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About the Book

Dark Pools (noun): private, lightly regulated exchanges where artificially intelligent trading machines exchange vast sums of money behind closed doors

Flash Crash (noun): a sudden and dramatic plunge in share prices followed by a recovery within minutes

Global Financial Stability (noun): an increasingly threatened concept

In Dark Pools, Wall Street Journal reporter Scott Patterson tells the story of the group of whizzkids who applied their computer programming genius to the invention of ‘robot versions of Warren Buffett’. As they did so, they created a radically new trading system in which machines trade anonymously with other machines, making and losing fortunes in the blink of an eye. This state-of-the-art technology has transformed the financial markets, but it has also raised some disturbing questions. If computers are trading with each other, does that mean that people have lost control? How can this system be monitored, let alone regulated? And if it all comes crashing down, whose fault will it be?

Pacy, fascinating and revealing, Dark Pools takes the lid off the new-look financial markets, and comes to some chilling conclusions.


About the Author

SCOTT PATTERSON is a staff reporter at The Wall Street Journal, covering government regulation from the nation’s capital. His coverage of the Flash Crash in 2010 won the Gerald Loeb Award. His first book was the New York Times bestseller The Quants: How a New Breed of Math Whizzes Conquered Wall Street and Nearly Destroyed It. He lives in Alexandria, Virginia.
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THE QUANTS

The maths geniuses who brought down Wall Street
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For Eleanor


 

Had there been full disclosure of what was being done in furtherance of these schemes, they could not long have survived the fierce light of publicity and criticism. Legal chicanery and pitch darkness were the banker’s stoutest allies.

—FERDINAND PECORA


PROLOGUE

LIGHT POOL

LOUDSPEAKERS BOOMED EMINEM’S1 hit single “Without Me” as Dan Mathisson stepped onto a low-slung dais in the Glitter Room of Miami Beach’s exclusive Fontainebleau Hotel. Greeting Mathisson: the applause of hundreds of hedge fund managers, electronic traders, and computer programmers, the driving force behind a digital revolution that had radically transformed the United States stock market. They had descended on the Fontainebleau for the annual Credit Suisse Equity Trading Forum to rub elbows, play golf, swap rumors, and bask in the faded glory of the hotel where stars such as Frank Sinatra, Elvis Presley, and Marlene Dietrich had once sipped cocktails and lounged in private poolside cabanas.

Smartly clad in a light blue cotton shirt and charcoal-gray suit, sans tie, a soft pink Credit Suisse logo illuminated on the wall behind him, Mathisson was pumped. He loved the Miami Beach conference. Over the years, it had become the Woodstock of electronic trading. Closed to the press, the March 10, 2011, gathering was a private congress of wealthy market wonks who’d created a fantastic Blade Runner trading world few outsiders could imagine, a worldwide matrix of dazzlingly complex algorithms, interlinked computer hubs the size of football fields, and high-octane trading robots guided by the latest advances in artificial intelligence.

Mathisson was an alpha male of the electronic pack. In another life, the bespectacled five-seven onetime trader would have been teaching students quantum physics or working for Mission Control at NASA. Instead, starting in 2001, he’d devoted himself to building a space-age trading platform for Credit Suisse called Advanced Electronic Systems. He was an elite market Plumber, an architect not of trading strategies or moneymaking schemes but of the pipes connecting the various pieces of the market and forming a massive computerized trading grid.

Plumbers such as Mathisson had become incredibly powerful in recent years. Knowledge of the blueprints behind the market’s plumbing had become extremely valuable, worth hundreds of millions of dollars to those in the know. The reason: A new breed of trader had emerged who focused on gaming the plumbing itself, exploiting complex loopholes and quirks inside the blueprints like card counters ferreting out weaknesses in a blackjack dealer’s hand.

Mathisson was keenly aware of this. Since launching AES, he’d been a firsthand witness of the powerful computer-driven forces that had irrevocably altered the face of the stock market. He’d created AES’s original matching engine—the computer system that matched buy and sell orders—which by early 2011 accounted for a whopping 14 percent of U.S. stock-trading volume, nearly one billion shares a day. He was the brains behind Guerilla, the first mass-marketed robot-trading algorithm that could deftly buy and sell stocks in ways that evaded the detection of other algos, a lethal weapon in the outbreak of what became known as the Algo Wars.

Operating in forty countries across six continents, AES was a moneymaking machine. In 2008, a year when most of Wall Street was single-mindedly engaged in the act of self-destructing, AES had pulled in about $800 million, making it the most profitable arm of Credit Suisse. That number—that $800 million—was just one reason among many why Mathisson’s words on that Miami Beach stage meant serious business.

But while the Miami confabs had always been about business, they were also about celebrating, and they typically involved a conga line of cocktail parties, pool parties, and dance clubs. In years past, after the day’s long string of speeches and presentations, Mathisson’s right-hand man, a charismatic, larger-than-life sales machine named Manny Santayana, would troll the local clubs, pick out the best-looking local girls, and tell them about the real party packed with millionaire traders looking for a good time.

Santayana always joked that he never threw parties. He threw networking events at a socially accelerated pace. Santayana was king of the socially accelerated pace. He ran poker tournaments for traders in the exclusive Grand Havana Room in Manhattan, dinners for bankers at the Versace Mansion in Miami Beach. All year long, there were networking events at a socially accelerated pace around the world—in Tokyo, Singapore, Zurich, London, Oslo, Paris, Hong Kong.

But an iron rule on Wall Street is that every party leads to the inevitable hangover. As Mathisson looked out over the audience, he knew Santayana wouldn’t be trolling clubs for bleach-blond babes this year. A freakish stock market crash on May 6, 2010—the so-called Flash Crash—had revealed that the computer-driven market was far more dangerous than anyone had realized. Regulators were angry, fund managers furious. Something had gone dramatically wrong. Senators were banging down Mathisson’s door wanting to know what the hell was going on. A harsh light was shining on an industry that had grown in the shadows.

Mathisson was ready to confront the attack. He hit a button on the remote for his PowerPoint presentation. A graph appeared. A jagged line took a cliff-like plunge followed by a sharp vertical leap. It looked like a tilted V, the far right-hand side just lower than the left.

“There’s the Flash Crash,” he said. “We all remember that day, of course.”

The chart showed the Dow Jones Industrial Average, which took an eight-hundred-point swan dive in a matter of minutes on May 6 due to glitches deep in the plumbing of the nation’s computer-trading systems—the very systems built and run by many of the people sitting in the Glitter Room.

The audience stirred. The Flash Crash was a downer, and they were restless. It was going to be a long day full of presentations. Later that night, they’d be treated to a speech by the Right Honorable Gordon Brown, former prime minister of the United Kingdom. Ex–Clinton aide James Carville would address the group the following morning. (It was nothing unusual. Past keynote speakers at the conference had included luminaries such as former Federal Reserve chairman Alan Greenspan, former secretary of state Colin Powell, and the onetime junk-bond king Michael Milken.)

Mathisson hit the button, calling up a chart showing that cash had flowed out of mutual funds every single month through 2010, following the Flash Crash. Legions of regular investors had become fed up, convinced the market had become either far too dangerous to entrust with their retirement savings, or just outright rigged to the benefit of an elite technorati.

“This is pretty damning,” Mathisson said soberly, noting that the outflows continued even as the market surged higher later in the year. “Even with a historic rally, mutual fund outflows continued through December. This is cause for concern in the U.S.”

Mathisson hit the button.

A grainy photo of President Barack Obama appeared, along with his notorious quote from a December 2009 episode of 60 Minutes: “I did not run for office to be helping out a bunch of fat cat bankers on Wall Street.”

Mathisson’s point was clear: The feds are going to come down on this industry like a sledgehammer if we don’t fix the system from within, fast. “We have to do something,” he said.

The heart of the problem, Mathisson explained, was that fast-moving robot trading machines were front-running long-term investors on exchanges such as the New York Stock Exchange and the Nasdaq Stock Market. For instance, if Fidelity wanted to buy a million shares of IBM, the Bots could detect the order and start buying IBM themselves, in the process driving up the price and making IBM more expensive. If Fidelity wanted to sell a million shares of IBM, the Bots would also sell, pushing the price down and causing Fidelity to sell on the cheap.

To escape, the victims of the front running were turning to dark pools.

“Why are people choosing to send orders to dark pools instead of the displayed markets?” Mathisson asked his audience. “They’re choosing dark pools because of a problem in the lit markets.”

A controversial force in the market in the 2000s, dark pools were private markets hidden from investors who traded on the “lit” pools such as the NYSE and Nasdaq (in the industry, any venue where trading takes place, including an exchange, is known as a pool). Large traders used dark pools like a cloaking device in their efforts to hide from robo algos programmed to ruthlessly hunt down their intentions like single-minded Terminators on exchanges. But unlike exchanges, dark pools were virtually unregulated. And the blueprints for how they worked were a closely guarded secret. As such, there were highly paid people on Wall Street, often sporting Ph.D.s in fields such as quantum physics and electrical engineering, who did nothing all day long but try to divine those secrets and ruthlessly exploit them.

The new wave of dark pools epitomized a driving force in finance as old as time: secrecy. In part a solution to a problem, they were also the symptom of a disease. The lit market had become a playground for highly sophisticated traders—many of the very traders sitting in Mathisson’s audience—who’d designed and deployed the robo algos that hacked the market’s plumbing.

Sadly, the exchanges had helped make all of this possible. They provided to the high-speed trading firms expensive, data-rich feeds that broadcast terabytes of information about specific buy and sell orders from giant mutual funds to the Bot algos. So much information that it could be used to engage in the hit-and-run tactics regulators, fund managers, and senators were screaming about. This was all playing out every day, every nanosecond, in the lit markets—a frenzied dance of predator and prey, with Mathisson’s peers playing the part of the swarming piranha. Every single investor in the United States was involved—and at risk.

Mathisson was all too aware of this dynamic. Indeed, in 2004, he’d created a dark pool of his own called Crossfinder. It was so successful that it had gone on to become the largest dark pool in the world. By 2011, roughly 10 to 15 percent of all trading took place in dark pools, and Crossfinder accounted for a significant chunk of that volume.

Why? The exchanges had gotten in bed with the Bots. Now investors were fed up, Mathisson argued.

“The policies of today’s exchanges cater to the needs of high-volume, short-term opportunistic traders,” he said. “The pick-off artists.”

The audience visibly tensed.

To an outsider, Mathisson’s statement would have seemed relatively innocuous. To the insiders—those sitting in the room—it was a shocker. It was an outrage. It wasn’t what Mathisson said. Others had been attacking the speed Bots. What was shocking was that Dan Mathisson was saying it. Mathisson, one of the architects of the electronic system itself, one of the elite Plumbers—he was trashing it.

Pick-off artists!

Mathisson knew what he was talking about. Because the dirty little secret of most dark pools was that they relied on those very same pick-off traders he was trashing. Indeed, they’d been AES’s bread and butter for years. In Wall Street parlance, the Bots helped provide the liquidity behind the massive AES pool, the rivers of buy and sell orders the turtle-slow average traders—the mutual funds, the pension funds—relied on when they wanted to buy or sell a stock.

While Credit Suisse monitored Crossfinder for manipulative Bot behavior, it still depended on the Bots’ steady flow. Mathisson’s promise to clients running away from the Bots in the lit pools was that over-the-top hit-and-run gaming activity would be kept to a minimum. Egregious violators were kicked out of the pool. But there was little he could do to entirely stop it.

In short, the dark pools themselves were swarming with predator algos. The dynamic spoke to how powerful the Bots had become.

And there was no place to hide.

Mathisson’s kind of straight talk was not heard on Wall Street unless something very troubling was going on behind the scenes. He knew that regulators were zeroing in on the industry. He wanted to be ready.

Mathisson laid out his case. Before electronic trading came along in the 1990s, most markets operated on a floor. Market makers—the people who buy and sell all day long on behalf of investors, collecting a small slice of the deal for their troubles—were able to sense which way the market was going simply by looking around them, staring into the nervous eyes of another trader, watching a competitor frantically rush into a pit and start selling—or buying. General Electric is in trouble. IBM is about to surge.

With electronic trading, a placeless, faceless, postmodern cyber-market in which computers communicated at warpspeeds, that physical sense of the market’s flow had vanished. The market gained new eyes—electronic eyes. Computer programmers designed hunter-seeker algorithms that could detect, like radar, which way the market was going.

The big game in this hunt became known as a whale—an order from a leviathan fund company such as Fidelity, Vanguard, or Legg Mason. If the algos could detect the whales, they could then have a very good sense for whether a stock was going to rise or fall in the next few minutes or even seconds. They could either trade ahead of it or get out of its way. The bottom line: Mom and Pop’s retirement accounts were full of mutual funds handing over billions of dollars a year to the Bots.

Dark pools like Crossfinder had (for a while at least) evened the game in the Algo Wars, giving traditional investors a place to hide. But the evidence was now all too clear: The Bots in their relentless quest for the whales had thoroughly infiltrated the dark pools. And it was all cloaked in the darkness of a market mired in complexity and electronic smoke screens.

Mathisson, for his part, had decided to fight back. To beat the speed traders at their own game, in 2009 he’d launched a turbocharged trading algorithm called Blast. Blast pounded its fleet-footed high-speed opponents with simultaneous buy and sell orders like a machine gun. The firepower of Blast was so overwhelming that it forced high-speed traders—who controlled upwards of 70 percent or more of all stock-market volume by the late 2000s—to cut bait and run for cover.

Blast was effective. But Mathisson needed more. Now Mathisson had a new weapon in his arsenal. He wasn’t attacking the very firms that had been AES’s meal ticket for nothing. He had an angle: yet another extraordinary machine.

He called it Light Pool.

Light Pool would weed out the “opportunistic” traders, he told the audience. Using metrics that could detect the pick-off artists, Light Pool would provide a clean market where natural traders—investors who actually wanted to buy a stock and hold it for longer than two seconds—could meet and do business. The information about buy and sell orders inside Light Pool wouldn’t be distributed through a private feed. It would go directly to the consolidated tape that all investors could see, not just the turbo traders who paid for the high-bandwidth feeds from the exchanges.

“All those sleazy hidden order types won’t be there,” Mathisson said. “We’ll create criteria like ‘Are you a pick-off artist?’ This is effectively going to eliminate the pick-off flow. We’re going to be transparent.”

Mathisson looked meaningfully at the audience—packed with the very pick-off artists he was attacking—and said something he knew would get their attention.

“There will be no black box.”

[image: image]

MATHISSON knew, of course, that he was fighting against time, and he secretly worried that there was nothing he could do to close the Pandora’s box that had been opened in the past decade. The Plumbers had always believed that a problem with the machine could be fixed with a better machine.

But what if the problem wasn’t inside the machine? What if it was the all-too-human arms race itself, a race that had gripped the market and launched it on an unstoppable and completely unpredictable path? Because with inscrutable algos blasting away across high-speed electronic networks around the world, with trading venues splintering into dozens of pieces, with secretive trading firms spreading their tentacles across the globe, the entire market had descended into one vast pool of darkness. It wasn’t only the everyday investors who were in the dark—even the architects of the system itself, the Plumbers, were losing the ability to keep track of the manic activity.

And as trading grew more frenetic and managed by mindless robots, a new risk had emerged. Insiders were slowly realizing that the push-button turbo-trading market in which algos battled algos inside massive data centers and dark pools at speeds measured in billionths of a second had a fatal flaw. The hunter-seeker Bots that controlled trading came equipped with sensors designed to detect rapid, volatile swings in prices. When the swings passed a certain threshold—say, a downturn of 5 percent in five minutes—the algorithms would instantly sell, shut down, and wait for the market to stabilize. The trouble was that when a large number of algorithms sold and shut down, the market became more volatile, triggering more selling.

In other words, a vicious self-reinforcing feedback loop.2

The Flash Crash had proven this wasn’t merely a fanciful nightmare scenario bandied about by apocalyptic market Luddites. The question tormenting experts was how far the loop would go next time. Progress Software, a firm that tracks algorithmic trading, predicted that a financial institution would lose one billion dollars or more in 2012 when a rogue algorithm went “into an infinite loop … which cannot be shut down.”

And since the computer programs were now linked across markets—stock trades were synced to currencies and commodities and futures and bonds—and since many of the programs were very similar and were massively leveraged, the fear haunting the minds of the Plumbers was that the entire system could snap like a brittle twig in a matter of minutes. A chaotic butterfly effect could erase everyone’s hard-earned savings in an eyeblink and, for kicks, throw the global economy into yet another Wall Street–spawned tailspin.

The pieces were already in place. Exchanges from Singapore to China to Europe to the United States were linking up through a vast web of algo traders dabbling in every tradable security in the world. The threat had grown so tangible that it even had a name: the Splash Crash.

Worse, because the speed traders had pushed aside the more traditional long-term market makers, a rapid unwind could create a “double liquidity void”—a lack of short- and long-term buying, in the words of the Bank of England economist Andrew Haldane. With artificial intelligence algos thrown in the mix, the behavior of which was entirely unpredictable and unstable, algos that could trigger their own form of self-reinforcing mayhem, the odds of a market calamity were even higher.

The Plumbers would never admit that the system they’d built was deeply flawed, of course. They’d instead talk about shock absorbers and circuit breakers and risk metrics that would stop the madness before it spun out of control. But deep inside, they knew that it was more than possible. They knew that, as the high-octane global trading grid became faster, more and more driven by computers souped-up on light-speed AI systems, it was inevitable.

Unless, that is, something was done to stop it.
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CHAPTER ONE

TRADING MACHINES

A RISING WINTER sun cast pale golden light into the otherwise dark and quiet office in downtown Stamford, Connecticut. Haim Bodek, the founder of Trading Machines1 LLC, squinted at the light through bloodshot eyes and returned his gaze to a stack of five flat-screens on his desk. The only sound in the room was the low hum of dozens of Dell computer towers and several Alienware Area-51 gaming computers.

The sound of the Machine.

It was December 2009. Bodek hadn’t been up all night swilling fine wines and schmoozing with deep-pocketed clients at four-star restaurants in Manhattan. He didn’t need to. His firm traded for its own account, and Bodek answered only to himself and to a few wealthy partners who’d bankrolled the firm.

He wouldn’t have it any other way. No twitchy investors pulling cash every time the market dipped. And no prying questions about the state-of-the-art Machine he’d created.

No one knew how the Machine worked but Bodek.

But now the Machine wasn’t working. Even worse, Bodek wasn’t sure why. That’s why he’d been up all night. If he didn’t solve the problem, it could destroy Trading Machines—and his career.

What made the Machine tick was a series of complex algorithms that collectively reflected a two decades’ tradition of elite trading strategies. Bodek had personally designed the algos using a branch of artificial intelligence called expert systems. The approach boiled down the knowledge gained by experts in market analysis and crunched incoming market data in order to make incredibly accurate predictions. It combined various models that financial engineers had used over the years to price options—contracts that give the holder the “option” to buy or sell a stock at a particular price within a certain time frame—with new twists on strategies that savvy traders had once used to haggle over prices in the pits.

But many of those old-school strategies, geared with cutting-edge AI upgrades that permitted them to compete head-to-head in the electronic crowd, were nearly unrecognizable now. The market had entered a phase of such rapid mind-throttling change that even the most advanced traders were in a fog.

The problem that threatened Trading Machines, Bodek believed, was a bug hidden in the data driving his ranks of algos, hundreds of thousands of lines of code used by the computer-driven trading outfit that he’d launched with sky’s-the-limit dreams in late 2007. The code told the Machine when to trade, what to trade, and how to trade it, all with split-second timing.

Bodek, whose seriously pale skin, high forehead, and piercing olive green eyes gave him the appearance of a Russian chess master, was a wizard of data. It was the air he breathed, the currency of his profession. An expert in artificial intelligence, he’d made a career of crunching masses of numbers, finding form inside chaos. To discover order in the ocean of information that made up the market required incredible computer power and ingenious trading systems.

Bodek had both. He was so skilled at discovering patterns in the market’s daily ebb and flow that he’d risen to the top of the trading world, working first at an elite Chicago firm, packed with math and physics Ph.D.s, called Hull Trading, then inside a top secret quantitative derivatives operation at Goldman Sachs, before taking over a powerful global desk at UBS, the giant Swiss bank. In 2007, he broke out on his own and convinced twenty-five top-notch traders, programmers, and quants (an industry term for mathematicians who use quantitative techniques to predict markets) from across Wall Street to join him. He set up shop in Stamford and launched Trading Machines just as signs emerged of an impending global financial crisis. It had amounted to one of the most ambitious trading projects outside a large investment bank in years.

Despite the bad timing, Trading Machines had fared well in its debut, posting a tidy profit during a time when most of Wall Street was imploding.

Then something went wrong with the Machine. Bodek was on a mission to fix it. Whatever it was.

As the morning progressed, Bodek’s team of traders and programmers filed into Trading Machines’ third-floor office space. They stepped gingerly around Bodek as if he were a hair-trigger land mine.

The slightest pressure could set off an explosion. Not of anger—Bodek was as levelheaded as a fighter pilot—but of talk. Bodek was a legendary talker, a deep well of stories and analogies and long digressions and digressions on digressions. His was a mind trained to focus on minutiae, and it could be exhausting for listeners exposed to its relentless probing, like a powerful searchlight that never stopped sweeping the ground for new information. He could rarely get far into a conversation before he would say with extreme urgency something along the lines of “What I’m trying to say is there are five points I need to make before we can address the first of those ten points I mentioned earlier.” Inside the firm, this was known as “getting Haimed.”

Bodek wasn’t in the mood to talk that morning. His eyes darkly circled, he sat frozen in his chair, staring at his stacked monitors, mumbling to himself in fits and starts, his hands rising on occasion from his keyboard to pincer his blade-shaved head above the ears as if he were trying to squeeze more juice from his sleep-deprived brain. All the stress had taken a toll. While he was just thirty-eight years old, he appeared a good decade older.

Bodek’s entire Wall Street career, from Hull to Goldman Sachs to his own trading desk at UBS, had been one long march from victory to victory. Whenever faced with an obstacle no one thought he could overcome, he’d pull off a miracle. Failure had never seemed possible.

And yet here it was. He could see it, there, on his five screens, in the data that tallied up the firm’s dwindling profits. As Bodek sat there, mystified by the behavior of an electronic trading ecosystem he’d helped invent, he focused his formidable brain power on figuring out what the hell was going on.

The answer that would solve his problems was also there, he thought, on those screens, hiding amid all the data.

But where?

Bodek had little idea that the answer would reveal one of the most explosive controversies of the modern-day stock market.

SHORTLY before 9 A.M., Bodek’s partner, Thong-Wei Koh, a six-foot-two crack mathematician from Singapore, took his seat a few desks from Bodek. The two founders didn’t exchange a word. They’d been fighting tooth and nail for the past few months. A partnership that had started with visions of glory had descended into a bitter daily feud.

TW was obsessed with mastering risk. At UBS, he’d designed a trading system so ingenious that it could never lose a large amount of money—at least according to the math. But now, at Trading Machines, risk was everywhere. He was drowning in it. He’d become so stressed out by the firm’s problems that he’d come down with chronic stomach cramps.

Bodek, for his part, was wracked by headaches and insomnia. He began to stir out of his morning torpor as the start of the trading day neared. It was 9:15 A.M.

Time for the War Song.

Bodek plugged his iPod into a dock and pressed the play button. Pounding electric guitar chords screeched from the dock’s speakers: the manic Viking heavy metal he loved—and everyone else in the room loathed. As a teenager, Bodek had played drums in a thrash band. Ever since, his taste in music had gone one way: loud, angry, violent.

He was trying to teach his team a lesson with the music. It was how he viewed trading: It was war. Us against them. The market was the field of battle. The weapons: brains aided by powerful computers and lightning-fast algos.

Head nodding to the earth-shaking metal, Bodek stood wearily from his chair, his tie hanging loosely around his wrinkled white shirt. While Bodek always dressed the part of a white-shoe banker—gold cuff links, silk tie, patent-leather shoes—he relished the contradictions his outfit implied as the Viking metal pounded away. Once, on a dare at a metal show in 2007, he’d leapt into a raging mosh pit dressed in his suit and tie … and lived to tell about it.

Clearing his throat, he rapped for good luck the Spartan helmet perched atop one of his monitors and clapped his hands.

“All right, guys,” he said, machine-gun drums and psycho guitar riffs pulsating off the walls of the office. “Yesterday was bad. We got killed again. But we can’t give up. We’ve got to fight this mother-fucker! We’ve got to keep focused! Stay with me!”

There was a reason for urgency. That summer, word had gotten out on the grapevine that Trading Machines was foundering. Now Bodek’s top guns were getting poached by competitors who sensed blood in the water.

To keep the ship afloat, Bodek was doing the work of three employees, staying at the office all night writing code, testing new strategies, digging deep into the guts of the Machine to figure out what had gone wrong. But he couldn’t do much more, and he needed everyone to pitch in if the firm was going to right itself.

“I know it looks bad, but we can turn it around, I know it,” Bodek said. “We can do it! Today we’re going to fucking kill it, OK! Now, let’s go!”

Everyone turned to his set of screens and started working. Right as the market opened, Trading Machines got whacked. For months it had been the same. Death by a thousand cuts. Sheer torture. As the nicks and cuts mounted, TW watched in frustration, obsessively clicking a pen, sighing, letting out brief bursts of anger, muttering curses under his breath.

Suddenly, the Machine froze. Trading stopped. TW pounded his fist on the desk. “What the fuck is going on, Haim!” he shouted, glaring sharply at Bodek.

This had happened before.

Bodek started to scramble, calling up the code he’d worked on overnight. “Must be a bug,” he muttered, frantically typing.

“Goddammit!”

Groans echoed around the trading room.

Bodek combed through the code and quickly found the problem. A half hour later, Trading Machines was up and running again—only to keep taking losses, again and again, like clockwork.

TRADING Machines’ nightmare started in the spring of 2009. Bodek had been on a trip to Hawaii for a relative’s wedding. For a brief moment, he’d had time to relax and reflect on all he’d accomplished in the past decade, since joining Hull. He had it all. Money. A beautiful wife, a classically trained musician with the mental chops to match Bodek himself. A beautiful house on the beach in Stamford. Three beautiful children. Most important: He had his freedom.

When he returned to Trading Machines’ office in early June, he instantly grew worried. The firm’s profits were dropping sharply. Bodek started combing through the nuts and bolts of the Machine, hunting for the problem. He couldn’t find it. Since then, Trading Machines had been getting hammered, day after day, bleeding away its gains. It was still making money, but its profits had been reduced by $15,000 a day—sometimes more—all through the summer and into the fall. Now, its gains weren’t enough to keep up with the firm’s costs, especially the nosebleed salaries Bodek had promised to get all that top-gun talent and the expensive technology his strategy demanded.

It was a terminal path. Eventually, the firm would run out of cash. The clock was ticking on Trading Machines.

THROUGH that December morning and into the afternoon, Bodek sat immobile in his chair, mesmerized by his stack of screens. He barely moved, aside from his fingers flying at the keyboard, his bloodshot eyes darting from screen to screen.

This wasn’t unusual. Bodek almost never left his chair during the trading day. He didn’t eat or even drink water until the market closed at 4 P.M. He rarely spoke. As he sat there, watching the numbers stream by, he was peering into the depths of the market, reading it like an Egyptologist scanning faded hieroglyphics.

There’s Goldman coming in. That’s UBS. Hell, I designed that trade myself in 2005. They’re screwing it up.

Bodek’s Machine was screwing up, too. He saw it happen all day long. He knew its signs.

Like now.

His eyes widened as he saw another wave coming in. He was tracking the SPDR S&P 500 exchange-traded fund widely known as the Spyder. The Spyder was one of the most heavily traded securities in the world—and one of Bodek’s favorites. It was hovering a few pennies above $112.

Like mutual funds, ETFs represent a basket of stocks, bonds, or other assets such as gold. They’re traded as a unit and mimic the value of the underlying assets. Unlike mutual funds, they can be traded continuously on exchanges—like a stock. The first ETF, the Spyder, was created in 1993. It tracked the S&P 500, an index of five hundred of the largest public companies in the United States. Other ETFs tracked the Dow Jones Industrial Average—the Diamonds—and the Nasdaq 100—called the Qs due to its QQQ ticker symbol.

The funds were like thermometers tracking the health of the market. As such, computer-driven funds, as well as everyday traders, watched them like hawks for any blip in performance.

One of those blips was about to happen. All was quiet in the room. Perhaps too quiet. Everyone was waiting for the Machine to act. Bodek caught his breath. Now …

Not again.

“Oh fuck,” Bodek muttered.

The Machine’s strategy involved rapidly buying and selling stock options. The trouble: Options tend to be extremely volatile and risky. Because of that, options traders normally offset their positions using stock—or an ETF. If the Machine bought an option giving it the right to buy Apple at a higher price within two weeks, it would turn around and sell short Apple stock to protect the position. If the value of the option to buy Apple declined, Trading Machines would make up some of the losses with the short bet on the stock. It was like an insurance policy against a drop in the value of the option.

Crunching the data spit out by the options market was an enormous task. In the U.S. options market alone, hundreds of thousands of messages were produced every second. To sort through the data in real time required computer power of the highest order, and intelligent systems to make sense of it.

Any kink in the strategy could cause it to bleed pennies and nickels. And that’s exactly what was happening to Trading Machines’ stock trades.

Bodek flinched. Over the years, he’d developed a second sense for when the market was about to make a move. He could feel a shift coming.

In a flash, the Spyder ticked down a few cents to $112. The move was so fast the human eye couldn’t see it. A person looking at a screen would see a blur, a wiggle at the edge of motion, but it would seem as if nothing had happened.

But the Machine saw. …

What had happened? An aggressive seller had moved in and dumped the Spyder at $112—a round number typically used by humans, not computers. That triggered sensitive alerts in algorithms that tracked the market, pulling some into the market and causing them to sell, or to buy.

Algo triggered algo. Bids flew into the market at lightning speeds.

Before he could blink, Bodek’s Machine made a calculation: The market would keep falling. To profit from the dip, it shot an order to powerful computers that ran a Nasdaq-owned exchange that specialized in options. It was an order to buy options tied to the Spyder that would benefit from a further decline.

The Machine was now holding an option position on the Spyder that was the equivalent to being short $1.4 million worth of the ETF.

But there was risk involved. The Machine needed to protect itself in case the option suddenly rebounded. Anything could cause it. Breaking news. A wave of big buyers. Other machines piling on. In order to insure itself, it had to turn around and buy the Spyder—the ETF itself—enough to guarantee against a big loss. The Machine would make money around the edges of the trade, on the marginal difference between the price of the options and the ETF. Such trades didn’t make huge profits, but conducted thousands of times a day, they added up.

Bodek’s fists clenched and his stomach churned as the digits detailing the trade flew across his screen. He’d seen it happen over and over again. The moment that was killing Trading Machines, when the Machine traded stock or ETFs to hedge its risks.

The Machine was ready to move. Through its high-speed connections its “auto-hedger” started spitting into the market orders to buy Spyders. The orders flew into a connected grid of massive server farms that linked electronic trading pools based in obscure townships across the New Jersey countryside. These pools made up the cyber-trading floor of the twenty-first century, a faceless, placeless cloud of data flying through fiber-optic cables at lightning speeds.

First, the Machine sent orders to a server it owned inside a state-of-the art data center in Cataret, New Jersey. The data center held giant computers that ran one of the four public exchanges in the United States, Nasdaq. Trading Machines’ server was connected directly to the exchange’s computers inside the data center.

Not finding enough trades available at the right price, the Machine shot out buy orders to a data center in Weehawken, New Jersey, hitting the BATS Exchange. Orders had also been sent to a data center run by the New York Stock Exchange in Weehawken.

But the algos the Machine created and unleashed into the pools weren’t surviving. They were being devoured. The algos seemed frozen, and the trades weren’t getting executed.

Meanwhile, the Machine was exposed with its big option bet.

It was naked. And everyone in the room knew it.

TW snapped. “Shit!” he shouted, chucking his pencil at his keyboard, throwing his hands in the air.

Traders started cursing, watching Bodek’s Machine flounder. The market was rebounding, generating an instant loss on the $1.4 million option short. It wouldn’t be so bad if the Machine had bought enough Spyders—but the bug in the algos, or whatever was plaguing them, was putting the brakes on the execution. It was almost as if the auto-hedger had pushed the market back up with its orders.

It was spooky. Bodek racked his brain.

Why wouldn’t the auto-hedger buy into a declining market?

It made no sense.

The firm’s small group of human traders swung into action, scrambling to send in buy orders manually, bypassing the Machine. In seconds, the Spyder had bounced sharply, hitting $112.05.

Suddenly, a wave of orders from the Machine’s auto-hedger flowed in—at the worst moment, after the bounce. The Machine bought thousands of shares, moving aggressively, at the same time paying high fees charged by the exchanges. Bodek had designed his Machine to avoid the fees—to in fact get paid for providing trades to the market—but time and again he was slammed with fees. That was part of the bug, he thought.

It was a disaster. Combined with the manual orders filled by the traders, the firm was suddenly far too overexposed—it would lose money if the market fell. But the Machine had been trying to benefit from a drop. It had been flipped upside down.

Traders across the floor tried to adjust, but it was too late.

In a rapid avalanche, the market tumbled, the Spyder shooting below $112, just as the Machine had predicted. But because it was overexposed, the firm lost money.

Bodek’s head sunk.

The entire trade had taken thirty seconds.

SOON after the closing bell rang at 4 P.M., Bodek stood from his chair, eyes bleary from staring at the screen day and night, head pounding from sleep deprivation. His traders and programmers, slumped in their seats, looked up at him with dejection. Bodek was supposed to be their meal ticket, the genius who was going to build a powerhouse and make everyone rich. Bodek knew they were beginning to lose faith in him.

“So we got screwed again,” Bodek said, rubbing a hand worriedly along the back of his head. “But we learned something today. And that’s all we can do, keep learning, keep trying. It isn’t supposed to be easy. That’s why we get paid. See you guys tomorrow.”

Bodek was starving. He hadn’t eaten all day. He darted outside, grabbed a burger from the seedy-looking McDonald’s across the street, and returned to his desk. During the next few hours, most of Trading Machines’ team filed out. By 6 P.M., the office was empty—except for Bodek, who started, once again, combing over the day’s trades, amounting to more than fifty thousand transactions, on his five screens.


CHAPTER TWO

THE SIZE GAME

AS A CHILD, Haim Bodek had been as comfortable in a physics lab as most children felt on a jungle gym. His father, Arie Bodek, was a world-renowned particle physicist at the University of Rochester in upstate New York, and he expected nothing less from his son. As a graduate student at the Massachusetts Institute of Technology, Arie had made discoveries described in his doctoral thesis that proved critical to groundbreaking findings in particle physics. His work helped establish the existence of the quark, a fundamental element underlying all matter.

But over the years Arie Bodek’s role in the discovery had been obscured and largely forgotten. When the 1990 Nobel Prize for Physics was awarded for discoveries tied to the development of the quark model, he was little more than a footnote. Despite several Alfred P. Sloan Fellowships, seven hundred publications, a Panofsky Prize—the top prize in particle physics—and a host of other professional titles and awards, the elder Bodek never got over missing the Nobel.

Haim was expected to make sure such a travesty wasn’t repeated in the Bodek family. While his father, constantly absent doing lab work around the world, never helped Haim with his studies, he still held his son to the highest standards. The only way to win attention was through outstanding academic achievements, even in grade school. Young Bodek proved to be a prodigy—quick to understand difficult concepts and capable of remarkable original insight. He was, to all appearances, a savant. A young genius.

But he rebelled. As a teenager, Haim started to resist his father’s pressure to fill his shoes. He dyed his hair black and became a drummer in a thrash band. He hung out with a rough crowd and often didn’t come home for weeks. When Haim was seventeen years old, in 1988, his father made a prediction. At a family gathering, he openly lamented his son’s lack of discipline.

“He will never win the Nobel Prize!” he pronounced.

Haim didn’t need to remind his father that he’d never won the prize, either. Despite the emotional pain the prediction caused him, it also touched a deeper, intellectual chord. In order to achieve the future that he (rather than his father) desired, he needed to be able to predict the future.

But how can you predict the future?

Is it possible to gather and analyze enough data to increase the chances of correctly predicting future events? With the growth of computer power in the 1980s, it was a tantalizing question. But massive computer power was needed to mine the terabytes of data related to a particular question about the future, such as “What is the likelihood that Haim Bodek will win the Nobel Prize?” The machine would have to analyze the lives of all past Nobel Prize winners, how they fared in grade school, their eye color, their ancestors, their DNA … and on and on, before checking the data against Haim Bodek’s own extensive history to find matching patterns.

In the late 1980s and early 1990s, such computing power simply wasn’t available to anyone outside corporate giants such as IBM and the military-industrial complex. The supercomputer of that time performed on the level of today’s iPad. The Internet, a trove of data today, was in its infancy. There was no Google, no Wikipedia, no Twitter. Theories about predicting the future using computers were fantasies at best.

But the question stayed with Bodek—even after he graduated from high school (despite skipping all of his senior-year finals), even after he used his sky-high SAT scores (making up for lackluster grades) to get into the University of Rochester, where he started pursuing his dream of predicting the future by immersing himself in study of the emerging science of artificial intelligence.

He also started dating his future wife, a striking brunette music scholar named Elizabeth Bonheim. She was beguiled by Bodek’s reckless, bad-boy attitude, as well as his dazzling mind. While Bodek wasn’t the most diligent student, he consistently scored at the top of the class on tests. Elizabeth would watch with dismay as Bodek skipped nearly every one of his classes, then crammed in a semester’s worth of high-level math in a single night before acing the exam and screwing up the grade curve for everyone.

After graduating in 1995 with degrees in mathematics and cognitive science—the latter is the study of the mind as a machine that processes information—Bodek found work at Magnify, an Oak Park, Illinois, high-tech outfit run by Robert Grossman, a pioneer in techniques to mine giant databases for information. Bodek quickly proved his mettle at Magnify. With Grossman and several other researchers he helped write a seminal paper on predicting credit card fraud based on massive data sets. Using “machine learning,” a branch of artificial intelligence that deployed algorithms to crunch large blocks of data, the system could detect patterns of fraudulent transactions. One red flag might be a $1 credit card purchase at a gas station followed by a $10,000 splurge at a jewelry store (signaling that the thieves were testing the card before trying to make a big score).

Visa vetted the system, found that it complemented their own methods, and quickly implemented it to stop the $10,000 jewelry purchases. In essence, it was predicting the theft and thereby preventing it, scanning three hundred thousand transactions an hour. It was a computerized crystal ball, forecasting the future with a combination of math and semiconductors.

During his downtime, Bodek started reading about a new trend: applying artificial intelligence methods to the stock market. Neural nets had become a hot topic on Wall Street, at least according to a number of books Bodek had come across. Firms were reportedly dabbling in fuzzy logic and genetic algorithms, machine learning, and expert systems, all branches of AI. Bodek, an expert in all of the above, became convinced that he could use his vast skills to predict stock moves and make a fortune in the process. He’d also become engaged to Elizabeth and was looking for a way to pad his bank account.

In the summer of 1997, he visited a Chicago-based recruiter for banks and hedge funds—private investment firms that make big wagers on behalf of wealthy investors—named Ilya Talman. He said he wanted to forecast the direction of the market using AI.

Talman looked at Bodek as if he were a madman. “How do you think a guy who’s twenty-six and has no experience is going to do that?” he said. “And who the hell is going to hire you? No one, that’s who.”

Besides, no legitimate firm was using neural nets or fuzzy logic to predict the market, he explained. All the books Bodek had been reading were full of hype. “You have to get a normal job and work your way up the ranks,” Talman said.

Bodek scoffed. “I’m not going to do some normal shitty programming job,” he said. Days later, he was leafing through the Chicago Tribune employment section and came across an ad mixed in among jobs for real estate brokers and construction workers. “Data mining neural net worker to forecast market,” the ad read. No company name was given, just a phone number.

Bodek brought the ad to Talman. “You said there were no jobs for me,” he said. “Look, they’re advertising market forecasting jobs in the Chicago Tribune!”

Talman looked into the ad. It had been placed by an obscure firm called Hull Trading. Talman knew about Hull. It was the elite of the elite, a printing press for money.

“There’s no way you’re getting into Hull,” he told Bodek. “All they have is Ph.D.s.”

“Just get me the interview,” Bodek said.

AFTER a grueling interview process, Bodek landed a job at Hull in September 1997. Among the most sophisticated finance outfits in the world, Hull Trading specialized in stocks and stock options. Founded in 1985 by mathematician, trader, and blackjack whiz Blair Hull, the firm was a hive of physicists and computer scientists. Many had worked at Fermilab in Batavia, Illinois, a high-energy physics research facility just outside of Chicago. It was a place Bodek’s father knew well. It had played a key role in the discovery of the quark and he had worked there on and off many times over the years. While Bodek wasn’t on a path to win a Nobel Prize, his father was proud that he’d landed among a group of his old Fermilab colleagues.

Bodek’s first assignment at Hull was to use machine learning—the same branch of AI he’d used at Magnify—to create algorithms to predict the direction of the stock-option market.

It was the beginning of a dramatic trading evolution on Wall Street and among the first salvos in the coming Algo Wars.

At the time, the algos that most firms used to trade were mindless drones, like single-cell organisms acting according to a basic set of rules designed by programmers. They would scan the market for signals, like primitive animals programmed to eat everything in sight. Has the average price of Microsoft risen 1 percent in the past half-hour? Yes. Buy Microsoft. Chomp.

But the stock market had proven too clunky for the sophisticated, dynamic AI algos that could adjust to changing market conditions on the fly—algos that could learn, predict, and adapt like a human trader. This was mostly due to the annoying presence of humans in the system.

When Hull hired Bodek in 1997, the stock market was largely divided into two parts: the New York Stock Exchange, where traders swapped big, blue-chip stocks such as IBM and General Electric through registered brokers and “specialists” on the iconic floor of the exchange; and the Nasdaq Stock Market, where roughly five hundred market makers competed to buy and sell stocks, often hotdog tech names such as Intel, Cisco, and Apple, on behalf of clients. NYSE trading was conducted on the floor of the Big Board at 11 Wall Street, where participants swapped information through wild hand signals and shouted orders; Nasdaq market makers largely operated over the phone. Nasdaq stock orders were sometimes input electronically, but few trades took place without a human getting in the middle.

While the humans had developed their own complex ecosystem, they didn’t interact well with computers. The behavior of the specialists and market makers was unpredictable. Responses to buy and sell orders could vary. Mistakes were made, upsetting the rigid computer-driven systems, which depended on precise order.

A change was needed: a new pool for the algos to face off in. A computer-driven pool where they could evolve and grow in their natural environment, developing their own ecosystem. Like fish in water, computer trading programs worked far better when operating on other computers (rather than the testosterone-fueled floor of the NYSE or the trading desks of Nasdaq market makers). And it was even worse in the options markets, Bodek’s chosen field of battle. That’s why three months into the job, Bodek shifted gears and quickly moved on to prove himself in other parts of the firm, focusing mostly on European options markets, which were more electronic. In short order, he became one of Hull’s top electronic-trading strategists.

Then, in 1999, Goldman Sachs shelled out half a billion dollars to buy Hull. It marked a massive shift inside Goldman—the quintessential old-guard white-shoe Wall Street firm—toward electronic trading. The shift would pave the way for Goldman’s rise to power in the 2000s, when it emerged as one of the most aggressive and sophisticated trading goliaths in the world.

Bodek was conflicted by the move. A giant Wall Street bank had suddenly swallowed up his life. He’d always thought of himself as an outsider who played by his own rules, a maverick who happened to have the mind of a world-class scientist. Hull, a hothouse of eccentric Ph.D.s and boy wonders like Bodek, encouraged his outsider self-image. Goldman, on the other hand, was the epitome of the establishment, of faceless Wall Street power.

He decided to stick it out, to discover what Goldman was like from the inside. He felt in ways like a spy who’d penetrated the enemy’s inner sanctum. He’d see what it was all about and decide for himself whether it was good, evil, or neither.

AT Goldman, Bodek became a cog in the market’s rapidly evolving machinery. The system was becoming increasingly electronic, driven by powerful computers that could execute trades in less than a second. Human dealers—the NYSE specialists and Nasdaq market makers—were getting pushed aside by the computer networks, electronic pools designed by experts such as Dan Mathisson at Credit Suisse where the trading algos designed by experts such as Bodek could face off and do battle. When Bodek had first joined Hull in 1997, the pools had only existed in embryonic form and weren’t yet large enough for his AI trading system to work.

By the early 2000s, the entire system was in flux. The new pools evoked a water-filled world of frictionless trading: Island, Archipelago, Liquidnet. Some were fully transparent or “lit,” such as Island, where all orders were out in the open, reported by electronic data feeds that anyone could access. Others, such as Liquidnet, were dark. Trading took place in secret beyond the prying tentacles of the hunter-seeker algorithms. With electronic innovations such as Island and Liquidnet and the rise of algorithms that swam in their pools, the market was evolving like a living organism, shape-shifting into something entirely new. And the algorithms were changing, too. They were no longer the dumb single-cell virus-like creatures operating on simple orders. (Has Microsoft’s average price risen 1 percent? Buy.) They were learning how to adapt in the new pools, morphing into more advanced predators. Many were geared up with advanced AI systems that could quickly detect hidden market signals using the high-bandwidth data feeds and react in a flash, learning and changing their behavior along the way.

Known as “order-awareness algos,” they harvested data during the execution of a trade and shifted gears in milliseconds. Beneath the technical bells and whistles, however, something more sinister was going on. “Order awareness” seemed to be another phrase for “statistical front-running”—using streams of data to trade ahead of those massive whales.

With the new electronic pools, the machine-learning algorithms Bodek had once toyed with at Hull became viable.

As the Algo Wars heated up, Ph.D.s devised new algos to defend against the hunter-seeker algos. The algos started feeding on one another. They weren’t only programmed to gobble up passive food in the market—fat whale orders to buy a million shares of Intel, sent down by a fund manager. They were dynamic, aware, capable of watching other algos, anticipating their moves—and eating them, too. A mutual fund’s algo order to buy Intel would follow strict instructions designed to fake out the hunter-seekers: Only buy when many other traders are buying (hiding in the crowd). If the price moves up too quickly, such as ½ percent in two minutes, stop buying. If the broader market falls quickly, stop buying.

Some algos were encoded with a randomizer, causing them to shift erratically between strategies, in order to hide the patterns of their moves. They were like hunted prey attempting to cover up their tracks through feints and dodges. With no order for the hunter-seeker radars to detect, it was easier to operate in stealth mode.

But the hunter-seekers adapted to the new stealth techniques and watched for them, anticipating every move—even the seemingly random ones. Every trade left a signal, a trail of bread crumbs. The hunter-seekers were experts at sniffing them out.

The mindless algos had evolved into dangerous beasts of prey. They were getting smart. They had names such as Shark, Guerilla, Stealth, Thor, Sniper. It was digital warfare taking place inside massive computers. Billions were at stake.

BODEK didn’t stay long at Goldman. Most of Hull’s top people had already left, and the creative magic that had driven Hull’s machine for years had been suffocated by Goldman’s embrace, he felt. In 2003, Bodek landed at UBS and set up shop at the bank’s massive Stamford headquarters. The Guinness Book of World Records had dubbed UBS’s Stamford trading floor the largest
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