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For the Nissitissitt River,

“many small stones,”

that rises from Potanipo and flows

ten miles to the Nashua,

which flows to the Merrimack,

down to the sea.
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To the memory of my son,
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PREFACE

When I turned four, my father took me on a tour of the St. Regis Paper Mill: We saw the steam power plant, the cutters and rollers, and the finished paper rolls in the mill yard. He lifted me up to see over the edge of the pulper, a huge tank that ground sheets into pulp. The machine noise made it impossible to hear his explanation of the paper-making process—but I tried to take it all in.

I smelled the river and the pulp paper; we lived by the mill whistle, and we noted when we crossed the covered bridge on the way to school what color the Nashua River was running, often green-blue, occasionally red. The water was never clear.

Mill Street

Manufacturing is an addiction that runs in my family. Since I was little I have hung out with engineers and factory workers. I too love machines, technology, and manufacturing. My family lived with the hope, the boom, and the decline of both a mill town and an industrial city—we came to understand and expect the strain the swings produced across the town. Schools ran to very lean budgets, new cars and new homes were rare, and overtime was a necessity. During shutdown the parking lot at the swimming hole filled up and Main Street was quieter. Our lives ran to the rhythms of the mills.

Vassar Street

Anyone who has ever walked down Vassar Street in Cambridge, Massachusetts, a dirty, well-used side street running off Mass Avenue and parallel to the athletic fields, in the heart of MIT, will remember the excitement of ideas on the move. Here new companies make their first appearance, renting temporary space in anticipation of growth—from the Dome of the academic community, to the leased concrete row of spinoffs, some of which make the jump to Route 128’s golden acres, many of which fold and are re-created in a different incorporation. Vassar Street is one of a few technology birthing spots, like Steve Jobs’s garage, and the Hewlett-Packard garage, and Henry Ford’s shed. These are holy places that drive the Technology Machine.

Patricia E. Moody

The Barn

Andover Controls . . . Modicon . . . Flavors Technology

When I was six I learned how to drive a tractor, and when I was eight I did my first engine job. I made it to MIT, but got bored with the routine and took a forty-year sabbatical punctuated by the creation of many new devices and about twenty new companies, raising twenty-seven kids along the way, making continual forays into new technologies.

On New Year’s Day in 1968, hung over and tired of deadline-driven holidays, nights and weekends spent designing single-application automation devices with a six-month shelf-life, I made the decision to change the way factories work. I knew that we would soon reach the limits of custom, hard-wired automation solutions, and because I was bored and tired, I created the Programmable Logic Controller (the PLC). We were at the very beginning of the mini-computer revolution—standard computer programming fare was punch cards and tape. Factories were wired up with thousands of unique switches, relays, and human technicians. But I knew my PLC design would have an impact on factories at least as big as what was coming in computers.

Thirty years later, the industry spawned by the PLC represents $5 billion of technology growth and wealth and jobs, extending into dozens of process applications, from paper-making, to chemical processing plants, to steel refineries and bullet trains. For that innovation alone I was presented in 1997 by the Franklin Institute with the Prometheus Medal.

Technology has been my compass, and the journey has been a good one, punctuated by lurches and fresh starts, never smooth, but always exciting. Hundreds of fellow travelers to our technology base, a unique idea factory back up in maple tree and stonewall country of New Hampshire, The Barn, have shared the excitement of our journey.

I have been joined at The Barn by other technology gurus, and we have taken our belief in the power and the hope of new ideas into the money world. Our Breakfast Club has reviewed the business plans of thousands of hopefuls, a few dozen of whom won our blessings and our venture capital support. My approach to evaluating a good idea’s potential for real impact and real profit is contained in this book. As always, we continue to feed the Technology Machine.

Happily, because we have eyes—we are gurus and seers—the opportunities will continue to appear on the horizon, as one thing leads to another, and another and another. . . .


Richard E. Morley


Everybody’s got a bumper sticker—“Live free or die,” “Honk if you love engineers,” and “Repent, reboot and re-enter.” We have one too, and it is “The Technology Machine makes $$$$$$$$$$$$$.” That’s what this book is about, and it’s what drives us. Anything else—stock prices, mergers, acquisitions, life-cycle studies, MRP, the T word (teams)—is embroidery.

We love technology and engineers who make it. Our heroes are guys who make things, and who discover new ways to make things better or different.

We know that manufacturing professionals feel that they are living in the fading twilight of their profession. And it’s true, they are—manufacturing, like trains and agriculture and the U.S. Postal Service before it, is going away. Fewer people and fewer plants are required to satisfy demand.

But the Technology Machine that will run replication centers (manufacturing sites) in the year 2020 will be created and managed by an incredible group of technology kings. We know these geniuses, and we believe in them. We want you to know that very few of the professionals running the show now will successfully migrate to the new era; “the others” will wander endlessly, road warriors armed with a laptop and an open-ended employment contract, like Moses in the desert, waiting for the old ones to die. We wrote this book for anybody in manufacturing today who feels the darkness coming on, and who is so active surviving that he has not stopped to breathe and put together the pieces that form a picture of his world twenty years out.

We want to help, because we have manufacturing in our blood. We grew up bending and grinding and polishing metal; we are happiest wearing white socks and oily shoes. We like to take things apart, and maybe put them back again, but always one part different. We walked to school past brick mills and rivers that once powered a thousand water wheels. Our parents worked to the rhythm of the noon whistle. We always wear safety glasses, and the second language we learned was BAL.

We want to tell you what it is going to be like, and who the good guys are, and how to get ready. If you are listening—and only the guys that we love, the ones who hold the future of manufacturing in their hearts, the Technology Kings, are—we will tell you the stories that will take you there.
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INTRODUCTION


BILL HASTINGS


Listen to me, college boy, you can

Keep your museums and poetry and string quartets

’cause there’s nothing more beautiful than

line work. Clamp your jaws together

and listen:


It’s a windy night, you’re freezing the teeth out

Of your zipper in the ten below, working stiff

Jointed and dreaming of Acapulco, the truck cab.

Can’t keep your footing for the ice, and

Even the geese who died to fill your vest

Are sorry you answered the call-out tonight.

You drop a connector and curses

Take to the air like sparrows who freeze

And fall back dead at your feet.

Finally you slam the SMD fuse home.

Bang! The whole valley lights up below you

Where before was unbreathing darkness.

In one of those houses a little girl

Stops shivering. Now that’s beautiful,

And it’s all because of you.


—BY TODD JAILER.

COPYRIGHT 1997 TODD JAILER,

REPRINTED WITH PERMISSION.









When politicians and executives talk about a healthy economy and growth, they usually speak in numbers—ROI, bottom line, cash flow, LBOs, stock splits, margins. But when company creators and technology fanatics talk about growth and economic prosperity, they speak in ideas—how to increase the communications bandwidth to accommodate millions more bits flying into your system unit, or how to simultaneously launch satellite payloads that govern linkages between design centers in New Hampshire and production centers in China, or how to take the complexity out of inbred production scheduling systems, or how to hit the next level of thin-wafer technology.

Not every one of our beloved technologies has found a practical application. Intelligent agents were, just five years ago, one of those early technology winners that fascinated software engineers, but whose practical, controllable applications eluded them—like the GM Paint Shop, installed and deinstalled a few years later, a walk-on part in the evolution of complex systems factory applications. The Fort Wayne installation was a huge breakthrough whose long-term value proved itself more in the eventual impact its trials and proofs had on later installations in other industries than in the savings GM found from painting cars a better way.

Some new technologies continue to circle the field, defying our ability to predict their exact touchdown time. Motorola’s Iridium project, for example, long in the design and planning stage, as it neared launch time, was shadowed by dozens of copycat, more competitive communications and more profitable mega-projects.

Technology Is the Driver

Technology and knowledge are the drivers in manufacturing, because technology creates wealth and fuels growth. Technology, or machine intelligence, combined with individual excellence and integrity, will rule the future. The Technology Machine is a guide to the accelerated changes in manufacturing and the technologies and people that will drive them. The authors challenge readers to stretch beyond “isms” to the core drivers of growth—technology and spirit.

Learning to See

The Technology Machine will be built on intelligence, simplicity, and pure process, a new way of building distributed manufacturing production networks. Essentially, technologists and manufacturing experts are learning to see, making new connections between customers and suppliers, and establishing information and process flows where none could have connected before. By not focusing on the lean enterprise, stripped-down entities whose technology skills are minimal and whose focus is still an obsessive attention to workforce issues, technology pioneers are constructing a flexible, responsive system capable of applying intelligence and speed to manage and generate growth and market dominance.

Armed with fresh insights—simple truths and clear visions—the readers will know the right questions to ask to rebuild our fractured, downsized enterprises. Watch for Wild Card predictions on the winners and the losers in the technology games.

Technology breakthroughs—examples include 3M’s Post-It notes, Visicalc and the Apple—must meet four criteria:


FIGURE I.1




FOUR TECHNOLOGY RULES







	Breakthrough Technologies . . .



	 

	
	Increase productivity.

	Enable functionality.

	Enable the user.

	Enable postinstallation optimization, survivability, market share, and user lock-in.











Technology shams, such as GE’s inflexible and unfixable Factory of the Future, Lotus Symphony, a composition never written to be played, OPT, an overly complex software “solution” seeking the right problem, were all commercially questionable technology applications whose creations were heralded as breakthroughs. When weighed against the Four Technology Rules, they failed the test. The Factory of the Future quickly ran afoul of changed aircraft customer requirements, leaving the complex machine to build spares. OPT, software imposed on sloppy and out-of-control production systems, got lost in its own algorithms. Hewlett Packard’s two-pound calculator wristwatch, for example, an intriguing idea years ahead of its time, failed Breakthrough Rule Number Three, although it met Rule Number Two.

Current manufacturing approaches range from completely technology-driven, distorted visions of the future, to oversimplified team approaches that co-opt excellence. Not every production facility will be inhabited by self-managed work teams, and not every successful production facility will use machine intelligence to run every operation.

The Technology Machine will continue to spit out premature and inappropriate “solutions”; as managers and user/victims, you need to pick the winners, as investments, and as a means to carry your organization into the next millennium and beyond. If you can understand the technology, see its application, and answer yes to all four check-points, buy the stock, wait for the growth and payout.

Put on your helmet and get ready, because we are taking you for a ride. You are going to see some incredible manufacturing sites—the Fort Wayne Paint Shop, Falcon Cold Forming, the Shinkansen Bullet Train, Gene Kirila’s Greenville, PA Company, the Blackbird, the Javahoe, and more. You are going to understand what manufacturing will look like in the next millennium, what technologies and what kinds of people will work there. You will see the process from a glass-walled booth two stories up, and you will see the products slipping quietly out the door. We will connect the dots to show you how to get there from here—which technologies have the power to take the true course, and which management fads and pitfalls to avoid. Here we go!
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How Manufacturing Will Work







Chaos, Pain, and Transformation

When Francis Cabot Lowell, through a supreme act of industrial espionage, memorized the guts of the English power loom systems he had seen in 1811 on an extended stay in Great Britain, he launched a two-hundred-year run for American manufacturing. Lowell pulled together all the disparate functions of the textile production process—carding, dyeing, spinning, weaving, bleaching, tasks that had been contracted out to rural farmwives and small shops—and arranged them in sequence in a single site, a new four-story mill on the banks of the Charles River in Waltham, Massachusetts, the prototype for thousands of factories that followed. The first experiment was successful beyond the incorporators’ dreams, a money machine; 200 percent profits fueled more and bigger mills—Lowell, Lawrence, Lynn, and Manchester, New Hampshire’s Amoskeag complex, the biggest cotton plant in the world—more innovation, and urban communities of mill workers. The golden era for manufacturing had begun.

A DEDICATION TO BRICKS AND MORTAR

But process innovation and dedication to scale did not come without some pain. Complete vertical integration of the textile process led to captive company workers, Taylorism, piece rates, and huge profits. The brief utopian era of the mill girls—educated Yankee farm girls who left the countryside for an average of two years’ work in the mill city of Lowell, where they attended concerts and lectures and shopped for machine-made items—gave way within less than ten years to cheaper immigrant labor. And within fifty years, the promise of complete vertical integration of the textile process had led to strikes and work stoppages, lung diseases, disinvestment in machinery, and a litany of excess and inflexible profit production whose aftereffects have lingered long beyond their usefulness.

TECHNOLOGY OVERTAKES MANUFACTURING

Manufacturing progress has always been limited by technology and human factors—availability, training, wages—but we must learn to apply the two main components of every production system, machines and people, in different ways. In the coming decades, manufacturing professionals will be technology partners, rather than servants to machines. The future isn’t about bigness, or powerfulness, or economies of scale. It’s about smartness, values, supreme technical mastery, and constant innovation: the Technology Machine.

Most of us survived the hard marches through the computer crusades of the seventies, the eighties’ lighthearted flirtations with excellence overlaid on rigid hierarchies, and the nineties’ over-the-hill-but-can’t-quite-see-the-bottom struggle toward an enlightened industrial enterprise.

“Leading edge” in the nineties was about people, systems, and communications. Companies like USX that grew successful by building bigger operations had to learn to think small and light (Nucor’s electric-fired mini-mills, for example); they needed to reach outside their walls to find suitable teammates (Japanese steel producers, for example). Still, it wasn’t enough.

Manufacturing excellence alone will not carry good companies into the next millennium. Simple manufacturing excellence has become, as has quality, merely the ticket to the big leagues. What does this mean for manufacturing pioneers and survivors right now?

TRANSFORMATION IN THE NINETIES

The nineties will be known as the decade that witnessed final dissolution of all entities we grew up with—our churches, schools, families, government, businesses, health-care systems, music, maybe even our tax and currency systems. The bad news is that this unraveling will continue, but the good news is—for only another four or five years. Manufacturing professionals should expect to feel great discomfort, many surprises, big highs and lows, and confusion, and to be generally “off balance.” Coping skills and pharmaceutical solutions—Prozac, stress-reduction clinics, and natural mood levelers—will be perfected and stretched to their limits.

RECOVERY FROM CHAOS AND PAIN

We want to put the pieces back in order again. We refuse to continue in this uncomfortable, “disorganized” state, so it seems only reasonable, and painfully natural, that we will reassemble the pieces. The glorious product—for a few companies—will be a true re-formation, a rebuilding into new entities.

And, as usual, business—not government or education—will lead the way, because it is those of us in business who are responsible for designing, making, and shipping things, who need effective structure to live.

It is a dangerous time. With the stock market soaring and lurching uncertainly, many companies feel that they have already been reengineered, empowered, and reborn. Why change, why anticipate the difficulty of any more distractions from returning to the happy business of being successful? Why now?

Lotus, Bowmar, Apple, DEC, Data General, Apollo, NeXT, USX (formerly USSteel), NCR (National Cash Register), General Motors—the long line of at one time equally happy, busy, and successful companies stretches across a landscape we all occupy. We’re stepping around the detritus. Each of these companies made one or two strategic errors—perhaps depending on proprietary software or sloppy manufacturing, or not listening to customers. And each failed to recognize and anticipate, and to be ready for big technology swings.

Motorola’s Six Sigma initiative, for example, and the Baldrige Award have led many lesser organizations to attempt excellence. But in fifteen years, the long line of troubled corporate contenders will lengthen to include companies that only concentrated on manufacturing excellence, that only perfected that slim area of opportunity, production. It’s not enough.

THE NEXT FRONTIER

The biggest areas of opportunity lie ahead of and after manufacturing (see Figure 1.1). Look at the areas that feed and draw on the manufacturing function—all the places where idea transfer and development barriers stand in the way of ultimate customer fulfillment. These circuit breakers include traditional purchasing, MIS, order administration, accounting, middle management, senior management, possibly human resources, logistics, trucking, warehousing, design, design engineering, perhaps manufacturing engineering, returns, customer service, quality control, even teams—all areas where time is used up with no payback. And these waste areas lie especially thick at the second, third, and fourth tiers of the extended enterprise; the small- and medium-sized producers are one level—but a world away—from final assembly operations.


FIGURE 1.1  Opportunity Areas
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Just as Motorola proved that quality is a given, that you can’t even be in the game with less than Six Sigma quality, so must we accept the inevitability of lean, perfect, agile, laboratory-like manufacturing processes. We already know how to do this. We know how to lay out efficient lines, how and when to introduce automation, and in what degree. We know how to select and develop and train and motivate our workforce. And we know how to measure—boy, do we ever measure! Any number you want, we’ve got.

THE LAST FRONTIER

Manufacturing, as this linear representation of the process from request to shipment shows, is the thinnest slice of the process, because in the past twenty years smart managers have taken much waste and labor out of the process. Indeed, the current focus on lean manufacturing is an obsession to drive waste and layers of complexity out of manufacturing, to strip it down to its bare essential processes for what is to come, apparently leaving few opportunities now for tweaking.

Further adding to the integration challenge is the fact that as manufacturing grew from Lowell’s semi-automated textile mills, to Intel’s clean room, robotic plants, various separate management areas—especially engineering, supply management, and production—developed their own noncommunicating systems, philosophies, metrics, and even career paths. These pieces will need to be reintegrated into a technologically complete process—not eliminated. They offer wide open and unique opportunities for innovation and custom, intelligent solutions that manufacturing innovators have not developed. In the 2020 enterprise, such functions as order administration, product development, and cash farming will blur into a single order communication process. Every bit of information that can be maintained for correct billing and product specification will be transmitted electronically in parallel to actual material processing. In effect, the opportunity time line will compress into a single input and output flow circuit diagram. With no more linear systems flows, the computer that moves the intelligence becomes transparent—what remains is innovation in design and clean, fast replication.

What we don’t have across our industrial landscape—including and especially along the extended value chain—is consistent, predictable, integrated easy excellence. That’s where the Technology Machine takes its rightful, advantageous place among the winners, carrying them to unthinkably high levels of performance, at unimaginably low costs.

Excellence must characterize every member of the entire value chain in metrics like 10X, a time-to-market improvement objective that drives organizations, particularly electronics, to develop and launch new products the way that grocers handle fruit that has a shelf life of three days, and Six Sigma quality. Look to the second, the third, and even the fourth tier for enterprise excellence in different technology areas.

Does that mean that customers must certify, “Baldrige,” or otherwise demand excellence out of their excellence partners? No, because we do not have time to wait for the inevitable result of that approach. It means, as our friends at Honda say, “Go to the spot.” Take excellence on-site.

EXCELLENCE IN THE YEAR 2020

Let’s extend our definition of excellence to enterprise excellence. Concentrate on the front end of the system—design and procurement, logistics, packaging, and customer service. These are the areas where the Technology Machine will take huge chunks of time and money out of the system, where it will make the biggest impact on product design and introduction, and where product design will become customer design.


FIGURE 1.2  Islands of Excellence
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ISLANDS OF EXCELLENCE

In the year 2020 there will be two types of enterprises: the Island of Excellence, and all the rest. The Island of Excellence organization will do many things extremely well—manufacturing, real-time customer design of product and simultaneous production, or customer fulfillment. The workforce on the Island will be very special—specially selected, trained, motivated, and aware of their position as an elite corps. The organization at the Island will be deceptively simple—a lot happens with few ripples on the water, quietly and smoothly.

You might notice that things are in balance—functions that were, in previous decades, functionally siloed all seem blurred, or integrated, into a smooth flowing unit.

And the people are different. Diversity is not an issue. Although we see both sexes and many racial and ethnic “colors,” the overall pattern of the fabric of this organization—a well-selected, well-constructed, and simply laid-out quilt—is one of integration. From not too great a distance all personal differences blend into the overall design.

We do not see plaques bearing plastic corporate mission statements here. Instead, each inhabitant of the Island will have experienced a holistic, two-year apprenticeship program—where they learn to live the mission—for it would be a mistake to expect new members to find themselves quickly in this simple, but strong culture. People need time to adapt, and the security of knowing that they are trusted and expected to behave appropriately.

And what of the spirit? Well, it’s reassuring to know that the generation that followed self-indulgent Boomers and Generation X—the Reformation Generation—has returned to basic values. This generation will have none of their parents’ irresponsible neglect of the whole human entity—mind, heart, soul, as well as intelligence. The distinguishing characteristic of working on—rather being a member of—the Island is its integration of spiritual energy with physical and mental capabilities.

Inhabitants of the Island wear uniforms. The first fifteen minutes of each day are spent in light exercise, a form of Tai Chi. Sometimes associates sing or participate in an island-wide assembly. Many workers are engineers and many are “technicians,” but all have an integrated, common vision of how their daily work fits into the Island’s business. The icons and the myths of the building of the Island are well-known to all—for each trainee hears the stories and repeats the words and legends of the founders, who are soft-spoken, wise, and ethical.

Associates of the Island stay connected in various ways, for many years. Indeed, workers, once accepted, are encouraged to rotate into a few pivotal positions. Discipline and termination mean exclusion from the Island. And what could be worse than being cast off to feed with the Others?

THE OTHERS


Let’s look at the nonelite group. A “Mad Max” bunch, these guys make things, all right—commodities of little intelligence, twisted metal components, flashlight switches, broiler pans, vinyl dog collars, and an occasional custom cable order. These workers have an edge to them—their skin shows the pock-marked and fluorescent-lighted reflection of days, years, decades spent in a war zone. They twitch, they scramble, they kick and stumble; periodically their eyes recapture a common focus—teams/quality/certifications/quality/communications/productivity. But it all passes, worn down by a lurching, erratic corporate attention span that makes attention deficit disorder look like the company’s single unifying theme.

Take your choice—The Island of Excellence, or The Others.

2020, The Vision

The challenge is to form a new enterprise vision for the entire extended enterprise, one that is technology-based and driven. Your most difficult job, however, will be to define and prepare for the human role. That vision reaches beyond manufacturing excellence into three key areas—value-chain excellence, organizational excellence, and the knowledge worker. The challenge—to re-form an extended enterprise, encompassing second-, third-, and fourth-tier producers—will require many hands, but one mind. For all these challenges, the Technology Machine provides the muscle and the brains.

Value-Chain Management

Partnering? An overused word. Supply chain? Too mechanical. The virtual corporation? Smoke and mirrors. Value chain? Yes, that may be as close as we can get now, but in MMXX there will be islands, archipelagoes, and networks of excellence.


The Language of the Extended Value Chain

When GM’s Jack Smith addressed the Stanford Manufacturing Conference, there was irony in his talk, not in what he said—improved financials—but in what he did not say. The conference theme was partnering. Smith spoke only indirectly about partnering and demonstrated exactly why our sleeping giants cannot take places in the MMXX lineup. Where in our current system of financial metrics do we read “Return on Partnering,” or “The Total Accumulated Value of the Extended Enterprise,” or “Return on Innovation”? In a company that values single-entity performance—stock prices, for example—this long-term measure is missing. A few enlightened enterprises—Motorola did once—have broader vision, if not the metrics to support it. “These enlightened few” recognize that astigmatic attention to a single, narrow area of performance, or dependence on size to win, or more of the same, even a proliferation of supplier awards and Baldrige applications, is not enough.

2020, THE VALUE-CHAIN VISION

By the year 2020, the Island of Excellence Enterprise Partners will have achieved excellence in customer fulfillment. They will have created a perfectly balanced, socially integrated entity that translates customer ideas or wishes instantaneously into perfect product. The Enterprise Partners will conduct their transactions ethically, profitably, and in a way that protects the common good.

This vision will be outlined and supported by excellent communications.

The value chain will be driven by simplicity. The vision will be mirrored in many forms of partnerships, the ligaments of the Island of Excellence’s extended enterprise body. It will be stretched and extended to include all the “last frontier” opportunity areas around manufacturing, the spots where customer fulfillment happens—design, logistics, and procurement.

In 2020, the value-chain vision will have achieved the re-formation in which simple, elegant systems will ensure integrated data channels and rigorous information transfer throughout the value chain. The wish of Gene Richter, former HP procurement head, now IBM purchasing chief, for a buyer at every engineer/designer’s elbow will be realized. Second-, and possibly third- and fourth-tier suppliers will continuously run to customer demand data. Simple visual systems will overlay hard numbers (“hernia reports”). The Technology Machine, centered on autonomous agents and complex adaptive systems software, will replace and augment complex current user protocols, such as top-down driven software and central planning cycles.


FIGURE 1.3  Value-Chain Excellence Models
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Supplier development will be a corporate dictum. Dave Nelson, head of John Deere’s worldwide supply management organization and former head of Honda’s award-winning purchasing program, feels that this supplier development approach, and others, such as Chrysler’s SCORE, set the pace for preparing suppliers and customers to meet all their demanding customer needs. By 2020, supplier excellence will have exceeded big original equipment manufacturers’ capabilities, but at this point, progress is erratic and scattered, so much so that Nelson asks, “If supplier development programs like BP have such great value in monetary payback, as well as long-term relationships, why don’t North American companies rush to implement them?”

VALUE-CHAIN EXCELLENCE MODELS

No companies now perform all the best value-chain practices. Some, like AST, have pioneered systems; some people development; some supplier development; and some, like Lexmark, the printer producer that survived and built a new business based on an IBM castoff, have attacked development in commodity markets.

But many companies continue to struggle with the arrangement of people—focusing on where in-plants (supplier representatives stationed on-site with customers) work, for instance, rather than on what they do. They worry about what percent of travel works best and how many hours of training keep an employee alive and productive. However, in the re-formation of the value chain, we can look to a few excellence models. Although these pioneers use approaches that are not universally applicable—one size does not fit all—they tend to be geared to work at all levels of their enterprise. In 2020, everything you do to achieve the 2020 vision must advance the entire enterprise; anything less will leave you standing alone—brilliant, fortunate, but limited, and in a Darwinian sense, doomed.

VISIONARY LEADERS

The 2020 vision is being created by visionary leaders who stepped out of line, bringing a mirrored organization with them. The best technology companies reflect the best wisdom, ethics, and management styles of their heads. Their best leaders—the Galvins, Packards, Olsens, and Jobses, created a culture that outlived their own individual usefulness. Certainly Nypro, for example, would be only in the plastics business, not in the customer fulfillment business, without chief executive Gordon Lankton. Likewise, the personas of Motorola’s Bob Galvin, DEC’s Ken Olsen, and Al Decker of Black and Decker permeate their corporate cultures long after their daily involvement has passed.

This short list of visionary leaders is a source of selective inspiration. They are not perfect beings, but they share huge strength and forcefulness: Ken Iverson, chairman of Nucor Steel, a technologist who changed the way steel is made and launched a new technology from a single German electric furnace that archrival USX soon coopted; Gordon Lankton, Nypro, an engineer who understood how to use real-time in-line process control to make very high-quality plastics, and changed and recast the plastics industry; William Hobart, Hobart Brothers, Troy, Ohio, a giant who continues to be enthusastically supportive of workforce improvement from the ground up; Gregg Ekberg, president of Highline Controls, an engineer/entrepreneur who sees beyond the physics of an engineering problem to big business solutions; Gene Kirila, president and founder of Pyramid Systems, Greenville, Pennsylvania, another unique and energized entrepreneur who creates technology solutions where none existed before; Milt Gregory, president of Gregory Associates in Santa Clara, California, another pioneering technologist who understood how to put competing customers under a single roof, and how to give them expert, outsourced design help.

2020 METRICS

Jack Stack of Springfield Manufacturing, author Richard Schonberger, Tom Johnson, author of Relevance Regained, and many small companies have developed new metrics to track performance. Developing the right metrics to perfect the process continues to be one of technology managers’ biggest challenges—too much data, and the system overwhelms the human mind; too little data, and human intervention destroys the systems. Shewhart Award winner Dorian Shainin’s recommendation is to “let the data lead you”—first learn the process and its expected performance parameters, then follow the exception signals to perform midcourse corrections. The implications of this measured approach are that in the year 2020 there will be fewer measurement systems and disputes as technology innovators run to real-time feedback and control systems. Decision parameters will constantly adjust for changes, and pioneers will be more concerned with the direction of process performance—capability bandwidths, for example—than absolute, digital single-point metrics. Remember, the vision requires simple systems, some trust, and predictive performance. The Technology Machine will move us toward fewer numbers understood simultaneously by more people at all levels of the value chain.

2020 ORGANIZATION

The world is getting smaller . . . but it is not

coming together. We are all participants in an

unprecedented political and economic happening,

but we cannot make sense of it.


—RICHARD J. BARNET, GLOBAL DREAMS

(TOUCHSTONE, 1994)


Within another year or two, companies will have tired of the “teams fad” that proposes a one-size-fits-all process for human asset management. Sun Hydraulics, a Sarasota, Florida-based innovation leader in hydraulic valve technology whose human resource policies are remarkably progressive, even iconoclastic, refuses to use the “T” (teams) word! Instead, founder Ed Koski focuses on the Technology. Koski, an engineer/visionary, understands the value of individual, expert contributions and supremely agile information systems, above the structure associates use to work together.

Within another five years, a half-dozen of our better companies will have found a comfortable level of teaming and partnering, along with strong technical grounding with all associates. These innovators will look very different from our transitional organizational structures.

By the year 2020, in advanced enterprises, functional lines will have blurred and been redrawn, especially among design, supply management, replication (production), and traditional engineering functions. One associate (the title/work description most likely to replace our complex job grading systems), with a simple intelligent systems “associate,” will perform customer fulfillment; in some Islands of Excellence, customers will replicate their own custom designs, specifically in clothing, recreational, entertainment, and communications products. Intelligent systems will supplement the combination of human management decision-making and fragmented software hierarchies and individual tools that we use now to run manufacturing. One aspect of intelligent systems, autonomous agents, can take very complex problems and allow distributed decision-making to dominate over rule-based approaches.

AUTONOMOUS AGENTS IN 2020

You are a passenger in a Boston Yellow Cab cruising Logan Airport at 7:00 P.M. Friday, looking to pick up one last fare before heading home. Your driver, a part-time bricklayer from Southie, fills the time waiting to move with “colah-ful” comments on local heroes—the Kennedys, a “tattuh’d sorry group,” and the Red Sox, the eternal clutchers. You begin to wonder, in between stories, how this shuttle runs its pickup schedule. In 1965, an operations research model would have cranked Eniac-sized chunks of traffic pattern history, queue times, gas prices, baggage load, air traffic patterns, and dozens of other variables into a complex, long-running algorithm. But you smell the scent of simplicity here in this cab game, a real-time autonomous agent, running lean and light, always moving, no two jobs the same. This cab’s driver maintains constant input-output communications as he moves. There is no central all-knowing dispatcher back at Central. The cabbie runs his own show. He is an autonomous agent, empowered with the independence and information he needs to make sensible decisions that keep the meter running. His limits run to the airport and downtown Boston and selected suburbs. Running to a traditional bucket-driven schedule, a schedule centrally derived and managed, with all its accompanying change-order headaches, would put him out of the Boston Cab business, right into the unemployment line.

You have just experienced an autonomous agent, simply served by a two-way radio and a supreme knowledge of the Boston back streets, two simple tools to get him through the day. The 2020 manufacturing/design/procurement specialist must be as fast, smart, and flexible as a Boston cabbie.

A word of caution: We are not calling for an extended enterprise replacement for the old vertically integrated organization, complete with hierarchically driven planning cycles and top-down thinking. And we are not describing a warm, fuzzy business unit whose happy workers empower themselves, however slowly, into “the right decision”! Everyone and no one is the boss, flextime rules, and we enjoy endless attention to individual foibles. Time and patience—and the world market—preclude this self-serving fantasy.

This Utopia, like most, won’t be warm and fuzzy. The era of American-led rugged individualism will give way to an ethic that protects the common good, what Thomas Jefferson called the common weal, as well as that of the individual.

The winning organization will be smaller, but more like a SWAT team fed by common and very movable production resources, all members of the Technology Machine. Of course the workforce will be empowered and self-managed, a complete understatement considering the high level of training and technical skills and the speed of market shifts that they must pursue. In some electronics industries the perfect analogy for this structure is the police scanner—tuned in, filtering noise, always processing, and absolutely always on the prowl.

It is now clear that by 2020 traditional hierarchies or fragmented, loosely woven, ragged companies—independent operators not aligned for the common good or optimization of profits, false partners—will not be able to mobilize quickly to capture, defend, or move markets. IBM learned this. The first Gulf War (1984), in which massive troop and materiel movement—speed and mass—won over localized advantage, and current military simulation initiatives confirm it.

THE WORK OF THE NEW ORGANIZATION

When new organizations and enterprises form, new leaders appear. How will today’s innovators become tomorrow’s enterprise leaders?

They must first find the structure because it is the infrastructure that counts. The systems integration of all single-point technology—single innovation breakthroughs, like those of Francis Cabot Lowell, Henry Ford, the Duryea brothers, Frederick Taylor, the Gilbreths (using film for motion studies to study motion and time)—must be connected to build waste-cutting industrial machines. These early innovators’ desire for double- and triple-digit profits drove the scale of their enterprises exponentially upward. Later, immigrant labor, which reached a peak in the United States around 1917, fueled the Technology Machine. In the United States, unlimited resources and a pre-income tax economic climate fueled big dreams and big profits. The organizational structure that led to incremental technologies building exponential profit machines will change.

In 2020 the organizational structure will resemble a multilayer printed circuit board, whose success hinges on those critical contact points, or Touchpoints® between organizations or partners, where information transfer occurs. A good circuit is a combination of smart design and perfect deposition—too much or too little solder and the circuit is broken or unreliable. Manufacturing’s job between now and 2020 is to build good circuits (organizations) and make their connections perfect (the extended enterprise). Technology provides the board, the current, and the chips. Further, we must pack more capabilities and even open slots into smaller units. Each component—each associate and his accompanying intelligent system “associate”—will be better and better prepared.

The image of manufacturing as an electronic circuit implies a vast network of independent, sometimes connected, sometimes circling, sometimes re-forming enterprises like what we see from X-ray astronomy of the galaxies. Suns form and burn out, taking their planets with them, or sometimes they in turn spin out new formations. The customer will be the sun and your partners’ orbits will maintain perfect alignment for as long as they feel drawn to you.

COMPENSATION AND REWARD SYSTEMS

Since the late eighties compensation and reward schemes have become more complicated, to achieve complete accuracy and fairness and to stimulate more than simple production requirements among a diverse workforce. Further, before companies began experiments with teams, group compensation tended to fall into the categories of either Improshare or executive profit-sharing schemes. Little had been done to dismantle primitive piece-rate systems that arose during the Taylorist era. Where piece-rate systems may have produced volume at the expense of quality and flexibility, systems of the nineties are intended to reward team goals, skills acquisition, and various short-term objectives. But companies that have attempted to build reward schemes based only on monetary rewards have found severe limitations on their plans for workforce flexibility and growth. New technologies don’t introduce well if the organization is solidified around an outdated compensation and recognition system.


FIGURE 1.4
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THE REWARDS OF HUMAN DEVELOPMENT

In the year 2020 your company, one of the Islands of Excellence, will want to reward some workers for patient and deliberate skills acquisition in a number of complex and challenging areas—languages, design and database use, simulators, partnering and cross-enterprise communications skills, as well as specific and changeable technology-driven knowledge. Less tangible requirements in the year MMXX, such as loyalty and demonstrated dedication to the team, will offer managers, of whom there will be far fewer, fuzzier compensation elements to factor into the formula. You should assume that most 2020 companies will be inhabited by knowledge workers, many of whom will carry no title or very descriptive, long technical strings of portfolioed capabilities, for example:


Simulation-expert, Web Master, high-level manufacturing/sourcing professional, trained physicist, Master’s degree in computer science Red Team: five-year Island technical SWAT team, rotations completed to Level 5, trilingual, Canadian-born, technical/analyst, pro league shortstop, relief pitcher


EXCESSIVE ENVIRONMENTAL NOISE

Sounds excessive? That’s the transition calling, sounding every one of its message-relayed, unfiltered communications capabilities. But by the year 2020, your enterprise will have discovered how to reconstruct the old hierarchies, allowing the best of the knowledge workers to emerge. Further, if you are aware, you will understand that these technologists will not believe that they work for you. They will be members of the corporation, or the network, but they will know they are technology drivers above all—not servants of accounting, or finance, or purchasing.

Knowledge workers will occupy very special homes on the Island of Excellence, the new world of work. People with these hard skills and supportive “ergonomic” behaviors will be found on the Island. The Others, the inhabitants of what we nicknamed the Territories of Mad Max, may talk like them, or try to look like them, or even produce mass entertainment vehicles—sound chips, movie cubes, files, paper—that simulate the knowledge worker’s workday and his tools, but they aren’t the “real thing.” Without the basic skills and brilliant innovators, this packaged world becomes merely a reflection—for entertainment value only—of the exciting world of the knowledge worker. They will only come deceptively close to capturing the technology processes that create wealth and growth.

IDEAS BECOME THE KNOWLEDGE WORKER’S CURRENCY

Robert Reich calls knowledge workers “symbolic analysts.” He describes them as brokers, or traders of ideas. His long list of jobs includes, with some paraphrasing, research scientists, design engineers, software engineers, civil engineers, biotech engineers, sound engineers, public-relations folk, financial banks, transactors, lawyers, real-estate traders/developers, some accountants, management consultants, energy consultants, agricultural consultants, MIS gurus and specialists, organizational development specialists, headhunters, systems analysts, film people of all varieties, writers, publishers in all forms, editors, and poets.

What are the most common words running through this list? Engineers, consultants, or designers, fixers, talkers, and traders.


When I started out, they paid me for what I did.

Then they started writing checks for what I said.

Finally I got paid for what I thought.


—ROMEY EVERDELL, SENIOR VICE-PRESIDENT

(RETIRED), RATH & STRONG, AND

THE FATHER OF MASTER SCHEDULING

IDEAS WILL BE YOUR CURRENCY-TIME YOUR ONLY COPYRIGHT!

Ideas will be your currency. You will shift, sell, hoard, hammer, share, and steal ideas. You will attempt to protect new ideas—new data pathways, for example, or niche manufacturing tricks—with intellectual property laws, but there will not be enough intellectual property lawyers, or enough court clerks to file and protect your claims to IP ownership. The best guarantee of intellectual property protection—retaining “ownership” and control of your idea currency—comes not from the courts, but from successful domination of markets and enterprises, faster, faster, and yet faster.

In the era of the Technology Machine, time will be your only copyright, along with your strong, shared ethical values on the Island—such characteristics as loyalty, trust, honesty, and devotion to the group will reappear as approved traits.

KNOWLEDGE WORKER MODELS: FOUND ONE!

Friday, 10:00 P.M., in a shuttle headed to San Francisco Airport. Most folks have already kicked back a beer and are dissolving into the weekend, a long commute, and dozens of unanswered voice-mail exchanges left in the ozone. A young man gets into the van, mumbles his airline destination, and pulls out a cell phone. Chattering away in Japanese, he punches in three or four calls in a row—occasional electronic English jargon slips through. Finally, the driver asks him to keep the beeps down—a traffic distraction—and she asks what we all want to know. Who is he and what is he doing?

His name is Clark. He is a semiconductor trader, a young American engineer, raised in Ohio, who spent two years in Japan, has a Japanese wife, and is on his way to a morning in Boston, followed by his return to the West Coast and Singapore the day after. Last week he hit four cities. He’s armed with all the expected tools—laptop, cell phone, scanner—totally digitized. The only missing pieces are two Pratt & Whitney engines nailed to his Nikes! Clark is not rich. We picked him up at an “OK” apartment complex, not Palo Alto or a mountaintop lair. But he’s it. A knowledge worker for the nineties. What he’s missing is more of a lock on the Island (he travels too much and forgets where he is sometimes, another symptom of the transition), and some idea of his ethical or cultural bent (for he does have one, even if it’s not as immediately visible as a white uniform).

We know that your current, transitional knowledge worker is a victim of the information age, looking forward to retirement, to “shutting off the bubble machine.” The real challenge is to describe the skill set, the goals, recognition, and reward for the world of Mr. Clark in 2020. Today’s knowledge workers tend to be overworked and misused, riding out the uncomfortable transition from the Machine Age to the Island of Excellence.

Remember the vision of the Island we presented several pages back. At this point we can declare that many “siloed” functions have blurred—procurement, design, production, and customer fulfillment—driven into alignment and reformation by technologies that remove the interdepartmental function barriers and create a smooth flow. The worker profile, therefore, will be someone comfortable with many functions, someone capable of satisfying occasionally conflicting objectives.

FOUND ANOTHER ONE . . .

This plastics producer roams the second tier, competing with hundreds of other Big Three auto component suppliers. Privately held, quick to latch on to technology boosts, loaded with over thirty suites of various CAD/CAM design systems, this company shows facets of the 2020 knowledge-worker environment. Upstairs, in a glass-walled room, sit clusters of blue-blinking terminals, wheeled racks of thick component sourcing books, and very quiet engineers barely moving as they flash from one screen to another, to phones and teleconferencing hookups. One in particular, Glenn, a twenty-seven-year-old veteran of both Rockwell and TRW, now happily progressed to the second tier, looks intriguing.

Sitting on Glenn’s desk are the usual two terminals—one large display for 3-D design work, one for data transfer and review. Glenn explains how his Katia connection allows him to tie in to the Big Three platform team; he points to a pile of engineering drawings in process and a stack of printouts relegated to a box under the desk. But in between the two terminals sits an opened box of Pentel colored pencils, sharpened and laid in correct color sequence in a foldback cardboard holder.
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ENGINEERING TRANSITIONS

What Glenn does is bridge the gap between the stylists—the supreme gurus of auto design, who work with paper, pencils, and clay and create a gorgeously saleable design—which is then hand-carried to other engineers, who measure, transfer, modify, and generally nudge this creation closer to manufacturability. The stylists and the engineers don’t talk. Politically they are separate; they speak different languages, use different tools, and worship different gods. And the serial nature of the process, combined with repeated setup times and measurements, accumulates the months into years. Small wonder it takes Chrysler, one of the fastest platform innovators, years and hundreds of engineers to produce a new design.

But Glenn, a transitional knowledge worker, has bridged the two worlds—one serial, politically captive, lumbering, and frequently crisis-driven; the other creative, and isolated from the production and sourcing processes.

So we have just added another line item to the knowledge worker’s job profile—cultural bridger, communicator, translator, integrator, artist.


FIGURE 1.6




THREE BASIC KNOWLEDGE-WORKER



CHARACTERISTICS








	
	Technical Base

	Communications

	Creativity And a fourth . . .

	Ethics











THE APPEARANCE OF ETHICS

The fourth character trait of a knowledge worker is an ethical approach to work transactions. Ethics, the value set that truly dictates our business interactions, will be more important as we become more dependent on partnering, and interenterprise activities. A person’s reputation—whether “his word” means anything, and other “fuzzy” characteristics—will travel with his technical portfolio, and it will determine not just with whom and how he forms alliances, but also where he lives and where he works.

In supply management, for example, it’s clear that “ethical purchasing” is a code phrase for practices to be avoided—gifting, special favors, and so forth. But ethical transactions in 2020 extend beyond issues of business etiquette to technology management and group loyalty.

Each of these organizations has created a new organizational structure, as well as supplying innovative and advanced approaches to its market. Sun Hydraulics, for example, a precision hydraulic valve equipment producer, has no organizational charts and never uses the “T” (team) word. Pasadena Design Studio, another home to somewhat iconoclastic designers and engineers, has the key to redesigning the auto design process itself. NeXT, Steve Jobs’s expensive, but doomed, black-box computer company, proved that extremely high-quality, automated assembly processes could become “the machine that makes the machine.” And Story’s Boatyard, a two-hundred-year-old shipyard in Essex, Massachusetts, with a history of wooden boat production, through its careful protection of generations of wisdom about the magic of boatbuilding, is rediscovering ways to produce long-lost indigenous coastal designs with modern materials.


FIGURE 1.7
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THE INTEGRATION/SPECIALIZATION DILEMMA

But how many skills can a knowledge worker accumulate in one portfolio? Or how many tasks can a multitasking professional deploy? In the year 2020 electronics suppliers, for example, will lead an enterprise serving primarily information/entertainment products. This task, therefore, will not require its front-line customer fulfillment teams to be proficient at mini-mill steel processing, but they must understand how their second- and third-tier associates select those sources, and what drivers affect mini-mill markets, and where the technology is headed.

Eventually human resource management may catch up with these evolving job descriptions, but the best 2020 organizational design model will come from current best practice models laid on the enterprise product objectives. Expect that most technology workers will be engineers or technicians; their personal assistants may be digital (such as expert systems) or “humanoid,” such as writers, researchers, and commodity experts. Workers will be good talkers and writers and superb presenters, skills that already put talented engineers among the elite. Their rewards will be reasonable financial security, benefits, and the ability to partner with “the best” internally and externally.

2020

Prediction is a lot like physics. We can predict the future with 80 percent accuracy, provided we don’t give a time scale on the predicted events. But if we try to establish the time scale, although we are inaccurate with the events, we will be correct in saying that there will be changes every day of every year. Stretching our vision to the manufacturing landscape twenty years out, we offer a vision of the manufacturing world in 2020, a world sharply divided between the successful technology-driven enterprises and the Others. Manufacturing processes will resemble laboratory-like environments—clean, quiet, and smaller—that turn out machine-made products in great variety. Autos, clothing, appliances, electronics, pharmaceuticals, chemicals, plastics—all these very different products will be designed off-site, perhaps even by the customer, and produced in small, fast replication centers.

The portrait of the knowledge worker is very important here, because rather than offer an impossibly high-tech vision of a future devoid of humans, isolated in an asphalt landscape, we predict that the way the manufacturing enterprise is organized, and the managers who run it, will be remarkably different from even the best groups of the nineties. We know that the changes experienced by manufacturing as it learns to produce more goods in fewer sites will be mirrored by similar changes in the landscape around it—ethics, education, factory villages, work habits, and the preparation of the knowledge worker and the technology king. In the best of enterprises, the human element will be protected and in control; in the worst, Mad Max will reign. Stretch your vision to the manufacturing world twenty years out. Come see what your home, your school, and your factory will look like.
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