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INTRODUCTION

The pocket calculator is predicated on two things: calculation and pockets. And though humanity can rightfully claim to having placed the one into the other, when it comes to inventing them, nature got there first. Both times.

Consider, briefly, the pocket. The oldest known pocket worn by a human, in the form of a leather pouch strung onto a belt, is at least five thousand years old. This prehistoric receptacle was discovered in 1991 when a pair of hikers walking in the Italian Ötztal Alps came across a slumped, emaciated corpse entombed in glacial ice. At first thought to be a music teacher who had gone missing during World War II, the body was later determined to be that of a Neolithic hunter who had been wounded by a blow to the head and left on the mountain to die many thousands of years earlier. At the time of his death, Ötzi the Iceman, as he was christened, wore a leather belt and a pouch containing flint and bone tools and a piece of a fungus often used as tinder.1 Some latter-day commentators have maligned Ötzi’s pouch as a fanny pack, but let us not be distracted by such name-calling: this was a pocket, and an ancient one at that.2

Yet the clever use of gravity to hold things that might otherwise escape is not a human invention. Pockets have spontaneously manifested across a variety of species, phyla, and even kingdoms, with kangaroos, pitcher plants, and sea otters being only a few of nature’s more charismatic possessors of pockets. As a case in point, prehistoric marsupials called Peratherium are known to have lived in North America around 45 million years ago, making animal pockets at least nine thousand times older than humanity’s first known effort.3 Nature laughs at Ötzi’s pocket.

Perhaps more surprising than Homo sapiens’ belated discovery of pockets is that many animal species can count and, almost certainly, have been counting since long before humans existed. Scientists have conducted experiments on baboons, for example, in which peanuts were inserted into two separate caches so that the monkeys could not see the overall amounts of food in each cache. The only way the baboons could have selected the better-stocked larder—which they did, almost three-quarters of the time—was to have counted the food parcels as they were inserted.4

Nor is counting limited to mammals. Ravens and other corvids are famously intelligent, having been seen in the wild to use tools (and perhaps even weapons) and having also solved logical puzzles in experimental contexts.5 In the first half of the twentieth century, German zoologist Otto Köhler took things a stage further by demonstrating that ravens could count up to seven. Pigeons managed five, he recorded, budgerigars and jackdaws six.6 Later, in the 1980s and 1990s, an animal psychologist named Irene Pepperberg taught Alex, an African Grey parrot, to count up to six. Not much for ravens to worry about, then, except that Alex also mastered the concept of “none,” or zero, an idea that humanity had not seriously investigated until the third or second century BCE.7

Fish count too. Experiments with guppies demonstrated that they preferred to join larger groups of the same species. Intriguingly, the guppies also showed hints of what is called numerosity—not the ability to count, exactly, but rather to estimate relative sizes or quantities where counting individual items is no longer practical.8 When presented with small groups of up to four fish each, the guppies were able to consistently distinguish between them, but beyond that, bigger groups had to be at least twice as large as smaller groups for the guppies to tell the difference.9

Turning to even smaller creatures, some ants can communicate numeric quantities to one another, exploring mazes and instructing their comrades to follow the same paths by counting off junctions.10 Some spiders also count, although Portia africana, a central African jumping spider that has been shown to hesitate when presented with an unexpected number of prey, seems to lose track after the number two.11

There is something primal about counting, in other words, independent as it is of possessing a language, a large brain, or even a backbone. And if we can observe it in today’s animals, it is likely to have arisen in their ancestors millions of years in the past as an evolutionary response to the natural world.12 That same evolutionary response has shaped humans too: babies look longer at sets of objects from which some have been unexpectedly removed, suggesting that they must have counted those objects and they are surprised when some are missing.13 If (and forgive the reach) the pocket is a natural consequence of gravity, counting might be said to be a natural consequence of being alive. To live is to count, and to count is to calculate.

Of course, human beings are nothing if not contrary. Endowed with a preternatural facility for calculation in both our conscious and subconscious minds, we have nevertheless spent most of recorded history trying to raise ourselves above this most fundamental part of the human condition. Why count, we asked ourselves for millennium after millennium, when a machine could do it for us? Increment by increment, we arrived at an answer. There exist pockets; there exists counting. For a brief, halcyon moment at the tail end of the twentieth century, we put one into the other, and everyone took notice.


1 THE HAND
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Figuring out when humans began to count systematically, with purpose, is not easy. Our first real clues are a handful of curious, carved bones dating from the final few millennia of the three-million-year expanse of the Old Stone Age, or Paleolithic era. Those bones are humanity’s first pocket calculators: For the prehistoric humans who carved them, they were mathematical notebooks and counting aids rolled into one. For the anthropologists who unearthed them thousands of years later, they were proof that our ability to count had manifested itself no later than 40,000 years ago.1

In 1973, while excavating a cave in the Lebombo Mountains, near South Africa’s border with Swaziland, Peter Beaumont found a small, broken bone with twenty-nine notches carved across it. The so-called Border Cave had been known to archaeologists since 1934, but the discovery during World War II of skeletal remains dating to the Middle Stone Age heralded a site of rare importance. It was not until Beaumont’s dig in the 1970s, however, that the cave gave up its most significant treasure: the earliest known tally stick, in the form of a notched, three-inch long baboon fibula.2

On the face of it, the numerical instrument known as the tally stick is exceedingly mundane. Used since before recorded history—still used, in fact, by some cultures—to mark the passing days, or to account for goods or monies given or received, most tally sticks are no more than wooden rods incised with notches along their length. They help their users to count, to remember, and to transfer ownership.3 All of which is reminiscent of writing, except that writing did not arrive until a scant 5,000 years ago—and so, when the Lebombo bone was determined to be some 42,000 years old, it instantly became one of the most intriguing archaeological artifacts ever found.4 Not only does it put a date on when Homo sapiens started counting, it also marks the point at which we began to delegate our memories to external devices, thereby unburdening our minds so that they might be used for something else instead. Writing in 1776, the German historian Justus Möser knew nothing of the Lebombo bone, but his musings on tally sticks in general are strikingly apposite:

The notched tally stick itself testifies to the intelligence of our ancestors. No invention is simpler and yet more significant than this.5

It is not clear what quantity the twenty-nine notches carved into the Border Cave’s baboon fibula represents. It is a number, that much is known: had the bone been purely decorative, the notches would have been added all at once, but four different tools were used over time to add to the count.6 As such, the Lebombo bone is likely to be the earliest mathematical device ever found. (Sadly, it is too great a leap to call it the earliest known pocket calculator. Humans started wearing clothes around 170,000 years ago, but pockets themselves, as evidenced by Ötzi’s pouch, are probably no more than a few thousand years old.)7

If the Lebombo bone answers the question, at least partly, of when humans learned to count, it leaves another one unanswered: How did they learn to do so?
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[image: imag] The Lebombo bone, a baboon fibula bearing twenty-nine notches carved by four separate tools and dating to the Middle Stone Age, is thought to be the oldest known mathematical artifact. McGregor Museum, Kimberley, South Africa. Photo: Robert Hart.

[image: imag]

Counting, fundamentally, is the act of assigning distinct labels to each member of a group of similar things to convey either the size of that group or the position of individual items within it.8 The first type of counting yields cardinal numbers such as “one,” “two,” and “three”; the second gives ordinals such as “first,” “second,” and “third.”

At first, our hominid ancestors probably did not count very high. Many body parts present themselves in pairs—arms, hands, eyes, ears, and so on—thereby leading to an innate familiarity with the concept of a pair and, by extension, the numbers 1 and 2. But when those hominids regarded the wider world, they did not yet find a need to count much higher. One wolf is manageable; two wolves are a challenge; any more than that and time spent counting wolves is better spent making oneself scarce. The result is that the very smallest whole numbers have a special place in human culture, and especially in language. English, for instance, has a host of specialized terms centered around twoness: a brace of pheasants; a team of horses; a yoke of oxen; a pair of, well, anything. An ancient Greek could employ specific plurals to distinguish between groups of one, two, and many friends (ho philos, to philo, and hoi philoi).9 In Latin, the numbers 1 to 4 get special treatment, much as “one” and “two” correspond to “first” and “second,” while “three” and “four” correspond directly with “third” and “fourth.” The Romans extended that special treatment into their day-to-day lives: after their first four sons, a Roman family would typically name the rest by number (Quintus, Sextus, Septimus, and so forth), and only the first four months of the early Roman calendar had proper names. Even tally marks, the age-old “five-barred gate” [image: imag] used to score card games or track rounds of drinks, speaks of a deep-seated need to keep things simple.10

Counting in the prehistoric world would have been intimately bound to the actual, not the abstract. Some languages still bear traces of this: a speaker of Fijian may say doko to mean “one hundred mulberry bushes,” but also koro to mean “one hundred coconuts.” Germans will talk about a Faden, meaning a length of thread about the same width as an adult’s outstretched arms.11 The Japanese count different kinds of things in different ways: there are separate sequences of cardinal numbers for books; for other bundles of paper such as magazines and newspapers; for cars, appliances, bicycles, and similar machines; for animals and demons; for long, thin objects such as pencils or rivers; for small, round objects; for people; and more.12

Gradually, as our day-to-day lives took on more structure and sophistication, so, too, did our ability to count. When farming a herd of livestock, for example, keeping track of the number of one’s sheep or goats was of paramount importance, and as humans divided themselves more rigidly into groups of friends and foes, those who could count allies and enemies had an advantage over those who could not.13 Number words graduated from being labels for physical objects into abstract concepts that floated around in the mental ether until they were assigned to actual things.

Even so, we still have no real idea how early humans started to count in the first place. Did they gesture? Speak? Gather pebbles in the correct amount? To form an educated guess, anthropologists have turned to those tribes and peoples isolated from the greater body of humanity, whether by accident of geography or deliberate seclusion. The conclusion they reached is simple. We learned to count with our fingers.14

[image: imag]

A 1913 survey of the number words used by several Native American tribes found that many of those words were related to “finger,” “thumb,” and “hand.” Counterintuitively, perhaps, despite the general possession of ten fingers per person, fewer than half of those tribes counted in multiples of ten. About a third used systems that revolved around the number 5, which was often referred to as “fingers finished,” “all finished,” “gone,” or “spent.” A further tenth of the tribes used vigesimal schemes based on the number 20 (“all hands and feet”), while a few contrarian outliers used 2-, 3-, and 4-based systems with less obvious connections to human anatomy.15

Fifteen years earlier, a group of scientists from Cambridge, England, had made a series of visits to the islands of the Torres Straits, strung between Papua New Guinea to the north and Australia to the south.16 A. C. Haddon, the driving force behind the expeditions, recounted

There was another system of counting by commencing at the little finger of the left hand, kotodimura, then following on with the fourth finger, kotodimura gorngozinga (or quruzinger); middle finger, il get; index finger, klak-nětoi-gět; thumb, kabaget; wrist, perta or tiap; elbow joint, kudu; shoulder, zugukwoik; left nipple, susu madu; sternum, kosa, dadir; right nipple, susu madu, and ending with the little finger of the right hand.17

In this way, Haddon said, starting on one side of the body and traversing over to the other, the islanders could count to nineteen. More recently, a math teacher named Glen Lean catalogued the number words for 883 of the 1,200 known languages from Papua New Guinea and Micronesia and found that the use of fingers for counting was foundational to many of those languages. Like the Torres Strait islanders, the Papua New Guineans then carried on to the forearm, elbow, eyes, nose, ears, and other body parts.18 A study of Yupno, a language indigenous to Papua New Guinea’s Finisterre Mountain range, recorded that Yupno men added their testicles and penis for good measure, allowing them to count to thirty-three using body parts alone.19

Hold my earliest attested beer, an ancient Sumerian might have said.20

From the sixth millennium onward, the valley between the Tigris and the Euphrates Rivers—Mesopotamia, the ancient Greeks called it, the “land between rivers”—harbored one of the world’s earliest civilizations.21 Having mastered animal husbandry and the cultivation of crops, Mesopotamian farmers became the engine of a new agrarian economy. Almost from the beginning, it seems, they used small clay tokens an inch or so in size, hand-rolled into the shape of spheres, cones, disks, and other simple shapes, to keep records.22 Each shape stood for a fixed quantity of some good or other: A cone represented a small quantity of cereal, a sphere a larger amount, and a flat disk the largest. Ovoids were jars of oil; cylinders and rounded disks were farm animals; and so on.23

Around 3300 BCE, as Mesopotamia’s scattered farming communities began to coalesce into the patchwork of city-states called Sumer, their use of tokens became more sophisticated. At first, batches of tokens were wrapped in clay balls called bullae and marked with personal seals to create records of important transactions. Later, the surfaces of those bullae were impressed with the tokens to be sealed inside so that a bulla’s contents could be divined without having to break it open. Once it became apparent that the signs on the outside were as useful as the tokens on the inside, the tokens themselves became surplus to requirements—and the signs, says a theory first proposed by French-American archaeologist Denise Schmandt-Besserat, evolved into the distinctive angular form of cuneiform writing.24

Cuneiform tablets show that the Sumerians and their successors, the Akkadians and Babylonians, used sexagesimal numbers. That is, their numerical system was rooted in the number 60. Whereas decimal gives rise to round numbers such as 1, 10, and 100 (or 10 squared), the Sumerians counted in terms of 1, 60, 3,600 (or 60 squared), and so on. There are practical advantages to this, since 60 can be divided into whole numbers by 1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30, and 60, but, as E. F. Robertson, late of St. Andrews University in Scotland, points out, it is rare for a culture to choose the base for its number system.25 More often, as illustrated by those Native American tribes, it naturally settles upon a base when it begins to count. Counting on five fingers leads to the quinary system, or base 5; two hands lead to decimal, or base 10; two hands and two feet to base 20, or vigesimal. How, then, did the Sumerians land on base 60?

The answer lies in the Sumerians’ tokens and bullae. Successive scholars have noted that the shapes made when tokens were pushed into the soft clay of a bulla appear to be very similar to the number symbols used on the earliest “proto-literate” clay tablets. That is, the shapes and the values of physical tokens seem to have carried over directly to the written sexagesimal numerals used by the earliest literate Sumerians. As such, the ancient Mesopotamians must have been counting in base 60 on their fingers long before they, or, indeed, anyone else on the planet, could set out numbers in writing.26
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[image: imag] A bulla, opened and since repaired, and the tokens that it once enclosed. Made between 3700 and 3200 BCE, the tokens are thought to represent wages for four days’ work, four quantities of metal, a single large quantity of barley, and two smaller amounts of some other, unknown commodity. This is one of fewer than 250 extant bullae. The Schøyen Collection MS 4631. The Schøyen Collection, Oslo and London.

The Mesopotamians’ unique counting method is thought to come from a mix of a duodecimal system that used the twelve finger joints of one hand and a quinary system that used the five fingers of the other. By pointing at one of the left hand’s twelve joints with one of the right hand’s five digits, or, perhaps, by counting to twelve with the thumb of one hand and recording multiples of twelve with the digits of the other, it is possible to represent any number from 1 to 60. However it worked, the Mesopotamians’ anatomical calculator was a thing of exceptional elegance, and the numbers they counted with it echo through history. It is no coincidence that a clock has twelve hours, an hour has sixty minutes, and a minute has sixty seconds.27
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The sumerians’ method of finger-counting died with them, but their contemporaries in Egypt and their successors across the ancient world shared a common system that endured for more than three millennia. It is hinted at, in the manner of a Dan Brown conspiracy, by clues scattered at picturesque intervals throughout history and across geographies. Most of these clues are fragmentary and elliptical; one, finally, explains the mystery.28

One of the earliest signs of an alternative finger-counting method appeared on the walls of an Egyptian tomb in S·aqqārah, a sprawling cemetery located outside the country’s ancient capital, Memphis, in the twenty-sixth century BCE. A painted scene shows three men gesturing to one another, hands raised and fingers bent deliberately into different poses, as scribes record their dealings and workers fill buckets with grain. It is clearly a transaction, but an opaque one.29

Pliny the Elder, a Roman writer, soldier, and civil servant who lived during the first century CE, is famous for having documented the world around him in precise if not accurate detail.30 Emblematic of his compendious, rambling approach is the sixteenth chapter of the thirty-fourth volume of his masterwork Naturalis Historia (Natural History), in which he recounts the history of statuary in Italy. In passing, Pliny mentions a statue of Janus, the two-faced god, that had been sculpted so that its fingers formed the number of days in the year, “thus denoting that he is the god of time and duration.”31 Some versions of Pliny’s words say that Janus signaled 355 days, while others propose 365; either may be true, since the number of days in the Roman calendar year had been adjusted before Pliny’s time and the age of the statue is unknown.32 Whichever is the case, the sculptor must have known of a system capable of counting significantly higher than the Mesopotamian maximum of sixty.

A few decades later in Greece, Plutarch, a biographer of the famous and the doomed, recounted the words of one Orontes in whom the two traits overlapped:

Orontes, the son-in-law of King Artaxerxes, falling into disgrace and being condemned, said: As arithmeticians count sometimes myriads on their fingers, sometimes units only; in like manner the favorites of kings sometimes can do everything with them, sometimes little or nothing.33

In classical antiquity, a myriad was a unit of ten thousand, and so Orontes was intimating that mathematicians could count to ten thousand or above using only their fingers.34 Again, things had clearly moved on from the Mesopotamians’ base 60, although Plutarch, like Pliny, was light on the details.

Less equivocal are the tesserae. The word has a mysterious ring to it, but it means simply a mosaic tile or other small token. At various times and under various leaders, the Roman state doled out cheap or even free rations of grain to its less-fortunate citizens, where a small, coinlike token called a tessera frumentaria represented a ration of a particular quantity.35 On occasion, the emperor might even issue gifts of tesserae nummariae, which, like banknotes, could be redeemed for a sum of money.36 Found mostly in Egypt, the few extant tesserae nummariae show a Roman numeral on one side and, on the other, a hand making a sign that appears to correspond to that same number. They are Rosetta stones for finger-counting, but like the real Rosetta stone, they are incomplete, since none has been found with a number higher than XV, or 15.37 As such, the insight afforded by these intriguing objects is limited at best, but no matter: one final clue blows the plot wide open.
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[image: imag] A gallery of Roman tesserae compiled by Wilhelm Froehner, a curator at Paris’s Musée du Louvre, and published in 1884. Wilhelm Froehner, Le comput digital (Macon: Protat frères, 1884), pl. III. https://hdl.handle.net/2027/uiug.30112112048456.
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The venerable bede, as he is often called, was always reluctant to leave the monastery in which he lived. From the age of seven, when his family deposited him at Wearmouth Abbey in the north of England, until his death in 735 CE at nearby Jarrow, Bede spent five decades reading, learning, and, most of all, writing. He wrote about the lives of saints; he commented on passages from the Bible; he wrote homilies to be delivered aloud; and in his most famous work, Historia ecclesiastica gentis Anglorum (Ecclesiastical History of the English People), he set down a history of the Church in England that is still read today.38 He also wrote about time.

For Christians, the date of Easter is of paramount importance. The “movable feasts” of Shrove Tuesday, Ash Wednesday, Palm Sunday, Good Friday, and Pentecost, for example, are all defined relative to Easter, so that knowing the date of any one of them means knowing the dates of all the rest.39 The only problem is that in seeking to know just this, Christianity has repeatedly set petards on which to hoist itself. Although the early Church defined Easter as the fourteenth day of Nisan, a lunar month on the Jewish calendar, by 120 CE Christian sects were already bickering over whether to celebrate on the day itself or on the nearest Sunday. Other arguments centered on whether Easter should always be marked after Passover; whether the Jewish calendar was reliable enough in the first place; and whether it mattered if Easter fell before or after the spring equinox. In 325, the Catholic Church laid out the following rules: Easter must always fall on a Sunday; Easter Sunday must be the first one after the fourteenth day of the so-called paschal lunar month; and the paschal lunar month was defined to be the first whose fourteenth day followed the spring equinox.* Computus paschalis, the computation of Easter, was both a mathematical and an astronomical problem.40

Bede addressed himself to that problem in De temporum ratione, (The Reckoning of Time). He digresses from the very first line: “Before discussing the basics of the calculation of time, we have decided to demonstrate a few things, with God’s help, about that very useful and easy skill of flexing the fingers.”41 He continues:

So when you say “one,” bend the little finger of the left hand and fix it on the middle of the palm. When you say “two,” bend the second from the smallest finger and fix it on the same place. When you say “three,” bend the third one in the same way. When you say “four,” lift up the little finger again. When you say “five,” lift up the second from the smallest in the same way. When you say “six,” you lift up the third finger, while only the finger in between, which is called medicus [ring finger], is fixed in the middle of the palm. When you say “seven,” place the little finger only (the others being meanwhile raised), on the base of the palm. When you say “eight,” put the medicus beside it. When you say “nine,” add the middle finger.42

In this way, Bede shows it is possible, if not exactly comfortable, to count from zero to nine using only three fingers of one hand. He doubles down on his digital gymnastics by extending his system all the way up to 9,999: the left thumb and index finger manage the tens; the right thumb and index finger record the hundreds; and finally, the bottom three fingers on the right hand, thousands. These few pages of Latin are the key to three millennia of finger-counting.
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[image: imag] An illustrated guide to Bede’s finger-counting method, as shown in Filippo Calandri’s 1491 math textbook, De Arithmetica. Calandri, Filippo. De Arithmetica. Florence, 1491. Public domain image courtesy of the Metropolitan Museum of Art. https://www.metmuseum.org/art/collection/search/347027.

Those Egyptians gesticulating about grain some 4,600 years ago? According to Bede’s method, the figure on the left is signaling the number 10—or 100, depending on how one interprets left and right within the image. The middleman, so to speak, shows 6 or 6,000, and the rightmost negotiator 7 or 7,000. The system hinted at by Plutarch, Pliny, and other classical writers is likely to be one and the same. The statue of Janus within Rome’s forum could easily have indicated 300 on one hand and 65 on the other, while the engraved gestures on the obverse of all those tesserae nummariae precisely match those in Bede’s De temporum ratione.43 Like the man himself, the system Bede described was venerable indeed.

It is not clear if Bede expected his readers to calculate, as opposed to simply count, with their fingers. Certainly, having explained how to represent numbers with one’s hands, Bede pointedly does not describe how to add, subtract, multiply, or divide with them. (While explaining how to compute the date of Easter, he implies that one’s fingers should be used only to record intermediate values arrived at via mental arithmetic.)44 That said, Bede’s system does have at least some advantages over Roman numerals, the default notation at the time for writing down numbers. For one thing, there is no easy way to tell what value a particular character in a Roman number represents: consider that 299 is represented as CCXCIX, while 300 is CCC, so that the smaller number requires more characters, arranged in a different order, than the larger one. As such, one cannot easily add, subtract, multiply, or divide two corresponding numerals and carry the excess, thus defeating any number of basic arithmetical tricks.

Bede’s finger-counting, by contrast, behaves a lot more like our decimal notation. Units are always represented by the same three fingers of the left hand; tens by the two others; the hundreds by two fingers on the right hand; and the thousands by the remaining three. There is never any doubt as to the value held in each “place” in one’s hands. Bede might not have wanted his readers to calculate with their hands, but later scholars have constructed increasingly powerful methods for carrying out arithmetical operations using only the hands and the brain.45

The tendrils of this ancient style of finger-counting spread across the globe. Bede’s account was corroborated by Nicolaus Rhabda of Smyrna, Greece, in the eighth century, while Arabic sources are peppered with oblique references from the seventh century onward. As late as the fifteenth century, math textbooks incorporated instructions on finger-counting as a matter of course, ultimately giving rise to the English word “digit” (and doigt in French) to mean numbers less than 10.46 Think of it: the ancient Egyptians, Plutarch, Pliny, the Venerable Bede, and many more besides, throwing numerical gestures about like philosophical gang signs. Finger-counting prospered beyond their shared system, too, with methods ranging from simple to complex reported across the world. Almost every tribe of people with fingers on which to count has used them to do just that at one point or another.

Finger-counting is not perfect, of course. As the Yupno of Papua New Guinea know, to run out of fingers, or toes, or genitalia, is to run out of numbers. As one Firmicus Maternus noted of the students in his fourth-century classroom, counting with fingers can be fatiguing and difficult to learn. (“Vides ut primos discentes computos digitos tarda agitatione deflicant?”—“Do you see how awkwardly beginners in computation bend their fingers?”)47 And as Bede recognized, fingers are not nearly in the same league as the brain when it comes to complex calculations. However high one might be able to count, fingers alone were never going to be good enough.



* Put more simply, Easter almost always fell on the first Sunday after the first full moon after the spring equinox.

2 THE ABACUS
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If the hand was the first calculator and the second was a stick, then the third was a rock. The Lebombo bone may be the first known record of a mathematical calculation, but our inbuilt affinity for digital computation means that humans were almost certainly counting on their fingers much deeper in the past. It is likely, too, that as early humans ran out of fingers, or toes, or whatever other body parts they used to count, they would have cast about for a way to extend their counting repertoire. They found one too: without having developed the words for numbers above 10, or 20, or 33, or perhaps for any numbers at all, ancient humans nevertheless found a way to count as high as they were ever likely to need.

[image: imag]

There is a thought experiment, often cited in math history books, that starts with a prehistoric shepherd tending her flock. There are, say, forty-two sheep in the flock and she is anxious to know that all of them make it back to her cave after each day’s grazing. She cannot count high enough using her fingers or toes, and so uses pebbles to keep count instead. When she shoos the sheep out in the morning, she drops a pebble into a bag for each one. At night, she takes one pebble out of the bag as each sheep enters the cave and places it on a pile. If, after the last sheep has entered the cave, her bag still contains any pebbles, there must be some sheep missing; if, on the other hand, she does not have enough pebbles in the bag to account for all the sheep now in the cave, she must have acquired some new ones, perhaps in the form of a new lamb or a stray from another flock. Without knowing it, the shepherd has invoked the principle of one-for-one correspondence: a physical token of some kind is used as a surrogate for a single object to be counted.1 Throughout history, we have used the same trick with pebbles, shells, cocoa beans, beads, teeth, and bones; and, yes, with notches on tally sticks.2

The same correspondence between counting tokens and abstract numbers may have been the driving force behind Mesopotamia’s much-studied system of clay tokens. For four thousand years, from around 7500 BCE onward, the inhabitants of the Near East paired tokens with objects: cones and spheres with barley; cylinders with livestock; tetrahedrons with human labor; and so on.3 As late as 1500 BCE, a one-to-one correspondence between tokens and objects was still observed. A bulla excavated at the site of the ancient city of Nuzi, near Kirkuk in modern Iraq, contained forty-eight tokens representing forty-eight animals: twenty-one ewes, six female lambs, eight rams, four male lambs, six nanny goats, one billy goat, and two female kids.4

Yet in earlier times, when the Mesopotamians were still negotiating the transition from counting to writing, the tokens’ original one-to-one correspondence had already been tinkered with. Denise Schmandt-Besserat, who theorized that tokens led to writing, noted that small and large cones and spheres seemed to correspond to smaller and larger quantities of barley. The same distinction applied to the small and large tetrahedrons used to record units of work.5 This is what has been called a size-value system, in which a given symbol or shape represents different values depending on its relative size. A small conical depression meant one ban of grain; a larger one meant one barriga, a unit six times larger than the ban; and so on.6 From there, some scholars think that the Mesopotamians took a conceptual leap to a place-value system, in which a symbol takes on a meaning that is dependent not on its size but rather on its position within a collection of other symbols.7

Fortuitously, for such an important part of written math, place-value systems are relatively easy to explain. Take the number 9,999. Each of these 9’s means something different to the others: the first represents 9,000, the second 900, the third 90, and the last 9. The place in which a given 9 is found gives rise to its value. The Mesopotamians and their successors used this principle to create a place-value system for cuneiform numbers. Their system represented fractional values, too, so that the Sumerians were able to compute pi to two decimal places, the square root of 2 to five decimal places,* and reciprocals (that is, 1 divided by another number) for values in the billions.8 But the Sumerians may have done far more than invent place-value notation. There are hints in ancient Sumer of an entirely new kind of mathematical tool. There are hints of a calculator.

There is a collection of cuneiform tablets—the so-called Old Babylonian Lu Series—that dates to the early part of the second millennium BCE and that forms part of a long tradition of “lexical lists.” These are dictionaries that translate words from Sumerian, as spoken by the inventors of cuneiform, into the Akkadian language of their successors.9 The Lu Series enumerates professions, and one word in particular, šid (𒋃), pronounced “shid” and standing for “count,” “counting,” or “number,” occurs in a number of different job titles.10 With the lu of the tablets’ title meaning “man,” these occupations have been interpreted to mean, variously, “man of the counting token,” “man of the wooden counting board,” and, most hopeful of all, “man of the abacus.”11 These gnomic entries are uncorroborated by written evidence or physical artifacts, but the fact that they exist at all suggests that Sumerians may have invented the first ever purpose-built calculating device. The abacus.

Before wading into the disputed murk that surrounds the birth of the abacus, it is necessary to describe the star of this chapter slightly ahead of time. Now, you may already know about the abacus. Like a penny-farthing or a pitchfork, the abacus is, to many people, a familiar but redundant artifact: you may have owned a toy abacus as a child, or inherited one from a family member, or simply absorbed the idea of the abacus through cultural osmosis, even if you have never used one to carry out a calculation. Nevertheless, a brief introduction will help anchor some of what follows.

Most abacuses take the form of a rectangular frame crossed by a series of parallel wires or rods. Each wire is strung with beads that can be slid along its length. Wires may run horizontally or vertically, but each one typically carries the same number of beads. In some variants, a bar runs across the wires and divides the abacus into two sections.

Abacuses are used to represent place-value numbers. Each of an abacus’s wires corresponds to a single digit, so that the number 32 is represented on a decimal abacus by sliding 2 beads away from the others on the “units” wire and 3 beads on the “tens” wire, like this:
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[image: imag] Setting a simple decimal abacus to represent the number 32. The leftmost wire represents thousands and the rightmost wire represents units. Gray beads are those that have changed position; black beads are unchanged.

To add two numbers together—say, to add 29 to our initial value of 32—we work from right to left, adding units to units, tens to tens, and so on, carrying any excess to the next column as we go. Experienced abacists tend to sum each column in their head and then move all the affected beads at once. We will do the same here.

First, we add the units. Our abacus has 2 beads set on the units wire, and we want to add 9. Our abacus only has 9 beads on each wire, this being a decimal abacus, and so we cannot simply add 9 beads to the units wire—with 2 beads already set, there are only 7 remaining. Instead, we add 1 bead to the tens wire and subtract 1 bead from the units wire, since 10 – 1 = 9. As a result, we see that adding 9 to our initial value of 32 gives us 41:
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[image: imag] Adding 9 to 32 in two steps: add 10, subtract 1. The result is 41.

Finally, we move on to the tens. We add 20, or 2 beads on the tens wire, to give us 6 beads on the tens wire and 1 bead on the units wire. We have computed 29 + 32 = 61, all without a pen, pencil, or calculator.
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[image: imag] Adding 20 to 41 in a single step to give 61.

Subtraction is similar, except that we start with the most significant wire, not the least. And with these two basic operations in hand, a skilled abacist can multiply and divide, and, if necessary, carry out even more complicated operations.
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Given the lack of concrete evidence, why do some historians think that the Sumerians invented the abacus? The answers lie on a spectrum between speculation and divination, and some of them might just be correct.

At the “wishful thinking” end of the spectrum is David Eugene Smith, whose 1923 History of Mathematics was for many years the standard text on the subject. Smith suggested that the cuneiform character šid, as seen in the Lu tablets’ job titles, might conceivably be shaped like an abacus.12 It is true that many cuneiform symbols are descended from pictures of actual things, but Smith’s theory suffers from an absence of supporting evidence and, more acutely, from the fact that a substantial minority of cuneiform symbols look a lot more like an abacus than 𒋃 does.13

Elsewhere, Denise Schmandt-Besserat herself wondered in her early writings if certain “perforated” tokens might have been strung onto an abacus in some way.14 Again, a dearth of physical evidence makes this unlikely.15

More recently, Georges Ifrah, the author of another authoritative guide to the history of mathematics, has written that the Sumerians “must” have used a counting aid of some kind. (Ettore Carruccio, a prominent Italian mathematician, makes a similar assertion.16) Taking note of the clay tokens that have been excavated across the Near East, and observing that some present-day cultures lay pebbles in rows to count large numbers, Ifrah contends that the Sumerians could not have computed their square roots, multiplication tables, and reciprocals without first coming up with a similar mechanism. Perhaps, he says, the Sumerians could have scratched some lines in the dusty Mesopotamian earth and placed their tokens on them as an impromptu abacus? No wire, no wood, no beads; just clay and soil.17 No traces of such a practice have been found, but Ifrah goes on to raise a more intriguing hypothesis regarding the Sumerians’ successors, the Akkadians.

Toward the end of the twenty-fourth century BCE, a king named Sargon conquered many Sumerian city-states, eventually reaching the Persian Gulf, in whose briny waters he symbolically washed his bloody weapons. To anchor his new realm, Sargon built a city that he named Agade, or Akkad, which in turn gave its name to the kingdom of Sumer and Akkad.18 (Coincidentally, it also gave Sargon of Akkad possibly the most luridly fantastical sobriquet of any ancient ruler.) The Akkadians spoke their own language but wrote it with the Sumerians’ cuneiform script, necessitating Sumerian-to-Akkadian dictionaries such as the Lu tablets.19

The Akkadians also inherited the Sumerians’ base-60 numerals but, over time, replaced them with a simpler base-10 system. Decimals had been lurking in Sumerian numbering for some time: the intervals from 1 to 60 and then to 3,600 were unwieldy in everyday use, so the Sumerians often used multiples of 10 to make things easier. Thus, a mathematically literate Sumerian would have counted in terms of 1, 10, 60, 600, 3,600, 36,000 and so on. All the Akkadians did was remove the ambiguity from this hybrid notation. Georges Ifrah connects the resulting decimal system to an artifact discovered in the ruins of Susa, an ancient city in what is now Iran. It is a brick inscribed with a grid of squares, ten on each side, that Ifrah asks us to think of as an abacus on whose columns tokens or pebbles could have been placed to represent the digits of a decimal number.20

Whether Ifrah’s brick is an abacus or not, there is circumstantial evidence that students in Babylonia, a state formed after the fall of the Akkadian Empire, used a calculating device that shared some of the abacus’s characteristics.21 The case is taken up by one Jens Høyrup, a Danish historian specializing in Mesopotamian mathematics, who presents a cuneiform tablet on which the scribe explains how to square the number 650. The correct answer is 422,500, but the writer mistakenly gives 424,000. Or, in base-60, the scribe arrives at 1,57,46,40 rather than the correct value of 1,57,21,40. Even in cumbersome sexagesimal notation, the error is an obvious and very specific one: the writer has mistakenly added 25 to the third digit of their final value.

From other tablets, we know that the Babylonians used the same “partial products” method that is taught in elementary schools today to carry out large multiplications, and Høyrup detects the fingerprints of just such a method in this error. The errant number, 25, crops up when one tries to decompose the sexagesimal form of 650 × 650 into its constituent parts, and this is where things may have unraveled. The scribe accidentally added 25 to the third digit of their running total twice, not once. Had they been tracking intermediate results on a clay tablet, they would have noticed their error. But if they were using a device that could record only a single number at once—say, a clutch of clay tokens and wooden tablet inscribed with vertical lines—then the error would be an easy one to make. Did I just add 25 to the third column? I don’t think so. I’ll add it now.

Høyrup also draws attention to a similar error on a different tablet, which suggests that a value from a partial product was added to the wrong column. Again, it is a mistake that would have been easy to detect if the writer had recorded each step of their work, but when a calculating tool has no memory, like an abacus, the onus is on its user to do the remembering.22

None of this is conclusive. But the ancient world had a habit of neglecting its most consequential inventions: the origins of writing, papyrus, coins, printing, and a host of other tools that revolutionized intellectual and bureaucratic life have all been lost to time. All we can say is that the abacus may have been invented between three and five millennia ago in the land between the Persian Gulf and the Mediterranean Sea. There is a lot of room in there for the truth to hide.
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The history proper of the abacus starts in Greece.

In 1846, one Alexandros Rizos Rangavis wrote to Jean-Antoine Letronne, a prominent French archaeologist, to ask for his opinion of a marble tablet that Rangavis had excavated on the island of Salamis in the Saronic Gulf, just across the water from Athens.23 Rangavis was the sort of globetrotting nineteenth-century aristocrat through whose pen history was recorded: born to Greek parents in Constantinople, raised in Bucharest and Odessa, and having served in the Bavarian Army, Rangavis eventually settled in Greece, where he helped found the country’s first modern university. He later became Greece’s first foreign minister, and in 1867 and 1868, he served as the country’s first ambassador to the United States. (He liked American women; he disliked American manners.)24 But today, Rangavis’s name has been eclipsed by that one find on Salamis: a white marble slab almost five feet in length and half that in width, crossed by eleven inscribed lines and marked with Greek numerals along three edges. Dating to around 300 BCE, it is likely to be the world’s earliest known abacus.25 Or rather, as abacuses used with loose tokens are called, the world’s earliest counting board.

The ancient Greeks were the first to leave palpable traces of their use of counting boards. Towards the end of the fifth century BCE, for example, the Greek historian Herodotus wrote that the Egyptians “manipulated the pebbles (psephoi)” from right to left, in the opposite direction to the Greeks.26 Scholars agree that Herodotus was describing the counting tokens that the Egyptians† and the Greeks used on their respective counting boards.27 Allusions to psephoi were plentiful elsewhere in Greek art and literature. In a speech known as “On the Crown,” delivered in 330 BCE, the famed politician Demosthenes‡ invokes counting tokens over and over in metaphors too tortuous to repeat.28 At around the same time, in Apulia, Italy’s “heel,” a Greek settler was putting the finishing touches to the so-called Darius Vase, a colossal ceramic vessel emblazoned with images of the Greek gods, the Persian king Darius, and, lowering the tone a little, a tax collector adding up tributes from conquered lands. In front of him, very plainly, is a table scattered with white dots and inscribed with Greek numerals—psephoi on a counting board.29

The Salamis tablet was the imposing real-life double of the portable counting board depicted on the Darius Vase. Its eleven transverse lines are assumed to correspond to the eleven characters also inscribed on its surface: [image: imag], repeated three times on three different edges.30 Read from right to left, the tablet’s legend suggests that it was meant for accounting: Χ represents one-eighth of an obol, a Greek coin; T is one-quarter, C is one-half, and Ι is one full obol. [image: imag] is one drachma, a coin worth six obols.31 After that, the tablet switches from currency to plain old numbers. The Greeks did not have dedicated numerals, as we do, but used letters instead: [image: imag] (capital pi) stands for the word pente, or 5; Δ (capital delta) stands in for deka, or 10; Η (capital eta) is ekato, or 100; and Χ (capital chi) represents chilia, or 1,000. Rounding out the legend are a pair of composite symbols: [image: imag] means [image: imag] × Δ, or rather 5 × 10 = 50; while [image: imag] stands for [image: imag] × Η, or 5 × 100 = 500.32
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[image: imag] The earliest known abacus, or counting board, unearthed on the Greek island of Salamis and dating to the fourth or third century BCE. The tablet measures around five feet long and two and a half feet wide. EM 11515: Epigraphic Museum, Athens © Hellenic Ministry of Culture and Sports / Hellenic Organization of Cultural Resources Development (H.O.C.R.E.D). Photograph by Giorgios Vdokakis.

Although the Salamis tablet was labeled for monetary calculations, it would have made a fine general-purpose counting board for any user with the presence of mind to treat its currency symbols as abstract numbers.33 In fact, analysis of errors in some of the calculations sprinkled throughout Herodotus’s Histories showed that he probably used a Salamis-style counting board.34 All in all, there is convincing evidence that the counting board was part of the fabric of ancient Greek culture—a tool to reckon with, both literally and metaphorically; to be invoked by politicians and memorialized on commemorative vases. Why, then, are there so few of them? The linchpin work on classical counting boards, Mabel Lang’s 1957 Herodotus and the Abacus, lists only thirteen known examples, and the archaeological world has not exactly been rocked by revelations of new counting boards since then.35

There are two theories. Boards made of perishable wood may have been more common, and certainly more portable, than durable marble or stone boards such as the Salamis tablet. More intriguingly, it may have been that counting boards were simply imagined whenever they were needed. A counting board is not a complex device, and it would have been easy to visualize a set of lines on any reasonably flat surface.36 Who needs a counting board when you have a table, a rock, or the stairs leading to the Temple of Apollo?37
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The romans may not have invented counting with tokens, but they left an indelible linguistic imprint on it. The Greek term psephoi gave way to the Latin calculi, from calx, meaning “pebble” or “gravel.” That, in turn, evolved into the verb calculare, “to calculate.” Calculones were enslaved people who taught arithmetic; calculatores were citizens who did the same.38 (By extension, all devices for calculation would eventually become “calculators.”) For the counting board itself, the Romans took a Greek word, abax, and turned it into the Latin abacus, and the rest, as they say, is history.39 The origins of the word abax, however, are less clear-cut.

There is a persistent yarn that says the Greek term abax comes from abaq, an old Hebrew word meaning “dust,” and that, once upon a time, a denizen of the Near East in need of a temporary calculator would naturally have scratched the lines of a counting board on the dusty ground. J. M. Pullan, for instance, author of one of the few book-length histories of the abacus, says that the practice of counting with pebbles would have become inextricably associated with the act of hunkering down to sweep aside some sand or dust and then casting one’s pebbles onto the ground. In this way, abaq (and later abax) may have referred to the ground on which the first pebble calculations were done.40

As neat as all of this sounds, the evolutionary line from abaq, “dust,” to abacus, “counting board,” is tenuous at best. Both the Greeks and the Romans used abax and abacus more generally to refer to all manner of flat objects: the tops of architectural columns, plastered wall panels, gaming boards, sideboards, and wooden boards for kneading dough.41 Abax and abacus were by no means reserved for calculating devices. Even more incongruous is that the counting boards used in Greece and Rome were not abacuses, at least not in the modern sense of the word. The word abacus is Latin but the device that we call an “abacus” is not. To find the true origin of the abacus, we need to travel east from one empire to another.
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As greece and rome were coming to grips with the counting board, China was going through serious growing pains. Two and a half centuries of strife between seven warring kingdoms, punctuated by endless battles and political intrigue, had come to an end in 221 BCE only when Qín Shĭ Huáng,§ the self-titled first emperor, unified China by force.42 Not that life under Qín’s iron fist was much better than it had been during the so-called Warring States period. In 213 BCE, for instance, the new regime systematically burned books of history, poetry, and literature that conflicted with the Qín worldview—but, tellingly, books related to medicine, farming, or science were spared.43

The Qín dynasty was ousted fifteen years after it began, and, in the four centuries of the Han era that followed, the arts and sciences were feted even as the government maintained a tight grip on the new state of China.44 As a result, the Han period accounted for at least two of ancient China’s “four great inventions”: cheap, portable paper came to prominence during this time, supplanting heavy bamboo and costly silk as the preferred medium for writing, while the newly discovered magnetic compass was put to use in divination and fēng shuĭ.45 (Gunpowder would follow in the ninth century, printing in the eleventh.)46 It was against this backdrop that, around 190 CE, one Xu Yue wrote a book called Shù Shù Jì Yí (數術記遺), or Notes on Traditions of Arithmetic Methods. It is this book in which the abacus as we know it was first revealed.47 Probably.

Xu Yue was an astronomer and mathematician, but little else is known about him. And although Notes is credited to Xu, there is a possibility that a later author, Zhēn Luán, reputed to have written a substantial commentary on the original text, may have written the book in its entirety. Either way, attaching his name to that of Xu, a famous mathematician, was a savvy move on Zhēn’s part. Notes became required reading for China’s civil service exam in the seventh century, elevating Zhēn’s name alongside Xu’s.48 And yet, Notes is an odd book, ranging far and wide into apparently unrelated mathematical miscellany. Among other things, it describes magic squares (an ancient relative of the sudoku puzzle); three separate notations for representing very large numbers (which may have been a comment on Daoist notions of infinity); and two different physical systems of calculation. One was old, one was new, and both were vital to the Chinese way of life.49
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[image: imag] Chinese counting rod numerals. There are few surviving printed examples of Chinese rod numerals, but the technique also made its way to Japan, where this table was published in 1712. In the West, this pyramid of numbers is called “Pascal’s triangle”: each of the numbers along the pyramid’s edges is 1, and each interior number is the sum of the two numbers above it and above and to its right. The zero-like figures represent just that—zero. 関孝和 [Seki, Takakazu], 括要算法 [Katsuyō Sanpō], vol. 1 (升屋五郎右衛門 [Goroemon, Masuya], 1712), 27, https://doi.org/10.11501/3508173. Image courtesy of the National Diet Library.

The first of Shù Shù Jì Yí’s calculation aids came in the form of short rods called suàn (算) or chóu (籌), which were placed on a grid to carry out mathematical operations.50 Each digit was made from one or more rods so that, from 1 to 10, they looked like this: [image: imag] [image: imag] and [image: imag]. Cleverly, digits 1 to 5, each consisting of the corresponding number of rods, could be added to one another directly—and then, whenever a numeral ended up with more than five horizontal rods, those five rods were exchanged for a single vertical one. When placed on the accompanying grid, each individual digit was multiplied by 1, 10, 100, and so on, depending on the column in which it was placed.51

As time went by, counting-rod techniques became more sophisticated. Suàn were increasingly put to use in combination with the “nine-nine” table, a mnemonic for multiplication that formed the software to the hardware of the counting rods themselves.52 Negative numbers could be represented using colored rods, or rods with different cross-sectional shapes. One Han-era math book described how to represent fractional numbers; another delved into simultaneous equations and cube roots.53 China’s counting rods were every bit as capable as the counting boards used in Mesopotamia, Greece, and Rome.

The earliest archaeological evidence for counting rods are rodlike numerals shown on coins minted during the Warring States period, but the rods’ accompanying counting board is more elusive. Some texts say that a special carpet should be laid out before calculating; others suggest using a table or even the ground itself. Even more so than its Western counterpart, the Chinese counting board may have been more of a conceptual aid than a physical one.54 At any rate, counting rod digits were sufficiently useful to give rise to written numerals that persisted in one form or another until at least the sixteenth century.55

The curious thing is that counting rods largely disappeared from China’s cultural memory at around the same time as their written offspring.56 The reason can be traced all the way back to the Shù Shù Jì Yí and the other mechanical counting system it describes.
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In the third volume of his eye-poppingly comprehensive series of books on Science and Civilisation in China, Joseph Needham CH, FRS, FBA, Marxist, biochemist, historian, and Sinologist extraordinaire, translated part of the Shù Shù Jì Yí into English for the first time.57 His translation reads as follows:

The ball-arithmetic method holds and threads together the Four Seasons, and fixes the Three Powers (heaven, earth and man) like the warp and weft of a fabric.

Not the most illuminating sentence, but Zhēn Luán’s later commentary makes things much clearer:

A board is carved with three horizontal divisions, the upper one and the lower one for suspending the travelling balls, and the middle one for fixing the digit. Each digit (column) has five balls. The color of the ball in the upper division is different from the color of the four in the lower ones. The upper one corresponds to five units, and each of the four lower balls corresponds to one unit. Because of the way in which the four balls are led (to and fro) it is called “holding and threading together the Four Seasons.” Because there are three divisions among which the balls travel, so it is called “fixing the Three Powers like the warp and weft of a fabric.”

In writing this, Zhēn had used a word—dài, meaning “belt” or “ribbon”—that led Needham to think that the five balls in each column must have been threaded onto a string or something similar.58 Put simply, Needham wrote, Xu and Zhēn must have been describing an abacus: the iconic Chinese suàn pán, or bead framed abacus, with its columnar beads divided into lower and upper registers called earth and heaven, where the lower beads represent one unit each and the upper beads, five.59

Granted, there was what might be called a decent interval between the Shù Shù Jì Yí of 190 CE and the earliest detailed account of the suàn pán, which arrived some thirteen centuries later in a book entitled Suàn Fă Tŏng Zōng (Systematic Treatise on Arithmetic). The author of that later book, Chéng Dà-Wèi, describes an instrument that had acquired an extra bead in both the “heaven” and “earth” portions of each wire, but which was functionally identical to the abacuses still used today by diehard adherents both in China and in the Chinese diaspora around the world.60

The suàn pán was very much an evolution of what had gone before. The separation of each column into units and fives recalled the structure of counting-rod numerals, while many of the rules for manipulating the suàn pán’s beads were similar or identical to those used with rods.61 The suàn pán mimicked the counting rods’ imaginary grid, too, in that it assigned no fixed values to its columns, leaving the user to pick the units they needed. As such, it was as capable of handling very large numbers as it was very small ones, or of reserving some columns for intermediate results during complex calculations—a trick not easily replicated on Western counting boards with their fixed monetary units.62 Even the terminology of the suàn pán was replete with callbacks to its past. The word suàn, once used for counting rods, now had the more general meaning of “to count” or “to calculate.” (Pán stood for “tray” or “table.”) The character for suàn (算) hid another historical clue, too, in that it contained the so-called bamboo radical (竹 or 𥫗), or graphical component, since most counting rods had been made from bamboo.63
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[image: imag] The earliest known depiction of a Chinese abacus, taken from Chéng Dà-Wèi’s Suàn Fă Tŏng Zōng (Systematic Treatise on Arithmetic) of 1593. Dawei Cheng, Suan Fa Tong Zong Da Quan, vol. 1, n.d., 39, http://echo.mpiwg-berlin.mpg.de/MPIWG:0ZHYTPUF. CC BY-SA 3.0 DE image copyright Max Planck Institute for the History of Science.
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By degrees the suàn pán made itself felt in the wider world, reaching Korea around 1400 CE and then Japan no more than two centuries later.64 Japan in particular took to the abacus as wholeheartedly as its Chinese inventors, although exactly when they did so is a matter of debate. Japan’s upper classes disdained base pursuits such as making or counting money and so, although the Japanese abacus, or soroban, is first mentioned by 1600, it may have been in common use before then.65 Given that Japanese travelers visited China as early as the seventh century, and that some prominent Chinese figures were reputed to have immigrated to Japan soon after that, it may have been much, much earlier.66

By the twentieth century, the soroban was ubiquitous. Not only that, but in moving from seven beads per wire to five, one in “heaven” and four on “earth,” it had regained the original form of the abacus first described by Xu Yue and Zhēn Luán almost two thousand years before.67 It was used by shopkeepers, restaurateurs, insurance adjusters, bank clerks, and accountants.68 There were even regular abacus competitions, with no fewer than forty thousand contestants vying in 1942 for Japan’s top prize.69

This love affair with the abacus culminated in 1946, in an extraordinary moment that positively dripped with symbolism. East versus West; old versus new; hubris versus humility; tradition versus progress; you name it, the exhibition match between Kiyoshi “The Hands” Matsuzake of the Japanese Ministry of Postal Administration and Pvt. Tom Wood of the U.S. Army had it all. But this was no boxing match. Instead, in an event sponsored by Stars and Stripes, the U.S. Army newspaper, Matsuzake wielded his soroban and Wood took the helm of a state-of-the-art electric calculator to face off in a contest of mathematical speed and accuracy.70 It turned out to be no contest at all. Matsuzake won at addition, subtraction, and division, while Wood bested him only at multiplication. With echoes of China’s ancient nine-nine table, Matsuzake’s success was attributed to the way he carried out simple calculations in his head rather than on his abacus.71

The soroban, which manifested on a spectrum from desk-spanning behemoth to portable-but-not-pocketable minnow, continued in rude health until the very end of the twentieth century. Abacus arithmetic was taught in Japanese elementary schools until the 1970s, and, as late as 2019, around forty-three thousand people were still taking lessons at one of six thousand private soroban schools.72 Interest has slackened in recent times, but the two-thousand-year story of the suàn pán and soroban is not over yet.
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There is, unfortunately, a fly in this ointment. The conventional view of the abacus as emanating from the mysterious Orient, invented in closeted China and taken up in traditionalist Japan, may have a Western origin story of its own.

[image: imag]

[image: imag] A modern replica of the classical Roman hand abacus, made by Prof. Dr. Jörn Lütjens of Hamburg University. The final column, speculatively divided into three sections, may have been used to represent fractional numbers: halves, thirds, and quarters. © Jörn Lütjens https://joernluetjens.de/sammlungen/abakus/abakus.htm.

One is in the Bibliothèque nationale in Paris, one in Rome’s Museo Nazionale Romano, and one in a museum in the Italian Alps. Attested by only these three surviving examples, the device known as the Roman hand abacus is even less well understood than its ancient Chinese counterpart.73 If the history of the suàn pán comes mostly from written accounts, the Roman hand abacus is the opposite: there are no surviving texts to explain how or when the hand abacus¶ was invented or whether it was ever used as a serious mathematical tool.74

That said, it is possible to imagine how the Roman hand abacus might have come about. At some point or another, some nameless Roman decided to unite counting tokens and counting board into a single bronze device, where sliding buttons ran in slots to simulate the columns of the counting board. In the tradition of the counting board, each of the first seven columns was labeled with a Roman numeral: I for ones, X for tens, C for hundreds, [image: imag] (or “[image: imag]”) for thousands, [image: imag] for tens of thousands, [image: imag] for hundreds of thousands, and, lastly, [image: imag] for millions. Like the suàn pán, each of these decimal slots was broken into a lower portion containing four buttons and an upper portion with a single button.

Diverging from the Chinese model, two non-decimal columns were also present. The first, labeled O, contains five beads in the lower portion and one above, so that it can represent the numbers zero to eleven. It was likely used for ounces, or twelfths. The second non-decimal column is unlabeled, and frankly, no one is entirely certain what it is for.75

All of this leads to a situation in which no one knows which abacus inspired the other or, indeed, whether the two could have grown up independently. If Xu Yue’s account is to be believed, the Chinese were using bead frame abacuses no later than 190 CE—but then, Zhēn Luán’s more convincing commentary did not arrive until four hundred years later. On the other hand, none of the handful of surviving Roman hand abacuses has been properly dated, which makes it impossible to assign precedence. From both temporal and geographical points of view, everything is still up for grabs.

What is plainer to see is that the Roman hand abacus disappeared without a trace. As China wholeheartedly embraced the bead framed abacus, the Romans, and Europe as a whole, were a little too preoccupied to be embracing much at all.

[image: imag]

To say that Europe fell into darkness as a host of barbarian tribes ravaged Rome, the eternal city, is to put too bleak a spin on things. Certainly, the empire had seen better days, divided as it was into Western and Eastern halves: the Eastern empire, with its capital at Constantinople, or modern-day Istanbul, was doing just fine, thanks; but for the Western empire, still clinging to the city of Rome and its ancestral possessions in Europe, the fifth century CE was one long, drawn-out humiliation. Rome was sacked in 410 and then again in 455 before the teenage emperor Romulus Augustulus was finally deposed in 476 by the Germanic troops of a general named Odoacer.

For the most part, life was not markedly different under the Germanic tribes that replaced Rome’s old elite. The incomers were drawn to Christianity, by then Rome’s state religion, and picked up Latin to help govern their new lands.76 When the storied King Charlemagne was crowned in the year 800, ushering in a minor renaissance of the intellectual arts, Pope Leo III named him “most serene Augustus” and emperor of the “Holy Roman Empire.”77 Everything old was new again.

Two things did not flourish under the new regime: neither the counting board nor the Roman hand abacus were anywhere to be seen. For the hand abacus, this was the end of the line. But for the counting board, the fall of Rome was an inconvenience and the rise of the Holy Roman Empire an irrelevance. In 1000 CE or thereabouts, the counting board made a blockbusting comeback, courtesy of none other than the new pope, Sylvester II.

Born around 950 CE in Belliac, France, the man who would be pope migrated from France to Spain and on to Italy over the next half century, climbing as he did so the rungs of the Catholic ladder from monk to abbot to archbishop and, finally, to the papacy itself. Always on the scientific end of the papal spectrum, when Sylvester, né Gerbert, published a pair of books describing how to use what he called an abacus, the clout that comes with being the pope ensured that they were widely read.78 Gerbert somehow neglected to depict the device itself, but a text penned by a student of his rectified that omission so that we know that Gerbert’s “abacus” took the form of a counting board with twenty-seven decimal columns. Furthermore, we know that it was used with tokens inscribed with newfangled “Arabic” numbers—the numerals we still use today, most likely taught to Gerbert in Barcelona, hard up against the border of al-Andalus, or Muslim-controlled Spain.79

It was the start of a long second life for the counting board. The first dedicated metal counting tokens were minted in Italy around 1200, and soon boards and counters were everywhere in Europe.80 Echoing Demosthenes, Martin Luther used counters as a metaphor in the sermons he delivered:

To the counting master all counters are equal, and their worth depends on where he places them. Just so are men equal before God, but they are unequal according to the station which God has placed them.

Shakespeare called on them in Julius Caesar, implying that Brutus is so greedy as to steal even worthless counting tokens:

When Marcus Brutus grows so covetous

to lock such rascal counters from his friends be ready, gods . . . 

And as late as the nineteenth century, Johann Wolfgang von Goethe could write of them in Faust, relying on his audience to know that Rechenpfennige (counting tokens) were inherently valueless:

Did you think they’d give you real money and goods?

In this game even worthless counters

Are far too good for you.81

Shakespeare, Luther, and Goethe were right: counters had no numeric or monetary value, except when placed in their natural habitat of the counting board. But there was no reason why the humble counting token could not become a vehicle for values of a more abstract kind. In France, counters were often stamped with the emblems of their owners: the crown, the royal mint, the treasury, the landed gentry, and so on.82 In the Spanish-occupied Netherlands, the Dutch issued counters bearing a motto designed to rouse the populace: “Justice is struck dead, the truth lies in distress.” Their occupiers played the same trick, minting tokens that carried the likeness of the Spanish king and warned, “Woe unto the people which rises against my house.”83

Equally, there was nothing to stop tokens being imbued with value of a baser kind. In an entirely characteristic gesture, Louis XIV, the “Sun King” of France and ringmaster of proceedings at the Palace of Versailles, gave sets of gold and silver tokens to favored officials as New Year gifts. Many of these were subsequently melted down to recover their constituent metals, thereby cementing the irony of a valueless counter made of precious metal.84

[image: imag]

The resurrected counting board had a good run. In Britain, for example, a book on arithmetic first printed in 1543 maintained a chapter on the counting board through forty-five separate editions before finally going out of print in 1700.85 Many other European books addressed the same subject.86 In the end, the thing that did for the counting board was something well known to the architect of its revival, Pope Sylvester II. And, adding insult to injury, China, whose bead framed abacus would handily outlast the counting board, was an unwitting accessory to the crime.
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