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        Few periods in history proved to be as
            turbulent as the forty years following the revolution of 1789 in France. Over just two
            generations, the country saw popular insurrection, regicides, new constitutions, a reign
            of terror, a world-conquering empire, and a temporary restoration of the old monarchy.
            Yet beneath all the political noise of that time, a steady rhythm persisted, a strange
            continuity from royals to radicals to republicans: the drumbeat for a world-class canal
            system. Despite the social turmoil, French engineers managed to complete a national
            network of canals by 1830, after decades of debate over the plan. It was an impressive
            achievement by any measure, but its completion happened to coincide with the emergence
            of the first successful industrial railroads in England and Germany. The canals of
            France were exquisite objects of design and engineering, but were obsolete on
            delivery.

        Determined to avoid another national embarrassment, the new head of the Corps des Ponts et Chaussées (Corps
            of Bridges and Roads), Victor Legrand, working with the brilliant engineer Claude-Louis
            Navier, set out to create a national railway system that would put the British and
            German railroads to shame. “What a fine role for the state,” he announced,
            “if it can take charge and plan the main lines … and by this means of
            rapid, long-distance communications bring about the full integration of our fine
            country.” The result of their collaboration would be perhaps the most iconic
            symbol of state planning ever built: an orderly, geometric series of rail lines
            radiating out across the nation from the center point of Paris. Where British and German
            rail lines followed chaotic, sinuous paths, defined by local topographies and the
            uncoordinated plans of competing rail companies, the French system was elegant and
            eminently legible, the industrial embodiment of what Pascal earlier had called
                l’esprit géométrique. It came to be known as the Legrand Star.

        Navier’s key engineering principles in
            the building of the Legrand Star all involved the reduction of local granularity in the
            service of geometric efficiency: Hills and curves would be avoided at all cost; grades
            were kept below five millimeters per meter. Winding rivers, valleys, hamlets, mountain
            ranges—all the local variations that humans had organically woven into
            their transportation routes, all the jumbled mess of the actual world—all this was to be
            ignored in the name of the straight line. In part, this was an aesthetic principle, but
            it was, on paper at least, also a matter of efficiency: Straight lines and level grades
            meant that people and goods could be transported across the country at higher speeds,
            with lower fuel costs. And in times of war, the same efficiencies would accelerate the
            nation’s troop movements.

        The esprit géométrique did not, in
            the end, live up to all of its promise. When the Franco-Prussian War erupted in 1870,
            Bismarck was able to transport nearly twice as many men to the front lines as the French
            could, despite the fact that the Prussian rail system was a hodgepodge of lines, run by
            more than fifty distinct private firms and public administrators. But the hodgepodge
            turned out to have a crucial advantage over the simplicity of the Legrand Star, what we
            would now call, in network theory, redundancy. The jumbled web of the German lines meant
            that troops could be conveyed to the war zone via six different lines, while the French
            military had to route the entire operation through a single line from Paris to
            Strasbourg. The heavily centralized nature of the Legrand Star also meant that
            reservists reporting from the provinces to the west and south had to
            travel through Paris before heading off for battle; Bismarck, on the other hand, had
            multiple rail centers at his disposal, which enabled more direct trips to the front
            lines, despite the decidedly ungeometric design of the railway systems.

        Think of the Legrand Star as a kind of
            shorthand symbol for the ways that states like to organize the world. They concentrate
            power in a central location; they make the peripheries, the edges of the network, feeder
            systems for the main core; they simplify; they favor broad strokes over unpredictable
            swerves; they prefer master planners over local knowledge. They look best from
            above.

        Twenty years ago, the Yale political science
            professor James C. Scott began investigating this way of interpreting and organizing the
            world. Trained as a scholar of Southeast Asian history, Scott published his first books
            on the semi-anarchic peasant societies of Malaysia and Vietnam, communities whose loose,
            flexible organizational structures were becoming increasingly anachronistic in a world
            dominated by massive states and corporations. These studies led Scott to investigate the
            mirror image of those small collectives—the mind of the state—to better understand what
            those peasant communities were up against. His research eventually took him through the
            invention of proper names, the development of grid-based systems of
            private property, the creation of majestic but sterile planned cities like Brasília, and
            the darker narratives of authoritarian terror executed in the name of utopian progress
            that dominated the first half of the twentieth century.

        Scott ultimately published his survey as a
            book called Seeing Like a State. In it, the word that Scott returns to again
            and again is “legible.” “The very concept of the modern state,”
            he writes at one point, “presupposes a vastly simplified and uniform property
            regime that is legible and hence manipulable from the center.” For the modern
            state to exist, it must transform the vernacular and the idiosyncratic into a set of
            standardized units that can be properly analyzed and understood from a geographic and
            conceptual distance. Without legibility, the state is blind. But making things legible
            means reducing their complexity, their nuance, their crooked lines.

        The legibility and centralization of classic
            state vision have their benefits. Reducing individual humans to a database of
            standardized statistical units helped create a revolution in public health that has
            lengthened and improved our lives in countless ways. The French railway system may not
            have defeated Bismarck, but it did allow the French to enjoy the convenience of
            high-speed rail, in the form of the TGV, decades before the rest of the
            world did. In many cases, as we will see, the simplifications of the centralized state
            model were necessary evils, given the technological limitations of their time.

        But by the middle of the twentieth century,
            the Legrand Star model of state vision had come under attack from multiple opponents,
            occupying different points on the political spectrum. Most famously, the Austrian
            economist Friedrich Hayek demonstrated that centralized planning inevitably confronted
            an information bottleneck, as the vast complexities of a society were condensed down to
            a legible form that a small coterie of planners could use as a basis for their sweeping
            decisions. “The peculiar character of the problem of a rational economic
            order,” Hayek wrote, “is determined precisely by the fact that the knowledge
            of the circumstances of which we must make use never exists in concentrated or
            integrated form, but solely as the dispersed bits of incomplete and frequently
            contradictory knowledge which all the separate individuals possess.” Markets found
            a way around this problem through the distributed signaling of prices. If a shortage of
            (or new demand for) one particular product arises—let’s say it’s the flash
            RAM so central to mobile computing—the increase in price will trigger a wave of altered
            behavior through the marketplace, with some firms setting out to
            manufacture more flash RAM to meet the demand, other firms reducing their dependence on
            it by shifting to alternative storage systems, while other firms increase the price of
            their mobile phones. But the individual actors in that system can be utterly ignorant of
            the original disruption in the supply of flash RAM. The price signaling of markets, in
            Hayek’s brilliant formulation, was a “system of telecommunications,” a
            way of solving the complex problem of constantly changing economic needs without
            reducing the whole mess down to a simplified central plan.

        Hayek would go on to become a patron saint
            of the libertarian right, but his critique of Legrand Star planning had an unlikely ally
            in the American progressive urbanist Jane Jacobs, who followed Hayek’s
            evisceration of Soviet planning with an equally devastating critique of master planners
            such as Robert Moses and the lifeless (and deadly) housing projects that had sprouted
            like concrete wildflowers in the postwar years. By replacing the local, intimate,
            improvisational balance of a city sidewalk with the bird’s-eye view of
            automobile-centric planning, Moses and his peers were destroying the connective tissues
            of urban life. “Objects in cities—whether they are buildings, streets, parks,
            districts, landmarks, or anything else—can have radically differing
            effects, depending on the circumstances and contexts in which they exist,” Jacobs
            wrote. “City processes in real life are too complex to be routine, too
            particularized for application as abstractions. They are always made up of interactions
            among unique combinations of particulars, and there is no substitute for knowing the
            particulars.”

        To a certain extent, these turned out to be
            blows from which the central planners never fully recovered. Today, in the United States
            at least, it is taken as a given that markets are the adaptive, innovative, responsive
            system in our culture, and that government and other public-sector institutions
            invariably must suffer from the Legrand Star syndrome. Even the most adamant libertarian
            still thinks we need some form of centralized government, of course. But the
            bureaucracies and Hayekian bottlenecks of the central planners are tolerated as a kind
            of necessary evil. Even the political Left works within the assumption that the private
            sector drives change and progress; the public sector, at best, creates safety nets.

        Yet within a few months of Jacobs’s
            launching her first volley against the titans of urban planning, a young researcher
            across the country was sketching a diagram that would ultimately find a way around
            Hayek’s bottleneck.

        In the mid-1950s, a Polish-born engineer named
            Paul Baran took a job at Hughes Aircraft while working on his graduate degree in
            engineering through night classes at UCLA. His work at Hughes gave him intimate access
            to the nascent technology of nuclear war—specifically the control systems that allowed
            the military to both detect inbound missiles and launch first strikes or retaliations.
            Years later, he would recall his horror at watching Hughes bid on the control system for
            the new Minuteman missile. “I was scared shitless,” he later told Stewart
            Brand, in a Wired magazine interview, “because you had all these missiles
            that could go off by anyone’s stupidity. The technology was never to be
            trusted.”

        As the cold war intensified after the launch
            of Sputnik in 1957, Baran took a new job at the RAND Corporation, where he got involved
            in a project to design a new command-and-control architecture for military
            communications. Baran was concerned that a nuclear detonation would disrupt
            high-frequency communications, so he began tinkering with a model whereby the military
            could hijack “ground wave” communications between broadcast stations, with
            each station relaying the message to others along the chain. The
            approach seemed more promising than the heavily centralized communications model
            employed by the then monopoly AT&T. The telephone system at the time was the
            communications equivalent of the Legrand Star: all the intelligence lay at the center of
            the network, which made it equally vulnerable to attack; take out the main switching
            centers of the phone network, and the entire system went offline. In 1960, Baran began
            sketching out a different, “fishnet” model for the system, one that
            didn’t involve a central core but instead relied on a dense network of connections
            to shuffle information across the country. He compared three different models: a pure
            Legrand Star, an AT&T-style network with multiple cores, and a
            truly distributed net (see below).
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        The distributed model turned out to be far
            more resilient than the others. If one node went down, information could find its way to
            its ultimate destination through a different set of nodes, just as Bismarck’s
            troops had used the fishnet-style railway lines of Germany in 1870 to get more men to
            the French border. In Baran’s web, the center didn’t need to hold. There was
            no center. That absence was what gave it its power and flexibility.

        Baran’s system included one additional
            conceptual breakthrough. Because the system was digital, not analog, individual messages
            could be easily broken up into smaller pieces and then reassembled at the end of the
            system with perfect fidelity. This, too, accentuated the resilience of Baran’s
            architecture; even the messages themselves were mini-networks of data, with each partial
            message finding its own way across the broader network. Baran called his approach
            “distributed adaptive message block switching.” A few years later, the Welsh
            computer scientist Donald Davies hit upon a similar scheme, independent of Baran. He
            anointed the message fragments with the slightly more Anglo name of “packets,” and the general approach “packet switching.” The
            metaphors stuck. Today, the vast majority of data circling around the globe comes in the
            form of message fragments that we still call packets. Years after both Baran and Davies
            had published their seminal papers, Davies jokingly said to Baran, “Well, you may
            have got there first, but I got the name.”

        In the late 1960s, packet switching became
            the foundation of ARPANET, the research network that laid the groundwork for the
            Internet. The ARPANET design relied on several radical principles that broke with
            existing computing paradigms. ARPANET was what we would now call a peer-to-peer network,
            as opposed to a client-server or mainframe-terminal network. Traditionally, networks had
            involved centralized mainframes that contained far more processing power and storage
            capacity than the less advanced terminals connected to them. The intelligence in the
            network, in other words, was centralized; decisions about what kind of information
            should be prioritized in the network were executed in these dominant machines. ARPANET,
            on the other hand, was a network of equals, of peers. No single machine had authority
            over the others. In this sense, the intelligence of the system was said to exist at the
            “edges of the network,” not at its core.

        Several years after the launch of ARPANET, Vint
            Cerf and Bob Kahn designed the TCP/IP protocols that became the common language of the
            Internet—the global network of networks. Their design included two crucial new
            principles that effectively increased the diversity of the network. First, TCP/IP was
            specifically engineered so that other networks could communicate through the Internet
            via “gateways.” Those new networks could use their own proprietary languages
            if they wanted; as long as messages were encoded in TCP, the gateways would transmit the
            information, even if the computers used to transmit it didn’t understand the
            contents of the message. Cerf and Kahn also designed the protocol so that new networking
            protocols could be developed on top of TCP/IP, so that future computer scientists could
            design new ways of communicating without having to engineer an entirely new global
            network from scratch. The two most common uses of the Internet—e-mail and Web
            browsing—relied on this crucial attribute, using distinct new protocols to exchange data
            on top of TCP/IP. We now think of these layers as “stacks” of different
            software platforms, arrayed on top of each other like so many layers at an
            archaeological site.

        The creation of ARPANET and TCP/IP were
            milestones on many levels. They now rightly occupy a prominent place in
            the history of computing, communications, and globalization. But in a strange way, they
            should also be seen as milestones in the history of political philosophy. The ARPANET
            was a radically decentralized system that had somehow emerged out of a top-down
            government agency. The Baran Web showed that states did not have to create Legrand
            Stars, with their geometric lines and heavy centers. They could also create more fluid,
            dynamic structures that lacked hierarchies and centralized control. The ARPANET was like
            Hayek’s marketplace, with “dispersed bits of information” and no
            central authority, but somehow, against all odds, it wasn’t an actual marketplace.
            Hayek had metaphorically envisioned price signaling as “systems of
            telecommunications” that shared vital information throughout the network of buyers
            and sellers; here was an actual telecommunications system that did the same thing,
            except it managed to pull off the trick without prices.

        One could be tempted to object at this point
            that states had a much longer history with decentralized control, in the form of
            democracies. It is true that the ability to choose your leaders through the electoral
            process pushes control to the edges of the system, compared with monarchies or other
            autocratic regimes. Yet almost all democracies, once the elections are over, are
            traditional centralized states. They are decentralized in the way they
            choose the people at the center of the Legrand Star; but once the votes are tallied, the
            authority and control and decision making come from the top. But the Internet, like
            Hayek’s marketplace, is not a democracy. There are no popularly elected
            supercomputers that determine how the network is to be used. The users of the Internet
            did not vote for a small group of leaders to decide, for instance, what the search
            interface should be. We assumed that interesting search solutions would come from the
            edges of the network: from nonprofit organizations, and hackers, and academics, and
            start-ups.

        In fact, the Internet is not even, strictly
            speaking, a “bottom-up” system, as it is conventionally described. Bottom-up
            implies a top, a leadership that gets its support from below, a kind of reverse
            hierarchy. But the network that Baran, Cerf, and others designed was a network of peers,
            not a hierarchy. No single agency controlled it absolutely; everyone controlled it
            partially.

        Decentralization, peer-to-peer networks,
            gateways, platform stacks—the principles that Baran, Davies, Cerf, Kahn, and others hit
            upon together in the 1960s and 1970s provided a brilliant solution to the problem of
            sharing information on a planetary scale. Tellingly, the solution ultimately
            outperformed any rival approaches developed by the marketplace.
            Billions of dollars were spent by private companies trying to build global networks
            based on proprietary standards: AOL, CompuServe, Prodigy, Microsoft, Apple, and many
            others made epic efforts to become mainstream consumer networks in the late 1980s and
            early 1990s. They were all defeated by a set of networking standards—TCP/IP, the e-mail
            protocols of POP and SMTP, and the Web standards of HTML and HTTP—that were effectively
            public property: collectively developed and owned by no one, or by everyone. This was
            the stunning coda to Hayek’s career: he won a Nobel Prize by explaining how
            markets shared information much more effectively than centralized states, but when it
            came time to build a global system for sharing information, the ultimate solution came
            from outside the marketplace.

        It took many years for the brilliance and
            durability of that solution to become fully recognized. But here we are more than half a
            century after Paul Baran first sketched that fishnet diagram, and the principles that he
            helped discover continue to connect Homo sapiens on a scale never before seen
            in the history of the species. That epic success has, inevitably, led to new
            possibilities. Slowly but steadily, much like the creation of the Internet itself, a
            growing number of us have started to think that Centralized, Decentralized, and
            Distributed Networks the core principles that governed the design of
            the Net could be applied
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