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In memory of Estera






Be not the first by whom the new are tried, Nor yet the last to lay the old aside.

—ALEXANDER POPE

[P——] has invented a machine that will revolutionise the art of building … it will lay bricks with all the skill of the most accomplished bricklayer, with perfect accuracy, and with a rapidity that discounts the human hands … it will do the work of a dozen bricklayers in the course of a day, carrying up a wall as if by magic … the machine can be easily and quickly regulated so as to skip wherever it is desired to leave doors and windows, doing this work with seeming human intelligence … the machine is not complicated, will not easily get out of order, and is in every way a practical and useful invention, sure to come into general use by contractors.

—NEWS REPORT OF A BRICKLAYING MACHINE, 1905
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Prologue

Though the invasion began from both coasts, it proceeded unnoticed for years. For most of two decades—amid the Cold War and the riots and Vietnam and stagflation—it advanced in obscurity. An automobile factory was taken over here, a candy factory there. But by the 1980s, the robot invasion was unmistakable. Robots were everywhere. They were on lunch boxes and T-shirts, in comics and video games. Nintendo made one. Radio Shack sold a couple.

Across movie and TV screens, robots were veritably plastered. Mork brought one home for Mindy to meet. Mister Rogers visited some. One, named SAM, rolled onto Sesame Street, and insisted it was on Mulberry Street. Notwithstanding the pallid, humorless one in Star Trek, they had personality: Those in Sleeper kvetched, the squat one in Star Wars sassed, and David Hasselhoff’s, in control of a badass Pontiac Firebird, had an ego as soft as French cheese. Connected to a vast network, the one played by Arnold Schwarzenegger was powerfully sinister; while, disconnected and on the run after being zapped by a lightning bolt, Johnny 5 was alive. So, in the end, was RoboCop.

Off the screen, they behaved more rudimentarily. One walked, one rolled down hospital hallways, one vacuumed, and another climbed stairs. In Atlanta, one “sang” at a lounge. Yet others presaged a brave new world. Two robots investigated the contaminated reactor at Three Mile Island, and another, which had found vents deep on the ocean floor, also found the Titanic. A NASA crew used a robot to knock ice off the side of the shuttle Discovery, and the army employed a robot to load hundred-pound howitzer shells. A forty-thousand-dollar Swiss gizmo helped cops in Texas dole out speeding tickets. In Maryland, where I was then growing up, a stubby fiberglass one delivered a commencement address. “Computers,” it said presciently, “are now a part of us all.”

I already knew as much, because my father had written a whole dictionary of robotics. It had two thousand entries (for terms like “Denavit-Hartenberg matrix” and “Karhunen-Loeve transformation”) and cited no fewer than two dozen robot-programming languages, because there were more of them than native tongues of North America. At IBM, roboticists used Emily; at Stanford they programmed in Noah. At GE they used Help. Dad’s dictionary explained biquinary systems, and bang-bang machines, and even a processing conundrum known as the “deadly embrace.” Robotics was hot stuff. And more absurdly named than the languages were the robots themselves: the Locoman, the Pragma, the Nebot; the Grivet-5, the Prab 5800, the Cyro 2000. It was enough to make an innocent suburban boy think Voltron was real.

Four hundred miles north, in farm country east of Buffalo, New York, a boy the same age was similarly fascinated. He was obsessed with toy robots—in particular, Transformers, which did noble work and blended in with society. The little plastic toys came with tech specs, which suited a kid already enchanted by calculator watches and remote-control cars. This boy, though, was the descendant of some very inventive and courageous and stubborn men, and he had bricks in his blood.

Twenty years later, by which time the kid had become an engineer and Roombas had invaded America’s living rooms, he was posed a simple question: What did he think about a robot that laid bricks? At the time, two sophisticated robots were exploring the surface of a distant brick-tinted planet. But what initially came to mind was some amalgamation of the nicely packaged, articulate, intelligent contraptions he’d absorbed as a boy. Something faster, smarter, tougher, more responsive, more precise, and more capable than humans.

He had never laid bricks. He had never built a robot.

He said, I think that’s a good idea.






PART I VICTOR






    
1. The First Brick


By the fall of 2013, Scott Peters had spent nearly a quarter of his life anticipating a brick. It was the first real brick, and at a quarter before noon on the last Friday in October, on a west-facing wall in a suburb southeast of Rochester, it finally went down. There had been other bricks, but they were mere practice bricks, not permanently bonded components of an actual building. To Scott Peters, the first real machine-laid brick—not just his first but the world’s first—seemed monumental, so on the deck of a steel scaffold, he squatted, removed a glove from his right hand, held out his iPhone, and captured what people there once called a Kodak moment.

Scott, thirty-five years old and over six feet tall when upright, was wearing jeans and leather boots and a mud-smudged green jacket and, to insulate himself from the cold of western New York, a warm blue beanie beneath his white hard hat. Beneath the beanie was the same close-cropped swimmer’s haircut he’d had since childhood, and beneath the haircut and a scruffy beard was a boyish, toothy, open face. As the first brick went down, he was too focused—and too exhausted—to smile. Without saying a word, he pressed record.

He captured the motion of a unique contraption. Sitting on a pair of vertically aligned roller-coaster rails, it resembled neither vehicle nor construction equipment. Ten feet tall, it loomed over everyone on the scaffold like an elephant. From one of its sides, an electrical cord, an air line, and a water hose ran to the puddled ground. From another, a mechanical crutch—a peg leg, basically—pointed down. There was cardboard taped to part of it, a heating pad wrapped around part of it, and mortar slowly leaking from another part. A massive steel cabinet hid a tangle of circuitry. Stylewise, the contrivance had a lot more in common with a tree house cobbled together by ten-year-olds than an iMac or even a minivan. Two screen gates—more or less chicken wire—ensconced the thing, and a rolled-up silver tarp covered it.

Under the tarp, a gargantuan articulated silver arm, made in Switzerland, began to bend at the elbow. Above the elbow, on the arm’s bicep, was a white sticker that said construction robotics. Below the elbow, there was a mechanical claw that grabbed a brick from a seesawish table at the end of a conveyer jutting out from the machine’s left side. The arm swung around and brought the brick to a central plastic nozzle. The machine hissed for five seconds and squirted mortar onto the bed of the brick.

The brick was a utility brick, 3⅝" x 3⅝" x 11⅝", made in Ohio by the Belden Brick Company of clay dug from deposits laid down in the last ice age. It contained five square holes and weighed ten pounds. It was unremarkable, and yet …

The arm twisted and extended beyond the edge of the scaffold, across two wooden planks, and into the crisp autumnal air. It descended toward the left side of a short factory wall and, as it did so, rotated the butter side down. Some mortar fell off in dribbles. As the arm lowered toward a band of white stone, it slowed as if coming in for a landing, and two red laser dots appeared beside the gripper. “Holy crap,” someone said. At touchdown, there was a hum, like the first half of a siren’s wail—and then the gripper opened, and the arm rose. Someone else yelled, “Woooo!” The brick remained where it had been placed, one small part of an otherwise good-looking, weather-resistant, durable edifice.

The whole movement—from pick to butter to place and back—took fifty seconds, which was, as far as paces went, far from record-setting. A human mason could have picked, buttered, lit a cigarette, taken a drag, shot the shit, scratched his ass, kept tabs on his foreman, looked out for OSHA, and still placed his brick before fifty seconds had elapsed. The world’s fastest bricklayer could have placed a couple dozen bricks in that time. Scott Peters, an engineer so persistent that he’d never put the word “that’s” before the word “impossible,” said nothing. He had aspirations far beyond fifty seconds and dreams that involved much more than short factory walls.

He wanted to revolutionize construction, the second-biggest industry in America.

But first, he attended to the second brick, because after fifty seconds of glory, his five-thousand-pound bricklaying machine was stuck.



In the scheme of things, the inauspicious debut was a predicament of minor technical consequence, and yet a lot hung in the balance—not just for Scott but for America. Brickwork, having endured decades of decline, was disappearing. Who cared about bricks? Nobody. And everybody.

Bricks strike a sociological nerve, presenting a familiar, comforting fabric in our lives. Bricks make schools feel school-like and churches church-like and factories factory-like and banks bank-like and firehouses firehouse-like; they make institutions feel institutional. Bricks give neighborhoods, and cities, and whole regions of the United States their character, to say nothing of what they grant to European countries, where bricklaying reached its greatest heights and from which American brick masonry traces its origins. No other architectural material registers so evocatively, so naturally. Think of Williamsburg, or Fells Point, or Pioneer Square, or Chestnut Hill, or Lincoln Park, or Whittier, or the North End: Chances are, walls of baked clay units come to mind. Plop a New Yorker in Kathmandu and the Nepalese bricks cast a spell over the foreigner, suggesting he’s not so far from the Big Apple. Clay resonates. Around the world, across religions, mythology has it that God fashioned mankind out of clay. “We are the clay,” Isaiah instructs. Like us, bricks are of the earth; like us, bricks breathe; and like us, each brick is imperfect but also good enough.

Bricks also bear great historic significance. On some level, since the time of Noah, bricks have become unconsciously in us, of us. In a time when the phrase “brick and mortar” evokes the quaint Main Street past, it’s easy to forget that brickwork has a lineage so long it’s been called aristocratic. Bricks, Shakespeare knew, testified for generations. “Kingdoms are clay,” he wrote. The greatest city on earth owes its existence to clay, and bricks resurrected American cities from coast to coast when other materials proved unworthy. It was a brick wall that withstood the breath of the Big Bad Wolf, and it was bricks that this nation’s earliest settlers, in Jamestown and Roanoke, set to baking immediately upon their arrival. To manage water and fire, you need bricks. As one old-time brickmaker put it, everything made by brick becomes an everlasting monument, revealing “in nature’s eloquent tongue of silence … the modest virtues and worth of the maker.” Only a fool would dare praise vinyl siding in such terms. Ever stylish, bricks command respect that the prefabricated panels of America’s strip malls do not. The way the old brickmaker saw it, “but for clay, the world would be an arid, lifeless waste.” A stretch, perhaps—but a brickless civilization, for all its slickness, would in fabric and texture also feel alien, and somehow betray our humanity.

Rising labor costs and declining productivity, though, were turning builders away from the world’s most universally available building material (superior in strength, durability, environmental impact, and performance) and toward materials—vinyl, aluminum, glass, and steel—that could be put up more quickly (and hence cheaply). Without an overhaul in the trade’s standard way of business, the teetering brick industry was at risk of fading into oblivion. It was true that good bricklayers were harder than ever to find, and that even the fastest one, when weighed against the march of progress, seemed slow, but the art of bricklaying, as ever, revealed a crucial metaphysical truth: Even our grandest aspirations require piling up innumerable small units in accordance with the law of gravity.

In this way, the business opportunity that Scott Peters saw in the decline of bricklaying was a great deal more than that—but being stuck after placing just one brick left him no closer to addressing it. Ironically enough, Scott had brought the present predicament on himself. More ironically still, Scott’s engineers had warned him. His chief engineer, in fact—a lively mustachioed tinkerer named Rocky Yarid—had spent a good portion of the previous five frantic months lambasting Scott for pursuing quick and dirty engineering solutions. “People don’t remember the quick,” he’d said, “but they remember the dirty.” Scott, though, had insisted on speed—partly due to his nature, partly due to the wisdom he’d picked up from a particular start-up book, and partly due to finances, most of which had their origins in the bank account of his gray-haired co-founder, Nate Podkaminer. With only so many funds, Scott had been pushing to innovate quickly—more quickly than Rocky or his five colleagues could handle.

The six engineers did not lack experience. They’d designed and built houses, musical instruments, windshield wipers, multimillion-dollar X-ray-film factories, and the laser recorder with which Disney digitized Snow White. Three had come from Kodak and, between them, had enough years on the job that they could recall not just when the company transitioned from pension plans to 401(k)s but when the buildings where they once worked were blown up live on TV. Two others, like Scott, had come from General Motors. In the factory where GM once made carburetors for Cadillacs and fuel injectors for Corvettes, GM had been designing fuel cells. Fuel cells were supposed to be the future. But twelve years and $140 million were not enough to bring about that future, and a year earlier, the fuel-cell lab had been shuttered.

These refugees of major American industry knew their young boss was smart and ambitious and uncompromising, and they appreciated Scott’s disregard for meetings, documentation, and hierarchy—but they also found his approach overly aggressive. The way Scott saw it, if nearly one hundred thousand airplanes could land squarely on U.S. runways every day, how hard could it be to put a fraction as many bricks squarely where they belonged? He wanted to get building hastily. To his engineers, important things—like wisdom and finesse—were being lost in the rush. Then again, they also knew that a bricklaying machine like the behemoth before them could never have been built at a place like Kodak. Nimbleness might have caused headaches, but it begat innovation. “Quick and dirty” was what got Americans in space, after all.

The headache registered loudest to Rocky, because his boss had committed to using the bricklaying machine on the job before the machine had even been assembled. Faced with such pressure, Rocky had come up with a refrain. “Mr. Peters,” he kept saying in faux formality, “you can’t make a baby in three months with three women.” What he meant was: Scott’s approach to product development, reliant on an all-success schedule, was untenable. He was engineering too fast.

Scott’s radical approach was what led to an oversize contraption—capable of laying forty-pound cinder blocks as well as four-pound bricks—powered by an undersize motor, resting on undersize rails. Those rails had bent and bound up—preventing the machine from rolling twelve inches to the right. So after loosening the contraption’s wheels and engaging the hydraulic peg leg, Rocky, in a dirty brown Carhartt onesie, repeated his refrain, put his hands out, and leaned in to the machine. With half of his colleagues, he busted his butt pushing the big, unwieldy baby to the next brick.



The bricklaying machine was called SAM, for “semi-automated mason,” and by Friday’s end, it seemed not so much semi as barely. Merely moving the machine from where it was assembled to the job site had been such a fiasco that Scott couldn’t bear to watch. Lifting the behemoth required a massive forklift, and it took the forklift a full day to transport the SAM-scaffold-rail combo less than a quarter mile. Once in place, it took three days of coaxing—pumping mud, exercising the arm, aligning the lasers, adjusting settings, remounting components—just to get that first brick. By the time the workday was over, long into overtime territory, SAM had put down all of 108 bricks, which was only a fraction of what even the laziest human bricklayer typically laid.

For Scott, the number was hard to digest. For eight years, he’d dreamed of a machine so dominant, so refined and widely dispersed, that it would render today’s antiquated hand-laying technique obsolete.

In many ways, such a shift was to be more significant than the much heralded move to self-driving cars, because horseless carriages have been evolving for a hundred years, thanks to armies of engineers and billions of R&D dollars. Bricklaying hasn’t changed since man crawled out of the muck. As ever, laying bricks requires hard work and a lot of time. Old-timers know that bricklayers lift the equivalent of a Ford truck every few days, basically trading a body for a paycheck. That trade frequently results in wrist damage, elbow damage, knee damage, rotator-cuff surgery, back surgery. Scott wanted his contraption to free men from that burden, and to free construction firms from reliance on bricklayers who slept in, or showed up hungover, or laid bricks slowly or sloppily or with a bad attitude. A machine that laid bricks would be unstoppable, tireless. Such a machine was … the future!

But placing six narrow courses of bricks on that first day had entailed such a fight that to Scott, the remaining thirty seemed like a million.



Nevertheless, Scott and his engineers climbed onto the scaffold day after day and kept at it. After two weeks, even if their rhythm wasn’t smooth, they developed a feel for their machine, and had a short segment of real wall that they could point to as evidence of the machine’s potential. At this point, Scott invited the world to see SAM, because his approach called for it. While SAM didn’t exactly deserve to be seen, it needed to be—because Scott wanted to hear precisely what needed improving, and not just from some focus group. He wasn’t a bricklayer, after all. He was a process engineer.

Also, he wanted some publicity.

For the occasion, he set up a large tent and ordered barbecue. The day was cold and drizzly but not too wet to lay brick. Dozens of people showed up at the construction site in Victor, and those excited about SAM but unexcited about the weather watched the machine from live-feed screens in the tent.

Nate, Scott’s co-founder, had wanted to invite the big boys of the construction world—Bechtel, Fluor, Kiewit, Turner, Skanska, Clark, Mortenson, Yates, Suffolk—all of whom did over $2 billion of work annually. Companies like that could afford to invest two thirds of a million dollars in the latest technology and would recognize advancement when they saw it. It was probably for the best that the Big Boys were not invited and that men from ten smaller companies showed up. To Scott, these attendees still seemed like gods of the masonry world—among them a crew from Maine Masonry, a mason from Syracuse, a mason from Ontario, and eight men from Belden Brick, the country’s premier brickmaker.

The visitors were not enthusiastic, but they were honest, as brick men tend to be. One, who clambered onto the scaffold, told Scott that the machine was really cool but was “not there yet.” He encouraged Scott to keep going. Another, who had known Nate for a long time, said SAM was “never gonna make it.” “Nate,” he said in the tone of an oncologist, “you’re wasting your time.”

But another visitor, the owner of the building under construction, told Scott he liked what he saw, not because of SAM’s proficiency but because SAM’s presence was compelling bricklayers elsewhere on the job to work faster. They didn’t want to get beaten by a bricklaying robot.

Uninvited, a representative of the International Union of Bricklayers and Allied Craftworkers showed up, making Scott and Nate nervous. “Who’s the mason on this job?” he demanded. The BAC, which had a long history of turf battles, did not want machines taking away the jobs of union men; neither did it want jobs that ought to be theirs going to lowly operators or laborers. Delicately, Scott and Nate pointed the representative to two Syracuse masons who were working alongside SAM. A father-and-son outfit, these masons were also friends of Nate’s—and believers in SAM’s potential. The older one, who had inherited the business from his father, had written, “This robotic concept could be the next generation in our business… . You either embrace a new technology or you’re left behind.” In wonderment, trying to avoid getting run over or punched by the monstrous machine and also not to block its lasers, he and his son tooled the mortar between the bricks SAM laid.

This assistance was part of what made SAM only semi-automatic: The machine merely placed bricks, leaving beads of squished-out mortar between them. To make the wall look presentable, men still had to clean it up before the mortar hardened. Doing so entailed swiping the wall with a trowel, to knock off excess mortar, and then—with a tool that looked like a handheld lightning bolt but may as well have been a Sharpie—gently striking the joints to give them a uniform concave profile. This involved a downward motion for the head joints and a sideways motion for the bed joints. It also demanded full attention, because nearly all of the joints contained voids where no mortar had squished out. Like potholes, these had to be filled in. Had there been only a few such voids, a mason could have repaired them by pressing marbles of mortar into the wall with his thumb. Instead, he had to dab the jointer in his right hand into the pile of mud on the trowel in his left hand and apply that glob of mortar where necessary—without, of course, slathering mortar all over the faces of the bricks. The procedure was mundane and repetitive, but it was also delicate, precise, and revealing of so much human dexterity. Nate hoped someday to automate this routine, too, but did not mention the thought to the union rep.

A reporter from the Rochester Democrat and Chronicle showed up and, in very unlab-like conditions, interviewed Scott and Scott’s business manager but not Nate—who, though his doggedness rivaled Scott’s, preferred to keep his hands in his pockets and remain far from any limelight. As much from age as from experience—he’d been working in commercial construction for four decades—he was snarkier than Scott, liable to let slip an easily misinterpreted sarcastic comment, and knew it was often best to restrain himself when it came to public relations. As he put it suggestively, he’d seen a lot.

For all of the construction industry’s magnitude, Nate knew it was full of dysfunction. On account of the industry’s wastefulness, inefficiency, and productivity that was actually declining, the construction industry got a fraction of the venture capital investment that other industries did. The $8.5 trillion construction industry, Nate knew, was famously stubborn in its adoption of new technology, and the few advances embraced by the industry only proved the point. As such, the construction industry was not where most looked for innovation. Nate didn’t say it to the reporter, but to him the construction industry was veritably begging to be disrupted.

Given the chance, a more skeptical reporter might have pointed out that you’d have to be brave, foolish, or masochistic to pursue such a path.

It was fortunate that the reporter did not talk to Rocky, because to Rocky, the whole endeavor seemed so crazy that he wondered: What the hell am I doing this for? For weeks, his days had started at four a.m. and ended at ten p.m., under floodlights. They ended this late because Scott always wanted more bricks laid by SAM; he wanted numbers in the triple digits and dreamed of four digits. Bricks in the wall, he said over and over—as if he could will it to be. And for two weeks, Rocky felt like he’d been flirting with danger. Though he had been reassured that the scaffold could handle the combined weight of the huge machine, bricks, and humans, he remained ready to jump off to the safety of the ground at any moment.

In any case, Scott did most of the talking. Though he well knew Construction Robotics’ mission statement and elevator pitch, he didn’t quite blurt them out. In his defense, he was new to PR, and he was overwhelmed. He wanted to say: Just as robotics and automation are commonly found in factories today, we believe they will become standard on construction sites in the future. In other words, the same robots that could spit out an electric shaver every other second in a Netherlands factory were steadily making their way out into the world, not just in cars that drove themselves but in fruit-picking robots, dishwashing robots, boat-cleaning robots, laundry-folding robots. In the next five years, others would emerge that mixed drinks, sliced pizza, flipped burgers, even assembled IKEA furniture. This was perhaps the movement of the twenty-first century—even if, among non-engineers, it prompted a general anxiety that robots were on the verge of replacing humans, of obviating manual labor and putting a vast swath of Homo sapiens out of work. But Scott wasn’t trying to replace humans; his aim was to combine forces, and save men their jobs by marrying man and machine. By creating a bricklaying robot, he aimed to eliminate lifting and bending and repetitive-motion injuries in humans; to improve the quality of walls; to finish jobs faster and safer and cheaper; and to ease project scheduling and estimation. Basically: to modernize the world’s second-oldest and most primitive trade. Surely this last quip would have done well in a newspaper.

What Scott actually said was that he aspired to bring robotics to the construction industry, and that his goal was to take what he’d learned—his “learnings”—from the contraption before him and apply it toward the next iteration. This variety of looking ahead, and of stealthily spinning failure as opportunity, was pure Scott.

Scott did a good bit more spinning—not by lying but by not revealing the whole truth.

He didn’t mention the difficulty of transporting his contraption to the job site or the effort it took to get the first brick. He didn’t mention that the human masons attending SAM, who were so optimistic in their embrace of new technology, had to use the heels of their trowels to tap every one of SAM’s bricks into proper position, followed by a quick check with a long level, since the robot never put one down dead-nuts level. He didn’t mention that SAM once punched through the wall it was building, or that his engineers, exhausted and up to their eyeballs in dirt and mortar, wanted to punch through the wall, too.

He didn’t mention that it took a few hours and ten times as many curses to make a wall map (which, from an iPad, could be fed to SAM, so that it knew where to reach out and lay bricks), or that it took so long to raise the finicky guidance lasers to the next course that, during the process, the mortar in the machine’s hopper inevitably hardened up and had to be scooped out before the machine went into rigor mortis. He didn’t mention that because the machine tolerated mortar only so thick, one of his engineers had to constantly nurse its consistency, or that on account of the cold, the arm’s transmission oil had thickened to such a degree that getting the robot to shed its arthritis necessitated predawn ignition of a space heater under the tarp, and subsequent confirmation that the whole rig had not caught fire.

He didn’t mention that for the last ten months, the company’s office had been an uninsulated modular trailer in a parking lot on the other side of the construction site, eight guys crammed into a drafty box with a microwave but no bathroom. Their situation was so grim that when people asked where they worked, they left it vague.

He didn’t mention that because he had no idea how the world would respond to a bricklaying robot, he’d not only hired a guard to watch it but installed on it a security system that he connected to his own.

He didn’t mention that his co-founder was his father-in-law, and that his business manager, Zak, was his brother-in-law (and temporary roommate)—and that, as such, his family’s livelihood hinged on the eventual success of the clunky bricklaying robot.

The frustration, the extent to which he and his employees underestimated challenges, the mountainous-looking learning curve—none of this emerged from Scott’s mouth. Nuances of a dozen varieties, compounded by the variable conditions inherent in masonry and construction, eluded him and his engineers—but all of this would have been difficult to convey, and Scott, ever the optimist, didn’t want to spew excuses.

Stepping in for his brother-in-law, Zak Podkaminer—the youngest of Construction Robotics’ employees and the only non-engineer on staff—put it concisely: “It’s really not about speed right now,” he told the reporter. “It’s more about learning.”



One week later, the pilot project came to a close less by choice than by necessity. It was snowing and the lasers couldn’t beam through all the snowflakes, leaving SAM at sea without a sextant. That SAM couldn’t tell where to place the next brick was actually of little consequence, because by then SAM, on account of a mysterious glitch, had grown insubordinate. It refused to place the last brick in the narrow patch of wall before it. In ten days (some days were so cold that mortar wouldn’t set up, so they didn’t even try), SAM had placed 1,295 bricks—for an output far less than a human’s—but it would not place number 1,296. For all Scott knew, it was about to start talking like HAL and refuse to open the pod bay doors, too. The last brick went in by the hand of Rocky.

Amazingly, the story that came out in the Democrat and Chronicle did not convey the nature of the job. Overwhelmed by the speed of Scott’s yapping (and the chaos of a construction site), the reporter wrote in his second sentence that SAM could lay as many as three thousand bricks a day. He did not use the word “allegedly,” or attribute the unverified claim to Scott, or otherwise clarify the nature of this statement. Three thousand bricks a day would have taken the alignment of the stars and the favor of the gods. SAM’s best daily performance was 150 bricks; the machine had come no closer to placing 3,000 in one day (let alone in three weeks) than it had in escaping the earth’s gravity. But the reporter portrayed it as a fact, right there on page 7A.

In that way, Scott got some of the publicity he’d wanted. Yet the publicity did little to raise his spirits, because he was sure that the words written about SAM were not the only ones on the subject. Scott suspected that those industry leaders he’d invited, having seen his bricklaying contraption flop firsthand, were now out gabbing to other industry leaders about the machine’s performance. And even Scott recognized how ridiculous that performance had been. The machine, painfully inelegant, had run so slowly that it seemed like a bad joke. The whole job seemed like a bad joke. Used to polished processes, Scott called the job disastrous: cold, exhausting, expensive, frustrating. He’d expected to feel awe and excitement, possibility mixed with ambition, but what registered as he looked up from the muddy ground was only a sense that everything had come crashing down. Upon the completion of that first wall, what Scott felt was not pride in its realization but terror that it teetered, and that the near-decade of work on which it rested was dangerously unstable.






2. The AM Project


It was in 1995 and 1996 that the notion of a bricklaying robot had first taken root in Nate’s mind, and it had happened while Nate was in Fayetteville, New York—a place already steeped in masonic history. Fayetteville was where, in 1819, the United States’ first natural, or hydraulic, cement plant had opened. The cement works was created expressly for the construction of the Erie Canal, a project so grand that Thomas Jefferson—who was not exactly a small thinker—had called it “a little short of madness” and dismissed the idea as fanciful. Building the 363-mile canal and all of its various locks and gates and weirs and aqueducts had required a tremendous amount of stone blocks, but even more important, it had required mortar to hold all of those blocks together—and this mortar had to set fast, even underwater (hence the term “hydraulic”). Achieving this took cement, which—per the recipe first used by the ancient Egyptians—required a certain variety of limestone, burned and ground into a powder. Masons without limestone could burn oyster shells, as they did in Jamestown, or better yet, add volcanic ash, like the Romans. But in northern New York, masons could not get by with shells or volcanoes. In the words of one architectural historian, the quest to find suitable mortar for the Erie Canal had presented a “troublesome” problem.

In 1818, engineers in charge of the canal had tried setting stone blocks with common lime mortar—made from pure limestone—only to see the mortar quickly fail. Concerned to the point of alarm, the chief engineer suggested importing cement from Europe. However, his assistant, a twenty-seven-year-old store clerk who’d been wounded while defending Fort Erie, urged patience. He’d spent much of the previous year in England, where he walked two thousand miles of canals, all the while examining every particular of construction and material. Masons in England had been using hydraulic cement for sixty years, and the young man, named Canvass White, took note. That fall, White quickly recognized that mortar made from a yellowish gray limestone dug up near Fayetteville was different, and special.I White and his boss summoned a scientific doctor to examine the stuff’s resultant mortar, and this scientist fashioned some into a ball, then put the ball in a bucket of water overnight. The next morning, he removed the small sphere, rolled it across the floor like a candlepin bowling ball, and called it a cement as good as any in the world. White and his boss soon declared it “a discovery of the greatest importance.” They went on: “It sets much quicker, and becomes stronger in the air, than common lime mortar; and under water, where a common mortar will not set at all, it begins to set immediately, and in a few weeks acquires great hardness and tenacity.” The rock from which it was produced was not pure limestone, but limestone whose composition was about one third clay. To the commissioners’ delight, the limestone under Fayetteville (just east of Syracuse) was conveniently located at nearly the midpoint of the canal-to-be, and there was so much of it that they deemed the supply “inexhaustable.”

In 1821, Canvass White patented this “water-proof cement,” and within five years the state of New York had bought the rights to the patent for ten thousand dollars, so that anyone could manufacture the stuff. This was a move of great philosophical and practical nobility, because by the time the canal was completed, no fewer than twenty-eight manufacturers had produced half a million bushels of the stuff—and so many more canals were being built that Canvass White would never again lack for work. In fact, the cement that had been used to build the Erie Canal, which made the city and state of New York an economic force (and opened up the Midwest), was subsequently used to build one hundred and fifty other canals. Natural cement was used for the base (behind the granite) of the Statue of Liberty—the largest concrete thing then built in the United States. It was used on the U.S. Capitol, twelve state capitols, fifty-one forts (many of them brick), and the (largely brick) water systems of New York, Philadelphia, Boston, and Washington, D.C. It was used in the Brooklyn Bridge, the Smithsonian Castle, the U.S. Treasury, and Alcatraz. Most noticeably, hydraulic cement was used in the bottom third of the Washington Monument, which, all these years later, may as well be thought of as an archaeological artifact slowly sinking into a swamp, its destiny that of a fossil. But it’s a more dispersed archaeology that remains even more impressive: In the century following Canvass White’s find, half the country’s cement was produced from the limestone buried in Fayetteville. Say what you want about Syracuse, but woe upon the man who impugns the rock beneath it.

Nearly two centuries after Canvass White, Nate Podkaminer had been overseeing one of the larger construction projects of his career: a five-story 166,000-square-foot medical center. It was a substantial building of terraced polygons, in its broadest form reminiscent of an early Roman temple, thanks to a central pediment supported by a pair of pilasters. To lessen the force of ancient architectural themes, the features had been thoroughly modernized: The pediment was more of a cantilevered curve freed of both frieze and architrave; the pilasters bore neither fillets nor flutes, let alone volutes or capitals; and the portico below was so shallow it wasn’t really there—and in any case, it was sheathed in a panel of glass three stories tall. To either side, the brickwork was humble enough not to draw attention but not so humble as to be plain—this chameleon-like adjustability being probably the most glorious of all the traits attached to brickwork.

Throughout the medical center, all of the bricks were laid in the simplest and most common bond pattern: the running bond, in which each brick sits symmetrically atop the two below it. Moreover, the flat walls went up free of traditional ornament. They bore no indented or jutting-out corbels, no elaborate dentiled cornices, no showy lintels, no interlaced quoins at the corners. Instead, the walls were built of two shades of brick, each color bonded with mortar of a different tint. On each floor were nine courses of red bricks laid up with dark mortar, then—at window height—fifteen courses of darker maroon bricks laid up with white mortar, and then another twenty courses of red bricks and dark mortar. The darker bricks lent uniformity to the nearly unbroken row of windows on every floor, and they gave the building a striped continuity. One flourish provided even more: On the corners of every floor, in the centers of the maroon brick bands and inset a few feet from the actual arêtes, masons placed faux terra-cotta plaques, each a square as wide as a brick, bearing a four-pointed star in bas-relief. More than anything, these plaques hinted at the ebony pegs in the woodwork of Greene and Greene and made the building look even sturdier, as if its walls were joined by dovetails. Putting up all of this masonry was a tremendous amount of work, and over many months, the bricklayers of Hopkins & Reilly Mason Contractors, Inc., working for Hueber-Breuer Construction, did it on land once peppered with lime kilns, not half a mile from the old stone aqueduct that conveyed the Erie Canal over Limestone Creek.

Nate, months shy of fifty but still carrying the trim build and manner of the collegiate wrestler he’d been, was a project manager with Hueber-Breuer, a long-standing construction firm that built hospitals, dorms, offices, factories—institutions meant to last. He’d joined the company just after getting his degree in architecture at SyracuseII; in fact, he had been the first non–family member to join the firm, such was the impression he made. Since then, Nate had worked around Syracuse on buildings as high as ten stories but generally stayed busy on structures two or three stories tall. No matter the height of a project, though, the level of urgency remained constant. Delays, whether the result of logistical complications, human screw-ups, or acts of nature, were the norm in construction, and Nate’s job was to keep things moving and satisfy a building’s owner that he was getting what he’d paid for (or wouldn’t have to pay more for the thing he’d already bought).

This was never a simple task, but if anyone had the makeup for it, it was Nate. Having grown up sixty miles north of Manhattan in rural Brewster, he was mechanically minded and resourceful and energetic: the kind of guy who made platoon leaders very happy. The son of a car mechanic, he’d always enjoyed building things and was not what his wife later called a “sitting-around person.” A math whiz, he made decisions quickly. His memory was nearly photographic.III He had an innate intelligence which might have been fashioned after Casey Stengel, the brilliant Yankees manager. A perpetual admirer of speed and action, he grew restive just being around people who spun their wheels. He loved speed. When Nate was getting his architecture degree, he refused to idolize any particular architect, reserving all idolatry for Mickey Mantle, who, during his youth, had raced to first base faster than anybody. Speed was key—what else was there?IV

By nature Nate could not just look but see, and by disposition he was a concentrator rather than a multitasker—naturally drawn, for example, to fine woodworking because of the intense focus required. And by the 1990s he had the example of his older brother, Bob, who had moved to California in the 1960s and prospered thanks to a string of entrepreneurial innovations. At a time when paper prevailed, Bob digitized track and field results, and after that he digitized the television-audience assessments compiled by Nielsen. So when Nate saw men on construction sites not fully focused, not working smartly, not employing their tools or materials or positions efficiently, he grew irritated.

Remedying such irritation was of far more interest to him than obtaining an apology. “You don’t need to apologize,” he once told his son Zak, who had somehow disappointed him, “just don’t do it again.” In another context, Nate once explained, “I just can’t handle stupidity.” By his own admission, he was impatient, and it was this trait that often manifested in wise-guy comments of a type that emanates only from a certain breed of New Yorker. Asked how he spelled his surname (of Russian origin), he once said, “The way the IRS spells it.” Asked where he grew up, he responded, “I don’t know if I ever have.” Asked where he was, he once said he was “at the corner of walk and don’t walk.” Live long enough, he said, and that’s where you end up.

Multitaskers especially irritated Nate. “When I see people multitasking,” he once told me, “it raises yellow or red flags. I see ’em as a fifty or sixty percent person.” Ever the wrestler, Nate could quickly turn bossy, get in someone’s face, and declare the need for some task to be performed at a higher percentage. The words came from a man whose physical presence was unintimidating: He was of average height, so clean-shaven he lacked even sideburns, sporting short, parted hair and wire-rimmed glasses. But his voice was deep, his feet were planted firmly, more often than not his arms were crossed, and as he locked his dark eyes on a target, he tilted his head forward just enough to reveal a set of eyebrows akin to those of Philip Roth.

In the case of the medical center, the pressure to get it done had already risen to heart-attack levels on account of weather delays. Syracuse, at least according to the Farmers’ Almanac, boasts the worst winter weather of any city in the U.S., and the winter of 1996 was not just more severe than usual but seemed to start early and stretch on interminably. Construction ground to a halt at the end of August, as one day dawned clear and warm and the next day and nearly every one after brought rain and snow and cold. Rain fell over half of September and October, and the snow that began in November didn’t relent on more than a handful of days until mid-May. In January, during a blizzard that shut down the federal government, temperatures plummeted to 23 degrees below 0. By then, so that they could get on with pouring concrete, Hueber-Breuer had been compelled to erect waterproof and heat-retaining barriers. Getting on with the construction of the huge medical center became brutal.

Through that winter and subsequent seasons, Nate stopped by the jobsite regularly, always climbing up and down the many scaffolds, looking for ways his company and all of the various subcontractors could build better. As always, “better,” for all intents and purposes, meant faster. In Nate’s words, he spent a lot of time on the jobsite pushing, struggling to “work aggressively.” That was when Nate first wondered if there was some way to modernize the whole masonry endeavor. The notion was in the vein of Thomas Edison, who had sought to simplify construction eighty years earlier. But in Nate, the idea was so inchoate—more of a yearning, really—that he didn’t mention it to his wife or kids or colleagues or anyone. Instead, it lay dormant for a decade, like, he later said, “a bear sleeping for a very long winter.”

Early in 2006, stymied by another Syracuse winter and, on account of his age, not climbing up scaffolds as often, Nate drove an hour and a half west to visit his daughter Torrey, who was living and working as a kindergarten teacher in Rochester. She was his second child, a tall, sensitive, effortlessly popular twenty-six-year-old who, like her father, made decisions quickly and could grow antsy if they were not acted upon. Her boyfriend was an engineer who was just as organized as she was but, unlike her, could spend a month mulling a million possibilities in search of the optimal answer. He’d grown up, barely 140 miles west of her, in a family of uncanny similarity. Like Torrey, Scott Peters was the second of four kids (two boys and two girls), also lived near water, and also spent a lot of time at swimming pools. Where she had grown up in Jamesville, a Syracusian suburb on a gentle ridge overlooking the Erie Canal, he had grown up in Akron, a small town in farm country just east of Buffalo, below a section of the Onondaga escarpment known as Counterfeiter’s Ledge, where, on a clear day, you could see the mist from Niagara Falls. They had met in the pool at the University of Rochester; Torrey had been a sprinter, and Scott had been a distance swimmer. Both regularly got in ten thousand yards a day. Before their days of collegiate swimming, they’d both swum for local teams, and both gotten shuttled around in Chevy Suburbans and cheered along by supportive parents. Nate, for his part, preferred fishing to swimming, life in a canoe to life floating beside one, but he’d dutifully gone to the swim meets.

During that visit, in January 2006, Scott, Torrey, and Nate went to get ice cream—Nate could eat ice cream any time, any day—at the Eastview Mall in Victor. There, Nate lobbed his inquiry at Scott. Somehow, Nate recognized that the logic of automated bricklaying would register with an engineer who, just like he did, focused on processes. Logic woke up the bear, because logic had a grip on Nate. Nate, who once described his role at the construction firm where he worked as trying “to make sure people don’t step in the same dog shit that I did,”V had for years watched men fasten one board at a time, pour one yard at a time, place one brick at a time. In the decade since the notion first crossed his mind at the medical center job, his frustration had not relented. He thought: There’s gotta be a better way. Maybe some kind of robot could lay bricks. He had no idea if it was possible. But medical technology seemed so advanced, while construction technology seemed so … laggard. So he threw the idea at the promising young engineer.



For months, they bounced the idea back and forth over email. Nate knew he’d need to talk to masons to get a full understanding of the industry. Scott knew they’d need a prototype. Nate had enough experience to know that the union would be a challenge—but Scott didn’t let that bother him. He didn’t read the history of the union, or scour old journals, or even check out the BAC’s website; he was too busy studying the process he’d have to master. His stance was far more practical than political: When the time came, he figured, he’d talk to the union. If the union was receptive, he’d work with them. If not, he’d go to non-union firms first. It was that simple.

Scott had begun working at GM only a few months before, after deciding that he was bored at Intel. In suburban Boston, he’d spent four years polishing chips, while elsewhere, people invented BlackBerrys. Intel’s culture had been overwhelming; plus, he’d been on the night shift. He wanted a career he was passionate about and realized that alternative energy grabbed him. So he left Boston’s concrete behind and returned to western New York. He applied to GM, heard nothing, then started looking into biodiesel: Soon he was convinced he wanted to start manufacturing it in his parents’ garage. He sat down with Wilson Greatbatch, developer of the pacemaker, holder of 150 patents, and member of the National Inventors Hall of Fame. Greatbatch thought the future of humanity rested on nuclear fusion powered by moon-sourced deuterium—big thinking the likes of which Scott had not heard before. The Buffalo native made Scott want to be an inventor. Then GM called, and Scott set to work on fuel cells. Immediately, his field of focus narrowed. With a couple hundred thousand GM dollars, he designed and built a machine that, using infrared cameras, determined how many droplets of water had been wicked into bipolar plates.

But a seed had been planted: In his five months off, Scott had imagined what it would be like to run his own business.

So at GM, Scott asked a colleague for advice. If you were going to pursue this crazy robotic bricklaying thing, he said, how would you do it? The colleague’s answer was immediate. “Go to PMD,” he told Scott. “They’re the best around.”



PMD, or Progressive Machine & Design, had been opened in the middle of the robot invasion by two blue-eyed nerds, Tim Lochner and Tom Coller. All but brothers, they’d met a decade earlier at Hansford Manufacturing. Tom had started there fresh from Clemson, as a mechanical engineer. Tim, a couple years older, hadn’t gone to college and so got a head start as an apprentice. He became a machine builder. Tom became a project manager. After a new owner took over at Hansford, Tim and Tom ran off and started their own show. They began by building a machine for Corning that stacked glass plates at one per second. As their company grew and took on more clients, they began working with a wide variety of robotic arms. They specialized in making machines that assembled components at subhuman precision. They made machines for pharmaceutical companies, and machines for GM, and machines for Delphi that assembled and tested fuel injectors. They had an accuracy of a micron and used two dozen articulated robot arms to shuffle the injectors along. Building the first of these, as anticipated, was tricky: It took a full year and $8 million. But the copies that followed were gravy. Sixty percent of the machines that PMD made were one-offs—and none went for under six figures.VI Each, as Tom put it, was an adventure.

Tim and Tom, who had a hundred employees and more vertical mills, turning mills, and boring mills than you could shake a billet at, told Scott they’d be happy to design a machine that laid bricks. Of course, the Automatic Mason, as they termed it, would be a new kind of machine. Every one of PMD’s gizmos was designed to work inside, bolted to the floor of a clear, climate-controlled space. The Automatic Mason would be their first machine to venture out into the wild, where nothing was fixed or level or clean—but they were sure they’d figure it out. Tim and Tom did not lack talent or experience, but their foray into this brave new world suggested nothing so much as a line from the Proverbs: “Only a fool rages in his confidence.”

Tom drew the first schematic. He envisioned a robot on a gantry—a beam—that stretched between a pair of huge towers. Able to slide to five points across the beam, the robot arm could reach forty feet of wall. Rack and pinion screws would raise the beam, and a railing would protect the robot’s operator (who would also have on a harness) from falling to the ground. The only manual labor on the human side would be pressing buttons. A generator, a water tank, and an air compressor would live in a truck on the ground, not far from the control system. Mortar, mixed on the ground, would be laid down via a hose in “swatches,” after which bricks, conveyed up the tower and then over to the robot, would get placed. Once a course of bricks was down, the sides, or “gaps,” would be filled in.

That was the vision, at least.

In hindsight, the language that Scott, Nate, and PMD’s engineers used revealed their distance from the masonry trade. They called courses “rows,” and cubes of bricks “magazines,” and tooling “dressing.” They called head joints “gaps,” and thought they could all just be “filled in.” They figured they’d use the “standard brick size,” as if there were such a thing. Bricks come in a dozen and a half standard sizes and a thousand other nonstandard ones. Nevertheless, the engineers identified the key issues before them: picking and placing, measurement and alignment, and mortar application. Also: tooling. They figured their robot would tool the joints.

By the fall of 2006, PMD had taken to calling the design-in-progress the Automatic Mason System, or the “AM System” for short. Mortar, engineers now figured, would not be applied to the wall en masse; it would be squirted into a brick-size form. An operator, PMD said, would align the first brick and then be pretty much off and running. PMD said they were 95 percent confident in this system, and showed they were up to the job by getting a robot in their factory to grab and place three hundred dry bricks up against a piece of plywood. Nate—who’d never seen a robotic arm before—was wowed, but Scott was not. He doubted the mortar-application approach would work.

That winter, a PMD engineer designed the mortar-form shell, calling it the Luigi Project. It was a lot like an ice-cube tray but made of 16-gauge stainless steel, coated in a layer of Teflon, and pierced by three protruding tubes so that air could escape as the form was pumped full of mud. Nobody knew if applying mortar via such a form would work, but that was the least of their technical problems. Bigger concerns remained unanswered: Would DOT highway regulations allow for the easy transport of such a large gantry? What type of robot would be up for the job? And, in what PMD labeled a potential “showstopper,” what kind of metrology system would give the robot its true position? GPS was far too slow and imprecise. Could lasers or ultrasonics be employed? It was a mystery.

At the end of the day, PMD was, as Tom Coller once put it, a company of integrators. Strictly speaking, their engineers didn’t invent new technology. They took known technologies and combined them in novel ways. Ultimately, the technology to quickly tell a moving object where it was did not exist (at least not affordably), and so PMD punted, pointing Scott and Nate to the Rensselaer Polytechnic Institute. Maybe they could help.

Already, Scott was annoyed. PMD had done the proof-of-process thing for eighty bucks an hour and had said it would take a hundred thousand dollars and half a year to design the machine in greater detail. How many phases of design would it take to get a result? He wanted things moving faster—especially when he was gobbling up information at a furious rate.

Though he hadn’t taken a masonry course, or even picked up a trowel to try laying on his own, Scott had read up on the principles of masonry, learning about wythes and bonds and brick sizes and placement orientations. He read Masonry magazine, and articles produced by the Mason Contractors Association of America, and the Portland Cement Association’s “trowel tips,” and technical notes from the Brick Industry Association. Having studied the properties of mortar (initial rate of absorption, bond strength) in part by reading forty pages of specifications courtesy of the ASTM, he investigated possible additives and sought companies that made mixers and pumps and even spray guns. He investigated varieties of mixers—batch versus continuous—and varieties of pumps made for grouting water wells and delivering mining-industry chemicals. He read “Mixer Mania” and combed through old patents. And because he wanted to solve the thorniest riddle holding up the robot on a gantry, he read articles on laser scanning.

But when Scott and Nate asked another local firm to build a prototype of PMD’s preliminary design, the firm said it would cost eight hundred thousand dollars. It was around this time that the gantry scheme faded away.



New hope lay in the idea of putting a robot on the end of a mobile excavator. The concept was Nate’s, and it stemmed from a fierce determination that lay far below his impatience, in his bones. Nate was a man of resolve.VII In any case, Tom soon drew up a plan. The machine they needed already existed: A mobile excavator, with its telescoping boom and large rugged wheels, was made for the rough terrain of construction sites and cost about $150,000. Everything about the idea seemed winning.

Scott and Nate examined the capabilities of excavators made by CAT, Volvo, Komatsu, Terex, and Gradall. The Gradall XL 5100, able to hold five thousand pounds and reach thirty-five feet, seemed best. The more Nate looked at it, the more he liked it. In March 2007, Nate said he was 95 percent confident that this was the right approach to building a bricklaying robot capable of working on construction sites. He was also 100 percent confident that someday the robot would tool the mortar.

While Scott liked the overall robot-on-an-excavator idea, he remained wary of the particulars of mortar delivery and application. The mortar mold seemed iffy. Nobody was sure whether a brick would be brought to the mold or the mold would be brought to the wall—leaving the question Two robot arms or one?—or if it was even possible to squirt mortar on a brick and not have it all fall off. Scott was not a mason, but he knew this much: Masons do not build walls by applying mortar to bricks as one applies toothpaste to a toothbrush. Generally, from a bucket or a board, they take several trowel scoops of mortar and lay down a long bed of mud—enough for at least half a dozen bricks—and then place bricks on that bed one at a time. As the first brick is pressed down to the proper height (as determined by a string line), some mortar smooshes out, and masons scrape it up and deftly swipe it onto the heads of the next brick. Scott wondered if maybe this radical full-scale mortar application could be imitated by a machine—perhaps at an angle. “The key,” he wrote, was the development of a “consistent and reliable applicator.” He said the only way to figure it out was to build a prototype.

Presciently, Scott started thinking that the creation of a bricklaying robot would entail mastery of three areas: mortar, the machine, and software. He knew he’d need some way to instruct the machine where to go and what to build, so he jumped ahead and started thinking about buttons, commands, screens. He had his doubts that PMD could write this kind of software.

In March, engineers at RPI’s Center for Automated Technology and Systems began examining the new idea, but they had as many doubts about a mobile excavator as they did a gantry. A robot on an excavator would be limited by the reach of the excavator’s boom, so it wouldn’t be able to lay bricks past a third story, and in all likelihood, anything extended that far would wobble like a diving board. Moreover, maintaining stability at such a height would require putting down outriggers, or wide feet. Moving along a wall would require raising and then replanting the outriggers—and this would drastically slow down bricklaying.

Now everyone was worried about speed. As if Nate’s impatience had rubbed off on him, Scott wanted speed in the future as well as the present. From RPI, he wanted a metrology system schemed up by April. From PMD, he wanted mortar and a controls system figured out by May. (He wondered: Would a computer control just the robot arm or the excavator’s boom as well? Would bricks arrive in cartridges?) He wanted PMD to have his first prototype built by July.

As they worked, so did he. By mid-May, Scott was convinced that the key to mortar lay in dispensing beads of the stuff directly onto bricks, so he had two nozzles made. He wanted mortar application to take no longer than a few seconds, so the bricklaying machine could place bricks quickly. He’d been jotting down notes about speed for a while:


	March 8, 2006: 1 brick/10 seconds—> 6 bricks/min—> 360 bricks/hr

	March 23, 2006: 10sec/brick—6/min

	May 15, 2007: 3600 10hr day



That July, for maybe the first time in his life, Scott scaled back his ambitions. In his notes from the thirty-first, he wrote: “15 sec per brick?” Note the question mark.



All the while, as Scott and Nate progressed, they maintained a level of secrecy. As the invention took form, it accrued value—and the men didn’t want to give away the idea for machines that, in theory, could lay half a billion square feet of brick walls a year. So as Scott looked into flavors of robots, he told manufacturers they were intended to paint the underside of a bridge from a boat. PMD’s engineers said they were working on an automated pallet loading system. When Nate talked to builders, he’d merely obfuscate, saying something like “I’m working on a new process that aids masonry contractors.” And when Nate applied for a grant from the New York State Energy Research and Development Authority, he asked if the agency might keep the project secret. The agency obliged and, on the argument that brick masonry represents an energy- and environmentally friendly building style, produced seventy-five thousand dollars in funding.
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