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OVERVIEW 

 

How my predictions are faring 

In this essay I review the accuracy of my predictions going back a 

quarter of a century. Included herein is a discussion of my 

predictions from The Age of Intelligent Machines (which I wrote in 

the 1980s), all 147 predictions for 2009 in The Age of Spiritual 

Machines (which I wrote in the 1990s), plus others. Perhaps my 

most important predictions are implicit in my exponential graphs. 

These trajectories have indeed continued on course and I discuss 

these updated graphs below. 

My core thesis, which I call the ñlaw of accelerating returns,ò is 

that fundamental measures of information technology follow 

predictable and exponential trajectories, belying the conventional 

wisdom that ñyou canôt predict the future.ò There are still many 

things ð which project, company or technical standard will prevail 

in the marketplace, or when peace will come to the Middle East ð 

that remain unpredictable, but the underlying price/performance 

and capacity of information is nonetheless remarkably predictable. 

Surprisingly, these trends are unperturbed by conditions such as 

war or peace and prosperity or recession. 

The quintessential example of the law of accelerating returns is the perfectly smooth, 

doubly exponential growth of the price/performance of computation, which has held 

steady for 110 years through two world wars, the Cold War, the Great Depression, the 

collapse of the Soviet Union, the re-emergence of China, and other notable events of the 

late nineteenth, twentieth and early twenty-first centuries. 

Some people refer to this phenomenon as ñMooreôs law,ò but that is a misconception. 

Mooreôs law (which states that you can place twice as many components on an integrated 

circuit every two years and they run faster because they are smaller) is just one paradigm 

among many. It was the fifth, not the first, paradigm to bring exponential growth to the 

price/performance of computing. 
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The exponential rise of computation started with the 1890 U.S. census (the first to be 

automated), decades before Gordon Moore was even born. In my 2005 book, The 

Singularity is Near, I provide this graph through 2002, and I update it through 2008, 

below. The smoothly predictable trajectory has continued, even through the recent 

economic downturn. 

Computation is the most important example of the law of accelerating returns (LOAR), 

because of the amount of data we have for it, the ubiquity of computation, and its key 

role in ultimately revolutionizing everything we care about. But it is far from the only 

example. Once a technology becomes an information technology, it becomes subject to 

the LOAR. 

Biomedicine is becoming the most important area of technology and industry to be 

transformed in this way. Progress has historically been based on accidental discoveries, 

so progress has been linear, not exponential. This has still been useful: life expectancy 

has grown from age 23 as of one thousand years ago, to age 37 as of two hundred years 

ago, to close to age 80 today. 

However, medicine and human biology have just undergone a grand transformation to 

become an information technology. We have gathered the software of life: the genome. 

The human genome project itself was perfectly exponential, with the amount of genetic 

data doubling and the cost per base-pair coming down by half each year since the project 

was initiated in 1990. 

(Right) This wafer, developed by BioNanomatrix, 
contains nano-sized channels for analyzing DNA 
molecules. The wafer contains many nanoanalyzer 
chips, each lined with 50,000 channels. (Photo 
courtesy of BioNanomatrix) 

We now have the ability to design biomedical 

interventions on computers and to test them on 

biological simulators, the scale and precision of 

which are also doubling every year. 

Now we can also update this obsolete software: RNA interference can turn genes off and 

new forms of gene therapy can add new genes, not just to a newborn but to a mature 

individual. The spatial resolution of brain scanning and the amount of data on the brain 

we are gathering are also doubling each year. 

There are many other manifestations of this integration of biology and information 

technology, as we move beyond genome sequencing to genome synthesizing. 

More references 

Wired magazine | ñDNA Technology Posts Dramatic Speed Increasesò 

Xconomy news | ñSequencing DNA for less than $100 in under an hourò 

MIT Technology Review | ñThe $100 Genomeò 

http://www.wired.com/wiredscience/2008/07/british-institu/
http://www.xconomy.com/%20boston/2009/05/05/nabsys-secures-4m-first-round-to-develop-electronic-dna-sequencing/
http://www.technologyreview.com/biomedicine/22112/
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Another information technology that has seen smooth exponential growth is our ability to 

communicate with each other and transmit vast repositories of human knowledge. There 

are many ways to measure this. Cooperôs law, which states that the total bit capacity of 

wireless communications in a given amount of radio spectrum doubles every 30 months, 

has held true since Marconi used the wireless telegraph for Morse code transmissions in 

1897, to todayôs 4G communications technologies. According to Cooperôs law, the 

amount of information that can be transmitted over a given amount of radio spectrum has 

been doubling every 2.5 years for more than a century. 

Other examples include the number of nodes on the Internet and the number of bits per 

second transmitted on the Internet, which are both doubling each year. 

 

More references 

NewScientist magazine | ñExploring the Exploding Internet: growing at a remarkable speed since 
inceptionò 

PhysOrg | ñInternet Growth Follows Mooreôs Law Tooò 

 

I examine these and many other examples, manifestations, and implications of the law of 

accelerating returns in The Singularity is Near (SIN). Below, Iôve updated these graphs, 

demonstrating how these trends have continued unabated in the six years since the graphs 

in SIN were compiled. The reason that I became interested in trying to predict certain 

aspects of technology is that I realized about 30 years ago that the key to being successful 

as an inventor (a profession I adopted when I was five years old) was timing. Most 

inventions and inventors fail, not because they are unable to get their gadgets to work, but 

because their timing is wrong, either introducing their innovation before all of the 

enabling factors are in place, or too late, missing the window of opportunity. 

Being an engineer, I started to gather data on measures of technology in different areas. 

When I began this effort, I did not expect that this study would present a clear picture, but 

I hoped that it would provide some guidance and enable me to make educated guesses. 

My goal was ð and still is ð to time my own technology projects so that they will be 

appropriate for the world that exists when I complete the projects ð which I realized 

would be very different from the world that existed when I started. 

Consider how much the world has changed recently. Just a few years ago, people did not 

use social networks (Facebook, for example, was founded in 2004 and now has over 800 

million active users), wikis, blogs, or tweets. Most people did not use search engines or 

cell phones in the 1990s. Imagine the world without social networks, wikis, blogs, tweets, 

cell phones, and search engines. That sounds like ancient history, but that was not so long 

ago. The world will change even more in the near future. 

http://www.arraycomm.com/serve.php?page=Cooper
http://en.wikipedia.org/wiki/4G
http://www.newscientist.com/gallery/mg20227061900-exploring-the-exploding-internet
http://www.newscientist.com/gallery/mg20227061900-exploring-the-exploding-internet
http://www.physorg.com/news151162452.html
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In the course of this investigation, which began three decades ago, I made a startling 

discovery: if a technology is an information technology, the basic measures of 

price/performance and capacity (per unit of time or cost, or other resource) follow 

amazingly precise exponential trajectories. 

These trajectories outrun the specific paradigms they are based on (such as Mooreôs law). 

But when one paradigm runs out of steam (for example, when engineers were no longer 

able to reduce the size and cost of vacuum tubes in the 1950s), it creates research 

pressure to create the next paradigm, and so another S-curve of progress begins. 

The exponential portion of that next S-curve for the new paradigm then continues the 

ongoing exponential of the information technology measure. So vacuum-tube-based 

computing in the 1950s gave way to transistors in the 1960s, and then to integrated 

circuits and Mooreôs law in the late 1960s, and beyond. Mooreôs law, in turn, will give 

way to three-dimensional computing, the early examples of which are already in place. 

(Right) A map of the Internet in 2009. (Image courtesy of the 
Internet Mapping Project, Bell Labs/Lumeta Corp.)  

My law of accelerating returns (LOAR) forms the basis and 

fundamental thesis for my three books on the future of 

technology (The Age of Intelligent Machines, The Age of 

Spiritual Machines, and The Singularity is Near) and two 

health books co-authored with Terry Grossman, M.D. 

(Fantastic Voyage and TRANSCEND).  

However, the primary application of the LOAR, in terms of my own career, remains the 

timing of my specific technology projects. 

We might wonder, are there fundamental limits to our ability to compute and transmit 

information, regardless of paradigm? The answer is yes, based on our current 

understanding of the physics of computation. There are limits, but they are not very 

limiting. Ultimately we can expand our intelligence trillions fold based on molecular 

computing. By my calculations, we will reach these limits late in this century.  

It is important to point out that not every exponential phenomenon is an example of the 

law of accelerating returns. Some observers misconstrue the LOAR by citing exponential 

trends that are not information-based: for example, how menôs shavers have gone from 

one blade to two to four, and then asking, where are the eight-blade shavers? Shavers are 

not (yet) an information technology.  

The LOAR does not apply to non-information technologies, but does apply to 

information technologies such as computing, the Internet, the understanding of the 

genome and the brain. The reason information technologies are able to consistently 

transcend the limitations of any particular paradigm is that the resources required to 

compute or remember or transmit a bit of information are vanishingly small. 

http://www.lumeta.com/research/
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In SIN, I provide a theoretical examination, including a mathematical treatment of why 

the LOAR is so remarkably predictable. Essentially, we always use the latest technology 

to create the next: technologies build on themselves in an exponential manner, and this 

phenomenon is readily measurable if it involves an information technology. More 

broadly speaking, this acceleration and exponential growth applies to any process in 

which patterns of information evolve. So, we see acceleration in the pace of biological 

evolution, and similar (but much faster) acceleration in technological evolution, which is 

itself an outgrowth of biological evolution. 

I now have a public track record of more than a quarter of a century of predictions based 

on the law of accelerating returns, starting with the book The Age of Intelligent Machines 

(AIM), which I wrote in the mid-1980s. 

Examples of accurate predictions from that book include: the emergence in the 1990s of a 

vast, worldwide web of communications tying together people around the world to each 

other and to all human knowledge; a great wave of democratization emerging from this 

decentralized communication network, sweeping away the Soviet Union; the defeat of the 

world chess champion by 1998; and many other timely predictions. I discuss these 

predictions from AIM, below. 

I described the law of accelerating returns, as it is applied to computation, extensively in 

The Age of Spiritual Machines (ASM), a book I wrote in the mid to late 1990s. On pages 

22-24, I provided a century of data showing the doubly exponential progression of the 

price/performance of computation through 1998. I updated this graph through 2002 in 

SIN, and through 2008 in this essay. 

ASM included hundreds of predictions for specific decades (2009, 2019, 2029, and 2099). 

With 2009 now concluded, some observers have commented on my 2009 predictions 

from ASM. Many of these are reasonable reviews. However, a few critics have distorted 

the accuracy of my predictions in a number of ways. The most interesting type of 

misrepresentation is the criticsô selection bias. 

As I discuss in detail below, I made 147 predictions for 2009 in ASM, which I wrote in 

the 1990s. Of these, 115 (78 percent) are entirely correct as of the end of 2009, and 

another 12 (8 percent) are ñessentially correctò (see below) ð a total of 127 predictions 

(86 percent) are correct or essentially correct. Another 17 (12 percent) are partially 

correct, and 3 (2 percent) are wrong. 

So, it is easy to focus on the few predictions that were incorrect, excluding the majority 

of predictions ð which were accurate ð and craft a biased analysis. This selection bias 

may be combined with a misunderstanding of what the prediction meant in the first place, 

or ignorance of the current situation, resulting in citing an accurate prediction as 

inaccurate. For example, one commentator lists only three accurate predictions and cites 

five that are ñfalse,ò leaving out almost all of the 127 predictions that are accurate or 

essentially accurate.  
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Of these ñfalseò predictions, a number are, in fact, true. The remaining are only a few 

years away, and I consider them ñessentially correct,ò given that these predictions were 

specified by decades (not years) in ASM. More about this point, below. 

An example of a prediction that was cited as ñfalseò when it is, in fact, true is, ñPersonal 

computers are available in a wide range of sizes and shapes, and are commonly 

embedded in clothing and jewelry.ò When I wrote this prediction in the 1990s, portable 

computers were large heavy devices carried under your arm. 

Today, they are indeed embedded in shirt pockets, jacket pockets, and hung from belt 

loops. Colorful iPod nano models are worn on blouses as jewelry pins or on a sleeve 

while running, health monitors are woven into undergarments, computers are built into 

hearing aids, and there are many other examples. The prediction does not say that all 

computers would be small devices integrated in these ways, just that this would be 

ñcommon,ò which is indeed the case. And ñpersonal computersò should not be restricted 

to the marketing category we happen to call ñpersonal computersò today. 

All of these devices (iPods, smartphones, etc.) are in fact sophisticated ñcomputersò and 

are ñpersonal,ò meaning they serve the needs of individuals. It is not appropriate to use 

todayôs marketing categories to interpret the meaning of these earlier predictions. By a 

reasonable interpretation of the prediction and the current reality, the prediction is 

correct. 

ñMost portable computers will not have keyboardsò is listed by this same observer as 

ñfalse.ò When I wrote this more than a decade ago, every portable computer had an 

(alphanumeric) keyboard. Today, the majority of portable computers such as MP3 

players, cameras, phones, tablets, game players and many other varieties indeed do not 

have keyboards. The full quote of my prediction makes it clear that I am referring to 

computerized devices that ñmake phone calls, access the Web, monitor body functions, 

provide directions, and provide a variety of other services.ò 

Another observer cites my prediction that ñthere will be computer displays that project 

images directly onto the eyesò as ñfalse.ò The prediction did not say that all displays 

would be this way or that it would be the majority, or even common. There are indeed 

wearable displays, such as those made in the United States by Microvision for both 

military and other mobile applications.  

In Japan, companies like Brother and NEC have already been 

producing different series of wearable displays that are 

available to consumers. Virtual retinal displays, initially 

developed for military use, have been deployed by several 

military units, such as the U.S. Armyôs Stryker Brigade, for 

several years. 

(Left) NECôs ñTele Scouterò Retinal Imaging Display uses glasses 
and lasers to send images to the retina. (Photo courtesy of NEC) 

http://www.microvision.com/wearable_displays/index.html
http://www.microvision.com/wearable_displays/military.html
http://www.microvision.com/wearable_displays/mobile.html
http://gizmodo.com/379114/retinal-imaging-display-glasses-make-terminator-vision-possible
http://www.robaid.com/gadgets/nec-unveils-their-retinal-imaging-display-named-tele-scouter.htm
http://en.wikipedia.org/wiki/Virtual_retinal_display
http://news.bbc.co.uk/2/hi/technology/3647437.stm
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Beyond virtual retinal displays, Stanford University researchers are also developing a 

new generation of retinal implants that allow blind people to see and that could also 

enhance normal human vision. 

This same observer said that ñthree-dimensional chips are commonly usedò was ñfalse.ò 

But it is not false. While not yet commonly used in all chips, most semiconductors 

fabricated today for MEMS and CMOS image sensors are in fact 3D chips, using vertical 

stacking technology. 

These first 3D circuits were developed by Matrix Semiconductor (now SanDisk) in 2001, 

Tachyon Semiconductor in 2002, MagnaChip Semiconductor and Tezzaron 

Semiconductor in 2004, and Ziptronix and Raytheon in 2007. 

In December 2010, Samsung announced a new 8GB dual inline memory module 

(DIMM) that stacks memory chips on top of each other using ñthrough silicon viaò 

(TSV), which increases the density of the memory by 50% compared to conventional 

DIMM technology. 

Using the TSV technology will also improve speed, while reducing power consumption. 

The TSV technology creates micron-sized holes through the chip silicon vertically 

instead of just horizontally, creating a much denser architecture. The chips are likely to 

be generally available to equipment manufacturers by the end of 2011. 

IBM is also developing 3D microchips with stacked cores capable of higher data transfer 

rates with less heat and required energy. Semtech Corp. is working with IBM and its 3D 

through-silicon via (TSV) technology to develop a high-performance ADC/DSP 

platform. The proposed device has applications in fiber optic telecommunications, high 

performance RF sampling and filtering, test equipment and instrumentation, and sub-

array processing for phased array radar systems. 

TSV 3D technologies are expected to be used for memory in 2012 and microprocessors 

in 2014. Analysts predict that by 2015, 3D chips with TSVs will be 6% of the overall 

semiconductor market. 

The existence of ñtranslating telephone technologyò (speech-to-speech translation) by 

2009 has been cited as incorrect. I have been demonstrating a prototype of a translating 

telephone since 2008, but as of June 2009, there were no translating telephones 

commercially available. 

http://news.stanford.edu/news/2009/december7/curvable-retina-implant-121009.html
http://www.azonano.com/news.asp?newsID=6977
http://www.azonano.com/news.asp?newsID=6977
http://www10.edacafe.com/nbc/articles/view_article.php?section=ICNews&articleid=152688
http://www.design-reuse.com/news/4844/3-d-stacking-reaches-heights-tachyon-semiconductor-creates-four-wafer-stack.html
http://www.eetimes.com/news/semi/showArticle.jhtml?articleID=53700960
http://www.eetimes.com/news/semi/showArticle.jhtml?articleID=53700960
http://www.eetimes.com/news/semi/showArticle.jhtml?articleID=53700960
http://electronics.wesrch.com/paper_details/press_paper/EL1SE1U21X546/ziptronix-process-enables-3d-integration-on-raytheon-ics
http://www.samsung.com/global/business/semiconductor/newsView.do?news_id=1213
http://en.wikipedia.org/wiki/Through-silicon_via
http://www.eetimes.com/electronics-news/4211363/IBM--Semtech-team-up-for-3-D-
http://electronicdesign.com/content.aspx?topic=the_future_looks_bright_for_3d_integration
http://electronicdesign.com/content.aspx?topic=the_future_looks_bright_for_3d_integration
http://electronicdesign.com/content.aspx?topic=the_future_looks_bright_for_3d_integration
http://www.azonano.com/news.asp?newsID=6977
http://www.azonano.com/news.asp?newsID=6977
http://www.azonano.com/news.asp?newsID=6977
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(Right) The Jibbigo Spanish-English voice translator app for 
iPhone (Photo courtesy of Mobile Technologies, LLC) 

However, just a few months later, in December 2009, 

translating telephone applications were not only 

available, but among the most popular applications for 

BlackBerry, Symbian, iPhone, and Android phones. 

Sakhr Software launched its first real-time, spoken 

Arabic translator for BlackBerry and iPhone systems in 

June 2009, followed by the Jibbigo two-way Spanish-

English voice translator for iPhones in October 2009, 

and its Japanese-English, Chinese-English, and Iraqi-

English versions in 2010. 

I suppose one could argue how ñcommonò the use of speech-to-speech translation is 

today, but it is already a popular application. For example, Jibbigo became the number 

one iPhone app in Japan just a few days after its official launch in Tokyo. Translating 

telephone technology is likely to become quite popular on many smartphones worldwide 

in 2010. 

In Japan, NEC is developing Tele Scouter, a head-mounted optical display that will also 

work as a universal translator, scheduled for commercial release in late 2010. My 

prediction was that speech-to-speech would be ñcommonly used,ò not that it would be 

ubiquitous. 

The $4.99 Word Lens iPhone app from QuestVisual uses optical character recognition to 

identify words in an image and translate them, and then draw them back on the screen. It 

currently offers only English to Spanish and Spanish to English translation. Other 

languages are planned. 

 

More references 

Los Angeles Times | ñNeed a translation? Google awaits your callò 

The New York Times | ñI, Translatorò 

The status of these predictions changes very quickly. In November 2009, the idea of 

large-vocabulary, continuous, speaker-independent speech recognition using a cell phone 

appeared to some observers as still far off in the future. 

Just one month later, this became the most popular free app for the iPhone (Dragon 

Dictation from Nuance, which used to be Kurzweil Computer Products, my first major 

company) as well as the popular Google Mobile App on iPhone, Blackberry, and Nokia 

S60 mobile phones, and on Google Nexus One and other Android phones. 

http://international.sakhr.com/index.html
http://www.jibbigo.com/website/index.php
http://www.nec.co.jp/solution/telescouter/index.html
http://questvisual.com/
http://articles.latimes.com/2010/mar/10/business/la-fi-google-translate10-2010mar10/2
http://www.nytimes.com/2010/03/21/opinion/21bellos.html
http://www.dragonmobileapps.com/
http://www.dragonmobileapps.com/
http://www.google.com/mobile/google-mobile-app/
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Just a few days after its official launch, the Dragon app made it to the top rankings in 

Gizmodoôs Essential iPhone Apps ñBest of 2009ò and the Chorus Community top iPhone 

apps in December 2009, as reported by CNET News. 

Another prediction that has been cited as wrong is ñWarfare is dominated by unmanned 

intelligent airborne devices.ò This prediction is certainly true in Afghanistan and recently 

in Americaôs undeclared war in Pakistan. As Wired recently noted, ñThe unmanned air 

waré has escalated under McChrystalôs watch.ò UAVs (unmanned aerial vehicles) were 

also commonly used in the second Iraq war, and countries like Israel are using them 

regularly for their own military operations, among many other nations. 

One critic cites my prediction that ñby 2009, a top supercomputer would be capable of 

performing 20 petaflops (quadrillion operations per second)ò and dismisses my 

contention that this is ñoff by a few years,ò saying it is ñnot just a little bit wrong, but 

wildly, laughably wrong.ò 

(Below) IBMôs 20 petaflop Sequoia supercomputer, to be delivered to Lawrence Livermore 
National Laboratory in 2011, runs nearly 8 times faster than the worldôs current fastest 
supercomputer, the Chinese Tianhe-1A system. (Photo courtesy of IBM) 

Yet, IBMôs 20 petaflop Sequoia supercomputer is 

already under construction and IBM has 

announced that it will begin operation in 2012. 

The Sequoia supercomputer is the latest of the 

Blue Gene series by IBM, dedicated to exploring 

the frontiers in supercomputing. 

As noted, of the 147 predictions for 2009 in ASM, 

115 (78 percent) were entirely correct by the end 

of 2009, and an additional 12 (8 percent) are what 

I would call ñessentially correct,ò for a total of 

127 predictions (86 percent) out of 147 that are correct or essentially correct. Also, my 

predictions in ASM were specified by decades. 

When I make these predictions, my critics are not saying that they are off by a few years; 

they are saying that they are off by decades or centuries, or will never happen. I make this 

very point in my forthcoming movie The Singularity is Near: A True Story About the 

Future.  

One of my key (and consistent) predictions is that a computer will pass the Turing test by 

2029. The first long-term prediction on the Long Now Foundation website is a bet that I 

have with Mitch Kapor regarding this prediction. Mitch and I put up $20,000 in 2002, 

and this amount plus interest will go to the foundation of the winnerôs choice. I will win 

if a computer passes the Turing test by 2029 (and we have elaborate rules that we 

negotiated for how to implement the Turing test), and Mitch will win if that does not 

happen. 

http://gizmodo.com/5436652/gizmodos-essential-iphone-apps-the-best-of-2009
http://news.cnet.com/8301-27076_3-20000031-248.html
http://news.cnet.com/8301-27076_3-20000031-248.html
http://www.wired.com/magazine/2009/12/ff_end_air_war/
http://washingtonindependent.com/73915/under-mcchrystal-drone-strikes-in-afghanistan-quietly-rise-as-civilian-casualties-drop
http://www.defencetalk.com/tag/uav/
http://www.israeli-weapons.com/index_aircraft.htm
http://en.wikipedia.org/wiki/List_of_unmanned_aerial_vehicles
http://www-03.ibm.com/press/us/en/pressrelease/26599.wss
http://domino.research.ibm.com/comm/research_projects.nsf/pages/bluegene.index.html
http://www.longbets.org/1
http://www.longnow.org/
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In the movie, I create an AI-based avatar named Ramona; she fails the test in 2029 and 

Mitch wins the bet. However, she goes on to pass the test in 2033. If that is indeed what 

happens in the future, whose vision of the future can we say was correct? 

From a strictly literal point of view, and in terms of the rules of the bet, Kapor will have 

won the wager. The money will go to his foundation, not mine. But Kaporôs critique is 

not that ñKurzweilôs prediction of a computer passing the Turing test in 2029 is 

ridiculous, it wonôt happen until 2033.ò Rather he is implying that I am off by centuries if 

it ever happens at all. 

My point is that if a computer passes the Turing 

test by 2033, rather than 2029, then it will still be 

my vision of the future that is ñessentially 

correct.ò And so it is with the 12 predictions out 

of 147 that I made in ASM that are likely to 

come true in the next year or couple of years. By 

my calculation, 127 out of 147 predictions (86 

percent) are either correct or essentially correct. 

In the rest of this essay, I will examine the 

specific predictions that I made for 2009 in The 

Age of Spiritual Machines, followed by the 

predictions I made for the 1990s and 2000s in 

The Age of Intelligent Machines, followed by an 

examination of the exponential trajectories of 

information technologies discussed in The 

Singularity is Near, and how they have 

continued since that book was written in 2004 

and published in 2005. I conclude with a set of 

predictions I made for the emergence of e-books 

and e-readers, in a series of essays I wrote in 

1992 and 1993 for the Library Journal.
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THE COMPUTER ITSELF 

Predictions made for 2009 in The Age of Spiritual Machines 

The following is an analysis of predictions for 2009 made about the future of computing 

in the book The Age of Spiritual Machines, which was written in the mid to late 1990s. 

 

1. Computers | The r ise & ubiquity of portable computers 

PREDICTION: Individuals primarily use portable computers. 

ACCURACY: Correct 

DISCUSSION: When this prediction was written, computers were primarily desktop 

systems. Today, portable computers greatly outnumber desktops. In 2003, laptops began 

catching up with desktop computers. 

An article in Ars Technica named 2007 as the ñYear of the Laptop.ò Since then, laptop 

sales have been steadily overtaking desktop sales in the United States. By December 

2008, the same trend was seen in worldwide computer shipments. According to research 

firm iSuppli, ñFor the first time ever, laptop sales have exceeded desktop sales on the 

global level. In the third quarter of 2008, PC laptop sales increased forty percent over Q3 

2007, to 38.6 million units sold. This is in contrast to desktop PCs, which dropped 1.3%, 

with a total of 38.5 million units sold.ò  

This trend continues: two thirds of all computers sold today in some countries are 

laptops, and this percentage could grow as high as 80% by 2012, according to some IDC 

forecasts, which claim that ñthe desktop is going the way of the dinosaur.ò IDC says that 

the percentage of laptop computers sold in 2009 was 60% and is projected to be 70% by 

2012 (both in the US and worldwide). 

 

(Below) Ubiquitous laptop computing at a conference. (Photo courtesy of PRthoughts.com blog) 
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2. Computers | Portable computers lighter, thinner 

PREDICTION: Portable computers will have become dramatically lighter and 
thinner than the notebook computers of ten years earlier. 

ACCURACY: Correct 

(Right) Appleôs 2010 MacBook Air features an 11.6-inch 
LED-backlit widescreen display with native 1366 by 768 
pixel resolution. It weighs 2.3 pounds, with a thickness of 
only 0.11-0.68 inches. (Photo courtesy of Apple Inc.) 

DISCUSSION: In 1999, most of the computers 

were bulky desktop models with large CRT 

(cathode ray tube) displays ð that is, museum 

pieces compared to current technology. Even the 

laptops in those days were large, thick, heavy and 

extremely slow compared to todayôs computers. 

Most laptops had sluggish Internet access, floppy disk drives, short battery life, and slow 

processors. A typical laptop in the late 1990s was the IBM ThinkPad 380, which ran on 

Intel Pentium chips at 150 MHz and weighed 7.1 lbs. The laptops of today have more 

powerful and faster processors (with billions of transistors running at gigahertz speeds), 

and wireless connections for fast broadband access. 

Todayôs Lenovo ThinkPad X series runs on an Intel Core i7 processor at 2.6 GHz, is 

ultrathin, and only weighs 2.43 lbs. Laptops today are also becoming more stylish, with 

additional accessories like video cameras and fingerprint sensors. 

A new generation of notebooks has arrived since 2007: ñnetbooks,ò sometimes also 

called ñmininotebooksò or ñultraportables.ò This is a rapidly evolving category of small, 

light and inexpensive laptop computers suited for general computing and using Web-

based applications. Another new kind of computer, just emerging now, is the 

ñsmartbook,ò which are mobile devices that combine the features of smartphone and 

netbook. 

 

3. Computers | Wearable personal computers & devices 

PREDICTION: Personal computers are available in a wide range of sizes and 
shapes, and are commonly embedded in clothing and jewelry 
such as wristwatches, rings, earrings and other body ornaments. 

ACCURACY: Correct 

http://www.youtube.com/user/Apple?v=q6oGhLvLfgs&feature=pyv&ad=6744974472&kw=MacBook%20air
http://www.pcworld.com/reviews/collection/1660/top_10_ultraportable_laptops.html
http://www.pcworld.com/reviews/collection/1660/top_10_ultraportable_laptops.html
http://en.wikipedia.org/wiki/Smartbook
http://en.wikipedia.org/wiki/Smartbook
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DISCUSSION: When I wrote this prediction in the 1990s, portable computers were large, 

heavy devices carried under your arm. Today, they are commonly found in shirt pockets 

and jacket pockets, and hung from belt loops. 

Colorful iPod nano models are worn on blouses or on sleeves while running. Health 

monitors can be woven into undergarments. There are now computers in hearing aids, 

and there are many other examples. 

According to VDC Research, about 500 million processors in 2009 went to the ñwearable 

market segment.ò 

(Right) SCOTTEVEST Essential Travel Jacket 
conceals 18 pockets for todayôs gadget users. 
(Photo courtesy of SCOTTEVEST) 

The prediction does not say that all 

computers would be small devices 

integrated in these ways, just that such 

personal computers would be ñcommon,ò 

which indeed is the case. ñPersonal 

computersò should not be restricted to the 

marketing category that we happen to call 

ñpersonal computersò today. All of these 

devices (iPods, smartphones, etc.) are in 

fact sophisticated ñcomputersò and are 

ñpersonal,ò meaning they serve the needs of 

individuals. 

There are numerous examples of computers now embedded in clothing. The 

SCOTTEVEST ñiPad-Compatibleò jackets, vests, and pants have up to 24 hidden pockets 

for gadgets, etc. A patented ñPersonal Area Networkò (PAN) allows for running earbud 

and other cables through hidden secret passages in the fabric to link up the devices. 

Other examples mentioned by BusinessWeek: Adidas ñ1ò sneakers have a magnetic 

sensor in the heel that sends 1,000 impact measurements a second to a microprocessor in 

the sole, adjusting the shoeôs firmness in real time; the T-Shirt TV from the Brand 

Marketers includes a built-in LCD TV; Burtonôs iPod jacket has an embedded device 

controller in the sleeve for remote operation of gadgets; and Motorola & Oakleyôs 

Razrwire sunglasses are Bluetooth-enabled. 

 

4. Computers | Small but high-resolution interfaces 

PREDICTION: Computers with a high-resolution visual interface range from rings 
and pins and credit cards up to the size of a thin book. 

ACCURACY: Essentially correct 

http://www.smartlifetech.com/why/
http://www.vdcresearch.com/
http://www.scottevest.com/company/ipad.shtml
http://www.scottevest.com/v3_store/Essential_Jacket_Women.shtml
http://www.businessweek.com/images/ss/05/06/hitechclothing/source/1.htm
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DISCUSSION: There are many small book-sized computers available today, including 

computers designed specifically as e-books. Small computers, such as the iPod nano have 

built-in displays, and are not much larger than a credit card. They also come in decorative 

colors, and are commonly worn on clothing. 

(Right) The Zypad wearable wrist computer by 
Eurotech. (Photo courtesy of Eurotech) 

Computers and other communications devices are 

also becoming fashion items, with very small 

displays. The continual convergence of 

information and communications technologies 

(ICT) has transformed computers and mobile 

telephones into jewelry items. 

Japanese KDDI and Korean LG are launching new fashion mobile phone models, and the 

U.S. company iStyles will ñskinò laptop computers, gaming machines, mobile telephones 

and e-book readers to any personal taste. 

(Left) O'Neill's NavJacket (Image courtesy of OôNeill) 

ñWearable computer technologyò is a growing field. There 

are already some companies producing wrist computers, like 

the model from Zypad shown in the photo, and combined-

function devices, like the computer-watch-telephone-

camera-radio-TV by LG, which looks like a James Bond 

gadget. A multitude of compact, wearable devices with 

embedded computing and sensing technologies are now 

commonplace, such as O'Neill's NavJacket, with a GPS unit 

embedded into a sleeve that connects to your mobile phone 

via Bluetooth and a sleeve display. 

 

5. Computers | Networked computers on and around us 

PREDICTION: People typically have at least a dozen computers on and around 
their bodies, which are networked using ñbody LANsò (local area 
networks). 

ACCURACY: Essentially correct 

DISCUSSION: Consider someone sitting at their desk. In their pockets, you might find a 

cell phone, a digital camera, an iPod, or a Bluetooth headset, each with one or more 

computers. On their desk, you might find their desktop or notebook computer, a printer, 

and various communication devices, each with one or more computers. Many of these 

devices, such as ñpersonal computers,ò have more than one computer in them. So thatôs 

close to a dozen computers typically right now. 

http://www.independent.co.uk/life-style/fashion/news/chantal-thomass-launches-cell-phone-accessories-1889127.html
http://www.mycoolcell.com/
http://tokyofashion.com/iida-mobile-phones-new-from-kddi-japan/
http://www.stylecaster.com/news/8242/victoria-beckham-for-lg-fashion-touch-cell-phones-part-deux
http://www.istyles.com/computers-c-448.html?osCsid=df65527de6d6c288200c2814f6d32d6f
http://www.zypad.com/zypad/home.aspx
http://www.zypad.com/zypad/home.aspx
http://www.telegraph.co.uk/technology/news/6060205/LG-launches-500-James-Bond-style-watch-phone.html
http://www.telegraph.co.uk/technology/news/6060205/LG-launches-500-James-Bond-style-watch-phone.html
http://thehottestgadgets.com/2008/09/the-15-hottest-wearable-gadgets-001253
http://thehottestgadgets.com/2008/09/the-15-hottest-wearable-gadgets-001253
http://www.oneill.com/navjacket/
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With the advent of multi-core architectures, these devices are starting to have 2, 4, 8é 

computers each in them, so weôll exceed a dozen computers ñon and around their bodiesò 

very soon. One could argue that it is ñtypicalò already, but it will become very common 

within a couple of years. 

These computers provide communication facilities similar to cellular phones, pagers, and 

Web browsers; they provide automated identity verification (to conduct financial 

transactions and allow entry into secure areas), give directions for navigation, and handle 

a variety of other services. Using Bluetooth, Wi-Fi, and broadband data services, 

communication links between the multiple computers are highly effective. 

 

6. Computers | No moving parts, electronic memory 

PREDICTION: For the most part, these truly personal computers have no moving 
parts. Memory is completely electronic. 

ACCURACY: Correct 

DISCUSSION: The number of computerized personal devices, such as MP3 players, that 

use all-electronic flash memory significantly outnumbers those with disk drives and CD 

or DVD drives. 

(Right) A SanDisk G3 solid state drive. (Image courtesy of 

SanDisk Corp.) 

Since electronic flash memories were introduced 

commercially in the 1990s, their applications have been 

growing steadily. SSD (solid state drives) using 

electronic flash memories have begun substituting for 

hard disk drives (HDD) with movable parts in the last 

few years, primarily in smaller, portable computers like 

smartphones and tablets. 

The advantages of SSD are numerous and include more robustness (no moving parts), 

wider temperature range, almost-instant startup, silent operation and faster processing, 

although their costs are still higher than those of HDDs. Samsung, the Korean flash 

memory leader, was the first company to make computers using SSD technology, in 

2006, followed by Japanese companies like Sony and Fujitsu, and U.S.-based Dell in 

2007. 

Toshiba launched the worldôs first 512GB SSD laptop in 2009, announcing that its new 

computer would ñprovide customers with an enhanced level of protection, portability, 

reliability, and fast data access.ò The company claims that the adoption of this 512GB 

solid-state technology enables the user to enjoy shorter boot times, faster application 

loading, and access times that are 300 percent faster than 128GB or smaller SSDs. And 

Apple Inc. launched its first SSD laptop in 2010, the new MacBook Air. 

http://en.wikipedia.org/wiki/Solid-state_drive
http://www.notebookcheck.net/SSD-versus-HDD-in-comparison.18750.0.html
http://www.storagesearch.com/semico-art1.html
http://www.gizmag.com/go/5668/
http://www.engadget.com/2007/04/24/dell-joins-the-fray-offers-ssd-in-latitude-d420-d620/
http://www.engadget.com/2007/04/24/dell-joins-the-fray-offers-ssd-in-latitude-d420-d620/
http://gizmodo.com/5253345/toshiba-dynabook-ss+rx2-worlds-first-laptop-with-512gb-ssd
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7. Computers | Keyboardless computers 

PREDICTION: Most portable computers do not have keyboards. 

ACCURACY: Correct  

DISCUSSION: When I wrote this, every laptop had an alphanumeric keyboard. Today, 

most portable computers, such as MP3 players, cameras, smartphones, tablets, game 

players and many other varieties, indeed do not have keyboards. 

(Right) Appleôs iPad has a touchscreen that can transform into 
various types of keyboards and other input interfaces. (Photo 
courtesy of Apple Inc.) 

The full quote of my prediction makes it clear that I am 

referring to computerized devices that ñmake phone calls, 

access the Web, monitor body functions, provide directions, 

and provide a variety of other services.ò 

In this broader context today, it is clear that most portable 

computers do not use traditional alphanumeric keyboards as 

input devices; they have been replaced by simple keypads, 

trackballs, pointing devices, joysticks, touch screens, voice 

recognition, and movement detection. 

Moreover, with touch-sensitive screens now in wide use, new form factors have emerged 

with multi-purpose displays that can change on-demand: from a virtual musical keyboard 

to a standard alphanumeric keyboard, to exotic interfaces with elaborate control panels 

based solely on icons and imagery. One device can become many, since users no longer 

rely on fixed, physical keyboards to define the capability of a single device based on its 

inherent input limitations. 

Todayôs unrestricted devices are not tethered to a parade 

of clunky attachments; hardware with dynamic user 

interfaces and more organic input modes is the trend. 

(Left) The many faces of Appleôs iPhone: switching functions 
no longer means switching devices. Top: music creation and 
editing app. Bottom Right: Full e-mail editor. Bottom Left: An 
SMS app. (Photo courtesy of Apple Inc.) 

Tablet computers and smartphones, for example, can 

function as laptop computers, media and music players, 

design tablets for graphics, audio control boards, DJ 

turntables, e-mail editors, portable GPS guides, bar-

code readers, language translators, video cameras, 

gaming consoles, scanners, and even full-screen e-book 

readers, simply by switching interfaces (apps). 
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8. Computers | Digital objects on personal servers 

PREDICTION: Most users have servers in their homes and offices where they 
keep large stores of digital ñobjects,ò including their software, 
databases, documents, music, and movies. 

ACCURACY: Correct 

DISCUSSION: Most computer users have a main computer (whether it is their desktop or 

notebook) where they keep documents, personal databases, music, TV shows, movies, e-

books, and other digital objects. In some cases, these objects may be distributed among 

multiple computers, for example keeping digital books on a computerized digital book 

device. 

Users now also keep their music, movies, television programs, software, e-books on a 

variety of other computerized devices, which act as servers serving up this digital 

content. These servers include DVRs (digital video recorders), such as those from cable 

providers and Tivo. 

Another popular use of servers, such as Apple TV, is to send movies directly to TVs, in 

addition to local networks (wired and Wi-Fi) used to distribute music and movies 

throughout a house or building. Many people use such servers informally, but it is now 

very easy to build simple home and office servers as well. 

(Right) Apple TV server stores movies, TV shows, 

music, and photos. (Image courtesy of Apple Inc.) 

An example is the Philipsô Streamium series: a 

line of IP-enabled entertainment products by 

Philips Consumer Electronics.  

Streamium products allow users to consume 

digital entertainment and multimedia content 

ð whether stored on their desktop computers 

or delivered through Internet-based services ð 

on their home entertainment and/or audio sets. 

Using Wi-Fi, music streams wirelessly to almost any type of audio equipment, anywhere 

in a house. With a Wireless Multimedia Adapter, it is also possible to play downloaded 

movies directly on an analog television set or to access the Internet wirelessly.  

A Streamium device plugged into the local home network can see multimedia files that 

are in different UPnP-enabled computers, PDAs and other networking devices (loaded 

with UPnP AV MediaServer software); for example, network-attached storage (NAS) 

that supports UPnP, or even a UPnP enabled phone like the Nokia N93 or Nokia N80. 

http://www.pcmag.com/article2/0,2817,2325659,00.asp
http://www.streamium.philips.com/
http://en.wikipedia.org/wiki/Wi-Fi
http://www.p4c.philips.com/files/s/slm5500_05/slm5500_05_pss_eng.pdf
http://en.wikipedia.org/wiki/UPnP
http://en.wikipedia.org/wiki/Nokia_N93
http://en.wikipedia.org/wiki/Nokia_N80
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(Below, Left) Diagram for the Philips Streamium SL400i Wi-Fi enabled Multimedia Receiver for 
home and Internet entertainment. (Image courtesy of Philips); (Below, Right) A typical wireless 
home network with high-speed Internet access. (Image courtesy of MultiLayer Networks) 

  

 

9. Computers | Digital media and software 

PREDICTION: Digital objects such as books, music albums, movies, and 
software are rapidly distributed as data files through the wireless 
network, and typically do not have a physical object associated 
with them. 

ACCURACY: Correct 

DISCUSSION: Electronic versions of books, music, movies and software are indeed 

distributed wirelessly as data files. 

The iTunes Store started in 2003 as the iTunes Music Store. Since that time, the iTunes 

Store has diversified and grown to become the largest software-based online digital 

media store in the world, with more than 12 million items to purchase. 

In April 2008, the iTunes Store became the number one music vendor in the United 

States, followed by Wal-Mart and Best Buy. In February 2010, the store served its 10 

billionth song download, less than 7 years after going online. Currently, iTunes accounts 

for 70% of worldwide online digital music sales, making the service the largest legal 

music retailer in the world. The iTunes Store today sells not just music, but also movies, 

audiobooks, games, podcasts, applications and other services via the Internet. 

http://www.apple.com/itunes/
http://www.apple.com/pr/library/2008/04/03itunes.html
http://www.apple.com/pr/library/2008/04/03itunes.html
http://www.apple.com/pr/library/2010/02/25itunes.html
http://www.apple.com/pr/library/2010/02/25itunes.html
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Separately, Amazon.com is the worldwide leader in e-book sales, and Netflix is still a 

major player in digital movies (and is now starting online sales in Europe). Amazon.com 

and Netflix are quickly growing in their respective Internet markets. Amazon.com is the 

worldôs largest online retailer, with revenues close to $25 billion in 2009, and has moved 

from selling print books to many other products since its founding in 1994. 

For Christmas 2009, e-books were some of the most successful sale items for 

Amazon.com and other online retailers. In fact, Amazon.com e-book sales overtook print 

book sales for the first time December 2009. 

My company, K-NFB Reading Technology, Inc., in a joint venture with Baker & Taylor, 

the worldôs largest book distributor, is introducing Blio, a free software-based reader (see 

www.Blio.com), which comes with a million free books and allows users to purchase 

books from the 44,000 publishers that Baker & Taylor has a relationship with. 

 

10. Computers | Usersô servers store virtual reality environments 

PREDICTION: Most users have servers where they keep digital ñobjectsò such 
as virtual reality environments (although these are still at an early 
stage).  

ACCURACY: Correct  

DISCUSSION: The best examples today of ñearly stageò virtual reality environments are 

games, especially where the game involves the movement of the player using devices 

such as the Nintendo Wii. In 2010, Microsoft released Kinect for Xbox 360, which is a 

controller-free way to enable body movement to enter the virtual game environment. 

For example, you will be able to play virtual volleyball with just your hands as in a real 

volleyball game. These are truly virtual reality environments in which you become part of 

the environment. Video games are also becoming three-dimensional, with more full 

immersion. For example, 50 titles are currently being converted into 3D for the Sony 

PlayStation 3. 

 

11. Computers | Most people prefer to keep their private information under their 

own control 

 

PREDICTION: There are services to keep oneôs digital objects in central 
repositories, but most people prefer to keep their private 
information under their own physical control. 

ACCURACY: Correct 

http://www.choosedvdrental.co.uk/dvd-rental-guide/news/netflix-uk-streaming-launch-to-rival-lovefilm.html
http://latimesblogs.latimes.com/entertainmentnewsbuzz/2010/11/netflinx-launches-streaming-only-plan-raises-prices-for-dvd-plans.html
http://www.nytimes.com/2009/09/20/business/20amazon.html
http://www.nytimes.com/2009/09/20/business/20amazon.html
http://www.guardian.co.uk/business/2009/dec/28/amazon-ebook-kindle-sales-surge
http://www.guardian.co.uk/business/2009/dec/28/amazon-ebook-kindle-sales-surge
http://www.blio.com/
http://www.nintendo.com/wii
http://www.xbox.com/en-US/Kinect
http://news.cnet.com/8301-13506_3-20023675-17.html


How My Predictions Are Faring 

 

P a g e| 20 

DISCUSSION: ñCloudò computing and storage services enable people to keep their files 

and digital objects in central storage facilities accessed through the Internet, so they can 

access their files on any computer while traveling, for example. 

Examples of popular cloud services for home media include MobileMe, a service that 

pushes e-mail, contacts, and calendar events wirelessly to iPhone, iPad, Mac, and PC to 

allow them to stay in sync, Google Docs, which provides storage for documents, 

spreadsheets, and added drawings, and DropBox, which allows users to store, sync, and, 

share files online on multiple devices and with other users. 

According to the 2008 report of the Pew Internet and American Life Project, ñSome 69% 

of online Americans use Webmail services, store data online, or use software programs 

such as word processing applications whose functionality is located on the Web,ò but 

ñ90% of cloud application users say they would be very concerned if the company at 

which their data were stored sold it to another party,ò and ñan overwhelming majority of 

cloud computing services users expressed serious concern regarding the possibility that a 

cloud computing services provider would disclose their data to others.ò 

Because of these concerns, along with the rapidly increasing cost-effectiveness of storage 

on flash drives and terabyte drives, many people are keeping their private information in 

their own homes. 

However, privacy concerns do not appear to have stopped consumers entirely from 

putting their private data online. Social networks, such as Facebook, have exploded in 

popularity; 48% of teens and adults now have a social networking profile, compared to 

only 24% in 2008.  

A survey of CMU students (ñInformation Revelation and Privacy in Online Social 

Networksò by Ralph Gross and Alessandro Acquisti) showed that a large majority of 

people with Facebook profiles gave the network private information, such as their 

physical address, sexual preferences, and political beliefs. Increasingly permissive 

privacy policies do not appear to have stopped the explosive growth of social networking 

services, but privacy is still a major concern for users. 

 

12. Computers | Cables are disappearing 

PREDICTION: Cables are disappearing. Communication between components, 
such as pointing devices, microphones, displays, printers, and the 
occasional keyboard uses short-distance wireless technology. 

ACCURACY: Correct  

DISCUSSION: Cables are indeed disappearing (the prediction does not say that they 

have already fully disappeared). There is already increasing use of Bluetooth, Wi-Fi and 

other wireless technologies in an attempt to eliminate physical cables. 

http://www.apple.com/mobileme
http://docs.google.com/
http://www.pewinternet.org/Reports/2008/Use-of-Cloud-Computing-Applications-and-Services.aspx?r=1
http://www.marketingpilgrim.com/2009/02/facebook-hits-175m-active-users.html
http://www.marketingpilgrim.com/2009/02/facebook-hits-175m-active-users.html
http://www.wirelessandmobilenews.com/2010/04/social-networking-internet-wi-fi-sms-and-mp3-top-digital-platform-use-says-abritron-edison.html
http://www.heinz.cmu.edu/~acquisti/papers/privacy-facebook-gross-acquisti.pdf
http://www.heinz.cmu.edu/~acquisti/papers/privacy-facebook-gross-acquisti.pdf
http://www.eff.org/deeplinks/2010/04/facebook-timeline/
http://www.eff.org/deeplinks/2010/04/facebook-timeline/
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(Above, Left) Ciscoôs ValetÊ home Wi-Fi router series is designed for easy personal installation. 
(Image courtesy of Cisco); (Above, Right) Wireless power charging pad from eCoupledÊ. (Photo 
courtesy of Fulton Innovation, LLC) 

It is common today for wireless communication to exist between pocket devices such as 

cell phones and cameras, and for desktop devices such as printers and desktop computers 

to be completely wireless. This technology is becoming more widespread with time. 

People are increasingly using notebook computers and pocket-sized computers, and using 

one form of wireless communication or another to communicate with printers and other 

devices. 

 

13. Computers | Computers have wireless Internet connectivity 

PREDICTION: Computers routinely include wireless technology to plug into the 
ever-present worldwide network, providing reliable, instantly 
available, very high bandwidth communication. 

ACCURACY: Correct 

DISCUSSION: Wireless Internet access as of 2009 is available through direct broadband 

connections nationwide, via mobile broadband devices through cellular networks in the 

United States, such as AT&T, Verizon, and Sprint, and via Wi-Fi in thousands of 

locations. All 2009-era smartphones are able to connect ubiquitously to the Internet via 

pre-installed mobile broadband electronics. 

In addition, virtually all laptops and netbooks manufactured in 2009 had Wi-Fi 

capabilities, and the number and location of ñhotspotsò with Internet access has 

mushroomed, both in the United States and elsewhere. 

Hotspots can be found today at many restaurants, train stations, airports, military bases, 

libraries, hotels, hospitals, coffee shops, bookstores, fuel stations, department stores, 

supermarkets, parks and campgrounds, public pay phones, and other public places. Many 

universities and schools also have wireless networks on their campus. 

http://www.wifirv.com/hotspots/state.php
http://www.wifirv.com/hotspots/state.php
http://www.wi-fihotspotlist.com/


How My Predictions Are Faring 

 

P a g e| 22 

Additionally, a rapidly growing number of cities around the world are creating their own 

municipal wireless networks to let citizens connect to the ubiquitous Internet, and some 

companies are also funding wireless community networks. 

 

14. Computers | Most text created using speech recognition 

PREDICTION: The majority of text is created using continuous speech 
recognition (CSR) dictation software, but keyboards are still used. 
CSR is very accurate, far more so than the human 
transcriptionists who were used up until a few years ago. 

ACCURACY: Partially correct 

DISCUSSION: People are migrating to pocket-sized computers, but these devices do not 

provide easy-to-use keyboards, so this situation has created a demand for effective large-

vocabulary speech recognition for text entry. 

Up until recently, handheld devices such as cell phones did not have computers able to 

support large-vocabulary speech recognition (or adequate communication to access 

server-based speech recognition), but that has now changed. 

As I discussed above, the status of predictions such as this one changes very quickly. In 

November 2009, the idea of large-vocabulary, continuous, speaker-independent speech 

recognition using a cell phone appeared to many to be still far off in the future. 

Just one month later, Dragon Dictation from Nuance, which used to be Kurzweil 

Computer Products, my first major company) became one of the most popular free apps 

for the iPhone, and the Google Mobile App likewise became popular on iPhone, 

Blackberry, and Nokia S60 mobile phones, and on Google Nexus One and other Android 

phones. 

Just a few days after its official launch, the Dragon app made it to the top rankings in 

Gizmodoôs Essential iPhone Apps ñThe Best of 2009ò and Chorus Community top 

iPhone apps in December 2009 as reported by CNET News. 

This capability was just introduced to the market late in 2009, so it should become 

increasingly popular in the next few years. Although it does not represent the ñmajorityò 

of text created, it will nonetheless become increasingly common. For generating text 

directly, Google Voice is a telecommunications service that also transcribes voicemail 

online. 

http://en.wikipedia.org/wiki/Municipal_wireless_network
http://en.wikipedia.org/wiki/Municipal_wireless_network
http://www.dragonmobileapps.com/
http://www.dragonmobileapps.com/
http://news.cnet.com/8301-27076_3-20000031-248.html


How My Predictions Are Faring 

 

P a g e| 23 

15. Computers | Language interfaces & animated personalities 

PREDICTION: Also ubiquitous are language user interfaces (LUIs), which 
combine continuous speech recognition (CSR) and natural 
language understanding. For routine matters, such as simple 
business transactions and information inquiries, LUIs are quite 
responsive and precise. They tend to be narrowly focused, 
however, on specific types of tasks. LUIs are frequently combined 
with animated personalities. Interacting with an animated 
personality to conduct a purchase or make a reservation is like 
talking to a person using videoconferencing, except that the 
person is simulated. 

ACCURACY: Partially correct 

DISCUSSION: All of these capabilities exist today. Dragon Dictate from Nuance 

Communications (formerly Kurzweil Computer Products, Inc.) combines continuous 

speech recognition and natural language commands for word processing as well as 

controlling your computer generally. 

(Right) Apps like Vlingo allow cell phone customers to use 
their voice to send e-mails and text messages, search the 
Web, use Google Maps, update Facebook and Twitter status, 
and call contacts. (Photo courtesy of Vlingo Corporation) 

There are animated personalities that combine an 

animated face with natural language processing; these 

can be controlled by voice via a speech recognition 

system such as Dragon Dictate as the input to a 

computer. 

One example is Ramona version 4.0 from 

KurzweilAI.net. Some of these ñbotò systems are used to 

conduct simple business transactions. These capabilities 

are not yet ubiquitous and probably wonôt be over the 

next few years. 

MITôs Technology Review considered the ñintelligent software assistantò one of its 10 

emerging technologies in its 2009 TR10 special report. After a public announcement in 

2009, Siri (recently acquired by Apple Inc.) launched its free personal assistant 

application for the iPhone in early February 2010. 

Siri uses natural language processing to answer questions and make recommendations on 

many different subjects. The company says that Siri adapts to the userôs individual 

preferences over time and personalizes results, as well as accomplishing tasks such as 

making dinner reservations while trying to catch a cab. 

http://www.kurzweilai.net/kurzweil-projects-and-companies/virtual-ramona-project
http://www.technologyreview.com/read_article.aspx?ch=specialsections&sc=tr10&id=22117
http://www.technologyreview.com/blog/editors/24776/?a=f
http://www.technologyreview.com/blog/editors/24776/?a=f
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There are also intelligent assistants for simple 

business needs and ñartificially intelligent agentsò for 

call centers. ñThe óvirtual assistantô experience will 

be like hiring a new assistant that doesnôt yet know 

you, but eventually becomes so familiar that you 

canôt live without him or her,ò says Dag Kittlaus, 

co-founder and CEO of Siri. ñKeep your eyes on this 

space, try out these products as they emerge, and 

prepare to make your life a bit simpler over the next 

few years.ò  

(Right) The Voici Pad from eviGroup features the Seline10 
AI virtual personal assistant. (Image courtesy of eviGroup) 

 

16. Computers | Computer displays have all the qualities of paper 

PREDICTION: Computer displays have all the display qualities of paper ð high 
resolution, high contrast, large viewing angle, and no flicker. 
Books, magazines, and newspapers are now routinely read on 
displays that are the size of, well, small books. 

ACCURACY: Correct 

DISCUSSION: The e-book has been one of the most notable technological successes of 

this decade. More than 3 million Kindles have been sold as of January 2010, as well as 

millions of other e-book readers. Additionally, virtually all magazines and newspapers 

are now online. People routinely read their articles on portable computers and 

smartphones, such as the iPhone, of which more than 50 million have now been sold as of 

April 2010. Smartphones are now the fastest growing segment of the mobile phone 

market, with more than 45 million in active use. 

The latest generation of e-book readers provides a flexible viewing angle, and flicker-free 

contrast at least equal to paperback books. The e-book readers of 2009 such as the Nook 

from Barnes & Noble and the Kindle from Amazon.com are now available in black & 

white, using E Ink technology. Several color versions were introduced in 2010. 

A variety of tablet computers, such as the iPad from Apple, have been introduced in 

2010, with display qualities comparable to e-book readers, while providing general PC 

capabilities. There is evidence suggesting that electronic paper (e-paper), including E Ink, 

used in the latest displays is more comfortable to read than conventional computer 

displays, and the contrast ratio available in e-reader displays is comparable to that of 

newspapers. 

Blio, a free software-based e-reader from my company, K-NFB Reading Technology, 

Inc., can be run on these new tablet computers (as well as most other platforms). Blio 

preserves typography, illustrations and color, and it lets users insert highlights, notes, 

http://www.intelligentassistant.com/
http://www.intelligentassistant.com/
http://nextbigfuture.com/2009/01/artificial-intelligence-adaptive-ai.html
http://nextbigfuture.com/2009/01/artificial-intelligence-adaptive-ai.html
http://mashable.com/2010/01/31/virtual-assistant/
http://xtremelysocial.com/2010/the-birth-of-the-virtual-assistant/
http://siri.com/
http://techcrunch.com/2010/01/29/3-million-amazon-kindles-sold-apparently/
http://www.zdnet.com/blog/btl/report-e-reader-sales-will-surge-at-the-150-price-point/29815
http://techcrunch.com/2010/04/08/apple-has-sold-450000-ipads-50-million-iphones-to-date/
http://bmighty.informationweek.com/mobile/showArticle.jhtml?articleID=224201881
http://www.colorebookreaderreviews.com/quick-guide-to-color-ebook-readers/
http://articles.latimes.com/2010/jan/29/business/la-fi-apple-books29-2010jan29
http://blioreader.com/
http://blioreader.com/
http://www.wired.com/gadgetlab/2009/12/blio-ray-kurzweil-book/?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed:+wired/index+(Wired:+Index+3+(Top+Stories+2))
http://www.wired.com/gadgetlab/2009/12/blio-ray-kurzweil-book/?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed:+wired/index+(Wired:+Index+3+(Top+Stories+2))
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videos, and even Web pages. Blio diverges from traditional e-readers in a few ways: it is 

software, intended to be loaded on a variety of devices, from tablets to iPhones to 

laptops; and it is full-color, animated and interactive. It also supports embedded Web 

content, video and audio. 

 

17. Computers | Computer displays built into eyeglasses 

PREDICTION: Computer displays built into eyeglasses are also used. These 
specialized glasses allow users to see the normal visual 
environment, while creating a virtual image that appears to hover 
in front of the viewer. The virtual images are created by a tiny 
laser built into the glasses that projects the images directly onto 
the userôs retinas. 

ACCURACY: Correct 

DISCUSSION: As discussed before, people indeed use such wearable displays, such as 

those made in the United States by Microvision for both military and other mobile 

applications.  

In Japan, companies like Brother and NEC have already been producing different series 

of wearable displays that are available to consumers. Virtual retinal displays, initially 

developed for military use, have been deployed by several military units, such as the U.S. 

Armyôs Stryker Brigade, for several years. 

Beyond virtual retinal displays, Stanford University researchers are also developing a 

new generation of retinal implants that allow blind people to see and also enhance normal 

human vision thanks to sophisticated electronics. 

 

(Above) Augmented reality glasses for work and play by Vuzix. (Photo courtesy of Vuzix) 

http://www.wired.com/gadgetlab/2009/12/blio-ray-kurzweil-book/?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed:+wired/index+(Wired:+Index+3+(Top+Stories+2))
http://www.microvision.com/wearable_displays/index.html
http://www.microvision.com/wearable_displays/military.html
http://www.microvision.com/wearable_displays/mobile.html
http://www.microvision.com/wearable_displays/mobile.html
http://gizmodo.com/379114/retinal-imaging-display-glasses-make-terminator-vision-possible
http://www.robaid.com/gadgets/nec-unveils-their-retinal-imaging-display-named-tele-scouter.htm
http://en.wikipedia.org/wiki/Virtual_retinal_display
http://news.bbc.co.uk/2/hi/technology/3647437.stm
http://news.bbc.co.uk/2/hi/technology/3647437.stm
http://news.stanford.edu/news/2009/december7/curvable-retina-implant-121009.html
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Vuzix Corporationôs eyewear (currently on the market) projects images for ñbig screen 

viewingò that hover in front of view, and for 3D gaming environments, military, low-

vision, and medical applications. The Vuzix Wrap 920 video eyewear is a sunglasses-

style display that delivers a virtual 67-inch screen as seen from 10ft away. It displays 2D 

and 3D video and is claimed to be the most advanced wearable display available. 

The Vuzix Wrap 920 connects to all NTSC or PAL audio/video devices with video-out 

capabilities and composite video connections. The eyewear comes with a composite A/V 

adapter for iPod/iPhone for simple plug-and-play connection to a portable media player. 

There are optional connections for HDMI-equipped devices, desktop PCs, and laptops for 

watching movies. 

 

18. Computers | Computers include video cameras, face recognition 

PREDICTION: Computers routinely include moving picture image cameras and 
are able to reliably identify their owners from their faces. 

ACCURACY: Correct 

DISCUSSION: Most notebooks include cameras for both still and video images. 

Smartphones, such as the iPhone and Android-based phones, also include cameras, and a 

large percentage of ñdumbò phones now have them as well. 

Identity recognition systems that utilize face recognition are also available, even if not 

widely used yet. A growing number of digital cameras now include a ñface recognitionò 

mode. 

In fact, some cameras even detect faces with smiles, and the shutter can be programmed 

to wait until it detects open eyes and smiling faces, as with Sonyôs ñsmile shutterò 

feature. The latest versions of Google Picasa and Apple iPhoto have built-in face 

detection and recognition features for tagging and identification purposes. 

Some Toshiba laptops now offer ñlogin through face recognitionò: instead of typing in a 

password, the user just looks at the laptopôs camera, and the computer is able to identify 

their profile and log them in based on their facial features. 

The Swedish company TAT has demonstrated a prototype of an Android app called 

Recognizr that allows you to use your phone to identify a person who has been entered in 

an image database along with their social networking sites. Recognizr detects the 

subjectôs face and creates a unique signature by combining measurements of facial 

features and building a 3D model. 

 

http://www.popularmechanics.com/technology/how_to/4218937.html
http://www.popularmechanics.com/technology/how_to/4218937.html
http://www.popularmechanics.com/technology/how_to/4218937.html
http://www.popularmechanics.com/technology/how_to/4218937.html
http://picasa.google.com/features-nametags.html
http://www.apple.com/ilife/iphoto/
http://laptops.toshiba.com/research-center/technology-guides/face-recognition
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(Above) TATôs Recognizr app for Android phones. (Photo courtesy of TAT) 

19. Computers | 3D chips 

PREDICTION: In terms of circuitry, three-dimensional chips are commonly used, 
and there is a transition taking place from the older single-layer 
chips. 

ACCURACY: Correct 

DISCUSSION: Most semiconductors fabricated today for MEMS and CMOS image 

sensors are in fact 3D chips, using vertical stacking technology. These first 3D circuits 

were developed by Matrix Semiconductor (now SanDisk) in 2001, Tachyon 

Semiconductor in 2002, MagnaChip Semiconductor and Tezzaron Semiconductor in 

2004, and Ziptronix and Raytheon in 2007. 

Future 3D chips are expected to use through-silicon via (TSV), a shorter interconnect 

method that allows for faster speed and lower power consumption. TSV 3D technologies 

are expected to be used for memory in 2012 and microprocessors in 2014. Analysts 

predict that by 2015, 3D chips with TSVs will be 6% of the overall semiconductor 

market. 

Outside the United States, for example, IMEC in the Netherlands and several Japanese 

groups are developing 3D ICs. In 2005, the 3D-IC Alliance was created, and issued the 

first Standards for 3D-ICs in 2008. 

Note that the prediction contrasts ñthree-dimensional chipsò with ñolder single-layer 

chips,ò so it is specifically referring to multi-layer chips, which are indeed ñcommonly 

used,ò not to self-organizing molecular circuits. 

 

http://www.azonano.com/news.asp?newsID=6977
http://www.azonano.com/news.asp?newsID=6977
http://www10.edacafe.com/nbc/articles/view_article.php?section=ICNews&articleid=152688
http://www.design-reuse.com/news/4844/3-d-stacking-reaches-heights-tachyon-semiconductor-creates-four-wafer-stack.html
http://www.design-reuse.com/news/4844/3-d-stacking-reaches-heights-tachyon-semiconductor-creates-four-wafer-stack.html
http://www.eetimes.com/news/semi/showArticle.jhtml?articleID=53700960
http://electronics.wesrch.com/paper_details/press_paper/EL1SE1U21X546/ziptronix-process-enables-3d-integration-on-raytheon-ics
http://electronicdesign.com/content.aspx?topic=the_future_looks_bright_for_3d_integration
http://www.azonano.com/news.asp?newsID=6977
http://www.azonano.com/news.asp?newsID=6977
http://www2.imec.be/be_en/home.html
http://www.forbes.com/forbes/2002/0722/173_print.html
http://www.forbes.com/forbes/2002/0722/173_print.html
http://www2.imec.be/be_en/press/imec-news/archive-2009/imec-sets-major-step-towards-3d-integration-of-dram-on-logic.html
http://www.3d-ic.org/standards.html
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20. Computers | High-resolution sound anywhere in 3D space 

PREDICTION: Sound producing speakers are being replaced with very small 
chip-based devices that can place high-resolution sound 
anywhere in three-dimensional space. This technology is based 
on creating audible frequency sounds from the spectrum created 
by the interaction of very high frequency tones. As a result, very 
small speakers can create very robust three-dimensional sound. 

ACCURACY: Partially correct 

DISCUSSION: This prediction is based on the principle that ultrasonic sound modulated 

by audible audio signals can generate audible sounds at any location in nearby 3D space.  

ñIt works by using harmless ultrasonic tones that we canôt 

hear. These tones use the property of air to create new 

tones that are within the range of human hearing. The 

result is audible sound. The acoustical sound wave is 

created directly in the air molecules by down-converting 

ultrasonic energy to the frequency spectrum we can hear,ò 

according to inventor Elwood G. Norris. 

(Above, Right) HSS 450 directs sound to specific 3D locations. (Photo courtesy of LRAD 
Corporation) 

HyperSonic Sound (HSS) from LRAD Corporation (formerly American Technology 

Corporation) is based on this principle. ñThe HSS H450 offers display-point audio that is 

so focused that only the intended listener will hear your audio message.ò  

Through the combination of an ultrasonic-powered emitter and a signal 

processor/amplifier, LRADôs HSS focuses sound into a tight beam for optimal 

directionality and intelligibility. 

While this technology is not yet incorporated in consumer products, ñthis ability to direct 

or focus sound into a tight beam has a wealth of applications. Museums, aquariums, zoos, 

monuments and other self-guided or tour-led facilities can enhance the visitor experience 

through targeted communication about artistic displays, historical documents, artifacts, 

animal and marine life, without the need for headphones. 

ñIn high ambient noise environments such as airports, rail lines, busses, commuter train 

stations, or port terminals, HSS can intelligibly target traveling information and local area 

tourist information to a specific area. Retailers of all types can provide targeted, 

unobtrusive advertising directly at the point of purchase.ò 

http://www.acoustics.org/press/133rd/2pea.html
http://www.lradx.com/site/
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21. Computers | $1,000 PC at a trillion calculations per second 

PREDICTION: A $1,000 personal computer can perform about a trillion 
calculations per second. 

ACCURACY: Correct 

DISCUSSION: By 2009, it became possible to achieve approximately a teraflop (a 

trillion floating point calculations per second) on a personal computer using high-

performance GPU (graphics processing unit) cards. The complete computer motherboard 

($100 or less), everything else ($300), and graphics card (up to $600) costs $1000. 

For example: 

¶ Nvidiaôs GTX280 reaches 0.9 teraflop peak for about 
$500 (adding the rest of the computer is about another 

$500). 

¶ Nvidiaôs GeForce 8800 Ultra provides about 0.5 
teraflops for about $500 (the rest of the computer is 

another $500). 

¶ ATIôs 4870X2 (2Ĭ480) provides 2 teraflops peak for 
about $500. 

(Above, Right) Nvidiaôs Tesla GPU. (Photo courtesy of Nvidia) 

Several supercomputers are already being built from boards such as the above, such as 

the current Cray XT5 Supercomputer, nicknamed ñJaguar.ò 

In addition, the popular PlayStation 3 video game console, with 33.5 million sold, is 

capable of computing at 2 trillion FLOPS (floating-point operations per second). Most of 

this capability is used for graphics coprocessing for real-time animation, etc.  

 

22. Computers | Supercomputers match capacity of human brain 

PREDICTION: Supercomputers match at least the hardware capacity of the 
human brain ð 20 million billion calculations per second (20 
petaflops). 

ACCURACY: Essentially correct 

http://investors.cray.com/phoenix.zhtml?c=98390&p=irol-newsArticle&ID=1355521
http://www.scei.co.jp/corporate/data/bizdataps3_sale_e.html
http://ps3.ign.com/articles/614/614682p1.html
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DISCUSSION: IBMôs RoadRunner system, capable of more than 1 petaflop (1 

quadrillion, or 1,000 trillion) sustained floating-point operations per second, is already in 

operation.  

IBMôs 20 petaflop (20 quadrillion floating-point operations per second) Sequoia 

supercomputer is already under construction; IBM has announced that it will be delivered 

in 2011 and begin operation in 2012. The Sequoia supercomputer is the latest of the Blue 

Gene series by IBM, dedicated to exploring the frontiers of supercomputing.  

(Right) Prototype of IBMôs Sequoia supercomputer. 
(Photo courtesy of IBM) 

In December 2009, Cray Inc. launched its 

Exascale Research Initiative, with the objective 

of providing exaflop (quintillion floating-point 

operations per second) computing by 2019. Other 

companies like HP, Intel and NEC have also 

recently announced their plans for exaflop 

computing in the 2010s. 

 

23. Computers | Virtual parallel supercomputers 

PREDICTION: Unused computes on the Internet are being harvested, creating 
virtual parallel supercomputers with human brain hardware 
capacity. 

ACCURACY: Correct 

DISCUSSION: Since the late 1990s, distributed computing has been used to create 

ñvirtual parallel supercomputersò by connecting thousands of computers through the 

Internet. There are currently several of these distributed supercomputers using distributed 

computing that have passed one petaflop. 

Folding@home is the most powerful distributed computing cluster in the world, currently 

operating at 3.874 petaflops ð almost one quarter of the estimated processing speed of 

the human brain. The Folding@home project is designed to perform computationally 

intensive simulations of protein folding. Launched in 2000, it is currently managed at 

Stanford University. There are many other distributed computing projects on the BOINC 

(Berkeley Open Infrastructure for Network Computing) platform. These include 

SETI@home and Milkyway@Home, operating at 1,382 petaflops as of March 11, 2010, 

which would rank it the second-largest distributed computing project. Additional 

distributed computing networks have been set up to find Mersenne prime numbers, crack 

encryption schemes, cure cancer, and solve the Sierpinski problem. 

A similar phenomenon, cloud computing, is increasingly becoming the computing and 

storage medium of the Internet. Googleôs server cloud has been growing exponentially. 

http://fah-web.stanford.edu/cgi-bin/main.py?qtype=osstats
http://folding.stanford.edu/
http://en.wikipedia.org/wiki/List_of_distributed_computing_projects
http://setiathome.berkeley.edu/
http://en.wikipedia.org/wiki/Milkyway@Home
http://mersenne.org/primenet/
http://distributed.net/
http://distributed.net/
http://medgadget.com/archives/2010/06/community_distributed_computing_project_accelerating_cancer_protein_research.html
http://www.seventeenorbust.com/
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According to one 2004 estimate, Google had more than 100,000 servers, providing a 

supercomputing capacity up to 316 teraflops; by 2006, Google had about 450,000 

servers, as reported in The New York Times. Another analyst estimated that by 2008, 

ñGoogle has perhaps 20 to 100 petaflops of processing power in their distributed 

computing system.ò Other companies like Microsoft and Yahoo! are developing similar 

distributed supercomputers, which will be interconnected worldwide through cloud 

computing. 

 

24. Computers | Increasing interest in complexity theory computing 

PREDICTION: There is increasing interest in massively parallel neural nets, 
genetic algorithms and other forms of ñchaoticò or complexity 
theory computing, although most computer computations are still 
done using conventional sequential processing, albeit with some 
limited parallel processing. 

ACCURACY: Correct 

DISCUSSION: Most advanced pattern recognition systems (such as character 

recognition, speech recognition, face recognition, models of population growth, medical 

studies of epilepsy, pattern recognition applied to financial ñquantò investing, and many 

other scientific, business, and industrial applications) use algorithms based on chaos or 

complexity theory. 

Wolfram Alpha, launched in May 2009, is a recent example. Itôs an online answer engine 

that answers factual queries directly by computing the answer from structured data, rather 

than providing a list of documents or Web pages that might contain the answer, as other 

search engines do.  

Most business PCs today ship with parallel ñdual-coreò or ñquad-coreò CPUs, such as 

AMDôs Athlon II and Opteron series and Intelôs Core 2 Duo series. However, the 

majority of the processing power of such chips still comes from the very high rate of 

serial computation, usually over two billion operations per second. 

 

25. Computers | Autonomous nanoengineered machines 

PREDICTION: Autonomous nanoengineered machines (i.e., machines 
constructed atom by atom and molecule by molecule) have been 
demonstrated and include their own computational controls. 
However, nanoengineering is not yet considered a practical 
technology. 

ACCURACY: Partially Correct 

http://www.tnl.net/blog/2004/04/30/how-many-google-machines/
http://www.nytimes.com/2006/06/14/technology/14search.html?_r=2
http://blogs.broughturner.com/communications/2008/05/google-surpasses-supercomputer-community-unnoticed.html
http://www.wolframalpha.com/
http://products.amd.com/en-us/OpteronCPUResult.aspx
http://www.intel.com/products/processor/core2duo/index.htm
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DISCUSSION: Significant progress has been made on demonstrating the key elements of 

nanoengineered systems, including the ability to place atoms and molecules in precise 

locations, and to build systems in which the key features are measured in a modest 

number of nanometers. 

Semiconductor electronics is now an example of this, with key 

features in the latest generation of semiconductors running 

around 30 nanometers. Full-scale nanoengineering in which we 

can build macroscale objects constructed at the molecular scale is 

still considered a middle to late 2020s technology. 

(Left) Scanning Tunneling Microscopy image (12 nm by 17 nm) of a 
three-input sorter. The symbol + denotes logic OR, and denotes logic 
AND. Images with one or more inputs triggered are not shown. (Image 
courtesy of IBM Research) 

 

26. Computers | Reverse-engineering the human brain 

PREDICTION: Research has been initiated on reverse-engineering the human 
brain through both destructive scans of the brains of recently 
deceased persons as well as noninvasive scans using high-
resolution magnetic resonance imaging (MRI) of living persons 
and animals. 

ACCURACY: Correct 

 

(Above) BlueMatter, a new algorithm created in collaboration with Stanford University, exploits 
the Blue Gene supercomputing architecture in order to noninvasively measure and map the 
connections between all cortical and sub-cortical locations within the human brain using magnetic 
resonance diffusion weighted imaging. (Image courtesy of IBM Research) 

DISCUSSION: The scale and resolution of simulations of brain regions is rapidly scaling 

up. Several of these, as of 2004, are discussed in chapter 4 of my book The Singularity is 

Near. I am currently writing a new book on this topic called How the Mind Works and 

How to Build One. 
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There are already detailed simulations of significant slices of the human neocortex, the 

region of the brain where we do our hierarchical thinking, which is responsible for 

language and higher-level decisions. 

IBM is leading the SyNAPSE (Systems of Neuromorphic Adaptive Plastic Scalable 

Electronics) project, funded by DARPA, with the objective of creating ñcognitive 

computersò as systems that can simulate the abilities of the human brain. The Blue Brain 

Project, supported by IBM at École Polytechnique Fédérale de Lausanne (EPFL) in 

Switzerland, expects to have a human brain-scale simulation of the neocortex running by 

2018. 

Another institute, the Allen Institute for Brain Science, completed the Allen Mouse Brain 

Atlas in 2006, and has begun work on a similar initiative for mapping the human brain 

using ñgene expression mapsò ð a technique that combines genomics with 

neuroanatomy. 

In general, based on current research and developments, we can certainly say that 

research on reverse-engineering the human brain has been ñinitiatedò; indeed, it is 

already far along.  

(Below) Image from the Allen Mouse Brain Atlas project, where researchers have completed a 
digital map of the entire mouse brain, allowing for better understanding of the human brain. This 
image is a 3D view of mouse-brain anatomy, displayed against reference planes that function as 
a coordinate grid. The image was compiled from computerized scans that track how more than 
20,000 mouse genes express themselves at a cellular level. (Image courtesy of the Allen Institute 

for Brain Science) 

http://www.darpa.mil/dso/thrusts/bio/biologically/synapse/index.htm
http://www-03.ibm.com/press/us/en/pressrelease/28842.wss
http://www-03.ibm.com/press/us/en/pressrelease/28842.wss
http://bluebrain.epfl.ch/
http://bluebrain.epfl.ch/
http://www.alleninstitute.org/
http://boingboing.net/2006/09/26/paul_allens_brain_at.html
http://boingboing.net/2006/09/26/paul_allens_brain_at.html
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EDUCATION 

Predictions made for 2009 in The Age of Spiritual Machines 

The following is an analysis of predictions for 2009 made about the future of education in 

the book The Age of Spiritual Machines, which was written in the mid to late 1990s. 

 

1. Education | Computers are essential knowledge tools 

PREDICTION: In the twentieth century, computers in schools were mostly on the 
trailing edge, with most effective learning from computers taking 
place in the home. Now in 2009, while schools are still not on the 
cutting edge, the profound importance of the computer as a 
knowledge tool is widely recognized. 

ACCURACY: Correct 

DISCUSSION: It is now commonly accepted that computer technology is an integral part 

of 21st century education. Recent studies at Boston College have shown that children 

learn better when every student and teacher is given their own, school-provided laptop 

computer, a technique known as ñ1:1 computing.ò 1:1 computing is becoming 

increasingly popular with schools nationwide, with more than a quarter of districts having 

at least a partial 1:1 program. 

Virtually all American public school districts have their own computer networks, and a 

large majority give their students access to online libraries and databases. A full 88% of 

districts say that technology is a priority for the administration, while 83% say that 

teachers are interested in using technology for classroom instruction.  

 

2. Education | Computers play central role in education 

PREDICTION: Computers play a central role in all facets of education, as they 
do in other spheres of life. 

ACCURACY: Correct 

DISCUSSION: Personal computers, from notebooks to mobile devices, are ubiquitous 

among students. Students interact with each other through extensive, online social 

networks.  

ñThe number of computers in public elementary and secondary schools has increased,ò 

according to the ñDigest of Education Statistics 2009,ò U.S. Dept. of Educationôs 

National Center for Education Statistics. ñIn 2005, the average public school contained 

154 instructional computers, compared with 90 in 1998.é One important technological 

http://www.bc.edu/research/intasc/PDF/NH1to1_2004.pdf
http://www.k12blueprint.com/k12/blueprint/cd/ResultsWebinarArchive.pdf
http://nces.ed.gov/pubs2010/2010003.pdf
http://nces.ed.gov/programs/digest/d09/

































































































































































































































