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Optimization


There’s never going to be a computer that will play World-Class Poker. It’s a people game.1

—Doyle Brunson



Super/System, a 608-page behemoth2 that is the closest thing poker has to a Bible, was written in 1979 by a Texas roadhouse gambler turned ten-time World Series of Poker champion named Doyle Brunson, who is still regarded as one of the greatest players ever. The book was decades ahead of its time.

For instance, it preaches the gospel of what’s now called “tight aggressive” poker, the style preferred by most of the world’s best players today. Poker—and particularly the variant known as no-limit Texas Hold’em that Brunson helped to make famous—is a game that rewards aggression. “Timid players don’t win in high stakes poker,”3 the late Brunson wrote. A good player is “tight about entering the pot in the first place” but “after he enters the pot he becomes aggressive,”4 picking his battles carefully but willing to fight them to the finish.

Super/System also implores players to have plenty of bluffs. “If you’ve never had the chance to see a real no-limit game, you’d be very surprised at how much bluffing there is,”5 Brunson wrote. This tip is just as essential. Bluffing is intrinsic to poker, what separates it from other card games. Having some bluffs isn’t optional; against all but the very weakest players, you’ll need to make big bets with your bluffs to encourage opponents to pay you off when you have your strongest hands.

Brunson was right that the human element looms large in poker. As we’ll see in the next chapter, wagering tens of thousands of dollars on the turn of a 3.5-inch by 2.5-inch playing card without giving away information that tips your opponent to the strength of your hand is not something that comes naturally to most people. But the claim that a computer would never play world-class poker? That might be the worst bet Brunson ever made.
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The mere act of playing poker once required a fair amount of courage. Poker had rough-and-tumble origins in the American South during the early 1800s as a Mississippi riverboat gumbo of the French game poque,6 the English brag, and the Persian As-Nas. Only in the past several decades with the advent of regulated casinos could a player be assured of a high-stakes game that was both reasonably honest and reasonably safe.

“I got robbed five times at gunpoint and once with a knife,” Brunson, then eighty-eight years old, told me of his experiences in underground Texas games in the 1950s when I’d called him one afternoon in Las Vegas. “That was just part of the everyday life back then.” Indeed, poker was so disreputable that Brunson was careful who he spoke to about it. “I told them that I was working at an airplane factory plant. In those days, if you told someone you was a gambler, they thought you were into drugs, were into prostitution, were into robbery, and I don’t know what else.”

Brunson was an Old Testament figure: ancient, plainspoken, indestructible (he was a six-time cancer survivor),7 enormous—he weighed four hundred pounds before gastric bypass surgery.8 But when I spoke with him, he seemed to know that it would soon be time to cash out his chips.9 When I ended our conversation by asking if there was anything else he wanted to talk about, he answered on a solemn note. “I’ve seen two guys die at the poker table, that was pretty unusual. One time a guy had me beat and we was playing lowball. We got all our money in the pot. I turned my hand over first with a seven-five. Then he showed seven-four and fell dead.”fn1

But Brunson was a pioneer to a more scientific approach to the game. He was unusual among poker players of his day for having a college education; Brunson went to Hardin-Simmons University in Abilene, Texas, where he was a star athlete and was almost drafted by the NBA’s Minneapolis Lakers until a freak accident unloading sheetrock10 at a warehouse shattered his knee and his dreams of becoming a professional athlete.

Long before the advent of personal computers, Brunson and another Hall of Fame player, Amarillo Slim, would deal out thousands of poker hands to themselves to get a more precise sense for the probabilities. A Hold’em hand consists of two hole cards that a player has to herself, which are then combined with five community cards shared by all players to make the best five-card poker hand.


A Lightning-Speed Guide to Texas Hold’em

Okay, time-out. We’re at the point where I’m unavoidably going to start dropping in more poker jargon. There’s a nice glossary of terms in the back of the book. But for now, just note the very basics.

A Texas Hold’em game starts with two players posting forced bets called blinds, which seed the pot. For instance, in a $5/$10 game, $5 is the small blind and $10 is the big blind. Without blinds or antes, there’s no money in the pot, so there’s no reason to take any risk and poker is a broken game.

Players initially receive two private hole cards. (The best possible hole cards are A [image: ] A [image: ], a pocket pair of aces.) Then there’s a round of betting: this is called preflop. Then five shared community cards, sometimes also called the board, are dealt in stages. The first three cards, dealt simultaneously, are called the flop (think of the dealer flopping over three cards: thwonk!), and there’s another round of betting. Then comes the often-pivotal fourth card, the turn, and another round of betting. The final card in Hold’em is called the river.fn2 Once it’s dealt, there’s a final round of betting. Often, all but one player has folded by this point, but if not the remaining players go to showdown. The best five-card poker hand—made from any combination of a player’s hole cards and the community cards—wins. The ranking of hands is as follows:


	Straight flush: Five consecutive cards of the same suit and rank, such as T [image: ] 9 [image: ] 8 [image: ] 7 [image: ] 6 [image: ]. An ace-high straight flush, called a royal flush, is the best hand in poker.

	Four of a kind, such as Q [image: ] Q [image: ] Q [image: ] Q [image: ] 4 [image: ]

	Full house: Three of a kind plus a pair, such as T [image: ] T [image: ] T [image: ] 8 [image: ] 8 [image: ]

	Flush: Five cards of the same suit, like A [image: ] T [image: ] 6 [image: ] 3 [image: ] 2 [image: ]

	Straight: Five cards consecutive in rank, such as 7 [image: ] 6 [image: ] 5 [image: ] 4 [image: ] 3 [image: ]

	Three of a kind, such as K [image: ] K [image: ] K [image: ] Q [image: ] 5 [image: ]. If three of a kind is achieved using both of the player’s hole cards—say, they start out with a pair of kings in the hole, and then make three kings—it’s also called a set.

	Two pair, like A [image: ] A [image: ] 5 [image: ] 5 [image: ] 8 [image: ]

	One pair, such as 9 [image: ] 9 [image: ] A [image: ] 6 [image: ] 3 [image: ]

	High card, meaning no pair, straight, or flush. The stronger high-card hands such as A [image: ] Q [image: ] T [image: ] 8 [image: ] 7 [image: ] (ace high) still win their fair share of pots, though. It’s hard to make a hand in Texas Hold’em.




Let’s test your poker intuition: Which hole cards are better? Ace-king (abbreviated as AK) or a pair of deuces (abbreviated as 22)? In most poker contexts, the answer is ace-king by a country mile, since it can make the strongest possible pair of aces or kings, a hand that’s often good enough to withstand multiple bets and raises.

But what if you can get all-in without any further betting? The lowly 22 actually beats AK11 52 percent of the time. Knowing percentages like these is trivial; most players today can recite them to within a couple of percentage points. But poker was so much in the Dark Ages back when Brunson began playing the other players didn’t even know the odds.

Brunson did know the odds, and he and other top players were so much better than the competition that boredom was a major issue. So he and his buddies would find other ways to pass the time, everything from sports betting to funding expeditions designed to find Noah’s Ark. “I guess we were looking for some other kind of excitement,” he said. As a testament to how far ahead of the curve he was, Brunson was still a regular—and a substantial winner12—on the televised poker game High Stakes Poker well into his eighties despite never really having used the modern poker software13 tools called “solvers” that were about to upend the game.

Like many other aspects of modern life, poker has gone through its own Moneyball-style revolution. The catalyst came in 2003—the year that Moneyball was published—when Chris Moneymaker, an amateur who had earned his seat online, won the $10,000 Main Event at the World Series of Poker. That triggered an explosion of interest in the game—and between Moneyball and Moneymaker, poker has never been the same. When Moneymaker won, the Main Event had 839 entrants, then considered a shockingly high number. But by 2023, the Main Event had 10,043 competitors, reaching the five figures for the first time. (I was lucky enough to finish in eighty-seventh place that year.)

One predictable consequence is that poker has become more corporatized. The World Series of Poker was originally played at Binion’s Horseshoe in Downtown Las Vegas. The tournament poker room there looked like “a grammar school gym with a low ceiling with two or three cocktail waitresses. Cardboard signs up on the walls. It was very, very primitive,” said the writer Jim McManus, who improbably finished fifth in the 2000 Main Event while on assignment for Esquire magazine.

The WSOP was purchased by Harrah’s Entertainment (now Caesars) the year after Moneymaker’s win, which moved it to the much larger (but never particularly beloved) Rio hotel in 2005 before finally reaching Paris and Bally’s on the Las Vegas Strip in 2022. Some players were wary of the move, fearful of having to fight through crowds of tourists and hawkers with strip-club fliers, but by most accounts (including mine) it was the smoothest WSOP ever. It was the fulfillment of a dream: poker had moved from the periphery of public awareness to the middle of the Las Vegas Strip.

[image: A line graph of WSOP main event participants. In 1977, Doyle Brunson won the second consecutive main event. In 2003, Chris Moneymaker won, catalyzing the poker boom. 2021: COVID-19 pandemic. All but the final table was held virtually. 2023: First time over 10k entrants.]
With more money in the game, ever-more-sophisticated strategies are required to win that dough. Sports fans like to debate how well the players of today would fare if transported back to yesteryear, or vice versa. Would a dominant NBA player of the 1970s—say, Julius Erving—still be an All-Star today? Would a 1970s quarterback like Terry Bradshaw hold his own against modern pass rushers and defensive schemes?

In poker, the answer is straightforward. With only a handful of exceptions like Brunson, most players from the 1970s would get demolished in today’s games.

“It just seemed like it was very obvious what people had by what they were betting,” said Erik Seidel, who came to Las Vegas by way of New York’s legendary backgammon scene and finished in second place in the World Series of Poker in 1988. Seidel was embarking on a remarkably successful (and still ongoing) poker career. The thirty-one-year gap between his first WSOP bracelet (1992) and his most recent one (2023) is tied with Brunson for the second-longest in WSOP history, just behind Phil Hellmuth’s thirty-four-year span. Like Brunson, Seidel anticipated some modern strategies in his game. But Seidel thinks poker in the 1980s and 1990s was still in its primordial soup phase. “If you took an amateur from today, and you put him back fifteen, twenty years, he would probably crush those games,” Seidel said.

The final hand of the 1988 WSOP Main Event, as immortalized in the movie Rounders, wasn’t Seidel’s finest moment. Beanpole thin and sporting an orange golf visor, he was matched against Johnny Chan, who was going for back-to-back titles after winning the 1987 Main Event. Chan made a straight and then suckered Seidel into betting all his chips with a single pair. If you watch the clip now, it seems incredibly obvious that Chan is overacting, shaking his head and even rolling his eyes in fake contemplation. (The classic rule of poker tells is that strong means weak14 and weak means strong: if a player is acting like he has a poor hand, as Chan was, it’s probably a good one.) But Seidel—then twenty-eight years old and working as an options trader in New York between backgammon sessions at the Mayfair Club—fell for the trap. “You know, there wasn’t as much deception as there is now,” he said.

In other ways, though, Seidel’s newness to the game paid dividends. “Because I was young and didn’t know better,” he said, he didn’t feel any need to duplicate the predictable, passive style that dominated the day. “I had a lot of naked aggression. And it seemed to work in those days. Then there were other things that I found, a lot of bluffing situations that people weren’t necessarily doing.”

Until recently, in other words, much poker strategy was learned through trial and error. Seidel’s approach, with plenty of raises and plenty of bluffs, was novel in 1988, but would be considered normal if not even downright conservative by today’s standards. Similarly, much of the advice that Brunson offers in Super/System, such as usually betting again15 after the flop is dealt if you’d raised beforehand, anticipates modern theory and practice.

But this pace of innovation was about to hockey-stick upward. Poker has been around for roughly two centuries, but the vast majority of poker hands ever played by humans—probably at least 95 percent if not as much as 99 percentfn3—have been played in the past twenty or twenty-five years. “Even before we had actual computer networks and neural networks,” said Andrew Brokos, the cohost of the Thinking Poker podcast and a poker player and coach whose students include yours truly, “the poker community was like a network that was attacking the problem and working together and sharing information.” So as the number of poker games increased, “the number of nodes on that network exploded.”

And then came the computers.

In 2008, an AI-aided computer program named Polaris,16 developed by a team at the University of Alberta, won three out of six matches of heads-up limit Hold’em against a group of top professionals. This requires some qualification: limit Hold’em, where the amount you’re allowed to bet is fixed, is considerably less complex than no-limit Hold’em, where you can bet any amount up to the number of chips you have in front of you. And heads-up poker, meaning a two-player game, is much less complex than multiplayer poker, which typically features somewhere between six and ten players. Sure enough, though, another AI poker bot—a descendant of Polaris17 named Libratus—won a heads-up no-limit challenge in 2017. And then, finally, another younger sibling called Pluribus18 beat humans in a multi-way no-limit match in 2019.

So is Brunson’s claim—that there’s never going to be a computer that will play world-class poker—thoroughly debunked? Out of respect to Brunson, who passed away two weeks before the 2023 WSOP, let’s offer him a defense.

One objection is that computers are designed to beat other computers rather than human beings. There’s some truth to this: these programs are trained by essentially playing against themselves. And they’re designed to achieve a Nash equilibrium or game-theory optimal (GTO) style of play. “Nash equilibrium” is named after the American mathematician John Nash, a discovery for which he shared the Nobel Prize. (Nash is also famous as a result of his portrayal by Russell Crowe in the movie A Beautiful Mind.) I’ll have a lot more to say about game theory later in this chapter, but the idea of a Nash equilibrium is that it’s a defensive approach, one that’s impossible to beat over the long run because it prevents your opponents from exploiting your mistakes. This is not the same as maximizing your winnings against a human player by adopting an exploitative strategy that takes advantage of his mistakes.

Nonetheless, computer poker algorithms would be quite good at exploiting humans if they tried. Consider the game rock paper scissors (you know the one: rock crushes scissors, scissors cut paper, paper covers rock). Since no move dominates any other, the Nash equilibrium strategy for this game is simply to randomize and make each play one-third of the time. Humans are so predictable and so poor at randomizing, though, that an algorithm designed in 2001fn4 has won 45 percent of its rock-paper-scissors games against humans over more than 3 million tries, far more than the 33 percent it would win if the humans just decided on a play at random. And it goes without saying that algorithms are eerily good at predicting our behavior in other contexts—say, which YouTube video we want to watch next or, through large language models, which words or phrases make for a natural conversation. In a fight between human beings and computers at pattern matching, humans would get destroyed.

Brunson can raise another potential defense:19 he referred to a computer that would “stand face to face” at the table. Could a machine physically play poker—meaning a robot that would handle chips and cards, follow the action, and perhaps even engage in table banter and read people for verbal and visual tells? There isn’t any off-the-shelf machine that could do this today, so congratulations, human beings—you’ve got a few years left until you lose to C-3PO. But although the robot would almost certainly have to be custom-built for poker, there probably aren’t any insurmountable barriers,20 and if there are now there won’t be for long. Our robot (C-3PO-ker?) might eventually also get quite good at reading tells. In 2018, it was reported that a machine learning algorithm was better than humans at predicting a person’s sexual orientation from their facial expression.21 If a computer can tell who you’re attracted to, you think it can’t tell when you’re bluffing? Good luck.

But most poker pros aren’t even debating these questions anymore: they’ve surrendered to the computers.

Daniel Negreanu, a Canadian pro who in 2023 was voted as the third-best player22 of all time (Brunson finished second in the poll and Seidel finished fifth; another American player, Phil Ivey, placed first), was once primarily known for two attributes. First, his ubiquitous table chatter, a running monologue of poker commentary and off-color jokes. And second, a playing style that departed significantly from the tight-aggressive approach that Brunson and most elite players prefer. Negreanu has sometimes sarcastically referred to himself as a “calling station,”23 meaning a player who is reluctant to fold. For most poker players, playing too many hands is the fastest way to go broke. For Negreanu, there’s more to be said for it: sticking around in a hand provides you with the opportunity to outplay an opponent later on.

But this strategy had ceased to work so well for Negreanu, who lost money24 in tournaments in both 2016 and 2017 and had a long streak from 2015 through 2021 where he’d failed to finish first in any tournament. The player nicknamed Kid Poker, who had dropped out of high school to play poker and snooker and moved to Las Vegas when he was twenty-two, was getting outclassed by younger competition.

I spoke with Negreanu in the PokerGO studio adjacent to the Aria in Las Vegas. The slickly designed studio is many players’ favorite place to play poker, including mine. (It doesn’t hurt that some of my best lifetime tournament finishes came in the studio.) There’s free top-shelf liquor (though most players don’t imbibe while they’re playing) and free food from the Vegas outpost of the Michelin-starred Taiwanese dumpling restaurant Din Tai Fung. Plus, the final table of every PokerGO tournament is televised on the PokerGO livestream, and most players like the opportunity for exposure. When Negreanu started playing poker, there was none of this refinement. “You’d see, like, smoking at the table. Whiskey. Doughnuts. Just people mostly really overweight,” he said.

What’s the catch? You’re almost certain to encounter a couple dozen of the best players in the world at any PokerGO tournament. So the studio serves as a proving ground: you won’t survive for long with an inferior strategy.

“I was here in the studio during the Poker Masters a few years ago,” Negreanu told me. “And I didn’t know what the fuck they were talking about.” By “they,” Negreanu was referring to a series of German players like Dominik Nitsche and Christoph Vogelsang. Somewhat befitting the cultural stereotype, German players are known for highly precise play, and they were early adopters of game theory and computer solutions. These players were using technical terms, like “blockers” and “combos,”fn5 that Negreanu thought were gibberish.

“Then I realized that playing that week, I’d been outplayed in four or five key spots. And that hadn’t really been a thing for me. So it was clear to me that if I want to stay relevant, I have to start to learn and understand what they know.” Negreanu told me that he’s remade his game from top to bottom, getting rid of the habits that had nevertheless been good enough to make him one of the top players in the world. “It’s really hard for someone like me, because I spent twenty-plus years playing poker a certain way,” he said. Fortunately, the new strategies have paid dividends. From July 202125 through January 2024, Negreanu won eight PokerGO tournaments, including the 2022 Super High Roller Bowl for $3.3 million.

But where do these new strategies come from, exactly? It’s time for some game theory.

The Mastermind of Game Theory

“Genius” might be an overused term, but it’s the only appropriate label for John von Neumann. Born in Hungary, where he was a child prodigy26—by age six, he could read ancient Greek and Latin and divide eight-digit numbers in his head—von Neumann moved to the United States at twenty-nine. He worked on the Manhattan Project during World War II, helping to develop the atomic bomb. He was part of the team that built the first electronic computer. He did pioneering work in artificial intelligence, and he helped to lay the mathematical foundations for quantum mechanics. He even was part of the team that created the first computerized weather forecast.27

But most importantly for our purposes, von Neumann was the single most important person behind the development of game theory. He was also a member in good standing of the River or whatever equivalent to it existed back then, a risk-taker with a penchant for fast cars despite being a terrible driver28 and an eager participant in all-night “poker games and the glorious booze-and-cigarette-fueled discussions”29 that they often inspired. Indeed, despite being a prodigious chess player, von Neumann thought poker was much more representative of the human condition:


“Chess is not a game. Chess is a well-defined form of computation. You may not be able to work out the answers, but in theory there must be a solution, a right procedure in any position. Now real games,” he said, “are not like that at all. Real life is not like that. Real life consists of bluffing, of little tactics of deception, of asking yourself what is the other man going to […] do. And that is what games are about in my theory.”30



What is game theory, exactly? Well, the name is the easy part: it’s inspired by the study of games, including poker. “Actual Poker is really a much too complicated subject,” wrote von Neumann and Oskar Morgenstern in Theory of Games and Economic Behavior, their foundational 1944 text. But the book contains extensive examples from a simplified form of poker that includes the game’s most essential element: bluffing. Von Neumann and Morgenstern recognized what Brunson and every other poker player does—unless you sometimes bluff, your opponent has no incentive to pay you off when you have a good hand.31

The applications of game theory are much broader than what we normally think of as “games,” however. In some ways game theory is the core of modern economic theory,32 since it describes how people choose the most rational option when everyone else is competing for the same scarce resources. I often find myself surprised at how often game theory predicts real-world beahvior, from nuclear deterrence to traffic patterns to how prices are established in a market economy. Let me try my hand33 at a precise definition:


Game theory is the mathematical study of the strategic behavior of two or more agents (“players”) in situations where their actions dynamically impact one another. It seeks to predict the outcome of those interactions, and to model what strategy each player should employ, to maximize their expected value while accounting for the actions of the other players.



In the introduction, I used the phrase “EV maximizer” (short for “expected-value maximizer”) to describe a personality type that’s common in the River: taking an analytical, strategic approach to gambling, investing, and other aspects of life, trying to calculate the most optimal “play” in any given situation. Sometimes, life is on easy mode and you’re making decisions that only affect you—what von Neumann calls the “Robinson Crusoe model,”34 as though you’re on a desert island by yourself. I can’t tell you whether it’s EV maximizing to have fries with your sandwich or opt for the healthy side salad—it might depend on how good the fries are—but your decision isn’t affected by anyone else’s and doesn’t really affect anyone else.

But in most real-life scenarios, we’re interacting with 8 billion other people; their choices affect ours, and ours affect theirs. And that’s much harder. We’re trying to live our best life, but they are too. What’s the equilibrium that emerges when everyone pursues their best strategy? That’s what game theory is all about.

I find game theory appealing because like other people in the River, I often find myself in highly competitive settings. How should you play your cards if everyone else is playing their cards right too? Obviously, people are not always optimally strategic, or even rational at all. But I think it’s a good approach to life to give other people some credit instead of treating them as nonplayer characters,35 or NPCs, the video-game term for filler characters who have no agency of their own and whose behavior is simple and predetermined. I think of game theory like Frank Sinatra thinks of New York City: “If I can make it there, I’ll make it anywhere.” If you can compete against people performing at their best, you’re going to be a winner in almost any game you play. But if you build a strategy around exploiting inferior competition, it’s unlikely to be a winning approach outside of a specific, narrow setting. What plays well in Peoria doesn’t necessarily play well in New York.

Let’s clear up some misconceptions, though. One is that game theory only applies to zero-sum problems. Instead, the most famous example from game theory is about the failure to achieve cooperation. The prisoner’s dilemma, first described in 195036 by Melvin Dresher and Merrill Flood, traditionally referred to two members of a criminal gang who were arrested and imprisoned. But I’m going to give you an updated, more contemporary version that’s mathematically identical to the original one:


The prisoner’s dilemma, 2020s version: A pair of siblings, Isabella and Wyatt Blackwood, are accused of running a fraudulent cryptocurrency exchange in which billions of dollars of customer assets were stolen to make risky bets on shitcoins. The Blackwoods are placed under house arrest at separate beachfront homes in Santa Barbara, California, and prevented from communicating with each other.37

However, the details of the case are opaque, and Wyatt and Isabella have been meticulous about covering their tracks. Each sibling possesses the information to prove a felony case against the other sibling, but no one else does. Without a confession, the government can convict them only on a lesser two-year charge of selling unregistered securities. Amid intense political pressure—it’s an election year and the incumbent president really wants somebody to hold accountable—they’re each offered a deal: snitch and we’ll let you off with a slap on the wrist, but we’ll sentence your sib to ten years in prison. If both Wyatt and Isabella snitch, they’ll both go to prison, but the government will reduce their sentence to seven years for cooperative behavior. What should they do?



Typically, the prisoner’s dilemma is illustrated with a payoff matrix like this one, indicating the four possible permutations of outcomes based on each player’s decision:

Modern-Day Prisoner’s Dilemma




	 
	ISABELLA SNITCHES
	ISABELLA STAYS SILENT





	WYATT SNITCHES
	

	Isabella gets seven years

	Wyatt gets seven years



	

	Isabella gets ten years

	Wyatt gets zero years






	WYATT STAYS SILENT
	

	Isabella gets zero years

	Wyatt gets ten years



	

	Isabella gets two years

	Wyatt gets two years








Intuitively, you’d think the siblings would aim for the bottom right box. They’d happily take two years in jail and cut their losses rather than a coin flip between zero years and ten. And they’d certainly rather have two years in prison than seven, as in the top left box. But the bottom-right box requires that they cooperate and stay silent—and that’s harder than it might seem. Let’s consider the decision from Wyatt’s perspective:


	If Isabella snitches, then Wyatt gets ten years in prison if he stays silent (bottom left). But he can reduce this to seven by also snitching (top left). So, rather than cooperate, he should snitch.

	If Isabella stays silent, then Wyatt gets two years in prison by staying silent (bottom right). But he can get off with a slap on the wrist and continue to enjoy walks on the beach and fish tacos in Santa Barbara by snitching (top right). So again, his best play is to snitch!



So Wyatt is better off snitching no matter what Isabella does. This is called a “dominant strategy.” Of course, you can just invert the names and look at the decision from Isabella’s point of view; their situations are symmetrical. Her dominant strategy is snitching, too. Look what happens, though. If they both EV maximize, they both snitch and wind up in the dreaded top left box—seven years in prison—whereas if only they’d been able to coordinate, they could have kept their sentences to two years.

The prisoner’s dilemma is one example of a Nash equilibrium. No player can improve their position by unilaterally changing their strategy. No matter what Isabella does, for instance, Wyatt is better off snitching.

That term “unilaterally” is important, though. The prisoner’s dilemma is sometimes described as a paradox,38 but it’s not really. Rather, it’s what can happen when individuals respond in a narrowly rational way when they have no ability to coordinate their strategies. Now, how well it holds up under real-world conditions is another question: empirically, human beings cooperate39 more than they’re supposed to according to the prisoner’s dilemma. Indeed, this default toward cooperation is probably rational in the long run. The ethical codes that societies develop—think about Jean-Jacques Rousseau’s social contract or Immanuel Kant’s Golden Rule40—can be thought of as attempts to get people to cooperate and discourage them from snitching. Put a pin in this idea; we’ll come back to it later in the book.

Nonetheless, cooperation can be hard to sustain when there’s money or other forms of expected value just sitting out there for the taking. And the prisoner’s dilemma can sometimes crop up where you don’t necessarily expect it. Take the (hypothetical) example of competing pizza slice joints, Lupo’s and Francisco’s, on adjacent corners in Greenwich Village, New York, run by a pair of brothers who have rival claims to their nonna’s original recipe. It costs $1 to make a slice of plain pizza (for non-New Yorkers, that means just cheese and sauce). But demand is brisk in Greenwich Village, with lots of college students, bars, and weed stores nearby. So the slices retail for $3, and each shop sells 5,000 slices per night, locking in a hearty $10,000 profit ($2 profit margin x 5,000 slices).

This is a nice situation for the brothers, but it isn’t a Nash equilibrium. Why not? Well, either store can unilaterally improve its outcome by changing its strategy. For instance, what if Lupo’s decides to undercut Francisco’s and sell slices for $2.50 instead of $3? Now it sells 12,000 slices per night—the 5,000 it was selling before, the 5,000 it takes from Francisco’s, plus some additional number since people will buy more pizza at $2.50 a slice than $3—and Francisco’s sells zero.fn6 Lupo’s is now making far more than it had been, a nightly profit41 of $18,000. However, Francisco’s can match the price drop, and indeed its best move is to do so. Now the two stores split the $18,000 in profit. But look what’s happened: instead of making $10,000 a night as they did originally, each brother makes $9,000 instead. As in the prisoner’s dilemma, both brothers are worse off despite following their dominant strategy.

Greenwich Village Pizza Price War




	 
	LUPO’S LOWERS PRICE TO $2.50
	LUPO’S KEEPS PRICE AT $3





	FRANCISCO’S LOWERS PRICE TO $2.50
	

	Lupo’s makes$9,000

	Francisco’s makes$9,000



	

	Lupo’s makes$0

	Francisco’s makes$18,000






	FRANCISCO’S KEEPS PRICE AT $3
	

	Lupo’s makes$18,000

	Francisco’s makes$0



	

	Lupo’s makes$10,000

	Francisco’s makes$10,000








And the price war doesn’t stop there. Lupo’s could respond by lowering its price further, to $2. Then Francisco’s goes to $1.50. The tit-for-tat continues until both stores are selling slices at just slightly more than their cost—and it leads to two grumpy brothers barely eking out a living and lots of happy stoners munching on cheap pizza. This is a Nash equilibrium—and not coincidentally, it’s what the economics of the real world look like: the average restaurant42 only makes a profit margin of 3 to 5 percent.

Another misconception is that the prisoner’s dilemma reflects a selfish or cynical view of human nature. In fact, the prisoner’s dilemma only arises in situations that are not zero-sum. It’s what happens when people are unable to cooperate,43 even though they would be better off if they could. Nor is the existence of a prisoner’s dilemma always a bad thing, because sometimes their cooperation would come at the rest of society’s expense. To take the canonical example, society probably doesn’t want defendants held in pretrial detention to coordinate on a legal strategy. And we don’t want competing firms to fix their prices: maybe it doesn’t seem so bad if Lupo’s and Francisco’s charge a little extra for a slice, but you probably feel differently when OPEC colludes to set44 the price of oil.


Poker Isn’t Always Zero-Sum Either

What about poker? You might think that it’s strictly a zero-sum game. If that’s the case, the prisoner’s dilemma does not apply to it. But there are some poker situations where players have an incentive to cooperate. The most common one is near the prize money in a tournament. A tournament ends when one player has won literally all of the chips and is the last player standing. However, this player doesn’t win the entire prize pool; typically, he’ll get something like 20 percent of it, and other prizes are given to another 10 to 15 percent of players based on how long they survived. The upshot is that chips have diminishing returns: your first ten thousand chips are worth much more than your next ten thousand. One implication is that late into a tournament, two players with big chip stacks want to avoid confrontations with each other;45 they stand more to lose than to gain by putting their stacks at risk.

Colluding or forming an alliance in poker is strictly against the rules. However, there are sometimes awkward situations. In 2022, I played at a tournament in Houston and we were down to the final ten players. A talented, game-theory-driven player and I had two of the top three chip stacks—let’s call him Holden.46 In one hand, Holden opened the action by raising, and then I re-raised (players call this a “3-bet”), and he folded. This is all very common. A little while later, the tournament went on break and Holden approached me and told me that he’d folded a pretty good hand. This is also common table chatter. But rightly or wrongly, the implication I took was that hey, we should take it easy on each other until some other players bust out and we’ve both made some money. I had no intention of agreeing to anything and shrugged and said nothing.

About half an hour later, Holden raised and I 3-bet again, but this time he re-raised (“4-bet”) all-in. I had a good hand, A [image: ] Q [image: ], and was getting pretty good odds; it wasn’t a fantastic spot, but in game theory land it would have been a call. But I remembered what he said on break and folded. Holden later told me47 he was bluffing with a hand I would have had fantastic odds against. To be clear, I didn’t fold out of any sense of reciprocity, but rather because I thought he’d be playing extra tight against me and would only do this with a very strong hand. But who knows. Maybe Holden was trying to trick me into thinking we had an “understanding” and then took advantage of that by bluffing. Maybe he thought we really did have an understanding and that I’d betrayed it by raising him. Or maybe he was lying about having bluffed. The point is, an “understanding” isn’t worth very much when there’s no trust established, no enforcement mechanism, and each player would benefit from screwing the other guy over.


Just Because I’m Indifferent Doesn’t Mean I Don’t Care

Play in enough poker tournaments and you can sometimes spot it happening. In the midst of a big decision, a player will avert her glance from the table, stare into space for a few seconds, compose herself as though she’s pulled something out of the ether, then act on her hand (call, fold, or raise) a few moments later.

Has the player had an “Aha!” moment? Good guess, but no. She’s probably randomizing.

The Nash equilibrium solution for poker—yes, there is a solution to poker, though as you’ll soon see it’s an exceptionally complicated one—involves lots of randomizing. Randomizing between calls and raises, between calls and folds, or sometimes between all three. It’s not just that you should play different hands in different ways; you should play the same hand in different ways. Sometimes, if your opponent raises, you should 3-bet with A [image: ] Q [image: ] and sometimes you should just call. That’s what the theory says, anyway.

So the player wasn’t just staring out into space—she was probably looking at the tournament clock. For instance, she could randomize by taking an aggressive action if the last digit was an odd number or a passive action if it was even. Other players have devised methods of randomization based on the rotation of their poker chips.48

Randomizing your strategy is not just an essential part of poker—it’s essential in game theory in general. The concept of mutually assured destruction, for instance—the game-theory doctrine that posits that a war between two fully armed nuclear powers is unlikely because they’d wind up annihilating each other—relies in part on what the economist Thomas Schelling49 called “the threat that leaves something to chance.” Basically, you never know what will happen in the fog of war, so you’d better not poke the bear. Nash’s most famous paper50 was a relatively simple two-page proof in 1950 that a stable equilibrium exists for a wide variety of games subject to a few other conditions.51 The catch is that the equilibrium very often involves randomization. We already introduced an example of this: rock paper scissors. Paper beats rock. Scissors beats paper. Rock beats scissors. We keep going around in circles. So how do we reach the equilibrium that Nash promised? We do it through randomization: each player makes one of the three “throws” one-third of the time, choosing the play purely by chance. This is known as a “mixed strategy.”

In rock paper scissors, no symbol is intrinsically more valuable than any other. But this doesn’t necessarily need to be the case for a mixed strategy to apply. That’s because there’s a lot of value in something else: deception. Let’s turn to another of my favorite games, baseball.

Justin Verlander is a pitcher for the Houston Astros (and formerly for my home-state team, the Detroit Tigers). In 2022, despite being almost forty years old, he had the third-most-effective fastball in baseball, according to Major League Baseball’s Statcast data. By contrast, Verlander’s breaking pitches (sliders and curveballs) are only slightly above average.

And yet, Verlander throws his fastball only about 50 percent of the time. How come? Well, major league hitters are pretty good. And although Verlander’s fastball is tough to hit, it’s easier if you know that it’s coming.

Imagine that Verlander is facing a great hitter like the Los Angeles Dodgers’ Mookie Betts. Before each pitch, Betts tries to anticipate what Verlander will throw: a fastball or a curveball. (For simplicity’s sake, we’ll limit Verlander’s arsenal to two pitches for the rest of this example.) Although the average major league player bats for only about a .200 batting averagefn7 against Verlander’s fastball, imagine that Betts can hit .260 against him if he correctly guesses the pitch. And, if Betts guesses curveball and is correct, he’s rewarded for it with a .350 batting average. If Betts predicts the wrong pitch, however, he’s punished:

Batting Average in Batter vs. Pitcher Battle
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What’s the Nash equilibrium? It can be solved with a little algebra—and as you’ve probably guessed, it involves randomization. It turns out that Verlander should throw the fastball about 58 percent of the time and Betts should guess fastball52 about 89 percent of the time. With this mix, Betts hits for a .252 average. That’s better than he could do with a “pure strategy” where he always picked the same move. If Betts always guessed fastball, Verlander’s play would be to always throw the curve, for instance. This is called an “exploitative strategy”—Verlander taking advantage of the fact that Betts is predictable. A .252 batting average isn’t great, but by leaving something to chance, it’s as good as Betts can do.

Importantly, if Betts is using the right mix, he’ll have the same batting average against both the fastball and the curve (.252). The precise term for this is that he’s made Verlander “indifferent” to what he throws: the fastball and the curveball have the same expected value. That’s why pitchers—like poker players—are sometimes literally better off picking their pitches at random. Atlanta Braves Hall of Fame pitcher Greg Maddux—one of the most cerebral pitchers of all time—reportedly did exactly this, using quasi-random inputs such as the stadium clock to decide what pitch to throw.53 (Perhaps not coincidentally, Maddux is a highly proficient54 poker player who was raised in Las Vegas.)

In games like poker where it’s important to be unpredictable, the value of a particular strategic option is made up of a combination of what I call “intrinsic value” and “deception value,” and there’s generally a trade-off between the two. In sports, a play like a fake punt is terrible if the other team knows it’s coming, but it can be a great play if the opponent isn’t anticipating it. Deception is very important in poker, so it involves a lot of mixed strategies to avoid revealing too much information about your hand. That not only means bluffing; it also sometimes means playing meekly (“slowplaying”) with a good hand.

Cracking the Poker Code

Piotr Lopusiewicz, a Polish college dropout turned online poker player, had grown frustrated at the lack of computer tools for poker as compared with other games that he knew well, like chess and bridge. The IBM supercomputer Deep Blue had famously beat the chess world champion Garry Kasparov in 1997—this story is recounted in detail in The Signal and the Noise—and by the early 2000s, chess engines that played55 at grandmaster levels were widely available on home computers. Poker had lagged behind. Sure, there was the University of Alberta’s AI work,56 but that had required training thousands of computers for months at a time. Lopusiewicz wanted something you could run on your laptop.

So despite being a mediocre programmer, he decided to give it a try himself. Lopusiewicz endeavored to create a poker “solver”: a computer program that would literally find the Nash equilibrium for poker. This was an ambitious goal; even von Neumann had thought that poker was too complicated to solve from first principles. “It seemed that the problem was computationally very difficult,” Lopusiewicz said. One problem is that the game tree for poker—the set of all possible outcomes—is very large. A 52-card poker deck presents so many possibilities that it’s likely that no two decks57 in the history of the world have been in exactly the same order, assuming a fair shuffle. In Hold’em, there are 1,326 possible two-card starting hands58 and 42,375,200 possible sequences of59 the five community cards. And then throughout the hand, players have multiple opportunities to make decisions by calling, folding, or raising to different amounts. Even in two-player limit Hold’em, a much simpler game than no-limit, there are 319,365,922,522,608 (319 trillion) possible combinations of cards60 and betting sequences. In multiplayer no-limit Hold’em, the numbers are exponentially larger.

Believe it or not, this is only half the problem. Programmers can make simplifying assumptions—for instance, the suits of the cards often do not matter. And modern computers are very fast, capable of trillions of calculations per second. If you had a guide to exactly how your opponent played, then a computer could calculate your best play to a high degree of precision in every situation quickly.

The challenge is that in real poker, your opponent gets to fight back. So solvers go through a looping process called “iteration.”61 The first player, let’s call her Alice, starts out with a strategy literally at random. Her opponent, Bob, picks a strategy to counter Alice’s terrible strategy. But then Alice gets to revise her strategy given Bob’s strategy. She’s still making some bad mistakes, but has probably gotten rid of the very worst plays, such as folding aces before any bets have gone in. Bob in turn responds to Alice’s new strategy—and so on, for thousands or even billions of iterations depending on how much precision you want. As the strategic improvements get smaller and smaller—by the two-billionth interaction, Alice is making only very minor changes, like raising with A [image: ] Q [image: ] 77 percent instead of 76 percent of the time—the solution converges on a Nash equilibrium, since the definition of a Nash equilibrium is when there are no further unilateral strategic improvements.

In principle, it’s an elegant approach, although I’m leaving out a lot of the blood, sweat, and tears that Lopusiewicz and others have gone through to make their algorithms more efficient, not to mention the semiconductor companies who have built faster and faster computer chips.

Poker players call what results a “GTO,” or “game theory optimal” approach. The catch is that solver outputs look like something straight out of John von Neumann’s brain: they can be intimidating to use, even for experienced players. Here, for example, is a sample hand from PioSOLVER, the solver that Lopusiewicz created:

[image: A screenshot of the unnamed PioViewer 3.0.0 window. It has labeled boxes, some of which are shaded. The bets and checks on different combos are listed.]
Don’t worry if you don’t understand this chart. How to use a solver is an advanced topic; I just wanted to give you some idea for how complicated these solutions are. But very briefly: the 13 × 13 matrix of squares on the left-hand side of the screen represents the universe of possible poker starting hands. In this example, the solver gives a player a choice of four options: he can check, make a small bet, a medium-sized bet, or a large bet. As complicated as this is, it’s actually a simplification: in real no-limit Hold’em, players have essentially an infinite number of bet sizes to pick from. Nevertheless, if you look carefully, you’ll find that almost all of the player’s hands use a mixed strategy. For instance, the hand T9s—a ten and a nine of the same suit, which has an inside straight draw but not much else—sometimes checks, sometimes makes a small, cheap bluff, and sometimes makes a large bluff.

The frequency with which the computer liked mixed strategies was surprising to Lopusiewicz, who had never formally studied game theory. “I knew that there was going to be a lot of mixing, but I didn’t realize it was going to be on almost every hand,” he said. Intuitively, you might expect a machine to prefer a more deterministic solution. Instead, solvers like to randomize. This tendency was also a profound insight for me about poker, as well as certain other aspects of life, too: we often spend the most time debating the least important decisions. In my twenties, when I made my living mostly through poker for a few years, I’d spend hours each week debating the intricacies of poker strategy on the Two Plus Two Forums, a then-popularfn8 public messaging board. You’d post a hand and a twenty-page flame war would ensue—you should have folded on the turn, you fish! The irony was that both sides of the debate were probably right. Deception is so important in poker that in any reasonably close decision, the GTO strategy is usually a mixed strategy. People in the River know how small our edges are. But sometimes there’s no edge to be had at all; you’re literally just indifferent and might as well pick at random.


Sometimes You Should Just Flip a Coin in Everyday Life, Too

I’ll sometimes annoy my partner by suggesting we should flip a coin to decide where to go to dinner. But there’s a theory behind it—game theory. If we’re indifferent between the Italian place and the Indian place, there’s no reason to waste our time agonizing over the decision.fn9

This is even more the case when you’re in an everyday situation where you’re competing against other people. If you’re trying to get back into Manhattan from JFK Airport at rush hour, your GPS app will probably suggest several alternatives—some involving the expressway, some involving the side streets—all of which are equally, annoyingly slow. You might not think of this as a competition, but it is—there are thousands of other drivers facing the same problem and using the same software. The result is a Nash equilibrium where you’re indifferent between the various logical routes. So it’s probably not worth stressing out too much about finding a shortcut. Just sit back and enjoy the ride, to the extent that’s possible on the Van Wyck Expressway.


There were other things that surprised Lopusiewicz when he built the first prototype of PioSOLVER62 in 2014. For instance, just how aggressive it was—although in different ways than humans typically are. Computers bluff their faces off when playing poker because that’s what game theory says to do. This can include making big bluffs—going for a knockout punch. But more often, they prefer small, tactical bluffs—say, betting $20 into a pot of $100—the equivalent to a boxer’s jab. The term Brunson used for this type of small bet was a “post-oak bluff,” referring to a small species of oak tree,63 Quercus stellata, that grows in Texas and produces cheap, worthless wood. Brunson considered these bets64 to be “gutless.” But computers aren’t trying to prove their manhood—they’re trying to win your money—and these small bets have a lot of things going for them.fn10 Nowadays, almost every top player incorporates them.

So Lopusiewicz helped to launch a revolution. Many top players spend hundreds of hours over the course of a year studying solvers. There are limitations to solvers and GTO play, not least that the strategies are too complex to memorize, so players still need to develop strong intuitions about poker. But at no point in human history have human beings so explicitly applied game theory as poker players do today. Not everything lends itself as well to algorithmic optimization as poker does—but the warp-speed advancements in poker demonstrate that game theory often translates reasonably well into practice.

The High-Stakes Game of GTO vs. Exploitative Play

Exploit and you risk being exploited.

This may be the most important poker-related insight from game theory. You can adopt a strategy that seeks to take advantage of an opponent’s mistakes. But that enables your opponent to take advantage of you if they catch on. For instance, if you’re playing against an old guy who you assume rarely bluffs, he’s going to have some very profitable bluffs if he’s able to switch gears.

So players vary in the degree to which they prefer GTO versus “exploitative” styles of play. One of the strictest adherents to the GTO approach is Doug Polk, who now lives in Austin, Texas, where he co-owns a poker club called the Lodge but still bears traces of a surfer-bro accent from his native California. Polk has impressive accomplishments as a tournament player, including more than $10 million in lifetime tournament winnings, but he’s predominantly a cash game player, and his best game is heads-up no-limit Hold’em.

In July 2020, Polk—who can be as aggressive on social media as he is on the poker feltfn11—challenged Negreanu, with whom he had a long-standing rivalry, to a mostly online65 heads-up no-limit match. Played at extremely high stakes—$200/$400 blinds—the match had the potential to become a seven-figure payday for whoever won.

Negreanu agreed—a move that he knew was probably not +EV. Although Negreanu has a more well-rounded poker résumé than Polk—one of the best résumés of any poker player ever—he was playing Polk’s best game, and betting odds quickly established Polk66 as a 5:1 favorite. It was “certainly not monetary driven because I knew going in I’m an underdog,” Negreanu told me. But he’d been hoping to use the match to promote himself67 and his products—and like many people in the River, he’s intensely competitive, not one to back down from a challenge. “Once I agreed to it, I’m like, well, shit, I’ve got to do it.”

If the match had been played five years earlier, it would have been billed as an epic clash of styles: Polk’s robotic GTO approach against Negreanu’s feel-driven, exploitative play. As I mentioned earlier, though, Negreanu has remade his game to bring it more in line with modern GTO strategy. He told me he had a few exploits against Polk—in fact, he and his team had once inadvertently shared a document labeled “Doug Polk exploit ranges”68 in a video call with Polk—but they were minor ones.

For his part, Polk aimed to play as close to GTO as possible. “My approach was, if I played correctly, and I spend all of my time memorizing the correct strategies and practicing them versus a computer, I won’t lose. I will beat him,” Polk told me when I interviewed him at the Lodge. I claimed earlier that GTO poker ranges are too complex to memorize. Well, that’s probably true 99.999 percent of the time. But a heads-up cash game is quite a bit simpler than other forms of poker, so there are fewer situations to commit to memory. And Polk has probably spent as much time looking at GTO heads-up ranges as any player in the world—certainly more than Negreanu, as much cramming as Negreanu did before the match. “The skill set of poker has shifted so dramatically over the last even ten, fifteen years,” Polk told me. “It changed a lot from critical thinking, problem-solving, and being creative over to memorization, and figuring out how to apply these theories that you’ve picked up in real time.” It wasn’t that Polk disrespected Negreanu’s play so much as that this is where his comparative advantage was. By contrast, if Polk had tried to exploit Negreanu, he could at least theoretically have come out on the losing end—Negreanu had always excelled at rock-paper-scissors head games. “I basically didn’t think about him at all,” Polk told me.

It also helped that the match was played online rather than in person. Not only did that prevent Negreanu from picking up on any physical reads, it also made it easier for Polk to randomize. Polk told me that he sometimes makes plays that are used by the solver as little as 2 percent of the time as part of a GTO mix. “The thing is, no-limit Hold’em is a very precise game. It’s a very precise game,” he said. “And sometimes you have to be willing to wager all your money in situations that don’t feel intuitive.” If you use a computerized random number generator and it “rolls” a number from one to one hundred, you can make that rare, counterintuitive play when it comes up with ninety-nine or one hundred. But “good luck doing that at the table,” Polk says.

This all worked out great for Polk. He won $1.2 million against Negreanu, plus other significant side bets.69 Still, just because it was the right approach to this situation doesn’t mean that GTO is all there is to the game. The most exciting poker battles come when players draw inspiration from game theory but use it to out-exploit one another—and only one of them can be right.

[image: ]

Vanessa Selbst is an outlier. She may wind up being the only person in history to both graduate from Yale Law School and at one point rank as the number-one player in the Global Poker Index. She is an out lesbian who brought her girlfriend (and future wife) Miranda Foster to tournaments in a poker world that has always suffered from its share of misogyny and homophobia. She is by far the highest-earning female poker player of all time—almost $12 million in lifetime tournament winnings—and first achieved that distinction when she was just twenty-eight years old. When she left poker to work for the hedge fund Bridgewater Associates in 2018—an unexpected move70 for someone who once called herself “anticapitalist at heart”—it was big enough news that it made The New York Times.

Although solvers might seem like a natural fit for Selbst, whose mother drilled her on logic puzzles when she was growing up in Brooklyn, she’s instead a deep believer in exploitative play: figure out what your opponents are doing wrong and take advantage of it.

“Most people—save like the best hundred people in the world,” she told me one day over happy hour drinks at a Manhattan wine bar, “just aren’t that amazing at game theory.” Instead, Selbst says, players have a lot of experience in situations that come up frequently in poker. But memorizing only gets them so far. “They were very good at playing a spot 1,000 times and knowing what to do in that spot,” she said. But she found “that over time, whenever I put someone in a new spot, they would just royally fuck up.”

Selbst discovered poker71 while an undergraduate at Yale as part of the explosion of interest in the game that followed Moneymaker’s 2003 World Series of Poker win. The Yale underground games featured an uncanny number of players who would later go on to nerdy kinds of fame and fortune,72 like future Jeopardy! Tournament of Champions winner Alex Jacob. The games were famous enough, in fact, to be written up in Sports Illustrated. In the article, Selbst was described as a “genial, sturdy rugby player [who] wears a silver stud in her right nostril” and who carried a copy of the essay “Nationalism and Sexuality” to read between poker hands.

For Selbst, playing an exploitative style of poker is both a choice and necessity. It’s a choice because she has a knack for reading people. Not necessarily reading their physical tells—that’s a different skill—but reading into their life situation and how that might influence their poker play. “You can kind of group and categorize people into almost a dataset in your mind,” she told me. Most players make the mistake of assuming that everyone else plays just like they do. But in real life, people bring all sorts of baggage to the table. Selbst gave the example of a player who shows up for the Main Event of the World Series of Poker and tells you how his wife saved up for ten years so he could make his dream trip on his fiftieth birthday. After having been quiet for several hours, he suddenly goes all-in. What do you do?

You sure as hell don’t consult some solver on the Nash equilibrium. This player is doing everything in his power to signal that he wants to hang around a little longer, which means playing his best hands aggressively to knock everyone else out of the pot and avoid the potential for bad beats. So you should fold unless you have pocket aces or pocket kings—and kings might be close. Be careful: this is an extreme example and in most circumstances it will be dangerous to assume an opponent is never bluffing. But it would be a dereliction of duty to just ignore the person behind the bet.

The sense you’ll get from spending even a few minutes with Selbst is that she’s very comfortable in her own skin—and comfortable making other people uncomfortable in situations they never expected to face. She’s not looking for social approval when she plays. Instead she “made a lot of plays that would look very donkey-ish.” Having often been the misfit in the room breeds a certain amount of resilience to a daring play gone wrong.

Sometimes, Selbst’s daring plays have gone spectacularly, infamously wrong. She made the televised final table in just the second tournament she ever played, a $2,000 buy-in event at the 2006 World Series of Poker. Selbst raised with a mediocre hand, 5 [image: ] 2 [image: ], another player named Willard Chang called, and a third player, Kevin Petersen, re-raised. Selbst went all-in. Chang folded, but Petersen called and won with aces. Of course, the play looks terrible on TV. “What was she thinking?” one of the ESPN announcers,73 Norman Chad, said.

Although today Selbst regards the play as poor, I think I know what she was thinking: Nobody does this.

First of all, in 2006, most people weren’t doing enough bluffing of any kind, and especially not with just their two starting cards. As Seidel said, people would play straightforwardly. Once you started seeing multiple bets and raises, it was aces, kings, queens, AK, and not much else. Nobody made huge, unorthodox bluffs in just their second poker tournament when they were on national television for the first time. So Selbst had every reason to think her opponents would give her credit for a strong hand.

After the 5 [image: ] 2 [image: ] hand, there was little choice but for Selbst to adopt a more exploitative style. Men often play suboptimally against women to begin with, sometimes trying to bully them out of pots. But they certainly weren’t going to play GTO against Selbst—they’d assume she was crazy and was always bluffing. “Basically after that hand, like no one folded to me ever again,” she told me. “Honestly, the amount of money that probably made me in my lifetime was tremendous.” So her exploits mostly involved playing tighter than her reputation and trying to induce opponents to put a lot of money in with inferior hands—although she still made some wild bluffs when playing on television to maintain her image.fn12

Selbst’s favorite example74 is from a hand she played at a $25,000 high-roller event at the PokerStars Caribbean Adventure tournament in the Bahamas in 2013. Her opponent was Ole Schemion, a hotshot German player who was then just twenty years old. While other players had been out partying at the Atlantis resort, Selbst had studied video of Schemion and her other opponents at the final table.

Selbst noticed that Schemion had made an unusual play twice in a similar high-stakes situation. A common spot in poker is when a player who raised before the flop has to decide whether to make another bet once the flop comes. One tricky case involves flops that are “coordinated,” meaning three cards that fit well together, like Q [image: ] J [image: ] 7 [image: ]. This flop has something for everyone! Any two hole cards ten or higher have made a straight draw, a pair, or better. Any two diamonds have made a flush draw. If you bet, you’ll often face a raise.

So what most players do is bet with their best hands (such as Q [image: ] Q [image: ], which made three of a kind), with their best draws (such as K [image: ] T [image: ], which has both a straight draw and a flush draw)—and then with total air balls that have no way to win except for bluffing. Conversely, they’ll check medium-strength hands such as a single pair, hoping to hedge their bets and play a cheaper pot.

This approach isn’t bad as a Poker 101 strategy. But if you’re getting the hang of game theory, you might detect a problem with it: it’s predictable—and therefore it’s exploitable. Poker players almost never put their opponents on an exact hand, but rather on a probabilistic “range” of possibilities. In this example, the player’s betting range is unpredictable and well balanced, since it contains a mix of strong hands, draws, and bluffs. But the player’s checks are highly predictable, consisting only of mediocre hands—it’s almost as though they’ve turned their hand face up. The term for this is being “capped,” as in there’s a cap on how good your hand can be. Solvers and top players like Selbst relentlessly attack opponents when they’re capped. If they know you can never have a top-tier hand, then they can put you in a painful situation by bluffing for all of your chips. A solver’s defense mechanism against this is to throw a loop by occasionally checking with their best hands.fn13 But it’s painful for humans to do this. When you have the best hand—but may not have the best hand for much longer if someone makes a straight or a flush—you’re often literally too excitedfn14 to get your chips into the middle of the pot to even think about checking.

In her video review sessions, Selbst noticed that Schemion was particularly aggressive about attacking capped ranges—so sure of himself that he was willing to put everything at risk. Twice in an earlier tournament that he’d gone on to win, he’d made an all-in bluff against a player who had checked a coordinated flop. But by playing exploitatively, Schemion was opening himself up to being exploited—and Selbst was ready to pounce. Plus, she had a good read on
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Another Key River Concept: Optionality




[image: An illustration of a decision tree. A person decides to either stay in town or head toward the beach. When they head toward the beach, it either keeps raining or clears up. Restaurant in town: EV equals 6. Restaurant near the beach: EV equals 5. Picnic on the beach: EV equals 10.]
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A few quick notes on methods and sources. The most important source material for this book is the series of roughly two hundred interviews with about as many sources (some sources were interviewed more than once; some interviews involved multiple people at a time). Nearly all interviews were conducted orally (about half in person and half remotely), and most were recorded. Where interviews were conducted by email or there were significant clarifying comments by email, I have noted this in the endnotes. Transcriptions were conducted by an AI service, Otter. In cases where a source is quoted verbatim, I double-checked the quote against the original audio transcription in most but not all cases. I used my judgment in determining how often to clean up interjections such as “like” and “um” or minor grammatical errors. In the large majority of instances where I claim a source “said” something, it means they said it to me directly, but exceptions where the context isn’t clear are also detailed in the endnotes. About 80 percent of interviews were fully or predominantly on the record but others involved more complicated terms and conditions and some of the knowledge in this book is informed by background conversations.

Another important source is personal experience. This sometimes extended into informal conversations that I had at settings like a poker table. In cases where there was ambiguity about the nature of the interaction and how it might be represented in this text, I considered factors such as how informed the subject was, how much experience they had in dealing with journalists, and the publicness or privateness of the setting.
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