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BEFORE
YOU
START
READING
…

USUALLY BOOKS ON TECHNOLOGY AND ECONOMICS ARE HARD TO READ. INSTEAD OF WRITING A TREATISE, I WOULD LIKE YOU AND ME TO HAVE A CONVERSATION. THERE IS SPACE ON EACH PAGE FOR YOUR OWN NOTES, THOUGHTS, QUESTIONS, REACTIONS.

THE BOOK IS WRITTEN SO THAT ANY CURIOUS PERSON CAN READ IT. YOU DO NOT HAVE TO BE A DOCTOR, SCIENTIST, OR COLLEGE GRAD.

READ IT ALL THE WAY THROUGH. IF THERE IS SOMETHING THAT IS HARD TO UNDERSTAND … COME BACK TO IT LATER.

WHAT MATTERS ARE THE TRENDS GOING ON THROUGHOUT THE WORLD, NOT THE SPECIFIC KNOWLEDGE AVAILABLE TODAY … THAT WILL CHANGE BY THE END OF THE WEEK.

IF SOMETHING INTERESTS YOU AND YOU WANT TO KNOW MORE, I HAVE INCLUDED ENDNOTES FOR MOST PAGES, WHICH WILL LEAD YOU TO MORE IN-DEPTH STUFF — SOME TECHNICAL, SOME SIMPLY FUN AND INTERESTING. HOPEFULLY, I CAN TRANSMIT SOME OF THE EXCITEMENT I FEEL ABOUT THE MARVELOUS ADVENTURES GOING ON IN SCIENCE AND TECHNOLOGY TODAY.

AND HOPEFULLY, THIS WILL BE A FUN READ.

If you have any comments please send me a note at JENRIQUEZ@HBS.EDU




        
            
            I
        

        MIXING APPLES, ORANGES, AND
FLOPPY DISKS …

        If it seems like your world has been topsy-turvy over the past few years …

        Consider what’s coming.

        Your genetic code will be imprinted on an ID card …

        For better and worse.

        Medicines will be tailored to your genes and will help prevent specific diseases for which you may be at risk.

        
            (But … your insurance company and your prospective employer may also find out that you are genetically disposed to, say, heart disease, or breast cancer, or Alzheimer’s.)
        

        
            Meanwhile, lone individuals are birthing not just companies but entire industries that rapidly become bigger than the economies of most countries.

            But unlike growth industries of the past … cars and aerospace, for example … the industries that will dominate our future depend on just a few smart minds …

            Not a lot of manpower …

            So during a period of prosperity and economic growth …

            Wealth is ever more mobile and concentrated.

        

        You and your children are about to face a series of unprecedented moral, ethical, economic, and financial issues.

        The choices you make will impact where you live, what you earn, what your grandchildren will look like, how long you live.

        It all starts because we are mixing apples, oranges, and floppy disks. 

        
            [image: ]
        

        
            Put an orange on your desk …

            Next to a floppy disk or CD …

            Although each seems very different today …

            They are becoming one and the same.

        

        Your computer runs on a code based on “1”s and “0”s.

        If you change the order and number of these 1s and 0s …

        By tapping the keyboard …

        You capitalize a letter, change a sentence, send an e-mail, transmit a photograph or music.

        The floppy disk is simply the container for these 1s and 0s

        But it is reading and rewriting the code inside that drives change.

        
            As of 1995, we began to read the full gene sequence of …

            Bacteria, insects, plants, animals, humans.

            It is written in a four-letter code (A, T, C, G) …

            If you change this code, just as if you change the code in a floppy disk or on a CD …

            You change the message, the product, the outcome.

        

        WE ARE BEGINNING TO ACQUIRE …

        DIRECT AND DELIBERATE CONTROL …

        OVER THE EVOLUTION OF ALL LIFE FORMS …

        ON THE PLANET …

        
            
                Including ourselves.
            
        

        The skin and pulp of the orange that sits on your desk …

        Is just packaging …

        What matters is the code contained in the seeds.

        Each seed has a long string of gene data that looks like …
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            The seed guides growth, how a tree and its leaves develop …

            The size, flavor, color, shape of fruits. If you can read the code …

            And rewrite it …

            You can turn an orange into a vaccine, a contraceptive, a polyester.

            Each of these things has already been done in corn.

        

        Today, bananas and potatoes can vaccinate you against things like cholera, hepatitis, diarrhea.

        You can harvest bulletproof fibers …

        Grow medicines in tobacco.

        And it’s not just apples, oranges, and corn that are rapidly becoming different organisms.

        Mosquitoes

        
            are flying hypodermic needles.

            They can infect you with malaria, dengue, and other awful things.

            They do so by transferring a little bit of genetic code through their saliva …

            Into your bloodstream …

            Which then reprograms part of the way your cells operate …

            By changing your genetic code ever so slightly …

            In ways that can make you very sick.

            So why not engineer mosquito genes so that they have the opposite effect?1

        

        If mosquito saliva contained antibodies …

        Or if you made it hard for malaria to mutate inside a mosquito’s body …

        You could immunize people and animals …

        By making sure they were bitten.

        
            Because the language of genes (A, T, C, G) is the same for all creatures …

            You can mix species.

            If you are an artist, the genes that make jellyfish fluoresce at night …

            Can be used to make a bunny glow under black light.

            If you are an M.D., the same genes can be placed in monkeys to serve as markers …

            Which help identify cures for diseases like Alzheimer’s and cancer.

        

        
            By reading and rewriting the gene codes of bacteria, plants, and animals …

            We start to turn cells, seeds, and animal embryos into the equivalent of floppy disks …

            Data sets that can be changed and rewritten to fulfill specific tasks.

            We start deliberately mixing and matching apples and oranges …

            Species …

            Plants and animals.

        

        These discoveries may seem distant, abstract, more than a little scary today.

        But they will change the way you think about the world …

        Where you work …

        What you invest in …

        The choices your children make about life …

        What war looks like.

        
            Many are unprepared for …

            The violence and suddenness with which …

            New technologies change …

        

        
              LIVES …
        

        
            COMPANIES …
        

        
            COUNTRIES …
        

        
            Because they do not understand what these
technologies can do.

        

        For instance …

        The digital revolution was a large waterfall.

        In a couple of decades, the world’s dominant language became …

        Strings of ones and zeroes.

        A language we cannot speak or read directly …

        We have to use chips and machines to understand.

        
            (This is different from communicating in, say, English-Chinese-English. No human translator can take the raw code inside a floppy disk, cell phone, pager, or TV and simultaneously tell you what it says.)
        

        
            Digital code is what drives rapid growth today.

            It allows mergers like AOL Time Warner …

            It drives the Internet, TV, music, finance, IT, news coverage, research, manufacturing.

            A few countries and companies understood this change.

            That is how poor countries like Finland, Singapore, and Taiwan got so wealthy …

            So quickly …

            But a lot of folks just did not learn to read and write a new language …

            And even though they produced more and more goods, particularly commodities …

            And even though they restructured companies and governments …

            Cut budgets, raised taxes, built large factories and buildings …

        

        
            They got a lot poorer.
        

        
            (In 1938 the richest country per person in Asia was … the Philippines. In 1954, according to the World Bank, the most promising Asian economy was … Burma. Both remain commodity economies … Both are sidelined from the digital revolution … And you probably would not like to live in either country.)
        

        Your world changed when you went “On Line.”

        One day you used a fax or e-mail …

        And it soon became hard to conceive of living with only snail mail.

        If you understood this change early …

        And invested or worked in some of the companies driving the digital revolution …

        You are probably quite well off… (as a country and/or as an individual).

        If you came late, as a speculator, without understanding what a digital language does, or does not do …

        
            You probably lost a lot of money during the year 2000.
        

        
            Your world … and your language … are about to change again.

            The two nucleotide base pairs that code all life … A-T, C-G …

            Have already led some of the world’s largest companies …

            Monsanto … DuPont … Novartis … IBM … Hoechst …

            Compaq … GlaxoSmithKline …

            To declare that their future lies in life science.

            They have abandoned, sold, spun off core business divisions …

            And launched themselves into selling completely new products …

            Which is why so many chemical, seed, cosmetic, food, pharmaceutical companies …

            Are Partnering, Merging, Growing.

        


        Some life-science companies will crash spectacularly …

        Others will get larger than Microsoft or Cisco …

        
            (Companies that are already larger than the economies of most of the world’s countries.)
        

        The world’s mega-mergers are going to be driven by digital and genetic code.

        
            Consider what is about to happen to medicine.

            You currently spend about nine times as much for doctors and medical interventions …

            As you do on medicines and prevention.

            In the measure that we understand how viruses, bacteria, and our bodies are programmed …

            And how they can be reprogrammed …

            Treatment will shift from emergency interventions …

            Toward deliberate and personalized prevention …

            
                (Just as dentistry did.)
            

            And we may end up spending just as much on pharmaceuticals as we do on doctors.

            These medicines do not have to be pills or injections …

            They could be a part of the food you eat every day, your soap or cosmetics …

            Perhaps you will inhale them or simply put various patches on your skin.

        

        
            (This is why Procter & Gamble is thinking of merging with a pharmaceutical company, why L’Oréal is hiring molecular biologists, and why Campbell’s is selling soups designed for hospital patients with specific diseases.)
        

        THE DOMINANT LANGUAGE …
AND ECONOMIC DRIVER … OF THIS
CENTURY … IS GOING TO BE

        
            
                GENETICS.
            
        

        
            
                Those who remain illiterate in this language …
            

            
                Won’t understand the force making the single biggest
difference in their lives.
            

            Many countries and
                companies
                                               just
                                                     don’t
                                                               get
                                                                       it.

        

        They continue to invest primarily in stuff they can see and touch…

        Even though two-thirds of the global economy …

        Is already a knowledge economy.

        They do not invest in, or attract, smart people who are science-literate.

        They do not get particularly concerned as many of their brightest leave.

        
            They forget …

            You need ever fewer people, time, or capital …

            To build a nation …

            Become an economic superpower …

            Wage war effectively …

            Or launch a global business.

            But you do need technology-literate people.

        

        Lack of technology literacy …

        Is one of the reasons the gap between the richest and the poorest countries in the world is growing so quickly …

        Why there is a 390:1 gap.

        
            One way to get to where you want to be is to find a good map and a smart guide.

            The great cartographers of today aren’t mapping continents, rivers, mountains, or cities.

            They are mapping the genetic code of all living things.

            These maps are changing the way we look at all life …

            Because they provide blueprints crucial to almost every business.

        

        
            These maps change what we can make and how we make it …
        

        
            (One sad consequence of science moving so quickly in so many different areas is that you find ever fewer examples of good science fiction today … The future simply catches up to the imagination too quickly … As of January 31, 2001, it was legal to clone human embryos in Britain.)
            
            
                2
            
        

        
            Willingly, or unwillingly, the ability to read the human gene code (genome) …

            Makes us all explorers.

            We have to beware of waterfalls.

            Some will have a sense of how to navigate …

            Others will drift along placidly …

            Till the water gets rough and murky …

            And the bottom suddenly disappears.

        

        Those who approach waterfalls in canoes …

        With no map …

        Are unlikely to survive if the waterfall is really high.

        This happens to families, regions, and whole countries …

        Particularly when they fail to make the next generation smarter …

        Or decide to exhaust themselves by desperately paddling against change …

        
            They too become irrelevant and disappear.
            

            

        

        
            YOUR FUTURE,
            

            

        

        
            THAT OF YOUR CHILDREN,
            

            

        

        AND THAT OF YOUR COUNTRY DEPEND ON …



        UNDERSTANDING A GLOBAL ECONOMY DRIVEN BY TECHNOLOGY.



        UNDERSTANDING CODE, PARTICULARLY GENETIC CODE, IS TODAY’S MOST


        
            POWERFUL TECHNOLOGY.
            

            

        

        This book is a rough map …

        To help you understand a new language …

        A new code …

        Because on February 12, 2001, anyone with access to the Internet …

        Could suddenly look at a new atlas …

        One containing the whole human genome.
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                        (We all know what
                    

                    
                        October 12, 1492,
                        means … but Columbus never knew, and we still argue today over just where he landed … It took decades to realize how a new world map would end up changing the balance of power among all countries … Often we do not realize the power of a newly minted map … But
                        grammar schools
                        teaching future generations
                        will recall
                        February 12, 2001,
                        even though we are just starting to explore.)3
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            II
        

        THE 390:1 GAP

        David Walton, a third-year Harvard medical student …

        Went to Haiti for a clinical internship …

        Was shocked by the poverty and disease …

        Wrote a long, emotional e-mail to a lifelong friend …

        And got a one-line response …

            “Sounds pretty depressing. What else is going on down there?”1



                Extreme income gaps …
                       Are so
            common …
                                     And so
            large …
                                             That we rarely
            question …
                                  Why they occur …
             And why they are increasing so rapidly.


        
            An African folk tale …

            Every morning, a gazelle wakes and thinks, “To stay alive, I have to run faster than the fastest lion.”

            There is always a significant incentive for gazelles (and small or new countries) to learn to run faster.

            Just over the hill …

            A lion realizes, “I have to run faster than the slowest gazelle, or I’ll go hungry.”

            Even lions (if they get lazy or if gazelles get smarter) can starve …

            
                (So can great empires.)
            

        

        Many countries, regions, and people learn the consequences of this folk tale the hard way.

        Three-quarters of the …

        
            [image: ]
        

        FLAGS, BORDERS, ANTHEMS
            AND
            MONEYS represented at the United Nations today …

        
            Did not exist fifty years ago.

            States are falling apart at an unprecedented rate …

            Because governments and citizens do not understand …

            Why technology is relevant to their daily lives … and how it changes their future.

        

        Even within the United States …

        During a period of unprecedented growth …

        And technological leadership …

        Middle-class bankruptcies …

        Increased from 313,000 in 1980 to 1,281,000 in 1999.

        Two-thirds of these were people who lost their jobs …

        And found it impossible to catch up …

        With a rapidly changing economy.2

        
            (According to Visa International, bankruptcies increased thirty percent in the first four weeks of 2001 when compared with the same period a year ago …)
        

        
            As a country or region …
If you understand …           
And apply technology …                      
You can
                    postpone …                               
Becoming a
                    wondrous …                                
But
                    abandoned …                                       
Archaeological
                    site.                                                     

        

        
            [image: ]
        

        This is a relevant skill …

        Those who forget … are often forgotten.

        After all …

        The cradle of civilization is today’s Iraq.

        In 1200, Cambodia was one of the richest countries in the world … 

        (which is why Angkor Wat is so spectacular).

        In 1500, Peru and Mexico awed Europeans …

        As late as the 1960s, the “Switzerland of the Middle East” … was Lebanon …

        And the “Switzerland of Africa” … was Uganda.

        When a country or region is consumed by internal political battles …

        And ignores the technologies that sweep through other states …

        It becomes irrelevant.

        (Although it can still inspire wonderful poetry):

        
            Ozymandias
        


        
            
            
            
            
                	
                    [image: left]
                
                	
                    
                        “I MET A TRAVELLER FROM AN ANTIQUE LAND WHO SAID: TWO VAST AND TRUNKLESS LEGS OF STONE STAND IN THE DESERT. NEAR THEM, ON THE SAND, HALF SUNK, A SHATTERED VISAGE LIES, WHOSE FROWN, AND WRINKLED LIP, AND SNEER OF COLD COMMAND, TELL THAT ITS SCULPTOR WELL THOSE PASSIONS READ WHICH YET SURVIVE, STAMPED ON THESE LIFELESS THINGS, THE HAND THAT MOCKED THEM, AND THE HEART THAT FED; AND ON THE PEDESTAL THESE WORDS APPEAR: “MY NAME IS OZYMANDIAS,
                            KING OF KINGS: LOOK UPON MY WORKS, YE MIGHTY, AND DESPAIR!” NOTHING BESIDE REMAINS. ROUND THE DECAY OF THAT COLOSSAL WRECK, BOUNDLESS AND BARE THE LONE AND LEVEL SANDS STRETCH FAR AWAY.”
                    

                    
                        SHELLEY
                    

                    
                        (1817)
                    

                
                	
                    [image: right]
                
            

        


        
            (No wonder they say the last words of a civilization are its buildings and monuments … Percy Bysshe Shelley wrote “Ozymandias” inspired by the egomaniacal Pharaoh Ramses II. Make sure you give a copy of the poem to your local tyrant or blowhard.)

        

        
            The consequences of ignoring technology …

            Or thinking things can just go on …

            Are more severe …

            Than ever before.

            You do not see these much anymore:3
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        FIRST Official, Flag of the Confederacy
            (1861)
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        LAST Flag of the Soviet Union
            (R.I.P. 1991)
            

            

            

        

        
            (Just two out of hundreds of symbols and countries that survive only in museums and history books.)
        

        But why is it so hard to keep a country together today?

        Individuals can leverage technology. They no longer need a big state to get very rich.

        Because the way you generate wealth is very different today.

        In 1750, someone working in the world’s richest country was about five times wealthier than someone working in the poorest one. As long as economic development depended primarily on agriculture, it was hard for one region’s work to be far more valuable than that of its neighbor.

        Perhaps a more disciplined population—one that got up to milk cows earlier and had better land and better leaders—could accumulate a little more wealth.

        
            But not a great deal more.
        

        
            (Through the eighteenth century, Europe’s average yearly economic growth was about 0.07 percent per year.)4
        

        
            ALL THIS CHANGED WITH THE

INDUSTRIAL

REVOLUTION.

        

        Suddenly one person’s labor could be multiplied a hundred- or a thousandfold, because it was a machine doing most of the work, not one individual’s hands.

        Countries that developed machines became far richer.

        A civilization with a great history, culture, and pedigree, but that did not find a way to multiply its citizens’ output, became far poorer.

        In 1840, just as the Industrial Revolution was beginning, two great states, China and India, accounted for 40 percent of world trade.

        These two countries continued producing the best and most luxurious handmade goods in the world … Silks, jewels, jade.

        
            Meanwhile, Europe and the United States began producing far more products. And each product was getting cheaper.



        

        When Henry Ford built his first Model T in 1908, he sold it for $900 …

        There were cars that were more luxurious, better made, or cheaper …

        But Ford industrialized and standardized mass production …

        (“The customer can have any color he wants, so long as it’s black,” he said.)

        Four years after starting production, a Model T cost $690, one-quarter less than when it was launched.

        Two years later, just before World War I, the car sold for $490 …

        And Ford was selling more than one million cars per year.

        By 1925, Model Ts were $290 …5

        But neither India nor China was industrializing.

        Today the average Hindi lives in extreme poverty …

        Although surrounded by beautiful palaces and brocades.

        China and India together publish 3.9 percent of the world’s science papers …

        
            AND CHINA AND INDIA …
TOGETHER …
NO LONGER REPRESENT …
40 PERCENT OF WORLD TRADE …
JUST 3.4 PERCENT.6

        

        (This is why, even in 1998, the
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