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To my sons Peter and Tomas, and to my beloved lands:
United States and Poland- | dedicate this book in the
hope that all four will always strive to optimize in the

next larger context without sub - optimization,
consistent with Lean Thinking.
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Foreword

Poor program performance for large complex systems is an all too frequent outcome
in defense, aerospace, civil infrastructure, shipbuilding and many other domains.
Although many programs are executed effectively, those that aren’t slip months to
years to decades behind schedule, overrun budgets by millions or billions of dollars,
and become public black eyes. Often there are multiple interacting causes for poor
program performance—for example change of key leaders, optimistic technology
forecasts, inexperienced workforce, or politics. Yet study after study concludes that
ineffective system engineering is a leading or contributing cause for almost every
poorly performing program. For the past several decades there have been multiple
and constant pleas to improve effectiveness of system engineering.

What have been the responses and how effective have they been? Universi-
ties, industry, and military organizations have launched system engineering training
courses, undergraduate and graduate degrees, and certification programs. The Inter-
national Council on Systems Engineering (INCOSE) has become established as the
professional society for systems engineering. Its many working groups are commu-
nities of practice for systems engineers. Organizations have established high level
system engineer leadership positions to bring management attention and priority to
this aspect of their operations. Research efforts have been funded to devise new
approaches or better understand the practice of systems engineering. New tools
and metaphors for system engineering are being developed: Model-Based System
Engineering, modeling languages, and requirements management software tools are
three examples. A newly emerging approach is the Meta program which will uti-
lize a metalanguage with an aim to “enable ‘fabless’ development of systems that
are probabilistically verifiable as correct by design, compressing the cycle time by

xi



Xii FOREWORD

removing manufacturing from the loop”,! Although each of these responses have

had or will have a positive impact, none of them individually or all of them collec-
tively seem to have overcome the ineffectiveness of systems engineering in many
applications.

This book presents a new response to the need to improve system engineering
effectiveness. It is a response that supports and enables established, proven systems
engineering methods to become more effective. It is a response in harmony with
others, not in competition. It is a response based upon the knowledge base and
proven effectiveness of lean six sigma thinking in many other functional domains.
Lean which originated at Toyota is not a set of tools but a way of thinking. Lean
Systems Engineering is not some kind of new fangled systems engineering. It is
a way to make the best systems engineering better by applying common sense
continuous process improvement approaches.

Lean for Systems Engineering is the first major work in the emerging field of
lean systems engineering. The author lays out the fundamentals of Lean Think-
ing and how it applies to system engineering. The book is rich with citations to
classic and recent literature, and provides a scholarly basis for the main product
that is introduced - Lean Enablers for System Engineering (LEfSE). LEfSE is a
compilation of best practices or “dos and don’ts” to supplement established sys-
tem engineering practices. A major portion of the book is devoted to descriptive
and useful information regarding the LEfSE and how to adopt and apply them.
Although new and not yet widely deployed, the book presents encouraging results
from early adopters of LEfSE. The implementation cost is very modest and the
gains are significant: return on investment of 5% and reduction of waste or cycle
time of 20—-40%.

The Lean Enablers for System Engineering product is an outgrowth of the
INCOSE Lean Systems Engineering Working Group. I was fortunate to be an
early participant in this working group and play some role in the formation of
LEfSE. But I was also wise enough to stand aside and let Bo Oppenheim’s pas-
sion, experience and abilities to get things done lead this group to its successful
outcome. I am very pleased to see this effort culminate in this new book in which
Bo lays out the fundamentals of lean systems engineering, the history of the LEfSE
development, and the details of this new product.

Lean for System Engineering is targeted at the practitioner who is trying to make
systems engineering more effective in her or his organization or program. Yet its
scholarly underpinnings make the text very suitable for teachers. Educators and
trainers who wish to weave lean thinking into their systems engineering curriculum
will find this an invaluable text.

I encourage readers who find value in lean for systems engineering to become
involved in the INCOSE Lean Systems Engineering Working Group. It would be

! Aviation Week and Space Technology, Nov 8, 2010, pp 72—75.
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especially valuable for you to share your experiences in applying or teaching Lean
Enablers for System Engineering so that this ongoing effort can continue to become

better and better.

EARLL M. MURMAN

MIT Ford Professor of Engineering Emeritus
Port Townsend, WA



Preface

This book was written for two purposes—to popularize the important emerging
field termed Lean Systems Engineering, and to serve as a reference text for the first
major product created under it: Lean Enablers for Systems Engineering (LEfSE).

Balance between technical and business success is one of the critical aspects of
high-quality Systems Engineering. Regretfully, during the past decade, in some gov-
ernment programs inadequate incentives tended to throw the balance off. Namely,
system or mission assurance was incentivized at the expense of budget and sched-
ule. This book describes how Lean Thinking is applied to Systems Engineering to
achieve both technical and business successes.

Lean Thinking, or simply Lean, has been applied in many domains, including
manufacturing, supply chain management, product development, administration,
accounting, healthcare, and government, in each case creating significant, well-
documented benefits. Lean dramatically reduced car development and production
times and costs while increasing product quality and stakeholder satisfaction, and
became a standard practice in most manufacturing industries.

Lean Systems Engineering should be regarded as the process of amending the
well-established and sound traditional Systems Engineering process with the wis-
dom of Lean Thinking, rather than replacing Systems Engineering with a new body
of knowledge. Most emphatically, Lean Systems Engineering does not mean “less
systems engineering,” but rather better Systems Engineering, with better prepara-
tions of the enterprise processes, people, and tools; better program planning and
frontloading; better workflow management; and better program management and
leadership with higher levels of responsibility, authority, and accountability. Under
the Lean Systems Engineering philosophy, system success or mission assurance
is non-negotiable, and any task which is legitimately needed for success must be

XV
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included in the program. The benefits of Lean Systems Engineering are immedi-
ately visible in better Systems Engineering processes, as well as in the streamlined
execution of the program, with less waste, waiting, and rework; more predictable
and robust program flow; lower overall program cost and shorter schedule, and
creation of better value to the customer. The fundamental feature of Lean Systems
Engineering is to perform all preparations and planning of the people, processes,
tools, and individual tasks well enough so that the right tasks can be executed right
the first time, creating customer value while minimizing waste.

Lean Enablers for Systems Engineering (LEfSE) is the first major practical prod-
uct created under Lean Systems Engineering and is the main topic of this book.
LEfSE is a checklist of 147 practices formulated as dos and don’ts of Systems
Engineering and some closely related aspects of Product Development (PD) and
Enterprise Management, including supply chain management. The intent of LEfSE
is to offer comprehensive and actionable practices to the profession, with the objec-
tive of improving overall performance of Systems Engineering and the PD program
it serves; strengthen the value created by the program; increase the level of satisfac-
tion of stakeholders; and reduce waste, program cost, and time. Most of the effort in
developing Lean Systems Engineering and the LEfSE was conducted by the Lean
Systems Engineering Working Group (LSE WG) of INCOSE. This was an inten-
sive and rigorous two-year process involving 14 experts from industry, academia,
and government, supported by members of the WG. Version 1.0 of LEfSE was
released to INCOSE and to the public in January 2009. In 2010, the LEfSE were
recognized with two following prestigious awards:

e The INCOSE Product of the Year
e The Shingo Award for Research and Publication

These independent recognitions from both Systems Engineering and Lean com-
munities are regarded as an important step in validating Lean Enablers for Systems
Engineering .

After the LEfSE were released to the public, the author and several of his col-
leagues on the development team were invited to offer numerous (40 at the time
of this writing) workshops, tutorials, webinars, and seminars to industry, govern-
ment, INCOSE meetings, and universities in the U.S., China, Finland, France, Italy,
Israel, Netherlands, Norway, Poland, Singapore, Sweden, and the United Kingdom.
Over 2000 participants took part in these professional events, generally excellently
received. In many of these sessions participants asked for more explicit information
about the enablers than was possible to present in the short sessions. This book is
a direct response to these requests.

Both SE and Lean are a mix of art and science, and the art of effective teaming
plays a critical role in SE. Some programs can be compared to the effort of climb-
ing Mt. Everest or competitive racing in a storm—extraordinary teams pursuing
difficult challenges against heavy odds. The Apollo, U2, F117, Boeing 747, nuclear
submarine, I products from Apple, and the Prius car programs come to mind as
examples. Such programs inspire young people to choose a career in engineer-
ing. The best programs require leadership, teamwork, enthusiasm, passion, inner
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energy, and joy, in addition to competence and experience. These elements have a
prominent place in the book.

The material presented in the book is broad in scope, non-mathematical, and it
applies to the development of all types of complex systems in all domains, both
in commercial and government programs. We hope that LEfSE will benefit Sys-
tems Engineers and other Product Development engineers and managers, civilian
and military professionals involved in systems acquisition both in industry and
government, project managers, and faculty and students of these fields.

BoHDAN W. OPPENHEIM
Santa Monica, CA
May 3, 2011
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List of Enablers and Subenablers
in Chapter 7

Lean Principle 1: Value

1.1 Follow All Practices for the Capture and Development of Requirements,
as Found in the INCOSE Handbook

1.2 Establish the Value of the End Product or System to the Customer
1.2.1 Define value as the outcome of an activity that satisfies at least three
conditions
1.2.2 Define value-added in terms of value to the customer and his needs

1.2.3 Develop a robust process to capture, develop, and disseminate cus-
tomer value with extreme clarity

1.2.4 Develop an agile process to anticipate, accommodate, and communi-
cate changing customer requirements

1.2.5 Do not ignore potential conflicts with other stakeholder values, and
seek consensus

1.2.6 Explain customer culture to program employees, i.e. the value system,
approach, attitude, expectations, and issues
1.3 Frequently Involve the Customer

1.3.1 Everyone involved in the program must have a customer-first spirit

1.3.2 Establish frequent and effective interaction with internal and external
customers

1.3.3 Pursue an architecture that captures customer requirements clearly
and can be adaptive to changes

xxiii
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1.3.4 Establish a plan that delineates the artifacts and interactions that pro-
vide the best means for drawing out customer requirements

Lean Principle 2: Map the Value Stream

2.1 Plan the Program According to the INCOSE Handbook Process

2.2 Map the SE and PD Value Streams and Eliminate Non-Value Added
Elements

2.2.1 Develop and execute a clear communication plan that covers entire
value stream and stakeholders

2.2.2 Have cross functional stakeholders work together to build the agreed
value stream

2.2.3 Create a plan where both Systems Engineering (SE) and other Prod-
uct Development (PD) activities are appropriately integrated

2.2.4 Maximize co-location opportunities for SE and PD planning. (SE
is a part of PD. In this paragraph, the PD should be understood as
denoting all PD activities other than SE, including design, develop-
ment, manufacturing, integration, testing, etc.)

2.2.5 Use formal value stream mapping methods to identify and eliminate
SE and other PD waste, and to tailor and scale tasks

2.2.6 Scrutinize every step to ensure it adds value, and plan nothing
because “it has always been done”

2.2.7 Carefully plan for precedence of both SE and PD tasks (which
task(s) feed what other task(s), with what data, and when), under-
standing task dependencies and parent-child relationships

2.2.8 Maximize concurrency of SE and other PD tasks

2.2.9 Synchronize work flow activities using scheduling across functions,

and even more detailed scheduling within functions

2.2.10 For every action, define who is responsible, approving, supporting,
and informing (RASI), using a standard and effective tool, paying
attention to precedence of tasks

2.2.11 Plan precisely to enable level workflow and schedule adherence,
and to drive out arrival-time variation

2.2.12 Plan below full capacity to enable flow of work without accumu-
lation of variability, and to permit scheduling flexibility in work
loading, i.e., have appropriate contingencies and schedule buffers.
(Queuing theory proves that the flow approaching 100% of capacity
slows down asymptotically due to the accumulation of variability,
even in the absence of any bottlenecks)

2.2.13 Plan to use visual methods wherever possible to communicate
schedules, workloads, changes to customer requirements, and other
information
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2.3 Plan for Frontloading the Program

2.3.1 Plan to utilize cross-functional teams made up of the most experi-
enced and compatible people at the start of the project, to look at a
broad range of solution sets

2.3.2 Explore trade space and margins fully before focusing on a point
design and too small margins

2.3.3 Anticipate and plan to resolve as many downstream issues and risks
as early as possible to prevent downstream problems

2.3.4 Plan early for consistent robustness and right the first time under
“normal” circumstances, instead of hero-behavior in later “crisis”
situations

2.4 Plan to Develop Only What Needs Developing

2.4.1 Promote reuse and sharing of program assets: Utilize platforms,
standards, buses, and modules of knowledge, hardware and
software

2.4.2 Insist that a module proposed for use is robust before using it

2.4.3 Remove show-stopping research/unproven technology from critical
path, staff with experts, and include in the Risk Mitigation Plan

2.4.4 Defer unproven technology to future technology development
efforts or future systems

2.4.5 Maximize opportunities for future upgrades, (e.g., reserve some vol-
ume, mass, electric power, computer power, and connector pins),
even if the contract calls for only one item

2.5 Plan to Prevent Potential Conflicts with Suppliers

2.5.1 Select suppliers who are technically and culturally compatible

2.5.2 Strive to develop a seamless partnership between suppliers and the
product development team

2.5.3 Plan to include and manage the major suppliers as a part of your
team

2.5.4 Have the suppliers brief the design team on current and future capa-
bilities during conceptual formation of the project

2.6 Plan Leading Indicators and Metrics to Manage the Program

2.6.1 Use leading indicators to enable action before waste occurs
2.6.2 Focus metrics around customer value, not profits

2.6.3 Use only a few simple and easy-to-understand metrics and share
them frequently throughout the enterprise

2.6.4 Use metrics structured to motivate the right behavior
2.6.5 Use only those metrics that meet a stated need or objective
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Lean Principle 3: Flow

3.1 Execute the Program According to the INCOSE Handbook Process

3.2 Clarify, Derive, and Prioritize Requirements Early and Often During
Execution

3.3

34

3.2.1

322

323
324

325

3.2.6

Since formal written requirements are rarely enough, allow for follow-
up verbal clarification of context and need, without allowing require-
ments creep

Create effective channels for clarification of requirements (possibly
involve customer participation in development IPTs)

Listen for and capture unspoken customer requirements

Use architectural methods and modeling for system representations
(3D integrated CAE toolset, mockups, prototypes, models, simula-
tions, and software design tools) that allow interactions with cus-
tomers as the best means of drawing out customer requirements

Fail early - fail often through rapid learning techniques (prototyping,
tests, digital preassembly, spiral development, models, and simula-
tion)

To align stakeholders, identify a small number of goals and objectives
that articulate what the program is set up to do, how it will do it, and
what the success criteria will be, and repeat this process consistently
and often

Front Load Architectural Design and Implementation

3.3.1
332

333

334

3.3.5

Explore multiple concepts, architectures, and designs early

Explore constraints and perform real trades before converging on a
point design

Use a clear architectural description of the agreed-upon solution to
plan a coherent program, and engineering and commercial structures
All other things being equal, select the simplest solution ("Any fool
can make anything complex but it takes a genius and courage to create
a simple solution”— Albert Einstein.)

Invite suppliers as trusted program partners to make a serious contri-
bution to SE, design, and development

Systems Engineers to Accept Responsibility for Coordination of PD
Activities

34.1
342

343

344

Promote maximum seamless teaming of SE and other PD engineers
Systems Engineers to regard all other engineers as their partners and
internal customers, and vice-versa

Maintain team continuity between phases to maximize experiential
learning

Plan for maximum continuity of Systems Engineering (SE) staff dur-
ing the program
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3.5 Use Efficient and Effective Communication and Coordination

3.6

3.7

3.5.1

352

353

354
355
3.5.6

3.5.7

358

359

Capture and absorb lessons learned from almost all programs: never
enough coordination and communication

Maximize coordination of effort and flow (one of the main responsi-
bilities of Lean SE)

Maintain counterparts with active working relationships throughout
the enterprise to facilitate efficient communication and coordination
among different parts of the enterprise, and with suppliers

Use frequent, timely, open, and honest communication

Promote direct, immediate, informal communications as needed

Use concise one-page electronic forms (e.g., Toyota’s A3 form) rather
than verbose unstructured memos to communicate, and keep detailed
working data as backup

Report cross-functional issues to be resolved on concise, standard,
one-page forms to Chief’s office in real time for his/her prompt res-
olution

Communicate to suppliers with crystal clarity all expectations, includ-
ing the context and need, and all procedures and expectations for
acceptance tests, and ensure the requirements are stable

Trust engineers to communicate with suppliers’ engineers directly for
efficient clarification, within a framework of rules, but watch for high
risk items which must be handled at the top level

Promote Smooth SE Flow

3.6.1

3.6.2

3.6.3

3.64
3.6.5

3.6.6

Frequently use formal comprehensive integrative events in addition
to programmatic reviews of the program

Be willing to challenge the customer’s assumptions on technical and
meritocratic grounds, and to maximize program stability, relying on
technical expertise

Minimize handoffs to avoid rework

Optimize human resources when allocating VA and RNVA tasks
Ensure the use of the same measurement standards and database com-
monality

Ensure that both data deliverers and receivers understand mutual
needs and expectations

Make Program Progress Visible to All

3.7.1

372

373

Make work progress visible and easy to understand to all, including
external customer

Utilize Visual Controls in public spaces for best visibility (avoid com-
puter screens)

Develop a system to make imperfections and delays visible to all
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Use traffic light system (green, yellow, red) to report task status
visually (good, warning, critical) and make certain problems are not
concealed

3.8 Use Lean Tools

3.8.1

3.8.2

3.8.3

3.84
3.8.5

Use Lean tools to promote the flow of information and minimize
handoffs: small batch size of information, small takt times, wide
communication bandwidth, standardization, work cells, training

Use minimum number of tools and make common wherever possible

Minimize the number of the software revision updates and centrally
control the update releases to prevent information churning

Adapt the technology to fit the people and process
Avoid excessively complex monument tools

Lean Principle 4: Pull

4.1 Tailor for a Given Program according to the INCOSE Handbook Pro-

4.2

Ccess

Pull Tasks and Outputs Based on Need, and Reject Others as Waste

421
422

423
424

425
4.2.6

427

428

429

Let information needs pull the necessary work activities

Promote a culture in which engineers pull knowledge as they need it
and limit the supply of information to only genuine users
Understand the Value Stream Flow

Train the team to recognize who the internal customer (Receiver) is
for every task, as well as the supplier (Giver) to each task. Use a
SIPOC (supplier, inputs, process, outputs, customer) model to better
understand the value stream

Stay connected to the internal customer during the task execution
Avoid rework by coordinating task requirements with internal cus-
tomer for every non-routine task

Promote effective real-time direct communication between each Giver
and Receiver in the value flow

Develop Giver — Receiver relationships based on mutual trust and
respect

When pulling work, use customer value to delineate value adding
work from waste

Lean Principle 5: Perfection

5.1 Pursue Continuous Improvement according to the INCOSE Handbook
Process

5.2 Strive for Excellence of SE Processes

5.2.1

Do not ignore the basics of Quality
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53

54

522

523

524

525
5.2.6

5.2.7

5.2.8

Promote excellence under “normal” circumstances instead of hero
behavior in “crisis” situations

Use and discuss failures as opportunities for learning, emphasizing
process and not people problems

Treat any imperfection as an opportunity for immediate improvement
and a lesson to be learned, and practice frequent reviews of lessons
learned

Maintain a consistent, disciplined approach to engineering

Promote the idea that the system should incorporate continuous
improvement in the organizational culture, but also ... (continued in
5.2.7)

... balance the need for excellence with avoidance of overproduction
waste (pursue refinement to the point of assuring value and right the
first time, and prevent over-processing waste)

Use a balanced matrix/project organizational approach. avoiding
extremes, such as territorial functional organizations with isolated
technical specialists, and all-powerful IPTs separated from functional
expertise and standardization

Use Lessons Learned from Past Programs for Future Programs

5.3.1

532

5.33

534

5.3.5

Maximize opportunities to make each next program better than the
last

Create mechanisms to capture, communicate, and apply experience-
generated learning and checklists

Insist on workforce training in root cause and appropriate corrective
action

Identify best practices through benchmarking and professional litera-
ture

Share metrics of supplier performance with them so they can improve

Develop Perfect Communication, Coordination, and Collaboration Pol-
icy across People and Processes

54.1

542

543

544

54.5

Develop a plan and train the entire program team in communications
and coordination methods at the program beginning

Include communication competence among the desired skills during
hiring

Promote good coordination and communications skills with training
and mentoring

Publish instructions for email distributions and electronic communi-
cations

Publish instructions for artifact content and data storage—central cap-
ture versus local storage, and for paper versus electronic—balancing
between excessive bureaucracy and the need for traceability
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5.4.6 Publish a directory of the entire program team and provide training
to new hires on how to locate the needed nodes of knowledge

5.4.7 Ensure timely and efficient access to centralized data

5.4.8 Develop an effective body of knowledge that is historical, searchable,
and shared by team; and a knowledge management strategy to enable
the sharing of data and information within the enterprise

5.5 For Every Program, Use a Chief Engineer Role to Lead and Integrate

the Program from Start to Finish

5.5.1 The Chief Engineer role to be responsible, with authority and account-
ability (RAA) for the program technical success

5.5.2 Have the Chief Engineer role lead both the product and people inte-
gration

5.5.3 Have the Chief Engineer role lead through personal influence, tech-
nical know-how, and authority over product development decisions

5.5.4 Groom an exceptional Chief Engineer role with the skills to lead the
development, the people, and assure program success

5.5.5 If Program Manager and Chief Engineer role are two separate individ-
uals (required by contract or organizational practice), co-locate both
to enable constant close coordination

5.6 Drive out Waste through Design Standardization, Process Standardiza-

tion, and SKill-Set Standardization

5.6.1 Promote design standardization with engineering checklists, standard
architecture, modularization, busses, and platforms

5.6.2 Promote process standardization in development, management, and
manufacturing

5.6.3 Promote standardized skill sets with careful training and mentoring,
rotations, strategic assignments, and assessments of competencies

5.7 Promote All Three Complementary Continuous Improvement Methods

to Draw Best Energy and Creativity from All Employees

5.7.1 Utilize and reward bottom-up suggestions for solving employee-level
problems

5.7.2 Use quick response, small Kaizen teams comprised of problem stake-
holders for local problems and development of standards

5.7.3 Use the formal, large Six Sigma teams for the problems which cannot
be addressed by the bottom-up and Kaizen improvement systems, and
do not let the Six Sigma program destroy those systems

Lean Principle 6: Respect for People

6.1 Pursue People Management according to the INCOSE Handbook

Process

6.2 Build an Organization Based on Respect for People
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6.2.1
6.2.2

6.2.3

6.2.4

6.2.5

6.2.6
6.2.7

6.2.8

6.2.9

6.2.10

6.2.11
6.2.12

6.2.13

6.2.14

Create a vision that draws in and inspires the best people

Invest in people selection and development to promote enterprise
and program excellence

Promote excellent human relations: trust, respect, empowerment,
teamwork, stability, motivation, and drive for excellence

Read applicant’s resume carefully for both technical and
non-technical skills, and do not utilize computer scanning for
keywords

Promote direct human communication
Promote and honor technical meritocracy

Reward based upon team performance, and include teaming ability
among the criteria for hiring and promotion

Flow down responsibility, authority, and accountability (RAA) to
allow decision making at lowest appropriate level

Eliminate fear and promote conflict resolution at the lowest level
Keep management decisions crystal clear, but also promote and
reward the bottom-up culture of continuous improvement, human
creativity, and entrepreneurship

Do not manage from cubicle; go to the spot and see for yourself
Within program policy and within their area of work, empower
people to accept responsibility by promoting the motto “Ask for
forgiveness rather than ask for permission”

Build a culture of mutual support: There is no shame in asking for
help

Prefer physical team co-location to virtual co-location

6.3 Expect and Support Engineers to Strive for Technical Excellence

6.3.1
6.3.2
6.3.3
6.34

Establish and support Communities of Practice
Invest in workforce development

Assure tailored Lean training for all employees
Give leaders at all levels in-depth Lean training

6.4 Nurture a Learning Environment

6.4.1

6.4.2

6.4.3
6.4.4

6.4.5

Perpetuate technical excellence through mentoring, training, contin-
uing education, and other means

Promote and reward continuous learning through education and
experiential learning

Provide knowledge experts as resources and for mentoring

Pursue the most powerful competitive weapon—the ability to learn
rapidly and continuously improve

Value people, through mutual respect and appreciation, for the skills
they contribute to the program
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6.4.6 Capture learning to stabilize the program when people transfer else-
where or leave

6.4.7 Develop standards, paying attention to human factors, including
reading and perception abilities

6.4.8 Immediately organize a quick training in any new standard

6.5 Treat People as Most Valued Assets, not as Commodities
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Chapter 1

Introduction

1.1 INTRODUCING LEAN SYSTEMS ENGINEERING AND LEAN
ENABLERS FOR SYSTEMS ENGINEERING

This book was written for two purposes: to popularize the emerging field termed
Lean Systems Engineering (LSE), and to serve as a textbook and reference for
the first major product created under it: Lean Enablers for Systems Engineering
(LEfSE).

The discipline of Systems Engineering (SE) was created to help with the develop-
ment of complex systems that must work unconditionally. It was first shaped in the
ballistic missile program by Si Ramo' and Dean Wooldridge in 1954, with the first
formal contract to perform systems engineering and technical assistance (SETA).
Under this contract, Ramo and Wooldridge developed some of the first principles
for SE and applied them to the ballistic missile program—considered one of the
most successful major technology development efforts ever undertaken by the U.S.
government [Jacobsen, 2001]. SE is the practical engineering realization based on
systems thinking , a comprehensive design process of a system that satisfies all cus-
tomer needs during an entire system life cycle. The process demonstrates reliable

''Si Ramo once told F. Brown [SELP Director, Loyola Marymount University, personal communication]
the first use of systems engineering in modern times could be said to have started at AT&T when
they faced assembling a world-wide telephone system. AT&T, however, did not consider it systems
engineering and did not use that name.

Lean for Systems Engineering with Lean Enablers for Systems Engineering,
First Edition. Bohdan W. Oppenheim.
© 2011 John Wiley & Sons, Inc. Published 2011 by John Wiley & Sons, Inc.
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execution of system development programs and leads to extraordinary technological
successes in space, air, naval, and ground systems and weapons. The International
Council on System Engineering (INCOSE), the professional society of Systems
Engineers, offers the following definition of Systems Engineering:

Systems Engineering (SE) is an interdisciplinary approach and means to
enable the realization of successful systems. It focuses on defining customer
needs and required functionality early in the development cycle, documenting
requirements, and then proceeding with design synthesis and system valida-
tion while considering the complete problem: operations, cost and schedule,
performance, training and support, test, manufacturing, and disposal. SE con-
siders both the business and the technical needs of all customers with the
goal of providing a quality product that meets the user needs.

—INCOSE

Balance between technical and business success is one of the critical aspects of
high-quality SE. Regretfully, during the past decade, in some government programs
inadequate incentives tended to throw the balance off. Namely, system or mission
assurance was incentivized while short program schedule and low cost were not.
In consequence, in many recent programs the schedule and budget were exceeded,
and the final schedules and budgets were significantly extended beyond compara-
ble programs of earlier periods. In extreme cases, instead of engineering complex
systems, the SE process has deteriorated to a complex bureaucracy of program arti-
facts with no technical success in sight. This book describes how Lean Thinking
is applied as a “rescue” to SE, to achieve both technical and business successes.

Lean Thinking (or, briefly, Lean) is a holistic paradigm that originated at Toyota?
and focused on delivering value to the customer while removing waste from all
activities.

2Throughout its history, Toyota has demonstrated an amazing and unprecedented record of quality and
has served as the ideal for best corporate practices in a broad range of activities—product development,
manufacturing, supply chain management, enterprise management, and exemplary human relations. The
two well-published pillars of Toyota success are Respect for People and Continuous Improvement. A
good fraction of the enablers presented in his book have been based on these extraordinary Toyota
practices. The trust in Toyota was temporarily shaken in late 2000s when media started publishing
stories about the unintended acceleration of Toyota cars. In January 2010, Mr. Akio Toyoda, the newly
appointed CEO of Toyota Motor Co., during the public hearing by U.S. Congress, started with words of
apology for the apparent unintended acceleration problems of some recent Toyota cars. In his testimony
he said: “Quite frankly, I fear the pace at which we have grown may have been too quick. I would
like to point out here that Toyota’s priority has traditionally been the following: First; Safety, Second;
Quality, and Third; Volume. These priorities became confused... and I am deeply sorry for any acci-
dents that Toyota drivers have experienced” (ABC News, Feb. 24, 2010). Media accused Toyota of
ignoring the problem and blamed the company for hundreds of accidents, including fatal ones. This
dramatic story was reversed in 2011. In early 2011 J. Liker and T. Ogden published a book Toyota
Under Fire which provided evidence completely exonerating Toyota. The book quotes the results of
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Lean dramatically reduced car development and production times and costs
while increasing product quality and stakeholder satisfaction, and became a stan-
dard practice in most manufacturing industries. Inspired by these successes, Lean
was applied in many other domains, including supply chain management, product
development, administration, accounting, healthcare, and government, in each case
creating significant well documented benefits.

Lean Thinking (Lean): “Lean Thinking is the dynamic, knowledge-driven,
and customer-focused process through which all people in a defined enter-
prise continuously eliminate waste with the goal of creating value.”

—LAI EdNet

Lean Systems Engineering (LSE) is an emerging field representing the synergy
of SE and Lean.

Lean Systems Engineering (LSE): The application of lean wisdom, principles,
practices and tools to systems engineering in order to enhance the delivery
of value to system’s stakeholders.

—LSE Working Group

The Lean in Lean SE should be regarded as the process of amending the well-
established, traditional SE process with the wisdom of Lean Thinking, rather than
replacing SE with a new body of knowledge. Put emphatically:

Lean Systems Engineering: does not mean “less systems engineering,” but
rather more and better SE, with better preparations of the enterprise pro-
cesses, people and tools; better program planning and frontloading; better

a major study performed on request of U.S. Congress by NASA under contract to the U.S. National
Highway and Transportation Safety Board. The results were announced by Secretary Ray LaHood on
Feb.8, 2010. NASA [2011] results were summarized as follows: “Two mechanical safety defects were
identified by NHTSA . .. sticking accelerator pedals and a design flow that enabled accelerator pedals to
become trapped by floor mats. These are the only known causes for the reported unintended acceleration
incidents. Toyota recalled nearly 8 million vehicles in the U.S. for these two defects. The Liker and
Ogden [2011] book indicates that the numerous reported cases of unintended acceleration were caused
by drivers using a wrong pedal, a phenomenon known to all car companies and highway police alike;
and that there was only one proven deadly accident due to pedal entrapment, and one other accident
caused by the car owner using a wrong floor mat. Thus, strictly speaking, Mr. Toyoda’s apology turned
out to be unnecessary, but, characteristically for Toyota, it was never withdrawn. In addition, Toyota
instituted numerous additional organizational safeguards and precautions, including a brake override
system that stops the car even when the gas pedal is wide open. This dramatic episode demonstrates
the uninterrupted focus on safety, quality, and customer satisfaction by Toyota.
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workflow management; and better program management and leadership with
higher levels of responsibility, authority, and accountability. The benefits of
LSE are immediately visible in better SE processes, as well as in the stream-
lined execution of the program. There is less waste, waiting, and rework;
more predictable and robust program flow; lower overall program cost and
shorter schedule, and creation of better value to the customer.

The fundamental feature of LSE is to perform all preparations and planning of
the people, processes, tools, and individual tasks well enough so that the tasks can
be executed right the first time,? creating customer value while minimizing waste.
Under the LSE philosophy, system success or mission assurance is non-negotiable,
and any task which is legitimately needed for success must be included in the
program. It should be well-planned and executed with minimum waste.

Lean Enablers for Systems Engineering (LEfSE) is the first major practical prod-
uct created under LSE, and is the main topic of this book. LEfSE is a checklist of
147 practices formulated as dos and don’ts of SE and some closely related aspects
of Product Development (PD) and Enterprise Management (EM), including supply
chain management. The intent of LEfSE is to offer comprehensive and actionable
practices to the profession, with the objective of improving overall performance
of SE and the PD program it serves; strengthen the value created by the program;
increase the level of satisfaction of stakeholders; and reduce waste, program cost,
and time. Most of the effort in developing LSE and the LEfSE was conducted
by the LSE Working Group (LSE WG) of INCOSE. This was an intensive and
rigorous two-year process by 14 experts, supported by members of the WG, and
endorsed by surveys and by benchmarking with recent NASA and Government
Accountability Office (GAO) recommendations for system development.

The surveys confirmed that practitioners regard LEfSE as both important, and not
yet widely used. Benchmarking showed excellent convergence between LEfSE on
one hand and NASA and GAO recommendations on the other, with LEfSE usually
more detailed, comprehensive, and actionable than the GAO recommendations. The
development of LEfSE is summarized in Chapter 6 of this book.

Version 1.0 of LEfSE was released to INCOSE and to the public in January
2009. In 2010 the LEfSE were recognized with two following prestigious awards:

e The INCOSE Product of the Year
e The Shingo Award for Research and Publication

These independent recognitions from both SE and Lean communities are
regarded as an important step in validating LEfSE.

3The expression right the first time refers to both single-pass tasks as well as engineering iterations and
other complex activities, which also must be regarded as tasks that need to be well planned, designed,
and executed so that they can be completed robustly in a predictable time without wasteful rework.
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After the LEfSE were released to the public on the INCOSE web page,* the
author and several of his colleagues on the development team were invited to
offer numerous (forty at the time of this writing) workshops, tutorials, webinars,
and seminars to industry, governments, INCOSE meetings, and universities in the
U.S., China, Finland, France, Italy, Israel, Netherlands, Norway, Poland, Singa-
pore, Sweden, and the United Kingdom. Over 2000 participants took part in these
professional events, generally excellently received. In many of these sessions, par-
ticipants asked for more explicit information about the enablers than was possible
to present in the short sessions. This book is a direct response to these requests.

As already mentioned, this book is intended as both an introductory textbook on
LSE and a textbook and reference for Lean Enablers for SE. The material presented
is broad in scope and it applies to the development of all types of complex systems
in all domains, both in commercial and government programs. We hope that LEfSE
will benefit Systems Engineers and other PD engineers and managers, professionals
involved in systems acquisition both in industry and government, project managers,
and faculty and students of these fields.

Even though the material presented in this book applies to all domains and all
program types, government programs are mentioned most often for two reasons.
First, SE is mandatory in such programs while it is not in commercial programs,
thus the body of experience from government programs is significantly larger.
Second, the amount of waste in governmental programs tends to be significantly
higher than in commercial programs, which makes it a fertile ground for Lean
thinkers.

The author chooses to explain selected enablers by comparing them to some
current industrial and governmental practices that are less than perfect. The author
hopes that the reader will accept this approach as constructive criticism leading to
improvement of our programs, rather than “bashing” of the traditional practices. To
repeat with emphasis: The traditional SE process is regarded as sound, capable of
delivering successful complex systems, but not as good as it could be, and which
we therefore propose to improve using Lean.

Both SE and Lean are a mix of art and science, and the art of effective
teaming plays a critical role in SE. Some programs can be compared to the effort
of climbing Mt. Everest or competitive racing in a storm—extraordinary teams
pursuing difficult challenges against heavy odds. The Apollo, U2, F117, Boeing
747, nuclear submarine, and the Prius car programs come to mind as examples.
Such programs inspire young people to choose a career in engineering. In sad
contrast, creation of bureaucratic SE artifacts in isolated cubicles is not what
inspiriting engineering was promised to be. The best programs must involve
leadership, teamwork, enthusiasm, passion, inner energy, and joy in addition to
hard competence and experience. The author tried to include these intangible
elements in the book, in order to enthuse the reader about the potential of Lean,

4The web page of the Lean Systems Engineering Working Group of INCOSE is public and accessible
to everyone. Appendix 1 provides the web address and a summary of the site content.
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which is capable of drawing the best from us and motivating us to engineer
extraordinary systems using extraordinarily efficient programs.

SE is a part (in fact, the most critical part for success) of the larger Product
Development (PD) effort. SE has been called the nervous system of PD [Hitchens,
2007], planning, controlling, and monitoring in real time all functions of the PD
“body.” However, many enterprises have structured SE to be a separate function
(department) that supports all their PD programs. This led to a linguistic dichotomy,
“SE and PD”. In this book the term “SE and PD” should be interpreted to mean
“SE and other elements, parts, activities, etc. of PD.”

The traditional SE process is described in a number of manuals: INCOSE SE
Handbook, the ISO 15288 standard, NASA and Department of Defense SE Man-
uals, Defense Acquisition University manuals, and numerous manuals created by
individual defense and civilian companies. Arguably, the manuals describe essen-
tially the same body of knowledge and the same traditional SE process with
varying degrees of detail, emphasis, and user friendliness. Since the present project
has been carried out under the auspices of INCOSE, and because the author regards
the INCOSE SE Handbook v.3.2, 2010 as an excellent and user-friendly document,
the present text makes references to that document only. Version 3.2 of the Hand-
book includes a short chapter on Lean Thinking. The first enabler of LEfSE explains
that practitioners should continue using all processes described in the Handbook,
adding Lean practices listed in LEfSE.

1.2 ORGANIZATION OF THE BOOK

The book is organized as follows.

Chapter 2 takes the reader through a brief historical review of earlier industrial
paradigms, setting Lean Thinking in the context of Total Quality Management
(TQM), Concurrent Engineering (CE), and Six Sigma.

Chapter 3 presents Lean Thinking fundamentals, including the concepts of value,
waste, and the process of creating value without waste, as captured into the six
Principles of Lean Thinking. The Principles are called Value, Map the Value Stream,
Flow, Pull, Perfection, and Respect for People. The fundamentals are included to
make the book self-contained, but the reader unfamiliar with Lean will surely
benefit from reading the transformational book Lean Thinking by J. Womack et al.
[1996]. Readers who understand Lean manufacturing but have not been exposed
to Lean Product Development (LPD) should read this chapter because it sets Lean
fundamentals in the PD context.

The ability to recognize waste in Product Development is a critical skill in LSE.
Waste should be regarded as a productivity reserve. Exposing waste aids in stream-
lining the program and creating time and cost buffers, thus helping the program
to meet schedule and budget. Some wastes are self-evident and incontestable (e.g.,
waiting, or defects), but others may be less obvious, particularly to Systems Engi-
neers who have to struggle for enough budget and time to execute a program well.
Therefore, the discussion of waste is an important part of the book.
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Chapter 4 describes the fast growing field of Lean Product Development, includ-
ing a review of literature and the progress to date. Arguments are presented in
support of the thesis that the application of Lean Thinking to Product Development
has become mature enough for immediate use in programs.

In Chapter 4, Section 4.2 describes a highly efficient holistic process called
Lean Product Development Flow (LPDF) developed by Oppenheim [2004] for
organizing smaller and low-risk PD programs. LPDF was created as a contribution
to LSE, but is an earlier and totally separate effort from LEfSE.

Chapter 5 presents the emerging field of LSE. We start with a review of recent
literature documenting both successes and problems in technology programs and
justify the need for better SE, with less waste, leading to LSE. We also introduce
the INCOSE Lean SE Working Group. This chapter ends with a discussion of value
in LSE.

Chapter 6 describes the strategy used for the development of LEfSE, and the
endorsement steps. The interested reader will find details of the development pro-
cess in a comprehensive journal article by Oppenheim, Murman, and Secor (2010),
which are not repeated here. We only briefly describe the endorsement efforts by
peers, including a survey completed by practicing Systems Engineers, and bench-
marking of LEfSE with recent recommendations, which were published by NASA
and Government Accountability Office (GAO) when this project was nearing com-
pletion. The reader will find that the survey ranked all enablers as (paraphrasing)
either important or very important, and not yet used widely, confirming the impor-
tance and the need for LEfSE in the SE practice. The LEfSE have been found to
be totally convergent with the NASA and GAO recommendations, but are more
comprehensive, detailed, and actionable.

The version of LEfSE presented in this book is regarded as mature enough
for presentation to the professional community. However, the intent is to continue
involving the community of practice in gathering data and experiences to continue
improving the LEfSE product.

Chapter 7 is the main and longest part of this book. It presents the enablers in a
standard tabular form for easy reference. The enablers are organized under the six
Lean Principles. The text under each Lean Principle begins with a short summary
of the listed enablers.

Each enabler or closely related group of enablers is described in a separate table
listing the value promoted and the waste prevented by the enabler(s), an explanation
of the enabler(s), recommended implementation, lagging factors, and recommended
reading list.

In most cases, each table covers only one enabler. In other tables, several closely
related enablers are discussed together in order to facilitate reading and implemen-
tation.

Chapter 8 contains general guidance for implementing LEfSE. We hope by that
time, the reader will be familiar with LEfSE in Chapter 7. We suggest how to select
and prioritize the enablers for implementation, and recommend practical steps.

In Section 8.2 we include some early feedback and results from the companies
and programs trying to implement LEfSE, and other relevant studies. At the time
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of this writing, some of these success stories are still fragmentary and lacking
scholarly rigor, but they demonstrate the powerful potential of the Lean approach.
The sources claim that with only a few Lean enablers implemented, various program
time/cost elements were reduced between 20 to 40%, achieved a ROI of 5, and
improved the workplace morale, product quality, and customer satisfaction.

Appendix 1 summarizes the content of the INCOSE Lean SE Working Group
webpage.

Appendix 2 presents a mapping of Lean enablers onto the 26 processes listed
in the INCOSE SE Handbook version 3.2. This mapping project was initiated by
INCOSE, but has not yet been approved by that organization. This appendix also
contains a short discussion of program lifecycle frameworks other than the SE
processes.

Two glossaries are included—one for abbreviations, and one for idioms, collo-
quialisms, and foreign expressions used in the fields of SE and Lean. These items
are written in bold italic font in the text. The italic font alone is used when intro-
ducing important new terms, and for emphasis. Bold font (as in the next sentence)
is used for greater visibility when navigating through these pages.

How to use this book? Those readers who are eager to become productive
can skip Chapter 2, with its historical review, and Chapter 6, which covers the
development of LEfSE. Readers who are experts in Lean Thinking and familiar
with fundamentals of Lean Product Development may go directly to Section 4.2
of Chapter 4 for use as a reference for the LPDF method, and to Chapter 7, as a
reference for improving the practice of SE with LEfSE. Readers who are new to
Lean Thinking should first read Chapters 1 and 3-5.



Chapter 2

A Brief History of Recent
Management Paradigms

“A dwarf standing on the shoulders of a giant may see farther than a giant himself”.
—Didacus Stella

2.1 FROM TQM TO SIX SIGMA AND LEAN

Three 1970s era events in the United States provided a fertile ground for subse-
quent dynamic changes of industrial paradigms: (1) oil embargoes, which made
small cars attractive to consumers; (2) the overtaking of the consumer electron-
ics and auto markets by higher quality and less expensive Japanese imports; and
(3) a widespread perception that U.S. manufacturing was falling behind interna-
tional competition, particularly in quality. In 1980, NBC TV broadcast a two-hour
program titled “If Japan Can... Why Can’t We?” opening U.S. eyes to a new
management paradigm named “Total Quality Management” (TQM), which was
sweeping industry by storm in the early 1980s [NBC, June 24, 1980]. Led by
Edward Deming [1982] this was an attempt to adopt successful Japanese industrial
management methods for U.S. industry. A strong message of TQM was that pur-
suit of higher quality is compatible with lower costs. Inexpensive and high-quality
automobiles and consumer electronic goods imported from Japan made this notion
self-evident to U.S. consumers, but not necessarily to U.S. industry.

Lean for Systems Engineering with Lean Enablers for Systems Engineering,
First Edition. Bohdan W. Oppenheim.
© 2011 John Wiley & Sons, Inc. Published 2011 by John Wiley & Sons, Inc.
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TQM emphasized a fotal approach to quality by integrating management,
processes, and tools, and developing a business strategy focused on customer
satisfaction. It promoted continuous improvement of all processes and popularized
improvement tools such as a bottom-up employee suggestion system, quality
circles, quick reaction Kaizen teams, and process variability reduction using
Statistical Process Control and Design of Experiments. TQM emphasized the
importance of corporate culture based on respect for people, and employee
empowerment as prerequisites for continuous improvement and relied heavily
on self-motivation of employees. It also promoted designing quality into both
products and processes, rather than relying on the final inspection.

TQM received strong support from the U.S. federal government, including the
Department of Defense [DoD, 1988]. Following the Japanese E. Deming Award,
the Department of Commerce initiated the Malcolm Baldrige Award in 1987 as a
motivational recognition of the best U.S. companies in three categories: manufac-
turing, service, and small business. The award uses a point score that was based
on the above TQM elements. About eight years into the TQM period, Costello
[1988], in his capacity as Under Secretary of Defense for Acquisitions, presented
an alarming report to the Secretary of Defense about serious problems plaguing
the U.S. commercial and military industrial base, including foreign competition,
poor quality of both products and business management, fragmented research and
development, low quality of public education, and declining numbers of engineers
and scientists. Four years later, Costello [1992], reinforced this report with a white
paper about the state of U.S. industry, recommending wide-ranging improvement
of the manufacturing sector, streamlining regulations, better means for technology
sharing, and aggressive support for small business.

In 2000, the International Standards Organization (ISO) issued a quality standard
denoted ISO 9000:2000, which captures many of TQM elements.

The application of TQM to U.S industry had mixed outcomes. While quality
improved, especially in the auto industry, profits did not follow proportionately.
Even the quality improvements alone failed in many companies that tried TQM
[Paton, 1994]. The earlier pessimism in the manufacturing industry continued and
contributed to the subsequent export of nearly 60% of commercial manufacturing
to cheaper labor countries.

The lack of widespread business success made TQM vulnerable to criticisms
and opened the way to new ideas. Business Week [Byrne, 1997] declared TQM a
“dead fad,” blaming TQM’s “lack of teeth” in implementation. While today the
term TQM has receded, most of the key elements of TQM have endured and are
integral to Lean Thinking [Murman et al., 2002].

In late 1980s the Concurrent Engineering (CE) industrial paradigm became pop-
ular and was proposed as a way to shorten the weapons system acquisition cycle
[Winner et al., 1988]. CE promoted simultaneous and integrated design of prod-
uct and subsequent phases (manufacturing, assembly, operations, etc.), replacing
the traditional disjointed and serial effort. An important component of CE was
multifunctional design teams, sometimes called Integrated Product Teams or IPTs,
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which included representatives from subsequent phases in the upfront engineer-
ing design. CE, when effectively implemented with electronic design tools and
workforce training, led to dramatic reduction in design rework and, consequently,
cost and schedule [see Hernandez, 1995]. CE contributed major improvements to
U.S. product development and engineering, and spawned significant new design
methodologies [see Clausing, 1994; Ulrich and Eppinger, 2008]. TQM and CE
made important contributions to major new aircraft products in the 1990s, such
as the Boeing 777 and Cessna Citation-X [Haggerty and Murman, 2006]. As with
TQM, CE principles are embedded in current day Lean Thinking [Murman et al.,
2002; McManus 2004].

In the early 1990s, TQM evolved into another quality initiative called Six Sigma,
arguably with “better teeth.” According to Wedgewood [2007], “Six Sigma is a
systematic methodology to home in on key factors that drive performance of a
process, set them at the best levels, and hold them there for all time.” Origi-
nating at Motorola and relying on rigorous measurement and control, Six Sigma
focused on systematic reduction of process variability from all sources of variation:
machines, methods, materials, measurements, people, and environment [Murman et
al., 2002]. Like TQM, Six Sigma aims to achieve predictable, repeatable, and capa-
ble processes, and defect-free production, where parts and components are built to
exacting specifications. But unlike the motivational TQM, it achieves this by rigor-
ous data collection and statistical analysis, as well as rigorous training of leaders.!
Following a similar path as TQM and CE, the Six Sigma movement spawned new
Design for Six Sigma methodologies (e.g., Yang and El-Haik, 2003).

Six Sigma was not free of problems: it often was implemented with a costly
bureaucracy, introducing the waste of measuring waste, and was criticized for being
too top-down and for displacing two other critically important continuous improve-
ment tools of TQM—small quick-reaction Kaizen and the bottom-up employee
suggestion system, which Toyota credits for half of its success [Oppenheim, 2006].
Six Sigma can also be prone to sub-optimization by focusing too narrowly on pro-
cess improvement for a process that may not be needed. Murman described this
deficiency as “a focus on the job being done right, but not necessarily on the right
job” [Murman et al., 2002]. It was the next step in the industrial evolution, called
Lean, which provided the integrated focus on the right job and doing the job right,
and also on the management culture needed for both.

The term Lean as an industrial paradigm was introduced in the United States
in the bestselling book The Machine That Changed the World: The Story of Lean
Production, published by the MIT International Motor Vehicle Program [Womack
et al.,, 1990] and elegantly popularized in their second bestseller Lean Think-
ing: Banish Waste and Create Wealth in Your Corporation [Womack and Jones,
1996]. The authors identified a fundamentally new industrial paradigm based on
the Toyota Production System. The paradigm is based on relentless elimination
of waste from all enterprise operations and requires the continuous improvement

!Following the ju-jitsu language, Six Sigma leaders are designated by “belts” of various colors denoting
different levels of training and experience.
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cycle that turns all front-line workers into problem solvers to eliminate waste. Lean
strives for minimum waste to deliver high quality and defect-free products meeting
customer demand just-in-time, at the rate ordered, with minimum inventories, at
minimum cost, and in minimum time. Lean is driven by a unique management cul-
ture of respect, empowerment, openness, and teamwork. Factories adopting Lean
observed direct and dramatic improvements of operations and increases in profits.
Womack and Jones [1996] described six manufacturing case studies that demon-
strated reductions of cost, lead time, and inventory of up to 90%, with simultaneous
improvements in product quality and work morale across a wide range of company
types and sizes. More dramatically, lead time and cost reductions on the order
of 30 to 50% were realized routinely after only a few days of implementation
on the factory floor, by a simple rearrangement of machines into the flow [LEI,
2007]. After the multi-year implementation efforts of TQM, CE, or Six Sigma, this
was a revelation. Within a few years, Lean production has become the established
manufacturing paradigm pursued by all competitive factories.

Lean Thinking, or more briefly Lean, as used in this book, is an evolutionary
industrial paradigm incorporating elements from earlier paradigms of TQM and CE,
as well as elements of Six Sigma. In common with TQM and CE, Lean focuses
on designed-in/built-in quality, Edward Deming continuous improvement cycles,
and engagement of frontline workforce in process improvement. It goes beyond
TQM and CE to adopt a value stream focus, connecting tasks and processes into
the flow of value-adding effort and a relentless pursuit of waste elimination. While
Lean, TQM, and CE all focus on process improvement, Lean particularly focuses
on streamlining flow between the processes. Sharing with Six Sigma a data-driven
approach to eliminate process variation, it differs by being more bottom-up in its
improvement strategy and less reliant on formalized qualifications of improvement
experts. As with the other improvement paradigms, successful Lean implementation
relies on committed leadership and an enterprise-wide approach across all functions,
including systems engineering.

As already mentioned, Lean incorporates many of the TQM, CE, and Six Sigma
principles and practices. However it goes beyond them to adopt a holistic value
stream approach and relentless waste elimination. The value stream represents the
linked end-to-end activities that turn raw material or information into products,
systems, and services needed by the customer. Waste represents those activities that
do not directly contribute to customer value. Often these are activities taking place
between valued added (VA) activities, such as waiting. Lean strives for optimum
flow with no blockages or unplanned rework.”

Toyota’s original “father” of Lean, [Ohno, 1988, foreword by N. Bodek, page
ix] summarized it thus: “All we are doing is looking at the time line from the

2Some might ask how the focus on flow differs from Henry Ford’s moving line mass production or from
“rhapsodized industrial engineering.” Indeed there are common elements. However there are important
distinctions. Lean emphasizes the importance of the frontline workers as problem solvers, unlocking
the enormous human resource potential for process improvement. Lean also focuses on single piece
flow with minimum inventories, which leads to cellular work arrangements. This is contrasted to the
method of batch and queue practiced in traditional production.
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moment the customer gives us an order to the point when we collect the cash. And
we are reducing that time line by removing the non-value added wastes.”

The successes of Lean in repeatable manufacturing led to a popular misconcep-
tion that Lean does not apply to one-off applications such as engineering projects
or SE. In such projects, the deliverables and work content of engineering tasks
are indeed one-off but many processes and individual tasks should use repeatable
logic based on best engineering practices. For example, the established process for
a modal analysis of a structure involves the same steps: define geometry, bound-
ary conditions, and material properties; perform finite-element meshing; calculate
the modal eigenvectors and eigenvalues; identify dangerous modes; and write the
report. Such established processes exist for the vast majority of engineering appli-
cations, including SE. Therefore, it makes sense to apply the basic principles of
Lean Thinking to SE.

Lean Thinking has been applied to such diverse work environments as man-
ufacturing [e.g., Womack and Jones, 1996], product development [e.g., Ward,
2007], engineering [e.g., McManus et al., 2007], supply chain management [e.g.,
Bozdogan, 2004], healthcare [e.g., Graban, 2008], education [e.g., Emiliani, 2004],
administration [e.g., Carter, 2008], and Enterprise Management [e.g., Jones, 2006;
LESAT, 2001]. This book describes the application of Lean to Systems Engineering
and how that relates to Lean Product Development.

2.2 LEAN SIX SIGMA

Lean and Six Sigma both appeared in the post-TQM mid-1990s as seemingly
competing process improvement approaches. Six Sigma, identified with Motorola
and subsequently with GE, gained investor visibility and popularity. Lean, identified
with Toyota, was incorrectly looked upon as limited to high-volume manufacturing
applications. While Six Sigma focuses on a disciplined, top-down approach to
eliminating all forms of variation, Lean focuses on value streams and relentless
elimination of waste through optimizing flow. The latter relies on the former to
eliminate impediments to flow, and in fact the basic principles of the two approaches
are synergistic. By early 2000, most organizations adopted a blended version of
the two bodies of knowledge and crafted them to meet their particular needs.
Names such as Lean Six Sigma, Lean Sigma, and other less obvious combinations
appeared. Today, most organizations have harmonized Lean and Six Sigma. In
this book, we will continue to use the Lean nomenclature, not to exclude Six
Sigma thinking, but to treat the new field Lean Systems Engineering and its first
major product Lean Enablers for Systems Engineering as an integrated body of
knowledge based on Lean, Six Sigma, high-performance work systems, and other
process improvement approaches.



Chapter 3

Lean Fundamentals

“All we are doing is looking at the time line from the moment the customer gives us
an order to the point when we collect the cash. And we are reducing that time line by
removing the non-value added wastes.”

—Taiichi Ohno, Toyota’s original “father” of Lean

Three concepts are fundamental to the understanding of Lean Thinking: value,
waste, and the process of creating value without waste, captured into the so-called
six Lean Principles. The concepts are described in this chapter in the general
context of product development. The concepts are explained in a self-contained
style to free the reader from the need to refer to other sources, but the reader who
is new to Lean would benefit from first reading the classic book Lean Thinking
[Womack and Jones, 1996].

A formal definition of Lean has been presented in Chapter 1. However, when
considering the present Lean fundamentals, it is useful to think of Lean simply as
“creation of best value with minimum waste.”

3.1 VALUE

At its simplest, value is what the customer says it is, considers important, and
is willing to pay for. In simple applications, the customer states what he or she

Lean for Systems Engineering with Lean Enablers for Systems Engineering,
First Edition. Bohdan W. Oppenheim.
© 2011 John Wiley & Sons, Inc. Published 2011 by John Wiley & Sons, Inc.
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needs, and the contractor makes it and delivers it, hopefully satisfying or even
delighting the customer. This works well when buying ice cream, but is vastly
more challenging when ordering a new, complex technological system, especially
for military users.'

Value is what the customer says it is, considers important, and is willing to
pay for.

In government programs, the number of stakeholders often reaches thousands
of individuals in numerous communities of users and acquisition stakeholders;
the prime contractor and suppliers in the entire value chain; as well as other
stakeholders—politicians, lobbyists, shareholders, banks, and so on. Different
stakeholders promote different aspects of value dear to them, often in conflict
with one another. These factors make the value capture and contract formulation
a significant challenge and a costly process. Yet, it must be done perfectly, or the
subsequent program will suffer delays, added costs, frustrations, and, in extreme
cases, program closure or failure. It is critical that everybody involved in the
process be focused on capturing the final value proposition with the absolute best
of competence, wisdom, experience, and consensus. A value definition must be
crystal clear, unambiguous, complete, representing customer need during a system
lifecycle, and allowing effective channels for value clarification without causing
requirements creep.

In Section 8.2 we quote from a study by Honour [2010] that states that even
properly scoped and funded SE activities have little effect on the technical quality
of the product system. Apparently, the reason is they aim for minimum require-
ments compliance rather than technical optimization. This profound finding is
interpreted here as a call for a much better definition and subsequent optimiza-
tion of value than it is practiced in recent programs. This book contains ideas as to
how that can be accomplished without raising the program cost or lengthening the
schedule.

3.2 WASTE

The ability to identify and eliminate waste it is a critical skill for Lean.

'Anyone who has been involved in even a minor house remodeling knows that the formulation of
value that leads to the right the first time execution within budget and schedule is difficult; cynics
say impossible. Misunderstandings are ubiquitous and usually end up in a fee and schedule increase,
even though only two parties are involved (owner and contractor), the job description is simple, and
the technology mature. Who is at fault for the changes from the baseline? Most likely both parties:
The owner’s specifications lack crystal clarity and completeness, and the contractor fails (perhaps
intentionally) to ask clarifying questions to ensure interpretation is the same as an owner’s.
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Waste is anything other than the minimum amount of resources (employee
time, space, materials, equipment) that are absolutely essential to create value
for the customer.

—attributed to Shinichi Suzuki in [Herman, 1981]

Lean Thinking classifies all work activities into three categories [Womack and
Jones, 1996; LAI Lean Academy, 2008]:

1. Value Added (VA) activities, which must satisfy the following three condi-
tions:

¢ Transform information or material, or reduce uncertainty (cannot be just
an unnecessary bureaucratic task that creates no value).

e The customer must be willing to pay for it (explicitly, or, in more complex
programs, implicitly, that is if the customer understood the details, he or
she would approve of this activity).

o It is done right the first time>.

2. Required (also called Necessary) Non-Value Added (RNVA) activities,
which do not meet the above definition, but which cannot be eliminated
because they are required by law, contract, company mandate, current tech-
nology, or other such reason.

3. Non-Value Added (NVA) activities, which consume resources and create no
value. They are pure waste (e.g., unneeded reports and emails, idle time,
defects that require rework, etc.)

Taiichi Ohno classified waste in manufacturing into seven categories. Several
authors have adapted Ohno’s seven production wastes for Product Development,
including Morgan and Liker [2006] and McManus [2004]. Box 3.1 lists the inter-
pretation by the author in the SE context.

The examples listed in Box 3.1 are intended only to “whet the appetite” of the
reader. Any experienced systems engineer should have no trouble expanding this
list based on personal experience.

A number of Lean researchers also use additional categories: excessive com-
plexity (which we classify as Processing waste), destructive infighting (which we

2Note: Engineering iterations, complex studies, and other such reports are included in this statement.
When we refer to right the first time we mean a task that could have been performed right on the
first attempt with proper preparations, planning, coordination, and communication, but these reasonable
steps were not performed, so now the task failed and must be repeated, causing rework. Therefore, that
first failed attempt must be regarded as waste.
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break down into the seven categories), waste of human talent (which we interpret
as excessive waiting and overproduction), and so on.

3.3 LEAN PRINCIPLES

The process of creating value without waste has been captured into six Lean Prin-
ciples titled: Value, Map the Value Stream, Flow, Pull, Perfection, and Respect
for People. The first five were formulated by Womack and Jones [1996]. The
sixth is often called “the second pillar of Lean” [Sugimori et al., 1977]. It plays a
critically important role for Lean. In this book, it is elevated to the explicit sixth
Principle to assure its maximum visibility and profound consideration.

A frequent concern of Systems and other PD engineers unfamiliar with Lean is
that Lean applies only to repeated production and does not apply to one-off PD
products. This impression can easily be dismissed by noticing that each Principle
applies to any number of items being created: from a one-off engineering effort to
high-volume repeated production, placing no limitations whatsoever on the type of
process, e.g., production or engineering. As already mentioned in Chapter 1, Lean
has been applied in a broad range of work environments.

3.3.1 Principle 1: Value

Capture the ‘value’ defined by the Customer, who may be either external or
internal. The external customer who pays for the system or service defines the
final value for the deliverable. Internal customers receive the output of a task or
activity and usually don’t explicitly pay for it. Either way, the customer is the
one who defines what constitutes value. One cannot overemphasize the impor-
tance of capturing task or program value with precision, clarity, and completeness
before resource expenditures ramp up to avoid unnecessary rework. For programs
as lengthy as those in government-complex technology acquisition programs, exter-
nal factors can change, and customer value expectations may need to be revisited,
updated, or revised [Murman et al., 2002]. Clearly, a careful balance is needed. On
the one hand, constant change and instability must be avoided or the system costs
will grow and schedule will lengthen (e.g., Space Based Infrared System (SIBRS)
program [GAO, 2007]). On the other hand, customer value expectations or threats
may change and an original value proposition could become obsolete (e.g., recent
cancellation of further F-22 aircraft production). This is the strongest argument for
shorter program schedules.

3.3.2  Principle 2: Map the Value Stream

‘Map the value stream (plan the program)’ and eliminate waste: Map all end-to-
end linked tasks, control/decision nodes, and the interconnecting flows necessary to
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realize customer value. During the mapping process, eliminate all non-value added
activities, minimize all necessary non-valued activities, and enable the remaining
activities to flow without rework, backflow, or stopping (the flow is described
under Principle 3). A key concept to grasp in moving from the manufacturing
to the engineering domain is that in the former, material is being transformed
and moved, while in the latter information is being transformed and moved. The
term information flow refers to the packets of information (knowledge) created by
different tasks and flowing to other tasks (design, analysis, test, review, decision,
or integration) for subsequent value adding. There are a number of implications
in applying Lean thinking principles, techniques, and tools to a medium that is as
fluid as information. Careful detailed planning and program front loading, common
or interoperable databases, rapid and pervasive communication of decisions via
Intranets or personal communication and frequent infegrative events for efficient
real-time resolution of issues and decision-making, stand-up meetings, or virtual
reality reviews are some techniques to keep information flowing. Each task adds
value if it increases the level of useful information and reduces risk in the context
of delivering customer value. McManus [2004] offers a practical guide for PD
value-stream mapping.

The generic term planning includes two distinct phases—enterprise preparations
and program planning. Corporate enterprises should prepare resources (people,
processes, and tools) that will serve all programs. Resources should include an
infrastructure for continued employee education and training; creation of the com-
munities of practice; central databases with former design and program data, lessons
learned, and knowledge shared; standardization of processes; preparation of the pro-
gram infrastructure, equipment, and tools; rotation of key people; strategic decisions
for subsystem reuse in future programs; and training of employees in the best com-
munication and coordination practices. These activities will serve all programs and
should be handled at the corporate level, enhancing the long-term competitiveness
of the enterprise. In contrast, the term PD planning refers to the planning effort
for a specific PD program.

Section 4.2 contains a three-step procedure for mapping simpler and low-risk
PD programs or individual program milestones, using maximum concurrency of
tasks and a regular frequent cadence of reviews. The procedure is a part of the
Lean PD Flow (LPDF) process [Oppenheim, 2004].

3.3.3 Principle 3: Flow

‘Flow’ the work through planned and streamlined value-adding steps and pro-
cesses, without stopping or idle time, unplanned rework, or backflow. To opti-
mize flow, one should plan for maximum concurrency of tasks, up to near-capacity
of an enterprise. Robust capture of value, good enterprise-level preparations, and
good program planning are among some necessary conditions for subsequent Lean
execution of a program. Detailed planning of a complex program is critical for
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Lean, yet it is difficult. It took Toyota several decades to perfect its system, and
Toyota employees, who tend to be significantly ahead of others, routinely claim
that they are far from perfect.

Legitimate engineering iterations are frequently needed in PD to address chicken
versus egg technical problems, but they tend to be time consuming and expensive
if they extend across disciplines. Lean PD encourages efficient methodology of
fail early — fail oftenthrough rapid architecting and discovery techniques during
early design phases. Lean flow also makes every effort to use techniques that
obviate lengthy iterations, such as design frontloading, trade space explorations,
set designs, modular designs, legacy knowledge, and large margins. Where detailed
cross-functional iterations are indeed necessary, Lean flow optimizes iteration loops
for overall value, limiting the tasks within loops to only those that experience
changes of state, and optimizing their execution for best value [Warmkessel, 2002].

3.3.4 Principle 4: Pull

Let customers ‘pull’ value. In manufacturing, the ideal pull principle is imple-
mented as the Just-in-Time (JIT) delivery of parts and materials to the needing
station and to the external customer. In PD applications, the pull principle has two
important meanings: (1) the inclusion of any task in a program must be justified by
a specific need from an internal or external customer, and coordinated with them;
and (2) the task should be completed when the customer needs the output: exces-
sively early completion leads to “shelf life obsolescence,” including possible loss
of human memory or changed requirements, and late completion leads to schedule
slip. These imply that every task owner or engineer be in close communication
with his or her internal customers to fully understand their needs and expectations
and to coordinate work, modalities, and deliverables. For products complex enough
to require systems engineering, one needs both a Lean-thinking customer as well
as a Lean-thinking creator. A customer who makes arbitrary demands prevents a
Lean outcome, and uncontrolled pull tends to create chaos.

3.3.5 Principle 5: Perfection

Pursue ‘perfection’ of all processes. Global competition is a brutal “race with-
out a finish line” [Schmidt et al., 1992], requiring continuous improvements of
processes and products. Yet, no organization can afford to spend resources improv-
ing everything all the time. To clarify the issue, we need to make a distinction
between processes and process outputs. Perfecting and refining the work output in
a given task must be bounded by the overall value proposition (system or mis-
sion success and program budget and schedule), which defines when an output
is good enough. Otherwise, notorious PD waste of over-processing may occur.
Judgments should be made by experienced domain engineers in close coordination
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with systems engineers who are responsible for overall flow of value. In contrast,
engineering and other processes must be continuously improved for never-ending
competitive reasons. It is important for the enterprise to understand the distinc-
tion between process and product perfection and provide resources accordingly.
The next question is which processes to improve. All of them at the same time?
Or should some have a higher priority than others? The answer is suggested by
two features of Lean: (1) making all imperfections in the workplace visible to all
and (2) prioritizing to eliminate the biggest impediments to flow. Seeing problems
as they appear in real time is conducive to making better decisions on corrective
actions and better prioritization of improvements. When noticed early, imperfec-
tions tend to be easier and less expensive to fix; unnoticed early they tend to grow
to crisis proportions and require heroic actions to mitigate. Making imperfections
visible motivates all to apply continuous improvement in real time [Morgan and
Liker, 2006]. The enterprise should create an effective infrastructure for capturing
knowledge and lessons learned, and promoting continuous education to make each
program better than the last.

3.3.6 Principle 6: Respect for People

Respect for people. A Lean enterprise is an organization that recognizes that its
people are the most important resource and is one that adopts high performance
work practices [e.g., Gittell, 2003]. In a Lean enterprise, people are not afraid to
identify problems and imperfections honestly and openly in real time, brainstorm
about root causes and corrective actions without fear, and plan effective solutions
together by consensus to prevent the problem from occurring again. When issues
arise, the system is blamed and not the messengers. Experienced and knowledgeable
leaders lead and mentor, but also empower frontline employees to solve problems
immediately. Such an environment requires a culture of mutual respect and trust,
open and honest communication, and synergistic and cooperating relationships of
stakeholders [Sugimori et al., 1977].

3.4 THE LEAN SYMPHONY OF THE PRINCIPLES

The six Lean Principles fit together like experienced symphony orchestra
musicians—in perfect alignment to create the best value with minimum waste,
satisfying the program stakeholders. All Principles are critical to success, and no
Principle has highest priority. However, these Principles differ among themselves
in degree of implementation difficulty. Experienced managers will readily agree
that most engineering and technical challenges are easier to address than human
relations and corporate culture.

The ‘Value Principle’ is difficult to formulate in complex PD environments with
sufficient clarity and completeness because an understanding of a needed system is
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often vague and incomplete, yet it must be done right. Success requires best prac-
tices of Systems Engineering, a strong cooperation of all stakeholders formulating
a value proposition, a robust yet efficient process, and excellent leadership.

The ‘Map the Value-Stream Principle’ requires good understanding of three
disciplines: the system domain, Systems Engineering, and Lean. It also needs
devoted leadership, planning expertise, patience, and sufficient time and budget
to create a plan properly. Good planning can pay out tremendous dividends in
subsequent program cost savings, schedule shortening, and value quality. There-
fore, mapping must not be rushed. The learning curve is steep, but, once learned,
each next program mapping becomes vastly easier. Section 4.2 provides some
guidance.

The ease or difficulty of implementation of the ‘Flow Principle’ depends crit-
ically on the clarity and stability of a value proposition and the degree of detail
of Value-Stream Mapping. If both are well done, then robust, predictable, and effi-
cient flow is much easier to achieve. In a well-functioning Lean program, everybody
notices when flow makes good progress and when it stops, without using exotic
and expensive metrics. Making a complex program flow requires a number of
supporting activities and characteristics to be in place, such as good leadership
and management; availability of expert knowledge of the domain and of systems
engineering; teamwork and alignment of stakeholders for the program goals and
value; excellent communications and coordination; real-time visibility of status,
issues, and issue resolution; and excellent partnering relations with suppliers and
other stakeholders.

In manufacturing, the ‘Pull Principle’ and the closely related Just-in-Time (JIT)
production and Kanban signals are some of the most difficult to implement. In
contrast, in PD environment, JIT is not as demanding: Tasks must be completed
before their outputs are needed (too early completion may make the output obsolete
and too late causes delays), but the exact timing is not as strict. Instead, solid
planning of task precedence is needed, as well as excellent coordination of tasks
with data users for right the first time execution. These are relatively easy to put
in place.

The ‘Perfection Principle’ necessitates a culture of making imperfections visible
and the motivation and infrastructure for continuous improvement of processes.
It also requires a comprehensive infrastructure for a knowledge database, lessons
learned, and education.

The ‘Respect for People Principle’ may be the most difficult to implement if
the enterprise starts from a traditional authoritarian, stove-piped, and bureaucratic
culture. The transformation requires solid knowledge of Lean, excellent leader-
ship, corporate support, training of the workforce, mentoring, and lots of good
examples.

As mentioned in Chapter 2, Lean Systems Engineering adopts a number
of practices previously known under other names, such as Six Sigma; Quality
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Management; Design for Manufacturing, Assembly, and Testing; test as you
fly, and others. The criterion we use for adoption is very simple, stated in the
following box:

If a practice promotes value, reduces waste, and can be described by the six
Lean Principles, it is called Lean and adopted here.



Chapter 4

Lean in Product Development

There is a vast productivity reserve in Product Development programs, averaging
88% of charged time. This is our opportunity to make significant progress using Lean
Thinking. - as explained in this Chapter

4.1 REVIEW OF PROGRESS

Lean Product Development (LPD) is a fast-growing field, driven by the competi-
tive global need to develop products and systems better, faster, and cheaper. It is
also driven by the dynamic creativity of engineering, the profession of unrelenting
problem solvers.

Toyota is widely recognized as the leader in LPD. Its practices have been
described by a number of oft-cited articles and books [Kennedy, 2003; Liker,
2004; Liker et al., 1996; Sobek, 1997a, 1997b; Sobek et al., 1998, 1999; Ward
et al., 1995a, 1995b], and the comprehensive book by Morgan and Liker [2006],
and are not repeated here, although some enablers listed in Chapter 7 have been
inspired by these.

Clark and Fujimoto [1991] published a comprehensive approach to PD, intro-
ducing strategic metrics of automotive enterprise performance—Ilead time, qual-
ity, and productivity. They described PD project integration, strategy, planning,

Lean for Systems Engineering with Lean Enablers for Systems Engineering,
First Edition. Bohdan W. Oppenheim.
© 2011 John Wiley & Sons, Inc. Published 2011 by John Wiley & Sons, Inc.
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management complexity, integration of problem-solving cycles, and the Toyota
and Honda project management styles, which they describe as “heavyweight.”

The need for Lean Thinking in defense PD programs was manifested by several
Lean Advancement Initiative (LAI) studies of waste.! They are discussed at length
in Murman et al., [2002] and Oppenheim [2004] and are only briefly summarized
here: The amount of direct waste (the waste of charged time to produce the con-
tracted value) in government PD programs has been estimated between 60 to 90%
of charged time, with about 60% of all tasks idle at any given time [Browning,
1998 & 2000; Chase, 2001; Joglekar and Whitney, 2000; McManus, 2004; Millard,
2001; Young, 2000]. According to these authors, while such estimates arguably
lack scholarly rigor, they are consistent enough across corporations, programs, and
years to yield a comfortable level of confidence. This extent of waste implies vast
productivity reserve in PD, averaging 88% of program charged time, and thus
an opportunity to make significant progress using Lean Thinking. Oehman and
Rebentisch [2010] created a white paper entitled Waste in Lean Product Devel-
opment, published under the new LAI Series: “Lean Product Development for
Practitioners.”

When discussing waste in PD programs, we should point out that the present
book is limited to the analysis and removal of waste in already contracted PD
programs. This book does not deal with the societal waste of unneeded programs
forced onto the defense community by aggressive marketing or congressional pres-
sures, programs that have been closed for non-performance or for political reasons,
less-than-perfect government acquisition regulations and related politics, the tortu-
ous process of getting a program funded, or government bureaucracy. Also ignored
is waste in early PD program phases before Milestone A, such as the convoluted
process of identifying potential enemy threats and capturing related requirements;
the bureaucracy of program approvals by numerous and disjointed power centers;
etc. All these waste topics deserve a comprehensive Lean treatment and possibly a
separate set of “Lean enablers for acquisition.”” But the reader will not find them
in this book, except marginally as they relate to program execution.

In the 2000s, important contributions to LPD were made by individuals asso-
ciated with the LAl community. McManus [2004] published a manual for PD
Value Stream Mapping. Oppenheim [2004] reformulated the Toyota manufacturing
approach to the field of product development using the Lean Principles (summa-
rized in Section 4.2). This approach is suitable for low-risk smaller programs or for
individual milestones of a larger program. Rebentisch [2005] presented a seminal

'The PD program milestones established by DoD Instruction 5000.02 [2008] are: Milestone A, which
approves entry into the Technology Development phase; Milestone B, which approves entry into the
Engineering and Manufacturing Development phase; and Milestone C, which approves entry into the
Production and Deployment phase. The sources quoted above measured the 88% waste in post-milestone
B programs.

2When this book was in final stage of production, Lean Advancement Initiative at MIT initiated a new
effort of developing “Lean Enablers for Program Management”, using the present “Lean Enablers for
SE” as the starting point. The new effort is a cooperative project between INCOSE, PM Institute, and
others. The public website is: http://www .lean-program-management.org/
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lecture on LPD that became a starting point for several subsequent studies of the
field. Rebentisch and McManus [2007] developed a teaching simulation for Lean
Enterprise Product Development, as well as a tutorial on LPD of complex products.
Murman [2008] and Haggerty and Murman [2006] comprehensively describe the
use of Lean in specific aerospace engineering programs, although most of these pro-
grams were not set up for Lean and demonstrated strong Lean characteristics only
in post-analysis. Lempia [2008] and Egbert et al. [2008] describe two successful PD
programs in aerospace environments that were set up using Lean principles. Rein-
ertsen [2009] published a comprehensive book formulating 175 principles on Lean
PD, most of which are applicable to both commercial and government programs.’

Private contacts of the author with industry in the United States, Europe, Israel,
and Asia indicate that many more organizations are attempting to implement Lean
in PD, but have not published their results to the author’s knowledge.

So, overall, how mature is the field of LPD? An important question that
PD managers ask themselves is: Is LPD knowledge mature and practical enough
to be applied to real PD programs? This author is convinced that the answer is
emphatically positive. As a profession (or more precisely, the fraction of the pro-
fession familiar with Lean), we believe that we understand which management and
engineering practices increase customer value, reduce waste, promote shorter pro-
gram schedules, lower costs, and lower stakeholder frustrations. Early case studies,
presented in Section 8.2 of Chapter 8, even though based on fragmentary implemen-
tations of Lean, and some lacking scholarly rigor, indicate excellent benefits. We
understand the corporate-level preparations of people, processes, tools, and infras-
tructure that are necessary to support efficient programs. We understand excellent
techniques for program planning. We understand the practices that promote pre-
dictable flows of value and those that slow progress. We understand wastes, and
we are quite good at identifying them. Finally, we also understand the cultural
aspects that are conducive to Lean, and those that resist Lean. We understand some
domains better than others. For example, Lean automotive PD is understood bet-
ter than large governmental weapon-system programs, which are more immune to
competitive pressures for efficiencies. Overall, qualitatively, we understand enough
about Lean PD to use it routinely. Because precise LPD ROI data is not yet avail-
able, should we wait and not attempt LPD? The author suggests that this question
is similar to the ones about smoking or diet: We should heed the advice, “do not
smoke,” and “follow a healthy diet,” even if we are unable to predict accurately the
consequences of good habits for an individual. So, LPD practices are worth pur-
suing even if we cannot accurately predict the savings or the ROI for a particular
program being planned. Noticing PD waste and not doing anything about it should
not be an option. At this point in the development of technology and civilization,
LPD represents the state of the art in system development. With unlimited human

3A frequent reaction of Systems Engineers to 147 Lean Enablers for SE is that “this is too many
for Lean.” The fact that Reinertsen lists 175 Lean principles provides support to the argument that
the complexities of PD and SE require a comprehensive list of practices, rather than a few slogan-
like statements. Slogans may yield some awareness, but cannot be expected to significantly improve
programs.
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creativity and entrepreneurship, new PD paradigms will probably appear, but at
this time Lean is state of the art.

As just noted, LPD is far easier to implement in commercial programs than
in governmental programs. The latter involve a huge and rigid acquisition system
bureaucracy and are driven by incentives that often oppose Lean, such as cost-
plus contracting, where contractors are paid for effort plus a fee; political and
contractor lobbying; geographical distribution, which stifles program co-location
and coordination; lack of real competition between large contractors; exceedingly
long program durations that lead to costly requirement changes; unstable fund-
ing; difficulty to formulate good requirements in a rush to get programs underway;
excessive and unstable requirements and runaway requirements changes; short-term
Wall Street pressures; dissolved management and distributed subcontractors with-
out centralized Systems Engineering; and many others. However, as pointed out
above, even some recent military PD programs have demonstrated Lean character-
istics with excellent benefits. In summary, this author recommends an aggressive
implementation of LPD in all programs, in all domains, and in all environments.

One thing is certain: In the long term, operating in global competition, we
have no choice. If we procrastinate and fail to implement competitive LPD, the
dynamic global competition will not wait for us. Even military programs, with
their increasingly global supply chain, are no longer totally immune to global
competition. The morgue of industry is filling up with the companies that became
stubbornly complacent and procrastinated too long. The choice is ours to make.

4.2 THE METHOD OF LEAN PRODUCT DEVELOPMENT FLOW (LPDF)

This section describes a holistic process called Lean Product Development Flow
(LPDF) intended for smaller programs or program segments. LPDF represents an
adaptation of Lean manufacturing methodology to PD environment. It was created
as a contribution to Lean Systems Engineering, but it is an earlier and separate
work from the Lean Enablers for Systems Engineering. However, several of the
Lean enablers listed in Chapter 7 have their origin in LPDF. The following text
has been adapted from a full-length article [Oppenheim, 2004].

4.2.1 Introduction to LPDF

The LPDF method is intended for a super-efficient and fast execution of pro-
grams and projects while promoting best value. It does not, however, apply to all
programs. The following box defines the limitations:

LPDF is limited either to those smaller programs that involve only mature
technologies and low risks and are understood well enough so that a detailed
plan can be created for the program at its beginning; or to one or more
program segments that can be characterized as such.
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In this chapter, we use the term project to denote such a small program or
a program segment. LPDF project may involve limited-scope risk or research,
provided it can be identified early in the project and carried out separately from
the critical path.

LPDF execution is organized as a rhythmic work flow through a series of
short and equal duration takt periods, each period ending in a comprehensive
meeting called an integrative event. The Event is devoted to structured, compre-
hensive coordination and resolution of all issues that come up during the fakt
period .

LPDF requires solid preparations of people, detailed and competent planning of
the LPDF process, and disciplined execution. These preparations include selecting a
Core Team of managers (or highly competent deputies), individuals representing all
of the applicable functions and major stakeholders, and training of teams. Planning
involves detailed Value-Stream Mapping, parsing of the Value Stream map into
equal fakt periods, and architecting the LPDF team, if necessary, using dynamic
allocation of resources. LPDF also requires an excellent leadership style, which
is modeled after the Chief Engineers of Toyota, Honda, and early U.S. aerospace
programs. A project Chief Engineer must be expert in the project domain and have a
good understanding of at least the first-level interfaces and the tradeoffs between all
major subsystems. The individual must be an expert systems engineer and a strong
leader who is skilled in consensus building, while also focused on the integrity of
both the project and system (or project deliverables, if this is only a segment of
a larger program). The Chief Engineer is responsible for the entire project and is
accountable for and has authority over both the technical and business success of
the system being designed. Assistant Chief or Chiefs assist in selected technical
areas. A Project Manager reports to the Chief Engineer and assists with project
administration and finances.

4.2.2 Lean Manufacturing: A Refresher

LPDF shamelessly steals some concepts from Lean Manufacturing. Therefore, it is
useful to review that field. In manufacturing, the term fakt time denotes the amount
of time allocated to each workstation on the moving line, which allows for a robust
completion of its task so that the entire line can advance one station at a time. It
is also equal to the rate at which finished products come off the production line
and are shipped to customers and synchronized with customer orders. Each worker
or process must work at a common fakt time; otherwise, pileups or gaps occur
before and after the offending workstation, and the line must then stop to catch
up. As customer orders increase, production rates and line speed must increase,
while takt time decreases. This is accomplished by adding resources—up to the
capacity of a system—rather than by forcing processes to run faster. The capacity
must be realistic: No worker should be asked to work faster than the well-tested
ergonomic rate. This realistic capacity is made possible by worker training and
machine and process optimization. If this process is not followed, workers will not
be able to complete their tasks and inevitably will produce defects. Flexibility in
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adding and removing human and machine resources is an important factor in Lean
system profitability. The term flow denotes the uninterrupted or pulsed motion of
work pieces at a steady pulse of takt time through all processes with no backflow
or rework.

After more than a century of using production lines in factories, we tend to
take them for granted. Yet, making complex production line flow according to
the takt pulses is quite difficult. Implementation requires carefully splitting and
balancing total assembly work among individual lined-up workstations or work
cells, perfecting each process, and providing each worker with adequate parts,
tools, training, and ergonomics to make timely and robust completion of any task
possible. Numerous references describe this production system [see, for example,
Spear and Bowen, 1999].

The key to success, which is also the key to the LPDF method, is the ability
to plan and parse the total work into tasks of equal duration and size, so that
each task becomes predictable in terms of outcome, quality, effort, and cycle
time.

Lean production is the most efficient method known for flexible delivery of
quality products in the shortest possible time and at minimum cost, with minimum
inventory and perfect quality. Henry Ford was the first to line up machines in
sequence and split the standard work among workstations into equal-duration tasks.
It was Toyota, however, that invented the most advanced Just-in-Time system with
minimum inventories; a work culture based on teaming, openness, empowerment,
and trust unmatched by its competition; and an amazing quality system that obviates
the need for final inspection [Liker, 2004].

4.2.3 Overview of LPDF

Figure 4.1 schematically illustrates the LPDF on the project timeline.

The project effort begins with a precise value definition: We must fully under-
stand what the project is to deliver before we can embark on a detailed planning of
it. The LPDF planning may be impossible if value is poorly formulated, unstable,
lacking clarity, completeness, comprehensive capture of need, or consensus.

Once the value proposition is fully defined, detailed planning using the Value
Stream Map shown in Figure 4.1 can begin.

The flow can begin after the Value Stream Map (VSM) is completed. The flow
ends with the release of the value deliverables. Again, if the project is a complete
program, it delivers a created system design ready for production and approved
by the manufacturing stakeholders. If the project deals with only a segment of a
larger program, the deliverables are information packets that feed the next program
segment.

Between the two ends, flow proceeds at a steady pulsed rate, as on a moving
line, as follows. The flow consists of a sequence of equal homework periods called
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Figure 4.1 Schematics of Lean Product Development Flow [Oppenheim, 2004]

takt periods (of equal duration At), each terminating in an integrative event (1).
In manufacturing, the term takt time denotes the rate at which finished products
come off a line. In a project, we are typically creating a unique system, so it makes
no sense to speak of multiple products. To emphasize this distinction, we use the
term takt period rather than fakt time to designate the equal-duration time periods
used in the project. Takt periods of very short duration are recommended, typically
one week long, to expose any and all issues in real time and enable immediate and
effective issue mitigation while a problem is small and easy to deal with. The fakt
periods provide a constant and frequent rhythm and common disciplined deadlines
for all tasks to the entire project team.

Within each fakt period, engineers work on parallel (concurrent) tasks, denoted
A, B, C, and so on. A task is defined as a work element that has clearly defined
major inputs and outputs and that can be executed as a self-contained activity
independent of other tasks. Typically, such tasks represent much smaller work
packages than those used in the Systems Engineering Work Breakdown Struc-
ture. The individual letters denote tasks executed by different major functions
(departments), or individuals, or major suppliers involved in a system creation.
For example,

A = architecture
B = 3D design
C = modeling
D = dynamics
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E = a major subsystem
F = test
etc.

All takt periods are of equal duration, but not necessarily of equal effort or
person-loading. The ideal LPDF is a steady progress of the value stream through
all takt periods, with frequent maximum coordination and minimum waste, each
period terminating with an infegrative event.

LPDF places few constraints on team architecture, except for an absolute need
for the Core Team to be co-located during the VS mapping, and during all integra-
tive events. Employees and major suppliers can be organized into any configuration
that makes sense to the Core Team, including into long-term and short-term teams,
system teams and sub-teams, into groups or as individuals assigned for a project
duration, or dynamically allocated from their home departments in a matrix orga-
nization, or as separate individuals (e.g., hired experts or supplier representatives).
In matrix organizations, it is important to have department heads evaluated, among
other factors, on the basis of the degree of support they provide to the Chief Engi-
neer. The Core Team should comprise the same individuals for a project’s duration,
but other employees can be allocated flexibly, as needed.

All individual tasks have the same duration but involve different amounts of
effort. Depending on the amount of work needed to complete a given task in a
given takt period, the staffing for tasks will vary accordingly. Some tasks may
need only a single individual, others a small team with a mix of full- or part-time
employees, or a subcontractor. Some tasks may not be needed at all in some takt
periods (e.g., Task B is missing in the second Period in Figure 4.1). In order to
comfortably function in this work environment, all employees should be trained
for the special needs of LPDF.

Even though tasks are self-contained by definition, in PD projects various ques-
tions come up all the time and they should be resolved immediately without waiting
for the next integrative event. Each employee who has a question should immedi-
ately locate the person who can provide the answer and seek that answer without
wasting time. Thus, besides structured communications during integrative events,
informal communications take place all the time. Therefore, all stakeholders should
have a good access to a directory and organizational chart of the entire project team.
The infrastructure should be organized to facilitate such informal communications.

As many tasks should be concurrently carried out in any given takt period
as possible. Concurrent execution is the most effective tool for shortening overall
project time, but it requires detailed planning of the task scheduling and precedence,
and their inputs, outputs, and control points. The “Critical Chain” formulated by
Goldratt, [1997] explains how to estimate task times without padding. In order to
compensate for the accumulating task completion variability, it may be prudent
to insert time buffers into the VSM [Goldratt, 1997]. The buffers assure that the
overall schedule will be met even if some individual task exceeds its planned
duration.
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Given the intrinsically tight schedule of LPDF, robust and timely completion of
tasks is critically important. Chief Engineers should insist that failure to meet fakt
period deadlines will be justified only as a rare exception for only incontrovertible
reasons. Tasks should be staffed and people trained and incentivized accordingly.
The role of the LPDF Core Team is to provide the resources, coordination, and
training required to make that possible. The Chief Engineer and his or her staff,
as well as Core Team members, should be available for guidance, mentoring, even
ad-hoc training, if needed, as well as general support for flow.

4.2.4 Integrative Events

An integrative event is a meeting where all current issues are openly discussed,
mitigated, and the work comprehensively coordinated, verified for consistency with
value proposition, and prepared for the next fakt period(s).

In contrast to the spontaneous communications taking place during takt periods,
integrative events are strictly scripted. The Chief Engineer, or an assistant, should
define the integrative event agenda and structure and lead the meeting. Box 4.1
provides a checklist for the integrative events [Oppenheim, 2004].

Box 4.1 Integrative Event Checklist [Oppenheim, 2004]

a. Efficient review of progress. Chief or Assistant Chief asking pointed,
knowledgeable questions of participants, including numerous questions
“why?” asked in a non-confrontational style.

b. Comprehensive coordination of work.

c. Resolution of tradeoffs, concerns, issues, and building consensus—if prac-
tical, in breakaway sessions, involving only the needed individuals.

d. Identification, management, and retirement of project risks.
e. Exploration of design spaces versus point designs.

f. Optimization and coordination of the inevitable iterations for minimum
effort and cost.

g. Decisions whether to insert knowledge from legacy projects.

h. Involvement of suppliers and other stakeholders.

i. Reuse of modular subsystems and checklists from former projects.

j- Balancing tradeoffs between design margins and the analysis fidelity.

k. Discussion and decisions on which analysis, tests, and artifacts are needed,
resisting those deemed wasteful.

1. Adjustments of VSM, assignment of adjusted work to responsible parties,
and allocation of necessary resources.

m. Addressing any and all big relevant questions.
n. Gate-based reviews, if applicable.
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It is recommended that integrative events be held on Fridays. At the latest,
on Thursday afternoons, by a set time (e.g., 15:00 hours), the office of Chief
Engineer (and key stakeholders of an issue) should be notified of any issue that is
to be scheduled for a discussion on Friday. All cross-functional issues, potential
delays, potential baseline changes, risks, cost variations, non-conformance, or other
issues should be reported to the Chief’s office. The reporting should be done as
efficiently as possible. Standardized so-called A3 forms, as the only attachments
to emails, are recommended for such notifications.. Subenabler 3.5.6, defined in
Chapter 7, describes this form. The Internet contains a wealth of examples of A3
forms. It is recommended that all project stakeholders be trained in the use of
the preformatted A3 forms and discouraged from writing verbose memos, emails,
and reports. Engineers tend to lack good writing skills and consume a significant
fraction of precious program time in writing, which tends to be imperfect. A pre-
formatted A3 form with only salient bulleted statements saves time in writing and
reading and transmits information concisely. An additional benefit of the A3 forms
is that they provide an excellent and easy-to-catalog record of the project and
an easy means for sorting the issues. If the recipient of an A3 form needs more
information, he or she should ask for it explicitly. On Thursday afternoon, after
the deadline, a staff person in the office of the Chief Engineer should sort received
A3 forms into an agenda to be followed during the next day’s integrative event.
The Event should continue (if necessary, spilling into the weekend) until all issues
are resolved and all questions addressed, so that the next week’s schedule is not
affected.

It is obvious that the scope of integrative events extends well beyond the fre-
quent practice of status reviews. The Chief Engineer should frequently question
engineers as to the “why” of their decisions and practices to stimulate better deci-
sion making and to verify correctness.

Co-located meetings of the Core Team (supported by staff as needed) in a
common war room (ak.a., project room) are absolutely critical. Strict policies
should be in place regarding the overdissemination of documents intended for
the integrative events, otherwise team members may become overwhelmed with
pushed data. Strict discipline for perfect attendance is recommended.

The integrative events may be recorded to enable easy recall and to augment
corporate memory for future PD projects. Video recording may be used as an
efficient record-keeping device for memory jogging, provided strict rules are in
place prohibiting any use of the video for staff evaluations, contractual compliance,
or other such abuses.

4.2.5 Selecting the Project Schedule

The total LPDF time (a.k.a. project throughput time, or cycle time or schedule) is a
critically important part of the value proposition. Yet, in practice, it is an arbitrary
aspect of PD. The time must be decided at the beginning of the Value-Stream
Mapping effort for the same reason as for a moving manufacturing line. Ideally, the
throughput should reflect the time when the stakeholders need the deliverables, or
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the time needed to beat the competition, rather than the schedule convenient for the
team. In the absence of a stakeholder-set deadline, a radical step is recommended
here to reduce the traditional legacy-based (or proposal-quoted) throughput time
by the fraction of the PD waste that the project management is ready to tackle.
For example, if management estimates that the amount of self-evident and easy-
to-eliminate waste on a recent similar project was 20%, the throughput time for
the current LPDF project should be cut by that fraction. Ambitious leadership
might favor more aggressive cuts. (After five years of experimenting, Henry Ford
realized a 90% throughput reduction upon evolving to his assembly line from the
former craft production, although it is doubtful that he could have predicted this a
priori). The risk in schedule cutting is small: At the worst, the schedule may slip
back toward the traditional asymptote. In the spirit of continuous improvement,
larger cuts should be possible as experience with LPDF increases. Admittedly,
this is a radical and arbitrary approach. However, it is not less arbitrary than the
current practice of proposal teams cutting 25—-50% from the schedule estimate to
compensate for suspected padding.

4.2.6 Mapping the Value Stream

Common wisdom calls for good planning at the beginning of PD projects.
Experience-based, competition-motivated, consensus-created streamlined Value-
Stream Mapping (VSM) parsed into short fakt periods is the ultimate good plan.
The VS must be mapped before the LPDF flow can begin. While subsequent
execution permits flexible adjustments of tasks in real time, the adjustments
should be used as a tactical mitigation of issues, rather than a poor substitute
for good initial planning. The VSM must list all tasks that contribute to value,
starting with project input requirements and other descriptions of need and ending
with value deliverables. The map combines a process map with data about each
task, indicating the effort and cycle time data (the task cycle time does not need
to be equal to the common takt period yet; that will come later). The VSM is a
comprehensive planning effort.
Value-Stream Mapping of LPDF consists of the three following steps:

a. Current-State Mapping
b. Future-State Mapping
c. Parsing the Future-State Mapping into takt periods

These steps are discussed in turn.

Current-State Mapping The Current-State map is a detailed graphical represen-
tation of the PD plan using current project methodology (before any streamlining),
showing all tasks, their precedence, and control points. This is a starting point
for subsequent identification of waste and streamlining. If available, the Value-
Stream Map actually used on the most recent similar (or legacy) project, with its
task precedence and lessons learned, is an excellent way to begin the Current-
State map. Good corporate memory is invaluable in this step. Incentives should
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be introduced to capture and preserve the Value-Stream Maps from all projects (as
well as the various checklists, system and component performance charts, trade-off
charts, non-dimensional ratios, architectural properties, and numerous other useful
design-capture data). Starting with legacy knowledge is helpful even if only partial
information is available, such as the process map of an actually executed project
or the Gantt chart. Participation of a high-level manager from that prior project in
the VS mapping of the current project is highly desired to indicate the dos and
don’ts to the new team.

Each task should be described on a separate task sheet, standardized with the
following fields:

1. Task number and the week of execution (left blank until Future-State
Mapping).

2. The person responsible (name, title, telephone, cell, email, location; again
left blank).

3. Major inputs, each indicating the source tasks.

4. Major outputs, each indicating the destination task and approval or control
nodes.

5. Brief description of effort and scope.
6. Warning about potential issues; any other notes or comments.

If possible, each task sheet should be temporarily placed in the best-guessed
week in which it was executed on the legacy project, or where the task “owner”
feels it should go. The idea is to include all tasks, and then iterate their placement
in the timeline later. Where available, sticky notes should indicate identified waste
for subsequent removal, e.g., the time of waiting for or chasing data, time wasted
waiting for signatures, rework, reinventing the wheel, etc. Next, proper precedence
of tasks should be determined, usually by iterations. This iterative process may
appear messy, but it offers huge payback potential in the Future Step mapping.

Next, or concurrently, tasks from a legacy project should be tailored, amended,
and modified to reflect the current project. From this point on, the effort should be
handled by a complete Project Core Team comprising experienced functional man-
agers (or competent deputies) representing all major subsystems, representatives
of major suppliers, and the Core Team leaders (Chief Engineer, Assistant Chief
Engineers, and Project Manager). If the team writing the proposal is different from
the Core Team, the former should be represented during the mapping effort. A
typical Core Team may involve 10—15 individuals. Each Core Team member is
free to bring along any staff person for help, but the staff should not release the
Core Team members from making all major decisions, negotiating, iterating, and
reaching consensus.

Brainstorming, negotiating, and iterating are the most productive means at this
stage. The Chief Engineer experienced in PD VSM and possessing good motiva-
tional and leadership skills should lead the effort. The present focus should be on
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listing ‘all’ tasks and their waste, rather than on any task or flow optimization,
which comes later during the Future-State Mapping.

Future-State Mapping This step has a potential for huge direct ROI, often mea-
sured in millions of dollars saved per hours of effort. Therefore, this mapping step
should be performed as comprehensively as possible.

The Core Team may conclude that the project involves one or more uncertainties
that would pose a risk to the project schedule if left within the main workflow.
Each such uncertainty should be isolated from the main flow, placed on a separate
track, assigned to a separate sub-team, and staffed to resolve the uncertainty in
time for deployment in the main flow.

The Current-State map, displayed on the walls, becomes the basis for the itera-
tive waste removal and for improving task concurrency, synchronicity, precedence,
and general flow. Experience indicates that some NVA is self-evident and easy to
remove, some NVA and RNVA will require brainstorming and negotiations within
the Core Team, and some may be discovered only in a future project, in the never
ending pursuit of waste removal and streamlining.

Parsing the Future State Map into Takt Periods The last phase of VSM is
to parse the Future-State Map into fakt periods. This step and the previous step
of Future-State Mapping may require iterations together. Again, the entire Core
Team should participate to enable iterative brainstorming and negotiating. The
dynamic allocation of employees during different takt periods , if practiced, should
be addressed at this stage. The parsing may open additional opportunities to remove
waste and to optimize task precedence and flow.

The application of fixed-length takt periods is an absolute requirement for dis-
ciplined flow, just as a manufacturing moving line must involve work packets of
equal takt time. All work must be parsed into equal takt periods (lasting just short
of four days of work to reserve a few hours on Thursday afternoon to report issues
to the office of Chief Engineer and Friday for the integrative event). The parsing
must be done either by formal splitting of longer tasks into smaller ones, or by
logical splitting of such tasks for reporting purposes. For example, a task inherently
longer than the takt period (e.g., a multi-week test) can always be logically sub-
divided into shorter takt periods, so that the engineer responsible for the task can
report during the given integrative event that “the task number ... proceeded as
planned during the takt period number . ..,” or: “the following issues have already
been identified in the task....”

Clearly, in any complex flow involving many stakeholders, unexpected events,
uncertainties, and design changes may occur, requiring adjustments to the schedule,
as they do on automotive assembly lines. The general attitude of the Core Team
should be to map the best Value Stream possible, but also to prepare for flexible
handling and mitigation of the changes. PD experience indicates that an imperfect
plan is better than none.
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The role of the Chief Engineer is to guide the Core Team toward consensus on
the VSM. The mapping should continue until that goal is met, that is, until every
Core Team member accepts the final parsed VSM and declares readiness to provide
the required resources and complete tasks when planned.

Detailed VS mapped into short takt periods at the beginning of the project
automatically constitutes a detailed project plan and schedule. Theoretically, the
subsequent monitoring of project progress could be as simple as checking off task
sheets in the VSM displayed on the walls. This reduces the need for complex
metrics and costly bureaucracy monitoring of the progress.

4.2.7 Project Leadership and Management

Good leadership cannot be delegated or automated. A highly skilled leader, named
the Chief Engineer, modeled after Toyota [Sobek et al., 1999], Honda [Clark and
Fujimoto, 1990], and the Skunk Works model [Rich and Janos, 1994], should lead
the entire LPDF project. The person’s job description should be to produce the
required product (or deliverables) to the satisfaction of the stakeholders, within
budget and schedule, and the person should be evaluated only by how well this
goal is met. The Chief must be the sole project owner, totally responsible, with
authority and accountability for the entire project (preparations, planning, concepts,
tradeoffs, key design decisions, coordination, targets, schedule, and budget.) The
Chief should be ultimately responsible for balancing the technical success with the
business case. (See also enabler 5.5 in Chapter 7.)

Box 4.2 contains a summary of the desirable attributes of the Chief Engineer,
Assistant Chiefs, and administrative Project Manager.

The company involved in LPDF projects should groom several Chief Engineers
for each major product domain, support their professional growth and education,
expose them to challenging experiences, and rotate them through major depart-
ments. Candidates should be carefully selected from among the brightest and
the most promising, both technically and for their interpersonal skills. Candidates
should prove themselves as Assistant Chiefs before being promoted to the Chief’s
position.

Historically, aerospace and defense programs used the equivalent of a Chief
Engineer. Examples abound: Jack Northrop in the early Northrop company; Howard
Hughes (before his powerful mind was overtaken by illness); Kelly Johnson or Ben
Rich at Skunk Works [Rich et al., 1994]; leaders of the early NASA’s Mercury,
Gemini, and Apollo programs [Johnson, 2002]; Admiral Hyman Rickover of the
U.S. Nuclear Submarine program [Rockwell, 1995]; and numerous others. In these
programs, nobody was ever in any doubt about who was in charge of the pro-
gram, and it was always a highly competent engineer and leader, never a financial
manager enslaved to Wall Street expectations. These people led the development
of highly successful systems, and achieved business success at the same time.
The unfortunate recent practice in defense programs has mostly abandoned the
Chief Engineer position, dissolving the responsibility among the Program Office
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Box 4.2 Desirable Attributes of Chief Engineer, Assistant Chief Engi-
neers, and Project Manager [Oppenheim, 2004]

Chief Engineer

o [nterpersonal skills. Ideally, a good leader, with high degree of credibility, who is
free of a domineering personality. Leading and motivating for excellent performance
using non-confrontational style. More like a movie director or symphony conductor
than a drill sergeant. In frequent personal contact with engineers, but without micro-
managing. High level of interpersonal skills to guide the team toward consensus
during the value proposition and VSM work, when resolving issues during integra-
tive events, and when negotiating with the company for resources. Ability to draw
on team members’ competence, experience, and creativity.

e Education. Preferably a master’s degree in Systems Engineering, with significant
experience in the domain, or a master’ degree or equivalent in the product domain,
with at least several courses in Systems Engineering.

e Experience. Solid understanding of all critical first-level subsystems, their interfaces,
tradeoffs, and risks. Experience in the capacity of an Assistant Chief Engineer on
at least a few programs. Knowledge of frustrations, problems, and solutions expe-
rienced in former programs. Understanding of company culture. Preferably most
professional years spent rising through the ranks and rotating through major depart-
ments as an active engineer. Record of lifelong learning, attending professional
conferences, and following literature.

o Freedom of Action. The Chief must have the freedom to select a few Assistant Chief
Engineers to complement the Chief’s expertise, whose loyalty is to the Chief, the end
customer (i.e., the project), and the company, and not to any particular functional
department from which they came. The Chief alone should evaluate the Assistant
Chiefs. Also the freedom to execute LPDF according to Chief’s own preferences.

e Focus. Never-ending focus on customer satisfaction, other stakeholders’ needs,
project value and integrity, and reduction of waste.

e Compensation. Clearly, the Chief’s compensation should be proportional to the
exceptional role the person plays and the vast responsibility.

e “The most coveted job in the company.”

Assistant Chief Engineer

An experienced and competent engineer showing promising skills in all above
areas but lacking the extensive experience required for the Chief’s position. Chief
Engineer selects one or more Assistant Chiefs from the small pool of candidates.

Project Manager

Project Manager reports to the Chief Engineer. The Manager understands and
tracks in real time all project costs and provides real-time accounting support to the
Chief Engineer for his or her decisions. The Manager also handles administrative
support for the program in order to free the Chief Engineer to focus on the value
creation. However, it is the Chief who balances the technical and the business
success of the project.
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team, which has had a typically weak and financially focused Program Manager; a
narrowly focused Systems Engineering lead who lacked overall responsibility for
the program success; weak IPT managers; and territorial managers of engineering
departments; and subcontractors, with nobody truly in charge of the entire program.
These practices should end as soon as possible.

4.2.8 Project Room

The VSM is a complex graphic even in moderate-size projects, so a large room
with ample wall space (colloquially called the war room) should be dedicated to
a project for its entire duration. The VSM planning effort, all integrative events,
and ad-hoc meetings should be conducted in this room, with the VSM and project
notes conveniently in view. Computer screens are strongly discouraged; they are
too small and too difficult to see the entire project map. Wall layout is preferred to
an electronic implementation, because it enables Core Team members in real time to
read all tasks and brainstorm and negotiate task parsing, precedence, concurrency,
synchronicity, scope and effort, inputs, outputs, and waste in order to reach a
consensus.

Takt periods should be delineated on walls by vertical marks for an entire
project duration, and for easy posting of each task sheet in its designated week.
Each task sheet should fit into an A4 (letter-size) page, thus the vertical lines should
be spaced apart by about 30 cm (about one foot), requiring a room of about 15 m
(about 50 ft) of clear wall circumference for a one-year project. Oppenheim [2004]
articulates details on the recommended room architecture. Ideally, a few smaller
rooms should be available nearby for breakaway discussions. The offices of the
Chief Engineer, Assistant Chiefs, and Project Manager and their staffs should be
located in close proximity. The room should contain networked computers, printers,
projectors, ample writing materials, and a large conference table with enough chairs
to accommodate the Core Team.

4.2.9 Closing Remarks about LPDF

Disciplined work execution within short takt periods is an important element of
LPDF. Compelling arguments favor this approach. If not followed as recommended
here, the penalty to the project would be less-than-full benefit, but hardly an
increased risk of loss of system integrity. The resultant penalty in cost and schedule
should not be worse than that of recent traditional programs. In other words, LPDF
offers potential for radical benefits, with no cost or schedule risk beyond those of
traditional programs.

LPDF represents an adaptation of Lean manufacturing to project environment.
Over the last century, significant knowledge, experience, and effort have been
devoted to the design of flow in automotive lines, and we tend to take that
progress for granted. Yet, even today’s best assembly lines still suffer from fre-
quent stoppages due to unexpected problems. The author observed a Toyota line
in the NUMMI plant in Fremont, California, recognized as one of the best in
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the world, stopping several times per hour while assembling a mature model of
Corolla™. Local employees confirmed that this frequency of stoppages was nor-
mal. This demonstrates that problems are to be expected even after a significant
experience. Therefore, it would be naive to expect no problems in a LPDF flow.
Nevertheless, the significant potential benefits and minimal risks make the method
worthwhile.



Chapter 5

From Traditional to Lean
Systems Engineering

“Traditional Systems Engineering is a practice which has a lot of strengths, but is not
as good as it could be.”
—Lean Systems Engineering Working Group of INCOSE

5.1 SUCCESSES AND FAILURES OF TRADITIONAL SYSTEMS
ENGINEERING

Human civilization has successfully used systems thinking to create many complex
systems such as the pyramids, Roman aqueducts, and, more recently, infrastructure,
communications, phone networks, health, education, safety, emergency response,
war effort, and many others—all without using the formal term Systems Engi-
neering (SE). SE applies to all engineering domains. The practice of SE is now
mandatory in U.S. government technology acquisition programs. The use of SE in
commercial programs is voluntary, but increasing.

The mandated use of SE in government programs is a relatively recent U.S. gov-
ernment policy—only announced in 2000. For several years prior, NASA operated
under the so-called Faster, Better, Cheaper (FBC) policy, which the U.S. Depart-
ment of Defense termed Acquisition Reform (AR). Both policies were blamed for

Lean for Systems Engineering with Lean Enablers for Systems Engineering,
First Edition. Bohdan W. Oppenheim.
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numerous system failures during the 1990s, adding up to $12 billion losses in space
systems. !

The subsequent study sponsored by the U.S. Congress [ Young, 2000] diagnosed
that FBC/AR removed much of government oversight, made prior mandatory stan-
dards optional, and permitted contractors to cut Systems Engineering efforts as
well as tests. These cuts, according to the study, led to the failures. The report
recommended a stronger role of SE in programs, a return to more oversight, stan-
dards use, and testing as you fly. It also recommended more relaxed budgeting
and cost-plus contracting. These recommendations were adopted, and the number
of program failures decreased dramatically. Regretfully, the technical successes in
the post-FBC/AR period were not accompanied by business successes. Abundant
evidence indicates Systems Engineering was performed less then satisfactorily in
the business sense, with many recent programs experiencing severe budget and
schedule overruns, with final budget and schedule growing significantly beyond
those of earlier periods, and some programs being closed for non-performance, as
described in Section 5.2.

Overall, the record of U.S. governmental technology acquisition programs is
mixed. Examples of technically successful programs include:

e The 60 successful military satellite launches since the last major failures of
the FBC/AR period [Horejsi, 2009].

o All but two successful space shuttle flights.

o Construction and operation of the space station.

e Some well-known interplanetary flights.

e Some successful missile defense tests.

e Numerous other successes in air-, ground-, and water-borne systems.

These examples indicate that the established SE process can be capable of deliv-
ering successful complex systems ‘when practiced properly.” However, the scope
and boundaries of ‘proper SE practice’ are not always clear, which can lead to
dramatic system failures. Theoretically, SE is supposed to consider the entire life
cycle of the system being designed. Several recent and rather spectacular fail-
ures reveal fuzzy life cycle definitions and hazy boundaries between SE and other
domains:

e The collision of Russian and American satellites [Broad, 2009] has sent
uncountable small objects into random trajectories that now jeopardize other
space missions. This raises the question whether the collisions should be
blamed on the lack of sufficient international cooperation in space or on an
inadequate SE program for the monitoring of space objects.

IThese failures gave rise to the popular mantra that it is possible to have any two of the three (for
example, faster and better, but not cheaper) of FBC, but not all three together.
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o A terminally aged U.S. military satellite was destroyed by a missile, arguably
in order to avoid the risk of earth contamination [Ferster, 2008], raising the
question as to why the satellite disposal problem was not included in the life
cycle SE of the program.

e The tragic end of the Columbia space shuttle, diagnosed by the investigation
board as “the foam did it, but NASA culture allowed it” [NASA, 2003], and
the misuse of O-rings in cold weather leading to the Challenger disaster [House
of Representatives, 1986], provoke the question: To what degree should the
organizational culture and effective SE be interrelated and inclusive of one
another?

e The U.S. Coast Guard received 27 boats deemed unusable for service
[O’Rourke, 2008], and the matter is now under litigation to determine fault
among several disjointed parties who (mis)conducted the fragmented SE
efforts.

The list of failed programs is longer and these are only examples. A comprehensive
program-by-program study of the effectiveness of SE, and of the reasons for both
successes and failures, remains wanting at this time, and the confounding of SE
and the government acquisition system only blurs the picture.

5.2 WASTE IN TRADITIONAL SYSTEMS ENGINEERING

Waste is abundant in all programs. Failed systems represent the most dramatic
manifestation of waste, but even the most technically successful programs are
burdened with significant amounts of waste.

As mentioned in Chapter 1, Systems Engineering is an inherent part of Product
Development, therefore, we do not differentiate between the two when talking
about waste.

Waste in traditional PD programs result from a large number of causes: craft
mentality of engineers (the conviction that everything is unique, requires a special
solution, and cannot be framed into a process), poor planning and ad hoc execu-
tion, poor coordination and communication culture, poor corporate preparations for
programs, and many others [Oppenheim, 2004]. The reader is invited to scan the
enabler tables listed in Chapter 7 and look at the wastes listed under each enabler
to recognize that the opportunities for creating waste are vast indeed.

The book Lean Product and Process Development [Ward, 2007], contains an
entire chapter devoted to waste, “Seeing Waste in Product Development,” where
the author refers to the “Waste of Knowledge.”

The present book uses Ohno’s original seven wastes of manufacturing, as
adapted to PD by Morgan and Liker [2006]. These were shown in Box 3.1 in
Chapter 3, with examples added by the present author.

Figure 5.1 illustrates the amount of wasted effort by individuals and wasted
time by work packages that have been measured in several aerospace programs
[McManus, 2004]. The left-hand chart in Figure 5.1 shows that only 29 — 30% of
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Wasted Effort and Time in Programs

Wasted Effort Wasted Time
40% of PD effort “pure waste,” 29% 62% of tasks idle at any given time
“necessary waste” (workshop opinion
survey) 50-90% task idle time found in
30% of PD charged time “setup and Kaizen-type events
waiting” (aero and auto industry survey)

29%
required

Wi |
pure 38% 62%
added waste job job
: active idle
31% value
added

Figure 5.1 Waste Measured in Aerospace Programs [McManus, 2004].

effort adds value. The right-hand chart in the figure illustrates that a given task is
being worked on for only 38% of its existence. By implication from the first chart,
of that 38% time, only about a third of it, or 12% of the total task lifetime, has
any value-added activity. Thus, 88% of the time represents a productivity reserve.
From this author’s perspective, that 88% of program time waits for Lean to unleash
the reserve and make the programs so much better.

Figure 5.2 illustrates the most frequently observed waste in 27 aerospace PD
programs [Slack, 1998]. It is interesting that the most frequently cited waste is
waiting (people waiting for information, or information waiting for people), while
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Figure 5.2 Most Frequently Observed Waste in 27 Programs [Slack, 1998].



46 FROM TRADITIONAL TO LEAN SYSTEMS ENGINEERING

the second most cited waste is overprocessing. To paraphrase the finding, one
person is waiting, while another person is overprocessing.

Three recent reports by the Government Accountability Office (GAO) and the
Department of Defense (DoD) on the condition of major programs indicate seri-
ous problems, exceeded budgets and schedules, and diminished value. Figure 5.3
[GAO, 2008b] compares the originally contracted to the recently updated cost of six
major government programs. The chart shows that five of the six space programs
experienced cost increases between $1 and $6 billion.

Similarly, Figure 5.4 shows that each of these five programs also encountered
schedule overruns ranging from two to seven years [GAO, 2008b]. The worst case
of these is the Space Based Infrared System (SBIRS). This program is roughly
seven years behind schedule, $6 billion over its contracted cost, and has triggered
four Nunn—McCurdy breaches (provisions that require U.S. Congress notification
when a program cost increases by 15%, and termination of the program if the cost
surpasses 25% of the original estimate, unless the Secretary of Defense presents
documentation explaining the necessity of continuing the program for national
security and no alternative lower cost option exists).

In addition to the monetary penalty, the nation’s military capability and buying
power are weakened when the contracted budget and schedule are exceeded. This

2008 dollars in billions

Fewer key sensors| | Two fewer satellites

12 and two fewer and deferred

satellites requirements

' |
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|:| Initial estimate
I:I Most recent estimate

Figure 5.3 Initial and Most Recent Estimates of Total Program Costs [GAO, 2008b].
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Figure 5.4 Schedule Overruns for Five Space Programs [GAO, 2008b].

is illustrated in Figure 5.5 [GAO, 2007]. The study demonstrates that the rise in
cost reduces the quantity of systems delivered. As shown in Figure 5.5, the Joint
Strike Fighter (JSF, now called F-35) aircraft program has gone over $25 billion
beyond the initial estimate of $196.5 billion, with a loss of more than 500 aircraft
for the U.S. military. (Estimates for the year 2010 have the program cost at over
$340 billion, which translates to more than a $143 billion overrun and proportional
reduction in the number of aircraft to be delivered.) Thus, the military attains the
expected capability years after the expected date, and with a lower quantity than
contracted.

The GAO [2008a] has studied the source and impact of quality problems that
are the major cause for schedule and budget overruns in 11 programs (Figure. 5.6).
The three main sources of program quality problems identified in Figure 5.6 are SE,
manufacturing, and supplier quality. Eight of the 11 programs listed have identified
poor Systems Engineering practices as a significant source of quality problems and
the resultant schedule delay and exceeded cost.
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Program Initial | initial | Latest | Latest |Percentage
estimate | quantity | estimate | quantity increase
Joint Strike $196.5 2866 $223.3 2458 308
Fighter billion aircraft billion aircraft :
Future Combat $85.8 15 $131.7
Systems billion systems billion 15 systems 54.1
V-22 Joint
Services
Advanced Eﬁ'l?og ai?;r:;ft Elsll?og 458 aircraft 170.2
Vertical Lift
Aircraft
Evolved $16.0 181 $28.6 .
Expendable bilion | vehicles | bilon |38 Vvehicles| 134.7
Launch Vehicle
Space Based $10.4
Infrared System | $4.2 billion|5 satellites billién 3 satellites 311.6
High
Expeditionary - 1025 $11.3 1025
Fighting Vehicle |®840lon] yepicies | billion | vehicles 83.7

Figure 5.5 Examples of Reduced Buying Power and Military Capability [GAO, 2007].

DoD acquisitions chief [Young, 2009] offered an assessment of the causes of
cost growth in over 40 major weapons programs. Among the major factors causing
increases in program cost and schedule delays, Young lists excessive and unsta-
ble requirements; runaway requirements changes; discontinuous funding; notorious
low-balling of the budget, schedule, and risk, driven by the desire to get the pro-
grams running; immature and exquisite technology; management and execution
issues; and “the DoD eyes [being] bigger than its stomach.” Young did not parse
the blame between the acquisition system and SE. In 2009, the U.S. DoD closed
several nonperforming programs (F-22, the Future Combat Systems, Presidential
Helicopter, and several smaller programs), and published several policy memoranda
(e.g., [Carter, 2010]; [Kerber? and Vitto, 2009]) that call for significant productiv-
ity improvements in governmental PD programs. Thus, the timeliness for Lean SE
could not be better, but the creators of LEfSE did not know it at the time.

Waste is abundant in all programs. Failed systems represent the most dramatic
manifestation of waste, but even the most technically successful programs
are burdened with significant amount of waste, which can be reduced using
Lean.

2Kerber and Vitto [2009] use the word lean explicitly: “We envision a lean, commercially based
acquisition model . ..”
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. Impact of quality
Source of quality problem problem
. Cost
Systems . Supplier .

System Engineering Manufacturing quality (g']ci)lllli?)":sl)n Schedule
Advanced SEAL program
Delievery System X X $87 halted
Advanced Threat

Infrared
Countermeasure/ X X $117 5-year delay
Common Missile
Warning System

4-year
Expeditionary extension to
Fighting Vehicle X $750 system
development
No schedule
F-22A X X X $400 impact to
program
4-month
production
Global Hawk X X $239 slip for
sensor suite
Joint Air-to-Surface Program
Standoff Missile X X $39 deferred
LPD 17 Amphibious
Transport Dock X X X $846 8-year delay
MH-60s Fleet No cost 6-month
Combat Support X impactto | production
Helicopter program slip
Patriot Advanced 6-month
Capability-3 X X X $26 delay
. . Flights
V-22 Joint Serv!ces operations
Advanced Vertical X $165 halted for 1
Lift Aircraft alted for 17-
months
18-month
- delay for
W'dgi‘?r”goG“}IOba' X X $10 initial
operating
capability

Figure 5.6  Weapon System Quality Problems and Impact [GAO, 2008a].

5.3 BEGINNINGS OF LEAN SYSTEMS ENGINEERING

The birth of Lean Systems Engineering (LSE) is traced to the first meeting of
the LAI Educational Network in March 2003. That year, the LAI consortium
invited universities to join the new LAI Educational Network (EdNet). The EdNet
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mission is to collaborate on the development and dissemination of Lean curricula,
including incorporation of research findings. Starting with LMU, at the time of this
writing the EdNet has grown to 55 universities in the United States, Brazil, China,
Europe, and Mexico. The EdNet members soon organized themselves into a num-
ber of small working groups, one devoted to LSE and another to LPD, intending
to develop communities of practice in these new fields. The participants shared
an understanding that SE is a sound process but is not practiced as well as it
could be.

Subsequently, Murman [2003] included the LSE topic in two lectures of a gradu-
ate course on Aircraft Systems Engineering. The LAI team of Rebentisch, Rhodes,
and Murman [2004] laid some theoretical foundations for LSE. Additional con-
cepts and case studies were contributed by a panel on LSE at the 2004 Annual
Symposium of International Council on Systems Engineering (INCOSE) [Rhodes
et al., 2004].

These early works defined the synergy of Lean and Systems Engineering as
(paraphrased):

“Systems Engineering which grew out of the space industry to help deliver flawless
complex systems is focused on technical performance and risk management. Lean
which grew out of Toyota to help deliver quality products at minimum cost is focused
on waste minimization, short schedules, low cost, flexibility, and quality. Both have
the common goal to deliver system lifecycle value to the customer. Lean Systems
Engineering is the area of synergy of Lean and Systems Engineering with the goal
to deliver the best lifecycle value for technically complex systems with minimum
resources.”

This synergy gave rise to the subsequent definition of LSE included in the
INCOSE Handbook [2010]:

Lean Systems Engineering is the application of Lean principles, practices,
and tools to Systems Engineering in order to enhance the delivery of value
to the system’s stakeholders.

—INCOSE

5.4 LEAN SYSTEMS ENGINEERING WORKING GROUP OF INCOSE

During 2004-2006, the small LAI EdNet LSE group of mostly university pro-
fessors met several times and enjoyed interesting discussions; however, not much
progress was made. In order to move the LSE project at a faster pace, at the end
of 2005, the author made a proposal to INCOSE to form a new Lean Systems
Engineering Working Group (LSE WG), hoping to draw from the collective wis-
dom of the large and international membership of SE practitioners who belong
to that learned society. The proposal was accepted, and the LSE WG became the
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39" WG of INCOSE. The first meeting (rather poorly advertised) drew 30 people,
which indicates a high level of interest in the idea of applying Lean Thinking into
SE. At the time of this writing (March 2011), the LSE WG has grown to 200
individuals, all unpaid volunteers, and is currently the largest Working Group of
INCOSE. Most of the members are experienced industrial and governmental SEs,
but the experience in Lean Thinking is less common. The individuals most experi-
enced with Lean acted as leaders in the project of developing LEfSE (listed in the
Acknowledgments).

The use of term Lean in the context of SE initially met with concern that this
might be an attempt to “re-package the Faster-Better-Cheaper initiative,” leading
to cuts in SE at the time when the profession is struggling to increase the level
and funding of SE effort in programs. Hopefully, this book categorically disproves
these concerns. To restate: ‘Lean SE’ does not mean ‘less SE’ but ‘more and better
SE, leading to subsequent streamlined program execution.’

The LSE WG devoted the first 18 months to conceptual and administrative tasks
(creation of public website [INCOSE LSE WG, 2008] and mailing list, definitions,
recommended readings, and formulation of the Charter), as well as presentations
and panels devoted to various ideas how to proceed. Box 5.1 contains the Charter
of the Working Group.

Box 5.1 Charter of the INCOSE Lean System Engineering Working
Group

It is our goal to strengthen the practice of Systems Engineering (SE) by
exploring and capturing the synergy between traditional SE and Lean. To do
this, we will apply the wisdom of Lean Thinking into SE practices integrat-
ing people, processes, and tools for the most effective delivery of value to
program stakeholders; formulate A Body of Knowledge of Lean SE; propose
amendments to the INCOSE SE Handbook with critical elements of Lean
SE; and develop and disseminate training materials and publications on Lean
SE within the INCOSE community, industry, and academia.

Since October 2007, the main effort of the Working Group has been devoted
to the development of Lean Enablers for Systems Engineering, summarized in
Chapter 6.

5.5 VALUE IN LEAN SYSTEMS ENGINEERING

In traditional SE, value to the customer is formulated using requirements, first
the top-level or customer requirements, then detailed derived requirements allo-
cated for all subsystems at all levels. The value proposition to be captured must
involve not only explicit requirements and related documents, but also unspoken
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requirements defining needs, context, operations, interpretations, interoperability
and compatibility characteristics, as well as a good understanding of customer
culture.

The process of capturing top-level requirements is difficult to perform and is
notorious for poor results. Past experience indicates that managers of many pro-
grams who are eager to get underway tend to rush through this phase without
a robust process, ending in incomplete, incorrect, or conflicted requirements that
burden subsequent programs with waste [Young, 2009]. Poorly formulated require-
ments can significantly increase program cost and lead time, and in extreme cases
even torpedo entire programs (e.g., the recent presidential helicopter). Long dura-
tion of a program tends to introduce additional requirement instability due to the
change in need or threat, which cannot be foreseen at the beginning of the program.

In complex government programs, value formulation is a difficult process, not
only because of complex technology, but also because of unstable program funding,
dissolved management, and policy and politics. The effort may easily take many
years and involve thousands of stakeholders, including future system users, the gov-
ernment acquisition bureaucracy, contractors, suppliers, politicians, and lobbyists.
Because of competing pressures, value may easily end up suboptimized, benefiting
not future users, but rather a group of stakeholders who exert the strongest pull.
For this reason, Lean Systems Engineering strongly promotes program optimization
in the next larger context. Specifically, in complex national programs, this author
believes, the proper context is the good of (the value to) the nation rather than the
good of any single contractor, supplier, politician, community, or military unit.

In many technologically complex programs, military customers lack expertise
to describe the needs clearly, and more often than not must be assisted in the task
by value creators (the prime contractors) or a proxy organization through extensive
efforts of interaction, cooperation, and clarification. In Lean Systems Engineering
both customers and contractors have a responsibility to formulate requirements as
well as the state of the art permits, without blaming one another for inadequate
effort, while working together as a seamless team of honest, open, trustworthy
partners who share the same goal.

Requirement stakeholders often ignore the fact that a requirement is an imperfect
and inherently ambiguous means to describe need. Typically, a requirement is a
sentence containing several words. Written in a natural language, especially one
as rich as English, where each word in a dictionary has several meanings, it is
inherently ambiguous in the linguistic sense. Additional ambiguity arises because of
handoffs: The person writing the requirement has in his or her mind the rich context
of the need, while the person reading the requirement sees only the requirement text.
Because of these structural communicative disjunctions, it is critically important
not only to make every effort to make all requirements crystal clear and complete,
but also to create the means to clarify requirements without causing requirement
creep, properly planning effective and efficient channels for clarifications.

In Lean Systems Engineering we continue defining value using requirements.
But, in view of the above difficulties, we place a significantly higher emphasis
on the quality of the effort of formulating and clarifying the requirements and



VALUE IN LEAN SYSTEMS ENGINEERING 53

make certain that all the above potential pitfalls are minimized. We also promote
development of a robust process for capturing and formulating requirements.

Over the years, the number of top-level requirements in government programs
grew at a fast rate, routinely reaching many hundreds and thousands in recent pro-
grams. This increasingly drove program bureaucracy and made programs costlier,
longer, and usually more frustrating to all stakeholders. For comparison, it is fasci-
nating to recall that the early Apollo program, without a doubt the most dramatically
successful space program in the entire history of human civilization, started with
only three requirements pronounced by President J. F. Kennedy (paraphrasing):
“(1) Take man to the moon, (2) and back, (3) safely”! Similarly, the highly suc-
cessful U2 aircraft program started only with a few requirements defining the flight
altitude, speed, endurance, and payload [Rich and Janos, 1994]. Perhaps there is a
lesson in it for Lean Systems Engineering?

In Lean Systems Engineering we define value using strong words to reflect the
need for a high level of excellence, as shown in the following box:

Value in Lean Systems Engineering is defined as a flawless product or mis-
sion delivered at minimum cost, in the shortest possible schedule, fully
satisfying the customer and other stakeholders during a product or mission
lifecycle.

—Lean SE WG, INCOSE

The word flawless is intentionally strong. We use it to emphasize that the aim of
Lean Systems Engineering is nothing short of excellence. It should be interpreted as
the asymptote of excellence toward which the field of Lean Systems Engineering
aims and converges by continuous improvements. It should also be regarded as
a guidepost for all stakeholders. But, of course, it is not a promise that Lean
Systems Engineering alone can deliver the flawless system. Besides LSE, many
other accomplishments must occur in order to deliver flawless value: excellent
SE process considering the entire system lifecycle, excellent domain engineering
and testing, excellent verification and validation, excellent supply chain, excellent
program management and leadership, and excellent people, processes, and tools
throughout the program.



Chapter 6

Development of Lean Enablers
for Systems Engineering (LEfSE)

“Aim for the asymptote of SE excellence”
—from the strategy of Lean Systems Engineering Working Group of INCOSE

6.1 STRATEGY

The team developing the enablers started with the following two positions:

o The established SE process is regarded as technically sound if used and funded
properly, but is often burdened with waste, therefore it should benefit from
Lean Thinking. In other words, the team decided to try improving a practice
that has a lot of strengths, but is not as good as it could be.

e Waste in programs should be regarded as a productivity reserve to be
unleashed using Lean Thinking.

During the development of LEfSE, the team (the names and affiliations are listed
in Acknowledgments) set up the following strategy:

1. The enablers are intended for industrial and governmental practitioners.

2. Both SE and Lean represent challenging areas for research as they are
grounded in industrial and government practice rather than in laboratories,
theory, or mathematics. In addition, most large programs that use SE are

Lean for Systems Engineering with Lean Enablers for Systems Engineering,
First Edition. Bohdan W. Oppenheim.
© 2011 John Wiley & Sons, Inc. Published 2011 by John Wiley & Sons, Inc.
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proprietary, classified, with discontinuities in execution. Therefore, it is
extremely difficult to gather explicit data and test hypotheses from such
programs. SE case studies are not available in the public domain with
sufficient detail to enable development of Lean practices. Where data is
available, it is often of inadequate resolution or quality. Therefore, our team
concluded that the development had to be based on collective wisdom and
experience of the LSE WG members. Webb [2008] discusses development
based on facit knowledge at some depth.

3. Based on their lifetime experience, the team members were asked to identify
those practices which deliver best value with minimum waste, the dos and
don’ts of SE and the relevant aspects of enterprise management (including
PD and supply chain management), applying Lean Thinking to the individual
steps of the System Life Cycle Process Overview! [INCOSE, 2007].

4. The members were to “aim for the asymptote of SE excellence.”

5. Constraints such as the present acquisition regulations and various company
policies and traditions were to be disregarded. The intent was to create an
ideal generic master checklist of best practices and to leave implementation
to individual organizations. (Note: in spite of this strategic assumption, all
Lean Enablers presented in Chapter 7 turned out to conform to the current
U.S. government Acquisition System.)

6. The new enablers should not repeat information already covered in the
INCOSE Handbook, which was regarded as sound but lacking Lean Think-
ing. The team used the [INCOSE, 2007] as the baseline, but the newer version
3.2 [INCOSE, 2010] is recommended. The 26 processes listed in version 3.2
are regarded as sound, but lacking Lean Thinking.

7. In order to reduce subjectivity, the project results were endorsed by surveys
and compared with recent GAO and NASA recommendations.

6.2 DEVELOPMENT OF LEfSE

The development of LEfSE followed established design phases, including Con-
ceptual, Alpha, Beta, Prototype, and Version 1.0. These phases are summarized
in Box 6.1. Editing of candidate enablers involved tradeoffs between importance,
completeness, brevity, and clarity. Being mindful of the fact that SE is not and
should not be a functional island but is like a nervous system interacting with the
entire PD body, the team added enablers dealing with critical interfaces between
SE and other enterprise management areas: project management, suppliers, devel-
opmental and test engineering. Selected enablers were adapted from the following
sources: Gittell [2003], LEM [1996], Leopold [2004], Morgan and Liker [2006],
Oppenheim [2004], Rebentisch [2005], Rockwell Collins [2007], Stanke [2001],
and others from the rich menu of the LAI and University of Michigan research
products, and from individual members’ experiences.

I'The process chart therein is credited to ISO 15288.
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The development process has been described in detail in Oppenheim et al.,
[2010] and is not repeated here.
A formal online process has been set up for future improvements.

6.3 SURVEY

The final Prototype was presented to the LSE WG at the INCOSE Symposium in
Utrecht, May 16—19, 2008. Several WG members decided to begin implementing
the Prototype enablers in their companies without waiting for the final version.

Ideally, the enablers should be validated by comparing the performance (for
example, program cost and schedule, the value delivered, and stakeholder satisfac-
tion) between traditional programs and those following the LEfSE. This, of course,
is not practical, because many recent governmental programs take years, some as
long as 10 to 15 years or more. This problem is compounded by the fact that no
two programs are repeatable, and also because implementing all LEfSE would be
a challenge to most programs. Instead, a quick reaction from the SE practitioners
was needed. Therefore, the Prototype team decided to create a survey asking the
SE community at large to rank the enablers. A survey was designed listing all Pro-
totype enablers and asking for the rankings of importance and use of each enabler.
For simplicity, in the survey we used the term enabler to denote both enablers
(headings) and subenablers (individual actionable practices). The instructions and
scale used were as follows:

o Rank the importance of the given enabler to the effectiveness of SE based on
your professional experience, not necessarily limited to current programs or
company.

¢ Rank the current use of the listed practice in the industry, again based on your
entire experience.

o Use the scale: 2 = strongly agree [with the given enabler importance or use],
1 = agree, 0 = neutral, —1 = disagree, —2 = strongly disagree.

The Prototype survey was distributed to about 100 to 150 practitioners of Sys-
tems Engineering at large in several western countries. Twenty-six responses were
completed, many with comments (i.e., the response rate was about 17-26%).
Figure 6.1 summarizes the Prototype survey results. The importance in Figure 6.1
was ranked high, with most enablers ranked at an average of 2, some at 1, and
none at 0 or below (paraphrasing: Very Important or Important). In contrast, the
use ranking shifted by 1.3 scale units to the left (less used). It was gratifying that
the respondents at large ranked the LEfSE Prototype as both important and needed
overall for SE effectiveness.

2The words “not necessarily limited to current programs or company” were added to overcome the need
to have the survey responses approved by strict export controls required in some defense companies.
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Prototype Survey of Enablers (26 Responses)

Average Importance: 1.53
Olmportance M Use Average Use: 0.23
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Figure 6.1 Survey Rankings of Enabler Importance and Use [Oppenheim et al. 2010].

6.4 BENCHMARKING WITH NASA AND GAO RECOMMENDATIONS

Version 1.0 of LEfSE was compared to the recommendations made in the recent
studies by GAO and NASA of U.S. government programs. NASA [2007] bench-
marked the practices of major aerospace companies in an attempt to capture the
key enabling factors and best practices that lead to successful programs. NASA
chose industry leaders with “proven outstanding achievements in producing com-
plex systems.”® Box 6.2 compares NASA’s key enablers with LEfSE, and Box 6.3
compares NASA best practices with LEfSE. Clearly, NASA’s key enablers and
best practices are very fop-level. Each NASA enabler and practice is matched by
several detailed LEfSE enablers. It was gratifying to find that both NASA’s key
enablers and best practices are totally consistent with the LEfSE, but the LEfSE are
much more comprehensive and actionable. This convergence of thinking provided
further endorsement of LEfSE.

Similarly, GAO [2008b] published a summary of best practices from recent
commercial space programs. Box 6.4 compares the GAO recommendations to the
corresponding LEfSE. Again, the two sets are fully consistent and aligned, but, in
most cases, LEfSE are more comprehensive and actionable.

6.5 VERSION 1.0 AND AWARDS

The original plan called for keeping only those Prototype enablers that the survey
ranked on the importance scale at 2 or 1 (with the cutoff value 0.5) and deleting or
editing those with rankings of —2, —1, or 0. As shown in Figure 6.1, all enablers
passed the trigger value of 0.5. The LSE WG co-chairs decided that, after cosmetic

3Raytheon Missile Systems, Army Aviation & Missile Research and Development & Engineering Center
(R&M and Software Engineering Directorates), Boeing Commercial Aircraft Division, Boeing Satellite
Development Center, and Lockheed Missile & Fire Control Systems.
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Box 6.2 Key Enablers for Successful Programs in Aerospace [NASA,

2007]

NASA “Key Enablers of Successful Programs”

LEfSE Enabler #

Visionary Leadership: Role of organizational
leadership in establishing a clear overarching pur-
pose, deriving and articulating a compelling but
credible vision to fulfill that purpose.

1.2.6, 1.3.1, 3.4,
5.5,5.7,6.2

Capability Maturity: Organization attainment of
high levels of “Capability Maturity” to support
and facilitate the undertaking of complex systems
development.

22, 23, 25, 3.3,
3.5, 3.6, 5.2, 53,
54,5.6

Systems Engineering Culture:—A pervasive
mental state and bias for Systems Engineering
methods applied to problem solving across the
development life cycle and at all levels of enter-
prise processes.

1.2, 1.3, 2.2.3, 2.6,
34,3.6,5.2

Design Robustness Mindset: High levels of focus
on system safety and reliability driven by a bias
toward achieving robustness, supported by the cul-
tural attitude of “Failure is not an option.”

2.5, 5.2, 5.3, 54,
5.6,5.7,6.3

Accountability Structure: Effective decision
making accomplished through clearly defined
structures of assigned responsibility and account-
ability for decisions at appropriate levels and
phases of system development.

52,6.2,63
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Box 6.3 Best Practices of Top Performing Aerospace Companies [NASA,

2007]

NASA “Best Practices”

LEfSE Enabler #

Leading with Vision: Sharing the Vision,
Providing Goals, Direction and Visible
Commitment

1.2.3, 1.2.6, 1.3.1,
326, 352, 55,
6.2.1, 6.2.10, 6.2.11

Focusing on Requirements: Mission
Success Driven Requirements and
Validation Process

1.2,1.3,32

Achieving Robust Systems: By Rigorous
Analysis, Robustness of Design,
HALT/HASS testing

1.2.3, 1.2.4, 223,
234, 242, 243,
325,52.1a

Models and Simulation: Model-based
Systems Engineering with “seamless”
models, validated with Experts

1.3.3, 23.2, 3.24,
325

Visible Metrics: Effective measures,
visible supporting data for better decisions
at each organizational level

2.6, 3.7

Systems Management: Managing for
Value and Excellence throughout the Life
Cycle

1.2,1.3,2.2,2.3,2.4,
42,52,55

Building Culture: Based on Foundation
“Systems” Principles, Continuous
improvement

52,56,57,62,63
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Box 6.4 Commercial Best Practices during Program Development
[GAO, 2008b]

GAO Commercial Best Practices during Program Lean Enabler #
Development

o Use quantifiable data and demonstrable 25,26,32,33-3.7
knowledge to make go/no-go decisions,
covering critical facets of the program such
as cost, schedule, technology readiness,
design readiness, production readiness, and
relationships with suppliers.

e Do not allow development to proceed until 264,52
certain thresholds are met—for example, a
high proportion of engineering drawings
completed or production processes under
statistical control.

e Empower program managers to make 1.2.5,2.5,3.5.7,5.5,
decisions on the direction of the program 6.2.8
and to resolve problems and implement
solutions.

e Hold program managers accountable for 5.5

their choices.

e Require program managers to stay with a 5.5
project to its end.

e Hold suppliers accountable to deliver 2.5
high-quality parts for their product through
such activities as regular supplier audits and
performance evaluations of quality and
delivery, among other things.

e Encourage program managers to share bad 35,37
news, and encourage collaboration and
communication.

changes, the Prototype can be released online as Version 1.0, with the release
date of January 2009 during the INCOSE annual International Workshop in San
Francisco. Appendix 1 describes the web page.

While Version 1 of LEfSE represented the end of the intended development
cycle, it should not be regarded as “final.” Progress in the knowledge of SE and
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PM, experience learned from the use of LEfSE in actual programs, and future
changes in acquisition policies by different governments may require continuous
improvements. The INCOSE LSE WG has implemented an online process for
capturing the new experiences and suggesting changes.

As mentioned above, Oppenheim, Murman and Secor [2010] published a jour-
nal article documenting the background and development process and the text of
LEfSE. These authors, together with the Lean Systems Engineering Working Group,
were honored with two following prestigious awards:

e The 2009 INCOSE Product of the Year
e The 2010 Shingo Award for Research and Publication

Besides personal gratification, the awards are significant in that both Systems
Engineering and Lean communities independently recognized the Lean Enablers
for Systems Engineering.



Chapter 7

Lean Enablers for Systems
Engineering

Promote excellence under “normal” circumstances instead of hero-behavior in
“crisis” situations. (Lean subenabler 5.2.2)

Create a vision that draws and inspires the best people. (Lean subenabler 6.2.1)

Treat people as most valued assets, not as commodities. (Lean enabler 6.5)

7.1  ORGANIZATION

Version 1.0 of LEfSE is organized into six Lean Principles, each listing several
enablers, and each enabler listing several subenablers. The six Lean Principles
are: Value, Map the Value Stream, Flow, Pull, Perfection, and Respect for People,
numbered 1 to 6, respectively.

There are a total of 47 enablers and 147 subenablers. Thus, the total number of
enablers and subenablers is 194, and all of them were counted individually during
development (which is why some documents on the INCOSE LSE WG web page
refer to 194 enablers). However, the 47 enablers should be understood only as
mostly non-actionable headings for the listed detailed and actionable subenablers.
In other words, LEfSE includes 147 actionable subenablers organized into six Lean
Principles and listed under 47 topical headings.

Lean for Systems Engineering with Lean Enablers for Systems Engineering,
First Edition. Bohdan W. Oppenheim.
© 2011 John Wiley & Sons, Inc. Published 2011 by John Wiley & Sons, Inc.

64



ORGANIZATION 65

The subenablers are be identified by three-digit numbers, where:

The first digit, “x,” designates the Lean Principle.
The second digit, “y,” designates an enabler (heading).
The third digit, “z,” designates an actionable subenabler.

Example: 1.2.5 denotes:

Lean Principle 1: Value

Enabler 2: Establish the Value of the End Product or System to the
Customer.
Subenabler 5: Do not ignore potential conflicts with other stakeholder

values, and seek consensus.

In the following text, we begin each Principle with a short text summarizing the
listed enablers. This is followed by tables explaining the subenablers in detail.

Fifty tables present individual subenablers; 34 tables contain several closely
related subenablers each. Therefore, the total number of tables is 84 rather than the
147 subenablers in the set. This organization should be useful to readers looking
for closely related practices.

The numbering of the enablers and subenablers is complex enough. Therefore,
we did not number the tables. In other words, the tables should be identified by
the Lean Principle, enabler, and subenabler numbers.

Each table contains the following fields:
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LEAN PRINCIPLE: Lists the Principle number and name, e.g., 1

Value.

ENABLER: Lists the enabler number and full text.

SUBENABLER NUMBER: Lists the subenabler number starting from 1
under each enabler and text.

AND USE RANKINGS: The Use ranking is presented as, for example,
(U = —0.25). This is the average of all survey responses for the question:
“Rank the use of the given Enabler based on your professional experience,
not necessarily limited to current programs or company using the following
scale: 2 = strongly agree [that the given enabler is used routinely],
1 = agree, 0 = neutral, (—1) = disagree, (—2) = strongly disagree.” Note:
because all subenablers listed were ranked as either (paraphrasing)
important or very important, the importance ranking is not listed.

VALUE PROMOTED: This line describes those aspects of a program value
that can be expected to improve when the subenabler is implemented. Some
improvements listed are tangible (e.g., cost) and some are not (e.g.,
reduction of stakeholder frustrations). Both are critical to value creation and
a well-functioning program.

WASTE PREVENTED: Lists the categories of waste prevented by the
subenabler. In many tables, where the subenabler affects a broad range of
program performance aspects, this is listed as “all categories of waste.”

EXPLANATION: A narrative description of the subenabler, explaining why
the subenabler is important to program success. This box is critical to the
understanding of the subenabler.

SUGGESTED IMPLEMENTATION: Describes suggested implementation
methods and steps, such as training, standards, better communication.

LAGGING FACTORS: Lists factors that resist and slow implementation of
the subenabler or make it more difficult.

SUGGESTED READING: A list of books, scholarly articles, and selected
conference presentations relevant to the subenabler, or the source or
inspiration for the subenabler. The items are recommended in the order
listed.

Many of the tables listed in this Chapter are longer than one page. Horizontal
dashed lines are used to denote table pagination.

In order to emphasize that we regard the traditional SE process [INCOSE, 2010]
as sound, only lacking Lean Thinking, each Principle begins with the following
enabler: “Follow all [applicable to the Principle] processes in the INCOSE SE
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Handbook. In addition:”—and this is followed by the enablers and subenablers
developed in this project. Most emphatically, all established SE process activities,
including decision making, requirements capture and development, system archi-
tecting, program planning, implementation, integration and testing, validation, risk
analysis, and interface analysis are fully embraced. LEfSE are not to replace the
traditional SE process; they are to make it better by adding the wisdom of Lean
Thinking. Since this first enabler under each Principle is self-explanatory, no table
describing it is included, and the table numbers begin with two.

7.2 TABLES WITH LEAN ENABLERS FOR SYSTEMS ENGINEERING (LEfSE)
Note: The Enablers and Subenablers are listed consecutively on page 69.

7.2.1 Lean Principle 1: Value

Summary In order to assure a successful validation, the initial phase of every
program must establish:

e A comprehensive, complete, unambiguous, and detailed understanding of
value to the customer.

e Not only traditional requirements, but also needs, context, operations, inter-
pretations, interoperability and compatibility characteristics, as well as good
understanding of customer culture.

Many programs tend to rush through this phase without a robust process, ending
in incomplete or incorrect requirements that burden the subsequent program with
waste. The enablers that follow define the necessary conditions for a task to be value
added, with value to be defined by the customer, while promoting development of
a robust and effective process

o of capturing the complete customer value proposition,

o disseminating it among the program team,

e training and aligning the team toward this goal,

¢ involving the customer and other relevant stakeholders in the process,
¢ and doing it with sufficient breadth and depth to avoid later waste.

Three enablers are listed, as follows. The numbers in parentheses list the number
of subenablers under each enabler.

Enabler 1.1 Follow All Practices for the Capture and Development of
Requirements, as Found in the INCOSE Handbook.

Lean Enablers are intended to add Lean wisdom to the traditional Systems Engi-
neering process rather than replace the process. The present enabler recommends
to continue using the INCOSE SE Handbook for all traditional processes of Sys-
tems Engineering for capturing and developing requirements and to implement the
enablers that follow.
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Enabler 1.2 Establish the Value of the End Product or System
to the Customer (6)

These enablers define what constitutes a value-added activity (task) and what does
not. The key concept here is that customer (external or internal) alone defines what
value is and what is not.

Enabler 1.3 Frequently Involve the Customer (4)

This enabler addresses two critical parts of successful programs: the customer-
first spirit shared among all employees and involvement of the customer in the
program execution. Such programs tend to have fewer conflicts and crises; better
communication channels, both within a team and with the customer, are streamlined
for better delivery of value to the end customer and to reach consensus easier.

The following tables describe the subenablers individually.
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LEAN PRINCIPLE 1: value

ENABLER: 2. Establish the Value of the End Product or System to the
Customer.

SUBENABLER(S) AND USE RANKINGS:
1. Define value as the outcome of an activity that satisfies at least three
conditions: (U = 0.36)
a. The external customer is willing to pay for Value. (U = 0.65)
b. Transforms information or material or reduces uncertainty.
(U =10.57)
c. Provides specified performance right the first time. (U = 0.09)

2. Define value-added in terms of value to the customer and his or her
needs. (U = 0.50)

VALUE PROMOTED: Excellent and complete understanding of value to the
customer stakeholders.

WASTE PREVENTED: Overproduction, overprocessing and rework.

EXPLANATION: These subenablers define what constitutes value-added
activity (task) and what does not. The key concept used here is that the
customers (external or internal) and their needs alone define what value is
and what it is not. In order for an activity to be value-added, all three
conditions (a—c) must be satisfied, as follows.
¢ Condition (a) intends to eliminate those tasks that the customer regards (or

would regard if the customer were an expert) as being of no value, or
which have no internal customer. As McManus [2004, p. 108] states: “An
unreleased [...] study has found that an alarming percentage of PD
process outputs are not needed by downstream processes, for program
knowledge capture, for meeting regulations, contractual requirements, or
quality standards, or for any other purpose. They are waste.”

e Condition (b) says that the activity must be doing something positive for
the customer or program, and not just be a bureaucratic or self-serving
task.

o Condition (c) states that if any task could be performed right the first time
by proper planning, preparations, coordination, training, specifications,
etc., it should be so executed, and if it were not because those good
practices were not followed, and now must be reworked, the original
attempt must be classified as waste. Subenabler 1.2.1 is not intended to
eliminate trade space exploration and other legitimate iterations, which by
definition cannot be done with a single pass, but as a combined activity
should be planned, prepared, and coordinated to be done well once,
efficiently moving through iteration loops. In this sense they also should
be done right the first time.
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Subenabler 1.2.2 expresses the key Lean concept, that the customers and their
needs alone define what value is and what it is not. In this consideration,
customers can be internal or external (the external could be represented by
multiple stakeholders, including users, representatives, and others).

Morgan and Liker [2006, p. 37] describe the Toyota process for capturing
value: “There must be a process for identifying product-specific,
customer-defined value, effectively communicating that value, and
developing and executing specific, aligned objectives throughout the
organization from the start of the program.”

SUGGESTED IMPLEMENTATION:
e Simple training in the critical importance and meaning of value.

o High expectations and mentoring from the managers involved in value
capture.

¢ Value-stream mapping done at the beginning of the program to identify
value and waste in the planning stages.

e Program kickoffs emphasizing value—clearly sharing customer expectations
with a program team.

LAGGING FACTORS:
e Poor tailoring of programs, inserting tasks from previous programs that have
no justification in the present program, “cut and paste” mentality planning.

o Execution of tasks disregarding value proposition.

SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e EXM. Murman, T. Allen, K. Bozdogan, J. Cutcher-Gershenfeld,
H. McManus, D. Nightingale, E. Rebentisch, T. Shields, F. Stahl,
M. Walton, J. Warmkessel, S. Weiss, and S. Widnall, Lean Enterprise Value:
Insights from MIT’s Lean Aerospace Initiative, Palgrave, Hampshire, 2002.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25™ International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e H. McManus, Product Development Value Stream Mapping Manual, LAI,
MIT, Cambridge, MA, 2004.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
AIAA-2008-4, January 2008. Deborah Secor, Implementation of Lean
Enablers, LAI Plenary, Dana Point, March 23, 2010.
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LEAN PRINCIPLE 1: value

ENABLER: 2. Establish the Value of the End Product or System to the
Customer.

SUBENABLER(S) AND USE RANKINGS:
3. Develop a robust process to capture, develop, and disseminate customer
value with extreme clarity. (U = 0.00)

VALUE PROMOTED: All aspects of value are affected by this subenabler:
Mission or product assurance, cost, and schedule.

WASTE PREVENTED: Poorly captured value will introduce delays and
added costs to a program and may even destroy it. All categories of waste
are affected.

EXPLANATION: The fundamental phase of every program is requirements
capture and development. Requirements should capture a comprehensive,
unambiguous, and detailed understanding of value of an end product or
mission to customer stakeholders, including not only the traditional
requirements, but also the bigger picture: the need, context, operations,
scenarios, customer culture, and interpretations. This subenabler promotes
the development of a comprehensive and robust process executing this
program phase perfectly. As discussed in Section 5.5, value capture in
complex government programs is a big challenge, involving numerous
stakeholders and difficulties. These reasons make this subenabler critically
important: The process must work robustly and effectively, or significant
waste will occur in the subsequent program. Nothing short of perfection
should be expected of all stakeholders, which requires solid training,
experience, knowledge, teamwork, and coordination.

Few organizations do it right (the use ranking is only 0.0). Many programs
tend to rush through this phase, ending in incomplete or incorrect
requirements that burden the subsequent program with waste. Requirements
changes are among the most costly aspects of program execution and should
be minimized by all means.

SUGGESTED IMPLEMENTATION: Since a robust process for
requirements capture and development applies and is critical to all programs,
it should be developed at the enterprise level, to serve all future programs.
If the enterprise level process is not practical, it should be developed and
implemented at the program level. The most experienced Systems Engineers
in the enterprise should contribute their wisdom and experience to develop
the process. Ensure those Systems Engineers truly understand the Lean
principles as they develop this process. Use after-action reviews and lessons
learned from previous programs before starting a new project. Perhaps
consultants knowledgeable of the lessons learned should aid the effort.
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LAGGING FACTORS:
e Poor formulation of customer requirements prior to the Request for Proposal.

o Lack of enterprise-level, long-term planning.

e The programs that rush to the earned-value phase prematurely without
proper preparations and planning.

o The cost-plus incentives for requirements changes.

SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25™ International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

o A.C. Haggerty, The F/A-18E/F Super Hornet as a Case Study in “Value
Based” Systems Engineering, INCOSE 2004, Toulouse, France, June 20-24,
2004.
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LEAN PRINCIPLE 1: value

ENABLER: 2. Establish the Value of the End Product or System to the
Customer.

SUBENABLER(S) AND USE RANKINGS:
4. Develop an agile process to anticipate, accommodate and communicate
changing customer requirements. (U = 0.28)

VALUE PROMOTED: Mission or product assurance, robust budget and
schedule.

WASTE PREVENTED: Rework, delays.

EXPLANATION: While every effort should be placed on capturing and
developing original requirements right, both on the part of the customer/user
and the contractor, experience indicates that some changes in requirements
occur in almost all complex programs. The changes are caused by modified
functionalities of the required system, changes in threat, accommodation of
objective limitations discovered during program execution, or discovery of
vastly better solutions. Given the high probability of requirements changes,
a healthy PD enterprise will be well prepared for changes with agile
(flexible) process. The process should capture and accommodate the changes
with a minimum of disruption and rework. All changes should be properly
communicated to all stakeholders to minimize information churning and
waste of rework.

This subenabler should not serve as an excuse to perform sloppy capture of
the value proposition and requirements at the program beginning.

SUGGESTED IMPLEMENTATION: Since an agile process for capturing
and accommodating requirements changes applies to and is critical to all
programs, it should be developed at the corporate level to serve all future
programs. If the enterprise-level process is not practical, it should be
developed at the program level. The most experienced Systems Engineers,
with comprehensive understanding of Lean, should contribute their wisdom
and experience to the process formulation. Emphasis should be placed on
process agility (flexibility) to handle any change with minimum disruption
to the program. Planning for good communications at the program level is
essential to ensure that all relevant stakeholders are involved in the
requirements change process at the right time in the development.

LAGGING FACTORS:
e Cost-plus incentives for complex requirements changes.

o Lack of enterprise-level, long-term planning.

e The programs that rush to enter the high earned-value phase prematurely
without proper preparation and planning.
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SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25™ International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture AIAA-
2008-4, January 2008.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

o A.C. Haggerty, The F/A-18E/F Super Hornet as a Case Study in “Value
Based” Systems Engineering, INCOSE 2004, Toulouse, France, June 20-24,
2004.
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LEAN PRINCIPLE 1: value

ENABLER: 2. Establish the Value of the End Product or System to the
Customer.

SUBENABLER(S) AND USE RANKINGS:
5. Do not ignore potential conflicts with other stakeholder values, and
seek consensus. (U = 0.28)

VALUE PROMOTED: Lean flow of work without stopping, backflow, or
rework.

WASTE PREVENTED: Rework, overprocessing, inventory, transportation,
delays.

EXPLANATION: In a typical complex program, the number of stakeholders
involved is large, representing the customer community, the prime
contractor, numerous suppliers, lobbyists, politicians, bankers, and others.
This many stakeholders create significant potential for conflicts. Good
managers will anticipate typical potential conflicts and implement measures
to prevent them and seek consensus. See the “Suggested Implementation”
section. The role of a Chief Systems Engineer (or analogous position) is
critical. This person should be a strong consensus builder and have
significant expertise and experience with both domain and stakeholders.

SUGGESTED IMPLEMENTATION: The Lean Thinking methods for
preventing conflicts and seeking consensus involve leadership; open, honest,
partnering and participatory management; teamwork; proactive negotiations;
excellent communication skills; opportunities for stakeholders to brainstorm;
frequent integrative reviews (e.g., weekly) where all issues are addressed
and resolved before they become crises; and training and mentoring. This
kind of enterprise culture cannot be achieved overnight. It must be built
patiently using the best industrial examples.

LAGGING FACTORS:
e Authoritarian management style.

¢ Program management dissolved among many individuals.
¢ Rigid positions.
e Lack of good examples.
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SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

o C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25" International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

o A.C. Haggerty, The F/A-18E/F Super Hornet as a Case Study in “Value
Based” Systems Engineering, INCOSE 2004, Toulouse, France, June 20-24,
2004.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.
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LEAN PRINCIPLE 1: value

ENABLER: 2. Establish the Value of the End Product or System to the
Customer.

SUBENABLER(S) AND USE RANKINGS:
6. Explain customer culture to program employees, i.e., the value system,
approach, attitude, expectations, and issues. (U = —0.52)

VALUE PROMOTED: Better understanding and realization of value in the
program by all employees.

WASTE PREVENTED: Rework, suboptimum solutions to customer needs,
delays.

EXPLANATION: Establishing the value of the end product or system to a
customer involves not only formal requirements, but also good
understanding of a customer culture, including the value system, approach,
attitude, expectations, and issues. Too often, employees working on a
program are given only a myopic view of it, seeing only their assignment
while lacking awareness of the bigger picture, customer environment,and
culture. This lack of awareness produces solutions that are less than optimal
for the customer, even if nominally meeting minimum requirements. It is
critical that managers align all employees for the good of the customer, and
that requires both solid understanding of customer environment and culture,
and customer-focused culture in the contractor enterprise.

SUGGESTED IMPLEMENTATION: One of the easiest subenablers to
implement: The Program Manager should summarize these points concisely,
publish them, and display them in the spaces visible by all employees and
other stakeholders. An ideal time to share this comprehensive view of the
customer, including both challenges and opportunities, is during the program
planning kickoff with stakeholders. If the only person who understands
customer culture is the program manager, the product development team
will never have the opportunity to be truly successful in meeting customer
expectations. Computer savers can also be practiced. Periodically, all
program stakeholders should be reminded of the points in meetings. All new
hires should receive a briefing or a written memo on these points.

LAGGING FACTORS:
e Managers who insist that formal requirements are to be the only means of
capturing value: “We do only what is required.”

e Managers who see such alignment of employees as a waste of program
resources.

e Preference given to “automated” management rather than leadership.

e The culture of isolated program employees communicating mostly by
computers.
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SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25" International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

o A.C. Haggerty, The F/A-18E/F Super Hornet as a Case Study in “Value
Based” Systems Engineering, INCOSE 2004, Toulouse, France, June 20-24,
2004.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.
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LEAN PRINCIPLE 1: value
ENABLER: 3. Frequently Involve the Customer.

SUBENABLER(S) AND USE RANKINGS:
1. Everyone involved in the program must have a customer-first spirit.
(U =0.56)

VALUE PROMOTED: Employees aligned for value. Fewer frustrations
among the stakeholders.

WASTE PREVENTED: All categories of waste are affected. Frustrations and
crises are reduced.

EXPLANATION: Complex engineering programs offer tough challenges for
everyone involved. In a moment of frustration, it is not unusual to accept a
defensive attitude about oneself, one’s department or team, and to lose sight
of the fact that the program and the enterprise exist in order to satisfy
customers. As Henry Ford famously stated: “The enterprise is not paying
the payroll; it only passes the money; it is the customer who pays the
payroll.” Thus, a customer-first spirit and alignment of all employees and
other stakeholders toward these goals are a critical part of successful
programs. Such programs tend to have the least amount of bickering and
crises, are streamlined for best delivery of value to customers, and reach
consensus easier.

SUGGESTED IMPLEMENTATION: Ideally, at the beginning of the
program, a program leader should formulate a strong customer-first spirit for
all stakeholders, then disseminate it to all using the most effective means
(video, memo, intranet talk, etc.). It is important to send this strong message
convincingly, without patronizing or cheap sloganeering. The message
should be periodically repeated and modified when necessary. New hires
must receive a short training about the message. Encourage the team to ask
questions for clarifications about customer requirements. If the team works
together to ensure customer value, they may come up with innovative
solutions not thought of by the program manager. Communication
throughout the PD team is critical to ensure clear understanding of the
customer value.

LAGGING FACTORS:
e Hands-off attitude toward the customer.

e Lack of leadership.
e Narrow technical assignments without seeing the big picture.
e The culture of unresolved conflicts among program stakeholders.
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SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25™ International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.
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LEAN PRINCIPLE 1: value

ENABLER: 3. Frequently Involve the Customer.

SUBENABLER(S) AND USE RANKINGS:
2. Establish frequent and effective interaction with internal and external
customers. (U = 0.56)

VALUE PROMOTED: Good capture and continual understanding of the
program value proposition. Ability to clarify requirements and needs when
needed without introducing delays and rework.

WASTE PREVENTED: Primarily delays and rework, also all other
categories of waste, including program failure.

EXPLANATION: Modern programs involve a large number of sites and
geographical distribution of stakeholders. Value capture and work planning
and coordination are executed using impersonal tools, with poor knowledge
of who the internal customer for each task is, what are his or her particular
needs, how the task contributes to the overall value, and how to optimize
tasks for best value with minimum waste. This disjointed architecture is not
conducive to effective communications. Therefore, it is important to organize
the program so that frequent and effective communications with internal and
external customers are strongly promoted and practiced from the beginning.

SUGGESTED IMPLEMENTATION: A good leader should make it clear to
all program stakeholders at the beginning of a program that frequent and
effective interactions with internal and external customers are expected,
regardless of geographical distribution and organizational discontinuity. The
leader, or the deputy, should explain in a memorandum or video how
critical are good interactions for effective flow of work. The leader should
personally guide the interactions among stakeholders during the
value-capture phase, including trade space exploration efforts,
brainstorming, negotiations, and reaching consensus. The leader should also
instruct program employees to learn who the internal customer is for each
task and how to interact with that person effectively before and during task
execution so that it can be executed right the first time.

LAGGING FACTORS:
o Excessive automation of interactions among program employees.
e Lack of timely cadence reviews with the team.

e Working on a small project elements, in isolation from the rest of the team,
and without understanding the big picture.
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SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25™ International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.
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LEAN PRINCIPLE 1: value

ENABLER: 3. Frequently Involve the Customer.

SUBENABLER(S) AND USE RANKINGS:
3. Pursue an architecture that captures customer requirements clearly
and can be adaptive to changes. (U = 0.36)

VALUE PROMOTED: Flexible and adaptable system architecture is
conducive to subsequent optimization, clear value capture, and subsequent
optimization of the system.

WASTE PREVENTED: Waiting, suboptimal realization of value.

EXPLANATION: As emphasized in several other enablers, every reasonable
effort should be devoted to capturing a value proposition right, including all
aspects of need, operations, environment, scenarios, and customer culture. If
not executed properly, value formulation will be suboptimal or incorrect,
risking burdening the subsequent program with waste and potential failure.
Subenabler 1.3.3 addresses the need for a system architecture that is able to
capture all applicable information clearly and be adaptive to changes,
permitting quick evaluations of competing ideas, architectures, and
scenarios, until optimum value is formulated.

Note: Subenabler 3.2.4 below elaborates on the types of architectural items to
pursue (e.g., CAE and solid models, software prototypes). The present
subenabler (1.3.3) should be understood as a call for solid preparations to be
planned and executed at the start of programs so that the architectural tools,
checklists, and trained team members are in place when needed.

SUGGESTED IMPLEMENTATION: At the start of each program, evaluate
carefully what architectural tools and checklists might be needed, develop
the needed ones, and immediately begin implementing them so that they
become available when needed without the waste of waiting. Consider
personnel training requirements and communication paths for requirements
flow.

LAGGING FACTORS:
e Architectural tools not used.

e Tendency to focus on a point design before exploring candidate architectures.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25" International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.
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LEAN PRINCIPLE 1: value
ENABLER: 3. Frequently Involve the Customer.

SUBENABLER(S) AND USE RANKINGS:

4. Establish a plan that delineates the artifacts and interactions that
provide the best means for drawing out customer requirements.
(U=0.39)

VALUE PROMOTED: Efficiency of the capture of program value.
WASTE PREVENTED: All categories of waste, including program failure.

EXPLANATION: As emphasized in several other enablers, every reasonable
effort should be devoted to capturing value proposition right, including all
aspects of need, operations, environment, scenarios, and culture into formal
requirements. Usually, passive acceptance of customer requirements is
insufficient: Customers may lack the expertise to formulate requirements
correctly and completely. Prudent Systems Engineers should know this and
for the good of the program develop a special plan for drawing customer
requirements. The plan should define both quality artifacts and best human
and electronic interactions between program stakeholders, including the end
customer.

SUGGESTED IMPLEMENTATION:

e The Chief Engineer (or deputy) should develop a specific and robust plan
defining which artifacts to use and how, using what tools, when, and by
whom; and which interactions to set up: in person, meetings, telecoms,
emails—how often or when, who, how, where—for drawing out customer
requirements robustly and comprehensively.

¢ Training of the program stakeholders in the plan, inviting customer
representatives to training sessions, if practical.

e Ensure spoken and customer unspoken requirements are captured.
Assumptions and unclear understanding either by the customer or the
development engineers can create waste. Domain knowledge, customer
affinity, and understanding play a big role in this subenabler.

LAGGING FACTORS:

o Passive, bureaucratic and uncritical acceptance of customer-provided
requirements as final.

o Excessive artifact bureaucracy.

e Automation of interactions among program employees at the expense of
human interactions.
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SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25" International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.

7.2.2 Lean Principle 2: Map the Value Stream (Plan the Program)

Summary The second Lean Principle “Map the Value Stream (often abbreviated
in literature as Value Stream Mapping, VSM)” addresses program planning. It
includes both formal VSM activities, as well as less formal planning aspects such
as: tailoring and sequencing tasks, connecting and training stakeholders, preparing
checklists, planning of communication and coordination means, planning effective
metrics.

Poor preparation and planning create an immense potential for waste. To address
this, the present Principle promotes both excellence of program preparations (prepa-
ration of people, tools, and processes) and excellence of program planning (estab-
lishing the most streamlined and concurrent sequence and scope of tasks and
actions), including:

e Comprehensive timely planning.

o Checklist for planning of all end-to-end linked streamlined processes necessary
to realize value without waste.

o Integration of the planning of Systems Engineering, project management, sup-
ply chain, and other relevant enterprise activities to avoid the frequent waste
that occurs at the functional interfaces.

e The benefits of old-fashioned co-location

e The use of most experienced individuals early: during the critical planning
and conceptual phases.

¢ Planning for maximum frontloading.

¢ Planning of means of coordination and communication.

e Preventing potential conflicts.

¢ Planning effective metrics.

o Tailoring and planning of task precedence and content for smooth flow.
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Six enablers are listed under this Principle, as follows. The numbers in parentheses
list the number of subenablers under each enabler.

Enabler 2.1. Plan the Program according to the INCOSE Handbook Process.

The first enabler listed under each principle emphasizes the same fundamental point:
Add the wisdom of Lean Thinking to the traditional Systems Engineering process
rather than replace the process. So, again, the present enabler recommends use of
the INCOSE SE Handbook (or any other equivalent document), and in addition, to
implement the subenablers that follow.

Enabler 2.2 Map the SE and PD Value Streams and Eliminate
Non-Value-Added Elements (13)

The 13 subenablers promote:

o Excellent preparations, preferably at the corporate level, of people, processes,
and tools that are common to all programs.

o Excellent, detailed, and tailored planning, including VSM of program tasks to
be performed at the program beginning. Planning must involve comprehensive
streamlining and elimination of waste.

Enabler 2.3 Plan for Frontloading the Program (4)

It is important to differentiate between preparations (for all programs), planning of
a specific program, and program execution. The subenablers listed here promote
effective planning for subsequent front-loading programs.

The early conceptual phase of a program, often perceived as fuzzy or chaotic, has
a major impact on overall program success, schedule, and cost. Usually, the worst
approach is to rush into a point solution prematurely. The four subenablers listed
here promote the Lean Thinking approach of careful, comprehensive trade space
exploration during early program phases and before converging on a point solution.
This approach has been shown to yield tremendous savings during subsequent parts
of programs.

Enabler 2.4 Plan to Develop only What Needs Developing (5)

The five subenablers promote the Lean approach to modularity, reusing and shar-
ing of program assets: platforms, standards, busses, and modules of knowledge,
hardware and software, as well as maximizing opportunities for future hardware
and software upgrades.

Enabler 2.5 Plan to Prevent Potential Conflicts with Suppliers (4)

These four subenablers describe the Lean supply chain management and optimum
relations with suppliers based on maximally seamless boundaries, long-term part-
nership, mutual benefits, and cultural compatibility. Such relations help prevent
potential conflicts with suppliers and avoid significant waste.
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Enabler 2.6 Plan Leading Indicators and Metrics to Manage the Program (5)

Recent programs are notorious for numerous bureaucratic metrics, which consume
resources and fail to truthfully monitor program health and progress. Many present
deceptive illusions, indicating good progress when the program is actually stalled
or failing. The five subenablers listed here promote the use of leading indicators
(which forecast future program health based on past performance) and the best
metrics to use.

The following tables describe the Principle 2 subenablers individually.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)

ENABLER: 2. Map the SE and PD Value Streams and Eliminate
Non-Value-Added Elements.

SUBENABLER(S) AND USE RANKINGS:
1. Develop and execute clear communication plan that covers the entire
value stream and stakeholders. (U = —0.29)

VALUE PROMOTED: Efficient lean flow of work with minimum stopping,
backflow, or rework.

WASTE PREVENTED: All categories of waste.

EXPLANATION: Effective communications are critical for program success,
yet the Use ranking (U = —0.29) indicates that they are poorly practiced.
Programs waste significant portions of their budgets and schedules because
of inadequate communications. In extreme cases, mission failure may result
from bad communications (e.g., the inconsistent units on the failed Mars
Climate Orbiter mission). “Poor” can mean both “not enough good ones”
and “too many bad ones,” as follows.

Best communications involve the widest bandwidth: person-to-person is
superior to video and phone, which are superior to email, which is superior
to automated software tools. Modern trends are to execute programs over a
large number of sites with geographically distributed stakeholders. This is
not conducive to effective communications. It is difficult to perform good
and detailed program planning (mapping both SE and PD value streams)
without good knowledge of who is the internal customer for each task, how
the task contributes to the overall value, and how to optimize tasks for the
best value with minimum waste. As a result, plans tend to be superficial,
impersonal, and, therefore, ineffective.

Waste also occurs when there are too many bad communications, e.g., when
emails are abused by excessive dissemination and unneeded attachments.
All employees know the phenomenon of receiving unsolicited and unneeded
emails from colleagues. Yet, all received emails must be read and sorted to
be saved, deleted, or acted upon. Arguably, most of us waste about one hour
per day on unsolicited and unneeded email. Assuming this is the average, it
constitutes 12.5% of nominal charged time. (On a $1 billion program, this
waste alone costs the program $125,000,000.) The waste can be
dramatically reduced with a single instruction from the Chief Engineer (or
equivalent role): “Do not cc: unless: (followed by a specific instruction how
to disseminate emails).”

All together, it is critical to organize from the beginning for frequent,
effective, and waste-free communications. A solid plan for communications,
with training, can vastly improve the quality of programs.
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SUGGESTED IMPLEMENTATION: The Chief Engineer (or equivalent
role) should develop an effective plan for communications among all
program stakeholders and make sure that all stakeholders understand the
plan. The plan should include instructions for:

o Periodic integrative events for addressing issues (see also Section 4.2).

o Efficient and effective meetings with specific purpose, agenda, time, intent
(PATD).

e Short ad-hoc stand-up meetings

e Milestone meetings and programmatic reviews.

e Communications between program levels (between different IPTs).

e Meeting means (whether in person, by videoconference, computer, phone,
etc.).

¢ Instructions for email (e.g., an instruction to summarize any issue on
standard A3 form and not send other attachments unless requested).

e Promoting a culture of immediately asking questions rather than sitting on
issue and waiting for the next infegrative event.

e Providing the means to escalate issues, if needed.

e Mandate to identify an internal customer and coordinate task with him or
her prior to executing any non-routine task

e The dos and don’ts of communications with external stakeholders (see
subenabler 3.5.9).

e And any other applicable aspect of communications.

LAGGING FACTORS:
e The culture of ad-hoc unplanned communications.

e “We have worked here for years so we know what to do.”

e Defensive culture of sending all documents and emails to everyone, just in
case.

e Lack of knowledge on how successful companies organize effective
communications.

SUGGESTED READING:

e B.W. Oppenheim, Lean product development flow, Journal of SE, 2004, 7,
4, pp. 352-376.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.




90 LEAN ENABLERS FOR SYSTEMS ENGINEERING

LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)

ENABLER: 2. Map the SE and PD Value Streams and Eliminate
Non-Value-Added Elements.

SUBENABLER(S) AND USE RANKINGS:

2. Have cross functional stakeholders work together to build the agreed
value stream. (U = —0.04)

3. Create a plan where both Systems Engineering and other Product
Development activities are appropriately integrated. (U = 0.30)

4. Maximize co-location opportunities for SE and [other] PD planning.
U=0.17)

VALUE PROMOTED: Good detailed planning is conducive to technical
excellence, and on-budget, on-schedule execution. It is conducive to
synchronization of activities, reduction of errors/defects, and better
cooperation across divisions and suppliers. Good planning also highlights
coordination opportunities across functional groups and better stakeholder
understanding of program lifecycles.

WASTE PREVENTED: Poor planning contributes to all categories of waste,
including program failure.

EXPLANATION: These three subenablers promote excellent program
preparations and planning. Most successful programs indicate that best
planning is done by small co-located teams of domain experts and resource
managers who brainstorm and negotiate together for a few days or weeks
until they create a detailed plan based on consensus. Planning teams should
be led by experienced Chief Engineer (or equivalent role) and should be
comprised of domain experts, technically competent and team-focused
managers of major functions and major suppliers, and, where necessary,
representatives of user, customer, and corporation, plus a few staff
assistants. Simple arithmetic indicates that the cost of co-location (travel
costs) for a team of 10—15 such individuals for a few weeks may be on the
order of $50,000—$100,000, vastly cheaper than the typical consequences of
bad planning, including program failure. Co-location of the critical team is
conducive to detailed value-stream mapping, including the planning of IPT
levels, major resources, gates and milestones, integrative events, and the
critically important frontloading and trade space exploration, utilizing best
experiences, and lessons learned. Such planning can identify risks, actions,
opportunities, and gaps early and permit early mitigation actions. It is
important to integrate the planning of SE, IPTs, program management,
functional engineering, suppliers, and other relevant enterprise activities to
avoid the frequent waste that occurs at the functional interfaces. Ideally,
each planning team should arrive at a consensus that all team members will
be able to support with resources. It is critical that planning include not only
SE activities but also all other critical PD activities, well integrated.
Planning should be held in one large war room, with plan drafts and final
version shown on walls, visible for all to see. (See Section 4.2.)
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As described by Morgan and Liker [2006, p. 145], Toyota successfully
integrates functions and programs because:
The customer is first.

The Chief Engineer is revered.
The Chief Engineer has the power of executive sponsorship.

b

General Managers understand the importance of serving customers and
cross-functional cooperation.

5. Junior employees respect senior employees.

SUGGESTED IMPLEMENTATION: The implementation steps should
include, in chronological order:

1. Nominate a Chief Engineer (CE, or equivalent role) for each program. The
person must be experienced in the domain, in Systems Engineering, in
Lean, and be a good trusted leader.

2. Let the CE organize the planning phase.

3. Allow the best team of stakeholders to co-locate.

4. Map the high-level product development value stream for the program, at
the kickoff, with the key stakeholders present.

5. Do not quit the mapping until a detailed, comprehensive, experience-based
and consensus-based value-stream map is completed for the program, or at
least for the first few major program milestones, if it is impossible to plan
the entire program.

6. Identify dependencies and precedence in the value stream (predecessor task,
successor task, etc.) to ensure the stakeholders understand their internal
sequencing and connectivity.

7. Provide a big picture of the program to stakeholders by using the
value-stream map.

LAGGING FACTORS:

e Lack of a Chief Engineer (or equivalent role) who has solid experience in
the domain, SE, Lean, and is a good leader.

e Bureaucratic approach to SE, focused on production of artifacts rather than
on engineering a great system.

o Refusal to co-locate and relying on impersonal electronic means of
communications.
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SUGGESTED READING:
e J.M. Morgan, J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e B.R. Rich and L. Janos, Skunk Works: A Personal Memoir of My Years at
Lockheed, Little, Brown and Company, Canada, 1994.

e B.W. Oppenheim, Lean product development flow, Journal of SE, 2004, 7,
4, pp. 352-376.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25" International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

o A.C. Haggerty, The F/A-18E/F Super Hornet as a Case Study in “Value
Based” Systems Engineering, INCOSE 2004, Toulouse, France, June 20-24,
2004.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
AIAA-2008-4, January 2008.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta

Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)

ENABLER: 2. Map the SE and PD Value Streams and Eliminate
Non-Value-Added Elements.

SUBENABLER(S) AND USE RANKINGS:

5. Use formal value stream mapping methods to identify and eliminate SE
and other PD waste and to tailor and scale tasks. (U = —0.67)

6. Scrutinize every step to ensure it adds value, and plan nothing because
“it has always been done.” (U = —0.54)

7. Carefully plan for precedence of both SE and PD tasks (which task to
feed which other tasks, with what data, and when), understanding task
dependencies and parent-child relationships. (U = 0.42)

VALUE PROMOTED: Excellent planning is conducive to excellent program
execution.

WASTE PREVENTED: All categories of waste result from inadequate
planning.

EXPLANATION: Value-stream mapping (VSM) for Product Development
(PD) is a relatively new body of knowledge [see McManus, 2004]. Its
power is in its ability to simultaneously identify and remove waste as well
as promote program value during the planning. Basic VSM involves two
phases: Mapping the Current State and Future State (Section 4.2 presents a
special case where one more phase is needed). The negative use rankings
for subenablers 2.2.5 and 2.2.6 above indicate that this type of planning is
not much practiced yet.

The Current-State Map is a detailed process map of the program as it would
be executed using traditional methods. It should show all tasks with their
precedence, flow network, and control points. It is, furthermore, a starting
point for subsequent identification of waste. The final VSM used on the
most recent legacy program is an efficient way to begin the Current-State
Map. Knowledge of a legacy program, its problems, solutions, wastes,
technical approaches, and any other issues is invaluable in this step.
(Corporate incentives should be introduced to collect and preserve
value-stream maps from past programs.) Starting with the legacy knowledge
is helpful even if only partial information is available, such as the process
map or Gantt chart of an actually executed program. Participation of a
high-level manager from a legacy program in VS mapping of a current
program is highly helpful. Brainstorming, negotiations, and iterations are the
most productive means at this stage. Focus should be placed on listing all
tasks and their waste (e.g., waiting, rework, overprocessing), rather than on
any task or flow optimization, which is performed in Future State mapping.
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The Future-State Map: The Current-State Map displayed on the walls of a war
room becomes the basis for iterative waste removal, including tailoring, and
for improving task concurrency, synchronicity, precedence, and flow. It is
critically important to plan for optimal precedence of both SE and PD tasks,
showing which task is to feed which other task(s) with what data and when,
understanding task dependencies and parent-child relationships. In order to
shorten the program schedule, all tasks that can be worked on concurrently
should be so planned, up to resource capacity. Experience indicates that
some non-value-added tasks are self-evident and easy to remove, while
others will require brainstorming and negotiations between the SE and other
PD managers. Other wastes may yet never be discovered in a single
program and become visible only in subsequent programs. Future-State
VSM bears potential for huge direct payback, often measured in millions of
dollars saved from a program per hour of mapping effort. Therefore, it
should be performed as comprehensively as possible.

If the program follows a cadence of equal takt periods, the Future-State Map
should next be parsed into the Periods (see Section 4.2).

The Current-State and Future-State value-stream maps may also be created
concurrently, as follows. Map the process using the current understanding of
the product development tasks, as each functional group understands its
role. Then, walk the value stream to understand the need for the specifically
identified tasks to ensure no waste enters the program. As the value stream
is modified from the original current state, the future state is now
developed—with better understanding of how each step contributes to the
customer value.

The Work Breakdown Structure (WBS) and Gantt chart used for planning
programs are typically of too low a resolution to serve as the final plan.
Good planning should be done down to the level of individual
self-contained tasks with clearly defined inputs and sources, outputs and
destinations, and control and approval information.

SUGGESTED IMPLEMENTATION: Training in VSM for PD for Chief
Engineers and other top managers.

LAGGING FACTORS: The culture of “we do not have time for this detailed
planning, we must earn value as soon as possible.”




TABLES WITH LEAN ENABLERS FOR SYSTEMS ENGINEERING (LEfSE) 95

SUGGESTED READING:

e J. Hoppmann, The Lean Innovation Roadmap—A Systematic Approach to
Introducing Lean in Product Development Processes and Establishing a
Learning Organization, Institute of Automotive Management and Industrial
Production, Technical University of Braunschweig, Germany, 2009.

e H.L. McManus, Product Development Value Stream Mapping Manual, LAI
Release Beta, Massachusetts Institute of Technology, LAI, April 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

e B. Oppenheim, Lean product development flow. Journal of SE, 2004, 7, 4,
pp. 352-376.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)

ENABLER: 2. Map the SE and PD Value Streams and Eliminate
Non-Value-Added Elements.

SUBENABLER(S) AND USE RANKINGS:
8. Maximize concurrency of SE and other PD Tasks. (U = 0.42)

9. Synchronize work flow activities using scheduling across functions,
and even more detailed scheduling within functions. (U = 0.65)

10. For every action, define who is responsible, approving, supporting,
and informing (RASI), using a standard and effective tool, paying
attention to precedence of tasks. (U = 0.39)

VALUE PROMOTED: Shorter program schedule, robust Lean flow.

WASTE PREVENTED: Waiting and delays, rework, and other waste
categories.

EXPLANATION: Systems Engineering (SE) is akin to a person’s nervous
system: sensing, controlling, and activating all program activities as needed
in real time. Instead, in many traditional programs, SE is conducted
remotely from other engineering and management activities. This results in
inefficient sequential events, lack of buy-in to schedules and commitments
throughout the PD team, unrealistic scheduling of tasks and long waits for
task execution, receiving results late (often so late that output is obsolete
upon arrival), long sequential approvals, and delayed release of results. The
overall effect of these problems is excessive cycle times, poor coordination,
and low quality of results. Value-added time of such an execution is a small
fraction of overall cycle time, and rework is frequent because disjointed
activities are poorly coordinated.

Subenabler 2.2.8 promotes maximum concurrency and synchronicity of SE and
other PD tasks to minimize overall program time and the waste of waiting.
In order to facilitate the maximum synchronicity of tasks, subenabler 2.2.9
promotes detailed scheduling of tasks both across functions (departments
and suppliers) and within functions.

Subenabler 2.2.10 promotes the use of RASI-type tools for detailed task
planning and allocation of resources. For each task, Systems Engineers in
coordination with appropriate other PD engineers and managers should enter
into an efficient and user-friendly RASI tool-specific names of the following
individuals: the person responsible for the task execution, the person who
will be approving the results, the individual(s) who may be needed to
support the task work with knowledge or data, and the internal customer
who will receive the output. Only one person should be listed in the
“responsible” column by name, or no one will feel responsible. It is
important that all these individuals coordinate task modalities, scope, and
output before execution so that this task can be robustly executed right the
first time. Users of RASI must pay attention to the proper precedence of
tasks, so that a task output will not be scheduled as input in an earlier task.
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In large programs operating with dynamically allocated resources it may be
impossible to assign individual names early into RASI tool. In no cases
should TBD be entered. A vastly better solution is to enter the name of the
manager of an appropriate department, and that manager should serve as
points of contact for task coordination until the time when a specific staff
person is allocated.

SUGGESTED IMPLEMENTATION:
¢ Train team members in the benefits of planning for maximally concurrent
and synchronous execution of tasks.

¢ Implement a user-friendly RASI tool (a number of tools are available
commercially, or just use an Excel spreadsheet).

e Perform training in the RASI tool for all stakeholders.
e Mandate the use of the tool for all planning and scheduling of tasks.

LAGGING FACTORS:
o Inadequate, ad-hoc planning, traditional sequential and uncoordinated
scheduling.

e Poor integration of SE with the rest of the program.

o Assumptions of “I thought you were doing that” throughout the program
schedule and tasks.

SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)

ENABLER: 2. Map the SE and PD Value Streams and Eliminate
Non-Value-Added Elements.

SUBENABLER(S) AND USE RANKINGS:
11. Plan precisely to enable level workflow and schedule adherence, and
to drive out arrival-time variation. (U = —0.30)

VALUE PROMOTED : Robust and predictable flow of work.
WASTE PREVENTED: Rework and waiting. Frustrations.

EXPLANATION: Accurate and dependable scheduling of tasks is crucial in
PD to drive out arrival time variations. The accumulation of variation can
cause serious schedule delay. Robust planning of a complex program
requires that individual tasks be planned robustly and predictably, that is,
with minimum uncontrolled cycle time and arrival-time variation. This
predictability is achieved by standardization and leveling of tasks (smoothing
of tasks effort in time). Smaller self-contained tasks are easier to plan than
larger ones. Therefore, plans should break work into small predictable tasks
that can be completed and integrated quickly, where practical. Subenabler
2.2.11 promotes precise planning and leveling of standardized tasks to
assure predictable cycle time and arrival-time workflow at all times.

Morgan and Liker [2006, p. 90] emphasize this aspect of planning: “At
Toyota, schedule discipline means recognizing that intermediate dates are
crucial to managing limited resources across multiple programs, and
approaching these dates with rigor and precision. Toyota’s suppliers are also
aware of this tenacious attentiveness to intermediate target dates and would
not consider letting a date slip. Toyota executes to schedule at a level of
precision that is unknown in traditional product development systems. . . .
Toyota engineers are often prepared to sleep on ... mats at test equipment
facilities if it will help complete test cycles on time.”

SUGGESTED IMPLEMENTATION: An experienced and competent Chief
Engineer (or equivalent role) should guide all detailed planning efforts
according to the best industrial examples, in close coordination with
competent functional and supplier managers, emphasizing consistent
cycle time and arrival-time predictability.

LAGGING FACTORS:
¢ Inadequate, ad-hoc planning.

¢ Traditional sequential and uncoordinated scheduling.
e Poor integration of SE with the rest of the program.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)

ENABLER: 2. Map the SE and PD Value Streams and Eliminate
Non-Value Added Elements.

SUBENABLER(S) AND USE RANKINGS:

12. Plan below full capacity to enable flow of work without accumulation
of variability and permit scheduling flexibility in work loading, i.e.,
have appropriate contingencies and schedule buffers. (U = —0.26)

VALUE PROMOTED: Robust, predictable, and consistent flow of work.

WASTE PREVENTED: Waiting, and schedule delay.

EXPLANATION: Just as freeway traffic slows down when the number of
cars reaches road capacity, even in the absence of any accidents or road
blocks, so workflow also slows when the amount of assigned work reaches
organization capacity. This well-known fact from queueing theory can be
explained by the accumulation of variability, as follows: It can be shown
that variability does not average out to zero; instead the delays tend to
accumulate. In order to eliminate slowdowns of workflow, good planners
apply the following practices:

e Scheduling work only up to about 90-95% of the theoretical capacity of the
organization.

e Demanding honest time estimates of task cycle times at the probability of
meeting the estimate of 50%.

e Including time buffers in the schedule.

e Prioritizing tasks according to customer needs and corporate priorities.

¢ Always maintaining a contingency plan (overtime, weekend buffers, or
reserve resources).

Note: The prioritization of tasks mentioned here is effective only if tasks are
waiting for people, ready to be processed, with all inputs correct and at
hand, and all task instructions clear. If these conditions are not satisfied
(e.g., when people wait for correct inputs), prioritization becomes
ineffective, and instead, other enablers focusing on making tasks ready for
processing should be implemented first.

SUGGESTED IMPLEMENTATION:
¢ Training of managers who plan workloads in their departments.

e Training of SE who schedule and plan programs.
e Training should be supplemented by reading of literature below.
e Program scheduling with capacity reserves.
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LAGGING FACTORS:

e Scheduling of work beyond the reasonable 90-95% of capacity.
e Lack of buffers and contingencies.

e The practice of padding cycle time estimates.

SUGGESTED READING:
e E.M. Goldratt, Critical Chain, The North River Press, 1997.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)

ENABLER: 2. Map the SE and PD Value Streams and Eliminate
Non-Value-Added Elements.

SUBENABLER(S) AND USE RANKINGS:

13. Plan to use visual methods wherever possible to communicate
schedules, workloads, changes to customer requirements, and other
information. (U = 0.22)

VALUE PROMOTED: Higher quality of work, ability to react to defects in
real time, visibility of delays, quality, and issues in real time.

WASTE PREVENTED: Rework, delays, inventory, overproduction,
overprocessing.

EXPLANATION: Visual control boards monitoring the status and quality of
work are used routinely on manufacturing floor of hi-tech companies. The
same idea should be adopted in engineering environment. The best
companies organize the work of departments, teams, and individuals for
maximum direct visibility to all stakeholders, as follows:

Each engineer should use a small standardized dry-erase board hung in the
most visible space just outside of his or her cubicle. The board should list
all tasks at hand with deadlines and status, color coding each task (typically,
green = progressing per plan; yellow = experiencing a manageable issue
with no impact on the promised schedule; red = serious delay or issue, its
brief description, and a summary of the corrective action undertaken). The
marker board should be visible from outside a cubicle. The manager then
can walk the corridors and see the real status of all work. So can other
stakeholders (colleagues, customers, etc.). Managers should closely follow,
mentor, and assist, if needed, with all yellow and red states. Managers
should also monitor recurring red states and initiate corrective action to
eliminate the issue once and for all, and enable right the first time
executions. Such corrective actions may involve training, mentoring, and
change of procedures, a Kaizen event, a Six Sigma project, or other actions.
Note: The boards should not be implemented as computer screens because
they will not be clearly visible at all times by all stakeholders. Managers
must be trusted that they will not abuse the system to blame employees for
imperfections (because then imperfections will be hidden, which obviates
the purpose).

Departments and teams should have several marker boards displayed in a
well-visible central location listing all current activities, using the same
color coding as individuals. All important information should be displayed:
e.g., the matrix of employees versus programs or teams they are serving;
overall schedules of activities; trends in critical metrics, e.g., quality, cycle
time, customer complaints; a list and status of issues identified and being
corrected; status of employee certifications and training completed, and any
other metric important to the success of the department.
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Experience indicates that such visual controls are motivational to best work
and conducive to immediate corrective action. Such controls promote
teamwork and improve workflow speed and output quality.

These visual boards should not be implemented as computer screens: They
lack the sufficient continuous visibility by all.

SUGGESTED IMPLEMENTATION:
o Explain the merits and examples of visual control boards to all employees.

o Assure employees that displaying all facts honestly in real time will not be
used against them; in fact, they will be recognized for doing so. Eliminate
fear and work to institute trust and teamwork.

e Then install boards and invite employees to share in the planning of
information to be displayed. Mentor employees in their use.

e Demand frequent, regular, complete, and correct updating of information.
e React to new troubling information in a constructive way.

o Apply continuous improvement methods to eliminate each problem once and
for all.

LAGGING FACTORS:
o Authoritarian management style, fear, culture of secrecy, lack of trust.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)
ENABLER: 3. Plan for Front-Loading the Program.

SUBENABLER(S) AND USE RANKINGS:

1. Plan to utilize cross-functional teams made up of the most experienced
and compatible people at the start of the project to look at a broad
range of solution sets. (U = 0.36)

2. Explore trade space and margins fully before focusing on a point
design and too small margins. (U = 0.36)

VALUE PROMOTED: Elegant, optimal, and least costly conceptual design
that is conducive to trouble-free program execution and better value.

WASTE PREVENTED: Rework, waiting, overproduction, overprocessing,
inventory.

EXPLANATION: The early conceptual phase of the program, often perceived
as fuzzy or chaotic, has a major impact on the overall program success, cost
and schedule. Usually, the worst approach is to rush a given design to a
point solution prematurely. When such an unexplored point design is
pursued under small design margins, its solution often appears impossible,
leading to costly and wasteful iterations. It results in a non-optimum
solution, requirements changes, or even system failure. Toyota design
practice is not to allow a point solution until trade spaces and various
constraints and limits have been fully explored first. Once the feasible
region of a trade space is understood and defined, the optimum choice
within that space is easy to find with zero to few iterations. Proper trade
space exploration usually requires best experts from the domain and experts
from all major subsystems to work together, looking at a broad range of
solution sets, and brainstorming and negotiating together as a close,
compatible team. Engineers often forget that iterations, particularly the ones
that extend over several functions, are very costly and time consuming.
They should be avoided whenever possible, and where indeed required, they
should be optimized for the smallest and simplest possible loops.

Morgan and Liker [2006, p. 65] describe this approach at Toyota:
“Cross-functional teams made up of the most experienced people come
together at the start of the project to look at a broad range of solution sets
that anticipate and solve problems, to design countermeasures for quality and
manufacturability, and to isolate inherent variability in product development
in order to facilitate flawless execution in the next phase of the program.”
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SUGGESTED IMPLEMENTATION:

¢ Program plans must allocate enough time for front loading, in addition to
time for planning.

e SE and enterprise management should organize domain experts and
functional experts to work closely together during the conceptual phase of a
program, with minimum bureaucracy.

LAGGING FACTORS:

e Management rushing engineers to a point solution without first exploring
and understanding trade space.

e The customer insisting on a point solution prematurely.

e Domain experts not available during the conceptual design phase (are they
busy creating next proposals?).

SUGGESTED READING:

o A.C. Ward, J.K. Liker, J.J. Cristiano, and D.K. Sobek II, The second Toyota
paradox: How delaying decisions can make better cars faster. Sloan
Management Review, Spring 1995a, 36, 3, pp. 43-61.

e A.C. Ward, D.K. Sobek II, J.J. Cristiano, and J.K. Liker, Toyota, concurrent
engineering, and set-based design, in J.K. Liker et al. (eds.), Engineered in
Japan: Japanese Technology Management Practices. New York: Oxford
Press, 1995b.

o J. Warmkessel, Lean Engineering. Lean Aerospace Initiative, MIT,
http://lean.mit.edu, 2002.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)

ENABLER: 3. Plan for Front-Loading the Program.

SUBENABLER(S) AND USE RANKINGS:
3. Anticipate and plan to resolve as many downstream issues and risks as
early as possible to prevent downstream problems. (U = 0.40)

VALUE PROMOTED: Prevention, early resolution and mitigation of
downstream issues and risks. Elimination of frustrations, delays, budget
overruns, and even program failures.

WASTE PREVENTED: All waste categories, including program failure.

EXPLANATION: A wisely chosen Chief Engineer of the program (or
equivalent role) should be experienced in the domain and in program
management, “with scars from previous programs,” who understands and
anticipates major downstream issues and risks. The Chief Engineer should
work proactively to mitigate all anticipated issues and risks to prevent any
downstream problems.

SUGGESTED IMPLEMENTATION:

o Wisely select a Chief Engineer (or equivalent role) with expertise in the
domain and enterprise.

o Create a corporate strategy for product development knowledge management.

e Build an excellent searchable database on intranet, with lessons learned in
previous programs.

e Analyze applicable lessons learned before starting a new program.

e Disseminate lessons learned throughout the program, not just at
post—mortem.

o As explained in Enabler 5.5, a Chief Engineer (or equivalent role) should be
given RAA (responsibility, authority, and accountability) for program
success. A Chief Engineer must have freedom to select teams, plans, and
responsibilities for risk management and mitigation.

LAGGING FACTORS:
o Inexperienced Chief Engineer (or equivalent role).

e Management dissolved among several individuals, none of whom has the
RAA.

e Poor transfer of lessons learned between programs.

SUGGESTED READING:

e B.R. Rich and L. Janos, Skunk Works: A Personal Memoir of My Years at
Lockheed. Little, Brown and Company, Canada, 1994.

e A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25™ International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)
ENABLER: 3. Plan for Front-Loading the Program.

SUBENABLER(S) AND USE RANKINGS:

4. Plan early for consistent robustness and right the first time under
“normal” circumstances instead of hero behavior in later “crisis”
situations. (U = 0.12)

VALUE PROMOTED: Smooth and predictable Lean flow of work through
tasks.

WASTE PREVENTED: All categories of waste, including program failure,
exceeded schedule and budgets.

EXPLANATION: It is a truism that the cheapest approach to any project is to
do things right the first time; using predictable and robust processes and
tools, and well-trained people. The so-called quality lever indicates that
fixing a problem as early as possible in any program is vastly cheaper than
doing it later. A notorious problem in recent programs is that schedule
pressures cause engineers to rush through non-robust tasks and processes
without optimizing them first, resulting in defects that, if left untended, lead
to crises. Only when a crisis becomes visible, usually too late to mitigate it
with only minor effort, programs tend to throw all resources at it, requiring
costly and heroic behavior of engineers, managers, and experts. Such heroes
are then recognized for saving the program. It is vastly better to use the
heroes to build quality into processes and avoid crises in the first place.

In this consideration, it is important to distinguish between standard products
and standard processes: In PD a product or work content is almost always
unique. In contrast, most engineering processes should be standardized and
optimized because they apply to many PD programs and should be
predictable and robust, following best engineering practices. Note: The term
right the first time means that if it is possible to achieve correct result on
the first pass by proper planning, injection of experience and expertise,
coordination, and communication, it should be done so to avoid rework
waste. The term does not mean to imply that inherently iterative steps, such
as trade space exploration, set-based approach, or architectural or design
iterations should end after a single pass. But the right the first time
philosophy should also apply even to those iterative tasks: preparing them
well with knowledge, data, processes, and trained people, so that can be
prepared and executed predictably.
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SUGGESTED IMPLEMENTATION:

¢ An enterprise should allocate resources to capture the best engineering
practice for each repeatable process, and then optimize the process and make
it robust, predictable, consistent, and user friendly. This is a major challenge
requiring Continuous Improvement (CI) tools and methods to be
implemented effectively.

e Create a culture that rewards continuous improvement, not heroics.

e For improvement, prioritize any process that suffers from excessive
uncontrollable variability.

LAGGING FACTORS:
e Budgeting of programs and enterprises that fail to allocate resources to make
processes optimized and robust.

e Training of people not included in budgets.
¢ Rushing through tasks at the expense of quality.
e Lack of awareness that quality must be built into each process.

SUGGESTED READING:

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o W.E. Deming, Out of the Crisis, Massachusetts Institute of Technology,
Center for Advanced Engineering Study, 1982.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)
ENABLER: 4. Plan to Develop Only What Needs Developing.

SUBENABLER(S) AND USE RANKINGS:

1. Promote reuse and sharing of program assets: Utilize platforms,
standards, busses, and modules of knowledge, hardware, and software.
(U=0.32)

5. Maximize opportunities for future upgrades (e.g., reserve some volume,
mass, electric power, computer power, and connector pins), even if the
contract calls for only one item. (U = 0.40)

VALUE PROMOTED: Development effort and cost spread among several
programs, lower cost per program, faster schedule and faster response to
customer needs, smaller and fewer risks, higher competitiveness of
enterprises.

WASTE PREVENTED: All categories of waste are reduced by wise
modularization and asset reuse.

EXPLANATION: The present subenablers (2.4.1 and 2.4.5) describe the
wisdom of modularity. Companies that create a number of similar
products/systems within a single domain (e.g., satellites, cars) should benefit
from modularity and reuse of assets and lowering development costs.
Engineering experience indicates that very few systems, if any, are so
revolutionary that no prior assets, modules, or subsystems could be reused
from earlier programs. The most typical reuse examples are designing new
car models on a common platform or creating new satellite models on a
common bus. Avionics boxes can be modularized, predesigned, and even
prebuilt and pretested for use in several programs/models. Software can be
created to be general enough for all the current and future functions and
interfaces, with more channels than needed at the start. In fact, almost all
subsystems in cars are modularized and reusable: engines, gearboxes,
electronic subsystems, software, door handles, batteries, chassis, seats,
radios, tires, etc. A car design program could not be competitive if all
subsystems were designed from scratch. Yet, often, this is the practice in
large governmental programs. Subsystems of similar satellites, busses, tanks,
batteries, solar panels, antennas, computers, software, and so on, can and
should be modularized.
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Modularity applies to knowledge, hardware, and software. Modules intended
for reuse should be created in a reasonably general way to serve not only
the current program but also to anticipate future programs. In certain cases,
it may be wise to reserve some volume, mass, electric power, computer
power, and connector pins in a module, even if the contract calls for only
one item, in order to maximize opportunities for future upgrades at
minimum cost. There may be a small penalty in the volume, mass, and
power of a module that has more capability than needed on a current
program, but almost always the penalty will be more than compensated by
the reduction in engineering labor and cost in the future systems. In the
present economics of high technology, engineering labor is almost always
the most expensive item in any program. In addition, availability of modules
is often an advantage in marketing efforts for new programs.

SUGGESTED IMPLEMENTATION: Common assets benefit more than one
program at once. Therefore, they should be coordinated at the corporate or
enterprise level as a part of corporate strategy and marketing. Consider
instituting an enterprise architect role that can look across organizations and
past, present, and future programs and see opportunities for commonality
and reuse. Ensure the architect role is staffed by a widely trusted and
knowledgeable Systems Engineer with excellent communication and people
skills. Encourage and share technology roadmaps and share with PD leaders.
Good design of reusable modules calls for a degree of vision and
understanding of future trends and market needs.

LAGGING FACTORS:

e Contracts (not uncommon in government programs) that require the latest,
greatest, and gold-plated, disregarding existing or past assets, and
demanding a wall of separation from other programs or corporate activities.

e Government contracts that do not allow expanding designs beyond the needs
of the currently contracted system.

SUGGESTED READING:

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25™ International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)

ENABLER: 4. Plan to Develop Only What Needs Developing.

SUBENABLER(S) AND USE RANKINGS:

2. Insist that a module proposed for use is robust before using it.
(U =0.20)

3. Remove show-stopping research/unproven technology from critical
path, staff with experts, and include in the Risk Mitigation Plan.
(U=0249)

4. Defer unproven technology to future technology development efforts, or
future systems. (U = 0.04)

VALUE PROMOTED: Significantly shorter and more predictable program
schedule and more robust designs.

WASTE PREVENTED: All categories of waste, including program failure.

EXPLANATION: Imagine a car assembly line in motion. After assembling

LEAN ENABLERS FOR SYSTEMS ENGINEERING

the chassis, a team looks to install an engine. But the engineers declare that
they have not designed the engine yet and need several years for it. The line
must stop and wait until the engine is designed. Absurd? But this is how
many governmental programs operate: waiting and consuming precious
program time until some high-risk, high-tech aspect of the program is
researched, designed, or resolved (even though the proposal promised no
low-TRL and only low-risk items). Let us jump to the ideal scenario,
practiced routinely in commercial programs. It has three phases: Research,
Development, and Design, as follows:

Research teams should address all items with low Technology Readiness Level

(TRL) and bring them to the level of 5 or 6 using small co-located teams of
experts working in dedicated laboratories. No large bureaucratic program is
needed or should be used for this Research phase. Relevant experts should
be engineers and scientists with PhDs, up to date with cutting-edge scientific
literature, and a high degree of fascination with the challenge. The Research
output should be in the form of knowledge that a technology for developing
the subsystem/module is available, practical, and economical.

The Development phase then should take over from the Research team. Small

teams of co-located experienced developmental engineers working within
their relevant function(s) should then create Mature Robust Modules (MRM)
of knowledge, or hardware, or software, including testing, reaching TRL 8
or 9. The modules should be created with sufficient vision to serve a
number of future programs.
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The Design phase. Only when all modules are MRM (TRL level 8-9) should
a system design proceed in accordance with fully developed Systems
Engineering processes. If this correct approach is followed, design efforts
can be reduced to tradeoffs of packaging MRM modules to satisfy all
constraints of weight, space, power, longevity, etc., in an optimum way.
This is the process used in car design, and it allows for complex new cars to
be designed in under a year. If this sequence of Research, Development, and
Design is not followed, programs will suffer from the costly absurd
scenarios described above, risking schedule and cost penalties, requirements
changes, and even program failure. Examples of such recent failed programs
abound.

If a show-stopping research/unproven technology is detected in a program, it
should be removed from critical path, staffed with experts, freed from the
program bureaucracy, and included in the Risk Mitigation Plan. But a vastly
better policy is to defer unproven technology to future technology
development efforts, or future systems.

SUGGESTED IMPLEMENTATION:
e Maximum strategic enterprise emphasis and program-level emphasis on
using the sequence Research, Development, and Design, as described here.
¢ An added emphasis in government acquisition system, demanding high TRL
before issuing a design contract (post-milestone B contract), and harsh
consequences if promises are broken.

e Using smaller, co-located and highly focused teams staffed with experts for
the programs between acquisition milestones A and B.

e Mature, robust, and stable customer requirements.

LAGGING FACTORS:

¢ A large ambitious program starting with a low TR level (regardless of
whether admitted in the proposal), which is not parsed properly into
Research, Development, and Design phases, and/or mixing the three phases.

SUGGESTED READING:

e J. Young, Memo to the Secretary of Defense, Department of Defense,
January 30, 20009.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)
ENABLER: 5. Plan to Prevent Potential Conflicts with Suppliers.

SUBENABLER(S) AND USE RANKINGS:

1. Select suppliers who are technically and culturally compatible.
(U =10.46)

2. Strive to develop seamless partnership between suppliers and the
product development team. (U = 0.21)

3. Plan to include and manage the major suppliers as a part of your
team. (U = 0.42)

4. Have the suppliers brief the design team on current and future
capabilities during conceptual formation of the project. (U = 0.13)

VALUE PROMOTED: Lean suppliers that provide a consistently perfect
quality of supplied components, competitive and timely deliveries with
just-in-time capabilities, fair price, world-class lead times and
responsiveness, and partnering. Suppliers that are so good that no individual
certifications or tests of parts are needed, and when required by contract, the
tests always indicate “pass.”

WASTE PREVENTED: All categories of waste, including program failure.

EXPLANATION: Modern high-technology industry has evolved into a
horizontally integrated supply network, with estimated 60-95% or more of
value provided by suppliers. Therefore, an excellent supply chain is
absolutely critical to program success and company competitiveness. Until
recently, the paradigm for supplier selection was simple: the lowest bid.
During the last 10 years or so in the West (much earlier at Toyota and
several other Japanese firms), an advanced body of knowledge called Supply
Chain Management (or equivalent name) developed, demonstrating that vast
benefits can be gained by all stakeholders when critical suppliers are in a
strategic, long-term seamless partnership with a prime contractor. Their
mutual relationships are based on trust, honesty, openness, teamwork, good
communications, and mutual interest. Hostility, confrontation, and
exploitation should not exist in modern supplier networks. “Supply chains
must be planned (designed) or one may not like the outcome of no
planning” [Deloitte, 2003]. The supply chain management method
distinguishes between strategic suppliers, critical suppliers, important
suppliers, and commodity (e.g., toilet paper) suppliers (other similar terms
may be used for the characterizations). The four above subenablers
(2.5.1-2.5.4) address the ideal supply network. Strategic, critical, and
important suppliers must be selected for long-term partnership, based on
past performance, competence and expertise, competitiveness, training of
employees, cultural compatibility with the prime contractor (e.g., both
having implemented Lean), willingness to cooperate closely at many levels,
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participation in design reviews, briefing design teams on the latest
technologies and capabilities, and generally acting as if a supplier’s team
were a seamless part of a buyer’s design team. The goal to the buyer is to
achieve consistently perfect quality of supplied components, competitive and
timely deliveries with just-in-time capabilities, world-class lead times,
responsiveness, and excellent service. The goal for the supplier is to have a
steady long-term buyer who pays a fair price and makes timely payments.
All suppliers should also receive crystal-clear specifications and
requirements for their products and precise descriptions of all tests their
products will have to pass.

The use rankings of these subenablers indicate a less than perfect level of
implementation in industry. These subenablers offer a significant potential
for productivity increase and waste elimination.

A few quotes from the literature on suppliers illustrate these points:

e “Only 7% of companies today are effectively managing their supply chain.
However, these companies are 73% more profitable than other
manufacturers.” [Deloitte, 2003]

e “Xerox and other leading companies have reconceived traditional
customer-supplier relationships. Price negotiation is no longer the only or
most important dimension of these relationships. . .. [Xerox] regards
suppliers as partners or joint venture associates in its business; consequently,
Xerox has cut its supplier base from more than 5000 in the early 1980s to
420 in 1993.” [Bogan, 1994, p. 175]

o Toyota upholds the idea that “it is more expensive in the long run to pick
the cheapest supplier if this supplier is not ready to meet your
requirements.” [Morgan and Liker, 2006, p. 192]

e [The underlying purpose of developing seamless partnership with suppliers
and the product development team is that the customer cannot tell the
difference between the two]. “Toyota recognizes this and makes sure that
every car part reflects Toyota quality. To achieve this, they [sic] make every
supplier an extension of Toyota’s PD process and lean logistics chain.
Toyota delegates tasks to suppliers, but ultimately, it is Toyota that is fully
responsible and fully accountable for all subsystems as well as the final
product. Outsourcing does not absolve Toyota of responsibility and
accountability.” [Morgan and Liker, 2006, p. 180]

e “When Toyota invites a supplier to send guest engineers, it is a significant
commitment to long-term co-prosperity. The supplier knows they have [sic]
earned a long-term place in the Toyota enterprise. These are highly coveted
positions. The supplier will become intimately familiar with Toyota’s

product development practices and get advanced information on new model
programs.” [Morgan and Liker, 2006, pp. 193—194].
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SUGGESTED IMPLEMENTATION:

e Have the top Purchasing Manager of the buying company (at corporate
level) acquire the state-of-the-art education and knowledge in modern Lean
Supply Chain Management. Normally, this would be a graduate degree in
Supply Chain Management (or similar name).

e Have the manager implement the strategic management of the supply chain,
if necessary with assistance of experts.

e Train other stakeholders (engineers and managers who interact with
suppliers) in the above mentioned characteristics to build a common culture
of cooperation, teamwork, and partnership.

o Patiently develop relations with suppliers that are based on openness,
teamwork, good communications, mutual interest, fairness, and long-term
partnership. But demand Lean from all suppliers.

LAGGING FACTORS:
o Selecting suppliers by lowest bid.

e Too many suppliers for like items.

o Lack of corporate awareness of education and knowledge of modern supply
chain management.

o Lack of trust between suppliers and buyers.
e Specifications given to a supplier unfinished, incomplete, incorrect.

SUGGESTED READING:

e C. Bogan, Benchmarking Best Practices, McGraw Hill, 1994.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25™ International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.

¢ EM. Murman, T. Allen, K. Bozdogan, J. Cutcher-Gershenfeld,

H. McManus, D. Nightingale, E. Rebentisch, T. Shields, F. Stahl,
M. Walton, J. Warmkessel, S. Weiss, and S. Widnall, Lean Enterprise Value:
Insights from MIT’s Lean Aerospace Initiative, Palgrave, Hampshire, 2002.
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LEAN PRINCIPLE 2: Map the Value Stream (Plan the Program)

ENABLER: 6. Plan Leading Indicators and Metrics to Manage the

Program.

SUBENABLER(S) AND USE RANKINGS:

1.

4.
5.

Use leading indicators to enable action before waste occurs.
(U=-0.04)
Focus metrics around customer value, not profits. (U = —0.33)

Use only few simple and easy to understand metrics and share them
frequently throughout the enterprise. (U = 0.16)

Use metrics structured to motivate the right behavior. (U = 0.00)
Use only those metrics that meet a stated need or objective. (U = 0.04)

VALUE PROMOTED: Measuring program performance realistically,

robustly, and having the ability to undertake timely changes when needed.

WASTE PREVENTED: All categories of waste, including program failure.

EXPLANATION: Recent programs are notorious for massive bureaucracy,

serving program management and customers with complex controls and
metrics. A vicious feedback loop evolves: Poorly progressing programs
stimulate more controls on the part of management and government, which
insist on more metrics and bureaucracy, which consume more resources,
thus further slowing programs, promoting even more controls, and so on. As
discussed in Chapter 5, on average, 12% of program charged time is spent
on value-creating activities and 88% is wasted. Many metrics presently used
in industry may indicate good progress, while every employee knows that
the program has actually stalled or is failing. This condition is
unsustainable. The solution is not more bureaucracy or controls. The present
subenablers (2.6.1-2.6.5) promote going back to common sense. They
promote the use of leading indicators to detect unhealthy trends before
actual problems occur, when such problems are actually easy to correct. The
subenablers promote using a few simple-to-understand metrics that measure
what should be measured: customer value (rather than profits), conditioning
the right behavior, and serving a legitimate need of the program control and
management rather than the self-serving needs of some managers. Metrics
should be shared with the entire program community. When designing
metrics, it is important to keep in mind that customers need four
performance qualifiers: quality, promised price, dependable schedule, and
customer-friendly service. All other aspects are less important or irrelevant,
or derivative from those. Note the use rankings for these subenablers are
poor, indicating large room for improvement.
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SUGGESTED IMPLEMENTATION:
e Top program and corporate managers should acquire the knowledge of good
metrics.

¢ The government should insist on low-bureaucracy and simple and effective
metrics

e Every program should follow low-bureaucracy and simple and effective
metrics.

¢ The measured parameters should be openly disseminated to teams.

LAGGING FACTORS:
e Bureaucratic, useless metrics.

o Cost-plus contracting.
¢ Dissolved management of programs.

SUGGESTED READING:

e D.H. Rhodes, R. Valerdi, and G.J. Roedler, Systems Engineering Leading
Indicators for Assessing Program and Technical Effectiveness. Wiley
Periodicals, Inc., 2008.

e J.E. Cunningham, O.J. Fiume, and E. Adams, Real Numbers: Management
Accounting in a Lean Organization. Managing Times Press, 2003.

o Agreement between New United Motor Manufacturing, Inc. (Toyota NUMMI)
and the United Auto Workers (union), August 1, 1998.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

7.2.3 Lean Principle 3: Flow

Summary In complex programs, opportunities for program progress to stop are
overwhelming, and it takes careful preparation, planning, and coordination effort to
keep flows going. The third Principle, “Flow,” includes those practices that enable
work to flow smoothly and continuously, minimizing stopping, waiting, rework, or
backflow.

Eight enablers are listed under this Principle, as follows. The numbers in paren-
theses list the number of subenablers under each enabler.

Enabler 3.1 Execute the Program According to the INCOSE Handbook
Process.

The first enabler listed under each Principle emphasizes the same fundamental
point: to add the wisdom of Lean Thinking to the traditional Systems Engineering
process rather than replace the process. So, again, the present enabler recommends
continuing to use the INCOSE SE Handbook, or any other equivalent SE handbook,
and in addition to implement the enablers that follow.
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Enabler 3.2 Clarify, Derive, and Prioritize Requirements Early and Often
During Execution. (6)

In contrast to highly successful early aerospace programs that were defined with
only a few customer-level requirements, the present trend is to specify many hun-
dreds or even thousands of customer-level requirements. This large number of
requirements necessitates careful and continuous effort to capture, clarify, derive,
and prioritize them during program execution, as well as dedicated communication
channels for requirement clarifications. If this is not done well, the subsequent
flow of the program will suffer from delays, rework, and other types of waste, with
negative consequences on budget and schedule. The six subenablers are helpful in
preventing these wastes.

Enabler 3.3 Front-load Architectural Design and Implementation. (5)

An early exploration of multiple concepts, architectures, and designs is a critical
aspect of lean PD. This is conducive to optimum solutions that remain stable
throughout the program and shorten the path to a final design. The five subenablers
promote and explain the various frontloading practices.

Enabler 3.4 Systems Engineers to Accept Responsibility for Coordination of
PD Activities. (4)

The four subenablers promote excellent coordination of PD activities, leading to
excellent teaming between SE engineers and other PD engineers.

Enabler 3.5 Use Efficient and Effective Communication and Coordination. (9)

These nine subenablers promote efficient and effective communications among
stakeholders in PD programs. This is a critical aspect of well functioning PD.
The amount of communications must be just right: Too much bad communications
(e.g., unneeded emails) takes away from value-creating time, and too little causes
misunderstandings, rework, and other wastes.

Enabler 3.6 Promote Smooth SE Flow. (6)

The six subenablers provide a checklist of good practices that enable smooth flow of
work. They include frequent infegrative events for resolutions of issues, challenging
customers on technical grounds for program stability, minimizing handoffs, opti-
mizing human resources for best creation of value, using consistent measurements
standards, and mutual understanding of needs.

Enabler 3.7 Make Program Progress Visible to All. (4)

The four subenablers promote the adoption of a successful practice of displaying all
critical information in public spaces visible to all. Such information is motivational
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to immediate corrective action. The information displayed should include work
status, trends of important parameters, status of employee training, traffic light
system, and making all imperfections visible.

Enabler 3.8 Use Lean Tools, (5)

The five subenablers promote the use of lean tools that maximize work flow, reduce
non-value-adding efforts, and help engineers in the creation of value.

The following tables describe the Principle 3 subenablers individually.
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LEAN PRINCIPLE 3: Flow

ENABLER: 2. Clarify, Derive, Prioritize Requirements Early and Often
During Execution.

SUBENABLER(S) AND USE RANKINGS:

1. Since formal written requirements are rarely enough, allow for
follow-up verbal clarification of context and need, without allowing
requirements creep. (U = 0.36)

2. Create effective channels for clarification of requirements (possibly
involve customer participation in development IPTs). (U = 0.56)

3. Listen for and capture customer unspoken requirements. (U = 0.20)

4. Use architectural methods and modeling for system representations (3D
integrated CAE toolset, mockups, prototypes, models, simulations, and
software design tools) that allow interactions with customers as the best
means of drawing out customer requirements. (U = 0.72)

VALUE PROMOTED: All aspects of value.

WASTE PREVENTED: All waste categories, including program failure.

EXPLANATION: It is self-evident that good requirements are a necessary
condition for program success. Yet, it is not widely appreciated that written
requirements alone are not sufficient to capture the value proposition
completely or correctly for three reasons. The first reason is linguistic: A
requirement is a sentence with several words in a natural language, each
word having multiple meanings. The number of combinations of meanings
of this many words in a sentence is large. Thus, a requirement written in a
natural language is subject to inherent linguistic ammbiguities. The second
reason is the psychological handoff: The person writing the requirements
has in his or her mind the rich context of the system needs and operations.
Out of this context he or she formulates the few words of the requirement
into a new document with a new context. The person reading the
requirement sees only those few words in a different context and has no
access to the original mindset of the writer. Experienced Systems Engineers
understand that the risk of information loss in such handoffs is significant.
The third reason is completeness: Experience indicates that written
requirements are rarely capable of capturing information in its entirety,
including need, context, understanding of the user’s community and culture,
operational scenarios, life cycle challenges, and many others. The history of
technology is full of failures because some aspect of need was ignored in
requirements development. In summary, written requirements alone must
always be assumed as imperfect, and therefore requiring follow-up
clarifications. Subenabler 3.2.1 promotes verbal follow-up to written
requirements, emphasizing that it should be performed without requirements
creep, which in practice means by properly trained, competent, and
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authorized staff. Subenabler 3.2.2 promotes the establishment of effective
organizational communications channels for clarifications, such as
designated pairs of experienced employees for each requirement (the writer
and the expert on the receiving side).

In spite of best efforts, in many complex programs, customer stakeholders do
not have sufficient expertise or experience to formulate all requirements
explicitly, correctly, and completely. Subenabler 3.2.3 places the burden of
capturing the unspoken requirements on contractors. Each contractor should
treat the capturing of unspoken requirements as an ethical and professional
obligation. “Unspoken requirements are like expected requirements in the
sense that customers do not feel obligated to tell the developer about them,
either because they feel they are clear and obvious or because they do not
know that they exist.” [Kamrani and Salhieh, 2002, p. 91].

Subenabler 3.2.4 promotes the best means for drawing requirements during
interactive sessions between contractors and users/customers: prototypes,
models, CAE tools, simulations, and so on. Such interactive tools are
conducive to better understanding and capturing of need and value and for
closer cooperation between customer and contractor representatives.

SUGGESTED IMPLEMENTATION:

e Train all relevant stakeholders to understand that even the best written
requirements are not enough and that additional clarification effort will be
needed and must be planned for.

¢ Train employees in requirements follow-up practices that are legal, effective,
and do not cause requirements creep.

o Establish effective channels for the follow-up. The best channels are pairs of
designated employees: the requirement writer and a competent reader.

o Provide resources (time, staff, and process) for capturing the unspoken
requirements and for follow-up.

o Excellent human relations based on trust, openness, honesty, commonality of
goals, and competence are needed for success.

e The above cannot possibly do justice to the huge body of knowledge that is
needed to properly capture requirements. All relevant stakeholders must be
well trained in the job: user communities, customer stakeholders,
contractor’s stakeholders, systems engineers, design and test engineers, and
managers at all levels. Corporate support is needed also. Every effort should
be devoted to this extensive task because if not done right, the program will
surely suffer, and may even fail. A number of large, recent programs have
been cancelled because they wasted billions of dollars partly due to ill
formulation of requirements.

¢ Increasingly, tools are available to measure and aid in requirements
formulation and changes, such as the Requirements Stability Index (RSI) to
control requirements creep.
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LAGGING FACTORS:

o Traditional attitude “the customer is responsible for the requirements and we
only execute as directed.”

e Cost-plus contracting that de-incentivizes the effective capture of value
proposition early.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004. C.M. Jones, 2006.

o A.K. Kamrani and S.M. Salhieh, Product Design for Modularity, Norwell,
MA: Kluwer Academic Publishers, 2002.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25" International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.
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LEAN PRINCIPLE 3: Flow

ENABLER: 2. Clarify, Derive, Prioritize Requirements Early and Often
During Execution.

SUBENABLER(S) AND USE RANKINGS:
5. Fail early-fail often through rapid learning techniques (prototyping,

tests, digital preassembly, spiral development, models, and simulation).
(U =0.04)

VALUE PROMOTED: Reduce overall program cost and time by exploring
trade space using efficient trial-and-error iterations early in program
execution. Fast iterate and learn as much as possible, as early as possible,
while it is still affordable.

WASTE PREVENTED: Defects, waiting, overprocessing, overproduction,
transportation.

EXPLANATION: “Empirical evidence shows that poor decisions early in the
process have a negative impact on cost and timing, which increase
exponentially as time passes and project matures. Although this is generally
recognized, very few companies understand how to take advantage of the
golden front-end opportunity by making wise front-end investments. Toyota
is one of the few.” [Morgan and Liker, 2006, p. 39].

Implementing quick and inexpensive trial-and-error iterations in early program
phases permits exploration of a large number of alternatives while costs are
orders of magnitude lower than they would be in later stages. This approach
converges on an optimum solution earlier and makes it cheaper.
Furthermore, it is conducive to a steady and robust work flow during
subsequent program flows. Iterations should be planned and budgeted
accordingly. Needed functions should perform the planning together for
optimum cross-function iterations.

A number of modern technologies are available to execute iterations
effectively: rapid prototyping, rapid testing, digital preassembly, modularity,
models, simulations, and spiral development.

As Morgan and Liker [2006, p. 82] point out: “By aligning objectives across
functions and developing designed-in countermeasures, Toyota enables
synchronized, cross-functional process flow and eliminates one of the mortal
enemies of flow in product development—unscheduled and late engineering
changes. These engineering changes disrupt the process, drive excessive
cost, and negatively impact quality.”

Note: Subenabler 3.2.5 is closely linked to subenabler 3.3.1: “Explore multiple
concepts, architectures and designs early.”
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SUGGESTED IMPLEMENTATION: Training of engineers and managers in
the benefits and efficient usage of early trade space exploration.

LAGGING FACTORS:
e Jumping to a point-design too early without exploring the trade space.

o Earned-value pressures to show tangible progress early.
o False sense of making quick initial progress without exploring alternatives.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25" International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.
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LEAN PRINCIPLE 3: Flow

ENABLER: 2. Clarify, Derive, Prioritize Requirements Early and Often
During Execution.

SUBENABLER(S) AND USE RANKINGS:

6. Identify a small number of goals and objectives that articulate what the
program is set up to do, how it will do it, and what the success criteria
will be to align stakeholders—and repeat these goals and objectives
consistently and often. (U = (.28)

VALUE PROMOTED: Constant focus on and alignment with the main goals
and objectives of value propositions.

WASTE PREVENTED: All types of waste, primarily rework and waiting.

EXPLANATION: The present corporate culture tends to compartmentalize
engineers through office architecture (people working in their individual
cubicles at their computers), geographical distribution, and narrow technical
tasks. In addition, many engineers are employed on only relatively short
tasks in much longer programs. This environment is not conducive to good
understanding of a big picture: what a program is all about, what the value
is of the system being created, and which customer needs are being served.
Without this knowledge, engineers are unlikely to produce good value. At
best they will satisfy minimum requirements. Good managers understand
this. They identify a small number of goals and objectives that articulate
what a program is set up to do, how it will do it, and what the success
criteria will be to align stakeholders—and repeat these goals and objectives
consistently and often to all stakeholders. This is particularly important in
large, long, distributed programs.

SUGGESTED IMPLEMENTATION: This is one of the easiest subenablers
to implement: Just follow the subenabler instruction and insist on repeating
these goals and objectives consistently and often. Instruct new hires
immediately about the program goals and objectives.

LAGGING FACTORS:
o Geographical distribution of program stakeholders.

o Compartmentalized office architecture and culture.

e Overutilization of people leaving no time to think of what is really
important; “can’t see the forest for the trees.”
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SUGGESTED READING:

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, Apr. 23,
2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25" International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.
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LEAN PRINCIPLE 3: Flow
ENABLER: 3. Front Load Architectural Design and Implementation.

SUBENABLER(S) AND USE RANKINGS:
1. Explore multiple concepts, architectures and designs early. (U = 0.44)

2. Explore constraints and perform real trades before converging on a
point design. (U = 0.46)

VALUE PROMOTED: Frontloading shortens overall program time, while
lowering total cost and improving quality.

WASTE PREVENTED: All types of waste.

EXPLANATION: An early exploration of multiple concepts, architectures,
designs, and constraints is a critical aspect of frontloading. This is
conducive to finding optimum solutions that remain stable and robust
throughout a given program. Frontloading seems counterintuitive because it
requires a larger effort to be performed early, appearing to slow the progress
without producing easy results, while an immediate solution is already in
sight. Many budget-focused managers rebel against spending program
resources early and instead push to a point design. Also, many contracts
governed by the earned-value bookkeeping promote quick focus on
deliverables. They are wrong. In fact, it is the opposite approach of jumping
to a preconcieved notion or a point design too early, without understanding
the entire tradespace and constraints—which often leads to massive
cross-functional iterations and design changes in later design stages when
iterations are dramatically more costly and time consuming. Experienced
engineers understand the benefits of frontloading.

Tradespace exploration of an entire system also prevents suboptimum solutions
of incompatible subsystems and parts.

A particular approach to frontloading involves exploration of alternatives to
systematically narrow the trade space down to a single, optimum final
choice. This approach is known as “set-based concurrent engineering,” a
term coined by an academic group of authors from the University of
Michigan (A. C. Ward, J. K. Liker, J. J. Cristiano, and D. K. Sobek II).
Set-based concurrent engineering is usually contrasted to iterative
point-based design. Iterating design when starting from a point design carries
the risk that the number of iteration loops is unknown and could consume a
significant portion of budget and schedule. And, in extreme cases, this may
require changes to requirements. In contrast, set-based approaches
predetermine the number of sets to evaluate. See also subenabler 3.2.5.
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SUGGESTED IMPLEMENTATION:
¢ Training of engineers and managers in the benefits and methods of efficient
early trade space exploration.

¢ Expert managers should lead the trade space exploration effort.

Morgan and Liker [2006, pp. 48—51] propose the following approach to the
set-based design (paraphrased):

o Intentionally identify multiple solutions to design problems before selecting
just one.

e Encourage engineers (both upstream and downstream) to discuss alternatives
early before a fixed decision has been reached on a single design from one
perspective.

¢ Use set-based tools such as tradeoff curves to identify the trade-offs of
various solutions from different perspectives.

o Capture past knowledge in checklists in the form of graphs and equations
that show the effects of different alternatives.

e Use system methods like parametric design that quickly show system
impacts when parameters are changed.

An example of Toyota’s lean PD process is the Prius hybrid. “At the time this
model was being developed, there was intense pressure to meet aggressive
time lines set by the company president, Mr. Okuda. The timeline was
shortened and shortened despite the fact that the vehicle was to have an
entirely new power train. ... The simplest solution for the chief engineer,
Mr. Uchiyamada, was to short-circuit the process. But Mr. Uchiyamada was
a true Toyota man, a chief engineer whose father was also a chief engineer.
He refused to compromise, insisting on adherence to the established Toyota
process of considering broad alternatives and gradually narrowing the
alternatives until a superior engine, body style, and transmission could be
selected” [Morgan and Liker, 2006, p. 48].

LAGGING FACTORS:
e Jumping to a point-design too early without exploring trade space first.

o False sense of making quick progress without exploring alternatives.
o Earned-value pressures to show tangible progress early.
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SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

¢ J.K. Liker, D.K. Sobek II, A.C. Ward, and J.J. Cristiano, Involving suppliers
in product development in the US and Japan: Evidence for set-based
concurrent engineering. IEEE Transactions in Engineering Management,
May 1996, 43, 2, pp. 214-240.

e D.K. Sobek II, A.C. Ward, and J.K. Liker, Toyota’s principles of set-based
concurrent engineering. Sloan Management Review, Winter 1999, 40, 2, pp.
67-83.

o A.C. Ward, J.K. Liker, J.J. Cristiano, and D.K. Sobek II, The second Toyota
paradox: How delaying decisions can make better cars faster. Sloan
Management Review, Spring 1995a, 36, 3, pp. 43-61.

e C. Ward, D.K. Sobek II, J.J. Cristiano, and J.K. Liker, Toyota, concurrent
engineering, and set-based design, a chapter of Liker et al. (eds.),

Engineered in Japan: Japanese Technology Management Practices. New
York: Oxford Press, 1995b, pp. 192-216.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.
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LEAN PRINCIPLE 3: Flow

ENABLER: 3. Front Load Architectural Design and Implementation.

SUBENABLER(S) AND USE RANKINGS:
3. Use a clear architectural description of the agreed solution to plan a
coherent program, engineering and commercial structures. (U = 0.44)

VALUE PROMOTED: Clear architectural description of the agreed solution
is conducive to subsequent robust and efficient flow and trouble-free
program. This, in turn, tends to reduce waste, cost and schedule, and
promotes satisfaction of stakeholders.

WASTE PREVENTED: All waste categories.

EXPLANATION: Lack of coherent design, or lack of consensus on baseline
design can torpedo the entire program. Best programs achieve a clear
architectural description of the final agreed solution as a major milestone of
frontloading. Such architectures tend to capture critical elements and
interfaces of the system and present them in a relatively easy-to-follow
manner, with high level of coherency. Such architecture is easy to share
among program teams and is conducive to error-free interpretations and
detailed planning. Good architecture is also adaptable to efficient changes.

SUGGESTED IMPLEMENTATION: Promote the use of Systems
Architecting in the conceptual phase of the program. Use System Architects
experienced in program domain. Demand that a clear architectural
description representing consensus of major stakeholders be completed
during an early phase of the program and not as an afterthought. Then
disseminate the architecture to program team for subsequent detailed
program planning and execution. Share applicable elements of the
architecture with critical suppliers.

LAGGING FACTORS:
e Lack of culture of architecting the design.

o Lack of systems architects experienced in the domain.
e Schedule pressures driven by earned value.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.
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LEAN PRINCIPLE 3: Fiow

ENABLER: 3. Front Load Architectural Design and Implementation.

SUBENABLER(S) AND USE RANKINGS:
4. All other things being equal, select the simplest solution. (U = 0.12)

VALUE PROMOTED: Reduced unneeded complexity, cost, time, and
frustrations.

WASTE PREVENTED: All waste types.

EXPLANATION: Three well-known mantras apply here:

1. “Any fool can make anything complex but it takes a genius and courage to
create a simple solution.”— Albert Einstein

2. “KISS = keep it simple, stupid”’—a timeless engineering mantra.

3. “Occam’s Razor = one should not increase, beyond what is necessary, the
number of entities required to explain anything.”

Driven by competitive pressures, corporate hunger for large programs, and
frequent government demand for the latest, greatest, and gold-plated, large
companies often pursue excessive options, features, and performance
envelopes. Often, the majority of these features will never be used. The
excessive number of features is also notorious in commercial software. The
implementation of too many features results in excessively complex
systems, complex software and logistics, long and costly testing, difficult
revisions, and complex controls. Such systems can consume budget and
schedule before the program is completed. These programs then face the
choice to either cut corners on testing or extend program schedule and
budget. Neither solution has objective merits. Altogether, there is great merit
in “keeping things simple, all else being equal.”

SUGGESTED IMPLEMENTATION: Chief Engineers (or equivalent role)
should emphasize the importance of seeking the simplest solutions, all other
things being equal.

LAGGING FACTORS:
o Seeking excessive complexity as an element of value.

e The hunger for large programs, and the government’s demand for the latest,
greatest, and gold-plated .

SUGGESTED READING:

e J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.
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LEAN PRINCIPLE 3: Flow

ENABLER: 3. Front Load Architectural Design and Implementation.

SUBENABLER(S) AND USE RANKINGS:
5. Invite suppliers to make a serious contribution to SE, design, and
development as program trusted partner. (U = 0.24)

VALUE PROMOTED: Better and more competitive systems created, less
costly, fewer frustrations in relations with suppliers, better common
understanding of system, fewer problems in flow.

WASTE PREVENTED: Waiting, overprocessing, overproduction,
transportation.

EXPLANATION: As stated earlier, in modern systems, 60—-95% or more of
system value is provided by suppliers. Thus, a healthy, mutually beneficial
partnership between buyers and suppliers, growing the business together, is
critical to long-term success. In such a partnership, suppliers have a vested
interest in providing the best possible solutions to the buyer, so that together
they create a competitive system and grow the market.

The suppliers usually have a deeper and more recent knowledge of ordered
subsystems than the buyer. Trusted suppliers should share this knowledge
with the buyer, as a natural contribution to the partnership. Specifically, the
buyer should invite all strategic and critical suppliers to make a serious
contribution to SE, design, and development, helping to evaluate possible
options, technical and cost tradeoffs, and risks. An ideal interaction should
appear seamless: Supplier engineers should work with buyer’s engineers as
a co-located team designing the system together.

Toyota was one of the earliest corporations developing powerful lean supply
network: “When Toyota started building automobiles, it did not have capital
or equipment for building the myriad of components that go into a car. One
of Eiji Toyoda’s first assignments as a new engineer was to identify
high-quality parts suppliers that Toyota could partner with. At that time they
did not have the volume to give a lot of business to suppliers. In fact, some
days they did not build a single vehicle because they did not have enough
quality parts. So Toyoda understood the need to find solid partners. All that
Toyoda could offer was the opportunity for all partners to grow the business
together and mutually benefit in the long term. So, like the associates who
work inside Toyota, suppliers became part of the extended family who grew
and learned the Toyota Production System” [Liker, 2004, p. 202].
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Being a partner is the highest level of Toyota’s tier structure for its suppliers.
Toyota partners such as Denso, Araco, and Aisin “have grown to be
comparable in size to Toyota and are technically autonomous. They can
design their own subsystems and components and have complete prototype
and test capabilities. They are involved in the earliest concept states at
Toyota, and they often develop sketches before Toyota has created a
contract or even developed formal specifications for the subsystem”
[Morgan and Liker, 2006, p. 183].

SUGGESTED IMPLEMENTATION: Modern knowledge about lean supply
chain management is taught at a master’s level in select top business
schools. Every successful enterprise should strive to acquire and bring the
knowledge in-house, either by sending their own managers to relevant
educational programs or by hiring outside professionals. Benchmarking with
the most progressive corporations will aid in determining gaps in practice
and needed strategic improvements. For competitive reasons, strategies
should be implemented as fast as possible. It is recommended that only the
business schools that have solid knowledge about Lean supply chains
be used.

LAGGING FACTORS: Traditional relationships between buyers and
suppliers, manifested by all the bad habits: over-the-wall communications,
lack of trust, exploitation, short term goals, buying from the lowest bid,
unstable specifications, wars about quality and timeliness, dual inspections,
requirements for certifications of individual parts, and other issues.

SUGGESTED READINGS:

o J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o K. Bozdogan, Supplier Networks Transformation Toolset, Lean
Advancement Initiative, MIT (http://lean.mit.edu), 2004.
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LEAN PRINCIPLE 3: Flow

ENABLER: 4. Systems Engineers to accept Responsibility for
Coordination of PD Activities.

SUBENABLER(S) AND USE RANKINGS:

1. Promote maximum seamless teaming of Systems Engineers and other
Product Development (PD) engineers. (U = 0.36)

2. SE to regard all other engineers as their partners and internal
customers, and vice versa. (U = 0.12)

VALUE PROMOTED: Teaming of SE and other PD engineers, better
planning and execution of programs

WASTE PREVENTED: All categories of waste.

EXPLANATION: Ideal Systems Engineering (SE) is supposed to function
like a healthy nervous system in the body: well-integrated with all other
body parts and across their interfaces, sensing all states in real time,
coordinating all activities, and providing real-time signals, inputs, outputs
and feedback between parts, subsystems and interfaces. Good SE identifies
pain (issues) early and initiates immediate mitigation activities. In order to
have such an ideal SE, excellent teaming is needed between SE engineers
and other Product Development (PD) engineers. Good teaming requires that
both Systems Engineers and other engineers see their primary responsibility
as serving the needs of customers, their programs, and other engineers and
managers.

SUGGESTED IMPLEMENTATION:
o Chief Engineer (or equivalent role) should promote and demand good
teaming between SE and other engineers.

e Ensure all roles understand their contributions to the product development.

o A short training for all engineers (should be conducted at the corporate level
because it serves all programs), demonstrating examples of good and bad
teaming, and impact on programs.

e Lots of mentoring and good examples.

LAGGING FACTORS:

e Separate and bureaucratic Systems Engineering function that is poorly
integrated with technical engineering processes, and focused only on
production of artifacts.

e Lack of good communications, trust, openness, honesty, respect.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 3: Flow

ENABLER: 4. Systems Engineers to Accept Responsibility for
Coordination of PD Activities.

SUBENABLER(S) AND USE RANKINGS:

3. Maintain team continuity between phases to maximize experiential
learning. (U = 0.04)

4. Plan for maximum continuity of Systems Engineering staff during the
program. (U = 0.20)

VALUE PROMOTED: Smooth value flow between program phases.

WASTE PREVENTED: Information loss caused by changes in staff and by
program discontinuities.

EXPLANATION: Some complex technology programs extend over many
years, in exceptional cases reaching 10 to 15 years, or more. Long programs
may suffer from funding instability. Such long time frames cause employees
to retire, change jobs, and new ones to be hired. Each change of
experienced personnel introduces negative impacts on the program, such as
learning errors, reinventing the wheel , changes in approaches, requirements
creep, and loss in organizational memory. For these reasons, shorter
programs are definitely more conducive to efficiency and stability.

Subenabler 3.4.3 addresses the potential loss of experiential learning that
occurs when transitioning across program phases and milestones. Ideally, in
order to minimize the knowledge loss that occurs between different program
phases, the same team should be present across each phase. Good
standardization and configuration management aid the continuity.

In order to minimize the negative impact of long programs, subenabler 3.4.4
promotes maximum continuity of SE staff. In practice, enterprise
management should provide incentives for experienced staff to stay with the
program, or at least be available to return to when needed. Good capture of
program and corporate memory is helpful, but must be balanced against
excessive bureaucracy.

SUGGESTED IMPLEMENTATION:

¢ Create corporate procedures for continuity of critical personnel, for backup
personnel for key stakeholders, and seamless configuration management and
program memory across program discontinuities.

e Build a robust body of knowledge, organized by program, to ensure transfer
of knowledge if the team is no longer available. Create a searchable
database with lessons learned and best practices.

o Budget realistically for the fulfillment of the procedures.
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LAGGING FACTORS:
e Long programs.

e Program funding instability.
o Staff changes in long programs.
e Poor configuration management and poor databases.

SUGGESTED READING: N.A.
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LEAN PRINCIPLE 3: Flow

ENABLER: 5. Use Efficient and Effective Communication and
Coordination.

SUBENABLER(S) AND USE RANKINGS:
1. Capture and absorb lessons learned from almost all programs: “never
enough coordination and communication.” (U = —0.52)

VALUE PROMOTED: Good communications are critical to predictable and
robust execution of work flow and value delivery.

WASTE PREVENTED: All categories of waste.

EXPLANATION: Planning and training for efficient and effective
communications are one of the most critical aspects of any Lean
organization. Neither too little nor too much communication is good for a
program. Too little communication (notorious in large programs) may cause
a large variety of problems, for example: rework of uncoordinated tasks,
issues remaining in hiding and growing to crisis proportions, uncoordinated
interfaces, lack of synchronization of activities, non-optimum solutions, and
many others. Too much spontaneous communication is also undesired:
Complex programs involve thousands of stakeholders, including suppliers.
The theoretical number of potential paths for information to flow between n
people is nx(n — 1)/2. With 1,000 people, the number is 499,500! So ad-hoc
communications “of everybody with everybody else,” including unneeded
emails, can consume precious program time. The amount of communication
and coordination must be just right. This requires experience, good planning
and focused training.

Recent problems with the educational system contribute to the problem. Most
young engineers lack effective communication skills. The K-12 system is
less than perfect in the United States and many other countries. And
engineering education tends to focus on analysis, design, and laboratory
skills, with almost no attention paid to coordination and communications.
Many young engineers prefer “talking” to their computers in their own
cubicles and are not aware of the overwhelming need for efficient and
effective communications with other human beings in complex programs.
Managers hiring new employees must be aware of this widespread problem
and plan accordingly.

In short, communications and coordination must be well planned at the
beginning of a program, and the entire team of stakeholders must be well
trained in such practice, or the program may be destined for trouble.
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Some managers tend to view automated computer tools as a substitute for
good personal communications. While a well-selected tool may indeed help
in capturing and sharing information, it will never be a substitute for
intelligent, effective, and efficient human-to-human communication using
the broadest possible bandwidth. For difficult communications involving
brainstorming, negotiations, and consensus building, nothing is better than
face-to-face co-located conversation. Virtual communication is not quite the
same thing!

A number of enablers deal with communications and coordination. Program
stakeholders are urged to implement all of them to the best of their ability.

Morgan and Liker [2006, p. 261] present this Lean view of Toyota
communications:

o If everyone is responsible, no one is responsible.

o If everyone must understand everything, no one will understand anything
very deeply.

e If all communication is going to everyone, no one will focus on the most
critical communication for their [sic] role and responsibility.

¢ If you inundate your people with reams of data, no one will read it.

SUGGESTED IMPLEMENTATION: An experienced top-level manager
should issue a comprehensive memo or standard for efficient and effective
communications and coordination in an enterprise or program: who with
whom and when and how. Training materials should be prepared, and all
stakeholders in the program should complete such training. The
recommended training scope is one to two hours, plus frequent subsequent
mentoring, a lot of good examples, and disciplined practice. Since all
programs in a corporation benefit from this training, it should be organized
and performed at the corporate level for all employees, soon after hiring. At
a minimum, the rules should include the following points:

¢ Send your email only to those who truly need to read it.

o Instead of verbose text, send only a short email attaching a standardized A3
form presenting an issue.

o If you have a question, immediately locate the person who can answer it and
seek the answer without wasting precious program time.

e Unless the task is routine, identify the internal customer (by name) and
coordinate the task details with the person before starting work, so that you
can execute the task right the first time.

o Let the appropriate managers know immediately if you identify a risk to a
program, delay, or a cross-functional issue, using a standard A3 form.
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LAGGING FACTORS:

e Culture of ad-hoc communications, lack of planning for good
communications, and lack of training in effective communications.

o Culture of isolated engineers working at their computers with all
communications via electronic means.

¢ Fear-inducing managers who blame employees rather than help and mentor
them.

SUGGESTED READING:
o J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
AIAA-2008-4, January 2008.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o J.H. Gittell, The Southwest Airlines Way. McGraw Hill, New York, 2003.
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LEAN PRINCIPLE 3: Flow

ENABLER: 5. Use Efficient and Effective Communication and
Coordination.

SUBENABLER(S) AND USE RANKINGS:
2. Maximize coordination of effort and flow (one of the main
responsibilities of Lean SE). (U = 0.24)

VALUE PROMOTED: Predictable and robust flow of work.

WASTE PREVENTED: Rework, delays, frustrations.

EXPLANATION: This subenabler emphasizes one of the most important
responsibilities of Systems Engineers, namely the proper planning and
coordination of effort and flow. For the flow of work to proceed robustly,
predictably, right the first time, the effort of each task in the flow should be
predictable, well planned, and coordinated with other tasks and with the
overall flow. This requires common planning between IPTs, functions, and
major suppliers. Co-located Value Stream Mapping is an excellent tool for
such planning. Planning for maximum concurrency minimizes schedules.
Load should be leveled as much as possible. The critical path effort should
be clearly identified. (Time buffers may be used to compensate for task
arrival variability.) Task expectations should be defined and well
understood. Tasks should do no more and no less than what is needed to
create value to the customer. When effort is coordinated as described, value
stream is understood, and dependencies and risks are identified, then flow
can proceed naturally. The role of SE is to monitor the state of project to
ensure continuous and predictable flow of value-added effort.

Even the best plan requires some flexible adjustments to tasks. Therefore,
during program execution, Systems Engineers must track and coordinate
tasks in real time, proactively, to assure good progress.

SUGGESTED IMPLEMENTATION:
o Solid understanding of the need to coordinate effort and flow on the part of
Systems Engineers.

e Training of SE engineers and managers in Value Stream Mapping and Lean
flow characteristics.

e Co-location of key SE and functional managers and engineers in the war
room during the planning phase is highly recommended.

e Disciplined adherence to the Value-Stream Map.
e Mentoring, good examples.
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LAGGING FACTORS:
e Ad-hoc rushed planning.

e Lack of culture of precise coordination of effort between IPTs and functions.
e Lack of Lean knowledge.
e Stovepipe culture.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 3: Flow

ENABLER: 5. Use Efficient and Effective Communication and

Coordination.

SUBENABLER(S) AND USE RANKINGS:
3.

Maintain counterparts with active working relationships throughout
the enterprise to facilitate efficient communication and coordination
among different parts of the enterprise and with suppliers. (U = 0.50)
Use frequent, timely, open, and honest communication. (U = 0.48)
Promote direct informal communications immediately as needed.
(U=10.76)

VALUE PROMOTED: Open, honest and direct communications conducted

immediately between the parties involved, as needed, without waiting or
bureaucracy.

WASTE PREVENTED: Primarily waiting waste, but other categories as well.

EXPLANATION: Consider two programs: one heavily stovepiped, the other

one Lean. In the former, when an engineer needs to ask a question of his or
her counterpart in a different department, he or she may be instructed to go
only through the chain of command, so transmits the question to a direct
manager. The manager, possibly busy, pushes the question onto his or her
colleague manager or superior with some delay. That person, again, after
some possible delay, passes the question onto another subordinate. The
answer travels the same way in reverse. Typically, each handoff introduces
information noise and takes away from clarity. The final answer may

reach the originator hours, days, or even weeks later, losing information
quality in all the handoffs. In contrast, in a Lean program the originator
knows his or her counterpart in other departments, is empowered to contact
that person immediately, discuss the issue until both are satisfied, and the
communication is closed in minutes. If this example is multiplied by the
number of employees involved in such communications, we see how the
resultant waste can take up a significant portion of program schedule

and budget.

In Lean organizations, engineers should be empowered and instructed to

communicate directly and informally in real time with their counterparts in
other departments with whom they are expected to communicate. This
minimizes the number of handoffs (each handoff is said to waste 50% of
information) and saves precious program time. In large programs, the
number of employees is so large that just finding the right person to contact
takes valuable time. [Recall: The theoretical number of potential paths for
information to flow between n employees is nx(n — 1)/2]. To overcome such
handoff and waiting wastes, experienced managers encourage engineers to
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set up and maintain counterparts throughout the enterprise to facilitate
efficient communication and coordination. Each pair of engineers knows
each other’s emails, phones, and locations, and communicates immediately
as needed, directly, without having to go through managers or immense
bureaucratic hurdles. Direct links also promote teamwork and collegiality.

The same principle applies even more powerfully to the pairing of engineers
between a buyer and suppliers. In this case, however, before a pair can be
empowered to communicate directly, engineers must complete a short
training on the legality and limitations of the communications in order to
prevent unintended requirements creep (see subenabler 3.5.9). In this case,
well-connected counterparts can save significant time and effort clarifying
requirements and coordinating details directly, rather than going through a
bureaucratic maze—as is practiced in traditional over-the-wall relationships
with suppliers.

Subenablers 3.5.4 and 3.5.5 emphasize the need for such communications to
be open and honest and to be initiated immediately as needed.

SUGGESTED IMPLEMENTATION: Prepare a short training session on the
policy of empowerment and encouragement to communicate with
counterparts directly, immediately, openly, and honestly. Include in training
the points about limitations and legal aspects of communications with
suppliers. Administer such training to all engineers. Mentor in these
practices and offer good examples.

Since communication culture benefits all programs in a corporation, it should
be administered at the corporate level to all employees.

LAGGING FACTORS:
e Stovepipe organization, managers demanding that “everything goes through

ER)

me.

o Culture of fear.
e Lack of adequate knowledge of Lean practices.

SUGGESTED READING:

o J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 3: Flow

ENABLER: 5. Use Efficient and Effective Communication and
Coordination.

SUBENABLER(S) AND USE RANKINGS:

6. Use concise one-page electronic forms (e.g., Toyota’s A3 form) rather
than verbose unstructured memos to communicate and keep detailed
working data as backup. (U = —0.28)

7. Report cross-functional issues to be resolved on concise standard
one-page forms to Chief’s office in real time for his or her prompt
resolution. (U = —0.33)

VALUE PROMOTED: Disciplined, efficient, and effective written
communications.

WASTE PREVENTED: Directly, the time wasted for inefficient
communications. Indirectly, all categories of waste are reduced.

EXPLANATION: Today’s engineers are not known for their great writing
skills. Instead of forcing engineers to waste precious program time
struggling to write verbose emails, memos, or reports, which often end up
incomprehensible anyway, Lean organizations practice written
communications on pre-formatted sheets of A3 size paper. (Why A3?
Historically, this was the largest paper that could fit through a fax machine.)
Programs should design their own forms. (Examples are available in the
literature listed below and on the Internet.) For example, the form intended
to report a cross-functional issue might have the following fields: author
(name, email, location, phone, position), date, issue title, brief explanation,
risk impact, stakeholders affected, root cause analysis, suggested alternative
solutions, proposed solution, and possibly more advanced data such as
effort, cost, and schedule impact. Engineers are formally trained to fill these
forms out efficiently and promptly and instructed to send them as an email
attachment to only tightly selected individuals, without excessive use of the
email “cc:” function. Not every field needs to be filled every time: the
priority is to signal an issue immediately with minimum bureaucracy. No
other attachments, and particularly no verbose reports, should be sent in any
first such communication unless explicitly requested by the recipient or
another stakeholder. Typically, the form should be sent to the office of Chief
SE for followup decisions or actions.

These forms are easy to create, read, and organize into agendas for integrative
events, to sort and classify as a risk item, and to file systematically. Once
employees become comfortable using these forms, their reading perception
improves. Companies that use A3 forms realize significant savings in time
and frustrations. In contrast, verbose unstructured emails and memos
consume precious program time and are a source of never-ending
frustrations.
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Toyota has perfected the use of such A3 forms. They represent not only a
paper form, but also a highly disciplined process of expressing complex
thoughts accurately and efficiently on a standardized single pre-formatted
sheet of paper.

An Internet search on “A3 form” hits a large number of useful samples.

Consider the following quotes regarding A3 reports [Morgan and Liker, 2006,
p. 269]:

e “Force yourself to filter and refine your thoughts to fit one sheet of paper in
such a way that management has all of the [needed information] by reading
a single piece of paper—it is the essence of lean.”

e “A3 is much more about disciplined thinking than it is about any particular
writing technique.”

e “A well-socialized Toyota engineer almost intuitively knows that getting
input from all the right people is necessary and he or she has learned from
experience the value of presenting information concisely and visually.
Without this cultural context, the A3 is a mechanical requirement, an
exercise in summarizing complex information to please the boss. Without
deep thought and consensus-based process, the A3 report is a tool generated
for the wrong reason. In lean thinking, it is the process of producing not the
result of producing the A3 that makes it a powerful method.”

¢ A problem-solving A3 would succinctly state the problem, document the
current situation, determine the root cause, suggest alternative solutions,
suggest the recommended solution, and have a cost-benefit analysis” [Liker,
2004, p. 157].

SUGGESTED IMPLEMENTATION:
e Explore the numerous examples of A3 forms available on the Internet, select
the most appropriate, and redesign to fit company or organization needs.

e Train all engineers, technicians, and managers in the proper use of the forms

o Set up databases to capture forms efficiently and create easy searches and
access.

e Mentor, offer good examples, and disallow verbose ad-hoc texts.

LAGGING FACTORS:
e Ad-hoc communication culture.

e Tolerance for imperfect verbose texts.
e Lack of policies for efficient communications.

SUGGESTED READING:

o J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o http://www.coe.montana.edu/ie/faculty/sobek/a3/index.htm, authored by
Duward Sobek.
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LEAN PRINCIPLE 3: Flow

ENABLER: 5. Use Efficient and Effective Communication and
Coordination.

SUBENABLER(S) AND USE RANKINGS:

8. Communicate all expectations to suppliers with crystal clarity,
including the context and need, and all procedures and expectations for
acceptance tests and ensure the requirements are stable. (U = 0.35)

9. Trust engineers to communicate with suppliers’ engineers directly for
efficient clarification, within a framework of rules (but watch for
high-risk items that must be handled at the top level). (U = 0.36)

VALUE PROMOTED: Right the first time deliveries of quality parts and
supplied subsystems. Predictable and robust testing. Verification and
qualification processes. Program cost and time savings.

WASTE PREVENTED: Defects, delays, and related managerial and legal
costs of resolving disputes on non-conforming parts.

EXPLANATION: Modern programs outsource 60—95% or more of value
creation to suppliers; therefore, good relations with suppliers is critical. Yet,
traditional relationships, still frequently practiced, are notorious for conflicts
over cost, timeliness, and quality of supplies. A frequent scenario proceeds
as follows. A buyer submits rushed, late, and incomplete specifications to a
supplier. The specifications lack clarity and precision regarding tests that the
supplied items must pass. The specifications fail to include a broader
description of need and context, a feature often necessary to help suppliers
do the job right the first time. The channels for easy clarification of
technical information do not exist or are burdensome and bureaucratic. The
supplier delivers the ordered part on time and within the agreed price only
to fail some receiving tests that were not explicitly included in the original
specifications. The buyer insists that the tests are legitimate. The supplier
points to the lack of clear test descriptions in the specifications. At this time,
the big guns enter the picture: contract lawyers, high-level managers. After
a significant amount of negotiations, frustrations, and delays, if not
additional payments, a forced agreement is reached to rework or retest the
failed part. In the meantime, precious program time and budget have
suffered a hit. The transaction leaves all parties unsatisfied, and the supplier
is removed from the preferred list.
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Who is at fault? Of course, the buyer. The buyer has both a legal and
professional responsibility to:

1. Provide suppliers with timely and crystal clear specifications not only for
parts, but also for all tests that the parts are expected to pass. The supplier
can then make certain the parts pass all necessary tests before delivery.
Tests can be witnessed by the buyer—then no second test should be needed
at the receiving end (the second test represents a waste of rework and
waiting). In ideal buyer-supplier relationships based on long-term
partnerships, supplier quality will be perfect, and buyers will trust their
suppliers. This ideal is achievable but takes work.

2. Ensure all specifications passed to suppliers are stable.

3. Enable efficient and effective direct channels for real-time technical
clarifications of requirements. Clarifications must occur within a framework
of rules. Engineers empowered to clarify must first complete solid training
in such rules to prevent requirements creep. Exception: High-risk items
must be handled at the top level.

4. Strive to develop long-term seamless relationship based on partnership,
honesty, openness, sharing of data, and fairness.

Nothing is obsolete in the mantra by Deming [1982, p. 433]: “Successful
cooperation with suppliers of parts, especially of critical parts, and success
in tests and adjustments of subassemblies, reduce to a rarity any major
trouble in tests of the final assembly” (Deming, 1982, p. 433).

Toyota is well regarded for its excellent supply network. Four quotes illustrate
the network.

¢ Toyota upholds the idea that “it is more expensive in the long run to pick
the cheapest supplier if this supplier is not ready to meet your
requirements.” [Morgan and Liker, 2006, p. 192]

e The underlying purpose of developing seamless partnerships with suppliers
and the product development team is that the customer cannot tell the
difference between the two. “Toyota recognizes this and makes sure that
every car part reflects Toyota quality. To achieve this, they make [sic] every
supplier an extension of Toyota’s PD process and lean logistics chain.
Toyota delegates tasks to suppliers, but ultimately, it is Toyota that is fully
responsible and fully accountable for all subsystems as well as the final
product. Outsourcing does not absolve Toyota of responsibility and
accountability.” [Morgan and Liker, 2006, 180]

¢ “When Toyota invites a supplier to send guest engineers, it is a significant
commitment to long-term co-prosperity. The supplier knows they have [sic]
earned a long-term place in the Toyota enterprise. These are highly coveted
positions. The supplier will become intimately familiar with Toyota’s
product development practices and get advanced information on new model
programs”. ... The suppliers know that their engineers benefit a great deal
from their experience at Toyota, learning ‘The Toyota Way’ of engineering.
[Morgan and Liker, 2006, pp. 193—194]
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e “New U.S. suppliers seldom meet Toyota’s expectations at first, and it can
be challenging for both parties to work together. For example, ... the
Toyota designer developed a supplier by teaching the proper way to collect
accurate tolerance data, analyze it, and develop corrective actions to improve
quality in manufacturing. In the traditional supplier-company relationship,
this seldom happens” [Morgan and Liker, 2006, p. 191].

SUGGESTED IMPLEMENTATION: Transitioning from traditional over the
wall bureaucratic relationships with suppliers and selecting suppliers based
on lowest bid to modern supply-chain management based on partnership and
commonality of long-term business goals is not easy. Effective
implementation includes the following basic steps:

o Top managers of a Purchasing Department (or equivalent name) should
obtain excellent education and knowledge in modern Lean supply-chain
management or hire such managers.

e The managers should comprehensively implement new strategic
management of supply chains, if necessary with assistance from expert
consultants. This can be a multi-year effort. In fact, such an effort never
ends because new suppliers join the network all the time.

e Train other stakeholders (engineers and managers authorized to interact with
suppliers directly) in the applicable rules to build common culture of
cooperation, teamwork, and partnership, without risking unauthorized
requirements creep or contract change.

o Patiently keep developing relations with suppliers that are based on
openness, teamwork, good communications, mutual interest, fairness,
long-term partnership, but demand Lean knowledge and practice of all
suppliers.

LAGGING FACTORS:
o Traditional selection of suppliers from lowest bid for a single contract.

e Multiple suppliers for same items.
e Over the wall distrustful relationships with suppliers.

¢ Tradition of providing suppliers with poor or incomplete specifications and
being late.

e Not telling suppliers how parts must be tested.

SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.

o K. Bozdogan, Supplier Networks Transformation Toolset, Lean
Advancement Initiative, MIT (http://lean.mit.edu), 2004.

e W.E. Deming, Out of the Crisis. Massachusetts Institute of Technology,
Center for Advanced Engineering Study, 1982.
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LEAN PRINCIPLE 3: Flow
ENABLER: 6. Promote Smooth SE Flow.

SUBENABLER(S) AND USE RANKINGS:
1. Use formal frequent comprehensive integrative events in addition to
programmatic reviews. (U = 0.00):

a. Question everything with multiple “whys.” (U = —0.04)

b. Align process flow to decision flow. (U = 0.16)

c. Resolve all issues as they occur in frequent integrative events.
(U = —-0.08)

d. Discuss tradeoffs and options. (U = 0.72)

VALUE PROMOTED: Steady, predictable, and robust flow of PD program

WASTE PREVENTED: All waste categories, including schedule and budget
overruns.

EXPLANATION: In Chapter 4, Section 4.2 contains a description of the
process termed “Lean Product Development Flow (LPDF)” [Oppenheim,
2004]. This process is intended for a special class of smaller and low-risk
projects. But, certain process practices apply to all programs, and they are
summarized here. This process promotes frequent and comprehensive
integrative events (meetings) because long time intervals between reviews
are the PD equivalent of manufacturing inventory, which is a source of
significant waste. In PD, issues should be identified and dealt with in real
time when they are small and easy to mitigate. Concealed or left
unaddressed, issues tend to grow, even reaching crisis proportions. If small
issues can be addressed and resolved during daily standup meetings, so
much the better. However, many problems, especially cross-functional
issues and larger risks, require a more comprehensive coordination between
functions and resolution by top managers, often requiring longer meetings.
These meetings should be held frequently and periodically. Weekly meetings
are recommended. All new significant issues should be addressed and
mitigated or resolved during the meetings. In addition, the meetings serve to
perform precise planning for next work period and to address all new
questions. Integrative events should have well-scripted agendas. The Chief
Engineer (or equivalent role) or his or her deputy should conduct the
meetings, asking multiple questions “why” to stimulate better decision
making, better alignment of process and decision flow, and better discussion
of current tradeoffs and options. Many decisions can be made on the spot.
Experience indicates that best programs allocate enough time for such
comprehensive meetings, provided the meetings are planned and executed
productively. Meeting agendas should be based on those issues and
questions submitted by program stakeholders in real time during the
preceding week (preferably on A3 forms).
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SUGGESTED IMPLEMENTATION:

e The implementation should start with solid training (about one day) for all
technical and managerial employees in the program. Training should cover
benefits and scope of periodic integrative events.

e The program should be led by a Chief SE who possesses the following
competences: domain, Systems Engineering, Lean, and leadership. If such
leaders are lacking, companies should begin to groom them ASAP, as
described in Oppenheim [2004].

LAGGING FACTORS:
e Long periods between integrative events.

e Culture of only short bureaucratic status meetings; lack of frequent
comprehensive integrative events .

e Focus on bureaucratic artifact production rather than on immediate
resolution of issues.

¢ Dissolved management and lack of leadership.
e Lack of good planning.

SUGGESTED READING:

e B.W. Oppenheim, Lean product development flow. Journal of SE, 2004, 7,
4, pp. 352-376.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 3: Flow
ENABLER: 6. Promote Smooth SE Flow.

SUBENABLER(S) AND USE RANKINGS:

2. Be willing to challenge the customer’s assumptions on technical and
meritocratic grounds and to maximize program stability, relying on
technical expertise. (U = 0.48)

VALUE PROMOTED: Better requirements. More direct path to the
validation of the value proposition

WASTE PREVENTED: Starting the program with poor requirements leads to
dysfunctional and failed programs. All categories of waste are affected.

EXPLANATION: In an ideal world, value proposition should be perfectly
captured in requirements, specifications, goals, Concept of Operations
(CONOPS), and other such documents. Yet, many acquisition programs
have the funding approved and proceed to a Request for Proposals (RFP)
phase with incomplete, incorrect, or mutually conflicted top-level
requirements. Numerous reasons contribute to this: too many stakeholders,
lack of expertise (or even competence) in the product or mission on the part
of customer stakeholders, rushed jobs by government agencies pressed by
funding urgency, lack of coordination of value with actual end users,
rotation of government employees in the middle of value formulation,
assumptions by customers that some aspects of value are self-evident and do
not need to be spelled out, and many others. Deming [1982, p. 143] points
out that “the customer’s specifications are often far tighter than he needs. It
would be interesting to ask a customer how he arrives at his specifications,
and why he needs [what] he specifies.”

Recent U.S. government publications (see Section 5.2) indicate that practically
all governmental programs suffer from some of these deficiencies. Therefore,
contractors must be willing to challenge customer assumptions when doing
so is justified for the good of the customer and for value. The challenge
must be based on technical and cost/schedule merits, not on arbitrary
preference of the contractor. Changes suggested must be justified by experts.

SUGGESTED IMPLEMENTATION: This subenabler is relatively easy to
implement; all that is needed are instructions from Chief SE to the program
team whereby, “if you see something wrong with the requirements,
including customer’s requirements, provide a solid technical justification for
what and why it is wrong, and report it up the chain of command to the
Program Office” (the sole party authorized to challenge customers).
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LAGGING FACTORS:

¢ Acceptance of everything that comes from customers as sacred, not to be
challenged under any circumstances, even if it their requirements are wrong
or would increase program scope.

¢ Rigid mental walls between the customer and the contractor stakeholders.
¢ Bureaucratic management.

SUGGESTED READING:
e G.H. Plenert, Reinventing Lean: Introducing Lean Management into the
Supply Chain. Butterworth-Heinemann, 2007.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25" International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e W.E. Deming, Out of the Crisis. Massachusetts Institute of Technology,
Center for Advanced Engineering Study, 1982.
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LEAN PRINCIPLE 3: Flow
ENABLER: 6. Promote Smooth SE Flow.

SUBENABLER(S) AND USE RANKINGS:
3. Minimize handoffs to avoid rework. (U = —0.04)

VALUE PROMOTED: Right the first time execution of tasks.
WASTE PREVENTED: Rework, delays, frustrations.

EXPLANATION: As explained under subenablers 3.5.3-3.5.5, information
handoffs represent nasty waste in organizations that create and move around
lots of information. The well-known children’s game “telephone” introduces
this succinctly. Consider the mechanism of a handoff in a complex work
environment: The person asking a question has in his or her mind the rich
understanding of a problem in its context. Based on this rich context, he or
she formulates a question involving only a few words in a natural language,
each word having several dictionary meanings. The recipient hears only the
imperfect question and not the background context. So, this person answers
accordingly, also using inherent linguistic ambiguities. Each verbal handoff
is said to lose 50% of the information intended. If performed in series n
times, the end product contains (0.5)" of the original meaning. Thus, a
not-infrequent practice of following the chain of command and directing a
question orally via this chain—from employee to a manager to another
employee, and back—would transmit only 6.25% of the relevant
information. In addition, people may not be available to answer the question
immediately, and precious program time is wasted waiting for answers. Of
course, written questions survive handoffs better than spoken, but still suffer
from context losses. As Morgan and Liker [2006, 73] point out: “In
manufacturing, [...handoff] means moving parts and products unnecessarily.
In product development, it means unnecessary handoffs from one overly
specialized activity to another, and more specifically, information changing
hands, whether by word, picture, or data exchange. This waste leads to the
loss of momentum, information, and accountability in the process. It is also
commonly accepted dysfunction in traditional PD systems.”

In contrast, in lean organizations employees are empowered, trained, and
directed to locate needed sources of information for direct and immediate
contact.

SUGGESTED IMPLEMENTATION: Empowering the employees to
coordinate questions directly requires a somewhat advanced lean culture
based on trust, honesty, openness, and respect and also responsibility and
accountability. Thus, these aspects of organizational culture should be
implemented as soon as possible. Experience indicates that transition from
traditional silo culture to Lean culture takes time and effort and must be
driven by top managers in a systematic way, starting with a comprehensive
training in Lean.
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LAGGING FACTORS:

¢ Silo-type organizations.

e Lack of trust in employees being able to communicate directly.
e Lack of training in effective communications.

SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26" International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.




154 LEAN ENABLERS FOR SYSTEMS ENGINEERING

LEAN PRINCIPLE 3: Fiow

ENABLER: 6. Promote Smooth SE Flow.

SUBENABLER(S) AND USE RANKINGS:
4. Optimize human resources when allocating VA and RNVA tasks.
(U =10.08):

a. Use engineers to do VA engineering. (U = 0.36)

b. When engineers are not absolutely required, use non-engineers to do
RNVA (administration, project management, coasting, metrics,
program, etc.) (U = 0.08)

VALUE PROMOTED: Better utilization of human resources, program cost
savings.

WASTE PREVENTED: Waste of expensive human resources. Frustrations
from engineers who are asked to perform non-engineering work.

EXPLANATION: Many programs are burdened with administrative tasks that
represent Required Non-Value-Added (RNVA) activities. A not-infrequent
practice is to utilize employees for administrative RNVA tasks, regardless of
their job description and professional preparation. This subenabler promotes
utilizing engineers for VA engineering work, and assigning simple
administrative (bureaucratic?) RNVA tasks to less-expensive administrative
employees. Even when an engineer appears to have nothing to do, instead of
burdening him or her with RNVA tasks, it is often cheaper in the long term
to ask a non-engineer to do the RNVA task and to ask the engineer to focus
on continuous improvement, learn new knowledge, upgrade checklists and
procedures, implement lessons learned, observe and learn from another
departments or suppliers, or other such tasks.

Clearly, there may be exceptions to this rule: periods of emergencies,
all-together work marathons to meet deadlines, for example, but they
should be called for judiciously and only rarely.

SUGGESTED IMPLEMENTATION: Easy to implement. A simple
command from the Program Office to use only non-engineers for
administrative tasks and to use engineers for actually needed engineering
tasks or for continuous improvement, training, rotation, etc. A RASI tool is
effective for assigning appropriate tasks to appropriate stakeholders.

LAGGING FACTORS: Managers who wish to employ everybody to 100%
of capacity all the time and do not appreciate the value of continuous
improvement, continued education, and professional activities that pay
long-term dividends.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 3: Flow
ENABLER: 6. Promote Smooth SE Flow.

SUBENABLER(S) AND USE RANKINGS:
5. Ensure the use of the same measurement standards and database
commonality. (U = 0.13)

VALUE PROMOTED: Right the first time flow of design and manufacturing.

WASTE PREVENTED: Rework, information churning, the high cost of using
2D drawings, overprocessing, and, indirectly, all other types of waste.

EXPLANATION: At its simplest, this subenabler promotes making sure that
the same set of units are used within an entire enterprise to avoid disasters
such as the infamous Mars Climate Orbiter failure caused by different
stakeholders using different unit systems. Significant savings can be realized
when all stakeholders use the same measurement standards and a common
central database, based on a common and well-integrated 3D tool set. The
modern 3D tools are so advanced that the entire system geometry and all
characteristics, dimensions, material properties, notes, manufacturing
instructions, tool paths, and assembly simulations can now be handled
efficiently within an integrated set of CAE tools, all using a common
database. Ideally, an integrated tool set should include 3D modeling and a
complete set of analyses, assembly simulation and tolerance checking,
manufacturing tool paths design, and associated design and manufacturing
functions. The database information should be divided into different files or
levels each with distinct and secure access to be used by specific suppliers
who, as a condition for a contract, must install compatible workstations to
read (but not alter!) 3D part definitions. This approach saves significant
costs by totally eliminating the need for 2D drawings, a costly and
error-prone dinosaur of the past.

Sharing a common database among all stakeholders facilitates the use of
common measurement standards, common reference planes and tolerance
standards, and other manufacturing standards.

SUGGESTED IMPLEMENTATION:
o In every contract spell out the system of units to be used and disseminate
this information to all stakeholders, with compliance feedback.

o Insist that 2D drawings be abandoned throughout all programs.

e Purchase a well-integrated 3D modeling and analysis tool set with options
supporting an entire PD lifecycle. Demand that all suppliers of parts install
reading stations. Then give suppliers controlled electronic access to only the
data they need.

e Construct and use a well—thought-out central database and central release
system.

o Train all engineers in the use of the tools.

These steps are already implemented at most high-tech companies. The steps
should be migrated to lower tier suppliers.
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LAGGING FACTORS:

e The use of 2D drawings. This is often required in government contracts by
inexperienced staff who are not aware of progress and the huge benefits of
using 3D integrated toolset.

e Government contracts, and earned-value metrics that measure progress by
the number of drawings released. This is a 19th-century requirement applied
in the 21st century.

e Mergers of companies with different tools, databases, and standards.

e Resistance from traditional suppliers.

SUGGESTED READING:

o A. Haggerty, Lean Engineering, lecture, MIT Minta Martin lecture series
(available on DVD from the MIT LAI).

e H. McManus, A. Haggerty, and E. Murman, Lean engineering: a framework
for doing the right job right, The Aeronautical Journal, February 2007, 111,
1116, pp. 105-114.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25™ International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.
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LEAN PRINCIPLE 3: Flow
ENABLER: 6. Promote Smooth SE Flow.

SUBENABLER(S) AND USE RANKINGS:
6. Ensure that both data deliverers and receivers understand the mutual
needs and expectations. (U = 0.36)

VALUE PROMOTED: Right the first time execution of tasks, reduction of
program schedule and cost.

WASTE PREVENTED: Rework, overprocessing, delays.

EXPLANATION: As explained under subenablers 4.2.4-4.2.9, engineers tend
to be proud professionals who like to think they “know what they are
doing.” Frequently, they execute their assigned tasks according to written
specifications—only to discover that the next person in the value chain (the
Receiver, a.k.a. internal customer) rejected the task output because it did not
exactly conform to the receiver’s needs or expectations. In our complex
technological world, few tasks are so routine that written specifications are
sufficient and no followup verbal clarification and coordination are needed.
When a task output is rejected, it must be redone, causing the program to
suffer the waste of rework, consuming resources and delaying progress. This
waste is notorious in so-called stovepipe organizations, in which engineers
receive written task specifications from their managers and send output back
up to managers for approval and passing on. Frequently, in such
organizations, an engineer executing a task (the Giver) does not even know
who his or her Receiver is (internal customer other than his or her own
manager).

In order to avoid this waste, for every non-routine task, the following is
promoted by the subenabler: (1) learn who the internal customer (Receiver)
is for your task (it is rarely your manager who should rather serve as an
enabling party and a traffic cop); (2) coordinate task nuances (scope,
modalities, output format, etc.) with the Receiver customer before work on
the task begins, reach a clear consensus and minimize bureaucracy; and
(3) stay connected to the Receiver to resolve any doubts or questions that
may appear during task execution. This will promote execution right the
first time and avoid rework waste and delays.

In order for this transaction to work, both data deliverer and receiver must
understand one another’s mutual needs and expectations, basing their
expectations on professionalism, teamwork, trust, honesty, openness, and
respect. In those rare cases of conflict, issues must be resolved by
maximizing value to an end customer.
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SUGGESTED IMPLEMENTATION:
¢ An instruction from a top manager explaining this subenabler and
demanding compliance.

e General training in Lean culture.
e Mentoring and good examples.

LAGGING FACTORS:
¢ Silo organizations, disjointed departments and divisions.

e Work assignments and results flowing vertically
(manager—engineer—manager) rather than horizontally, along a value chain,
from engineer directly to another engineer.

e Lack of trust, openness, honesty, teamwork, respect.
e Lack of Lean training.

SUGGESTED READING:

e B.W. Oppenheim, Lean product development flow. Journal of SE, 2004, 7,
4, pp. 352-376.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25™ International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006, pp. 1-11.
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LEAN PRINCIPLE 3: Flow
ENABLER: 7. Make Program Progress Visible to All.

SUBENABLER(S) AND USE RANKINGS:
1. Make work progress visible and easy to understand to all, including
external customers. (U = 0.36)

2. Utilize Visual controls in public spaces for best visibility (avoid
computer screens). (U = 0.08)

3. Develop a system making imperfections and delays visible to all.
(U=0.16)

4. Use traffic light system (green, yellow, red) to report task status
visually (good, warning, critical) and make certain problems are not
concealed. (U = 0.80)

VALUE PROMOTED: Adherence to schedule, budgets, and requirements;
visibility of progress; visibility of imperfections; motivation for immediate
corrective actions.

WASTE PREVENTED: Directly rework and delays, indirectly all other waste
types.

EXPLANATION: Experience from Lean companies indicates that visibility of
work status and imperfections is conducive to better work flow. “Traditional
business processes have the capacity to hide vast inefficiencies without
anyone noticing— people just assume that a typical process takes days or
weeks to complete. They don’t realize that a lean process might accomplish
the same thing in a matter of hours or even minutes.” [Liker, 2004, 88]. The
present four subenablers (3.7.1-3.7.4) promote wide use of the so-called
Visual Controls in the PD environment to make all relevant information
visible to all, displayed on marker boards in clearly visible spaces. “There
are many excellent examples of Visual Controls in everyday life, such as
traffic signals and signage. Because it is a matter of life and death, traffic
signals tend to be well-designed visual controls. Good traffic signs don’t
require you to study them: their meaning is immediately clear.” [Liker,
2004, p. 152].

“The Toyota Way recognizes that visual management complements humans
because we are visually, tactilely, and audibly oriented. And the best visual
indicators are right at the work station, where they jab out at you and
clearly indicate by sound, sight, feel the standard and any deviation from the
standard. Well-developed visual control system increases productivity,
reduces defects and mistakes, helps meet deadlines, facilitates
communication, improves safety, lowers costs, and generally gives the
[employees] more control over their environment.” [Liker, 2004, p. 158].
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The following are examples of Visual Controls used in PD environment:

o A well-visible marker board hanging just outside each engineer’s cubicle,
divided into rows and columns; rows listing all task at hand, and columns
showing task status (green = task proceeding fine; yellow = minor trouble
but the person expects to meet the deadline; red = major issue that may
affect the deadline or quality—and a signal to the supervisor: “I may need
help”), deadline, corrective actions undertaken, and brief comments. These
boards should be updated as soon as the status of any task changes. It takes
a few seconds to update them.

o Larger marker boards hanging on a visible wall showing the information
important to an entire department (e.g., schedule monitoring, location of
employees, perhaps quality trend data, meeting announcements, status of
employee training, notes)

o Several large marker boards used in program (project) war rooms, showing
detailed plans, task responsibilities, milestones, schedules, deadlines,
manpower, status of risks, status of supplies, and any other relevant
information. Liker [2004, p. 156] describes the visual controls used at
Toyota in the design war room: “The chief engineer of a vehicle
development project resides in the [war room], along with heads of major
engineering groups working on the project. It is a very large conference war
room (emphasis of the present author) in which many visual management
tools are displayed and maintained by the responsible representatives of the
various functional specialties. These tools include the status of each area
(and each key supplier) compared with the schedule, design graphics,
competitor tear-down results, quality information, manpower charts,
financial status, and other important performance indicators. These tools can
be reviewed by any of the team members. Any deviation from schedule or
performance targets is immediately visible. ...”

e Green, yellow, and red work status marks (flags, marker signs, magnetized
dots, or lights) make imperfections and issues visible to all in real time. An
issue that is flagged early tends to be easier to fix. Concealed issues tend to
grow to crisis proportions, torpedoing program progress, and requiring
heroic actions to resolve.

¢ Visual controls are highly motivational to best work and to continuous
improvement.

o They obviate the need for a manager to ask intimidating questions. Instead
the manager seeing the red signal comes to offer help. This alone is
conducive to great work morale.

¢ These controls visually communicate deviations of work status from the
expected norm (assigned schedule, quality, etc.)

Some companies implement Visual Controls as computer screens. This is not
recommended because it obviates the intended purpose: Individuals see
those screens only when looking at them, and most of the time these screens
remain invisible concealing the critical information. The goal of Visual
Controls is to make all important information visible to all, all the time.
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SUGGESTED IMPLEMENTATION: These subenablers are easy to
implement. The first step is a short training to explain the benefits of Visual
Controls in PD environment to employees and gain their trust. Immediately
after training, engineers and managers should brainstorm together in small
teams what information to display, where, how, and how often to update it.
Managers should resist the strong pull toward computer screens and should
insist on posting the information on room and cubicle walls. The company
should purchase all necessary materials (marker boards, markers, and color
marks). After initial implementation, continuous improvement and 5Ss
should be used to keep perfecting the system. The system will be successful
when employees are not afraid to display the truth and when managers
demonstrate their willingness to help employees when needed.

LAGGING FACTORS:
e Authoritarian management style.

e The culture of secrecy.
e Lack of honesty, openness, trust, respect.

SUGGESTED READING:

o J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
AIAA-2008-4, January 2008.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e B.W. Oppenheim, Lean product development flow. Journal of SE, 2004, 7,
4, pp. 352-376.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25" International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.
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LEAN PRINCIPLE 3: Fiow

ENABLER: 8. Use Lean Tools.

SUBENABLER(S) AND USE RANKINGS:

1. Use Lean tools to promote the flow of information and minimize
handoffs: small batch size of information, small takt times, wide
communication bandwidth, standardization, work cells, training.
(U=-0.12)

2. Use minimum number of tools and make common wherever possible.
(U=-0.04)

3. Minimize the number of the software revision updates and centrally
control the update releases to prevent information churning. (U = 0.36)

4. Adapt the technology to fit the people and process. (U = 0.17)

5. Avoid excessively complex monument tools. (U = —0.04)

VALUE PROMOTED: Shorter schedule, lower cost, and better work flow in
programs.

WASTE PREVENTED: Primarily delays and overproduction, but all other
categories of waste are also affected.

EXPLANATION: Tool technology should fit people and processes, and not
vice versa. Computer tools should aid employees and organizations in
improving productivity of PD effort: speeding up the flow of quality work,
bringing programs within cost, and minimizing waste. Lean flow of PD
work requires minimum handoffs, small batches (packets) of information,
short takt periods, standardization, teamwork of co-located engineers (i.e.,
IPTs), and good training. Good software tools should promote these
characteristics. Instead, many software tools seem to do the opposite: They
are exceedingly complex and difficult to learn and use, expensive to
implement, and error prone. This causes rework, promotes large inventories
of data and poor interpersonal communications, and the tools actually slow
program progress.

Since each new tool requires implementation and learning costs, the number of
tools in use should be kept low.

Implementation of each new release of a complex software carries with it
costs, delays, learning curves, and possibly changes in standards and
processes. If one and the same tool is used across several organizations and
suppliers, the new releases should be coordinated across all stakeholders. If
a tool maker introduces frequent releases, program employees may waste a
significant fraction of program schedule and budget just learning and
adapting to new software at the expense of value adding time. For this
reason, the number of update releases should be kept at minimum. It is much
more important that all program stakeholders use the same release version
than for some to have the latest version that is not compatible for the rest.
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Ideally, all released data in a program should be kept in a single electronic
database with efficient release system, using user friendly configuration
management.

Lean manufacturing uses the term monument to sarcastically describe a large,
expensive and complex machine that is faster than what a flow needs—it is
a waste. Such machines consume excessive resources on learning,
maintenance, energy, repairs, and so on. Similarly, in PD, a monument tool
denotes the latest, greatest, and gold-plated software tool that has too many
options, is too complex, and is too expensive to buy, learn, and use. If Excel
can do the job in five minutes, why use hugely complex monument
software that takes one day to complete the same task?

The following is an outline of effective steps adopted under Principle 11
(Avoid excessively complex monument tools) in Morgan and Liker [2006,
pp. 242-243]:

. “Technologies must be seamlessly integrated.

. Technologies should support the process, not drive it.
. Technologies should enhance people, not replace them.
. Specific solution oriented: not a silver bullet.

[ O

. Right size—not king sized.”

SUGGESTED IMPLEMENTATION: Selection of tools requires expert
knowledge of the PD domain and of the SE processes. Experts should
perform careful studies of available tools on the market and match them to
the needs of enterprise stakeholders, including major suppliers, and
customer preferences. Experts should also understand Lean to be able to
make optimum choices.

LAGGING FACTORS:
e Mixed heritage of organizations, each bringing its separate and incompatible
tool suite into the merger*.

e Government push for the latest, greatest, and gold-plated .

e Rushed selection of tools.

e Selection of tools that “do everything.”

e Lack of understanding of stakeholder needs and work flow needs.

*After the mega-mergers of defense companies in the mid 1990s, a Vice President of one joked
to the present author that the merged company had already spent close to $1 billion on software
tool standardization, and was not done yet.

SUGGESTED READING:

o J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.
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7.2.4 Lean Principle 4: Pull

“An unreleased [...] study has found that an alarming percentage of PD process
outputs are not needed by downstream processes, for program knowledge capture, for
meeting regulations, contractual requirements, or quality standards, or for any other
purpose. They are waste.” [McManus, 2004].

Summary Two enablers are listed under this Principle, as follows. The numbers
in parentheses list the number of subenablers under each enabler.

Enabler 4.1 Tailor for a Given Program According to the INCOSE Handbook
Process.

The first enabler listed under each principle emphasizes the same fundamental
point: to add the wisdom of Lean Thinking to the traditional Systems Engineering
process rather than replace the process. So, again, the present enabler recommends
to continue using the INCOSE SE Handbook, or any other equivalent SE handbook
or manual, and in addition to implement the enablers that follow.

Enabler 4.2 Pull Tasks and Outputs Based on Need and Reject Others as
Waste (9)

The “Pull” Principle is a powerful guard against the waste of unneeded tasks,
overprocessed tasks, task rework (not to be confused with legitimately needed and
optimized iteration loops), and tasks that are left over from previous programs or
company habits. Pull promotes tailoring tasks and pulling them and their outputs
based on legitimate need, rejecting others as waste (“legitimate” is interpreted in
the context of Lean SE value definition: “as needed for flawless system success
or mission assurance”). Each task in the flow should be needed by some program
stakeholder, either internal or external customer. Any task for which the team
cannot find a customer should be classified as a waste. Experience from recent
complex programs indicates that the number of unneeded tasks is significant. Some
tasks may have been ordered in a previous program, and the requester forgot to
indicate that this is only a single use of task. A manager may have ordered a
special task for his or her own special application, and this manager is no longer
employed, yet the task is repeated in subsequent programs. Many unneeded tasks
end up in the schedule because an inexperienced person uncritically performs a
cut—and-paste operation from a previous program to the current program.

The following tables describe the Principle 4 subenablers individually.
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LEAN PRINCIPLE 4: pul

ENABLER: 2. Pull Tasks and Outputs Based on Need and Reject Others
as Waste.

SUBENABLER(S) AND USE RANKINGS:
1. Let information needs pull the necessary work activities. (U = —0.04)

2. Promote the culture in which engineers pull knowledge as they need it
and limit the supply of information to only genuine users. (U = —0.04)

3. Understand the Value Stream Flow. (U = —0.32)

VALUE PROMOTED: Shorter and less costly programs.

WASTE PREVENTED: Execution of unneeded tasks.

EXPLANATION: As indicated by low use rankings, recent complex
programs are notorious for including tasks that nobody needs, that perhaps
some manager ordered some time ago for a particular reason, the reason
long forgotten. Many tasks are included by careless cutting-and-pasting from
earlier programs. All such tasks constitute pure waste. Therefore, rigorous
tailoring of tasks and outputs should be done in the planning phase of every
program. The cardinal rules should be:

1. Identify the genuine users for each task output and have them pull
information as needed and supply information only to those who need it.

2. If no user can be identified for a given task output, the task is a waste and
should be eliminated.

“The speed at which technology delivers information in ... product
development is overwhelming. However, not all information is equal to all
people. The lean PD System uses ‘pull’ to sort through this mass of data to
get the right information to the right engineer at the right time.” [Morgan
and Liker, 2006, p. 96].

See also subenablers 2.2.10 and 4.2.4 describing the RASI and SIPOC
planning approaches.

SUGGESTED IMPLEMENTATION: The implementation is quite easy; all
it takes is an instruction from the Chief SE issued at the beginning of the
planning phase to practice the subenablers listed above (4.2.1-4.2.3),
emphasizing the following:

e Do not copy tasks from previous programs to present program carelessly.

o If you cannot find a user for a task output, delete the task.

o The task is legitimate if it supports value creation.
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LAGGING FACTORS:
e Rushed ad-hoc planning.

o Lack of understanding of Value-Stream Mapping techniques for PD.
o Careless insertion of tasks from former programs, regardless of actual need.

SUGGESTED READING:
e H.L. McManus, Product Development Value Stream Mapping Manual . LAI
Release Beta, Massachusetts Institute of Technology, LAI, April 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

e D. Secor, Implementation of Lean Enablers for Systems Engineering at
Rockwell Collins, LAI Knowledge Exchange Event, LAI Plenary, March 23,
2010.
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LEAN PRINCIPLE 4: pun

ENABLER: 2. Pull Tasks and Outputs Based on Need and Reject Others
as Waste.

SUBENABLER(S) AND USE RANKINGS:

4. Train the team to recognize who the internal customer (Receiver) is for
every task as well as the supplier (Giver) to each task—use a SIPOC
(supplier, inputs, process, outputs, customer) model to better
understand the value stream. (U = —0.04)

5. Stay connected to the internal customer during the task execution.

U =032

6. Avoid rework by coordinating task requirements with internal

customer for every non-routine task. (U = 0.08)

7. Promote effective real time direct communication between each Giver
and Receiver in the value flow. (U = 0.24)

8. Develop Giver-Receiver relationships based on mutual trust and
respect. (U = 0.36)

9. When pulling work, use customer value to delineate value adding work
from waste. (U = 0.00)

VALUE PROMOTED: Faster and right the first time completion of tasks.
WASTE PREVENTED: Rework.

EXPLANATION: As mentioned under subenabler 3.6.6, experienced
engineers are proud professionals who like to think that they “know what
they are doing.” Frequently, they execute their assigned tasks according to
written specifications, only to discover that the next person in the value
chain (the Receiver, a.k.a. internal customer) rejects the task output because
it does not exactly conform to the Receiver’s needs or expectations. In our
complex technological world, few tasks are so routine that written
specifications are sufficient, and no followup verbal clarification and
coordination is needed. When a task output is rejected, it must be redone,
causing the program to suffer rework. This waste is notorious in so-called
stove-piped organizations, in which an engineer receives written task
specifications and sends output back up to his or her manager for approval
and passing on. Frequently, in such organizations, the engineer executing
the task (the Giver) does not even know who his or her Receiver is.

In order to avoid this waste, for every non-routine task, the above subenablers
(4.2.4-4.2.9) promote the discipline of every Giver to:

1. Learn who the Receiver (internal customer) is for the task (it is rarely the
manager—who should rather serve as an enabling party and a fraffic cop).

2. Coordinate the task (scope, modalities, output format, etc.) with that
internal customer before the work begins until clear consensus is achieved,
with minimum bureaucracy.
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3. Stay connected to the Receiver to resolve any doubts or questions that may
appear during task execution. This will promote execution right the first
time and avoid rework waste.

In order to avoid conflicts, both Giver and Receiver must base their
interactions on professionalism, trust, and respect.

The Work Breakdown Structure practiced in many program planning efforts is
usually not detailed enough. A better system is to apply the SIPOC model,
defining for each task the Giver, inputs, process, outputs, the internal
customer (a.k.a. the Receiver) to better understand the value stream.

In all Giver—Receiver transactions, there is no substitute for mutual trust and
respect. Both are needed to accept Receiver’s wishes with confidence that
they are indeed legitimate, needed for overall value, and not a whim of the
person. In case of rare conflict, the issue must be resolved by maximizing
value to the end customer.

SUGGESTED IMPLEMENTATION: These subenablers are easy to
implement by a short training session explained under subenabler 3.6.6, or a
written instruction from the top program manager, disseminated to
stakeholders during program preparation phase. The instructions should be
followed by mentoring and good examples.

LAGGING FACTORS:

o Traditional authoritarian culture where work is assigned by a manager, and
the task output goes back to the manager, with the Giver not knowing who
is the Receiver, or why the Receiver needs the information.

e Ad-hoc planning.

e Planning with too low a resolution, e.g., using only the Work Breakdown
Structure.

o Stovepipe organizations.

SUGGESTED READING:

e B.W. Oppenheim, Lean product development flow, Journal of SE, 2004, 7,
4, pp. 352-376.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.
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7.2.5 Lean Principle 5: Perfection

Summary The fifth or “Perfection” Principle strives for excellence and continu-
ous improvement of SE processes and related Enterprise Management. The listed
enablers promote:

e Making all imperfections visible to all, which is motivating for immediate
improvement.

o Comprehensive capture and use of lessons learned from past programs.

¢ Driving out waste through design standardization, process standardization, and
skill-set standardization.

o Employing all three mutually complementary Continuous Improvement (CI)
methods: bottom-up suggestion system; quick-reaction, small Kaizen teams
for fixing local problems; and a formal Six Sigma approach for large complex
problems.

e Excellent communication, coordination, and collaboration to enable CI.

o Elevation of the role of Chief SE to lead and integrate programs from start to
finish.

Seven enablers are listed under this Principle. The numbers in parentheses list the
number of subenablers.

Enabler 5.1 Pursue Continuous Improvement According to the INCOSE
Handbook Process.

The first enabler listed under each principle emphasizes the same fundamental
point: to add the wisdom of Lean Thinking to the traditional Systems Engineering
process rather than replace the process. So, again, the present enabler recommends
the continuation in use of the INCOSE SE Handbook, or any other equivalent SE
Handbook. It also recommends implementing the enablers that follow.

Enabler 5.2 Strive for Excellence of SE Processes. (8)

Continuous improvement of process is often confused with continuous improve-
ment of process content. Process improvements must be pursed continuously for
all important processes if an enterprise is to remain competitive. New knowledge,
methods, tools, procedures, checklists, and lessons learned change all the time and
they must be incorporated into the SE process as soon as possible. In contrast, it
is not practical to continuously refine process content, which could break program
budget and schedule. In Lean, it is important to optimize value but not to sub
optimize its elements. Subenablers 5.2.6—5.2.7 recommend how to set limits on
the refinements.
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Enabler 5.3 Use Lessons Learned from Past Programs for Future
Programs. (5)

The five subenablers listed here promote making each program better then the
last, and creating effective mechanisms to capture and apply experience-generated
learning and checklists.

Enabler 5.4 Develop Perfect Communication, Coordination and
Collaboration Policy Across People and Processes. (8)

Effective and efficient communications represent one of the most critical aspects of
good programs. Good communications and coordination are needed among people
within and between processes.

Many programs practice only ineffective ad-hoc communications. The eight
subenablers listed here deal with several aspects of excellent communications:
communication policy formulation, planning and training, directives for email and
artifact management, use of A3 forms, selection of individuals on the basis of good
communication skills, and creation of databases.

Enabler 5.5 For Every Program Use a Chief Engineer Role to Lead and
Integrate the Program from Start to Finish. (5)

The five subenablers promote a single qualified person to be fully responsible,
accountable, and with authority for entire technical program success, following
best U.S. historical examples and many international examples.

Enabler 5.6 Drive Out Waste Through Design Standardization, Process
Standardization, and Skill-set Standardization. (3)

The three subenablers address the best standardization practices, including stan-
dardization of designs, processes, and engineering skill sets.

Enabler 5.7 Promote All Three Complementary Continuous Improvement
Methods to Draw Best Energy and Creativity From All Employees. (3)

Organizations must have effective means of preventing and addressing all prob-
lems, frustrations, wastes, complaints, and so on. For competitive reasons and for
the internal health of an organization, continuous improvement (CI) must be con-
ducted for all activities (subject to reasonable limits on overprocessing waste) in
the spirit that everything can always be done in a better way, subject to wise priori-
tization. The three subenablers promote three mutually complementary CI methods:
a bottom-up employee suggestion system, a small quick-reaction CI team called
Kaizen, and a powerful solution to large problems, called Six Sigma.

The following tables describe the Principle 5 subenablers individually.
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LEAN PRINCIPLE 5: perfection

ENABLER: 2. Strive for Excellence of SE Processes.

SUBENABLER(S) AND USE RANKINGS:
1. Do not ignore the basics of Quality (U = 0.84):

a. Build in robust quality at each step of the process, and resolve and
do not pass along problems (U = 0.17)

b. Strive for perfection in each process step without introducing waste.

(U=-0.16)
c. Do not rely on final inspection; error proof wherever possible.
(U =0.08)

d. If final inspection is required by contract, perfect upstream
processes pursuing 100% inspection pass rate. (U = 0.28)

e. Move final inspectors upstream to take the role of quality mentors.
(U =0.08)

f. Apply basic PDCA method (plan, do, check, act) to problem solving.
(U=1048)

g. Adopt and promote a culture of stopping and permanently fixing a
problem as soon as it becomes apparent. (U = —0.08)

2. Promote excellence under ‘“normal” circumstances instead of
hero-behavior in “crisis” situations. (U = —0.40)

VALUE PROMOTED: Predictable and uninterrupted flow of work, the least
costly way to execute programs.

WASTE PREVENTED: Rework, waiting, loss of competition, market failure.

EXPLANATION: These subenablers (5.2.1a-g and 5.2.2) collectively repeat
the critically important lessons from the Total Quality Management period
that have been fully embraced by Six Sigma and Lean. The lessons include
global competitive pressures to provide excellent quality inexpensively. The
main lesson of TQM is that processes that are unpredictable in terms of
quality, time, effort, and cost can torpedo program success. When Womack
et al. [1990] conducted their automobile production research in Europe, it
didn’t take them long to find the underlying problem afflicting that industry:
“A widespread conviction among managers and workers that they were
craftsmen. At the end of the assembly line was an enormous rework and
recertification area where armies of technicians in white laboratory jackets
labored to bring the finished vehicles up to the company’s fabled quality
standard. We found that a third of the total effort involved in assembly
occurred in this area. In other words, the German plant was expending more
effort to fix the problem it had just created than the Japanese plant required
to make a nearly perfect car the first time” [Womack et al., 2006, pp.
90-91]. The same can be said about many PD efforts, including Systems
Engineering.




The subenablers listed in this table promote the following classical approaches
to quality:

a.

. Do not rely on final inspection because it is never reliable (some defects

Experience indicates that it is always cheaper and less frustrating to pursue
excellence as a matter of routine, which obviates the need for heroic actions
later, trying to fix a problem that was left unattended when it was small and
easy to fix. The following quote illustrates the quality challenge: “If pure
water flows from the upper stream, there is no need to purify it farther
downstream” (attributed to Hiroto Kagami, Senior Manager of Quality
Assurance at Cannon).

No company can afford to invest unlimited funds and time into continuous
improvement alone. Subenablers 5.2.6—5.2.7 address this concern and
recommend how to set the limits on improvements.

Toyota has been the standard bearer of high quality in all areas of Enterprise:
manufacturing, PD, SE, supply chain, and support functions.

LEAN ENABLERS FOR SYSTEMS ENGINEERING

Design each step of each process to be consistently predictable and
robust (creating repeatable good quality regardless of normal operational
conditions). And, if an imperfection is found, empower employees to
stop the process, find the root cause, and fix it right away. Never pass
problems along. If everyone in the value chain would follow this
subenabler (5.2.1a), the final quality inspectors might not even be needed.

always manage to escape notice and get passed on to the customer) and
is always the most costly of all quality approaches. This subenabler
(5.2.1b) was first suggested by Deming [1982] is his third Point: “Cease
dependence on mass inspection: Eliminate the need for mass inspection
as the way of life to achieve quality by building quality into the product
in the first place.”

Keep refining each process until 100% pass rate is assured (that is, right
the first time), and the process is predictable and robust.

If final inspection is required by contract, perfect the upstream processes
until a 100% quality pass rate is achieved.

Apply the classical tools of Continuous Improvement (CI), of which the
Plan-Do-Check-Act (PDCA) cycle is a proverbial sequence.

When quality inspectors catch imperfections, they should mentor the
upstream processes how to eliminate these imperfections.

Adopt and promote a culture of stopping and permanently fixing a
problem as soon as it becomes apparent. Empower employees at every
level to stop a flow if any imperfections are detected. Then perform a
root cause analysis and permanently fix the problem. Then adjust the
process, checklists, training, and procedures to ensure defects will not be
repeated.
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SUGGESTED IMPLEMENTATION: The transformation from a traditional
company where quality is treated as a luxury; processes are executed as a
craft, lacking predictability and robustness; where rework is notorious and
massive final inspection is needed to Lean is long and difficult, but
achievable, as demonstrated by numerous industrial examples. This
challenge is beyond the scope of the present text and the readers are
referred to a large library of textbooks on quality improvements.

LAGGING FACTORS:
e Never enough time to fix problems.

e Culture of “get it out the door by any means and we will fix it later.”
¢ Allowing the same problem to occur more than once.

e Lack of training.

e Lack of competitive pressures.

SUGGESTED READING:

e J.P. Womack and D.T. Jones, Lean Thinking, Simon & Shuster, 1996.

o J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e W.E. Deming, Out of the Crisis. Massachusetts Institute of Technology,
Center for Advanced Engineering Study, 1982.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.

e C. Baden-Fuller and J.M. Stopford, Rejuvenating the Mature Business: The
Competitive Challenge, Routledge, 1992.
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LEAN PRINCIPLE 5: Perfection
ENABLER: 2. Strive for Excellence of SE Processes.

SUBENABLER(S) AND USE RANKINGS:
3. Use and communicate failures as opportunities for learning
emphasizing process and not people problems. (U = 0.04)

4. Treat any imperfection as an opportunity for immediate improvement
and lesson to be learned and practice frequent reviews of lessons
learned. (U = —0.20)

VALUE PROMOTED: Continuous improvement of the SE process and of
company competitiveness.

WASTE PREVENTED: All categories of waste.

EXPLANATION: The Perfection Principle implies profound knowledge on
how to deal with imperfections and failures. Every imperfection should be
made visible to all in real time, so that improvement can be undertaken
immediately. Employees who are not afraid of being penalized or fired feel
motivated to identify all imperfections immediately. An imperfection should
be treated as an opportunity to improve the system. If concealed or ignored,
imperfections tend to grow to crisis proportions, later requiring heroic and
expensive measures to save the program. Once an imperfection is
discovered, an immediate root cause analysis and improvement should be
undertaken. Next, a serious effort should be made to treat the imperfection
as a lesson to be learned and to disseminate it to the team. Also, the
applicable checklists, procedures, and training should be updated so that the
particular imperfection will never be allowed to occur again.

All failures and issues manifest themselves personally (it is a person who
brings the news to the attention of stakeholders), yet they almost always
represent faulty processes. Good managers understand this and do not blame
the messengers or process operators, but rather mentor in problem
elimination, making sure it never occurs again. The working hypothesis
should be that a process has been designed well, including tools and
training, and if the process failed, it is the fault of the process designer and
trainer (i.e., the manager responsible) rather than the operator. E. Deming
[1982] never tired of pointing out that “85% of all problems are caused by
management and only 15% by line employees.”

Deming taught that every normal employee is eager to work well. The
exceptions are the few percents of pathological cases (drugs, alcohol,
absences, etc.). The system should be designed to motivate the best work
from the vast majority of employees rather than police the small minority.
This promotes a right culture based on teamwork, openness, honesty, and
respect. In this culture employees are motivated to look for and identify
imperfections in real time for immediate improvements. Such an
organization becomes a perpetual improvement system becoming better all
the time.
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“In striking contrast to the mass-production plant, where stopping the line was
the responsibility of the senior line manager, Taiichi Ohno (Toyota’s chief
production engineer) placed a cord above every worker station and
instructed workers to stop the whole assembly line immediately if a problem
emerged that they couldn’t fix. Then the [...] team would come over to
work on the problem.” [Womack et al., 2007, p. 56]. The same line-stopping
culture must be routinely practiced in Lean SE.

SUGGESTED IMPLEMENTATION: Promote a work culture based on trust,
openness, honesty, and teamwork. Eliminate those elements that antagonize
employees and perpetuate fear of superiors and communication. Train and
mentor employees in the benefits of the new work culture and continuous
improvement. Motivate employees to make imperfections and failures
visible and to identify them in real time. Seek root causes and permanent
fixes for all problems. Develop a system focused on motivating the vast
majority of employees for best work, rather than policing the small minority
of non-performers. Encourage engineers and other employees to bring their
suggestions for improvement to managers and do your best to act on these
suggestions. Promote updating checklists, standards, and training
immediately with lessons learned.

LAGGING FACTORS:
e Fear and lack of trust, openness, honesty, teamwork.

o Rushing through corrective actions without enough time to learn the lessons.

SUGGESTED READING:

e J.P. Womack and D.T. Jones, Lean Thinking, Simon & Shuster, 1996.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e W.E. Deming, Out of the Crisis. Massachusetts Institute of Technology,
Center for Advanced Engineering Study, 1982.

D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.
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LEAN PRINCIPLE 5: Perfection
ENABLER: 2. Strive for Excellence of SE Processes.

SUBENABLER(S) AND USE RANKINGS:
5. Maintain a consistent disciplined approach to engineering. (U = 0.52)

VALUE PROMOTED: Robust flow, right the first time, predictable schedule.
WASTE PREVENTED: Rework, overproduction, waiting.

EXPLANATION: Even though engineering is one of the oldest professions,
much of the practice is still executed as a craft: Each task is treated as a
unique challenge to be planned from scratch and executed according to the
particular experience and knowledge of an engineer in charge. Engineers
often confuse process with process content. While the latter is indeed
always unique, the former should be standardized and continually optimized.
This is true for most analysis and test processes, and even for design
processes. This yields a disciplined approach to engineering, establishing
and repeatedly following established best practices, leading to predictable
and robust and optimized flow. The concept that most of engineering can
and should be organized into processes and checklists capturing best
engineering practices is often poorly understood, ignored, and sometimes
even resisted. This subenabler (5.2.5) states that for standard tasks (such as
a structural analysis of a part), a process and/or a checklist should be
created and followed. In order for this to work, checklists and processes
should objectively represent best engineering practices. They should be
frequently updated based on the advancements, lessons learned, and
continuous improvement opportunities. They must be user friendly, and
stakeholders should be well trained in all procedures and checklists. The
number of checklists and procedures should be small enough to improve the
quality of work, and not overwhelm engineers with bureaucracy.

Indeed, some portion of the engineering effort cannot be fitted into standard
processes and checklists. However, even in complex high-tech programs, the
effort that can and should be standardized is significant and worth
implementing.

One reason why engineers often resist standards is psychological: Engineers
see themselves as creative problem solvers and dislike having to follow in
somebody’s footsteps. It is important, therefore, to convince engineers of the
tangible benefits that come from disciplined approach: quicker completion
of standard tasks and more time for creative ideas.

SUGGESTED IMPLEMENTATION:
o Training for new hires about the benefits and the use of the best engineering
checklists and procedures.

e The checklists and procedures must be prepared well and user friendly or
they will be ineffective and ignored. See also subenablers 5.6.1-5.6.3.
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LAGGING FACTORS:
e The culture of treating all engineering work as unique.

e Lack of disciplined approach to engineering.
o Confusing process with process content.

o Culture of endless refinement of product, beyond what constitutes value (as
opposed to the process, which should be continually improved; see
subenablers 5.2.6-5.2.7).

SUGGESTED READING:
e B.W. Oppenheim, Lean product development flow, Journal of SE, 2004, 7,
4, pp. 352-376.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006, pp. 27-37, 339.
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LEAN PRINCIPLE 5: Perfection

ENABLER: 2. Strive for Excellence of SE Processes.

SUBENABLER(S) AND USE RANKINGS:

6. Promote the idea that the system should incorporate continuous
improvement in the organizational culture, but also .. .(continued in
5.2.7) (U=10.42)

7. ... balance the need for excellence with avoidance of overproduction
waste (pursue refinement to the point of assuring value and right the
first time, and prevent overprocessing waste). (U = 0.25)

VALUE PROMOTED: Minimum resources spent on creating value.

WASTE PREVENTED: Overprocessing.

EXPLANATION: A frequent question asked during design/analysis/test is,
“How much refinement is good enough?” The tradeoff is between added
excellence, on the one hand, and program schedule and budget on the other.
Typically, engineers seek perfection while Systems Engineers responsible
for budget and schedule seek a “good-enough” level. These two subenablers
suggest a positive compromise.

Pursue the perfection of a repeated process up to the point of achieving a
process that consistently and predictably executes right the first time and is
competitive. Pursue the perfection or refinement of the system or mission
until the needs of the value proposition have been met. The waste of
overprocessing begins immediately beyond these levels of excellence.

SUGGESTED IMPLEMENTATION: These subenablers are easy to
implement in the two following steps:
¢ Explain the above to all engineers.

e Mentor engineers in these subenablers until they are well practiced.

o Empower Systems Engineers to demand adherence to these subenablers
from all other engineers.

LAGGING FACTORS:
e Uncontrolled refinements by engineers, in excess of value proposition,
disregarding overprocessing waste.

SUGGESTED READING:

e P.B. Crosby, Let’s Talk Quality: 96 Questions You Always Wanted to Ask
Phil Crosby. McGraw-Hill Publishing Company, New York, 1989.

e D. Secor, Implementation of Lean Enablers for Systems Engineering at
Rockwell Collins, LAI Knowledge Exchange Event, LAI Plenary, March 23,
2010.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 5: perfection
ENABLER: 2. Strive for Excellence of SE Processes.

SUBENABLER(S) AND USE RANKINGS:

8. Use a balanced matrix/project organizational approach avoiding
extremes: territorial functional organizations with isolated technical
specialists, and all-powerful IPTs separated from functional expertise
and standardization. (U = 0.21).

VALUE PROMOTED: Optimal organization of the matrix, better programs.

WASTE PREVENTED: All categories of waste.

EXPLANATION: Programs must be properly balanced between functions
(departments) and Integrated Product Teams (IPTs). Functions are better
connected to technology changes and progress, but are inherently less
connected to projects and customers. IPTs are intended to serve a particular
program and its customer better, but tend to be disconnected from
cutting-edge technology changes. Both are needed, but the relative strengths
of the two should be optimized for a particular program. Thomas Allen
[2002] proposes an optimization based on the following variables:

e Rate of change of technology (if the rate is fast, give preference to stronger
functions and weaker IPTs).

e Program duration (if long, strong IPTs serve programs better).

e Subsystem interdependence (if high, strong IPTs work better).

e Rate of change of market volatility (if high, strong IPTs work better).

Competition for resources in matrix organizations is natural and must be dealt
with effectively. Some corporations establish a position of a neutral arbiter
that negotiates and prioritizes limited human resources among competing
programs, based on the overall needs of the entire program portfolio.

SUGGESTED IMPLEMENTATION: Most modern project-oriented
companies practice a matrix organization, but not many optimize the relative
strengths of functions and IPTs well. It is suggested that a small group of
Systems Engineering managers adopt the Allen optimization method. A
devoted Kaizen team comprised of Lead Systems Engineers from different
programs should be able to formulate this policy.

LAGGING FACTORS:
e Strong functional managers who are not willing to cooperate well with IPTs.

e Strong IPT managers disconnected from functions.
e Ad-hoc allocation of resources.




180 LEAN ENABLERS FOR SYSTEMS ENGINEERING

SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o T. Allen, Optimization of Organizational Matrix, MIT LAI, Plenary
Conference, Los Angeles, 2002.

o A.C. Haggerty, The F/A-18E/F Super Hornet as a Case Study in “Value
Based” Systems Engineering, INCOSE 2004, Toulouse, France, June 20-24,
2004.
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LEAN PRINCIPLE 5: perfection

ENABLER: 3. Use Lessons Learned from Past Programs for Future
Programs.

SUBENABLER(S) AND USE RANKINGS:

1. Maximize opportunities to make each next program better then the
last. (U =0.13)

2. Create mechanisms to capture, communicate, and apply
experience-generated learning and checklists. (U = 0.17)

VALUE PROMOTED: Right the first time execution, robust flow, savings in
cost and schedule, compliance with standards.

WASTE PREVENTED: All categories of waste.

EXPLANATION: Checklists represent a powerful tool for capturing lessons
learned and improving programs, as pointed by [Sobek et al., 1998, pp.
36—49]: “Engineering checklists contain detailed information concerning
any number of aspects, including functionality, manufacturability,
government regulations, and reliability. Engineers use the checklists to guide
the design throughout the development process. The checklists are
particularly important for intensive design reviews that every vehicle
program undergoes. What keeps these extremely large meetings from
becoming chaotic is that all engineers come with a list of all the items they
need to verify from their perspectives. If the design conforms to the
checklist, the part is highly likely to meet a certain level of functionality,
manufacturability, quality, and reliability. If it does not, discrepancies
between the checklist and the design become the focal points of discussion
among the divisions.”

Morgan and Liker [2006, p. 205] point out the importance of the
experience-generated learning and tacit knowledge. Paraphrasing the
authors, most companies focus on explicit ‘know what’ knowledge—such as
mathematical equations and dates—which is usually stored as facts,
symbols and easily conveyed without loss of integrity. In addition to the
explicit, there is tacit ‘know how’ (emphasis by present author) knowledge
also known as ‘sticky’ knowledge. Tacit knowledge involves the unspoken
transfer of knowledge through long and deep relationships between teacher
and student. ... “One of the main reasons that companies fail at imitating
lean systems is that they mistakenly copy only the ‘explicit’ knowledge of
lean tools and techniques. By and large, these companies attempt to
implement lean without understanding the need to tap into the tacit
knowledge of lean culture, the know-how knowledge that enables an
organization to learn organically, adapt, and grow. They fail to grasp that in
highly technical environments, such as product development, tacit
knowledge is the true source of competitive advantage.”
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SUGGESTED IMPLEMENTATION:

o Capture immediately all lessons learned into effective checklists, procedures,
and databases.

e Initiate, mentor, promote, and enforce the use of checklists.

e Make sure checklists and procedures are user friendly, or they will be
ignored.

e Perform a short (e.g., 5 min) training about the changes describing what is
being changed, why, and how.

e Make sure bureaucracy is not smuggled under the cover of checklists and
procedures.

e Make certain checklists and procedures can be updated easily without
excessive bureaucracy.

LAGGING FACTORS:
e Never enough time or budget to implement improvements.

e Checklists not used.

SUGGESTED READING:

e D.K. Sobek II et al., Another look at Toyota’s integrated product
development, Harvard Business Review, July—August 1998, 76, 4, pp.
36-49.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o A.C. Haggerty, The F/A-18E/F Super Hornet as aCcase Study in “Value
Based” Systems Engineering, INCOSE 2004, Toulouse, France, June 20-24,
2004.
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LEAN PRINCIPLE 5: Perfection

ENABLER: 3. Use Lessons Learned from Past Programs for Future
Programs.

SUBENABLER(S) AND USE RANKINGS:
3. Insist on workforce training of root cause and appropriate corrective
action. (U = 0.04)

VALUE PROMOTED: Right the first time execution of processes. Previous
mistakes and imperfections not repeated.

WASTE PREVENTED: Rework, delays, and other categories of waste.

EXPLANATION: Rushing a program without any time for implementing
improvements tends to invite defect repetitions. In contrast, the habit of
finding root cause for every problem and applying immediate corrective
action tends to assure that the same mistake will not be repeated. In the long
term, the second approach yields more competitive enterprises.

Taiichi Ohno, Toyota’s chief production engineer, instituted a system of
finding root cause called five whys. “Production workers were taught to
trace systematically every error back to its ultimate cause (by asking ‘why’
as each layer of the problem was uncovered), then to devise a fix, so that it
would never occur again.” [Womack et al., 1996]. Toyota’s experience
suggests that, on average, five whys are needed to help determine the root
cause of most technical problems, thus the name. A short training is needed
in the five whys, but the training alone will not be sufficient. Also needed is
the habit of immediately stopping work when an imperfection is found,
organizing a small team (or only oneself) to find the root cause, and applying
an effective corrective action. For simple local problems the process owner
alone is often sufficient. For larger local problems that involve several
stakeholders a quick-reaction small Kaizen team may work best. For large
problems a formal Six Sigma approach based on statistics may be required.

According to Harvard Business Review [HBR, 2008] “Managers should coach,
not fix.” The result of this manager-worker relationship is “a high degree of
sophisticated problem solving at all levels of the organization. .. any
operating system can be improved if enough people at every level are
looking and experimenting close enough. ...”

SUGGESTED IMPLEMENTATION:
e Training of employees at all levels in modern quality methods, including the
five whys and root cause analysis.

e Mentoring, empowerment, and the culture of stopping the line when an
imperfection is found.
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LAGGING FACTORS:
¢ Rushing through programs without enough time to learn from imperfections.
o Lack of training in five whys and root cause analysis.

SUGGESTED READING:
o Manufacturing Excellence at Toyota, Harvard Business School Series, 2008.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e J.P. Womack and D.T. Jones, Lean Thinking, Simon & Schuster, 1996.

o A.C. Haggerty, The F/A-18E/F Super Hornet as a Case Study in “Value

Based” Systems Engineering, INCOSE 2004, Toulouse, France, June 20-24,
2004.
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LEAN PRINCIPLE 5: Perfection

ENABLER: 3. Use Lessons Learned from Past Programs for Future
Programs.

SUBENABLER(S) AND USE RANKINGS:
4. Identify best practices through benchmarking and professional
literature. (U = 0.26)

VALUE PROMOTED: Improve long-term competitive position of the
company.

WASTE PREVENTED: All categories of waste.

EXPLANATION: Competitive pressures in the global economy require all
companies to continually improve their methods, tools, processes, products,
and people. Benchmarking is an effective way to gain legal knowledge about
one’s competition. This is carried out through collecting information about
the competition using methods such as attending industrial fairs, reading
professional literature, performing reverse engineering on competitor’s
products, networking at professional meetings, and visits with cooperating
competitors. Whatever the method used, the goal is the same: to learn what
constitutes the state of the art and how to implement and even overtake it.
When benchmarking, it is important to remember that the relative positions
of competitors are not static. Competitor positions change all the time;
therefore, it is essential that the rate of improvement be also benchmarked.
Latest inventions and designs are trade secrets beyond benchmarking.
Benchmarking is usually used to compare the information normally available
in the public domain: products on the market, tools and practices, unit costs,
resource efficiency, goals, published strategies, suppliers, for example.

“Benchmarking is not an afterthought of organizations that are highly skilled at
strategic planning. It is not a one-time event to fulfill a reporting requirement
of the budget cycle. Quite the contrary, benchmarking is a hallmark of
effective strategy development. It is an on-going enabler of strategic design,
strategic planning, and strategic thinking.”-[Bogan, 1994, p. 178]

SUGGESTED IMPLEMENTATION:
e Know your competitors and follow their actions and products.

o Institute strategic benchmarking in enterprise.
o Train managers in legal benchmarking with cooperating competitors.

o Train all employees to “keep an open eye” to new inventions by competitors
and report those to management.

o Allocate budget for industry fairs and subscribe to professional literature.
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LAGGING FACTORS:
¢ Ignorance of who the competition is and what the competition is doing.
o Failure to schedule and budget for benchmarking.

SUGGESTED READING:
e C. Bogan, Benchmarking Best Practices, McGraw Hill, 1994.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006, pp. 27-37, 339.
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LEAN PRINCIPLE 5: Perfection

ENABLER: 3. Use Lessons Learned from Past Programs for Future
Programs.

SUBENABLER(S) AND USE RANKINGS:
5. Share metrics of supplier performance back to suppliers so they can
improve. (U = 0.39)

VALUE PROMOTED: Right the first time supplies, more predictable budget
and schedule, reduction of frustrations between buyers and suppliers.

WASTE PREVENTED: All categories of waste.

EXPLANATION: As stated under several enablers, modern programs buy 60
to 95% or more of final value from vendors. Therefore, healthy relationships
with suppliers are critical for success. “If we are going to be a benchmark
supplier of equipment, our suppliers need to be benchmark suppliers of
parts.” (Anthony Pollock, Commodity Operations Manager at Xerox,
[Bogan, 1994, p. 175]).

Even though suppliers may use their own metrics of performance, if buyers
also measure suppliers’ performance, these metrics should be shared with
each supplier. The sharing indicates to suppliers where they are good and
where improvements are needed in the eyes of the buyer. This tends to
continually improve the buyer-supplier relationship and enables it to
approach the asymptote of a seamless partnership. Popular metrics address
quality, price, lead time, dependability, ability to operate and deliver JIT,
cultural compatibility, responsiveness, and others. “Developing capable
suppliers is of strategic importance for organizations such as Xerox and a
growing number of other leading companies. With capable suppliers, an
organization has a better chance of succeeding in its chosen markets.”
[Bogan, 1994, p. 175].

SUGGESTED IMPLEMENTATION:

o Implement a few well—thought-out key metrics of each supplier’s
performance. The metrics should measure those parameters that are
important to the buyer’s value creation and not be bureaucratic.

o Share the supplier performance with each supplier in the spirit of continuous
improvement and partnership.

¢ Implement modern methods for supply chain management (hire an expert or
send a manager to school for a graduate degree in supply chain
management).
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LAGGING FACTORS:

o Hands-off and over-the-wall relationships with suppliers.
o Selecting suppliers from the lowest bid.

e Blaming suppliers for buyer’s own problems.

SUGGESTED READING:
o C. Bogan, Benchmarking Best Practices, McGraw Hill, 1994.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 5: perfection

ENABLER: 4. Develop Perfect Communication, Coordination and
Collaboration Policy across People and Processes.

SUBENABLER(S) AND USE RANKINGS:
1. Develop a plan and train the entire program team in communications
and coordination methods at the program beginning. (U = 0.13)

3. Promote good coordination and communications skills with training
and mentoring. (U = 0.33)

4. Publish instructions for email distributions and electronic
communications. (U = —0.04)

6. Publish a directory and organization chart of the entire program team

and provide training to new hires on how to locate the needed nodes of
knowledge. (U = 0.38)

VALUE PROMOTED: Effective flow of work, reduced rework, right the
first time.

WASTE PREVENTED: All categories of waste.

EXPLANATION: As described under subenabler 2.2.1, effective
communications are critical to good Systems Engineering. Communications
must be adequate to support program excellence, without consuming
excessive time. As stated previously, engineers tend to lack effective
communications skills. Companies and enterprises should develop
appropriate communication policies and perform effective training. The
present four subenablers promote the establishment of good policies for
effective communications and coordination and for training. See Suggested
Implementation for details.

SUGGESTED IMPLEMENTATION:

o Experts in effective engineering communications should develop
instructions, the “dos and don’ts” for communications by all the means used
in the enterprise: email, texting, phone, pagers, paper memos, stand-up
meetings, integrative events, electronic social networks, and others, as
applicable. For example, email instructions should say: “Send emails only to
those individuals who need the information; do not include any attachments
except an A3 summary form unless explicitly requested.”

e As soon as an issue or risk is discovered, an A3 summary form should be
sent to the indicated SE manager and possibly to the office of the Chief SE.

o Critical participants must be in attendance or on a teleconference, or the
meeting will be a waste of time for the rest of the team. The perfect
attendance must be made possible by detailed planning and scheduling of
critical participants.

e Meetings must include a Purpose, Agenda, Time, Intent (PATI)
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e Instructions for communications with suppliers should be issued.

¢ Pairs of employees should be designated across functions to serve as direct
points of contact.

¢ A directory and organizational chart of all stakeholders for a given program
should be developed online and kept current to minimize wasting time
trying to find the right person. The program directory should list all relevant
data for each person: name, email, location, job title, organization, office and
cell phone numbers, pager, and other electronic locators, if used.

o All stakeholders should be trained in the use of A3 forms.

e Simple and user-friendly training materials should be issued, and team
members trained.

e Train all new hires in the above communications.

¢ Since many of these instructions would benefit all programs, they should be
implemented at the enterprise (corporate) level.

LAGGING FACTORS:
¢ Ad-hoc communications, lack of instructions and procedures.

e Culture of distributing emails “to everybody.”

o Culture of verbose reports and memos drafted and redrafted many times and
attached to massive emails

e Lack of knowledge how the best companies do it.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e S. Hino, Inside the Mind of Toyota. New York: Productivity Press, 2006.

e B.W. Oppenheim, Lean product development flow. Journal of SE, 2004, 7,
4, pp. 352-376.
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LEAN PRINCIPLE 5: Perfection

ENABLER: 4. Develop Perfect Communication, Coordination, and
Collaboration Policy across People and Processes.

SUBENABLER(S) AND USE RANKINGS:
2. Include communication competence among the desired skills during
hiring. (U = 0.29)

VALUE PROMOTED: Effective communication among program
stakeholders.

WASTE PREVENTED: All categories of waste.

EXPLANATION: An employee who possesses effective verbal and written
communication skills “is worth his or her weight in gold.” Yet, engineers
and managers are often hired on the basis of technical skills, achievements,
and experience, without regard for ability to communicate. The present
subenabler promotes including a check of communication competence in the
hiring process.

The practice of selecting candidates by computer scanning resumes for key
words should be abandoned if practiced. Such selection ignores all the soft
skills of a person, the energy, passion, enthusiasm, as well as nontechnical
competencies, such as:

¢ Concise communication skills.

e Creativity (thinking outside the box).

e Teamwork.

o Ability to grasp situations quickly and thoroughly.

¢ Discipline to work consistently under strict timelines.

A person possessing these skills is likely to train, adopt, and perform better in
many work situations. These skills are considered routinely when hiring at
Toyota: “Each engineering applicant goes through a series of intensive
interviews designed to provide a comprehensive look at personal
characteristics that determine whether a prospective hire will fit within the
Toyota culture.” [Morgan and Liker, 2006, p. 169]

SUGGESTED IMPLEMENTATION: The importance of effective
communication must be stressed in every program. A check of soft skills
listed above should be routinely included in any process of hiring engineers
and managers, but particularly so for Systems Engineers whose job includes
coordination of the work of others. Such a test should be devised jointly by
a small team comprised of both System Engineers and Human Resource
managers. Examples follow:
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e The request “Please tell me about yourself” forces the interviewee to
demonstrate oral skills under stress.

e A request to write a sample memo on an assigned topic will reveal writing
skills.

o A request to describe “preferred policies for effective communications and
coordination” (or equivalent) reveals whether the candidate is aware of these
critical needs.

LAGGING FACTORS:
e Good communications not valued in the enterprise.

¢ Hiring focused only on technical skills.
e Computer scanning of resumes.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o J.H. Gittell, The Southwest Airlines Way, McGraw Hill, New York, 2003.
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LEAN PRINCIPLE 5: Perfection

ENABLER: 4. Develop Perfect Communication, Coordination, and
Collaboration Policy across People and Processes.

SUBENABLER(S) AND USE RANKINGS:

5. Publish instructions for artifact content and data storage: central
capture versus local storage, and for paper versus electronic, balancing
between excessive bureaucracy and the need for traceability. (U = 0.33)

VALUE PROMOTED: Orderliness, consistency, and traceability of
documents, less bureaucracy—all of which translate into time savings and
less rework.

WASTE PREVENTED: Waiting, inventory, rework, overprocessing.

EXPLANATION: Excellent record and artifact keeping is critical to technical
traceability and avoidance of chaos and bureaucracy. Specific but
easy-to-follow and user-friendly instructions should be issued at the
beginning of program (or even better: at the enterprise level, since all
programs will benefit from them) on the content and storage of artifacts.
Specifics are suggested below.

SUGGESTED IMPLEMENTATION: Create and publish instructions for
artifact content and data storage. The instructions should be user friendly,
indicating easy-to-follow examples and steps, and include:

e Instruction which artifacts (versions) should be kept only in a central
database and which can be kept on local media.

e What medium to use (paper versus electronic).
e How to release a document into a central database.

e Which documents need to be saved in a central location but not necessarily
need to be formally released and which should go through the approval and
release steps, with detailed instructions.

e Where the data is archived and how to search for information.
¢ Training and mentoring all stakeholders in the instructions.

o Establishing the discipline to follow instructions.

e Mentoring and offering good examples.

LAGGING FACTORS:
o Lack of effective processes and instructions for artifact content, release, and
storage.

e Instructions written poorly, in a difficult language.
e Lack of training.

e Missed opportunities for technology reuse.
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SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

o J.H. Gittell, The Southwest Airlines Way. New York: McGraw Hill, 2003.

e D. Secor, Implementation of Lean Enablers for Systems Engineering at
Rockwell Collins, LAI Knowledge Exchange Event, LAI Plenary, March 23,
2010.
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LEAN PRINCIPLE 5: Perfection

ENABLER: 4. Develop Perfect Communication, Coordination, and
Collaboration Policy across People and Processes.

SUBENABLER(S) AND USE RANKINGS:
7. Ensure timely and efficient access to centralized data. (U = 0.58)

8. Develop an effective body of knowledge that is historical, searchable,
shared by team, and knowledge management strategy to enable the
sharing of data and information within the enterprise. (U = 0.13)

VALUE PROMOTED: A well-planned and designed central data storage is a
great help to program stakeholders. The benefits include safety, security,
backup, compatible formats, standardization, increased interoperability,
better traceability, easy access to tradeoff curves and other technical design
data, faster execution of technical tasks.

WASTE PREVENTED: All waste categories.

EXPLANATION: Data in central storage must be secure, protected against
hacking and other unauthorized use, but it also must be easy and timely to
find and use. (The author recalled an implementation where day-ahead
application for access was required—which obviates the purpose.) Data
should be available when needed, at a few clicks of a mouse.

The database should contain a body of knowledge based on as many past
programs as is practical, comprised of important historical data, trade and
trend curves, results from generic and envelope tests, prior solutions,
modules of knowledge, etc. The data should be strategically designed and
created at the enterprise level to benefit all programs in the enterprise.

Toyota’s “V-comm” system is a good example of a successful know-how
database. “This database has been successful for a number of reasons. . . the
underlying company values, discipline, and reward for adhering to the
process ... so people automatically use and learn from this information.
Moreover, the database is centralized; there are no competing knowledge
databases to create confusion or contradictions. Functional specialists
maintain, verify, and update their own portion of the database; just as they
did with their handwritten checklists. ... It is a fully integrated network of
tools that link active design, simulation, test, and communication
technologies along with the know-how database to provide engineers with a
powerful suite of tools to enhance their productivity. By integrating the
know-how database into the basic engineering tool set, Toyota emphasizes
that learning is not an add-on or ‘extracurricular,” it is a basic part of the
job” [Morgan and Liker, 2006, p. 283].
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SUGGESTED IMPLEMENTATION: Implement a comprehensive central
database that satisfies all needs, as well as assures data safety and security.
This is a major strategic task for enterprises. This work should be executed
by database experts in cooperation with functional managers, corporate
managers, and IPT managers. It must start with a careful study of needs and
benchmarks with other companies. This is a never-ending task because new
knowledge is created all the time, and it must be captured in real time.
Collaborative sharing of data among program customers and suppliers is
another opportunity for creating effective knowledge base.

LAGGING FACTORS:
e No central database.

e Poorly designed database, with difficult access.

e New knowledge not captured in the central database.
o Lack of security and safety.

e Lack of training in the database use.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 5: Perfection

ENABLER: 5. For Every Program Use a Chief Engineer Role to Lead
and Integrate Development from Start to Finish.

SUBENABLER(S) AND USE RANKINGS:
1. The Chief Engineer role to be responsible, with authority and
accountability for the program’s technical success. (U = 0.48)

2. Have the Chief Engineer role lead both the product and people
integration. (U = 0.04)

3. Have the Chief Engineer role lead through personal influence, technical
know-how , and authority over product development decisions.
U=0.17)

4. Groom an exceptional Chief Engineer role with the skills to lead the
development, the people, and assure program success. (U = 0.04)

5. If Program Manager and Chief Engineer role are two separate
individuals (required by contract or organizational practice), co-locate
both to enable constant close coordination. (U = 0.29)

VALUE PROMOTED: Vastly better management of the program; RAA
(responsibility, accountability, authority) focused in a single person.

WASTE PREVENTED: All categories of waste, including program failure or
closure.

EXPLANATION: A frequent practice in recent U.S. governmental programs
is to have two program managers: the Program Manager responsible for the
program business success, and Chief Systems Engineer responsible for
Systems Engineering. Numerous functional engineers are responsible for
various technical areas. In some programs this causes split responsibilities,
authorities, and accountabilities, often with imperfect results. “If everybody
is responsible, nobody is responsible.” In contrast, many U.S. and overseas
commercial programs use only one person to be fully responsible for an
entire program’s success (both technical and business). This person is given
various titles, Chief Engineer (very successful Toyota model, see Morgan
and Liker [2006], Product Manager, Product Engineer, or similar). Early
U.S. aerospace programs also used an extremely successful single-person
Chief Engineer role (e.g., early Jack Northrop, Howard Hughes, Kelly
Johnson of the Skunk Works, early NASA space programs, and others).
Murman [2008] discusses some more recent successful programs with a
single top manager in dual technical and business leadership roles.
Subenabler 5.5.1 emphatically states that one and only one such person must
be fully responsible, with authority and accountability for an entire technical
program’s success. The subenabler addresses only the technical role of the
Chief Engineer, saying nothing about whether that person should also be the
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overall manager of the program or share the management with a separate
business manager person. However, nothing in this subenabler should be
taken as promoting the dual-head model. The dual-head model is not
required under the U.S. government acquisition policies and is not promoted
in the INCOSE Handbook version 3.2.

Subenablers 5.5.2-5.5.4 describe how to groom a Chief Engineer role if an
enterprise presently lacks such competence.

SUGGESTED IMPLEMENTATION:

e Develop a long-term plan to groom the best individuals possessing the
above characteristics for the Chief Engineer role. Use rotation, formal
education, and increasing RAA over time.

o If a Program Manager is a separate person, co-locate him or her and the
Chief Engineer role in adjacent offices for easy face-to-face communication
and include in their evaluation the effectiveness of their joint decision
making and cooperation.

LAGGING FACTORS:
o Dissolved technical management, no one really in charge.

¢ Financial program manager stronger than the technical manager(s).

e Program distributed among several contractors with poor central SE and
poor coordination.

SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.

o A.C. Haggerty and E.M. Murman, Evidence of Lean Engineering in Aircraft
Programs, 25" International Congress of the Aeronautical Sciences,
Hamburg, Germany, September 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.

¢ B.R. Rich and L. Janos, Skunk Works, Little & Brown, 1994,
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LEAN PRINCIPLE 5: Perfection

ENABLER: 6. Drive out Waste through Design Standardization, Process

Standardization, and SKkill-Set Standardization.

SUBENABLER(S) AND USE RANKINGS:

1.

2.

Promote design standardization with engineering checklists, standard
architecture, modularization, busses, and platforms. (U = 0.57)
Promote process standardization in development, management, and
manufacturing. (U = 0.67)

Promote standardized skill sets with careful training and mentoring,
rotations, strategic assignments, and assessments of competencies.

(U =-0.05)

VALUE PROMOTED: Right the first time execution of tasks. Reduced

variation to create highly stable and predictable outcomes.

WASTE PREVENTED: Rework, waiting, overprocessing, exceeded

schedules and budgets.

EXPLANATION: Standardization plays a key role in Lean. The three

1.

subenablers promote three following aspects of standardization:

Design standardization. The philosophy of standardization and reuse of
design modules (of parts, elements, components, software objects,
subsystems, etc.) dramatically lowers the long-term cost of product
development. For example, standardization makes automobile production
affordable. Practically all subcomponents of cars are standardized before a
new car is designed: engines, gearboxes, breaks, drive train elements,
steering subsystem, dashboard electronics, computers, sensors, wheels,
seats, etc. Standard modules are designed to be used in multiple products,
tested, validated, and made robust. Then new car design is an efficient
effort of trading off different modules to fit the available space, styling,
weight, power, and performance requirements. With all modules
predesigned, such trades can proceed efficiently and affordably (analogous
to proverbial Lego blocks). Toyota designed the Prius car in nine months
from the end of styling to the beginning of error-free production, even
though the car introduced a new type of hybrid power plant. If these
components were to be designed individually for each car model, cars
would cost as much as satellites. Most high-tech products can follow this
philosophy. Designing individual elements from scratch for each new
product/program is the least efficient way of executing design effort. In
government programs, contracts should be written to enable this long-term
strategic reuse practice and abandon the focus on one-off strategies. The
key tools for design standardization are engineering process checklists,
reusable components, standard subsystems, and common architectures.

199
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2. Process standardization. All repeatable processes should be standardized,
so that they can be executed predictably, robustly, waste-free, right the first
time. Unpredictable processes potentially sabotage program planning: They
make it impossible to estimate process effort, cost, and quality outcome.
Standardization allows for synchronization of cross-functional processes
that enable unprecedented product development speed. Standardizing a PD
process means ‘“‘standardizing common tasks, sequence of tasks and task
effort and duration, and utilizing this as the basis for continuous
improvement. Process standardization is a potent antidote to both task and
inter-arrival variation . .. It is how independent process/organizations know
specifically what inputs are required from each other and when they are
needed” [Morgan and Liker, 2006, p. 105]. Regretfully, many standard
procedures suffer from difficult and unclear texts. They lack process
optimization, and their release takes a long time with significant
bureaucracy.

3. Skill-set standardization. Standardization of skills has been practiced in
Lean manufacturing for many years with great benefits. The standards make
it easy to assign employees to tasks with flexibility, use work cells, and
organize Lean flow. Skill standardization among engineers is not much
practiced in the Western world. Engineers tend to regard their work as
unique, not subject to standardization. In fact, it is the work content that is
unique, but most engineering processes should follow best engineering
practices, which can and should be standardized with checklists, training
and mentoring, rotations, strategic assignments, and assessments of
competencies. Standard engineering skills may include the ability to operate
different software tools; experience in executing checklists, analysis, design,
or test; ability to interact with different stakeholders (e.g., customers and
suppliers); and many others. Annual merit reviews should reflect the
number of standard skills acquired during previous year. Department
managers should motivate and incentivize engineers to complete new
training modules. The department in which most employees are trained in
most skills acquires great flexibility in assigning individuals to different
IPTs dynamically and efficiently. “Toyota hires only about 1.1 percent of
professional candidates applying for engineering positions and afterwards
upholds a very rigorous process of maintaining skill proficiency as
engineers gradually progress in their career. ... A new engineer’s career
path consists of experiences that develop deep technical competence, while
slowly climbing the technical hierarchy within each functional department,
and is a direct result of engineers being rewarded for technical
achievement.” [Morgan and Liker, 2006, pp. 112—113]
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SUGGESTED IMPLEMENTATION:

1. Design standardization. Strategic planning of design modules to
standardize for future reuse should be done at the corporate level, based on
long-term corporate strategy, trading off slightly higher initial costs versus
long-term benefits of reuse. The work should be done by a trusted
enterprise system architect. Once the decision is made, functions
responsible for the modules should carry out the design, analysis, testing,
and validation of the modules until they are ready for use.

2. Process standardization. Start with those processes that are executed most
often and that are the most variable and frustrating. Employ applicable tools
of process improvement: identify the sources of variation; perform a study
of root cause and brainstorming, inviting process stakeholders; do not be
afraid to fail early-fail often; optimize steps using a small team of best
employee(s); and continue until variability and waste are eliminated. Then
create a standard procedure, as follows:

a. Draft procedure steps and test them on the least experienced
employee(s).

b. Redraft the procedure based on the comments and questions identified
in (a).

c. Finish the draft, make it clear, edit with visuals and examples.

d. Release the new procedure efficiently, remembering that the procedure is
to be a living document, efficiently updated with good new ideas and
lessons learned.

e. Offer a short training to all process stakeholders (often a few minutes
during the weekly meeting is enough), saying “We have this new
procedure for process X; the reason for issuing/updating it is [...]; here
are the critical dos and don’ts; you find the procedure in [location].”

f. Continue monitoring the procedure use and outcomes and mentor the
employees.

3. Skill set standardization. Categorize all repeated work in the department
into standard skill sets. Develop, prioritize, and implement standard training
for each skill set. Incentivize employees to complete the training modules.
Monitor and mentor individuals. Promote rotations, strategic assignments,
and assessments of standard competencies.

LAGGING FACTORS:
e Never enough time to improve the work or processes.

e The conviction that all work is unique and nothing is repeatable.
e Ad-hoc management of human resources.
e Lack of long-term corporate strategy for product line.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 5: Perfection

ENABLER: 7. Promote All Three Complementary Continuous

Improvement Methods to Draw Best Energy and Creativity from All
Employees.

SUBENABLER(S) AND USE RANKINGS:

1.

2.

Utilize and reward bottom-up suggestions for solving employee-level
problems. (U = 0.17)
Use quick response small Kaizen teams comprised of problem

stakeholders for local problems and development of standards.
(U=10.13)

. Use the formal large Six Sigma teams for the problems that cannot be

addressed by the bottom-up and Kaizen improvement systems, and do
not let the Six Sigma program destroy those systems. (U = 0.13)

VALUE PROMOTED: Predictable robust flow of value adding work.

WASTE PREVENTED: All categories of waste.

EXPLANATION: Organizations must have effective means of preventing and

mitigating all problems, frustrations, wastes, complaints, and so on. For
competitive reasons and for the internal health of the organization,
continuous improvement (CI) must be conducted for all activities (subject to
reasonable limits on overprocessing waste, defined by subenablers 5.2.6 and
5.2.7). The spirit that “we can always do this better’” must be present. The
range of popular CI methods can be categorized as follows:

a. Top-down directives from management. Called “theory X management”
(only managers know best), still preferred by some managers, this tool is
the least effective: It promotes authoritarian management style. Using
this CI method, the organization has at best as many improvers as is the
number of managers—never enough to see and improve everything.
Typically, managers are too busy with everyday work to invest much
time into improvements. (The exception is a strong support for
continuous improvement—increasing customer value and eliminating
waste—at the CEO level. This leadership is critically needed).
Employees not empowered to suggest improvements tend to think of
frustrations, grievances, job jumping. ... Far more effective are the
following continuous improvement methods.

b. Bottom up suggestions from employees for improvements in their own
area of work. Toyota sets a good example for empowering and
incentivizing all employees to think of improvements and bring them to
the attention of supervisors, who tend to encourage the implementation.
Bonuses are paid for implemented ideas. This powerful practice results
in as many potential improvers as the number of employees. In the
NUMMI (New United Motor Manufacturing, Inc.), California, plant 90%
of employees submitted improvement suggestions, of which 60% were
implemented. The employees engaged in improving their work
experience take pride in their work, and identify more with their
employer.
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c. Small Kaizen quick-reaction teams of local stakeholders for slightly
larger problems involving several stakeholders.
Kaizen typically requires a few people (two to five local stakeholders)
working for a few hours or days to address an urgent local problem: find
root cause, experiment with the best improvement steps, draft a new
procedure, improve the time or effort of a task, prevent a recurring
frustration, make the process predictable, etc. Kaizen teams are best
suited for the cross-functional problem of size larger than what can be
handled by one employee. Kaizen relies on enthusiasm of team members
working with minimum formalities. Kaizen requires management
support. Tangible recognition should be offered for success.

d. The big bang method of Six Sigma for big problems.
The term Six Sigma is adopted from statistics of production defects.
Inspired by tightening tolerance requirements in modern electronics, Six
Sigma has evolved to be a disciplined and structured company-wide
effort to fix large problems in all areas of corporate activity. Individuals
are chosen and trained for days or weeks in improvement methods. As
full- or part-time Six Sigma experts, the chosen individuals work on
dedicated Six Sigma projects. The projects—typically large, taking
weeks or months to complete—are prioritized from highest to lowest
importance using formal quality statistics. Six Sigma is a disciplined
method of rigorous data-gathering and analysis to pinpoint sources of
errors and ways of eliminating them, with heavy reliance on performance
metrics.
Harry and Schroeder [2000] describe Six Sigma as being “a business
process that allows companies to drastically improve their bottom line by
designing and monitoring everyday business activities in ways that
minimize waste and resources while increasing customer satisfaction. Six
Sigma guides companies into making fewer mistakes in everything they
do—from filling out a purchase order to manufacturing airplane
engines—eliminating lapses in quality at the earliest possible
occurrences.”
In practice, Six Sigma demonstrates its effectiveness through improving
large problems that require formal statistical studies of causes of
variation and problems, followed by formal corrective processes.
Unfortunately, many companies have implemented Six Sigma in a
bureaucratic and wasteful way. Six Sigma tends to be an overkill for
small local problems that are best addressed by individual employees or
small Kaizen teams. Regretfully, some companies decided that Six
Sigma can serve as the sole CI method, and they eliminated (b) and (c)
in the process. The present subenablers strongly promote continued use
of (b) and (c) for small local problems, and the use of (d) for truly large
problems.
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SUGGESTED IMPLEMENTATION: Engage frontline employees to become
problem solvers. Promote all three CI methods: (b), (c) and (d), and use (a)
sparingly.

(b) requires a short training, followed by mentoring and practice, and a lot of
encouragement. It can be implemented by individual managers in their area
of work. The issue of bonuses or honorary rewards should be addressed.

(c) requires a short training, followed by mentoring and practice, and can be
implemented by individual managers in their area of work.

(d) is a corporate-wide initiative that should be implemented by experts at high
management levels and will require significant corporate resources.

LAGGING FACTORS:
o Authoritarian management style, lack of empowerment of employees.

¢ Bureaucratic implementation of Six Sigma alone.

SUGGESTED READING:

o W.E. Deming, Out of the Crisis. Massachusetts Institute of Technology,
Center for Advanced Engineering Study, 1982.

e HBR., Ed., Manufacturing Excellence at Toyota, Harvard Business School
Series, 2008.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e M. Harry and R. Schroeder, Six Sigma.: The Breakthrough Management
Strategy Revolutionizing The World’s Top Corporations. Currency
Doubleday, 2000.

7.2.6 Lean Principle 6: Respect for People

Summary The five enablers listed here address several important aspects of
human relations at work, as follows. The numbers in parentheses list the number
of subenablers under each enabler.

Enabler 6.1 Pursue People Management According to the INCOSE Handbook
Process.

The first enabler listed under each principle emphasizes the same fundamental
point: to add the wisdom of Lean Thinking to the traditional Systems Engineering
process rather than replace the process. So, again, the present enabler recommends
to continue using the INCOSE SE Handbook, or any other equivalent SE handbook
or manual, and in addition to implement the enablers that follow.
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Enabler 6.2 Build an Organization Based on Respect for People. (14)

The 14 subenablers include a comprehensive checklist addressing leadership prac-
tices. They speak to constructive human relations among stakeholders; good prac-
tices for selecting and promoting employees; employee empowerment; and flow
down of responsibility, authority, and accountability to the lowest employee level.

Enabler 6.3 Expect and Support Engineers to Strive for Technical
Excellence. (4)

The four subenablers promote the establishment of communities of practice and
investment in workforce development and Lean training.

Enabler 6.4 Nurture a Learning Environment. (8)

The eight subenablers present a comprehensive checklist for creating a learning
environment, including training, continuing education, and providing knowledge
experts to stakeholders.

Enabler 6.5 Treat People as Most Valued Assets, Not as Commodities. (0)

This self-explanatory enabler, with no subenablers, adopted from the teachings of
Deming [1982], has been chosen to serve as a closure for the entire set because of
its profound importance to Systems Engineering. It is as valid today as it was in
the time of that respected expert on organizations.

The following tables describe the individual subenablers.
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LEAN PRINCIPLE 6: Respect for People
ENABLER: 2. Build an Organization Based on Respect for People.

SUBENABLER(S) AND USE RANKINGS:
1. Create a vision that draws and inspires the best people. (U = 0.58)

VALUE PROMOTED: Extraordinary systems can be created by an
extraordinary team of professionals who become inspired by a great leader.

WASTE PREVENTED: All categories of waste.

EXPLANATION: History is rich with examples of extraordinarily successful
human endeavors led by visionary leaders. Some examples include Skunk
Works, led by Kelly Johnson and later Ben Rich; early Northrop company,
led by Jack Northrop; U.S. nuclear submarine program, led by Admiral
Rickover; Toyota Prius, led by Akihiko Otsuka; early Microsoft, led by Bill
Gates; the Apple I-products, led by Steve Jobs; and numerous others. All
these programs were led by strong leaders who projected inspiring visions,
manifested high levels of competence, and were able to build amazing
teams of professionals to create extraordinary products. The best companies
place such leaders at the top of the corporate hierarchy and reward
accordingly (in contrast to the present appalling trend of offering
astronomical salaries to CEOs who focus only on short-term financial gain.)
Many recent defense programs have departed strongly from those early
industrial successes and are now characterized by impersonal management
dissolved among many individuals, and organizations and technical
leadership replaced by bureaucrats counting artifacts.

SUGGESTED IMPLEMENTATION: Companies should make every effort
to find, hire, groom, and treasure the best technical leaders they can find. In
the corporate pecking order, a good technical leader should be valued and
rewarded higher than managers who are only focused on short-term
financial metrics. Once a leader is hired, he or she should receive maximum
institutional support. Government should support technical leadership.

LAGGING FACTORS: Bureaucratic, leaderless, dissolved management
focused on short-term financial performance.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.

o J.H. Gittell, The Southwest Airlines Way, New York: McGraw Hill, 2003.
e B.R. Rich and L. Janos, Skunk Works. Little & Brown, 1994.
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LEAN PRINCIPLE 6: Respect for People
ENABLER: 2. Build an Organization Based on Respect for People.

SUBENABLER(S) AND USE RANKINGS:
2. Invest in people selection and development to promote enterprise and
program excellence. (U = 0.46)

VALUE PROMOTED: Great employees are the best means for creating best
value and preventing all categories of waste.

WASTE PREVENTED: All categories of waste.

EXPLANATION: This subenabler emphasizes the importance of seeking
highly competent and motivated employees that will benefit a company in
the long run. Most companies examine a candidate’s skills and educational
background to see if he or she will be a good fit. However, great companies
go farther: “In a lean PD system, being an engineer is a calling rather than a
job” [Morgan and Liker, 2006, pp. 223-224].

SUGGESTED IMPLEMENTATION: Hire employees for long-term
employment, based on their entire worth: not only narrow professional skills
and experience, but also teamwork abilities, learning, communication,
adaptability, and leadership skills, or potential. Then, invest in employee
development: train and rotate employees to become acculturated to the
company’s best habits and processes, becoming enthusiastic members and
leaders of their teams.

LAGGING FACTORS:
e Hiring for an immediate short-term technical need.

¢ Hiring based on scanning of resumes for key words.
e Expediency.
e Treating employees as commodities.

SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.

o J.H. Gittell, The Southwest Airlines Way, New York: McGraw Hill, 2003.
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LEAN PRINCIPLE 6: Respect for People

ENABLER: 2. Build an Organization Based on Respect for People.

SUBENABLER(S) AND USE RANKINGS:
3. Promote excellent human relations: trust, respect, honesty,

empowerment, teamwork, stability, motivation, drive for excellence.
U =071

VALUE PROMOTED: Vastly better teamwork skills, enthusiasm for work,
creativity, energy, focus.

WASTE PREVENTED: All categories of waste.

EXPLANATION: “Respect for people” is one of the pillars of the successful
Toyota culture, best summarized by Deming [1982, p. 148]: “Once a
Japanese plant manager who turned an unproductive U.S. factory into a
profitable venture in less than three months told me that: ‘It is simple. You
treat American workers like human beings with ordinary human needs and
values, they react like human beings.” Once the superficial, adversarial
relationship between managers and workers is eliminated, they are more
likely to pull together during difficult times and to defend common interests
in the firm’s health.”

The individual aspects listed in subenabler 6.2.3 carry rich practical meanings,
as follows:

Trust: Each employee must trust his or her colleague in any transaction. Each
knows that the colleague making a request or answering a question does so
for a legitimate reason and not for his or her own personal benefit. Both
individuals must trust each other’s intent to maximize value while
minimizing waste. In case of conflict, they should try to negotiate together
with focus on customer value.

Respect: People who are respected tend to respect others, which is conducive
to a healthy culture focused on value, creativity, and continuous
improvement. In contrast, people working in a culture lacking mutual
respect tend to think mostly of grievances and frustrations.

Honesty and openness: The parties in any communication must trust each
other that the information provided represents an honest and open
assessment based on available facts and professional judgments and is not
driven by private interests. The openness means that all stakeholders
receive the same message.

Empowerment: The employees who feel empowered to make decisions and
solve problems at the lowest level, and to resolve conflicts at the lowest
level, tend to utilize their creativity and responsibility more than those who
feel disciplined to carry out only direct orders of managers.

Teamwork: Practically all employees and stakeholders involved in modern PD

programs work in teams. The ability to work effectively on a team and
reach consensus is critical for success.
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Stability: In complex programs the time needed to become an effective team
member experienced in the domain and company culture takes years and
requires dedication. Employees should be given an environment conducive
to focus on work, and job stability is a critical element of that environment.
In contrast, amid fear of layoffs, employee energy tends to shift toward
finding other work.

Motivation: In a normal system, except in rare cases (such as substance abuse,
excessive absences, and criminal acts) that, according to Deming [1982]
constitute only a small percentage of the workforce, the vast majority of
employees at all levels want to work well. The role of an employer is to
provide employees with a work environment that is based on respect,
empowerment, trust, good communications, teamwork, mutual support, lack
of internal rivalry, fair evaluations, and the sense that value in the
organization is being pursued and waste minimized at all times.

Drive for excellence: Again, except for rare cases, pursuit of excellence is a
powerful human desire. Employees should be given a chance and
encouragement to pursue excellence, and be rewarded for doing so.

SUGGESTED IMPLEMENTATION: Implementation of great work culture
is said to be the most difficult aspect of management. It requires:
¢ Long-term thinking and long-term efforts.

e True leadership from enterprise leaders.
o Tangible policy to disseminate the best practices throughout the enterprise.

e A policy of hiring based not only on technical competence but also on
excellent interpersonal skills.

o Frequent and effective mentoring at all levels of management.
e Formal training and exposure to best examples.
e Mentoring.

LAGGING FACTORS:
e Authoritarian management.

e Excessive focus on short-term financial performance rather than long-term
competitiveness.

¢ Bad hiring practices (focused only on technical skills or minimum wages).
e Lack of leadership.

e Unfair compensation policies.

o Adversarial relationships between unions and management.

e Lack of job stability, frequent layoffs.
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SUGGESTED READING:

e David Levine, Reinventing the Workplace: How Business and Employees
Can Both Win, Brookings Institution Press, 1995.

o J K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.

o J.H. Gittell, The Southwest Airlines Way, New York: McGraw Hill, 2003.
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LEAN PRINCIPLE 6: Respect for People

ENABLER: 2. Build an Organization Based on Respect for People.

SUBENABLER(S) AND USE RANKINGS:

4. Read applicant’s resume carefully for both technical and nontechnical
skills and do not allow mindless computer scanning for keywords.
(U = 0.50)

VALUE PROMOTED: Best competitive products require best teams with
best employees hired for a long-term employment.

WASTE PREVENTED: All categories of waste.

EXPLANATION: A sad recent practice in large corporations is to filter job
applicants’ resumes using computer scanning for keywords. This is done to
save a few jobs in the Human Resource Department, a dramatic example of
shortsighted cost cutting. All human beings, even at entry level, are complex
individuals with rich biographies, experiences, accomplishments, interests,
creativity levels, leadership skills, temperament, and passion. It is precisely
these intangible features rather than the mechanical side of the professional
knowledge that separate mundane workers from creative enthusiasts and
leaders. This scanning practice ignores all these wonderful human aspects
and focuses on the technical keywords, selecting people as commodities
rather than assets. Toyota is a classical example of hiring for lifetime
employment: “This is why Toyota puts such a tremendous effort in finding
and screening prospective employees. It wants the right individuals to train
and empower to work in teams. When Toyota selects one person out of
hundreds of job applicants after searching for many months, it is sending a
message—the capabilities and characteristics of individuals matter” [Liker,
2004, p. 186].

SUGGESTED IMPLEMENTATION: If computer scanning for keywords is
practiced, abandon it immediately. Train the Human Resource employees
who filter resumes to pay attention not only to professional qualifications,
but also, and with emphasis, to the above intangible human aspects.
Working with experts, develop tests for identifying the best human
characteristics, to be sought during hiring process.

LAGGING FACTORS:
¢ Hiring based on resume scanning for keywords.

¢ Hiring for an immediate short-term need.

e Treating employees as commodities.
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SUGGESTED READING:

o J K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.

o J.H. Gittell, The Southwest Airlines Way, New York: McGraw Hill, 2003.
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LEAN PRINCIPLE 6: Respect for People
ENABLER: 2. Build an Organization Based on Respect for People.

SUBENABLER(S) AND USE RANKINGS:
5. Promote direct human communication. (U = 0.63)

VALUE PROMOTED: Effective creation and transmittal of vast amount of
information needed in programs.

WASTE PREVENTED: Primarily rework, but all other categories of
waste, too.

EXPLANATION: Product development, especially systems engineering,
involves creation and flow of information among project stakeholders.
“Today, if you ask a room full of engineers if communication is important
to effective product development, you are likely to get amused shrugs—the
answer is obvious. After all, product development is information flow
among many specialists. Stop communication, stop information flow, and
you stop product development. Now, instead of ‘throwing the design
over-the-wall,” (emphasis by the present author) engineers are taught to
communicate concurrently with a team of upstream and downstream
specialists—across functions. Almost everyone understands that more
communication is better and that collocating engineers in the same office
area so that they communicate intensely every day is a PD ‘best
practice’.”[Morgan and Liker, 2006, p. 259]

Communication should be conducted as directly as possible, in real time,
efficiently, and with minimum intermediate handoffs. Both parties to a
communication should feel obligated to make certain that their
communication is clear, complete, and efficient.

When an engineer needs to find an answer to his or her question from another
engineer working in a different department, he or she should seek a direct
contact rather than go through managers. Furthermore, managers should
empower such direct contact. Communication should utilize the broadest
bandwidth available: face to face is better than video link, which is better
than phone, which is better than email, which is better than using some
automated impersonal management software. Employees must be trusted
(and developed to be worthy of the trust) to communicate verbally and
effectively.

Similarly, communications between buyer and supplier engineers should be
direct; however, subject to certain reasonable legal limitations to prevent
requirements creep and specification changes, as explained under
subenabler 3.5.3.
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SUGGESTED IMPLEMENTATION: On average, engineers are known to
be rather poor communicators and prefer the language of mathematics,
computers, and images to spoken words, which is often why they selected
engineering as their profession. (Computer scientists are said to be
particularly notorious for preferring computer over human communications.)
Yet, in complex programs, verbal communication and coordination are
critical to program success. It follows that a key role of management is to
mentor, promote, expect, and enforce effective human communications.
Management should hire and promote individuals based not only on their
technical skills but also on human communication skills.

While to some degree good human communication skills may be a natural gift,
to a large degree the skills can be improved by focused effort, practice,
mentoring, and good examples. Management should organize ample
opportunities.

LAGGING FACTORS:
e Cultures that promote automated impersonal communications.

e Managers who themselves are poor communicators.
e Managers who demand that “everything goes through me.”

SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e W.E. Deming, Out of the Crisis. Massachusetts Institute of Technology,
Center for Advanced Engineering Study, 1982.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.
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LEAN PRINCIPLE 6: Respect for People

ENABLER: 2. Build an Organization Based on Respect for People.

SUBENABLER(S) AND USE RANKINGS:
6. Promote and honor technical meritocracy. (U = 0.83)

VALUE PROMOTED: Better motivation to enter and continue in the
engineering profession, larger pool of engineers available for PD and SE,
healthier human relations at work.

WASTE PREVENTED: All categories of waste.

EXPLANATION: In 1983, journalist Edward A. Reynolds lamented the fact
that the corporate focus has shifted from technical to financial: “Practically,
all of our major corporations were started by technical men—inventors,
mechanics, engineers, and chemists, who had a sincere interest in quality of
products. Now these companies are largely run by men interested in profit,
not product. Their pride is in the P & L statement or stock report.”
[Standardization News, Philadelphia, April 1983, p. 7]. Edward Deming, the
world guru of quality, included the above quote in his milestone book Out
of the Crisis [1982, p.131]. Since that time, the situation has gotten worse.
Wall Street cravings for short-term dividends has destroyed long-term
investment and R&D in many U.S. high-tech corporations and placed
financial managers well above engineers on all scales: compensation, job
perks, and prestige. Engineering is losing its esteem. The fraction of U.S.
high school graduates who enter engineering schools, already vastly smaller
than in other leading countries, is steadily dropping. The number of U.S.
born and naturalized engineers who can obtain security clearance is also
decreasing every year. As a result, defense companies are increasingly
outsourcing engineering work abroad. In many industries, including defense,
long-term corporate-sponsored research has disappeared, regarded as taking
away from dividends.

The present subenabler promotes a broad reversal of these trends. After all, the
products being designed, built, and used are still satellites, aircraft, ships,
cars, computers, and other such goods, and not stock reports. The companies
making these goods can remain competitive only if their products are
competitive. In order to make them so in the long term, intensive long-term
R&D is needed. Excellent creative technical people are needed to carry out
R&D and their subsequent engineering development programs. Therefore,
this subenabler should be interpreted to mean:

e Promote based on technical meritocracy and not financial or political
expediency.

¢ Improve professional standing of engineers relative to financial managers on
all scales: compensation, prestige, perks.
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e Promote long-term focus on internal R&D, even if short-term dividends
suffer.

e Make every effort to make the engineering profession attractive to high
school graduates.
e Government must also strongly promote long term R&D.

Again, Toyota is a good example: The Chief Engineer at Toyota who is in
charge of a new car PD is a person with equal prestige and compensation to
a corporate vice president. Everybody knows him and respects him. People
refer to the car he develops by his name rather than by the car name.

SUGGESTED IMPLEMENTATION:
e The corporate boards of high-tech firms must recognize that without
long-term R&D there is no long-term future.

e In order to develop R&D, the balance between financial and technical
corporate forces must change in favor of technical.

¢ In order to make the engineering profession more attractive, engineers must
be recognized at least as highly as financial managers in prestige and
compensation.

e The government acquisition policy must support long-term R&D in
high-tech companies.

¢ Engineers must be promoted based on technical merit.

LAGGING FACTORS:
o Financial pressures to maximize short-term profits.

e Government pressures to pay only for PD programs and not for any
long-term R&D.

e Corporate policy of valuing financial managers higher than engineers.

SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e W.E. Deming, Out of the Crisis. Massachusetts Institute of Technology,
Center for Advanced Engineering Study, 1982.
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LEAN PRINCIPLE 6: Respect for People

ENABLER: 2. Build an Organization Based on Respect for People.

SUBENABLER(S) AND USE RANKINGS:
7. Reward based upon team performance and include teaming ability
among the criteria for hiring and promotion. (U = 0.25)

VALUE PROMOTED: Better PD team is conducive to better creation of
value with less waste in faster time.

WASTE PREVENTED: All categories of waste.

EXPLANATION: A leftover of the discredited “X-theory” of management,
rivalry between workers on the same team is destructive. Competition is
healthy among competing teams but not among players on the same team.
We tend to understand it well in the context of sports but not work: Imagine
a mountain-climbing team in which climbers compete for ropes and hooks
instead of securing one another.

All employees in an enterprise should work together as a team aligned to
create value with minimum waste in the fastest possible time. Teamwork
means that more experienced individuals mentor and help those less
experienced, because enterprise wins if the team as a whole performs better
than its competitors.

This subenabler promotes two practices, as follows. First, the teaming ability
should play an important part among the criteria for hiring and promotion.
Second, an employee bonus should be based, at least partly, on the entire
team performance rather than individual performance.

SUGGESTED IMPLEMENTATION:

e Include teaming ability among the criteria for hiring and promotion. Create
special questions and tests to be used during the hiring interview process
to detect the ability or lack thereof. Include teaming ability in annual
evaluations.

e Reward based upon team performance. Make the total compensation consist
of three components: base pay commensurate with education, experience
and position, plus a bonus (identical for all team members) dependent on the
entire team performance, plus an individual bonus for continuous
improvement.

LAGGING FACTORS:
e The “X-theory” management, lack of teamwork.

e Rivalry among individual team members.
¢ Hiring only for technical skills.
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SUGGESTED READING:

o J K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta
Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.

o J.H. Gittell, The Southwest Airlines Way, McGraw Hill, New York, 2003.
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LEAN PRINCIPLE 6: Respect for People
ENABLER: 2. Build an Organization Based on Respect for People.

SUBENABLER(S) AND USE RANKINGS:
8. Flow down responsibility, authority, and accountability (RAA) to
allow decision making at lowest appropriate level. (U = 0.09)

9. Eliminate fear and promote conflict resolution at the lowest level.
(U=0.29)
12. Within program policy and within their area of work, empower
people to accept responsibility by promoting the motto “ask for
forgiveness rather than ask for permission.” (U = (.28)

VALUE PROMOTED: Free of fear, well-motivated, and empowered
workforce tends to perform better in value creation with minimum waste.

WASTE PREVENTED: All categories of waste.

EXPLANATION: At its most basic, there are two competing management
cultures. The first is known as “traditional,” or “Theory X.” It is the
authoritarian hierarchical structure, in which the focus of power is vested in
the hands of a superior who makes all decisions and commands obedience.
In this culture vertical organizational stovepipes are common, and fear is the
frequent denominator. Fighting it, [Deming 1982, p. 264] formulated his
famous 8th Principle: “Drive out fear. No one can put in his best
performance unless he feels secure. Se comes from the Latin, meaning
without, cure means fear or care. Secure means without fear, not afraid to
express ideas, not afraid to ask questions. Fear takes on many faces. A
common denominator of fear in any form, anywhere, is loss from impaired
performance and padded figures.”

The opposite culture, sometimes called “Theory Y’ management, is based on
empowerment; delegation of responsibility, authority, and accountability;
teamwork; and respect for all. Instead of vertical stovepipes, emphasis is
placed on the creation and horizontal flow of value across all tasks, all the
way to an end customer. Line managers make certain that employees have
the right resources, including training and mentoring, to create value with
minimum waste, and then happily delegate and empower employees to
makes decisions and resolve conflicts themselves, consistent with value
proposition and the corporate mission.

SUGGESTED IMPLEMENTATION: Transforming the enterprise with a
traditional management culture to one of empowerment may not be easy,
but this has been done numerous times. It requires committed leadership, a
lot of training, and mentoring from the top. The most dramatic example of
success was the NUMMI plant, a joint venture of Toyota and GM in
Fremont, California, originally a GM plant. After GM closed the plant,
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blaming the workers and the UAW union for terrible plant performance, the
new joint venture reopened under Toyota management, with the same
workers and the same union. Massive training of all workers in the Toyota
Production System and Respect for People followed. Within a year of
opening, the NUMMI plant was transformed with extraordinary results,
praised equally by the new management and the old union.” The joint
venture published an amazing union agreement, which is now used as a
classical case study in most business schools (see the reading list). Before
making any layoffs, it promises a cut in salaries of executives and officers,
insourcing work, and voluntary leaves. It also promises “commitment to
building and maintaining the most innovative and harmonious
labor-management relationship in America. . ..mutual trust, understanding
and sincerity, and [...] work environment [...] based on teamwork, mutual
trust and respect that gives recognition to the axiom that people are the most
important resource of the Company.”

This dramatic example is the case of the proverbial burning platform after the
original GM plant closed. A less dramatic implementation may be to start
with one worst department. A new manager who is a believer in Lean and
has a strong track record of implementing the new management style should
be carefully hired to transform this department. Then, after perhaps a year,
when success is evident, the department can be used as an example for
others. Good word spreads like fire: Employees from other departments will
also desire the new culture.

*The NUMMI closed again in 2010 after bankrupt GM pulled out from the joint venture.
Toyota then decided that the plant infrastructure was too large and costly to operate alone.

LAGGING FACTORS:
o Authoritarian management.

o Culture of fear.
e Lack of leadership.
e Focus on profits rather than value creation.

SUGGESTED READING:

o Agreement between New United Motor Manufacturing, Inc. and the United
Auto Workers, August 1, 1998.

e David Levine, Reinventing the Workplace: How Business and Employees
Can Both Win, Brookings Institution Press, 1995.

o J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e W.E. Deming, Out of the Crisis. Massachusetts Institute of Technology,
Center for Advanced Engineering Study, 1982.
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LEAN PRINCIPLE 6: Respect for People

ENABLER: 2. Build an Organization Based on Respect for People.

SUBENABLER(S) AND USE RANKINGS:

10. Keep management decisions crystal clear but also promote and
reward the bottom-up culture of continuous improvement and human
creativity and entrepreneurship. (U = 0.04)

VALUE PROMOTED: The company that is continuously improved by all
employees becomes more competitive faster.

WASTE PREVENTED: All categories of waste.

EXPLANATION: This subenabler expands on the subenablers 6.2.8, 6.2.9,
and 6.2.12, promoting the culture of empowerment, delegation, and flowing
down of RAA (responsibility, accountability, and authority). The present
subenabler (6.2.10) promotes bottom-up suggestions for continuous
improvement. In this culture we have as many potential improvers as are
employees. Employees themselves can devote their energies, creativity, and
entrepreneurship to think of improvements in value creation, work
conditions, and waste reduction. In contrast, in the traditional authoritarian
management culture we have at best as many improvers as managers—and
even this is often a fallacy because such managers tend to be so
overwhelmed trying to control all activities and crises that they rarely have
time to think of improvements. Such organizations tend to be very static and
move from crisis to crisis.

Several quotes illustrate the bottom-up culture:

o “Until senior management gets their egos out of the way and goes to the
whole team and leads them all together ... senior management will continue
to miss out on the brain power and extraordinary capabilities of all their
employees. At Toyota, we simply place the highest value on our team
members and do the best we can to listen to them and incorporate their
ideas into our planning process.” Alex Warren, former Senior VP Toyota
Motor Manufacturing, Kentucky [Liker, 2004, 171]

e “Under the suggestion program [employees] come up with work
improvement ideas and they are rewarded by the company for good
suggestions. This system has become the most common of the employee
motivation systems and is used at 93.9% of all manufacturing companies
listed on the Tokyo Stock Exchange.” [Mikami, 1982, pp. 59-60]
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e “According to surveys on the results of suggestion programs conducted in
1981 by the Japan Human Relations Association, 1.83 million employees at
the 464 companies that responded submitted a total of 23.53 million
suggestions. Hitachi, Ltd. Reported 4.21 million suggestions, which was the
largest number for any company. The total amount awarded for the
suggestions at Hitachi was 8.1 billion yen (466 yen per suggestion). The
company confirmed that the economic effect was 225.3 billion yen. The
suggestions were for:

a. Improved work methods  34%
b. Conservation of resources, materials, and consumables 13%

c. Improved work environment  11%

Most of these suggestions were concerned with improvements related to
individual work.” [Mikami, 1982, p. 60]

The bottom-up suggestion system originated in manufacturing, but nothing
should prevent its implementation in SE and PD environments.

SUGGESTED IMPLEMENTATION: The literature on the NUMMI plant
conversion provides details of a plant-wide implementation of the bottom-up
improvement system, which took about a year. The implementation is easier
if started within a single department by a manager who is enthusiastic about
the culture change. A short briefing explaining the suggestion system is a
good place to start. Incentives in the form of small bonuses, or at least
honest honorary recognition, are recommended. In order to motivate
supervisors to accept suggestions positively, a small fraction of the bonus
paid to the employee should also be paid to the supervisor (Toyota pays 5%
of the bonus to supervisors automatically, whenever a suggestion is
implemented). Overtime, and other reasonable resources should be made
available to implement such suggestions. Once an idea catches on, other
departments will likely start pulling for similar changes.

LAGGING FACTORS:
¢ Authoritarian, fear-based management.

e Stovepipe culture.

o Culture of rejecting good ideas that originate in manufacturing environment
“because we are not manufacturers.”

SUGGESTED READING:

e D. Levine, Reinventing the Workplace: How Business and Employees Can
Both Win, Brookings Institution Press, 1995.

e J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

o T. Mikami, Management and Productvity Improvement in Japan, Tokyo:
JMA Consultants Inc., in Co-operation with Japan Management Association,
1982.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 6: Respect for People
ENABLER: 2. Build an Organization Based on Respect for People.

SUBENABLER(S) AND USE RANKINGS:
11. Do not manage from cubicle; go to the spot and see for yourself.
(U=0.17)

VALUE PROMOTED: More effective management, quicker and more
effective identification of problems, ability to fix problems more quickly
with less waste.

WASTE PREVENTED: All categories of waste.

EXPLANATION: Every manager faces the following choice: to manage from
his or her office, demanding that all information about a problem (and
solution) be brought to his or her attention and decision; or to go to the site
of the problem, see it firsthand, identify it, possibly mentor root cause
analysis, ask questions, and help eliminate the problem once and for all.
This subenabler promotes the latter practice, which is called gemba
(Japanese), meaning “go and see.”

“The first step of any problem-solving process, development of a new product,
or evaluation of an associate’s performance is grasping the actual situation,
which requires ‘going to gemba’” [Liker, 2004, p. 224]. The short word
means more than just “seeing first hand.” It also means becoming involved.

In order to motivate managers and employers to get to the root cause of any
problem, Tadashi Yamashina, president of the Toyota Technical Center,
suggests: “[Gemba] is more than going and seeing. [It also means having to
ask questions:] ‘“What happened? What did you see? What are the issues?
What are the problems?’ Within the Toyota organization in North America,
we are still just going and seeing. ‘OK, I went and saw it and now I have a
feeling.” But have you really analyzed it? Do you really understand what the
issues are? At the root of all of that, we try to make decisions based on
factual information, not based on theory. Statistics and numbers contribute
to the facts, but it is more than that. Sometimes we get accused of spending
too much time doing all the analysis of that. Some will say ‘Common sense
will tell you. I know what the problem is.” But collecting data and analysis
will tell you if your common sense is right.” [Liker, 2004, p. 225]

SUGGESTED IMPLEMENTATION: This subenabler is relatively easy to
implement with the right enterprise leadership, training of managers, and
incentivizing the right behavior among managers.
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LAGGING FACTORS:
¢ Enterprise leadership not aware of the practices and benefits of gemba.
o Traditional management style from a cubicle.

SUGGESTED READING:
o J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 6: Respect for People
ENABLER: 2. Build an Organization Based on Respect for People.

SUBENABLER(S) AND USE RANKINGS:
13. Build a culture of mutual support (there is no shame in asking for
help). (U = 0.36)

VALUE PROMOTED: Faster flow of value, less waste, improved collegiality
and teamwork.

WASTE PREVENTED: Primarily waiting, and to some degree all other
categories of waste.

EXPLANATION: High-powered organizations place a high value on mutual
support. Mutual support should work in every direction: engineers
supporting their colleagues; supervisors and managers supporting
employees, other managers, and superiors; buyer’s employees supporting
suppliers; all employees supporting the customer; etc.

In large PD organizations, both the formal and tribal knowledge is deep and
broad, and usually there are numerous senior employees who have answers
to many questions at their fingertips. Many problems repeat themselves, and
many have been solved or addressed in the past. Keeping this knowledge
hidden is detrimental to an organization’s health, wasteful of precious
program time, and conducive to the waste of reinventing the wheel. In
contrast, sharing knowledge freely with colleagues benefits everybody: It
promotes collegiality and teamwork, saves the value creation time, improves
team performance, and assists junior employees to come “up to speed”
faster. Most people enjoy being asked for advice and sharing knowledge.
Employees should be informed that “sitting on a question” without seeking
an immediate answer is bad, and that there is no shame in asking for help.
This is particularly important for new hires.

SUGGESTED IMPLEMENTATION: This subenabler is relatively easy to
implement: It should be enough to send a message from the middle
managers to the effect: “If you have a question that you alone cannot
answer in a reasonable time, immediately seek the person who will help
you.” Another message to all employees should be that “everybody is
expected to answer questions from any colleague in a reasonably short time,
fully, honestly, openly, in a friendly way, without blaming the person
asking.” This must be implemented reasonably: A super busy employee
working on a critical task should not be interrupted and expected to drop
everything to answer questions. But the opposite should also be true: Any
simple question requiring a simple answer should be supportively addressed
without undue delay.
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A concern of some managers that the system may be abused and employees
will start asking questions instead of thinking for themselves is rarely
justified. In the SE environment, most employees are professionals. A rare
abuse is easy to correct through a talk with a manager, and, in a truly
exceptional case, by shifting the employee to a less challenging position.
Organizations should be designed to benefit the vast majority of good
employees rather than to police the tiny minority of poor performers.

LAGGING FACTORS:
o The culture of rivalry, keeping all information to oneself.
e Fear of layoffs.

e Adversarial human relations.

SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e R. Leopold, The Iridium Story: An Engineer’s Eclectic Journey, Minta

Martin Lecture, MIT Department of Aeronautics and Astronautics, April 23,
2004.
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LEAN PRINCIPLE 6: Respect for People
ENABLER: 2. Build an Organization Based on Respect for People.

SUBENABLER(S) AND USE RANKINGS:
14. Prefer physical team co-location to the virtual co-location. (U = 0.44)

VALUE PROMOTED: Vastly better communication, coordination, planning,
and resolution of issues in real time

WASTE PREVENTED: All categories of waste.

EXPLANATION: In large complex PD programs, the need to plan, discuss,
brainstorm, negotiate, coordinate, and resolve issues and risks occurs
frequently indeed. The subenabler promotes face-to-face meetings of
co-located stakeholders, where possible. Such meetings are incomparably
more effective than even the best video conferencing technology. There is a
certain intangible psychological magic in face-to-face interactions, which is
conducive to more effective decision making. Human beings have practiced
such interactions for tens of thousands of years and developed them to a
high level of art. Body language is a critical component of communication,
especially in difficult and stressful situations (which are frequent in PD
work). People meeting in one room engage both sides of the brain, which is
said to improve creativity. This is also important for brainstorming and
negotiations. It engages the power of teamwork and consensus building.
Cross-talk or even cross-looks among individuals in the room are all
important, if intangible, signals of communications.

In contrast, virtual meetings are not nearly as effective. Most people speaking
to a camera tend to act in an artificial manner, “playing the part.” People
tend to be more bureaucratic and more formal, and thus, less creative.
Usually only the speaker’s face is seen, and the reactions of the colleagues
are not. The quality of a meeting goes down as bandwidth narrows.
Telecoms are less effective than video conferencing and electronic chats less
than telecoms, and so on.

Of course, co-location alone is not a guarantee of a good meeting, but the lack
of co-location is always a detriment.

Looking at the history of large defense programs, the best performing ones
were indeed the programs executed in one physical location (e.g., Skunk
Works in Palmdale; Northrop aircraft in Hawthorne, Hughes Space and
Communications in El Segundo, TRW in Redondo Beach, and many others).
The recent unfortunate trend of virtual meetings was made possible by
modern communication electronics and was promoted by globalization and
mergers of companies into giants operating in all 50 states. Some
companies have managed to resist the negative trends, e.g., Rockwell
Collins and Thales (see Chapter 8).
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SUGGESTED IMPLEMENTATION: For important meetings, perform a
quick cost-benefit analysis of co-location versus virtual meeting. Evaluate
the cost of transporting key people to a common least expensive location
(direct travel cost and the cost of time during travel, hotel, per diem) and
compare it to the cost of potentially less-than-perfect decisions made in the
absence of co-location. While the latter may be difficult to estimate
accurately, past experience should be used as a guide: Just think of all those
PD programs that failed, or experienced significant cost and schedule
overruns, because of bad decisions, lack of consensus, lack of good
planning, failure to address and resolve issues fully, bad communications,
and many other issues. The Lean approach strongly promotes co-location for
all planning and integrative events.

LAGGING FACTORS:
o Large geographical distribution of stakeholders.

o False belief that electronic and automated means of communication are as
good as direct human communications.

o High cost of travel.
¢ Objective obstacles to travel (e.g., natural disasters and airline strikes).

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.

e D. Secor, Implementation of Lean Enablers, LAI Plenary, Dana Point,
March 23, 2010.

e B.R. Rich and L. Janos, Skunk Works. Little & Brown, 1994.
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LEAN PRINCIPLE 6: Respect for People

ENABLER: 3. Expect and Support Engineers to Strive for Technical
Excellence.

SUBENABLER(S) AND USE RANKINGS:
1. Establish and support Communities of Practice. (U = 0.67)

VALUE PROMOTED: Effective sharing of knowledge, experience, and
wisdom among engineers of like specialty and interests promotes value
creation.

WASTE PREVENTED: All categories of waste.

EXPLANATION: The high complexity of modern PD programs and the vast
rate of change of engineering and scientific knowledge require that
individual engineers and managers should have accessible opportunities to
draw from and share their knowledge, experience, and wisdom with their
peers. The most effective platform for informal sharing is a community of
practice promoted by this subenabler. It can be organized at a number of
levels: within a department among engineers of the same specialty, within
an enterprise, within a local chapter of a professional society, and within
national or even international professional societies, as listed below.
Engineers participating in such communities of practice tend to stay au
courant (up to date) on latest developments in their profession, department,
or enterprise, learn faster, and overall become better engineers than those
who do not.

SUGGESTED IMPLEMENTATION:

e Department level: The engineers of a like specialty meet periodically to
discuss their case studies, good ideas as well as failed ones, share solutions
or actions, dos and don’ts, and their experiences and wisdom. These
meetings should be informal, pleasant, and free of work hierarchy, while
focused on honest sharing of knowledge, experiences, and wisdom. Snacks
or meals are always welcome and are a good investment. Better case studies
ought to be written up and made available in a database to all engineers of a
given specialty.

o Enterprise level: Just like the departments, but involving all engineers of a
given specialty from all divisions of an enterprise. Normally, this
community of practice needs a bit more formality than the departmental
level, e.g., emailing list, regular meeting times, a convenient location, and
advertised agenda.

e Local chapter of a professional society: Professional societies have a long
and rich tradition of organizing local chapters for sharing knowledge. These
chapters organize periodic meetings as occasions for both networking and
sharing knowledge via seminars, tutorials, and workshops. The knowledge
shared tends to be less company-specific and more generic.
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o National/international professional society: Engineering professional
societies operating at national or international levels offer numerous benefits
for a community of practice: conferences, tutorials, workshops, short
courses, journals, books and newsletters, peer review, lobbying services, and
even financial services (credit unions and insurances).

LAGGING FACTORS:
e Departments that are so busy with daily work that no time is left over for
any other activity.

e Remote geographical location, making access to a common site impractical.

SUGGESTED READING:

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 6: Respect for People

ENABLER: 3. Expect and Support Engineers to Strive for Technical
Excellence.

SUBENABLER(S) AND USE RANKINGS:
2. Invest in Workforce Development. (U = 0.83)

VALUE PROMOTED: Well-developed engineers are capable of creating
value more competitively.

WASTE PREVENTED: Well-developed engineers are capable of reducing all
kinds of waste.

EXPLANATION: The engineering profession faces two continuous
challenges: exponentially growing engineering knowledge and the growing
complexity of products and PD programs. Both require that every engineer
should continuously develop his or her knowledge and skills. In order to
stay competitive, PD companies should provide well-designed opportunities
for development and treat associated costs as an investment. Popular
development activities include formal training, mentoring, rotations through
key functions, formal university-level courses, certificate and degree
programs, short courses and tutorials, webinar courses, professional society
lectures, participation in communities of practice, and, in exceptional cases,
scholarly sabbaticals and internships at scholarly institutions.

“In a lean system, people learn best from a combination of direct experience
and mentoring. Excellent engineers that fit in with a high-performance PD
do not graduate from college ready baked to handle important projects; they
are built slowly from scratch. Toyota has always recognized this truth and
has developed rigorous selection and training processes to support it.”
[Morgan and Liker, 2006, p. 163].

SUGGESTED IMPLEMENTATION: Each corporation should develop a
formal program and budget for workforce development. The educational
path should be well designed, consistent with a company’s long-term
strategy and mission. Large companies can enter into agreements with
teaching institutions to offer well-designed qualified education at a discount.

LAGGING FACTORS:
o Expectation that engineering education (college level or MS level) is
sufficient to immediately start productive engineering work.

e No workforce development opportunities in the workplace.
e Employees driven too hard to have any time or energy left for development.

e Only on-the-job training without mentoring (which really means no training,
and junior engineers repeating the same mistakes all the time, causing
program delays).
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SUGGESTED READING:

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

e D. Secor, Implementation of Lean Enablers, LAI Plenary, Dana Point,
March 23, 2010.
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LEAN PRINCIPLE 6: Respect for People

ENABLER: 3. Expect and Support Engineers to Strive for Technical
Excellence.

SUBENABLER(S) AND USE RANKINGS:
3. Assure tailored Lean training for all employees. (U = 0.21)

4. Give leaders at all levels in-depth Lean training. (U = 0.13)

VALUE PROMOTED: Faster implementation to the dramatic benefits of
Lean Thinking in SE and entire PD.

WASTE PREVENTED: All categories of waste.

EXPLANATION: While the understanding of Lean Thinking in production
and manufacturing is now widespread, Lean in Product Development and
specifically in Systems Engineering is not yet popular either in industry or
government, even though the literature on these subjects is already
significant, and cases of success are well documented. If PD enterprises
wish to remain competitive, they should acquire Lean knowledge as soon as
possible using the most effective means. This statement applies equally well
to government and industry. Training by experts (initially external, until
in-house experts are well developed) is probably the most effective way to
acquire the first level of knowledge (understanding of fundamentals).
Subenabler 6.3.3 promotes tailored lean training for all employees, and
subenabler 6.3.4 for leaders. The training scope for these groups is listed
below. Liker [2004, pp. 182-183] strongly promotes a special training for
leaders: “The leader’s goal at Toyota is to develop people so they are strong
contributors who can think and follow the Toyota Way at all levels in the
organization. The leader’s real challenge is having the long-term vision of
knowing what to do, the knowledge of how to do it, and the ability to
develop people so they can understand and do their job excellently. The
payoff for this dedication is more profound and lasting to a company’s
competitiveness and longevity than using a leader merely to solve
immediate financial problems, make the correct decision for a given
situation, or provide new short-term solutions to bail a company out of a
bad situation. A company growing its own leaders and defining the ultimate
role of leadership as ‘building a learning organization’ lays the groundwork
for genuine long-term success.”

SUGGESTED IMPLEMENTATION: All PD stakeholders should be
organized into groups of different levels and needs for tailored Lean
training. Leaders should form a separate group so that they can ask
questions without losing face. All training courses for all levels should
include the following basics (it is assumed that Lean manufacturing
knowledge is already in place; if not, this should be acquired first): the
concepts of value in PD, PD waste (including examples of waste), the
process of creating PD value without waste captured into the six Lean
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Principles, fundamentals of Value-Stream Mapping in PD, definition of Lean
SE, a quick review of the Lean Enablers for SE, a review of the benefits
from Lean PD, and a few case studies from published literature. Experience
demonstrates that this all can easily be covered in a one-day tutorial. After
this tutorial, leaders should be sufficiently convinced and excited to support
subsequent Lean implementation in their enterprises, and others should be
sufficiently excited to Lean to seek more knowledge. Then, additional
sessions should be conducted in two- to four-hour advanced modules
devoted to specific aspect of Lean PD/SE. Not all modules are needed by all
managers and engineers—the modules should be tailored to different
audiences as needed. The total number of modules practiced by the author is
nine, as follows (the actual breakdown of the topics and delivery should be
left up to the individual instructors):

o Capturing customer need and requirements, including unspoken
requirements, and Lean development of requirements and other aspects of
value.

e Planning and Frontloading PD.
e Lean SE and Lean Enablers for SE.

e Lean final engineering (engineering of parts and assembly), including Lean
Design for Manufacturing, Assembly and Testing (DFMAT)

e Lean integration, verification and testing, and validation.
e Lean Quality Assurance.

e Lean Supply Chain.

e Lean Accounting and Metrics.

e Lean Administration (a.k.a. Lean Office).

LAGGING FACTORS:
¢ No plans for Lean training.

o Too busy fighting fires to implement Lean (this is when it is most critical to
apply Lean Thinking).

e A viewpoint that engineers are capable of learning only a few simple Lean
rules and must not be overwhelmed with too many details of Lean.

e Leaders not willing to look at anything other than short-term financial
performance.

SUGGESTED READING:

e J.P. Womack and D.T. Jones, Lean Thinking. Simon & Shuster, 1996.

e D. Lempia, Using Lean Principles and MBE in Design and Development of
Avionics Equipment at Rockwell Collins, 26™ International Congress of the
Aeronautical Sciences, Anchorage, AK, September 16, 2008, paper 6.7.3.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e O. Terrien, An Experience Report at Thales Aerospace, France “The Lean
Journey”, Thales Aerospace, INCOSE 2010 IS, Chicago.
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LEAN PRINCIPLE 6: Respect for People
ENABLER: 4. Nurture a Learning Environment.

SUBENABLER(S) AND USE RANKINGS:
1. Perpetuate technical excellence through mentoring, training, continuing
education, and other means. (U = (0.82)

2. Promote and reward continuous learning through education and
experiential learning. (U = 0.36)

4. Pursue the most powerful competitive weapon: the ability to learn
rapidly and continuously improve. (U = 0.55)

VALUE PROMOTED: Sustain competitiveness by rapid effective learning
and improving in product development faster than competitors.

WASTE PREVENTED: All categories of waste.

EXPLANATION: As described under subenabler 6.3.2, investment in
workforce development is one of the best long-term investments companies
can make if they desire to be competitive. This is particularly important for
organizations involved in high-tech PD, where knowledge explodes
exponentially and rapid learning is critical for success. For such companies
effective continuous learning and improvement is not an option; it is a
critical aspect of a Lean organization. The present three subenablers (6.4.1,
6.4.2, and 6.4.4) address three mutually complementary aspects of learning
for technical excellence. Subenabler 6.4.1 is generic: It promotes an
enterprise-wide implementation of best learning practices, including
mentoring, training, continuing education, and other means. Subenabler
6.4.2 is more specific: It calls for an explicit practice of rewarding
continuous learning through formal education and experience-based
learning. Finally, enabler 6.4.4 calls for creating and sustaining a company
environment, infrastructure, and culture that permits rapid learning.

SUGGESTED IMPLEMENTATION: The companies involved in PD should
implement the entire menu of learning activities, including:
e Formal in-house training and mentoring by more experienced engineers.

e Rotations of engineers through key functions.

o Formal university-level courses.

e Advanced certificate and degree programs.

e Lectures, short courses and tutorials offered by professional societies and
experts.

o Participation in communities of practice.

o For exceptional individuals, scholarly sabbaticals and internships at scholarly
institutions.
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A special budget and infrastructure are needed to administer these educational
activities. A system of rewards should be implemented, such as reasonable
time off for education, easy access to courses and instructors, an easy-to-use
rotation system, bonuses for tangible learning outcomes, and an information
system (on company intranet) about local educational events such as Ed
fairs.

When a situation calls for rapid learning and improvement (e.g., when a new
technology, tool, or competition appears), the company should be prepared
to quickly organize a short course, a lecture by an expert, or similar
educational experience, and invite stakeholders (employees and possibly key
suppliers) to attend.

LAGGING FACTORS:
¢ Not enough budget for continuous learning.

e Employees driven so hard that no time or energy is left for education.
o Continuous learning not rewarded or appreciated.

o Lack of education infrastructure.

e Lack of policies and recognition for rotations and mentoring.

e Companies ignorant about the local university educational programs.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 6: Respect for People
ENABLER: 4. Nurture a Learning Environment.

SUBENABLER(S) AND USE RANKINGS:
3. Provide knowledge experts as resources and for mentoring. (U = 0.45)

VALUE PROMOTED: Wisdom and experience of experts promotes
excellence throughout the PD enterprise.

WASTE PREVENTED: All categories of waste.

EXPLANATION: Practically all large PD enterprises have numerous in-house
experts. Normally, these are senior people of recognized wisdom and
achievement. The present subenabler promotes making these experts
available for internal consultations and for mentoring more junior engineers
and managers, just as university professors hold office hours for advising
students. This practice is conducive to sharing of the wisdom of experts
across the enterprise.

Liker [2004, p. 182] describes an interesting practice at Toyota: “Toyota
leaders, by having a combination of in-depth understanding of the work and
the ability to develop, mentor, and lead people, are respected for their
leadership abilities. Toyota leaders seldom give orders. In fact, the leaders
often lead and mentor through questioning. The leader will ask questions
about the situation and the person’s strategy for action, but they [sic] will
not give answers to these questions even though they have [sic] the
knowledge. ... The roots of Toyota leadership go back to the Toyoda family
who developed Toyota Way Principle 9: ‘Grow leaders who thoroughly
understand the work, live the philosophy, and teach it to others.””

SUGGESTED IMPLEMENTATION:
e Prepare a directory of in-house subject matter experts listing their fields and
access (names, phone, email, physical location, office hours for consultation).

o Verify that the experts are willing to devote a few hours per week to inside
consultations.

e Make the directory available to junior engineers and managers and
encourage them to seek the expert’s help.

o If practical, employ recently retired experts for this purpose. These retired
people often appreciate the recognition and also enjoy passing their wisdom
on to the following generation. The enterprise may benefit from their
experience and wisdom, and the cost of a few hours per week is minimal.

e Let new engineers capture the wisdom of “gray hair” experts. Use a
knowledge management strategy and do not wait until the experts retire or
leave the company.
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LAGGING FACTORS:
o Experts overutilized in current active programs with no time left for sharing.
o Experts not willing to share.

o Experts saying: “when I was young I did not ask for help, so why should I
now help others?”

o Fear of layoff: “If I tell them everything I know, they will let me go.”

SUGGESTED READING:
o J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.
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LEAN PRINCIPLE 6: Respect for People
ENABLER: 4. Nurture a Learning Environment.

SUBENABLER(S) AND USE RANKINGS:
5. Value people for the skills they contribute to the program with mutual
respect and appreciation. (U = 0.45)

VALUE PROMOTED: Trust and respect that every employee will do his or
her job so that we are successful as a company.

WASTE PREVENTED: All categories of waste.

EXPLANATION: Sam Heltman, Senior Vice President of Administration at
Toyota Motor Manufacturing, North America (one of the first five
Americans hired by Toyota, Georgetown), said it well: “Respect for people
and constant challenging to do better—are these contradictory? Respect for
people means respect for the mind and capability. You do not expect them
to waste their time. You respect the capability of the people. Americans
think teamwork is about ‘you liking me and I liking you’. Mutual respect
and trust means I trust and respect that you will do your job so that we are
successful as a company. It does not mean we just love each other.” [Liker,
2004, p. 184]

Deming [1982, p. 118] addressed the case of a “lone worker,” also relevant
here: “There are abundant examples of people that cannot work well in a
team, but who demonstrate unquestionable achievement in the form of
respect of colleagues and of peers, through inventions and publications in
scientific journals. Such a man may make fabulous contributions to the
company as well as to knowledge. The company must recognize the
contributions of such people, and provide assistance to them.”

SUGGESTED IMPLEMENTATION: Without exception, all people at all
levels like to be appreciated and respected. Respect, appreciation, and
recognition are always conducive to extra effort and better work morale.
Individuals with particularly significant contributions should receive
particularly significant appreciation. Appreciation should be indicated right
away and not only during annual evaluations. All employees should receive
respect for their normal work.

Implementation of this subenabler should be enterprise-wide, promoted by all
levels of management.
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LAGGING FACTORS:
¢ Position that “the job and pay alone are sufficient signs of appreciation.”

e Bureaucratic culture in which the lack of trust, honesty, and respect is
compensated with demands for bureaucratic evidence.

SUGGESTED READING:

o J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

o W.E. Deming, Out of the Crisis. Massachusetts Institute of Technology,
Center for Advanced Engineering Study, 1982.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 6: Respect for People

ENABLER: 4. Nurture a Learning Environment.

SUBENABLER(S) AND USE RANKINGS:
6. Capture learning to stabilize the program when people transfer
elsewhere or leave. (U = 0.09)

VALUE PROMOTED: Easy transition of responsibility and knowledge from
one individual to his or her successor, with minimum waiting and without
the waste of rework or reinventing the wheel .

WASTE PREVENTED: Rework and waiting.

EXPLANATION: Some PD programs last 10—15 or more years. A notorious
problem in such programs is keeping the program knowledge stable when
people move on, retire, become ill, or pass away. Unless the enterprise has
captured the learning and knowledge well, any change in a critical
stakeholder is likely to introduce instability into the program: Colleagues
discover that an individual was the only one who knew, and now, after the
person left, nobody seems to know what to do. Knowledge must be
reconstructed, causing rework and waiting waste. This may occur even in
shorter programs when unfortunate events (deaths, accidents, career moves)
cause staff instability. This subenabler calls for a policy of capturing enough
data and learning to keep the program stable when people transfer elsewhere
or leave. Ideally, knowledge, information, and learning should be well
recorded so that a new person can seamlessly take over when the
predecessor leaves for whatever reasons.

SUGGESTED IMPLEMENTATION:
e Have a formal policy for capturing learning and knowledge and do not rely
on a lone individual, which can create a single point of failure.

e For key people, institute the system of a deputy or associate who is
mentored by a key person, captures his or her knowledge and learning, and
is ready to step into the necessary position at a short notice.

e Demand checklists and records and excellent workplace organization (often
called 5 Ss after the Japanese practice) among the leaders. Balance the
quality of these documents against excessive bureaucracy. Keep enough
records for another person to be able to take over on a short notice.

e Develop and communicate knowledge management strategy at both
enterprise and program levels.

e Some larger U.S. government PD contracts explicitly call for such practices.
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LAGGING FACTORS:

e Lack of policy of capturing and easily transitioning learning and knowledge
from one person to his or her successor.

o The culture of everybody keeping knowledge hidden to minimize the risk of
layoff.

SUGGESTED READING:
e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 6: Respect for People
ENABLER: 4. Nurture a Learning Environment.

SUBENABLER(S) AND USE RANKINGS:
7. Develop Standards paying attention to human factors, including
reading and perception abilities. (U = —0.18)

8. Immediately organize a quick training in any new standard.
(U=-0.27)

VALUE PROMOTED: Effective procedures that are actually read and
followed to make processes Lean: consistently and predictably robust, with
quality outcomes and minimum waste. Ability to plan and cost effort
reliably.

WASTE PREVENTED: All categories of waste.

EXPLANATION: (Also read subenablers 5.6.1-5.6.3)

All repeatable processes should be standardized, so that they can be executed
predictably, robustly, waste-free, right the first time. A process that is
unpredictable acts like sabotage on the program planning: It makes it
impossible to estimate process effort, cost, and outcome. Regretfully, many
standard procedures suffer from poorly written texts, lack of process
optimization, and their release takes a long time, usually accompanied by
significant bureaucracy. These two subenablers (6.4.7 and 6.4.8) present a
good practice for developing and implementing an effective standard
procedure.

SUGGESTED IMPLEMENTATION: An effective standard procedure
should be developed using the following steps:

1. Optimize the process steps, possibly by trial and error, using the best
employee(s) available, and pay attention to human factors.

2. Draft the procedure and test it on the least experienced employee(s). If the
least experienced person is able to follow the procedure, it is probably clear
enough. Often, that is not the case. Then collect questions and comments
from these employees.

3. Redraft the procedure based on the comments and questions identified
in (2).

4. Finish the draft, make it clear, and edit to be an attractive document, with
visuals and examples of use (e.g., fill out sample forms with data), if
applicable.

5. Release the new procedure efficiently and without excessive bureaucracy,
remembering that every procedure is to be a living document, updated with
new good ideas and lessons learned. If the release is a bureaucratic process
taking months or years (during which time better steps are created but are
not practiced because they violate the procedure, which is demoralizing),
the organization may be better off not having the formal procedure in the
first place. Perhaps an informal dissemination might be more effective.
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6. Offer a short training to all process stakeholders (often a few minutes
during the weekly meeting is enough), saying “we have this new procedure
for process X; the reason for issuing it is [...]; here are the critical dos and
don’ts of the process; you find the procedure in [location]; the experts in
the procedure available to answer your questions are [...].”

7. For critical procedures, offer a test in the procedure, including the
following questions:

a. List the steps, the dos and don’ts.

b. Describe how you can tell that the outcome is correct.

c. Describe how you can tell that the outcome is not correct.
d

. What corrective action are you supposed to undertake immediately if the
outcome is not correct?

e. If the corrective action did not help, who do you notify/ask for help?

8. Continue monitoring the procedure use and outcomes and mentor the
employees.

The need for attractive, easy-to-follow text with good visuals and examples
cannot be overemphasized. A lengthy technical text filled with technical
descriptions, jargon, and tables of data is difficult to understand and is
time-consuming. As Liker [2004, p. 244] points out: “A picture is worth a
thousand words. Acting on the fact that people are visually oriented, new
employees at Toyota learn to communicate with as few words as possible
and with visual aids.”

The high negative use rankings of these two subenablers indicate that good
procedures are rare.

LAGGING FACTORS:
e Lack of procedures.

e The culture of “everything we do is unique, standardization does not apply
to us.”

e Procedures created in a rush by remote managers, without being optimized
or tested. Such procedures tend to be ignored.

e Lack of training in procedures.

e The culture of telling employees: “Here are the ... volumes with all
procedures; you are required to become familiar with all of them and
practice them” (the best way to have the procedures ignored).

o Long release cycle for procedures, causing the procedures to become
obsolete, static, and ignored.

SUGGESTED READING:
e J.K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.
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LEAN PRINCIPLE 6: Respect for People

ENABLER: 5. Treat People as Most Valued Assets, not as Commodities.
(U = 0.70)

SUBENABLER(S) AND USE RANKINGS: None.

VALUE PROMOTED: Engaged, creative, entrepreneurial, and empowered
workforce ready to take on any challenges enthusiastically.

WASTE PREVENTED: Great workforce is capable of eliminating all waste
categories efficiently.

EXPLANATION: This may be the most important enabler among the entire
set presented in this volume. And it may be the oldest: It was formulated by
Edward Deming over 20 years ago, but has been known throughout human
history [Deming, 1982]. It appears self-evident, but its use ranking of 0.70
is still less than perfect “2,” leaving room for improvement. The enabler
should be regarded as an important step in achieving an enthusiastic,
creative, entrepreneurial, engaged, and empowered workforce. We want
employees who are so involved in their work using both sides of the brain
that they tend to come to work on Monday before the official start time
because they can’t wait to start putting in place the great ideas that have
occurred to them over the weekend. These employees who treat work
challenges the same way as mountain climbers, ocean sailors, or major
league players see their sport challenges: to be overcome by all means as if
their life depended on it, because they get great satisfaction from it. This is
a rare feeling, but it does happen if work is led by an extraordinary leader
who is trusted and loved by the team and who knows how to treat people.
The individuals who are lucky enough to work for such a leader know the
feeling exactly. The feeling is known among many front line solders. It is
the feeling that all team members are voluntarily aligned for a common
goal, and all feel indispensible.

Contrast that with an environment that, regrettably, occurs in some large
programs: bureaucratic, focused on production of artifacts rather than great
engineering, lasting so many years so that nobody has any sense of making
progress, led by characterless bureaucrats who all sound alike, surrounded
by a rich menu of waste, and unable to revolt against it, ... (add your own
frustrations).

SUGGESTED IMPLEMENTATION:
e In promotion, place big value on leadership and human skills.

e Treasure and reward good leadership rather than bureaucracy.

e Respect all people.

e Never hire people as if they were commodities.

e Groom, rotate, and support the best leaders (those trusted by their peers).
e Study the literature on leadership.
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LAGGING FACTORS:
e Bureaucratic selection and management of people.

o Selecting new hires for expedient need rather than competence, experience,
and interpersonal skills.

o Focus on artifact production rather than great engineering of systems.
e Long programs that make progress invisible.

¢ Dissolved management.

¢ Focus on profits rather than technical work.

e Complacency with waste, or worse: incentives for waste.

SUGGESTED READING:
o T. Rockwell, The Rickover Effect: The Inside Story of How Adm. Hyman
Rickover Built the Nuclear Navy. John Wiley & Sons, 1995.

o J K. Liker, The Toyota Way: 14 Management Principles from the World’s
Greatest Manufacturer. McGraw-Hill Professional, 2004.

e J.M. Morgan and J.K. Liker, The Toyota Product Development System. New
York: Productivity Press, 2006.

e E.M. Murman, Lean Aerospace Engineering, Littlewood Lecture
ATAA-2008-4, January 2008.

e W.E. Deming, Out of the Crisis. Massachusetts Institute of Technology,
Center for Advanced Engineering Study, 1982.




Chapter 8

General Guidance
for Implementation

“I really liked how core team members and stakeholders collaborated to work through
questions, assumptions, risks, issues, and dependencies in such a short period of time
[which] typically can take days, weeks, or months to work through!”

—from a customer participating in a Lean kickoff meeting at Rockwell Collins.

8.1 GENERAL GUIDANCE FOR IMPLEMENTING LEfSE

The large number of subenablers (147) sometimes meets with a humorous reac-
tion that “being this long, it is not Lean.” However, the LEfSE cover a large
spectrum of practices in complex technology environments, with a general focus to
improve program value and stakeholder satisfaction and reduce waste, delays, costs,
and frustrations. LEfSE promote the culture of trust, openness, respect, empower-
ment, teamwork, good communication and coordination, and drive for excellence.
They encourage healthy relationships between all stakeholders, better coordination
between parties handling any complex transaction, streamlined work flow while
promoting robustness and right the first time, and best methodologies for complex
system design. They place emphasis on good preparations, planning, frontloading,
and preventive measures. They emphasize process optimization, standardization,
continuous improvement, and long-term thinking. They describe best practices for
human resource management, creation of communities of practice and knowledge

Lean for Systems Engineering with Lean Enablers for Systems Engineering,
First Edition. Bohdan W. Oppenheim.
© 2011 John Wiley & Sons, Inc. Published 2011 by John Wiley & Sons, Inc.
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databases, capture of lessons learned, and continuous education and learning. That
is a large trade space. It is not surprising that a set of useful actionable enablers
needed to cover all these SE aspects must be comprehensive indeed. A much shorter
version would have the value of slogans and not be actionable enough for practical
implementation.

As much as the LEfSE represent a significant addition to the traditional SE
process, they should not be regarded as the solution to all SE and PD problems or
to have the power to eliminate program failures. Of course, much more is needed
for that level of success. However, the LEfSE establish a high-bar asymptote of
program performance and a good motivation to pursue it.

In Chapter 8.2 we quote some early case studies from most dynamic companies.
Arguably fragmentary and sometimes lacking scholarly rigor, they do provide testi-
mony for the significant potential of Lean SE and LEfSE to improve PD programs.
And these companies should be commended for their early successes.

Lean is a powerful weapon in waste reduction, and the amount of waste in some
larger recent programs can be measured in billions of dollars. In this context, a
few hours spent by an enterprise team on familiarization with LEfSE may lead to
significant savings.

The level of exposure to LEfSE should be left up to enterprise management.
A minimum recommended exposure is a four-hour tutorial (or equivalent);
it is proven effective for providing participants with a basic familiarity with
LEfSE. Alternatively, a self-taught approach may be adopted, e.g., reading this
book or watching the media of choice available on the Lean SE WG website
(see Appendix 1). This should be followed by self-study, practice, leadership,
mentoring, and lots of good examples.

Some subenablers are more actionable than others, and some are easier to imple-
ment than others. While different subenablers are intended for different groups
of enterprise stakeholders, it is highly recommended that all stakeholders become
familiar with all subenablers. It does not take much time to read all of them. Stake-
holder awareness of even those least actionable and most difficult to implement
should improve work quality and flow, facilitate better work habits, and increase
cooperation among all stakeholders. All subenablers are regarded as important to
program success, but not equally so for all programs or all enterprises. Some teams
are stronger, e.g., in the value capture phase, but weaker in the program execution,
and others are vice versa, and so on. Some enablers can be easily implemented by
individual engineers, some by small Kaizen teams of local stakeholders, and others
require management action. Therefore, the selection and priority of the subenablers
to implement should be handled individually by enterprise stakeholders. In general,
implementation of particular subenablers should be voluntary, pulled by the need
to make SE and the program more efficient, in the areas that provide the largest
ROI (“biggest bang for your buck”).

The case studies described in Section 8.2, in spite of their fragmentary presenta-
tion, indicate that implementation of only a small group of subenablers can produce
significant savings. Thus, no enterprise should feel pressure to implement “all or
nothing.” One should look first for the biggest impediments to value capture and
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creation, or biggest frustrations, and then apply these subenablers that offer the
most effective fixes. In tutorials, the author recommends to audiences to read all
enablers and subenablers and focus on those that most resonate with the reader.

Many enablers apply to individual employees. These can be implemented imme-
diately on one’s own, without asking for any permission.

Appendix 2 contains a mapping of the LEfSE subenablers onto 26 Systems
Engineering practices listed in [INCOSE, 2010]. The readers who are more com-
fortable with these processes rather than with six Lean Principles may find it useful
to read the mapped subenablers in Appendix 2 when looking for implementation
ideas, and then go back to Chapter 7 to read the detailed explanations.

Communities of practice, such as the INCOSE Lean Systems Engineering Work-
ing Group, are available to share ideas and experiences and learn from others.
Experts are available in the Working Group and at selected universities for dedi-
cated support.

8.2 EARLY CASE STUDIES

As mentioned earlier, studies of the effectiveness of Lean Systems Engineering
should ideally be based on comparisons of program performance with and without
Lean, and analyzed with statistics. Measurements are very difficult to obtain for a
number of reasons: To-date implementations of Lean are fragmentary; most pro-
grams practicing formal Systems Engineering are classified and hard to access by
outsiders; most programs involve a large number of stakeholders and organizations
lacking a common set of useful metrics; most major programs extend over several
years’ (some exceeding 10 — 15 years); and where some data exists, its quality
and resolution are usually inadequate for our purpose.

In spite of these barriers, some early case studies are available and discussed
here. Indeed, all of the results quoted are fragmentary. Some lack scientific rigor.
The author includes them because they provide testimony for the significant poten-
tial of Lean SE and LEfSE to improve PD programs. The reader may wish to take
these early case studies in the same spirit as, arguably, parental advice to study well
to get good grades: Common sense indicates that the advice is sound, even if we
lack the ability to guarantee that our particular child will do well after graduation.

Since the release of LEfSE to the public in February 2009, the interest in Lean
Systems Engineering has grown internationally, accelerating after the INCOSE Best
Product Award in February 2010 and again after the Shingo Award for Research
and Publication in September 2010. At the time of this writing, about 40 workshops
on LEfSE have been completed worldwide, and the Lean SE Working Group of
INCOSE has grown to 200 members. Informal contacts with many members in
these communities indicate that they are trying to implement selected enablers,
although not much hard data is available. INCOSE branches in several European
countries and in Israel participated in the development of LEfSE, and they actively
promote LEfSE among their members.

Most of the available case studies come from the INCOSE International Sym-
posium in Chicago, July 10-15, 2010, which included four events devoted to Lean
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SE and LEfSE (a panel, two meetings, and a paper session), and Lean SE was
mentioned in several other events. The growing implementation trend is likely to
accelerate with the release of a future version of INCOSE SE Handbook with
LEfSE mapped onto process descriptions (Appendix 2 contains a draft of the map-
ping) and after questions on Lean SE are added to the INCOSE SE Certification
exams (both projects have been initiated by INCOSE.) At this time, however, we
are limited to the following case studies:'

8.2.1 Rockwell Collins, Incorporated (RC)

Rockwell Collins is a company with 20,000 employees worldwide, including over
4800 engineers, specializing in commercial avionics, cabin electronics, and military
airborne and surface solutions for U.S. and international markets. Its 2009 annual
sales were $4.47B. Rockwell Collins’ CEO is a strong Lean proponent. Several
RC engineers were among the most active participants in the LEfSE development
effort and in the leadership of Lean Systems Engineering. Lean experts at RC
in Cedar Rapids, Iowa, are driving an energetic implementation of LEfSE. This
implementation is being accomplished by awareness, training, and specific appli-
cation of Lean Enablers within project planning disciplines. RC includes links to
INCOSE Lean Enablers on their company intranet in all searches under Lean Engi-
neering, Lean Systems Engineering, and Lean Project Planning. When employees
look for ideas to implement Lean within the engineering practices, Lean Enablers
provide rich content. RC looks at the Lean Enablers from a systems approach,
understanding that some of the enablers are key to project success. The reception
by employees, company leaders, and customers to implemented enablers has been
enthusiastic. Many have commented that LEfSE are “good common sense prin-
ciples.” According to Secor [2010], the leader of LEfSE implementation at the
company, the results have been so positive the company decided to rollout LEfSE
and offer the associated rigorous project planning at all RC regional locations. No
numerical data was offered, but the company provided the following quotes from
actual customers who participated in the program planning effort:

o “Awesome!! We need this approach on all program kickoffs. Much was
achieved in a day.”

o “I really liked how core team members and stakeholders collaborated to work
through questions, assumptions, risks, issues, and dependencies in such a short
period of time. .. [(a day), which] typically can take days, weeks, or months
to work through!”

e “The timeliness of information was great...”

e “Great information sharing ... negotiation concept worked very well.”

I'The readers are kindly requested to provide results of their own implementation of LEfSE to the author,
preferably with concrete data, so that this knowledge can grow. The author’s email can be found on
the INCOSE Lean SE WG site: www.incose.org/practice/techactivities/wg/leansewg/
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e “...I think this type of planning session will eliminate scheduling problems
down the road.”

o “[I liked] having all the functions involved in the project in the same room.
Commitments are made face to face [which] solidifies the relationship.”

8.2.2 Thales Aerospace, France

Thales Aerospace, headquartered in France, with 13,000 employees worldwide,
specializes in defense and commercial cockpit and cabin electronics and defense
equipment. Baujard et al. [2010] reported on LEfSE implementation results in one
French facility only. Five following enablers were quoted in the paper as having
been implemented:

2.2.2. Have cross-functional stakeholders work together to build the agreed value
stream.

2.2.5. Use formal value-stream mapping methods to identify and eliminate SE
and PD waste, and to tailor and scale tasks.

2.2.13. Plan to use visual methods wherever possible to communicate schedules,
workloads, changes to customer requirements, etc.

3.8.1. Use Lean tools to promote the flow of information and minimize handoffs:
small batch size of information, small fakt times, wide communication
bandwidth, standardization, work cells, training.

5.3. Use Lessons Learned from Past Programs for Future Programs

According to the quoted results, Lean workshops organized for 5 — 10 people each
have achieved an ROI of five and reduced development cycle time, on average,
by 20%. The results were found to be so good that a widespread implementa-
tion across all functional organizations is now underway. At the time the quoted
paper was written, more than a 100 Lean SE workshops have been completed, and
500 people from executive managers to technicians have been trained. The paper
authors emphasize that Lean is about initiating behavioral changes and a culture of
continuous improvement.

8.2.3 Rafael, Israel

Rafael is one of Israel’s largest defense companies with 5000 employees. It creates
products for air, land, naval, and security warfare. Zonnenshain [Lean Panel, 2010]
presented a partial implementation of Lean Thinking focused on minimizing the
time wasted by designers. His presentation did not list specific enablers. Based
on the presentation, the author of the present book deduced that approximately 13
following enablers were informally implemented:

1.2.3. Develop a robust process to capture, develop, and disseminate customer
value with extreme clarity.

1.3.1. Everyone involved in the program must have a customer-first spirit.
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2.2.1. Develop and execute a clear communication plan that covers entire value
stream and stakeholders.

2.2.2. Have cross-functional stakeholders work together to build the agreed value
stream.

2.2.9. Synchronize work flow activities using scheduling across functions and
even more detailed scheduling within functions.

2.3.1. Plan to utilize cross-functional teams made up of the most experienced
and compatible people at the start of the project to look at a broad range
of solution sets.

2.2.4. Maximize co-location opportunities for SE and PD planning (SE is a part
of PD. In this paragraph, the PD should be understood as denoting all PD
activities other than SE, including design, development, manufacturing,
integration, testing, etc.).

2.5.1. Select suppliers who are technically and culturally compatible.

2.5.2. Strive to develop seamless partnership between suppliers and the product
development team.

2.5.3. Plan to include and manage the major suppliers as a part of your team.

3.3.5. Invite suppliers to make a serious contribution to SE, design, and devel-
opment as program trusted partners.

3.2.5. Fail early-fail often through rapid learning techniques (prototyping, tests,
digital preassembly, spiral development, models, and simulation).

6.4.1. Perpetuate technical excellence through mentoring, training, continuing
education, and other means.

The presenter estimated an overall effect of this Lean effort as a 40% reduction of
the time wasted by designers.

8.2.4 EADS and AFIS

The European Aeronautic Defense and Space Company (EADS) is a pan-European
aerospace corporation headquartered in the Netherlands. It produces military and
commercial aircraft, including Airbus, communications systems, missiles, space
rockets, satellites, and related systems. Its approximately 120,000 employees create
sales of about 41 billion Euro. Mauritz [2010] an executive of EADS, listed Lean
Systems Engineering as the most important imperative in his presentation of the
five imperatives of EADS Systems Engineering.

Association Francaise d’Ingénierie Systeme (AFIS) is the French branch of
INCOSE. Fanmuy [2010] of AFIS briefly described his plans for a comprehensive
implementation of LEfSE within the companies served by AFIS.

8.2.5 Early Results from a Study by E. Honour

Honour [2010] presented early results from his comprehensive quantitative PhD
research on the Return on Investment of recent SE programs. Among others, he
included two rather profound results, as follows:
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e Well-conducted and funded SE activities correlate relatively well with cost
and schedule compliance and overall program success, but have little effect on
the technical quality of the product system (aiming for minimum requirements
compliance rather than optimizing technical quality).

e The programs that emphasized technical management and leadership, includ-
ing program planning, technical reviews, technical control, team leadership,
interdisciplinary coordination, common language and goals, risk management,
configuration management, and interface management, performed better than
those that did not.

In the opinion of this author, both results support the need for LEfSE: Among the
147 LESSE, several explicitly address the good practices listed by Honour.

8.2.6 Toyota

It is only proper to end the case studies with a tribute to the company that started
it all: Toyota. Among the 147 subenablers listed in LEfSE, a good number have
been inspired by Toyota’s PD practices [Morgan and Liker, 2006]. Again, rigorous
data about the individual effectiveness of these enablers at Toyota is not available,
but the extraordinary success of Toyota® in Lean PD provides strong circumstantial
evidence that the Lean approach is worth implementing.

2As mentioned in footnote 2 in Chapter 1, we refer to the successes before the recent troublesome
period.
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aka also known as

AFIS Association Frangaise d’Ingénierie Systeéme (French Chapter of
INCOSE)

AIAA American Institution for Aeronautics and Astronautics

AR Acquisition Reform (of DoD)

ASAP As soon as possible

CAE Computer Aided Engineering

CE Concurrent Engineering

CI Continuous Improvement

CMMI Capability Maturity Model Integration

CONOPS Concept of Operations

DFEMAT Design for Manufacturing, Assembly and Testing

DoD Department of Defense

DODAF DoD Architecture Framework

EADS European Aeronautic Defense and Space Company

EdNet LAI Educational Network

ELOP Elbit Systems Electro—Optics, Israel

EM Enterprise Management

FBC Faster, Better, Cheaper (a former NASA practice)

GAO Government Accountability Office

GE General Electric

Lean for Systems Engineering with Lean Enablers for Systems Engineering,
First Edition. Bohdan W. Oppenheim.
© 2011 John Wiley & Sons, Inc. Published 2011 by John Wiley & Sons, Inc.
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HALT/HASS
IPT

ISO
INCOSE

JSF

LAI

LEfSE
LEM
LMU
LPD
LPDF
LSE
LSE WG
MBA
MIT
MoD
MRM
NASA
NBC
NVA
PATI
PD
PDCA
PM
RAA
RASI
RFP
RNVA
ROI
SBIRS
SE
TBD
TQM
U.K.(UK)
U.S. (US)
USAF
VA
WG

Highly Accelerated Life Test/Highly Accelerated Stress Screen

Integrated Product Team

International Standards Organization

International Council on Systems Engineering

Joint Strike Fighter (F-35)

Lean Advancement Initiative, formerly Lean Aerospace
Initiative, formerly Lean Aircraft Initiative

Lean Enablers for Systems Engineering

Lean Enterprise Model

Loyola Marymount University

Lean Product Development

Lean Program Development Flow

Lean Systems Engineering

Lean Systems Engineering Working Group (of INCOSE)

Master of Business Administration

Massachusetts Institute of Technology

Ministry of Defense (in United Kingdom)

Mature Robust Modules

National Aeronautics and Space Administration

National Broadcasting Company (TV channel)

Non-value-added

(meeting) Purpose, Agenda, Time, Intent

Product Development

Plan, Do, Check, Act, improvement cycle

Project Management

Responsibility, Accountability, Authority

Responsible, Approving, Supporting, and Informing

Request for Proposals

Required Non-Value Added

Return on Investment

Space Based Infrared System

Systems Engineering, or Systems Engineer

To be determined

Total Quality Management

United Kingdom

United States

United States Air Force

Value Added

Working Group
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GLOSSARY OF IDIOMS, COLLOQUIALISMS AND FOREIGN
EXPRESSIONS (bold and italicized in the text)

A priori

All together

As you fly, test
as you fly

Au courant
Batch and queue

Big bang approach
Big guns
Big picture

Chicken verus egg

Cost plus

Cycle time
Earned Value

Fail early-fail
often

Five whys

Flowdown
(flow-down,
flow down)

(Fr.) knowledge prior to experience

An urgent activity in which all employees participate
equally, regardless of their position.

Testing under as realistic conditions as possible.

(Fr.) up to date.

The term refers to a traditional production per quota,
producing massive batches (inventories) of parts
regardless of the immediate need by the next station,
with batches waiting in queues.

Using all required (or massive) resources.

Important managers or stakeholders.

Seeing or understanding the entire project rather than just
own work.

Refers to an engineering iterative method of starting with
an arbitrary (or near-arbitrary) point in the tradespace
(e.g. assuming the geometry of a part) in order to
analyze it, compare the analyzed behavior to
performance limits, and keep iterating until all limits
are satisfied.

The type of contract where the contractor is reimbursed
for all costs (performed labor, materials, etc.), and is
paid a percent of the costs as profit. This is in contrast
to “fixed price” contracting.

see throughput time

The method of book keeping whereby the contractor is
paid for each predetermined deliverable, such as a
drawing, or part specifications.

An iteration method based on trial and error,
recommended in early design phases, of quickly
evaluating a large number of possibilities in the trade
space, or quickly testing simple prototypes, when costs
are still small.

Asking five (or so) times in a row the question “why”
trying to discover the root cause of a problem. After
each question, an answer reveals the next layer of
understanding. It is said to require five questions to
identify the root cause in typical modern environments.

Passing responsibility, an obligation, or action—onto
lower level management, subcontract, or employee.
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Gemba

Hands off attitude
Homework
Integrative event

In all 50 states

Ju-jitsu
Kaizen

Kanban

Know how
Latest, greatest,
and gold-plated
Low balling
Monument

One off
Over the wall

Project owner

Reinventing the
wheel

Requirements
creep

Right the first
time

Sacred
Single piece flow

(Jap.) meaning “go to the place of action and see for
yourself”.

An attitude in business relations of not communicating
with the business stakeholder.

Refers to the work on tasks in home departments, between
the integrative events.

A meeting with well defined agenda to resolve all issues
that have appeared during the homework period.

Refers to contracts whereby the contractor distributes
work among facilities in all (or almost all) 50 U.S.
states, in order to gain support of as many Congress
persons as possible for the program.

(Jap.) The name of popular martial art. Used in the Six
Sigma terminology to denote different levels of training.

(Jap.) A small team of local stakeholders tasked to
perform a rapid focused improvement of a problem

Literally meaning “signboard” or “billboard”, is a
scheduling signal informing what to produce, when to
produce it, and how much to produce.

Practical knowledge of how to get something done.

A sarcastic expression summarizing some government
contracts that are the opposite of frugal.

Under estimating.

A machine, tool or or software that is too big, too
expensive, too complex for the needed application and
for the flow of work.

Unique.

The practice of sending specifications to a supplier or
stakeholder with no follow up, explanations, or
clarifications.

The person fully responsible for the project.

The activity of discovering what already has been
discovered.

Uncontrollable growth of requirements.

An execution of a task which produces correct outcomes
on the first attempt, without any need for adjustments,
corrections, rework, etc.

Not to be challenged under any circumstances.

The flow of work pieces one at a time through all work
stations, without batches or inventories.
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Stove pipe (stove
piped)

Takt time, takt
period

Traffic cop

Throughput time
(cycle time)
Tribal corporate
knowledge

Unspoken
requirements

‘War room

GLOSSARY OF ABBREVIATIONS

Refers to an organization with rigid boundaries between
departments, with hierarchical management, with
information flowing up (to next manager) and down (to
his/her employee) with restricted flow across the
boundaries. Characteristic of traditional organizations.

The rhythm of assembly line, also the amount of time
allocated to each workstation to complete the work,
also the rate at which products flow to customers. In
this book: the rhytm of homework and integrative
events (see above) in the LPDF method.

A manager who steers and directs work to and from other
stakeholders (employees).

The amount of time needed to complete the work (of a
project, or project segment, or task).

Unwritten knowledge and set of rules rules about
corporate customs and behavior.

The requirements that the customer failed to include either
because they appeared self-evident, or were not known
at the time.

Also called project room. A large room which serves as
the headquarter for the project, with plans and other
information displayed on the room walls. It is the room
used for planning and integrative meetings.
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Appendix 1

INCOSE Web Page with LEfSE

The public web page! www.incose.org/practice/techactivities/wg/leansewg/on the
International Council on Systems Engineering (INCOSE) web site contains the
following products related to the Lean Enablers for Systems Engineering (EfSE):
e Photo and text of the 2010 INCOSE Best Product Award, and logo of the
Shingo Award.
e Power point presentation Lean Enablers for Systems Engineering, Version 1
(pdf, 0.764 MB)

e Three articles:
o Lean Enablers for Systems Engineering, B.W. Oppenheim, E. Murman, D.
Secor, full-length article, Journal of SE, Jan. 2010 (online version).

o Lean Enablers for Systems Engineering, five-page summary article from
Cross Talk (pdf, 0.798 MB).

o Lean Enablers for Systems Engineering, short article from INCOSE
INSIGHT (pdf, 0.524 MB).

e Summary text about Lean SE (see INCOSE SE Handbook v. 3.2).

e Lean SE Brochure (trifold, letter format, pdf, 0.859 MB) created in cooperation
with INCOSE UK.

! An easy to remember access to the website is: www.INCOSE.org, then click on Working Groups, and
then on Lean Systems Engineering.

Lean for Systems Engineering with Lean Enablers for Systems Engineering,
First Edition. Bohdan W. Oppenheim.
© 2011 John Wiley & Sons, Inc. Published 2011 by John Wiley & Sons, Inc.
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o LEfSE Quick Reference Guide (8 pages, pdf, 0.268 MB) created in coopera-
tion with INCOSE UK.

o Three-piece video with lecture by B. Oppenheim to Booze, Allen, Hamilton
(1 hr 37 min total), with slides integrated.

e A list of workshops, tutorial and lectures delivered on Lean Enablers for SE.

The page also contains the Lean Systems Engineering Charter, leadership and
contact information, recommended reading list, definitions, information about meet-
ings and conferences, and other useful information.



Appendix 2

Mapping of LEfSE onto INCOSE
SE Processes

Besides the SE Processes, at the time of this writing several other frameworks for
defining program life cycle exist: Enterprise Architecting and Engineering [e.g. Wil-
son et al., 2010]; DoD Architecture Framework [DODAF, 2009], CMMI [2010];
Integrated Defense Acquisition, Technology, and Logistics Life Cycle Manage-
ment Framework [DoD, 2003], and several others issued by the individual military
branches. Most are mandatory in DoD contracts, while others are not. This is all
in addition to about 60 Military Standards that have been mandated for most DoD
programs. Usually, these frameworks compete with others for the top position in
the program management hierarchy, decision priority and resource allocation. Most
of them contain excellent ideas which are helpful in program management. How-
ever, developed in uncoordinated manner by competing organizations they struggle
for the “top position” adding immeasurable amount of waste and bureaucracy. As
a result, the number of requirements defined for programs grow into thousands.
The programs struggling to satisfy this massive number of competing frameworks,
standards, and requirements waste a significant portion of program budget and
schedule, leaving fewer resources for the most important part of the program: real
engineering. In the opinion of this author, this situation is unsustainable. It makes
U.S. programs less and less competitive globally, vastly more expensive, longer,
and producing imperfect quality. A most serious effort is recommended to integrate
all frameworks into a consistent and lean body of knowledge, keeping only those
elements which truly add value and eliminate waste. At that time, Lean Enablers
for SE should also be mapped accordingly. Until that time, LEfSE mapping is
limited to the INCOSE SE processes.

Lean for Systems Engineering with Lean Enablers for Systems Engineering,
First Edition. Bohdan W. Oppenheim.
© 2011 John Wiley & Sons, Inc. Published 2011 by John Wiley & Sons, Inc.
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- Organization/Enterprise Policies,
Procedures, and Standards

- Organization/Enterprise Infrastructure

- Project Infrastructure

Figure App. 2.1 Context Diagram for Implementation Process. [INCOSE, 2010,
Fig. 4.12]

Version 3.2 of INCOSE SE Handbook [2010] partitions Systems Engineering
into 26 processes. This Appendix presents a mapping of the 147 LEfSE subenablers
onto those 26 processes.!

The Handbook illustrates each process with a context diagram. Figure App.
2.1 illustrates a sample context diagram for the Implementation Process. All SE
processes are modeled as shown in Figure App. 2.1, with five boxes titled: Inputs,
Activities, Outputs, Controls, and General Enablers.

The boxes labeled General Enablers in different diagrams include various com-
binations of the following bullets:

¢ Organizational/Enterprise Policies, Procedures, and Standards

¢ Organizational/Enterprise Infrastructure
¢ Project Infrastructure
o Implementation Enabling System

These General Enablers should not be confused with LEfSE enablers and suben-
ablers presented in this book. Obviously, INCOSE General Enablers are not focused

!'The mapping was initiated by INCOSE leadership. The version listed in this Appendix has already been
reviewed, approved with minor corrections by the INCOSE Lean SE Working Group during the January
29, 2011 International Workshop, and proposed for insertion into the next edition of the INCOSE SE
Handbook. However, the Handbook Committee of INCOSE has not yet approved this text. Until it
does, the text should be regarded only as a draft. The text has been developed from the M.Sc. Capstone
Project (of the same title as the present Appendix) performed by Dana Makiewicz, graduate student of
Systems Engineering at Loyola Marymount University in Los Angeles in the Fall of 2010.
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on Lean, and are defined at much higher level than the detailed and actionable
LEfSE subenablers.

Because of large numbers of subenablers involved, they are listed in text (below)
rather than in boxes in context diagrams. The Lean SE Working group of INCOSE
recommended to the Handbook Committee that an Appendix titled “Lean Enablers
for SE Processes” with the subenabler text be added to a future version of the
INCOSE SE Handbook. It was also recommended to add a small symbolic sixth
box titled “Lean Enablers and Subenablers in Appendix x to each context diagram
in the Handbook, to remind readers that Lean subenablers should be applied to each
process, and they can be found in Appendix X.

The mapping of 147 LEfSE subenablers onto the 26 INCOSE processes was
done iteratively, by trial and error. Often, this was difficult because a large fraction
of Lean subenablers apply to more than one process (confirming what we discov-
ered early in the original development of LEfSE). Nevertheless, we placed each
Lean subenabler in only one process which was judged the most appropriate for
it from the point of view of implementation. The largest group of 47 subenablers
was judged to apply to all INCOSE processes, and those are listed below under
a special heading “All Processes”. They represent powerful Lean ideas on how to
improve many aspects of work in all processes.

We decided to define a new process, termed Enterprise Preparation Process
(EPP). 1t lists those 10 Lean subenablers which benefit all present and future
programs in the Enterprise, and therefore should be implemented at the Enterprise
(corporate) rather than program level, if possible.

Twelve processes ended up with no Lean subenabler. It is explained below that
these processes benefit indirectly from other subenablers. Box App. 2.1 summarizes
the mapping results.

The data in Box App. 2.1 inspires several interesting observations, as follows:

o The largest category is All Processes with 47 subenablers. This is not sur-
prising. These subenablers address the critical aspects of SE which are often
ignored in traditional programs and in SE handbooks, and which flow naturally
from Lean Thinking: excellent coordination and communication, alignment for
customer value, teamwork, better interactions between stakeholders, emphasis
on performing work right the first time, excellent interpersonal relations and
human habits, etc.

e The next in size is the Project Planning Process with 32 subenablers. This is
consistent with a strong focus of LEfSE on improving front-end activities of
programs: better preparations, better planning for value capture, better plan-
ning of program, planning for best communication and coordination means,
better frontloading, stronger integration of SE and PD, and better human
relations among stakeholders. Again, these practices are often performed in
traditional programs not as well as they could be.

e Fourteen SE processes have between 1 and 10 Lean subenablers. These are
manageable numbers for implementations.
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Box App. 2.1 Summary of LEfSE Subenablers Mapping onto INCOSE
SE Processes

INCOSE SE Process Number of
LEfSE
Subenablers
Mapped
All Processes (in addition to those listed below) 47

Enterprise Preparation Process

4.1 Stakeholder Requirements Definition Process

4.2 Requirements Analysis Process

4.3 Architectural Design Process

4.4 Implementation Process

4.5 Integration Process

4.6 Verification Process

4.7 Transition Process

4.8 Validation Process

4.9 Operation Process

4.10 Maintenance Process

4.11 Disposal Process

5.1 Project Planning Process

5.2 Project Assessment and Control Process
5.3 Decision Management Process

5.4 Risk Management Process

5.5 Configuration Management Process
5.6 Information Management Process

5.7 Measurement Process

6.1 Acquisition Process

6.2 Supply Process

7.1 Life Cycle Model Management Process
7.2 Infrastructure Management Process

7.3 Project Portfolio Management Process
7.4 Human Resource Management Process
7.5 Quality Management Process

8.1 Tailoring Process

(98
H\OQWOO\IOMO\HNNONOOOOOOO#\]ONE

—_—




MAPPING OF LEFSE ONTO INCOSE SE PROCESSES 271

¢ Twelve SE Processes indicate zero dedicated Lean subenablers: Requirements
Analysis, Integration, Verification, Transition, Validation, Operations, Main-
tenance, Disposal, Project Assessment and Control, Acquisition, Life Cycle
Model Management, and Infrastructure Management. This is not an indica-
tion that these twelve processes need no Lean wisdom. Instead, the processes
are being improved indirectly, by applying Lean wisdom to the front-end
processes when most of the critical decisions are made (enterprise and pro-
gram preparations, program planning, value capture, design frontloading, best
engineering practices, implementation, quality, and management). In addition,
the 47 Lean subenablers listed under ALL Processes will improve the twelve
processes too.

e Note: the sum of subenablers in Box App. 2.1 is 148 rather than 147 used else-
where in this book. This is because the important enabler 6.5 which comprises
no subenablers, has been included.

MAPPING OF LEfSE SUBENABLERS ONTO 26 INCOSE SE PROCESSES

The following is a list of the LEfSE subenablers’ mapped into individual INCOSE
process, starting with the added category called “All Processes”, and the added
Enterprise Preparation Process, and then following the order of processes in the
INCOSE SE Handbook. Note: The bold and italic markings used elsewhere in this
book have been suppressed from the following list, to conform to the INCOSE SE
Handbook style.

All Processes (These subenablers apply to all SE processes)

1.2.1. Define value as the outcome of an activity that satisfies at least three
conditions:
a. The external customer is willing to pay for value.
b. Transforms information or material or reduces uncertainty.
c. Provides specified performance right the first time.

1.2.2. Define value-added in terms of value to the customer and his needs.

1.2.5. Do not ignore potential conflicts with other stakeholder values, and seek
consensus.

1.3.1. Everyone involved in the program must have a customer-first spirit.

1.3.2. Establish frequent and effective interaction with internal and external cus-
tomers.

2.2.6. Scrutinize every step to ensure it adds value, and plan nothing because
“it has always been done.”

>The version shown here and proposed to INCOSE is slightly different from the text in this book:
abbreviations are spelled out and bold and italic fonts eliminated.
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3.2.1.

3.2.6.

3.4.2.

351

3.5.4.
3.55.
3.5.6.

3.6.1.

3.6.2.

3.6.3.
3.6.4.

3.6.5.

3.6.6.

3.7.1.

3.7.2.

3.7.3.

MAPPING OF LEFSE ONTO INCOSE SE PROCESSES

Since formal written requirements are rarely enough, allow for follow up
verbal clarification of context and need, without allowing requirements
creep.

To align stakeholders, identify a small number of goals and objectives that
articulate what the program is set up to do, how it will do it, and what
the success criteria will be, and repeat this process consistently and often.

SE to regard all other engineers as their partners and internal customers,
and vice-versa.

Capture and absorb lessons learned from almost all programs: “never
enough coordination and communication.”

Use frequent, timely, open and honest communication.
Promote direct informal communications immediately as needed.

Use concise one-page electronic forms (e.g., Toyota’s A3 form) rather than
verbose unstructured memos to communicate, and keep detailed working
data as backup.

Use formal frequent comprehensive integrative events in addition to pro-
grammatic reviews of the program.

a. Question everything with multiple “whys.”

b. Align process flow to decision flow.

c. Resolve all issues as they occur in frequent integrative events.

d. Discuss tradeoffs and options.

Be willing to challenge the customer’s assumptions on technical and mer-

itocratic grounds, and to maximize program stability, relying on technical
expertise.

Minimize handoffs to avoid rework.

Optimize human resources when allocating value-added (VA) and
required-non-value-added (RNVA) tasks:

a. Use engineers to do VA engineering.

b. When engineers are not absolutely required, use non-engineers to do
RNVA (administration, project management, coasting, metrics, pro-
gram, etc.)

Ensure the use of the same measurement standards and database common-
ality.

Ensure that both data deliverers and receivers understand the mutual needs
and expectations.

Make work progress visible and easy to understand to all, including exter-
nal customer.

Utilize Visual Controls in public spaces for best visibility (avoid computer
screens).

Develop a system making imperfections and delays visible to all.
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3.7.4.

4.22.

4.2.4.

4.25.
4.2.7.

4.2.8.
4.2.9.

5.2.2.

5.2.3.

5.24.

5.2.5.
5.3.2.

5.34.
6.2.3.

6.2.5.
6.2.9.
6.2.10.

6.2.11.
6.2.12.

6.2.13.
6.4.3.
6.4.4.

6.4.5.

Use traffic light system (green, yellow, red) to report task status visually
(good, warning, critical) and make certain problems are not concealed.

Promote the culture in which engineers pull knowledge as they need it
and limit the supply of information to only genuine users.

Train the team to recognize who the internal customer (Receiver) is for
every task as well as the supplier (Giver) to each task. Use a SIPOC
(supplier, inputs, process, outputs, customer) model to better understand
the value stream.

Stay connected to the internal customer during the task execution.

Promote effective real time direct communication between each Giver and
Receiver in the value flow.

Develop Giver-Receiver relationships based on mutual trust and respect.

When pulling work, use customer value to delineate value adding work
from waste.

Promote excellence under ‘“normal” circumstances instead of
hero-behavior in “crisis’ situations.

Use and communicate failures as opportunities for learning emphasizing
process and not people problems.

Treat any imperfection as an opportunity for immediate improvement and
lesson to be learned, and practice frequent reviews of lessons learned.

Maintain a consistent disciplined approach to engineering.

Create mechanisms to capture, communicate, and apply experience-
generated learning and checklists.

Identify best practices through benchmarking and professional literature.

Promote excellent human relations: trust, respect, honesty, empowerment,
teamwork, stability, motivation, and drive for excellence.

Promote direct human communication.
Eliminate fear and promote conflict resolution at the lowest level.

Keep management decisions crystal clear but also promote and reward
the bottom-up culture of continuous improvement, human creativity, and
entrepreneurship.

Do not manage from cubicle; go to the spot and see for yourself.

Within program policy and within their area of work, empower people to
accept responsibility by promoting the motto “ask for forgiveness rather
than ask for permission.”

Build a culture of mutual support. There is no shame asking for help.
Provide knowledge experts as resources and for mentoring.

Pursue the most powerful competitive weapon: the ability to learn rapidly
and continuously improve.

Value people, through mutual respect and appreciation, for the skills they
contribute to the program.
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6.4.8.
6.5.

MAPPING OF LEFSE ONTO INCOSE SE PROCESSES

Immediately organize a quick training in any new standard.
Treat People as Most Valued Assets, not as Commodities.

Enterprise Preparation Process

5.4.3.

5.5.1.

5.5.2.
5.5.3.

5.5.4.

5.5.5.

5.6.1.

5.6.2.

6.3.1.
6.4.7.

Promote good coordination and communications skills with training and
mentoring.

The Chief Engineer role to be responsible, with authority and account-
ability for the program technical success.

Have the Chief Engineer role lead both the product and people integration.
Have the Chief Engineer role lead through personal influence, technical
know how, and authority over product development decisions.

Groom an exceptional Chief Engineer role with the skills to lead the
development, the people, and assure program success.

If Program Manager and Chief Engineer role are two separate individuals
(required by contract or organizational practice), co-locate both to enable
constant close coordination.

Promote design standardization with engineering checklists, standard
architecture, modularization, busses, and platforms.

Promote process standardization in development, management, and man-
ufacturing.

Establish and support Communities of Practice.

Develop Standards paying attention to human factors, including reading
and perception abilities.

4.1 Stakeholder Requirements Definition Process

3.2.2.

3.2.3.

Create effective channels for clarification of requirements (possibly
involve customer participation in development Integrated Product Teams
(IPTs)).

Listen for and capture unspoken customer requirements.

4.2 Requirements Analysis Process

No subenablers mapped onto this process.

4.3 Architectural Design Process

1.3.3.

2.3.2.

24.2.

Pursue an architecture that captures customer requirements clearly and
can be adaptive to changes.

Explore trade space and margins fully before focusing on a point design
and too small margins.

Insist that a module proposed for use is robust before using it.
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3.2.4. Use architectural methods and modeling for system representations (3D
integrated Computer-Aided Engineering toolset, mockups, prototypes,
models, simulations, and software design tools) that allow interactions
with customers as the best means of drawing out customer requirements.

3.2.5. Fail early-fail often through rapid learning techniques (prototyping, tests,
digital preassembly, spiral development, models, and simulation).

3.3.1. Explore multiple concepts, architectures and designs early.

3.3.2. Explore constraints and perform real trades before converging on a point
design.

3.3.3. Use a clear architectural description of the agreed solution to plan a coher-
ent program, engineering and commercial structures.
4.4 Implementation Process

1.2.6 Explain customer culture to Program employees, i.e. the value system,
approach, attitude, expectations, and issues.

3.3.4 All other things being equal, select the simplest solution. (“Any fool can
make anything complex but it takes a genius and courage to create a
simple solution” — Albert Einstein.)

4.2.1 Let information needs pull the necessary work activities.

4.5 Integration Process

No subenablers mapped onto this process.

4.6 Verification Process

No subenablers mapped onto this process.

4.7 Transition Process

No subenablers mapped onto this process.

4.8 Validation Process

No subenablers mapped onto this process.

4.9 Operation Process

No subenablers mapped onto this process.

4.10 Maintenance Process

No subenablers mapped onto this process.

4.11 Disposal Process

No subenablers mapped onto this process.
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5.1 Project Planning Process

1.2.3.

1.2.4.

1.34.

2.2.1.

222

2.2.3.

2.2.4.

2.2.7.

2.2.8.

2.2.9.

2.2.10.

2.2.11.

2.2.12.

2.2.13.

2.3.1.

2.34.

2.5.3.
34.1.

3.4.3.

3.44.

Develop a robust process to capture, develop, and disseminate customer
value with extreme clarity.

Develop an agile process to anticipate, accommodate and communicate
changing customer requirements.

Establish a plan that delineates the artifacts and interactions that provide
the best means for drawing out customer requirements.

Develop and execute clear communication plan that covers entire value
stream and stakeholders.

Have cross functional stakeholders work together to build the agreed value
stream.

Create a plan where both Systems Engineering (SE) and other Product
Development (PD) activities are appropriately integrated.

Maximize co-location opportunities for SE and [other] PD planning.
Carefully plan for precedence of both SE and PD tasks (which task to feed
what other tasks with what data and when), understanding task dependen-
cies and parent-child relationships.

Maximize concurrency of SE and other PD Tasks.

Synchronize work flow activities using scheduling across functions, and
even more detailed scheduling within functions.

For every action, define who is responsible, approving, supporting, and
informing (RASI), using a standard and effective tool, paying attention to
precedence of tasks.

Plan for level workflow and with precision to enable schedule adherence
and drive out arrival time variation.

Plan below full capacity to enable flow of work without accumulation of
variability, and permit scheduling flexibility in work loading, i.e., have
appropriate contingencies and schedule buffers.

Plan to use visual methods wherever possible to communicate schedules,
workloads, changes to customer requirements, and other information.
Plan to utilize cross-functional teams made up of the most experienced
and compatible people at the start of the project to look at a broad range
of solution sets.

Plan early for consistent robustness and “right the first time” under “nor-
mal” circumstances instead of hero behavior in later “crisis” situations.
Plan to include and manage the major suppliers as a part of your team.
Promote maximum seamless teaming of Systems Engineers and other
Product Development engineers.

Maintain team continuity between phases to maximize experiential
learning.

Plan for maximum continuity of Systems Engineering staff during the
program.
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3.5.2.

3.8.1.

4.23.

4.2.6.

5.2.8.

54.1.

5.4.4.

5.4.6.

6.2.1.
6.2.2.

6.2.14.
6.4.6.

Maximize coordination of effort and flow (one of the main responsibilities
of Lean SE).

Use Lean tools to promote the flow of information and minimize handoffs:
small batch size of information, small takt times, wide communication
bandwidth, standardization, work cells, training.

Understand the Value Stream Flow.

Avoid rework by coordinating task requirements with internal customer
for every non-routine task.

Use a balanced matrix/project organizational approach avoiding extremes:
territorial functional organizations with isolated technical specialists, and
all-powerful Integrated Product Teams (IPTs) separated from functional
expertise and standardization.

Develop a plan and train the entire program team in communications and
coordination methods at the program beginning.

Publish instructions for e-mail distributions and electronic communica-
tions.

Publish a directory of the entire program team and provide training to
new hires on how to locate the needed nodes of knowledge.

Create a vision which draws and inspires the best people.

Invest in people selection and development to promote enterprise and
program excellence.

Prefer physical team co-location to the virtual co-location.

Capture learning to stabilize the program when people transfer elsewhere
or leave.

5.2 Project Assessment and Control Process

No subenablers mapped onto this process.

5.3 Decision Management Process

3.5.7.

6.2.8.

Report cross-functional issues to be resolved on concise standard one-page
forms to Chief’s office in real time for his/her prompt resolution.

Flow down responsibility, authority, and accountability (RAA) to allow
decision making at lowest appropriate level.

5.4 Risk Management Process

2.3.3.

24.3.

Anticipate and plan to resolve as many downstream issues and risks as
early as possible to prevent downstream problems.

Remove show-stopping research/unproven technology from critical path,
staff with experts, and include in the Risk Mitigation Plan.
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5.5 Configuration Management Process

5.4.5.

Publish instructions for artifact content and data storage—central capture
versus local storage, and for paper versus electronic—balancing between
excessive bureaucracy and the need for traceability.

5.6 Information Management Process

3.8.2.
3.8.3.

3.8.4.
3.8.5.
5.4.7.
5.4.8.

Use minimum number of tools and make common wherever possible.

Minimize the number of the software revision updates and centrally con-
trol the update releases to prevent information churning.

Adapt the technology to fit the people and process.
Avoid excessively complex “monument” tools.
Ensure timely and efficient access to centralized data.

Develop an effective body of knowledge that is historical, searchable,
shared by team, and knowledge management strategy to enable the sharing
of data and information within the enterprise.

5.7 Measurement Process

2.6.1.
2.6.2.
2.6.3.

2.6.4.
2.6.5.

Use leading indicators to enable action before waste occurs.
Focus metrics around customer value, not profits.

Use only few simple and easy to understand metrics and share them fre-
quently throughout the enterprise.

Use metrics structured to motivate the right behavior.
Use only those metrics that meet a stated need or objective.

6.1 Acquisition Process

No subenablers mapped onto this process.

6.2 Supply Process

2.5.1.
25.2.

2.54.

3.35.

3.5.3.

3.5.8.

Select suppliers who are technically and culturally compatible.

Strive to develop seamless partnership between suppliers and the product
development team.

Have the suppliers brief the design team on current and future capabilities
during conceptual formation of the project.

Invite suppliers to make a serious contribution to SE, design and devel-
opment as program trusted partner.

Maintain counterparts with active working relationships throughout the
enterprise to facilitate efficient communication and coordination among
different parts of the enterprise, and with suppliers.

Communicate to suppliers with crystal clarity all expectations, including
the context and need, and all procedures and expectations for acceptance
tests, and ensure the requirements are stable.
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3.5.0.

Trust engineers to communicate with suppliers’ engineers directly for effi-
cient clarification, within a framework of rules, (but watch for high risk
items which must be handled at the top level).

7.1 Life Cycle Model Management Process

No subenablers mapped onto this process.

7.2 Infrastructure Management Process

No subenablers mapped onto this process.

7.3 Project Portfolio Management Process

24.1.

2.4.4.

2.4.5.

Promote reuse and sharing of program assets: Utilize platforms, standards,
busses, and modules of knowledge, hardware and software.

Defer unproven technology to future technology development efforts, or
future systems.

Maximize opportunities for future upgrades, (e.g., reserve some volume,
mass, electric power, computer power, and connector pins), even if the
contract calls for only one item.

7.4 Human Resource Management Process

54.2.

5.6.3.

6.2.4.

6.2.6.
6.2.7.

6.3.2.
6.3.3.
6.3.4.
6.4.1.

6.4.2.

Include communication competence among the desired skills during
hiring.

Promote standardized skill sets with careful training and mentoring, rota-
tions, strategic assignments, and assessments of competencies.

Read applicant’s resume carefully for both technical and nontechnical
skills, and do not allow mindless computer scanning for keywords.

Promote and honor technical meritocracy.

Reward based upon team performance, and include teaming ability among
the criteria for hiring and promotion.

Invest in Workforce Development.

Assure tailored lean training for all employees.

Give leaders at all levels in-depth lean training.

Perpetuate technical excellence through mentoring, training, continuing
education, and other means.

Promote and reward continuous learning through education and experien-
tial learning.

7.5 Quality Management Process

5.2.1.

Do not ignore the basics of Quality:

a. Build in robust quality at each step of the process, and resolve and do
not pass along problems.
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5.2.6.

5.2.7.

5.3.1.

5.3.3.

5.3.5.
5.7.1.

5.7.2.

5.7.3.
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b. Strive for perfection in each process step without introducing waste.
c. Do not rely on final inspection; error proof wherever possible.

d. If final inspection is required by contract, perfect upstream processes
pursuing 100% inspection pass rate.

e. Move final inspectors upstream to take the role of quality mentors.

f. Apply basic PDCA method (plan, do, check, act) to problem solving.

g. Adopt and promote a culture of stopping and permanently fixing a
problem as soon as it becomes apparent.

Promote the idea that the system should incorporate continuous improve-

ment in the organizational culture, but also... (continued in 5.2.7)

...balance the need for excellence with avoidance of overproduction

waste (pursue refinement to the point of assuring value and “right the

first time”, and prevent over-processing waste).

Maximize opportunities to make each next program better then the last.

Insist on workforce training of root cause and appropriate corrective

action.

Share metrics of supplier performance back to them so they can improve.

Utilize and reward bottom-up suggestions for solving employee-level

problems.

Use quick response small Kaizen teams comprised of problem stakehold-

ers for local problems and development of standards.

Use the formal large Six Sigma teams for the problems which cannot be

addressed by the bottom-up and Kaizen improvement systems, and do not

let the Six Sigma program destroy those systems.

8.1 Tailoring Process

2.25.

Use formal value stream mapping methods to identify and eliminate SE
and other PD waste, and to tailor and scale tasks.
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Obsolescence, 21
Occam’s razor, 130
One-off, 13, 17, 199
Openness, 12, 30, 247
Optimization, 33, 247
sub-optimization, 11
Options
subenabler 3.6.1.d, 148
Organization(al) chart, 32
subenabler 5.4.6, 189
Otsuka, Akihido, 206
Overprocessing, 45-46
subenabler, 5.2.7, 178
Overproduction, 45
subenabler 5.2.7, 178
Overutilization, 19

Over the wall, 132, 142, 147, 188, 213

Padding, 32, 35, 100
Paradigms, 9-13

industrial, 6, 9-12
Parametric, 127
Parsing, 35, 37
Partnership

subenabler, 2.5.2, 112-114
Pathological, 174
Payback, 36, 94
Payroll, 79
People

enabler 5.4, 189

lean principle 6, 206—246
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People (Continued)
LESSE to INCOSE, 280
most valued assets, 64
enabler 6.5, 245
LEfSE to INCOSE, 274
subenabler 2.3.1, 103
subenabler 3.8.4, 162
subenabler 5.2.3, 174
subenabler 5.5.2, 197
subenabler 5.5.4, 197
Perfection, 17, 21, 169-170
lean principle 5, 171-204

Perfection Principle, 23, 169, 174

Performance, 268
subenabler 1.2.1.e, 69
subenabler 5.3.5, 187
subenabler 6.2.7, 217

LEfSE to INCOSE, 271, 279, 280

Perpetual, 174

Pileup, 29

Plan, Do, Check, Act (PDCA)
LEfSE to INCOSE, 280
subenabler 5.2.1.f, 171-172

Planning, 20-40, 210, 234, 250-251, 270, 276

Platforms
subenabler 2.4.1, 108
subenabler 5.6.1, 199
Point design, 18
subenabler 2.3.2,, 103
subenabler 3.3.2, 126
Poland, v, 5
Politicians, 15, 52
Precedence, 18
LESSE to INCOSE, 276
subenabler 2.2.7, 93
subenabler 2.2.10, 96
Predictable flow, see Flow
Preparations, 3, 4
Prioritize
enabler 3.2, 19
Prius, 127, 199
Presidential helicopter, 48, 52
Procedure, 268
subenabler 3.5.8, 145
Process(es), processing, 18, 21
agile
LESfSE to INCOSE, 276
subenabler 1.2.4, 73
capable, 11
defect-free, 11, 12
flow
subenabler, 3.6.1.b, 148
holistic, 7, 28
repeatable, 107, 200, 243

robust, 52, 53, 67

LEfSE to INCOSE, 276
standardization, 20
unpredictable, 200
variability, 10, 11

Product development (PD), 25-41

enabler 3.4, 133

LEfSE to INCOSE, 274, 276, 278

subenabler 2.2.3,
subenabler 2.5.2,
subenabler 3.4.1,
subenabler 5.5.3,
subenabler 6.2.5,

INDEX

Product of the year INCOSE Award), 4, 63

Productivity
improvement(s), 48
reserve, 25, 26, 45, 54

Profit(s)
subenabler 2.6.2, 115

Program(s)
assets

subenabler 2.4.1, 108
closure, 15
cost, 4, 46-49
duration(s), 28, 179
front loading, 20, 129
planning, 3, 20, 85
schedule, 2, 17, 157, 178
stability

subenabler 3.6.2, 150
unneeded, 26
value, 247

Project
administration, 29

Project Manager, 29, 39. See also Chief

Engineer
Proposal, 36, 110
Proprietary, 55
Prototype

of LEfSE, 55-62

subenabler 3.2.4, 119
Pull,

enabler 4.2, 165-168

Purpose, agenda, time, intent (PATT), 89,

189
Pyramids, 42

Quality, 2
built-in, 12
LEfSE to INCOSE, 279, 280
subenabler 5.2.1, 171
technical, 15

Queuing, 99

Quick Reference Guide, 57, 266
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RAA (responsibility, authority, accountability)
LE to INCOSE, 277
subenabler 6.2.8, 219

Rafael, 251

Rankings of importance and use

Raytheon, 59

Receiver, see Internal customer

Refinement
subenabler 5.2.7, 178

Reinventing the wheel, 18, 36

Relationship
buyer-supplier, 113, 146, 187

Required non-value added, 154

Required non-value added (RNVA), 16
LESfSE to INCOSE, 272
subenabler 3.6.4, 154

Requirement(s), 268, 270
ambiguity, 52
capture, 67
changes

LESSE to INCOSE, 274, 276
subenabler 1.3.3, 83
subenabler 2.2.13, 101
communicative disjunctions, 52
compliance, 15
conflicted, 52
creep, 15
LEfSE to INCOSE, 272
subenabler 3.2.1, 119
derived, 51
enabler 3.2, 119
formal, 77, 84
instability, 52
LEfSE to INCOSE, 272, 274-278
runaway, 24, 48
subenabler 1.3.4, 184
subenabler 2.2.13, 101
subenabler 3.5.8, 145
subenabler 4.2.6, 167
Stability Index (RSI), 120
top level, 52, 53
unspoken
subenabler 3.2.3, 119
unstable, 19, 28, 48

Research

show-stopping, 277
LEfSE to INCOSE, 277
subenabler 2.4.3, 110

and development, 10

Resource allocation, 267

Respect for People, 22, 204-205
lean principle 6, 206—-246

LEfSE to INCOSE, 273
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Responsible, approving supporting, informing
(RAS)),
LEfSE to INCOSE, 276
subenabler 2.2.10, 96
Resume
scanning, 191, 192, 207, 211
LESSE to INCOSE, 279
subenabler 6.2.4, 211
Return on investment, (ROI), 37, 248, 251
Reuse, 33
subenabler 2.4.1, 108
Rework
LESfSE to INCOSE, 272, 277
subenabler 3.6.3, 152
subenabler 4.2.6, 167
RFP, 150
Rhythmic, 29
Rich, Ben, 206
Rickover, Hyman, Adm., 38, 206
Right the first time, 4, 15, 16, 200, 247,
269
LEfSE to INCOSE, 271, 276, 280
subenabler 1.2.1.c, 69
subenabler 2.2.4, 106
subenabler 5.2.7, 178
Risk(s), 7, 33, 39
LEfSE to INCOSE, 277, 279
low, 28
management, 50
subenabler 2.3.3, 105
subenabler 3.5.9, 145
Rivalry, 209, 217, 226
Robust, robustness, 60
subenabler 1.2.3, 71
subenabler 2.3.4, 106
subenabler 2.4.2, 110
subenabler 5.2.1.a, 171
Rockwell Collins, 227, 247, 250
Root cause, 22, 256
subenabler 5.3.3, 183
Rotation(s), 20
LEfSE to INCOSE, 279
subenabler 5.6.3, 199
Russian, 44

Schedule, 2, 4, 34-35, 47, 49, 62
adherence, 159
LESfSE to INCOSE, 276
subenabler 2.2.11, 98
subenabler 2.2.12, 99
subenabler 2.2.13, 101
Screen(s)
LEfSE to INCOSE, 272
subenabler 3.7.2, 159
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Seamless teaming
LESSE to INCOSE, 276
subenabler 3.4.1, 133
Secrecy 102, 161
Secretary of Defense, 10, 46
Set based, 126
Shingo Award, xxvii, 4, 63, 249
Silo, 152, 153, 158
Simplest solution, 127
LESSE to INCOSE, 275
subenabler 3.3.4, 130
Simulation(s), 61
LESfSE to INCOSE, 275
subenabler 3.2.4, 119
subenabler 3.2.5, 122
Single piece flow, 12
Six Sigma, 9-13
design for, 11
LESfSE to INCOSE, 280
subenabler 5.7.3, 202
Skunk Works, 38, 206, 227
Software
subenabler 2.4.1, 108
subenabler 3.2.4, 119
subenabler 3.8.3, 162
Space Based Infrared System (SBIRS), 46, 47
Spiral development
LESSE to INCOSE, 275
subenabler 3.2.5, 122
Splitting, 30, 37
Stakeholder, 15, 33, 50, 53, 268, 270
LESSE to INCOSE, 272, 274, 276
program, 51
satisfaction, 3, 58
subenabler 2.2.1, 88
subenabler 2.2.2, 90
subenabler 3.2.6, 124
subenabler 5.7.2, 202
value
subenabler 1.2.5, 75
Standards, Standardization, 268
design
enabler 5.6, 199
LESSE to INCOSE, 272, 274, 279
measurement
subenabler 3.6.5, 155
skill set
enabler 5.6, 199
subenabler 2.4.1, 108
subenabler 3.8.1, 162
subenabler 5.2.8, 179
subenabler 5.7.2, 202
subenabler 6.4.7, 243
State of the art, 27-28, 52, 114, 185

INDEX

Statistical Process Control, statistical control
(SPC)
LESfSE to INCOSE, 273
subenabler 4.2.4, 167
Stopping the line, 175
Stovepipe, 141, 142
Strategy
in development of LEfSE, 54-55
LEfSE to INCOSE, 278
subenabler 5.4.8, 195
Streamlining, 6, 10, 12
Subenabler, x—xix, 57, 64—67
Suboptimized, 52
Success(es, ful), 42—44, 60
LEfSE to INCOSE, 272, 274
subenabler 3.2.6, 124
subenabler 5.5.1, 197
subenabler 5.5.4, 197
Suggestion system, 169, 170, 222
Supplier(s)
capable, 187
cheapest, 113, 146
inputs, process, outputs, customer (SIPOC),
LEfSE to INCOSE, 273
subenabler 4.2.4, 167
performance
LESSE to INCOSE, 280
subenabler 5.3.5, 185
seamless partnership, 146, 147
LEfSE to INCOSE, 278
Supply chain management, 3, 55
Survey, 56-59
Sweden, xxviii, 5
Synchronicity, 37, 40, 94
Synergy, 3, 50, 51
System domain, 23
Systems
architecting, 129
engineering
definition, 2
traditional, 42—-49

engineering and technical assistance (SETA), 1

Life Cycle Process Overview, 55
management, 61
thinking, 42

Tacit knowledge, 55, 181
Tailoring, 70, 85, 94, 270, 280
Takt period(s), 37
Takt time, see Time, takt
Task(s)

owner, 21

predictable, 98

sheet, 36, 40



INDEX

Team, teaming, teamwork, 54—58, 101, 247
LEfSE to INCOSE, 273-280
subenabler, 2.3.1, 103
subenabler 2.5.2, 112
subenabler 2.5.3, 112
subenabler 2.5.4, 112
subenabler 3.4.1, 133
subenabler 3.4.3, 134
subenabler 4.2.4, 167
subenabler 5.4.1, 189
subenabler 5.4.6, 189
subenabler 5.4.8, 195
subenabler 5.7.2, 202
subenabler 5.7.3, 202
subenabler 6.2.3, 208
subenabler 6.2.7, 217
subenabler 6.2.14, 227

Technology
acquisition, 17, 42, 43
complex, 52, 247
exquisite, 48
rate of change, 179
Readiness Level (TRL), 110-111

Test(ing)
as you fly, 24, 43

Thales, 227, 251

Theory X, 202, 219
Y, 219

Threats, 17, 26

Throughput time, see Time, throughput

Time
buffers, 32, 99, 139
cycle, 30, 34-35, 96

padding, 100
takt, 29-31
LEfSE to INCOSE, 277
subenabler 3.8.1, 162
throughput, 34, 35

Tool(s), 3, 50, 51
enabler 3.8, 162
monument
subenabler 2.2.10, 96
subenabler 3.2.4, 119

Top down, 11, 13

Total Quality Management, 6, 9. See also TQM

Toyoda, Akido, 2, 3

Toyota, 127, 131-132, 146, 208, 253
Production System, 11, 131, 220

subenabler 3.5.6, 143
Way, 159, 233

TQM, 9-13. See also Total Quality Management

Traceability, 268

Tradeoff, 33
LESfSE to INCOSE, 272
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subenabler 3.6.1.d, 148
Trade space, 248, 256
LEfSE to INCOSE, 274
subenabler 2.3.2, 103
Traditional
process(es), 67
Systems Engineering, see Systems
engineering, traditional
Traffic cop, 157, 167
Traffic light, 217
Training, 2, 51, 57
LESSE to INCOSE, 274, 277, 279, 280
on the job
subenabler 3.8.1, 162
subenabler 5.3.3, 183
subenabler 5.4.3, 189
subenabler 5.4.6, 189
subenabler 5.6.3, 199
subenabler 6.3.3, 233
subenabler 6.3.4, 233
subenabler 6.4.1, 235
subenabler 6.4.8, 243
Trends, 88, 215
Trial and error, 243, 256, 269
Trust
LEfSE to INCOSE, 273, 278, 279
subenabler 4.2.8, 167
subenabler 6.2.3, 208
TRW, 227

U2 aircraft, 5, 53
United Auto Workers (UAW), 220
Uncertainty
LESSE to INCOSE, 271
subenabler 1.2.1.b, 69
Union(s), 220
United Kingdom, xxviii, 5, 255
United States, v, 9
Units, 88
University of Michigan, 55
Upgrades
LESSE to INCOSE, 279
subenabler 2.4.5, 108
U.S. Congress, 2, 3, 43, 46
Use ranking, 58, 66

V-22 aircraft, 48, 49

Value, 14-15, 17, 20, 67-68
added (VA), 16, 45
clarification, 15
definition, 15
expectations, 17
formulation, 52
lean principle 1, 69—85
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Value (continued)

LESSE to INCOSE, 272-280
non-V added (NVA), 16, 45
proposition, 21, 23, 30, 33, 34, 39
required non-V added (RNVA), 16

stream, 35-38, 85-87

lean principle 2, 88—116

subenabler 4.2.3, 165
subenabler 4.2.4, 167
subenabler 4.2.7, 167
subenabler 4.2.9, 167
subenabler 5.2.7, 178
to customers 79
Variation
arrival time
subenabler 2.2.11, 98
Verbose, 34
LESSE to INCOSE, 272
subenabler 3.5.6, 143
Video, 57
Virtual co-location
LESSE to INCOSE, 277
subenabler 6.2.14, 227
Visibility to all, 101

Vision, visionary, 60, 61, 64

LESSE to INCOSE, 277

subenabler 6.2.1, 206
Visual control(s)

LESSE to INCOSE, 272
Visual methods

LESSE to INCOSE, 276

subenabler 2.2.13, 101

INDEX

Volatility, 179

Waiting, 4, 18, 45
Wall Street, 28, 38, 215
War room, project room, 34, 40, 90,
94
Waste, 15—-17, 44-49
categories of, 18
definition, 16
enabler 4.2, 165-168
enabler 5.6, 199-201
Product Development (PD)
LEfSE to INCOSE, 280
subenabler 2.2.5, 93
of measuring waste, 11
societal, 26
Weapon(s), 10, 49
subenabler 6.4.4, 233
Work
cell, 30
LESSE to INCOSE, 277
subenabler 3.8.1, 162
package, 31, 44
Work Breakdown Structure (WBS), 94
Workforce
LEfSE to INCOSE, 279, 280
subenabler 5.3.3, 183
subenabler 6.3.2, 231
Working Group, Lean Systems Engineering, of
INCOSE, 50-51, 249

Xerox, 113, 187
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