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PERSIAN CHESSBOARD 

T

HE WAY I FIRST HEARD THE STORY IT happened in ancient Persia. But it may have been India, or even China. Anyway, it hap​pened a long time ago. The Grand Vizier, the principal adviser to the King, had invented a new game. It was played with moving pieces on a board of 64 squares. The most important piece was the King. The next most important piece was the Grand Vizier - just what we might expect of a game invented by a Grand Vizier. The object of the game was to capture the enemy King, and so the game was called in Persian, shahmat  - shah for king, mat for dead. Death to the King. In Russian it is still called shakhmaty, which perhaps conveys a lingering revolutionary ardor. Even in English there is an echo of this name--the final move is called “check​mate." The game, of course, is chess.
   As time passed, the pieces, their moves and the rules all evolved. There is, for example, no longer a piece called the Grand Vizier -- it has become transmogrified into a Queen, with much more formidable powers. Why a king should delight in the creation of a game called "Death to the King'' is a mystery. But, the story goes, he was so pleased that he asked the Grand Vizier to name his own reward for such a splendid invention. The Grand Vizier had his answer ready. He was a humble man, he told the King. He wished only for a humble award. Gesturing to the eight columns and eight rows of squares on the board he had devised, he asked that he be given a single grain of wheat on the first square, twice that on the second square, twice that on the third and so on, until each square had its complement of wheat.
   No, the King remonstrated.              This is too modest a prize for so important an invention. He offered jewels, danc​ing girls, and palaces. But the Grand Vizier, his eyes becomingly lowered, refused them all. It was little piles of wheat he wanted. So, secretly marveling at the unselfish​ness of his counselor, the King graciously consented.
When the Master of the Royal Granary began to count out the grains however, the King was in for a rude sur​prise. The number of grains starts out small enough. l, 2. 4, 8, 16, 32, 64, 128, 256, 512, 1024 ... but by the time the 64th square is approached, the number becomes colossal; staggering. In fact, the number is nearly 18.5 quintillion grains of wheat. Maybe the Grand Vizier was on a high-fiber diet.

How much does 18.5 quintillion grains of wheat weigh? If each grain were 2 millimeters in size, then all the grains together would weigh around 75 billion metric tons, which far exceeds what could have been stored in the King's granaries. In fact, this is the equivalent of about 130 years of the world's present wheat production. (Had chess been invented with 100 (10 x 10) squares instead of 64 (8 x 8), the resulting debt in grains of wheat would have weighed as much as the Earth.
An account of what happened next has not been passed down to us. Whether the King, blaming himself for inattentiveness in arithmetic, handed the kingdom over to the Vizier, or whether the latter was made to play another game called vizier mat, we are not privileged to know.

A sequence of numbers like this where each is a fixed multiple of the previous one is called a geo​metric progression, and the process is called an expo​nential increase. Exponentials show up in all sorts of places, compound interest, for example. If an ancestor of yours put $10 in the bank for you 200 years ago, and it accrued a steady 5% annual interest, then by now it would be worth $10x(1.5)200 or $l72,925.81. If that ancestor could have gotten a 6% rate you'd now have over $1 million; or at 7%. over $7.5 million: and at 10%, a tidy $1.9 billion. But few ancestors are so solicitous about their remote descendants, and $10 was a lot of money in those days.
Doubling Time. The most common circumstance in which repeated doubling, and therefore exponential growth, takes place is in biological reproduction. Con​sider fast the simple case of a bacterium that reproduces by dividing in two. After a while, each of the two daugh​ter bacteria divides as well.  As long as there's food and no poisons in the environment, the bacterial colony will grow exponentially. Under favorable circumstances, there can be a doubling every 15 minutes. That means 4 doublings an hour and 96 doublings a day. Al​though a bacterium weighs only about a trillionth of a gram, its descendants, after a day of wild asexual aban​don, will collectively weigh as much as a mountain; in a little over a day and a half as much as the Earth; in two days more than the Sun... and before very long every​thing in the Universe will be made of bacteria. This is not a happy prospect, and fortunately it never happens. Why not? Because exponential growth of this sort always bumps into some natural obstacle. The bugs run out of food, or they poison each other, or they're shy about reproducing in public. Exponentials can’t go on forever because they’ll gobble up everything. Long be​fore then, they encounter some impediment and the exponential growth slows down.

 This is a distinction very important for the AIDS epi​demic. Right now, in many countries, the number of people with AIDS symptoms is growing exponentially. The doubling time is around one year - that is, every year there are twice as many AIDS cases as in the year before.  AIDS already has taken a disastrous toll among us. If it continues exponentially, it will be an unprecedented catastrophe. In 10 years, there will be a thousand times more AIDS cases; in 20 years a million times more. But a million times the number of people who already have contracted AIDS is much more than the number of peo​ple on Earth. If there were no natural impediments to the continued doubling of AIDS every year, and the disease were invariably fatal (and no cure found), then everyone on Earth would die from AIDS--and soon.
     However, this doubling has occurred in vulnerable groups that are largely sexually isolated from the rest of the population--male homosexuals for example, and intravenous drug users.  If no cure for AIDS is found, then most of the intravenous drug users who share nee​dles will die. The same is true for homosexual men who have many partners---but not for the increasing number who use condoms or who are in long-term monogamous relationships. Strictly heterosexual couples who have long term monogamous relationships and do not inject drugs are essentially insulated from AIDS, although there re​mains small risk from blood transfusions. According to the Centers for Disease Control of the U.S, Public Health Service, the exponential curve is expected to flat​ten out in the US. for example, the doubling time is now significantly more than a year, having killed many fewer than everyone on Earth.

     Increase and Multiply. Exponentials are also the cen​tral idea behind the world population crisis. For most of the time humans have been on Earth, the population was stable, with births and deaths almost perfectly in balance.  This is called a "steady state.” After the invention of agriculture, the human population began increasing, picking up steam in the Industrial Revolution.

Right now, the doubling time of the world's population is about 40 years. Every 40 years there will be twice as many of us. As the English clergyman Thomas Malthus pointed out in 1798, a population increasing exponentially will outstrip any conceivable increase in food supply. No Green Revolution, no hydroponics, no making the deserts bloom can beat an exponential population growth.
There is also no extraterrestrial solution to this prob​lem. Right now, every day, there is something like 240,000 more humans being born than dying. We are very far from being able to ship 240,000 people into space every day. No settlements in Earth’s orbit or on other worlds can put a perceptible dent in the population explosion. Even if it were possible to ship everybody on Earth off to planets of distant stars on ships that travel at nearly the speed of light, nothing would be changed.  All those planets would be full up in almost no time, unless we slow our rate of reproduction.  


The Earth’s population, growing through time, is shown in the graph. We are clearly in a phase of steep exponential growth. But many countries are now approaching a situation where their population growth almost ceases and they arrive at some thing close to a steady state. This is also called Zero Population Growth. Because exponentials are so powerful, if even a small fraction of the human community persists in reproducing exponentially, the situa​tion is essentially the same - the world population in​creases exponentially, even if many nations are at Zero Population Growth.
   There is, however, a well-documented worldwide correlation between poverty and high birthrates. In little countries and big countries, capitalist countries and communist 
countries, Catholic countries and Moslem countries,  Western countries and Eastern countries – in all these cases, when grinding poverty disappears, exponential  population growth slows down or stops. This is called the demographic transition.

How does it come about? Those high birthrates are thought to represent the cost-benefit analysis of desper​ate people. In a rural, subsistence economy additional children help care for the livestock and gather the wood; they cost little to raise and nothing to educate; and, if they survive, they might provide for the parents in the helplessness of old age. Poor people do not have too many children because they are stupid but because they are poor. When there is enough to eat, however, and there is at least minimal social security, having many children makes less economic sense, and birthrates decline.

It is in the urgent long-term interest of the human species that every place on Earth achieve this demo​graphic transition. This is why helping other countries to become self-sufficient is not only elementary human decency but also in the self-interest of the richer nations. Although it is an important tool, the central issue in the world population crisis is not contraception. The central issue is poverty.

At present there are more than 6.5 billion humans. In 40 years. if the doubling time stays constant, there will be 10 billion; in 80 years, 20 billion; in 120 years, 40 billion. But few experts believe the Earth can support so many people. Because of the power of this exponential increase, dealing with global poverty now will be much cheaper and much more humane than whatever solutions will be available to us many decades hence. Our job is to bring about a worldwide demographic transition and to flatten out that exponential curve by eliminating endemic poverty. Otherwise, some other process, less under our control will do it for us.
   The exponential is a mathematical machine of devastating power. It can get you from a grain of wheat to whole mountains of the stuff in 64 easy steps. In the last few centuries, our numbers have grown prodigiously; and we have learned to build tools of awesome power. The exponential is a mathematical crystal ball that allows us to foresee the dead ends, and blind alleys toward which our numbers and our technology collide. In this game of world chess, we need to foster long-term thinking, we must; start planning many moves into the future. If we do, we might just be able to avoid global checkmate.
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