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CHAPTER 0

OPENING MOVES

SIX TO START. Knight to f3. Two no trumps. Black stone on komoku. Take a chance card. Climb the ladder to square 38. These are the opening lines of some of the most wonderful stories that humanity has created. Since ancient times, civilizations have been playing games – some with dice, some with cards, others with pieces that move about on a board or tabletop.

Some have argued that our species should be called homo ludens rather than homo sapiens because it is the ability to play, not think, that has been crucial in our development. Evolution seems to have gifted humanity a penchant for trying out strategies and exploring imaginary worlds in the safety of a game, which allows us to prepare ourselves for real encounters. Among some of the earliest civilizations, sophisticated games emerged alongside the burgeoning of societies. Play is free. It is not real. It has its own location and duration. It is distinct from our ordinary lives. And yet it impacts on the way we behave outside the game: our wars, politics, arts, and sciences.

Like the stories shared around the campfire to bond our kinfolk, the games we have created allow us to share an exciting journey together in safety. Games resemble stories by conjuring up a fictional world, transporting the players into a different temporal dimension whose artificial barriers we enjoy striving to overcome.

Yet games are also stories that we can explore with our friends. As shared experiences, they have some advantages over the solitary disappearance into a book. They are more active, giving the players agency in the way the story evolves. A novel can move you to tears, but a game can make you feel guilty for your actions.

This book tells the story of the many crazy, fantastic, addictive games that our species has created during our time on this planet. To be sure, just as we do, other animals play games as children: lion cubs play-fight before putting those skills to use as adult hunters. But our species is probably unique in continuing to play games into adulthood. 

Not everyone grows up to become an adult game player. Some see the whole enterprise of battling to overcome self-imposed rules to reach an artificial destination as a complete waste of time. Playing a game is certainly an indulgence afforded to those with surplus time on their hands. But when we achieve the kind of utopia that absolves us of the need to work because the machines are doing it all for us, my belief is that games will become the central focus of our time thereafter.

I love games. I love them so much that on all my travels around the world, I seek out the games that people like to play in the country I’m visiting. By the time I head home, my bag invariably has a few new local games packed inside. Just as the stories that people tell can help me understand a different society, I have found too that the local games people play can reveal much about the differences and similarities across different cultures. Some cultures favour games of chance over contests of strategy, perhaps reflecting their preference for a fatalistic outlook on life over a belief in agency over one’s destiny. A fondness for a territorial game like Go over a more directly aggressive game like chess seems to reveal something about what a culture values and how it views the world. But while some games reveal the differences between cultures, other games seem so universal that versions are played around the world. 

Games and their history help me to understand how each different culture has emerged. They are a living archaeology capturing the passions and pursuits of the people of the past. Tell me the game you play, and I’ll tell you who you are.

And when I am stuck at home unable to travel, the games I’ve collected provide a way for me to escape back into the world they came from. The games are portals to the many countries I’ve visited. They are passports to other worlds – whether historical, geographical, or mathematical. Being cocooned by my collection at home is a constant and welcome reminder of the distances that we can all travel with our minds. 

Yet I am not a historian, anthropologist, or psychologist, but a mathematician, and I think one of the reasons that games so resonate with how I see the world is that a good game shares much in common with the great mathematics that I have fallen in love over the years. The rules of the game are like the axioms of mathematics. Playing a game is like exploring the consequences of those axioms. Games for me are a way of playing mathematics. Time and again a game works because it embodies an abstract mathematical idea. A matching game like Dobble is successful because it exploits strange geometries in high-dimensional space. A board game like Ticket to Ride works because of the scoring system that balances risk versus reward.

The best games are those with simple rules that give rise to complex, rich, and varied outcomes. In the ancient game of Go, black and white stones are placed alternately on a 19 × 19 grid. The set-up is simple, and yet the variety and complexity of the games that have emerged are extraordinary. For me this has much in common with the most beautiful mathematics. Prime numbers are simple to define: they are the indivisible numbers. Yet we have been playing with these numbers for two thousand years, and they continue to surprise us.

But there is another reason that I believe a mathematician is an ideal tour guide to the games humans play: because having a few mathematical tricks up your sleeve can often give the player an edge. Because games are defined by a set of rules that constrain the way you play the game, mathematics is a very natural language to explore the logical implications of these rules and to find the optimal path to get to your destination.

Ludwig Wittgenstein believed that it was impossible to define what a game is. Game was his principal example of a word that could only be understood through the act of using it: that is a game; this isn’t. It was a process he called the language game.

This book is a game too. It can be regarded as an attempt to play Wittgenstein’s language game. As I share the games that I have gathered on my journey around the globe, each will represent a new move in Wittgenstein’s game.

My list of games conspicuously neglects to include sport. There is one exception, the Mayan ball game Pitz, which I couldn’t resist sneaking in, but sports like soccer, basketball, and football have no place in the pages that follow. I’m not denying that football is a game, and one I love, but there is a reason that we came up with an additional word, sport, to classify certain types of games. For me, sport is a game of the body, while the games I am interested in are principally games of the mind. Probably my rather puny frame meant that as a kid I migrated to the nerds playing cards rather than the cool kids playing football. Individual preferences like mine do not lessen the importance of sport to humanity, since it plays a similar role in allowing a space to practice for danger. But as a guide and a mathematician, I have far more acute insights into mental games than into sports that hinge on brute strength and stamina. Some of the games I’ve included verge on puzzles, another concept in need of definition. In my book, a puzzle often gets elevated to a game once other people got involved. Wordle jumped from a puzzle to a game on a massive scale as soon as it added the feature of sharing your statistics with others. The element of competition or collaboration with others is what makes the difference. What, then, is an activity like solitaire? Is it a puzzle or a game, when to win the game, you must compete against the pack of cards? And what about computer games, pitting the player against the computer code. Wittgenstein is right: game is a very slippery concept to pin down. By taking you on a journey to experience my eighty games around the world, I am weaving together a thread, fibre by fibre, to hold together a coherent understanding of what we really mean when we say game.

There is another way in which this book is like a game: there are multiple ways to play. You can read the book from the first page to the last in the order that I have curated for you, proceeding through each of the numbered games we will encounter in sequential order. I have another suggestion, however: try throwing a six-sided die and beginning with the game that the die indicates. Once you’ve read that game, throw again. Add the number the die indicates to the number of the game you’ve just read, and proceed forward through the text as if it were a game board. Once you reach the end, simply loop back to the beginning, using the table at the back of the book to keep track of the games you’ve read on your journey. This allows each person to generate a different narrative journey by playing the game of the book, in turn creating a new book. (The mathematician in me couldn’t resist calculating how many different books we can generate using this game. Working it out for yourself is one more game for you to play.)

I am not the first to suggest multiple ways to read a single book. B. S. Johnson’s novel The Unfortunates consists of unbound pages jumbled in a box. The first and last chapter are fixed, but readers can choose the order of the twenty-five chapters that form the body of the book. That adds up to 15,511,210,043,330,985,984,000,000 different potential books. The French poet Raymond Queneau, cofounder of the experimental Oulipo movement, provided readers with even more options, composing a sequence of sonnets that offered readers a choice of ten different versions of each sonnet’s fourteen lines.

This book is a celebration of the mathematics that swims seductively just below the surface of many of the games I love. Parallel to the main narrative, I offer passages that discuss these mathematical marvels. I invite you to dive into these fantastic mathematical stories that offer the keys to creating and often winning games. But if these mathematical dives leave you feeling out of your depth, feel free to return to the surface. Save them for your next journey through the book.

Please bear in mind as you read the book that it does not intend to be an encyclopedia of games, an exhaustive dictionary, or a compendium of rules. I have listed several comprehensive websites at the end of the book that can tell you how to play nearly every game imaginable. To those who will surely protest, ‘How come he didn’t include that game?’ I must gently insist that this is my own very personal collection. I have selected those games that allow me to talk about the philosophy, culture, mathematics, and sociology of the games we play.

Each chapter corresponds to a different land and an exploration of the different games that the people play there. From India to China, Africa to America, we will play our way around the globe. These geographical chapters are separated by what I have called the book’s ‘sea interludes’. As I cross from one territory to another, I will use these liminal spaces as a place to explore some of the more philosophical, mathematical, or cultural themes around games that don’t have such an obvious physical location.

When I compiled these games and game-related themes, it was a strange and unexpected miracle that the final count came to exactly 80. Since this was as much a geographical journey through the world’s games as a historical, cultural, or mathematical one, I couldn’t resist using Jules Verne’s famous story about Phileas Fogg’s attempt to circumnavigate the globe in 80 days as a narrative structure for my story. Much like Fogg, I have been fortunate to use these games to venture on my own journey around the world, jumping between continents, making passages across sea and land. And mathematics will be an invaluable companion, my passe-partout, as I embark on my journey around the world in 80 games.
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CHAPTER 1

THE MIDDLE EAST

WHAT MAKES A GREAT GAME? First, it shouldn’t finish before it’s even started. Even if you’re not as good as your opponent, there should still be a chance that you can win. Second, it mustn’t finish before it ends. The best games are those in which, right up to the last move, there remains a chance that anyone could win. This means that the best games invariably include an element of chance. And yet, third, chance alone is not enough. There should be some role for strategy and agency, or else the player is converted into little more than a machine implementing the rules of the game. Fourth, simplicity should give rise to complexity. Simple rules allow you to get playing quickly, but the variety provided by multiplying possible outcomes makes a game worth returning to again and again. Fifth, a good story is paramount. No need for castles and goblins, but still, like a good piece of mathematics, a rewarding game traces a compelling narrative arc.

My first game on our journey around the world I believe ticks all these boxes. It is one of the most perfect games and also, it turns out, one of humanity’s most ancient.

1: Backgammon
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FIFTEEN BLACK CHECKERS. Fifteen white checkers. A board with twenty-four elongated triangles. The pieces race in opposite directions determined by the throw of two dice. Land on your opponent’s lone checker, and that piece is sent back to the beginning of the race.

The game couldn’t be simpler, and yet, in each of the thousands of matches I’ve played, the story is different every time. Backgammon is full of drama, twists, and turns. As in the mathematics of chaos, small changes can send the game in completely new directions. The lead can shift dramatically with a roll of the dice. A beginner has the chance to beat an expert, and even when the dice seem against you, strategic play can still give you the upper hand.

Backgammon is a game I came to quite late in life, while living in the Middle East. I was taught the game by a Bedouin in the desert who was able to communicate the rules to me in very minimal English. Within a matter of minutes, we were quickly gaming away with little effort, and I haven’t stopped since. The richness of this game is in how simple it is to grasp, yet also how complex it is to play. It is also apt that I first learned this game in the Middle East because, as I will reveal, it evolved from the very first games played by the great civilizations of Babylon and Egypt.

It wasn’t games but mathematics that first took me to the region. As a doctoral student I kept reading the papers of a mathematician who clearly was on the same wavelength as I was. We thought the same way. We were both obsessed by the same structures. It was like we were players of the same esoteric mathematical game, and once we knew about each other, it was clear we had to meet.

Although united by mathematics, it turned out that we were divided by politics. The mathematician was an Israeli settler on the West Bank. I’d been brought up on a diet of left-wing politics in Oxford fuelled by the injustices of the Margaret Thatcher years. But the beauty of mathematics and games is that they provide a neutral universal territory in which opposites can meet. I travelled out to Israel to spend my first years after finishing my doctorate collaborating with this mathematical brother whom I had uncovered while reading the journals housed in our library in Oxford.

My time at the Hebrew University in Jerusalem was not confined to mathematics alone, and I loved travelling through the region to Jordan, Syria, and Egypt and especially staying with the Bedouin in Sinai. I was enjoying following in the footsteps of Lawrence of Arabia, whose portrait, in Bedouin dress, adorned the walls of my college in Oxford. And the most popular game that I found in the cafés of the Middle East was backgammon.

I’ve wiled away many an evening in the bare huts of the Bedouin in Sinai accompanied by a narghile (their name for a water pipe), a cup of tea, and a backgammon board. In Arabic the game is simply called tawhah, meaning ‘table’, but the Israelis I’ve travelled with call it shesh besh. Shesh is Hebrew for ‘six’, and besh is Turkish for ‘five’. Throwing a six and a five is a great opening move, and traditionally you can let out an exited call of ‘shesh besh’ to let everyone in the café know you got off to a cracking start.

In a region divided by politics, it’s encouraging to see the popular game named after the union of two words from two different cultures. The power of games to unite warring factions might seem a strange idea given that games by their nature set up competition and rivalry. The huge preponderance of games of war across the world testifies to a strong linkage between games and real-life combat. And yet the board may be the site for competition and a battle of wits; the act of playing can still create community and connection.

Games for Peace, for example, is an initiative that taps into the power of playing a game together to break down barriers between Israelis and Palestinians. Children from both communities begin by playing games online, working in groups to solve challenges and beat the other teams. The avatars they use mean that players are unaware of which ethnic group other players are affiliated with. Once the teams meet in person, kids invariably seek out the person behind the avatar they have been playing with only to discover that this new gaming friend is from across the political divide. It is a testament to the power of games to create trust and friendship out of competition.

Although Israelis know the game as shesh besh, I was always rather curious about the English name for backgammon, which sounded like it had something to do with choice cuts of ham. It turns out that the name refers to the idea of a back game, a strategy in which you leave pieces in your opponent’s home section to mess up their play in the final stages of the game. It first became associated with the game around the seventeenth century, about the same time that doubles in the dice began to be rewarded with another doubling to speed up game play. A throw of two sixes means you can move four pieces, not just two by six steps. This accelerated tempo is essential to the modern version of the game.

The name backgammon serves to describe two special ways of winning the game. If you manage to clear all your pieces before your opponent has even started removing theirs, then you receive a bonus for winning so conclusively. This is referred to in the modern game as winning a gammon. This doubles the money that you have bet on the game. What’s more, if at the time of your victory your opponent still has pieces in your home quadrant waiting to find their way around the whole board, then you are said to have won a backgammon. This triples the stakes being wagered.

Whenever I play, I’m always pushed to remember the rather curious opening set-up. It might be more reasonable if the game just started with all the pieces off the board. The theory is that the early part of the game, if played like this, is rather dull, and getting the fifteen pieces onto the board and interacting with one another takes some time. At some point in history, someone had the clever idea to start the game midway through. It’s a bit like if two chess players got to know their openings so well that they could take a shortcut to the point where the game starts to take its own unique path. You could always decide to start a game from the point where things get truly interesting.

One of the distinctive features of backgammon is the way players move in opposite directions. This leads to exciting interactions throughout the game. Once the pieces have finally moved past each other, the game becomes simply a race to clear your pieces off the board. But the drama of backgammon often comes from the friction that ensues along the way, such as when you manage to land on your opponent’s unprotected counters and send them back to the beginning again. But caution is in order. That captured piece can wreak havoc on your pieces as it makes its way back around the board.

What I love about backgammon is that it encapsulates many of the characteristics that make a great game: the rules are simple; yet outcomes are rich and varied. It’s got drama and surprise – the dynamics of who’s ahead can change on the throw of the dice – yet strategy is important in placing pieces to block your opponent.

Not only does backgammon embody some of the key characteristics that make a good game, but it also traces its origins to some of the first games played by our ancestors. These were not games of war but racing games, where the aim was to clear your pieces off the board before your opponent.

Although backgammon was a game I came across late in life, it evolved from a racing game that I encountered when I was first falling in love with games as a kid.

2: The Royal Game of Ur
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IT WAS IN THE REFORM CLUB on Pall Mall in London that Phileas Fogg made his bet that he could circumnavigate the globe in 80 days. Just a twenty minute stroll up the road is the place that ignited my own quest to travel the world in search of games: the British Museum. When I was I child, my grandparents lived just around the corner, and I loved to drop by the museum, roaming the corridors and feasting on the extraordinary artefacts on display. I still remember the Saturday morning that I wandered into the Middle Eastern gallery and discovered the Royal Game of Ur.

The game was a thing of beauty. Its board was made not of cardboard, like most of the games I had at home, but of shells inlaid in a delicate wooden box coloured in reds and blues. The game got its name from the Royal Cemetery of Ur, a site located in modern-day Iraq, where it was discovered during excavations by archaeologist Sir Leonard Wooley in the 1920s. The game that was unearthed is thought to date back from 2600 to 2400 BCE.

The board consisted of twenty squares made from shells carved with stunning symmetrical patterns. These squares were arranged in two rectangles of 3 × 4 and 3 × 2 squares with a narrow bridge of two squares joining them. Next to the board was a set of counters, to be placed by each player on the board, and the dice that would be used to play the game. Intriguingly the dice were not shaped like the cubes I was used to throwing on my Monopoly board at home but instead consisted of little triangular-based pyramids that mathematicians call tetrahedrons. Tetra is Greek for ‘four’ and corresponds to the four triangular faces of the pyramids.

Using a pyramid as a die is a curious experience. When it lands after you throw it, there is no face showing, only a corner pointing up at you. Careful scrutiny revealed that two of the four corners of the pyramids were coloured in white, and it seems that players were expected to throw a handful of pyramids and then count the number of white corners showing. The total told you how many squares you could move forward during that turn. Given that a tetrahedron has four corners and two are coloured white, there is a fifty-fifty chance of it landing white spot up. Mathematically this has the same effect as tossing coins and counting the number of heads that are showing.

Still, questions abounded about this game. When I first discovered the board in the British Museum, no instruction manual had been found, and there was little to do other than speculate about how pieces might move along the board. It wasn’t until years later, when I met museum curator Irving Finkel, that I learned that a set of instructions for the game had since been discovered. The great thing about the Babylonians is that they carved their texts into tablets using a script called cuneiform. A reed stylus would be used to make indentations in wet clay that would then be baked in the sun or a kiln to preserve the text. Unlike paper, the resulting tablets were able to survive for thousands of years. When one of these ancient tablets came to light seeming to refer to a game, Finkel took up the challenge of decoding the rules.

The tablet was written by Babylonian scribe Itti-Marduk-balatu on 3 November, 177 (or 176) BCE, which we know because the scribe obligingly signed and dated his text. This meant that it was created a lot later than the game board on display in the museum. The tablet has a grid marked on one side consisting of vertical, horizontal, and diagonal lines and two columns of closely written text on the other. Finkel was also able to make use of photographs of an earlier tablet that had been destroyed during the Second World War to prove that this earlier tablet was describing the same game. This earlier tablet also revealed the true name of the game: the Pack of Dogs.
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At first sight the grid pictured on the tablet looks nothing like the board that the game is played on. The grid portrays eighty-four cells marked out by crisscrossing lines. Still, this turns out to be an essential key to understanding the game. Finkel understood that the drawing should be read as showing twelve sets of seven cells with a central cell surrounded by six others. Inscribed in these central cells were the twelve signs of the zodiac. The temporal order of the signs of the zodiac therefore translated into an order in which these cells in the grid should be read. The six cells around the sign of the zodiac corresponded with a string of strange sentences: Scorpio: ‘You will draw fine beer’; Gemini: ‘You will find a friend’.

This game, it seems, doubled as a fortune teller. Throughout the early history of games, it turns out, there was a close bond between games as leisure activities and means of predicting the future. For the ancients, the way games mimicked life seemed almost magical. The randomness of the throw of a die was a perfect metaphor for the way that one’s fate is determined by external forces.

The game was clearly popular – hundreds of similar boards spanning a period of two thousand years have been discovered in Iraq, Iran, Israel, Jordan, Lebanon, Turkey, Cyprus, Egypt, and Crete. There is even evidence of a very similar game being played in the early twentieth century by the Jewish community in Cochin in India.

Some of these other boards have a different layout, which actually helps make sense of the direction of play and tells us which squares correspond to signs of the zodiac. Rather than the bridge of two squares running into the six squares arranged in a 2 × 3 configuration, these boards featured a long line of eight squares running away from the twelve squares in the 3 × 4 configuration. This meant that the central line of squares was itself twelve squares. It is these squares that seem to correspond to the twelve signs of the zodiac.
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The two columns of cuneiform on the reverse side of the tablet give us the rules of the game in detail. They represent the oldest-known rules for a board game, and yet, even after being translated, their instructions are far from transparent. It is possible that the scribe was actually recording an advanced version of the game played by people who already knew the basic version.

The instructions help us to understand that the players each have five pieces named after birds: a swallow, a storm bird, a raven, a rooster, and an eagle. The pieces look identical, so it isn’t clear if they genuinely had different roles to play according to the birds they represented. (It is believed that chess was actually the first game in which pieces were assigned different functions in game play.) Still, it is possible that, for example, the birds were intended to enter at different points on the board. The game was called Pack of Dogs because the word dog is used in many ancient languages to refer to a gaming piece. One might ask, then, why choose names of birds for the pieces that are otherwise referred to as dogs? One interesting explanation suggests that this has to do with birds passing through the twelve signs of the zodiac, potentially serving to represent the five visible planets as they pass through the twelve constellations of the zodiac. Mars, for example, has traditionally had some association with the raven – the rest of the birds may have had similar celestial counterparts.

The hunch is that players were supposed to sit on either side of the board and play their pieces along the four squares on their side of the board before turning onto the common racetrack of twelve squares shared by both players. The aim was to be the first to get your pieces to the end of the track before your opponent could land on your piece, sending it back to the beginning of the board.

The beautiful symmetrical designs inscribed in the board in shell are meant to do more than decorate the spaces. Rosettes marked special squares where pieces were safe from capture. Also, according to the rules of the advanced game detailed on the tablet, landing on these squares earned your piece a reward. The tablet describes these rewards in rather colourful terms: if the swallow lands on a rosette, it is rewarded with ‘success with a woman’. The other birds earned food or beer. These translated into a different points tally corresponding to the probability that each bird might land on a rosette. The eagle, for example, only enters on the tenth square and so only has two possible rosettes it can land on before it finishes the race. It therefore scores highly if it manages to land on one of these two rosettes. The cuneiform instructions imply that if a piece passes over a rosette without landing on it, then a penalty should be paid from your points tally. The tablet colourfully refers to this as ‘starvation’ or ‘failure with a woman’ for the offending piece.

The resulting game is remarkably sophisticated. It is not simply a racing game but one in which points are being scored, with different roles played by different pieces as they enter the game and an additional narrative layer provided by the possibility of fortune telling.

This game took a long and complex journey to arrive in the British Museum. My nine-year-old self didn’t question why a museum in London should be home to a game from Mesopotamia. But returning to gaze on the game as an adult, I am acutely aware that the fascination of earlier generations with collecting artefacts from around the world robbed those cultures of their heritage. It is a valuable reminder as I make my own journey around the world: there is a fine line between celebrating a culture through an exploration of its games and plundering those games disrespectfully for my own amusement. Even if a physical game isn’t stolen, an idea can be. My journey around the world would quite often reveal to me that games I thought were Western in origin had been inspired without attribution by games in India or Asia.

Its fraught path across the world notwithstanding, the Royal Game of Ur stands as a remarkable monument to the deep-seated human impulse to create and play games. Finkel’s decoding of the rules has provided the game with a new lease of life. On my recent visit to the museum as an adult to retrace my childhood encounter with this ancient game, I discovered that the shop now sells replicas of the Game of Dogs or the Royal Game of Ur, as it is still known. I couldn’t resist buying a copy to take home. It’s not as beautiful as the original, and the instructions are printed on paper rather than carved into a piece of clay. But it is a remarkable thing to be able to play a round of the same game that entertained the Babylonians five thousand years ago.

3: Senet

[image: ]
 
NOT TO BE OUTDONE by their Babylonian neighbours, the ancient Egyptians had their own racing game called Senet. Rather than using the strange-shaped board of the Babylonians, the Egyptians played on a simple 3 × 10 board of thirty squares. Paintings of people playing the game have been found on walls of tombs, one dating back as far as the twenty-seventh century BCE belonging to Hesyre, the chief dentist and an avid games collector. Papyrus doesn’t last as long as a good Babylonian clay tablet, which means that no set of instructions has survived, but the images of people playing the game still give some hint as to its rules.

Players placed their five pieces alternating at the beginning of the board. Very often each player had different-shaped pieces, which might be described as pawns and spools, or lion heads and dogs. The game consisted of a race to the end. Pieces could be captured and sent back to the beginning, as in backgammon, but pieces were considered safe from attack and protected from being jumped if they were in groups of three. 

I still remember the excitement in London when the treasures of Tutankhamun were exhibited in 1972. While most of my friends were obsessed with the mummies, the amazing gaming boards caught my attention – since Senet boards were not just documented in pictures but buried alongside other treasures bound for the afterlife. Of the five versions of the game in Tutankhamun’s tomb, one mounted on a wooden sleigh-like structure was particularly impressive. Made of ebony and ivory, the board had a drawer underneath in which the game pieces would be stored. Players who couldn’t afford such ornate boards made do by carving the 3 × 10 grid into the flat rooftops of buildings. One of the most recent examples of the board dating from the first century AD was found sketched on the roof of the hypostyle hall of the Temple of Hathor at Dendera in Egypt.

There is a special significance in the Egyptians’ decision to bury this game alongside dead pharaohs. The name Senet means ‘passing through’, because it was not just a game but also a narrative depicting the passage into the afterlife. At the end of each board, five squares were marked for the particular significance they carried both in game play and in the journey from life to death. The fifth square from the end boasted a circle connected to a ‘+’ symbol and was referred to as the House of Happiness. Land here and you were safe from being captured or jumped by your opponent. The next square along, marked with an X or wavy lines, was called the House of Water. Land here and you would be sent back to a square in the middle of the board called the House of Rebirth. The last three squares had the numerals III, II, and I, each denoting the score needed to play the pieces off the board and into the hereafter. Some boards replace the numbers with birds representing the soul on its final journey. Senet was at once a game and a depiction of the quest for immortality in the afterlife.

In the possession of the British Museum there is a beautiful papyrus showing Hunefer, a royal scribe, playing the game of Senet in the Book of the Dead that describes his own burial. It seems probable that he might even have written his own Book of the Dead given that he worked as a scribe. On a page illustrating the ceremonies carried out at the entrance of the tomb on the day of burial, Hunefer is seen sitting in a booth playing the game as if already fighting fate for his place in the afterworld.

Another depiction of the game, dating from 2300 BCE and found on a wall in the tomb of Pepi-Ankh at Meir, includes some fantastic hieroglyphic banter between the players. One player boasts, ‘It has alighted. Be happy my heart, for I shall cause you to see it taken away.’ But his opponent isn’t ready to concede quite so quickly: ‘You speak as one weak of tongue, for passing is mine.’

As a mathematician, I regard the Babylonian and Egyptian civilizations as representing a turning point in our species’ development. They were the first to move from simply counting and measuring to doing really interesting mathematics. It’s striking that these two civilizations were also the first to create intricate rule-based games, which suggests that there’s something to my hunch that mathematics and games have a deep and intimate relationship.

To create a game is to set out rules for how pieces on the board behave. Those rules should be simple, but the logical consequences should be rich and varied. They should be consistent and make sense, not resulting in confusion or contradictions. In creating these games, both civilizations demonstrated a recognition that the world around them was bound by mathematical rules. They also revealed a confidence that it was possible to understand those rules and even exploit them to tame your environment. Understand the patterns behind the flooding of the Nile and you could win the agricultural game of life. Master the mathematical rules of construction and you could build an empire as great as Babylon’s.

Yet the fun of playing games was still in a primitive state. While Senet shares much in common with the racing style of the Royal Game of Ur, it is far more tedious, and it certainly doesn’t match the drama of backgammon. Your piece gets stuck at the end of the journey, waiting to make its move to the end of the board. Senet just doesn’t have the same ebb and flow as the Babylonian game. Moreover, although both civilizations were great at mathematics, I would also rate the Babylonians as the more mathematically accomplished. Take the way the two wrote their numbers. The Egyptians had to invent new hieroglyphs for ever larger numbers. The Babylonians had cottoned on to the clever idea of the place-number system.

That said, the Egyptians made great strides in geometry, coming up with a clever formula for the volume of a pyramid (useful for working out how many blocks would be needed to build the amazing structures in the desert of Giza). But the Babylonians had already found algorithms for solving quadratic equations, useful for – well not really useful for much but a fun exercise anyway, since they had taken up the idea that mathematics might be a source of enjoyment. Both civilizations realized the importance of pi and came up with different strategies to calculate the ratio of the circumference of a circle to its diameter. The Egyptians estimated it to be about [image: ] (roughly 3.16), while the Babylonians estimated pi to be about [image: ] (3.125). As we shall see, playing a game might actually have led to some of these accurate estimates for this important number.

The British Museum has a rather hilarious papyrus dating from 1250 to 1150 BCE depicting animals playing board games, a theme repeated many times through history.

Many have celebrated both the Royal Game of Ur and Senet as early forerunners of backgammon. Both games are about racing, not fighting. The Royal Game of Ur has the aspect of different directions of play for different players that we find in backgammon. Both games see counters returned to the beginning of the race if they are captured. Due to its better game mechanics, the Royal Game of Ur is successful outside Babylon, while Senet boards are confined to the Egyptian Empire, though they managed to survive for thousands of years even so. Perhaps the fact that it was seen not just as a game but as an integral part of the process of death and the passage to the afterlife gave it such lasting resonance in Egypt. Other ancient artefacts testify to a similar deep-seated reverence for death, fate, and chance.

4: Rolling Bones
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THE ONE INVENTION THAT backgammon, Senet, and the Royal Game of Ur all rely on is the concept of the die. This object of chance is probably more ancient than all these games. I discovered this when I played the role of amateur archaeologist for a day.

Some years back, on a trip to Israel, I took my children to an archaeological dig in Beit Guvrin. I was frankly rather surprised that they let a family of untrained archaeologists loose on such an ancient site, but the leader of the dig explained to us that it was because the site was such a popular location for people to settle in ancient times. Consisting of layer upon layer of ancient settlement, there simply was so much stuff in the site that the archaeologists were happy to tolerate a few broken pots in exchange for our unskilled labour.

We did indeed dig up a good range of bits of pots, some with interesting designs though most just boring bits of clay. We also dug out a good number of bones that we assumed were the remains of ancient dinners. But the archaeologist guiding our dig surprised us by announcing that these were in fact one of the earliest examples of dice, known as knucklebones. Such bones are predominantly the ankle bones of hooved animals like sheep, bones that are called astragali in the trade. It is generally believed that, unless animal ankles were some culinary delicacy at the time, these bones were chosen because of their particular shape.

Ankle bones are almost symmetrical, and like little extended cuboids, they naturally fall on one of four sides when thrown, making them very good candidates for use as dice. The preponderance of these particular animal bones in sites like that at Beit Guvrin suggest that ancient humans were already enjoying games of chance. The archaeological site in Beit Guvrin only dates back some two thousand years, but other examples have been found in sites that are seven thousand years old.

In August 2022, a rather extraordinary collection of bones was dug up in Beit Guvrin. Most of the knucklebones that had been dug up in the site previously didn’t have any inscriptions, but this new collection of 530 bones was rather different. Dating from the Hellenistic period two thousand three hundred years ago, some of the dice had names of Greek deities, like Aphrodite, the goddess of fertility, and Hermes, the god of trade, carved on their sides. Others featured more down-to-earth inscriptions, like ‘thief’ or ‘prisoner’ or ‘stop’. Tablets found alongside the dice included instructions for how to play, and a few of the bones were filled with lead to even up the throw of the dice. 

The reason the find is so significant is that most of the bones that had been excavated, including the bones we dug up, didn’t have anything carved into the sides. In the words of Israeli archaeologist Dr Lee Pri-Gal, the find was ‘very rare in both quality and quantity of the inscriptions on the bones. The collection indicates that in times of doubt, humans were searching for answers through external forces, like magic and gods. In ancient times, people – and women in particular – dealt with constant uncertainty and tried to defend themselves using magic. Since these dice were considered lucky charms, people would place them at the entrance to their home, hoping they would bring them luck.’

It appears that the asymmetry of the bones might have been important in scoring different throws. The Romans had different names for each side according to their shape: the belly, the hole, the ear, and the vulture. In Mongolia, where the gaming bones are called shagai, different sides are named after animals: horse, camel, sheep, or goat. The bones can sometimes rarely land on a fifth side, although this is pretty unstable. The Mongolians refer to this side as the cow.

The different shapes of the faces translate to different chances of their landing face up. That in turn means that the rarer sides can score different points than the more common sides. The sides corresponding to the belly and the hole in Roman terminology are much broader than the other two sides. Roman gamers therefore assigned these rarer sides scores of six and one and the flatter sides scores of three and four, accounting for the fact that both extreme good and bad luck happens rarely. Modern analysis of these bones has revealed that the rare sides have a one-in-ten chance of being rolled, while the broader sides each land about four out of ten times.

In the cuneiform tablet describing the advanced rules for the Royal Game of Ur, the scribe actually refers to the use of two different-sized ankle bones: one of a sheep and one of an ox. Finkel speculates that having thrown the sheep die, players could gamble on doubling up the score or losing their go by throwing the ox die, rather similar to the idea of the doubling cube in backgammon, which I will come to at the end of the chapter.

The Romans are known to have played games casting four of these bones, although Roman law required that gaming be limited to Saturnalia, the Roman holiday in December in honour of Saturn. Throwing a complete set of ones was sometimes known as ‘scoring a dog’; sometimes the roll was referred to as ‘the vulture’. It seems that throwing ‘Venus’, an outcome where all sides are different, was regarded as a winning move. As the emperor Augustus writes, ‘We gambled like old men during the meal both yesterday and today, for when the dice were thrown whoever turned up the dog or the six put a denarius in the pool for each one of the dice, and the whole was taken by anyone who threw the venus.’ The emperor Claudius was so addicted to gaming that Suetonius documents in his The Lives of the Emperors, ‘He actually used to play while driving, having the board fitted to his carriage in such a way as to prevent his game from being disturbed.’

The bones not only were used as dice but also appeared in versions of games still played worldwide today. Players could demonstrate manual dexterity by picking up the bones in turn in some prescribed manner. A player must throw a ball in the air with one hand and pick up another bone with their other hand before the ball lands.

Once again these games also doubled up as a way of telling fortunes. Romans would enter the temple, and either they would pick up four or five dice themselves or the priest would cast them as a way of asking the oracle to predict their future. A result of three fours and two sixes, known as ‘the throw of child-eating Cronos’, was accompanied by the following omen: ‘Abide in thy house, nor go elsewhere, lest a ravening and destroying beast come nigh thee. For I see not that this business is safe. But bide thy time.’

Tibetan temples also used dice and an 8 × 7 board in order to predict what a person might be reborn as after reincarnation. However, as Laurence Waddell, a Victorian scholar of Buddhism, discovered on a visit to Tibet, the priests were not exactly playing fairly. ‘The dice accompanying my board seems to have been loaded so as to show up the letter Y, which gives a ghostly existence, and thus necessitates the performance of many expensive rites to counteract so undesirable a fate.’ The priests were using loaded dice, then cashing in on the bad omens that resulted. 

As time went on, it seems that games demanded a shape where no side was favoured over any other. Symmetry was the solution. And so players started to carve these bones into shapes that would make a fairer kind of dice. As an unexpected side effect, this exploration may well have led to the mathematical discovery of the Platonic solids.

5: Symmetrical Dice
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GIVEN THAT THE KNUCKLEBONES landed on one of four sides, it is perhaps understandable that the first purely symmetrical dice to appear on the scene took the form of the little tetrahedrons that so perplexed my younger self when I first glimpsed the Royal Game of Ur. The first gamer seeking to carve a set of knucklebones into a four-faced shape that was symmetrical would have produced four faces in the shape of equilateral triangles, which would land with a point sticking up in the air. Though the evolution of a knucklebone’s elongated cuboid into a symmetrical tetrahedron was a significant step forward, a few steps remained before humans would hit upon the six-faced cube that most of us are used to gaming with today.

Cube-shaped dice made from clay or pottery started to emerge at the beginning of the third millennium BCE. At a site in northern Iraq called Tepe Gawra, archaeologists have discovered recognizable dice with pips marked on the sides from one to six. Similar terracotta dice have popped up in northern India and Pakistan from the Harappan civilizations created between 2600 and 1900 BCE. These ancient dice are laid out with a two on the face opposite the face with a three, a four opposite a five, and a six opposite the one. It wasn’t until cubeshaped dice emerged in Egypt in 1370 BCE that the modern arrangement arose, where opposite sides add up to seven. Besides suffering from an uneven shape, knucklebones lack uniform density, which meant that even symmetrical dice carved from bone could be imbalanced by pockets of air. Gamers must have discovered that repositioning numbers so that a high score on one face was paired with a low score on the opposite face served to even up any asymmetry that the cube might have.

Various texts reveal that dice played a part in many different cultures. The Hindu epic the Mahabharata, written around 300 BCE, depicts a game of dice between Yudhisthira and the Kauravas. The Kauravas owned a pair of dice that magically did their bidding and produced whatever numbers they desired – in other words, the dice were rigged. Yet Yudhisthira was so convinced that you couldn’t predict or control the outcome of the dice that he lost all his wealth, his kingdom, his brothers, and eventually his own freedom, ending up in exile for thirteen years.

The Old Testament often mentions the casting of lots to make decisions, which some have interpreted as the throwing of some sort of dice. They feature, for example, in the story of Jonah and the whale. The sailors used dice to decide which passenger to throw into the sea to appease the storm that was battering their boat, singling out Jonah as the victim. His luck changed when he was swallowed by the whale, which spat him out alive and well three days later.

The cube and the tetrahedron are not the only symmetrical shapes available for gaming, as any player of Dungeons & Dragons knows well. The discovery of more esoteric shapes for dice came later and can be seen in far-flung sites around the world.

There is evidence that at the same time as the Royal Game of Ur was being played with its tetrahedral dice, another contemporary culture was starting to explore symmetrical shapes that would eventually become recognizable as dice. Hundreds of carved balls made of basalt or sandstone, dating back to 2500 BCE, have been discovered in the heartland of Aberdeenshire in northern Scotland. Etched into the sides of the balls are geometrical patterns. The Neolithic sculptors appear to have played around with different symmetrical arrangements of knobs, which almost resemble patches on a soccer ball.

The Ashmolean Museum in Oxford has a wonderful collection of these stone balls, which I recently had the chance to see in person. As big as a closed fist, the balls are very satisfying to hold in the hand. As well as arrangements of six patches and four patches corresponding to the symmetry of the cube and tetrahedron, the balls reveal that the sculptor was experimenting with other possibilities, including 8, 12, 14, and even 160 faces. Because my own research is dedicated to trying to discover new symmetrical objects in higher dimensions – the dice of hyperspace, you might say – there is something particularly moving about being allowed to hold the stones that humans were using to explore symmetry five thousand years ago.

It is not clear what purpose these balls served for the Neolithic culture that carved them. There is some speculation that they were used in divination. Some have suggested that they were used as symbols of authority by clan leaders. They have never been found in tombs, and so it has been suggested that they may have been significant more to the tribe than to a particular member of the group. They don’t seem to be obviously part of any game, as far as we can tell.

But perhaps we are being too closed-minded in trying to find a definite use for these shapes. Perhaps this is evidence of the first mathematicians emerging and being fascinated by the possible symmetries they could make. These sculptors might have discovered that shapes with eight or twelve faces seemed easier to arrange than those with other numbers. They were onto something: two new possible die shapes beyond the cube and tetrahedron.

It isn’t until 500 BCE, near Bologna, that these new shapes appeared on the scene: the octahedron, made up of eight equilateral triangles, and the dodecahedron, with twelve pentagonal faces. It was the Romans who discovered that twelve pentagons could be carved out of a ball of stone in such a way that no face was favoured over any other. The symmetry made it an ideal candidate for a new die. Examples of these dice have featured Etruscan-Roman numbers carved onto the twelve faces of the shape. Archaeologists have also recovered examples of this shape carved with the twelve signs of the zodiac.

The twelve-pentagon die is quite a sophisticated shape. The Romans may have been drawn to carve out these twelve-sided symmetrical shapes because they were familiar with fool’s gold, a compound otherwise known as pyrite, which often arranged itself into eye-catching crystals. As it was often found alongside copper, miners would have been used to seeing it both in its cubic form and in large lumps made up of pentagonal crystals. The crystals are not completely symmetrical and wouldn’t be suitable as dice on their own. But their distinctive shape might have provided the inspiration for Roman sculptors to discover that they could actually cut the sides so that each was a perfect pentagon.

Up until this point in history, the making of dice seems the product of creativity and experimentation and not what we would regard as a linear scientific endeavour. The first appearance of the octahedron and dodecahedron in antiquity marks the arrival of the first real mathematicians on the scene. And these mathematicians were interested in a more analytic approach to dice-making and the arrangement of symmetrical faces.

Plato took up the challenge to begin a more systematic study of solid three-dimensional shapes. In 387 BCE he set up an institution, the Academy, devoted to research and the teaching of science and philosophy. The visitors to the Academy were greeted by a sign that announced, ‘Let none ignorant of geometry enter here’, a slogan that today adorns the entrance to the Mathematical Institute in Oxford. During discussions at the Academy, Plato’s friend Theaetetus began to understand the principle that underpins the symmetry of shapes. Plato described his friend as having a snub nose and protruding eyes but a mind of beauty. And he would ultimately be remembered for his genius in capturing the abstract mathematics of symmetry.

Around the same time, early mathematicians recorded the discovery of another amazing symmetrical shape. Starting with five equilateral triangles arranged in a pyramid configuration, Theaetetus found that you could keep building such that one ensured that five triangles met at each new point of the shape as it evolved. It is a difficult shape to visualize, which is probably why it was the last symmetrical die to be discovered.

It must have been a wonderful moment for the first person who’d started to piece together triangles five at a time round a point, gradually building and seeing the shape evolve into a perfect shape with twenty triangular sides. It is not a shape that anyone had seen before in the natural world. Nor is its construction intuitive: one cannot piece together nineteen or eighteen triangles to create a shape where all the triangles meet in such a symmetrical manner. Only an intentional act of mathematical creation could bring this twenty-sided symmetrical shape into existence: the icosahedron.

This proved to be the last missing die. The ancient Greeks would go on to prove that there are only five possible dice that you can carve with all faces made up of the same two-dimensional symmetrical shape. This proof is the highlight of Euclid’s great text, the Elements, which essentially launches the analytic art of doing mathematics. Once again, humanity’s love for games and its wonder at mathematical discovery are intimately connected.

The mathematicians of antiquity had successfully created these dice, but it was not until the seventeenth century that the mathematics of how those dice behaved was finally worked out. In the intervening centuries, the roll of a die was considered unknowable and in the lap of the gods. It took two French mathematicians, Blaise Pascal and Pierre de Fermat, to wrestle the die out of the hands of gods and into the domain of man. They realized that even if an individual throw might be unpredictable, in the long run dice could be tamed. Probability theory, the mathematics of chance, proved revolutionary in both mathematics and the playing of games.

6: The Doubling Cube
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THOUGH OUR TIME IN THE Middle East is almost at an end, we should double back one more time, as if we were playing one of the early racing games, to survey another ancient feature of humanity’s love affair with games. If you open a modern backgammon board, then alongside the two dice used to race the counters around the board, you will find a rather curious third die. This die is responsible for another important component of playing games: gambling. Not simply content with winning a game, players were interested in raising the stakes of the games they were playing, risking money, possessions, and even their lives if they lost.

Gambling is found in ancient texts from the Bible to the Mahabharata, and to this day hundreds of billions of dollars are regularly staked on games of chance – yet this aspect of gaming has run into conflict with certain sections of society throughout human history. Gambling is inconsistent with many religious beliefs. Governments have prohibited their citizens from risking their livelihoods on the throw of a die. It is very addictive, and a self-destructive proclivity to gamble has been recognized by the Diagnostic and Statistical Manual of Mental Disorders as a psychological disorder in its own right. Simply put, gambling makes games dangerous. It could also be argued that if making money via gambling is the primary drive for playing a game, it no longer qualifies as a game at all but becomes instead a form of work.

Though ancient backgammon players certainly gambled, the doubling cube represents a surprisingly recent addition to the game. When backgammon reached the United States, American clubs added a new component to the game in the 1920s: the doubling cube, which features six powers of two on its sides: 2, 4, 8, 16, 32, and 64. At any point in the game, a player who feels confident of winning can take the doubling cube and challenge their opponent to double the wager. They do this by placing the side showing the two uppermost on the cube. If the player being challenged feels the game is unwinnable, they can refuse the double and forfeit the game for the agreed wager. However, once the challenge is accepted, the game continues with twice the prize at stake.

If the tide turns and the challenged player feels confident that they are now in a position to win, then they can take possession of the doubling cube and offer to double the wager again, turning the doubling cube onto the side showing the four. The game can ebb to and fro like this, with the gambling cube bouncing between the players, doubling in value each time. The doubling cube owes its success
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