prevailing development philosophies and practices.  The result of this meeting was the development of a simple set or principles combined with iterative practices to found a new movement called Agile.  The team captured their conclusions in “The Agile Manifesto”, shown in Exhibit 1, and they joined to launch a new organization that would further these principles and practices called the Agile Alliance (9).  A few very similar methodologies (“Extreme Programming”, “Scrum”, etc) have since been established that define specific practices that are consistent with the goals of building teams, processes, and software that are by design inherently agile.

Since then, others have observed that the principles of Agile software development are very similar to the same principles that drive Lean manufacturing, and they coined the phrase “Lean Software Development” (10, 11) to capture this convergence of Lean principles with Agile practices.  In the next section, this paper will define these principles, explain their application to software development, and place them in the context of Six Sigma as the state of the art for driving quality and continuous improvement within software companies.

The Lean/Agile software movement is often misinterpreted as a rejection of process in favor of something best described as controlled anarchy, especially by those who advocate the methodology for that reason.  In this light, it’s easy to assume that this would have a negative impact on quality.  In fact, as you will see in more detail in the next section, the practices involved are quite disciplined, and because they force behavior changes that drive continuous adjustment of features, plans, and the associated code to match what the customer or market wants and to design for testability, they in fact result in improved quality and productivity.
Six Sigma / Lean / Agile Within Software Development


Since the principles of Six Sigma and Lean originated in manufacturing organizations, there is a natural tendency for software organizations to reject the philosophies and practices of these systems as foreign and difficult to apply to the software development process.  In fact, the notion of a software “factory” that routinely produces software that is identical to previous units produced is ridiculous – no one ever builds the same piece of software twice.  While the detailed statistical principles of Six Sigma are well suited for analyzing mass production where variation is inherently bad, a software development organization is constantly and intentionally changing the target specifications, the people used to build the product, and the technologies used to build it.  In this sense, the software “factory” is in inappropriate analogy – software development should be viewed as a highly customized service industry needing adaptable processes that reflect the nature and scale of the individual project.
Design For Six Sigma (DFSS)

DFSS defines four principle activities: concept development, design development, design optimization, and design verification.  These are the same basic activities mentioned when introducing the “waterfall” concept described earlier in this paper.  The risk when applying DFSS to software development is that practices useful in manufacturing or in the development of products with a more tangible result (such as mechanical or electrical design) are forced onto the software process.  The natural result is a DFSS process with linear flow and phase gate review between each of the activities.  
As discussed earlier in this paper, frequent short iterations with review between iterations is a more natural process for software development.  The key is to correctly apply the principles and tools of DFSS to an iterative process containing all of these activities in parallel as described in “Lean Software Development”:
“As it became apparent that in development variation is a good thing and failed experiments generate as much learning as successful ones, companies have recognized that Design for Six Sigma (DFSS) is the right variation of Six Sigma for software development.  With its strong focus on discovering the voice of the customer and clear emphasis on data-driven problem solving, DFSS has a lot of good tools to off a development team.” (12)

In this sense, DFSS is complementary to the Lean/Agile practices described below and will provide a useful foundation for process management, continuous improvement, and a fact-based approach to capturing the real needs of the customer.  For a more complete summary comparing DFSS principles to Agile, see Exhibit 2. (13)
Lean Software Development


As first described by Mary and Tom Poppendieck, the seven basic principles of lean software development are:
· “Eliminate Waste

· Build Quality In

· Create Knowledge

· Defer Commitment

· Deliver Fast

· Respect People

· Optimize the Whole” (14)
While a complete analysis of these tenets can be found in the text, there are two principles when taken together highlight the central thesis of this paper – waste and speed.


Waste in the software world is found in two main areas – test-and-fix churn and feature bloat.  Test-and-fix churn results from the development of detailed requirements early and separate from the implementation of those requirements.  The coding and use of the resulting product always reveals new requirements – if this discovery is postponed until the end of the development process, then significant churn of the code occurs late in the development cycle.  Feature bloat results from attempting to define all necessary features before actually using the product – although not substantiated by hard data, the common experience is that two-thirds of software features built go unused.  If you constrain the development process to build only essential features first and then use actual interaction with the product to determine what remaining features are needed, then there is the potential to reduce development time by 50% or more.  Exhibit 3 provides a more detailed comparison of Lean to Agile. (15)
Agile Thinking - Extreme Programming and Scrum


Agile practitioners have developed several detailed sets of practices that largely overlap, but the two most popular are referred to as “Extreme Programming (XP)” and “Scrum”.  Common practices include:

· minimal design documentation focused on explaining the use of the product from the user’s perspective

· continuous refactoring of the codebase

· dependence on automated unit tests to exercise nightly builds

· frequent short direct communication including the customer

· and the regular delivery of features in iterations that are “shipped”

In addition, they may also differ in practices such as pair programming, time bound iterations, and test driven development, but the net effect of combining these practices as a clockwork is to achieve improved quality through lower defects as well as increased speed by delivering only the features absolutely needed by the customer.
Conclusion

While this paper has only been able to provide a brief overview of the potential for process improvement in the software industry, the overlap of the principles of Six Sigma, Lean, and Agile software development should be evident.  The software industry as well as every captive IT organization developing business applications for internal consumption can dramatically improve their speed and quality by investing in educating all team members on the value of these principles and practices.
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	 Table 1: Agile Principles That Readily Align with DFSS

	Agile Manifesto Principles
	DFSS Alignment/Support

	"Our highest priority is to satisfy the customer through early and continuous delivery of valuable software."
	Strong tools for eliciting stated and latent requirements and connecting them to measurable customer and company value.

	"Business people and developers must work together daily throughout the project."
	Six Sigma makes requirements and design data more visible – facilitating shared understanding early and often between business and development.

	"Continuous attention to technical excellence and good design enhances agility."
	Comparing and selecting among design choices based on performance to technical and business measures drives this kind of continuous attention.

	"Simplicity – the art of maximizing the amount of work not done – is essential."
	Six Sigma focus on what's important can clarify what not to do – streamlining project effort and schedule.

	"Agile processes promote sustainable development. The sponsors, developers and users should be able to maintain a constant pace indefinitely."
	Done correctly, Six Sigma projects "auto-size" to cover the risk and value-capture needs of a project or project stage. This helps level out and sustain the long term pace a team can manage.

	"The most efficient and effective method of conveying information to and within a development team is face-to-face conversation."
	DFSS also subscribes to this – facilitating face-to-face conversations with facts and measures that keep them crisp and value-added.

	"Deliver working software frequently, from a couple of weeks to a couple of months, with a preference to the shorter timescale."
	As long as this does not mean operating without some bigger picture architecture and plan, Six Sigma also leans away from big-bang delivery.


	 Table 2: Agile Principles That Initially Seem at Odds with DFSS

	       Agile Manifesto Principles       
	DFSS Challenges

	"Working software is the primary measure of progress."
	If this meant a "haste makes waste" rush to coding, it would be in strong conflict with Six Sigma. The Agile intent, though, is more to eschew plans and meetings as signs of progress in absence of code.

	"At regular intervals, the team reflects on how to become more effective, then tunes and adjusts its behavior accordingly."
	Closed loop learning is good – and in line with Six Sigma. Taken too literally – with reflection, ungrounded in facts, driving changes – this could induce unwanted variation, with a team yanking itself around.

	"The best architectures, requirements and designs emerge from self-organizing teams."
	Six Sigma has no problem with the spirit of this – that dynamic and aware teams do a lot better than bureaucracies – but would be in conflict if the statement were applied in a cavalier way, without proper regard for balanced and deep-enough team representation.

	"Build projects around motivated individuals. Give them the environment and support they need, and trust them to get the job done."
	Six Sigma might say, "Trust, but verify." Forecasting and tracking progress – as possible and appropriate for each iteration – are important DFSS tenets.

	"Welcome changing requirements, even late in development. Agile processes harness change for the customer's competitive advantage."
	Six Sigma accepts the need to be robust and responsive regarding changing requirements, but would pay special attention to uncovering and understanding requirements clues early enough to reduce the incidence of requirements surprises downstream.


Exhibit 3: Mapping Lean to Agile Software Thinking 

“Software Development Convergence: Six Sigma-Lean-Agile”

http://software.isixsigma.com/library/content/c050302b.asp
	Table 2: Lean and Agile Thinking Learn from the Follies of Mass Production

	Mass Production
	Waste
	Lean Thinking 
	Agile Software Thinking

	Build inventory
	Rework of disposal of outdated inventory
	Build to order
	Invest design and code work only on clear customer requirements (pull)

	     "
	Transportation
	Minimize wasted movement and handling
	Minimize wasted "knowledge recovery time" switching in and out of different tasks

	     "
	Storage
	Minimize inventory and storage
	Minimize work in process (and configuration and revision control overhead)

	Start large batches of identical goods (push)
	Overproduction
	Right-size batches, matching the readiness of the next activity (pull)
	Avoid "big bang" delivery...break work into smaller units that build incremental value

	     "
	Queing/waiting
	 
	Smaller iterations – avoid coders waiting for design, or worse, moving ahead of design

	     "
	Defects and rework costs hidden by sales of the good units
	Measure and reduce rework time
	Measure and reduce rework and defect repair time


Manifesto for Agile Software Development


We are uncovering better ways of developing �software by doing it and helping others do it. �Through this work we have come to value:


Individuals and interactions over processes and tools �Working software over comprehensive documentation �Customer collaboration over contract negotiation �Responding to change over following a plan


That is, while there is value in the items on �the right, we value the items on the left more.








Figure 1.  Applying DFSS / DMAIC to a Software Development Life Cycle Iteration








PAGE  
17

