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an inventor, entrepreneur, and author of four best-selling books, including "The Singularity Is Near: When Humans Transcend Biology." He has received the National Medal of Technology and is an inductee in the Inventors Hall of Fame. 
A key point to keep in mind as we contemplate the future: The pace of change is accelerating.

And that means our power to expand the boundaries of human knowledge and accomplishment is accelerating, too.

That the pace of change is accelerating may seem obvious, but most people fail to take it into consideration. According to my models, we are doubling the "paradigm-shift rate" (roughly the rate of technical progress) every decade, so we'll see twice the change in the next decade that we saw in the last, four times the change in the next 20 years that we saw in the last 20, and so on.

The power of information technology is doubling even faster: in less than one year. This means that information technology, as measured by price performance and capacity, will multiply by 1,000 in less than a decade and 1 billion in 25 years. At the same time, we are shrinking the size of technology by a 100 (per 3-D volume) each decade, so the key features of our technology will be 100,000 times smaller in 25 years. That means the equivalent of your iPod nano will be smaller than a human hair.

But information technology is more than just computers and electronics. It is increasingly encompassing everything we care about. Take, for example, our health. Up until just recently, biology and medicine were hit or miss. We would find something that, say, lowered blood pressure, but we had no realistic models of how these drugs worked. And invariably, these crude tools had many side effects. Almost all the drugs on the market today were developed and marketed with this approach.

The new paradigm is to understand and reprogram our biology. The completion of the human genome (our genetic code) project three years ago is now allowing us to do that. This process is also exponential: The amount of genetic data we are able to sequence (decode) has doubled every 10 months, while the price for decoding each gene base pair drops by half in the same time frame (from $10 per base pair in 1990 to less than a penny today). For example, it took us 15 years to sequence HIV, yet we sequenced the SARS virus in only 31 days, and can now sequence a virus in just a few days.

Being able to decode the human genome allows us to develop detailed models of how major diseases, such as heart disease and cancer, progress, and gives us the tools to reprogram those processes away from disease. For example, a technique called RNA interference allows us to turn unhealthy genes off. New forms of gene therapy are also allowing us to add healthy new genes. And we can turn on and off enzymes, the workhorses of biology. Pfizer Inc.'s cholesterol-lowering drug Torcetrapib, for example, turns off one specific enzyme that allows atherosclerosis, the cause of almost all heart attacks, to progress. Phase II FDA trials showed it was effective in preventing heart disease, so Pfizer is spending a record $1 billion on the phase III trials. And that's just one example of thousands of this "rational drug design" approach now under way.

We are also understanding the thinking processes in our brain as information processes, and here again the progress is exponential, not linear. The spatial resolution (how small we can see) of brain scanning is halving in 3-D volume each year, and, for the first time, we are now actually able to see how brains create our thoughts. We can also see how our thoughts create our brain - in the form of new connections representing what we've learned.

The amount of data we are collecting about the brain is doubling each year, and we are demonstrating that we can turn these massive databases into effective models and simulations of actual brain regions. For example, there is a detailed computer simulation of more than a dozen regions of the auditory cortex that perform similarly to human auditory perception in tests, and another effective simulation of the human cerebellum, which is responsible for skill formation and comprises about half the neurons in the brain.

The significance of exponential growth of technology is that the future is surprising. It comprises far more capability and change than our "intuitive" linear perspectives (steady, even growth) indicate. Many people believe the future is impossible to predict (and there is no shortage of bad futurist predictions to support that idea). True, any specific project is indeed unpredictable. But I've concluded that the overall power of information technology resulting from the vast complex system of technology evolution is remarkably predictable. Computers, for example, have been growing smoothly and exponentially in capability and price-performance for more than a century.

So what does the future hold? By 2019, we will largely overcome the major diseases that kill 95 percent of us in the developed world, and we will be dramatically slowing and reversing the dozen or so processes that underlie aging. We will be adding more than a year each year to remaining life expectancy, so the amount of time individual human beings have "left" on average will actually get longer each year.

Computers won't be the large objects we carry around now, such as iPods, phones, PDAs and laptops. There will be a seamless mesh of trillions of tiny computing and communication devices deeply embedded in our environment, in our clothing, and making their way into our bodies. Images will be written to our retinas from our eyeglasses, creating full-immersion virtual-reality environments. We will also have means of physically touching one another in these environments, so we'll be spending more and more of our time interacting with each other in increasingly realistic virtual-reality environments.

We'll be able to talk to people speaking other languages, with real-time speech-to-speech language translation systems (I'm already doing this with a prototype system I've put together). We'll have augmented "real reality," with pop-up displays in our visual field of view giving us reminders about the people, buildings and objects in our environment (just reminding us what people's names are will be quite helpful).

By 2029, these progressions will become truly interesting. By that time, the power of information technology in all these varied domains will increase in capability a billionfold, while the size of key features will shrink by 100,000.

Intelligent "nanobots" - robots the size of blood cells - will keep us healthy from inside, indefinitely extending human longevity. These nanobots will also go inside our brains through the capillaries, and interact with our biological neurons. One application will be full-immersion virtual reality from inside the nervous system, incorporating all of our senses. When we want to go into a virtual-reality environment, the nanobots will shut down the signals from our eyes and other senses, and replace them with signals generated by the virtual-reality environment. There will be a vast and rapidly increasing number of virtual environments to choose from, and you will be able to go to these virtual places by yourself or with others.

The most significant implication of these developments is that we will directly extend human intelligence. Arguably, we are doing that already - we routinely perform intellectual feats that would be impossible without our computers. Few professionals today could do their jobs at all without the brain-extenders all around us. When these sublimely intelligent devices are intimately integrated into our bodies and brains, we will dramatically extend human capability.

Will we still be human? In my view, this is exactly what being human is all about: expanding beyond our limitations.


