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“Andrew Blum plunges into the unseen but real ether of the Internet in a journey both compelling
and profound….You will never open an email in quite the same way again.”—Tom
Vanderbilt, New York Times bestselling author of TrafficWhen your Internet cable leaves your
living room, where does it go? Almost everything about our day-to-day lives—and the broader
scheme of human culture—can be found on the Internet. But what is it physically? And where is
it really? Our mental map of the network is as blank as the map of the ocean that Columbus
carried on his first Atlantic voyage. The Internet, its material nuts and bolts, is an unexplored
territory. Until now.In Tubes, journalist Andrew Blum goes inside the Internet's physical
infrastructure and flips on the lights, revealing an utterly fresh look at the online world we think
we know. It is a shockingly tactile realm of unmarked compounds, populated by a special caste
of engineer who pieces together our networks by hand; where glass fibers pulse with light and
creaky telegraph buildings, tortuously rewired, become communication hubs once again. From
the room in Los Angeles where the Internet first flickered to life to the caverns beneath
Manhattan where new fiber-optic cable is buried; from the coast of Portugal, where a ten-
thousand-mile undersea cable just two thumbs wide connects Europe and Africa, to the wilds of
the Pacific Northwest, where Google, Microsoft, and Facebook have built monumental data
centers—Blum chronicles the dramatic story of the Internet's development, explains how it all
works, and takes the first-ever in-depth look inside its hidden monuments.This is a book about
real places on the map: their sounds and smells, their storied pasts, their physical details, and
the people who live there. For all the talk of the "placelessness" of our digital age, the Internet is
as fixed in real, physical spaces as the railroad or telephone. You can map it and touch it, and
you can visit it. Is the Internet in fact "a series of tubes" as Ted Stevens, the late senator from
Alaska, once famously described it? How can we know the Internet's possibilities if we don't
know its parts?Like Tracy Kidder's classic The Soul of a New Machine or Tom Vanderbilt's recent
bestseller Traffic, Tubes combines on-the-ground reporting and lucid explanation into an
engaging, mind-bending narrative to help us understand the physical world that underlies our
digital lives.

“Every web site, every email, every instant message travels through real junctions in a real
network of real cables. It’s all too awesome to behold. Andrew Blum’s fascinating book
demystifies the earthly geography of this most ethereal terra incognita.” -- Joshua Foer,
bestselling author of Moonwalking with Einstein“Quixotic and winning. . . . Valuable, comic. . . .
[Blum has] a knack for bundling packets of data into memorable observations. What makes
Tubes more than an unusual sort of travel book, is [Blum’s] sense of moral curiosity.” -- New York
Times“Tubes is an absorbing tale of this new technology, as well as a wonderful account of the



Internet’s growth and the people who made it possible.” -- Science News“Clever, enterprising . . .
Tubes uncovers an Internet that resembles nothing so much as a fantastic steam-punk version
of itself.” -- Boston Globe“Engaging. . . . Full of memorable images that make the internet’s
complex architecture easier to comprehend. . . . Blum leaves readers pondering questions that
would not have occurred to them before and better informed about an innovation most of us take
for granted.” -- The Guardian“A charming look at the physical infrastructure that underlies the
Web.” -- Scientific American“Fascinating and unique. . . . [A] captivating behind-the-scenes tour
of how (and where) the Internet works. . . . [Blum] has a gift for breathing life into his subjects.” --
Kirkus Reviews (starred review)“A satisfying postmodern quest. . . . The history, in particular, is
one of the best and most memorable I have ever read.” -- New Scientist“Blum paints a vivid
picture of the Internet, and gives a sense that it is more than just the mysterious interstitial digital
space between your computer and mine. It is, increasingly, the backbone that supports our daily
life, and Mr. Blum is an able anatomist.” -- New York Journal of Books“Ingeniously beguiling. . . .
Blum is a smart, imaginative, evocative writer who embraces the task of making his readers feel
the wonder represented by these unprepossessing objects.” -- Laura Miller, Salon --This text
refers to the paperback edition.About the AuthorAndrew Blum is a journalist and the author
of Tubes: A Journey to the Center of the Internet, the first book-length look at the physical
infrastructure of the Internet. Tubes has been translated into ten languages, and has become a
crucial reference for journalists, politicians, and entrepreneurs eager to understand how
the Internet works. Blum’s writing about architecture, design, technology, urbanism, art, and
travel has appeared in numerous publications, including Wired, Popular Science, Vanity Fair,
and the New York Times.--This text refers to the paperback edition.From the Back CoverTubes
looks behind the scenes of our digital lives at the physical heart of the Internet itself. This is a
book about real places on the map: their sounds and smells, their storied pasts, their physical
details, and the people who live there. Sharing tales of his on-the-ground reporting, along with
lucid explanations about how the Internet works, Blum’s eye-opening travelogue offers a unique
perspective on the role of technology in our lives.--This text refers to the paperback edition.From
the Inside FlapTubes looks behind the scenes of our digital lives at the physical heart of the
Internet itself. This is a book about real places on the map: their sounds and smells, their storied
pasts, their physical details, and the people who live there. Sharing tales of his on-the-ground
reporting, along with lucid explanations about how the Internet works, Blum's eye-opening
travelogue offers a unique perspective on the role of technology in our lives.--Bella Bathurst,
author of The Lighthouse Stevensons --This text refers to an alternate kindle_edition
edition.Read more
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TUBESA JOURNEYTO THECENTEROF THEINTERNETANDREW BLUMDedicationFor Davina
and PhoebeEpigraphIt is not down in any map; true places never are.—HERMAN
MELVILLESomehow I knew that the notional space behind all of the computer screens would be
one single universe.—WILLIAM GIBSONContentsCoverTitle
PageDedicationEpigraphPrologue1 / The Map2 / A Network of Networks3 / Only Connect4 / The
Whole Internet5 / Cities of Light6 / The Longest Tubes7 / Where Data
SleepsEpilogueAcknowledgmentsNotesIndexAbout the AuthorCreditsCopyrightAbout the
PublisherPrologueOn a bitterly cold day a few winters ago, the Internet stopped working. Not the
whole Internet, only the section that resides in a dusty clump beside my living room couch.
There’s a black cable modem with five green lights, a blue telephone adapter the size of a
hardcover book, and a white wireless router with a single illuminated eye. On good days they all
blink happily at one another, satisfied with the signals coming through the wall. But on that day
their blinking was labored. Web pages loaded in fits and starts, and my phone—of the “voice
over IP” variety, which sends calls over the Internet—made everyone sound like a scuba diver. If
there were little men inside these boxes, then it was as if they had suddenly become prone to
naps. The switch itself had fallen asleep.The repairman arrived the next morning, full of
assurances. He attached an electronic whistle—it looked like a penlight—to the living room end
of the cable, and then began to trace its path, searching for clues. I followed him, first outside to
the street, then down into the basement and through a hatch to the backyard. A rusty switch box
was caught in a web of black cables and bolted to a brick wall. Disconnecting them one at a
time, he screwed a tiny speaker into each one until he found the one that whistled: audible proof
of a continuous path between here and there.Then his eyes lifted ominously to the sky. A squirrel
scampered along a wire toward a battleship gray enclosure affixed like a birdhouse to a pole.
Anemic urban vines wrapped around it. Animals chew on the rubber coating, the repairman
explained. Short of rewiring the whole backyard there was nothing he could do. “But it might get
better on its own,” he said, and it did. But the crude physicality of the situation astonished me.
Here was the Internet, the most powerful information network ever conceived! Capable of
instantaneous communication with anyplace on earth! Instigator of revolutions! Constant
companion, messenger of love, fountain of riches and beloved distraction. Stymied by the
buckteeth of a Brooklyn squirrel.I like gadgets. I will happily discuss the Internet as a culture and
a medium. My mother-in-law calls me for tech support. But I confess that the substance of the
thing—a “thing” that squirrels can nibble at—had escaped me. I may have been plugged in, but
the tangible realities of the plug were a mystery to me. The green lights on the box in my living
room signaled that “the Internet”—a singular unnuanced whole—was, to put it simply, on. I was
connected, yes; but connected to what? I’d read a few articles about big factory-sized data
centers filled with hard drives, invariably someplace far away. I’d unplugged and plugged back in
my share of broken cable modems behind the couch. But beyond that, my map of the Internet



was blank—as blank as the Ocean Sea was to Columbus.That disconnect, if I can use that
word, startled me. The Internet is the single biggest technological construction of our daily
existence. It is vivid and alive on the screens all around us, as boisterous as a bustling human
city. Two billion people use the Internet, in some form, every day. Yet physically speaking, it is
utterly disembodied, a featureless expanse: all ether, no net. In the F. Scott Fitzgerald story “My
Lost City,” the protagonist climbs to the top of the Empire State Building and recognizes,
crestfallen, that his city had limits. “And with the awful realization that New York was a city after
all and not a universe, the whole shining edifice that he had reared in his imagination came
crashing to the ground.” I realized that my Internet had limits too. Yet, oddly, they weren’t abstract
limits but physical ones. My Internet was in pieces—literally. It had parts and places. It was even
more like a city than I had thought.The squirrel outage was annoying, but the sudden
appearance of the Internet’s texture was thrilling. I’ve always been acutely attuned to my
immediate surroundings, to the world around me. I tend to remember places the way a musician
does tunes or a chef, flavors. It’s not merely that I like to travel (although I do), but more that the
physical world is a source of constant, sometimes overwhelming, preoccupation. I have a strong
“sense of place,” as some people describe it. I like to notice the widths of the sidewalks in cities
and the quality of light in different latitudes. My memories are almost always keyed to specific
places. As a writer, that’s often led me to the subject of architecture, but it’s never been the
buildings themselves that interest me most, rather the places the buildings create—the sum total
of construction, culture, and memory; the world we inhabit.But the Internet has always been a
necessary exception to this habit, a special case. Sitting at my desk in front of a computer
screen all day, and then getting up at the end of the day and habitually looking at the other,
smaller screen I carry in my pocket, I accepted that the world inside them was distinct from the
sensory world all around me—as if the screens’ glass were not transparent but opaque, a solid
border between dimensions. To be online was to be disembodied, reduced to eyes and
fingertips. There wasn’t much to do about it. There was the virtual world and the physical world,
cyberspace and real places, and never the two shall meet.But as if in a fairy tale, the squirrel
cracked open the door to a previously invisible realm behind the screen, a world of wires and the
spaces in between. The chewed cable suggested that there could be a way of stitching the
Internet and the real world together again into a single place. What if the Internet wasn’t an
invisible elsewhere, but actually a somewhere? Because this much I knew: the wire in the
backyard led to another wire, and another behind that—beyond to a whole world of wires. The
Internet wasn’t actually a cloud; only a willful delusion could convince anyone of that. Nor was it
substantially wireless. The Internet couldn’t just be everywhere. But then where was it? If I
followed the wire, where would it lead? What would that place look like? Who would I find? Why
were they there? I decided to visit the Internet.When in 2006 Senator Ted Stevens of Alaska
described the Internet as “a series of tubes,” it was easy to ridicule him. He seemed hopelessly,
foolishly trapped in the old way of knowing the world, while the rest of us had skipped merrily
into the future. Worse, he was supposed to know better. As chair of the US Senate’s Commerce,



Science, and Transportation Committee, Stevens had oversight for the telecommunications
industry. But there he was behind the lectern of the Hart Building on Capitol Hill, explaining that
“the Internet is not something that you just dump something on. It’s not a big truck, it’s a series of
tubes, and if you don’t understand those tubes can be filled, and if they’re filled when you put
your message in and it gets in line it’s going to be delayed—by anyone that puts into that tube
enormous amounts of material… Enormous amounts of material!” The New York Times fretted
over the senator’s cluelessness. Late-night comics showed side-by-side pictures of dump trucks
and steel tubes. DJs mixed mash-ups of his speech. I made fun of him to my wife.Yet I have now
spent the better part of two years on the trail of the Internet’s physical infrastructure, following
that wire from the backyard. I have confirmed with my own eyes that the Internet is many things,
in many places. But one thing it most certainly is, nearly everywhere, is, in fact, a series of tubes.
There are tubes beneath the ocean that connect London and New York. Tubes that connect
Google and Facebook. There are buildings filled with tubes, and hundreds of thousands of miles
of roads and railroad tracks, beside which lie buried tubes. Everything you do online travels
through a tube. Inside those tubes (by and large) are glass fibers. Inside those fibers is light.
Encoded in that light is, increasingly, us.I suppose that all sounds improbable and mysterious.
When the Internet first took off, in the mid-1990s, we tended to think of it as a specific kind of
place, like a village. But since then those old geographic metaphors have fallen out of favor. We
no longer visit “cyberspace” (except to wage war). All the “information superhighway” signs have
been taken down. Instead, we think of the Internet as a silky web in which every place is equally
accessible to every other place. Our connections online are instantaneous and complete—
except when they’re not. A website might be “down” or our home connection might be wonky, but
it’s rare that you can’t get to one part of the Internet from another—so rare that the Internet
doesn’t appear to have any parts at all.The preferred image of the Internet is instead a sort of
nebulous electronic solar system, a cosmic “cloud.” I have a shelf filled with books about the
Internet and they all have nearly the same picture on the cover: a blob of softly glowing lines of
light, as mysterious as the Milky Way—or the human brain. Indeed, thinking of the Internet as a
physical thing has fallen so far out of fashion that we’re more likely to view it as an extension of
our own minds than a machine. “The cyborg future is here,” proclaimed the technology writer
Clive Thompson in 2007. “Almost without noticing it, we’ve outsourced important peripheral brain
functions to the silicon around us.”I know what that feels like, but I’m left wondering about all that
“silicon around us.” Clearly Thompson means our computers and smartphones and e-readers
and whatever other devices we hold at arm’s length. But it must also include the network behind
them—and where’s that? I’d feel better about outsourcing my life to machines if I could at least
know where they were, who controls them, and who put them there. From climate change to
food shortages to trash to poverty, the great global scourges of modern life are always made
worse by not knowing. Yet we treat the Internet as if it were a fantasy.The Silicon Valley
philosopher Kevin Kelly, faced with this chasm between the physical here and the missing virtual
there, became curious if there might be a way to think of them together again. On his blog he



solicited hand sketches of the “maps people have in their minds when they enter the Internet.”
The goal of this “Internet Mapping Project,” as he described it, was to attempt to create a “folk
cartography” that “might be useful for some semiotician or anthropologist.” Sure enough, one
stepped forward out of the ether two days later—a psychologist and professor of media at the
University of Buenos Aires named Mara Vanina Osés. She analyzed more than fifty of the
drawings Kelly collected to create a taxonomy of the ways people imagined the Internet: as a
mesh, a ring, or a star; as a cloud or a radial like the sun; with themselves at the center, on the
bottom, the right or the left. These mental maps mostly divide into two camps: chaotic
expressions of a spidery infinity, like Jackson Pollock paintings; or an image of the Internet-as-
village, drawn like a town in a children’s book. They are perceptive, revealing plenty of self-
consciousness about the way we live on the network. What strikes me, though, is that in no case
do the machines of the Internet actually appear. “All that silicon” is nowhere to be found. We
seem to have exchanged thousands of years of mental cartography, a collective ordering of the
earth going back to Homer, for a smooth, placeless world. The network’s physical reality is less
than real—it’s irrelevant. What Kelly’s folk cartography portrayed most vividly was that the
Internet is a landscape of the mind.This book chronicles my effort at turning that imagined place
into a real one. It is an account of the physical world. The Internet may seem to be everywhere—
and in many ways it is—but it is also very clearly in some places more than others. The single
whole is an illusion. The Internet has crossroads and superhighways, large monuments and
quiet chapels. Our everyday experience of the Internet obscures that geography, flattening it and
speeding it up beyond any recognition. To counter that, and to see the Internet as a coherent
physical place all its own, I’ve had to tinker with my conventional picture of the world. At times
this book’s attention oscillates between a single machine and an entire continent, and at other
times I simultaneously consider the tiny nano scale of optical switches and the global scale of
transoceanic cables. I often engage with the most minute of timetables, acknowledging that an
online journey of milliseconds contains multitudes. But it is a journey nonetheless.This is a book
about real places on the map: their sounds and smells, their storied pasts, their physical details,
and the people who live there. To stitch together two halves of a broken world—to put the
physical and the virtual back in the same place—I’ve stopped looking at web “sites” and
“addresses” and instead sought out real sites and addresses, and the humming machines they
house. I’ve stepped away from my keyboard, and with it the mirror-world of Google, Wikipedia,
and blogs, and boarded planes and trains. I’ve driven on empty stretches of highway and to the
edges of continents. In visiting the Internet, I’ve tried to strip away my individual experience of it—
as that thing manifest on the screen—to reveal its underlying mass. My search for “the Internet”
has therefore been a search for reality, or really a specific breed of reality: the hard truths of
geography.The Internet has a seemingly infinite number of edges, but a shockingly small
number of centers. At its surface, this book recounts my journey to those centers, to the
Internet’s most important places. I visited those giant data warehouses, but many other types of
places as well: the labyrinthine digital agoras where networks meet, the undersea cables that



connect continents, and the signal-haunted buildings where glass fibers fill copper tubes built for
the telegraph. Unless you’re one of the small tribe of network engineers who often served as my
guides, this is certainly not the Internet you know. But it is most definitely the Internet you use. If
you have received an email or loaded a web page already today—indeed, if you are receiving an
email or loading a web page (or a book) right now—I can guarantee that you are touching these
very real places. I can admit that the Internet is a strange landscape, but I insist that it is a
landscape nonetheless—a “netscape,” I’d call it, if that word weren’t already taken. For all the
breathless talk of the supreme placelessness of our new digital age, when you pull back the
curtain, the networks of the Internet are as fixed in real, physical places as any railroad or
telephone system ever was.In basest terms, the Internet is made of pulses of light. Those pulses
might seem miraculous, but they’re not magic. They are produced by powerful lasers contained
in steel boxes housed (predominantly) in unmarked buildings. The lasers exist. The boxes exist.
The buildings exist. The Internet exists—it has a physical reality, an essential infrastructure, a
“hard bottom,” as Henry David Thoreau said of Walden Pond. In undertaking this journey and
writing this book, I’ve tried to wash away the technological alluvium of contemporary life in order
to see—fresh in the sunlight—the physical essence of our digital world.1The MapOn the
January day I arrived in Milwaukee, it was so cold that the streets themselves had blanched
white. The city was born in 1846 out of three competing settlements at the edge of a broad
harbor on the western shore of Lake Michigan. Four years after its founding, the Milwaukee &
Waukesha Railroad linked the lake with the hinterland, and the rich wheat fields of the Midwest
with the growing populations of the east. Before long, Milwaukeeans weren’t only moving
materials but processing them, making beer from hops, leather from cows, and flour from wheat.
With the growing success of this industry—and the help of an influx of German immigrants—
those first processing plants encouraged the growth of a broad range of precision
manufacturing. The heart of the activity was the Menomonee Valley, a miasmic swamp that was
steadily filled in to accommodate what was soon a coal-choked industrial powerhouse.
“Industrially, Milwaukee is known across the face of the earth,” the 1941 WPA Guide to
Wisconsin rhapsodized. “Out of the city’s vast machine shops come products that range from
turbines weighing 1,200,000 pounds to parts so minute as to be assembled only with the aid of
magnifying glasses. Milwaukee steam shovels dug the Panama Canal; Milwaukee turbines
harnessed Niagara Falls; Milwaukee tractors are in the fields of most of the world’s agricultural
regions; herring-bone gears made in Milwaukee operate mines in Africa and Mexico, sugar mills
in South America, and rolling mills in Japan, India, and Australia.” Milwaukee had become the
center of a far-reaching industrial colossus—known everywhere as “the machine shop of the
world.”It didn’t last forever. After World War II, the fixed steel lines of the railroads gave way to the
more flexible movement of rubber tires over new roads. The hard networks became softer. And
the Menomonee Valley started a steady decline, paralleling that of the nation’s manufacturing
more broadly. The United States became a country that produced ideas more than things. The
“machine shop of the world” became the buckle of the Rust Belt. Milwaukee’s factories were left



abandoned—and then, only more recently, turned into condominiums.But Milwaukee’s industry
didn’t disappear entirely. It quietly holds on today, having moved out of the city and into the
suburbs, like so much of American urban life. Early one morning I followed its path, driving from
a downtown hotel on a deserted street to a new industrial neighborhood in the northwest corner
of the city. I passed a McDonald’s, a Denny’s, an Olive Garden, and an IHOP, then took a left at a
Honda dealer. High-tension power lines loomed overhead, and I bumped across a railroad spur
that led the dozen miles back to the Menomonee Valley. Along a series of smooth, wide
suburban streets was a concentration of industry that would have made William Harley and
Arthur Davidson proud. In one building, they made beer cans; another, ball bearings. There were
factories for car keys, airplane parts, structural steel, resistors, carbon brushes, mascot
costumes, and industrial signs—that said things like WHEEL CHOCKS REQUIRED FOR
LOADING AND UNLOADING. My destination was the tidy tan building across the road, with the
giant “KN” painted on the side.Kubin-Nicholson got its start in 1926, silk-screening movie
posters from a print shop on Milwaukee’s South First Street. In time, it branched out to signs for
butchers, grocers, and department stores, before focusing on tobacco ads, printed in Milwaukee
and pasted on billboards across the entire Midwest. Kubin-Nicholson was the “printers of the
humongous.” Its current press—as big as a school bus—sat within a cavernous hall. Its
installation had taken a team of German engineers four months, flying home every other
weekend to see their families. It was a rare beast, with fewer than twenty like it across the United
States. And, on that morning, a frustratingly silent one.The black ink was on the fritz. A call had
been placed to the tech support people in Europe, who were able to log into the machine
remotely to try to diagnose the problem. I watched from inside a glass-walled customer lounge,
as the pressman peered into its innards, a cordless phone wedged in the crook of his neck, a
long screwdriver in his hand. Beside me was Markus Krisetya, who had flown in from
Washington to supervise the job on the press that day. He wanted to make sure the ink was
precisely calibrated, so that just the right quantity of each color was distributed across the poster-
sized paper. It wasn’t the kind of thing that could be done over email. No digital scan would
properly capture the nuance. FedEx would be far too slow for the back-and-forth, trial and error,
required for the final settings. Krisetya accepted it as one of those things that still had to be done
in person, a fact made even more surprising by what was being printed: a map of the
Internet.Krisetya was its cartographer. Each year, his colleagues at TeleGeography, a
Washington, DC–based market research firm, polled telecommunications companies around the
world for the latest information about the capacity of their data lines, their busiest routes, and
their plans for expansion. TeleGeography’s cartographers don’t use any fancy algorithms or
proprietary data analysis software. They worked an old-fashioned process of calling industry
contacts and gaining their trust, then choosing just the right moment to make a few leaps of
conjecture. Most of that effort goes toward a big annual report known as Global Internet
Geography, or GIG, sold to the telecommunications industry for $5,495 a pop. But some of the
key pieces of data are shunted into a series of maps of Krisetya’s creation. One diagrammed the



Internet’s backbone architecture, the key links between cities. Another illustrated the quantities
of network traffic, boiling trillions of moving bits down to a series of thick and thin lines. A third—
the map on the press that morning in Milwaukee—showed the world’s undersea
communications cables, the physical connections between continents. All were representations
of the spaces in between, the strands of connection that we typically ignore. The countries and
continents were afterthoughts; their action was in the emptiness of the oceans. Yet these maps
were also representations of physical things: actual cables, filled with strands of glass,
themselves filled with light—amazing human constructions, of the kind a Milwaukeean would be
proud.Krisetya paid homage with his own sense of craft. When each map design was complete,
he electronically transferred the file here to Milwaukee, then followed it himself. He’d stay at
whatever downtown business hotel had a special, then head out here first thing in the morning,
bringing nothing but a small gym bag, and his eyes. He knew big machines like this one. After
college in the United States, he returned to his native Indonesia to work as a database systems
engineer, mostly for the mining industry. Young, slight, with an easy manner, happy to fit in
anywhere, eager for adventure, he’d show up at a remote encampment deep in the jungles,
ready to tinker with their mainframes. As a boy, he’d drawn fantastical maps of Dungeons &
Dragons realms, cribbed from bootlegged photocopied versions of the rulebooks that had
somehow made their way to his home city of Salatiga. “I loved drawing stories on paper, and
referencing distance in that strange manner,” he told me, looking out at the silent press. “That’s
what got my fascination with maps started.” It was only when he returned to the United States to
study international relations in graduate school that his future wife, a geography student,
encouraged him to take a cartography class taught by Mark Monmonier, author of the cult
favorite How to Lie with Maps. The sly joke of the title is that maps never just show places; they
express and reinforce interests. When TeleGeography offered Krisetya a job in 1999, he already
knew the question: Maps project an image of the world—but what did that mean for the Internet?
With help from the tech support people in Germany, the pressman finally coaxed the giant
machine to life, and its vibrations shook the door frames—un-cha, un-cha, un-cha. “I hear
paper!” Krisetya cheered. A test print had been lain out on a large easel lit with klieg lights, like
an operating table. Krisetya pulled off his thick-framed glasses and placed a magnifying loupe to
his eye. I stood just over his shoulder, squinting at the bright lights, struggling to take in the world
this map portrayed.It was a Mercator projection, with the continents drawn in heavy black and
the international boundaries etched, like afterthoughts, by thin scores. Rigid red and yellow lines
striped the Atlantic and Pacific, jagged around the southern continents, and converged in key
places: north and south of New York City, in the southwest of England, the straits near Taiwan,
and the Red Sea—so tightly there that they formed a single thick mark. Each line represented a
single cable, mere inches in diameter but thousands of miles in length. If you lifted one up from
the ocean floor and sliced it crosswise, you’d find a hard plastic jacket surrounding an inner core
of steel-encased strands of glass, each the width of a human hair and glowing faintly with red
light. On the map it looked huge; on the ocean floor it would be a garden hose beneath the



drifting sediment. It seemed to collapse the electronic global village upon the magnetic globe
itself.Krisetya examined every inch of the test print, pointing out imperfections. The pressman
responded by moving levers up and down on a huge control panel, like the soundboard at a rock
concert. Every few minutes, the giant press would spool up and spit out a few copies of the
newest version. Krisetya would then go back over it again, inch by inch until finally, he put down
his magnifier and nodded quietly. The pressman affixed a neon orange sticker to the map, and
Krisetya signed it with a black marker, like an artist. This was the gold master, the definitive and
original representation of the earth’s underwater telecommunications landscape, circa 2010.The
networked world claims to be frictionless—to allow for things to be anywhere. Transferring the
map’s electronic file to Milwaukee was as effortless as sending an email. Yet the map itself
wasn’t a JPEG, PDF, or scalable Google map, but something fixed and lasting—printed on a
synthetic paper called Yupo, updated once a year, sold for $250, packaged in cardboard tubes,
and shipped around the world. TeleGeography’s map of the physical infrastructure of the Internet
was itself of the physical world. It may have represented the Internet, but inevitably it came from
somewhere—specifically, North Eighty-Seventh Street in Milwaukee, a place that knew a little
something about how the world was made.To go in search of the physical Internet was to go in
search of the gaps between the fluid and fixed. To ask, what could happen anywhere? And, what
had to happen here? I didn’t know this at the time, but in one of many strange ironies involved in
visiting the Internet, over the next year and a half I would see TeleGeography’s maps hanging on
the walls of Internet buildings around the world—in Miami, Amsterdam, Lisbon, London, and
elsewhere. Wedged into their plastic office-supply store frames, they were fixtures of those
places, as much a part of the atmosphere as the brown cardboard shipping boxes piled up in the
corners, or the surveillance cameras poking out from the walls. The maps were themselves like
the dyes that trace fluid dynamics, their mere presence highlighting the currents and eddies of
the physical Internet.When the squirrel chewed through the wire in my backyard in Brooklyn, I
had only the slightest inkling of how the Internet all fit together. I assumed my cable company
must have a central hub somewhere—maybe out on Long Island, where its corporate
headquarters was? But after that I could only imagine that the paths went everywhere, the bits
scattering like Ping-Pong balls bouncing through dozens if not hundreds of tubes—more than
could be counted, which was basically the same as saying none at all. I’d heard about an
Internet “backbone,” but the details were sketchy, and if it were truly a big deal, I figured I would
have heard more. At the least, it would have occasionally become clogged or broken, bought or
sold. As for international links, the undersea cables seemed mythic, like something out of Jules
Verne. The Internet—other than as it appeared on my ever-present screen—was more
conceptual than actual. The only concrete piece I had a clear image of were those big data
centers, photographs of which I’d seen in magazines. They always looked the same: linoleum
floors, thick bundles of cables, and blinking lights. The power of the images came not from their
individuality, but from their uniformity. They implied an infinity of other machines standing
invisibly behind them. As I understood it (but mostly didn’t), those were the parts of the Internet.



So what was I looking for?I became an armchair traveler, querying network engineers with the
same set of questions: How did the network fit together? What should I see? Where should I go?
I started working up an itinerary, a list of cities and countries, of monuments and centers. But in
the process I quickly stumbled on a more fundamental question about the network of networks:
What was a network, anyway? I had one at home. Verizon had one too. So did banks, schools,
and pretty much everyone else, some reaching across buildings, others across cities, and a few
across the entire world. Sitting at my desk, I thought they all seemed to coexist, in relative peace
and prosperity. Out there in the world, how did they all physically fit together?Once I got my
nerve up to ask the question at all, the whole thing started to make more sense. It turns out that
the Internet has a kind of depth. Multiple networks run through the same wires, even though they
are owned and operated by independent organizations—perhaps a university and a telephone
carrier, say, or a telephone carrier contracted to a university. The networks carry networks. One
company might own the actual fiber-optic cables, while another operates the light signals
pulsing over that fiber, and a third owns (or more likely rents) the bandwidth encoded in that light.
China Telecom, for example, operates a robust North American network—not as a result of
driving bulldozers across the continent, but by leasing strands of existing fiber, or even just
wavelengths of light within a shared fiber.This geographic and physical overlapping was crucial
to understanding where and what the Internet was. But it meant I had to get over the old, and
really misleading, metaphor of the “information highway.” It wasn’t really that the network is a
“highway” busy with “cars” carrying data. I had to acknowledge the extra layer of ownership in
there: the network is more like the trucks on a highway than the highway itself. That allows for the
likelihood that many individual networks—“autonomous systems,” in Internet parlance—run over
the same wires, their information-laden electrons or photons jostling across the countryside, like
packs of eighteen-wheelers on the highway.In that case, the networks that compose the Internet
could be imagined as existing in three overlapping realms: logically, meaning the magical and
(for most of us) opaque way the electronic signals travel; physically, meaning the machines and
wires those signals run through; and geographically, meaning the places those signals reach.
The logical realm inevitably requires quite a lot of specialized knowledge to get at; most of us
leave that to the coders and engineers. But the second two realms—the physical and geographic
—are fully a part of our familiar world. They are accessible to the senses. But they are mostly
hidden from view. In fact, trying to see them disturbed the way I imagined the interstices of the
physical and electronic worlds.It was striking to me that I had no trouble thinking of a physical
network of something, like a railroad or a city; after all, it shares the physical world in which we
exist as humans, and which we learned as children to navigate. Similarly, anyone who spends
time using a computer is at least comfortable with the idea of the “logical” world, even if we don’t
often call it that. We sign in to our home or office networks, to an email service, bank, or social
network—logical networks all, which encompass our attention for hours on end. Yet we can’t for
the life of us grasp that narrow seam between the physical and the logical.Here was the rarely
acknowledged chasm in our understanding of the world—a sort of twenty-first-century original



sin. The Internet is everywhere; the Internet is nowhere. But indubitably, as invisible as the logical
might seem, its physical counterpart is always there.I wasn’t prepared for what that meant on the
ground. Photographs of the Internet were always close-ups. There was no context, no
neighborhood, no history. The places seemed interchangeable. I understood there were these
layers, but it wasn’t clear to me how they would appear in front of my face. The logical
distinctions were, by definition, invisible. So then what was I going to see? And what was I really
looking for?A few days before I left for Milwaukee, I was emailing with a network engineer who’d
been helping me with the basics of how the Internet fit together. He was a Wisconsin native, as it
turned out. “If you’re going to be in Milwaukee anyway, there is one spot you *must* hit,” he wrote.
There was an old building downtown “chock full of Internet.” And he knew a guy who could show
me around. “Have you seen Goonies?” he asked. “Bring your nice camera.” After approving the
test prints at Kubin-Nicholson, Krisetya usually spent the afternoon at the art museum before
catching a flight home. But he was eager to come along. So we headed downtown to meet a
stranger in a sandwich shop who was supposed to show us Milwaukee’s Internet.On his
website, Jon Auer listed among his favorite books Router Security Strategies and How to Win
Friends & Influence People. His Flickr page consisted mostly of photos of telecommunications
equipment. In person, he had pink cheeks and metal-rimmed glasses, and on that frigid
Wisconsin winter day he wore a hooded sweatshirt with no coat, and he carried a camouflage-
patterned messenger bag. He fit the stereotype of a geek, but whatever social liability that might
once have been, it had transformed into unadorned passion—and yielded a good job, running
the network of a company that provides Internet access to towns across southeastern
Wisconsin, mostly places too distant or too sleepy to attract the interest of the big telephone and
cable operators. At lunch, he spoke almost in a whisper, conveying the impression that what we
were about to do was slightly illicit, but not to worry. This was his turf, his backwoods. He had all
the keys—and where he didn’t, he knew the combination to the locks. He wrapped up his
sandwich and led us out the back door of the shop, directly into the lobby of the building that
turned out to be the center of Milwaukee’s Internet.Built in 1901 by a prominent Milwaukee
businessman and once home to the Milwaukee Athletic Club, this building’s days as a
prestigious address were clearly long over. If in recent years the city had succeeded in
revitalizing its downtown, that liveliness did not extend to this sad place. A sleepy-eyed guard sat
listlessly behind a worn-out desk in the empty lobby. Auer nodded in her direction and led us
down a narrow tiled passageway to the basement. Fluorescent lights buzzed dimly. There were
dusty stacks of file boxes and precarious heaps of abandoned office furniture. The ceiling was
totally obscured by a tangle of pipes and wires, twisted around one another like mangrove roots.
They came in all sizes: wide steel conduits the diameter of dinner plates, orange plastic ducts
like vacuum cleaner hoses, and the occasional single dangling black thread—the hackwork of a
rushed network engineer. Auer shook his head at it, disapprovingly. I was struck with a more
mundane thought: look at all those tubes! Inside of them were fiber-optic cables, glass strands
with information encoded in pulses of light. In one direction, they went through the foundation



wall and underneath the street, heading toward the highway—mostly to Chicago, Auer said. In
the other direction, they crossed the basement ceiling to an old utility chase and upstairs to the
offices-turned-equipment rooms of the dozen or so Internet companies that had colonized the
building, feeding first off this fiber, and then off one another, one attracting the next, steadily
displacing the cut-rate law firms and yellowed dentists’ offices. Some were Internet service
providers, like Auer’s, that connected people in the surrounding area; others operated small data
centers, which hosted the websites of local businesses on hard drives upstairs. Auer pointed out
a steel box tucked into a dark corner, its LED lights blinking away. This was the main access
point for Milwaukee’s municipal data network, connecting libraries, schools, and government
offices. Without it, thousands of civil servants would bang their computer mice against the desk
in frustration. “All this talk about Homeland Security, but look what someone could do in here
with a chainsaw,” Auer said. Krisetya and I snapped pictures, the camera flashes blowing out the
basement’s dark crevices. We were spelunkers in a cave of wires.Upstairs, the empty hallways
smelled of mildew. We passed vacant offices, their doors cracked open. Auer’s space looked like
it belonged to a private eye in a film noir. The three small rooms had linoleum floors and worn-out
Venetian blinds. The double-hung windows were thrown wide open to the winter, the cheapest
way to keep the machines cool. The only evidence of the building’s former opulence was a
remnant scrap of mosaic floor tile, shattered in a corner like a broken mug. Auer’s piece of the
Internet was set unceremoniously on a raised platform: two man-sized steel racks, filled with a
half-dozen machines, snug in a nest of cables. The key piece of equipment was a black Cisco
6500 Series router, the size of a few stacked pizza boxes, its chassis tattooed with bar-coded
inventory labels and poked through by blinking green LEDs.For the twenty-five thousand
customers who relied on Auer’s company to connect to “the Internet,” this machine was the on-
ramp. Its job was to read the destination of a packet of data and send it along one of two paths.
The first path went upstairs to an equipment room belonging to Cogent, a wholesale Internet
provider that serviced cities from San Francisco to Kiev. A yellow wire passed through a utility
shaft, came through a wall, and plugged into Cogent’s equipment, itself connected to electronic
colleagues in Chicago and Minneapolis. This building was Cogent’s only “point of presence” in
all of Wisconsin, the only place Cogent’s express train stopped; that’s why Auer’s company was
here, and all the others. The second cable went to Time Warner, whose wholesale Internet
division provided an additional connection—a backup, plugging Auer’s piece of the Internet into
all the rest.Taken as a whole, the building seemed a labyrinth, packed with a hundred years of
twisted cables and broken dreams. Yet in its particularity, this part of the Internet—Auer’s part—
was strikingly legible; it wasn’t an endless city at all but a simple fork in the road. I asked Auer
what happened after here, and he shrugged. “I care about where we can talk to Cogent or Time
Warner, which means this building. Once it’s here it’s really out of my hands.” For about twenty-
five thousand Wisconsinites, this was the source. Their Internet went this way and it went that
way: two yellow cables leading, eventually, to the world. Every journey—physical and virtual—
begins with a single step.A few weeks later I went to Washington to visit TeleGeography’s



offices, for a better sense of how Krisetya drew a clear map of the Internet’s mushy layer cake.
But the night before I left, New York was hit by a blizzard, and I emailed Krisetya to let him know
I’d be arriving later than expected. As the train moved south across New Jersey the snow began
to dwindle, so that by the time we pulled into Washington the blanket of white I had left in New
York had given way to clear gray sky and dry sidewalks. It was as if over the course of the ride
the veil that had descended upon the landscape had just as quickly been lifted. Arriving in DC, I
opened my laptop in the center of Union Station’s great neoclassical hall to log into a café’s
wireless network and send off an email to California. A few minutes later, standing on the Metro
platform, I thumbed a message to my wife saying that, despite New York being shut down by the
snow, I had made it to Washington (and we’ll see about getting back).I share all these quotidian
details of travel because on that day my senses were unusually attuned to the networks that
surrounded me, both visible and invisible. Maybe it was the way the snow had drawn a new
outline around the world’s familiar shapes, while slowing my progress past them. Or maybe it
was just the early morning hour and the fact that I had maps on the brain. But as the train was
sliding across the elbow of New Jersey, ducking out of the storm, I could imagine the emails
following (albeit faster) along the same path. I had recently learned that many of the fiber-optic
routes between New York and Washington were lain along the railroad tracks, and I could begin
to imagine the route my email to California had taken: it might have shot back the way I’d come,
to New York, before heading cross-country, or it could have continued farther west to Ashburn,
Virginia, where there was an especially significant network crossroads. The exact route of that
email didn’t matter; what did was that the Internet no longer seemed infinite. The invisible world
was revealing itself.In a neighborhood of staid lobbyists and wood-paneled law firms,
TeleGeography’s K Street office stands out for its lime-green walls, exposed ceilings, and
translucent cubicle dividers. The front door pivoted creatively on its center point. Maps lined the
walls, of course. On one, Spain had been adorned with a Groucho Marx mustache, a remnant of
a recent holiday party. Krisetya welcomed me into his office, the desk piled high with books
about information design. When he joined TeleGeography in 1999, he was put right to work on
the company’s first big report, Hubs + Spokes: A TeleGeography Internet Reader. It was
groundbreaking. Before, there were geographic maps showing the networks operated by
individual corporations or government agencies, and there were “logical” diagrams of the whole
Internet, like a subway map. Neither gave a strong sense of how the Internet adhered and
diverged from the real-world geography of cities and countries. What places were more
connected? Where were the hubs?Krisetya began looking at new ways of portraying that
combination of the geopolitical and networked worlds. He blended the outlines of the continents
with diagrams of the networks, “always layering something abstract on top of something that’s
familiar, always looking to give it more meaning.” Other kinds of maps had long struggled with
the same issues—like airline routes or subways. In both cases, the end points were more
important than the paths themselves. They always had to balance the workings of the system
internally with the external world it connected. London’s Tube map might be the height of the



genre: a geographical fiction that pushes and pulls at real-world creations, leaving in its wake a
kind of alternate city that’s become as real as the true one.On his maps, Krisetya portrayed this
by showing the most heavily trafficked routes between cities, such as between New York and
London, with the thickest lines—not because there were necessarily more cables there (or some
single, superthick cable) but because that was the route across which the most data flowed. This
was an insight that dated back to that first report. “If you look inside the Internet cloud a fairly
distinct hub-and-spoke structure begins to emerge at both an operational (networking) and
physical (geopolitical) level,” it explained. The Internet’s structure “is based upon a core of
meshed connectivity between world cities on coastal shores—Silicon Valley, New York and
Washington, DC; London, Paris, Amsterdam and Frankfurt; Tokyo and Seoul.” And it still
is.Today’s version—the one TeleGeography calls the GIG—is the bible for big
telecommunications companies. The key to its approach is still to look at Internet traffic as
concentrated between powerful cities. TeleGeography breaks down the nebulous cloud into a
clear system of point-to-point communications, of segments. Contrary to its ostensible fluidity,
the geography of the Internet reflects the geography of the earth; it adheres to the borders of
nations and the edges of continents. “That’s the nugget of our approach,” Krisetya explained to
me in his office, sounding like a college tutor. “We always put much more emphasis on the actual
geography than the connections in between. In the beginning, that’s what we were more familiar
with. When the Internet was still very much abstract, we knew where the two end points were,
even if we didn’t understand how this was all being built.”That had a certain clarity. The world is
real; London is London, New York is New York, and the two usually had a lot to say to each other.
But I was still hung up on what seemed a simple question: What, physically speaking, were all
those lines? And where precisely did they run? If TeleGeography properly understood the
Internet as being “point to point,” what and where were the points?For their part,
TeleGeography’s analysts don’t go out into the world with a GPS and a sketchpad. They don’t
attach sensors to the Internet to measure the speed of the bits passing by, like a water meter.
Their process is quite low tech: they distribute a simple questionnaire to telecom executives,
requesting information about their networks in exchange for the promise to keep it confidential
and to share the aggregated information with them. And then TeleGeography asks the Internet
itself.To see how, Krisetya dropped me off at the tidy desk of Bonnie Crouch, the young analyst
responsible for gathering and interpreting TeleGeography’s data on Asia. The diplomatic work of
wrangling and cajoling the information from the telecom carriers was finished, and the
responses loaded into TeleGeography’s database. Crouch’s job was to confirm what the carriers
said, based on the Internet’s actual traffic patterns. Cartographers talk about “ground truth”: the
in-person measurements used to check the accuracy of the “remote sensing”—which in
contemporary mapmaking usually means aerial or satellite photographs. TeleGeography had its
own way of checking the “ground truth” of the Internet.When I enter an address into my browser,
a thousand tiny processes are set in motion. But in the most fundamental terms, I’m asking a
computer far away to send information to a computer close by, the one in front of me. Browsing



the web, that typically means a short command—“send me that blog post!”—is volleyed back
with a far larger trove, the blog post itself. Behind the URL—say, www.mapgeeks.com—is a self-
addressed envelope with the instructions that connect any two computers. Every piece, or
“packet,” of data traveling across the Internet is labeled with its destination, known as an “IP”
address. Those addresses are grouped into the equivalent of postal codes, called “prefixes,”
given out by an international governing body, the Internet Assigned Numbers Authority. But the
routes themselves aren’t assigned by anyone at all. Instead, each router announces the
existence of all the computers and all the other routers “behind” it, as if posting a sign saying
THIS SECTION OF THE INTERNET OVER HERE. Those announcements are then passed
around from router to router, like a good piece of gossip. For example, Jon Auer’s router in
Milwaukee is the doorway to his twenty-five thousand customers, grouped into just four prefixes.
It announces its presence to the two neighboring routers, belonging to Cogent and Time Warner.
Those two neighboring routers make a note of it, and then pass the word on to their neighbors—
and so on, until every router on the Internet knows who’s behind whom. The complete aggregate
list of destinations is known as the “routing table.” At the end of 2010 it had nearly four hundred
thousand entries and was growing steadily. The whole thing is typically stored in the router’s
internal memory, while a compact flash card, like the kind used by digital cameras, keeps the
operating code. Auer buys his on sale at the local drugstore.Two things surprised me about this.
The first is that every IP address is by definition public knowledge; to be on the Internet is to want
to be found. The second is that the announcement of each route is based wholly on trust. The
Internet Assigned Numbers Authority gives out the prefixes, but anyone can put up a sign
pointing the way. And sometimes that does go horribly wrong. In one well-known incident in
February 2008, the Pakistani government instructed all Pakistani Internet providers to block
YouTube, because of a video it deemed offensive. But an engineer at Pakistan Telecom,
receiving the memo at his desk, misconfigured his router, and rather than removing the
announced path to YouTube, he announced it himself—in effect declaring that he was YouTube.
Within two and a half minutes, the “hijacked” route was passed to routers across the Internet,
leading anyone looking for YouTube to knock on Pakistan Telecom’s door. Needless to say,
YouTube wasn’t in there. For most of the world, YouTube wasn’t available at all for nearly two
hours, at which point the mess was sorted out.It sounds preposterously loose and informal. But it
strikes at the core of the Internet’s fundamental openness. There’s a certain amount of
vulnerability involved with being a network on the Internet. When two networks connect, they
have to trust each other—which also means trusting everyone the other one trusts. Internet
networks are promiscuous, but their promiscuity is out in the open. It’s free love. Jon Postel, the
longtime administrator of the Internet Assigned Numbers Authority, put this into a koan, a golden
rule for network engineers: “Be conservative in what you send, be liberal in what you accept.”For
TeleGeography this means everything is out in the open, for those who know how to see it. The
company uses a program called Traceroute, originally written in 1988 by a computer scientist at
the Lawrence Berkeley National Laboratory. He had gotten fed up, as he put it in a mailing list



message to his colleagues, trying to figure out “where the !?*! are the packets going?” and
worked up a simple program that traced their paths. Enter in an IP address and Traceroute will
feed back a list of the routers traversed to reach it, and the time (in milliseconds) elapsed in the
journey between each one. TeleGeography then takes it one step further. It carefully selects
fifteen locations around the world, looking especially for “dead-end” places with only a few paths
out to the rest of the Internet—Denmark’s Faroe Islands, for example. It then searches for
websites there hosting a copy of the Traceroute program (often a university computer science
department), and directs those fifteen Traceroute hosts to query more than twenty-five hundred
“destinations,” websites carefully chosen because they could reasonably be expected to actually
live on a hard drive in the place where they say they live. Jagiellonian University in Poland, for
example, is unlikely to host its website in, say, Nebraska. That meant TeleGeography in
Washington was asking a computer science department in Denmark to show how it was
connected to a university in Poland. It was like a spotlight in Scandinavia shining on twenty-five
hundred different places around the world, and reporting back on the unique reflections.
TeleGeography’s trick was finding real-world corners and dead ends, thereby minimizing the
number of possible paths.Added all together, the fifteen hosts TeleGeography selected query
twenty-five hundred destinations yielding more than twenty thousand journeys across the
Internet—and, inherently, around the earth. Quite a few of these journeys are never completed;
the traces conk out, lost in the ether. The whole set takes several days, not because
TeleGeography has a slow computer, or even a slow Internet connection. Rather, those days
represent the aggregate duration of all those thousands of trips, milliseconds piled upon
milliseconds in which the explorer packets are crisscrossing the earth. And I don’t mean
“crisscrossing” idly. These paths are by no means random or imaginary. Each packet—a clump
of math, in the form of electrical signals or pulses of light—moves along very specific physical
pathways. The whole point of each traceroute is to identify that specificity, that singular record of
a journey. Theoretically you could divide up the task of querying each traceroute among multiple
computers, but there’s no way to rush the traces themselves, no more than you can rush the
speed of light. The time the packets take on their journey is the time they take. Each recorded
journey is like a series of tiny postcards from around the globe. TeleGeography then layers the
tens of thousands of them as if they were strands of papier-mâché, until the patterns
emerge.Crouch and the other analysts then parse the routes by hand. “Any particular country of
interest?” she asked me, with the geographic expansiveness I was quickly learning to love about
Internet people. I told her to pick whichever she knew best, and she chose Japan—dodging the
ambiguity of China’s networks. On her screen, a long list of jumbled letters and numbers, like a
phone book without the names, scrolled down. Each grouping represented the results of a single
trace—from the Faroes to Hokkaido, for example. Each individual line represented a single
router: a lonely machine in a cold room, studiously forwarding packets. Over time the codes had
become familiar to Crouch, like London’s streets are to a cabdriver. “You begin to get a feel for
how companies name their routers,” she said. “Like that one’s going from SYD to HKG—the



airport codes for Sydney to Hong Kong. And the carrier did tell us it’s running that route, so we
don’t need to worry about it.” Her goal in reading these lists was to confirm that the carriers are
operating the routes they say they are, and, with a more subjective eye, to make a judgment
about the amount of traffic on that route. “Our research gives us all the pieces of the puzzle: the
bandwidth, the Internet capacity, some of the pricing information. The gaps in between we can
fill in with some reasonable accuracy.”It occurred to me that Crouch was part of the small global
fraternity that knows the geography of the Internet the way most people know their hometowns.
Her boss, a Texan named Alan Mauldin who improbably led TeleGeography’s analyst team from
his home in Bratislava, possessed one of the best mental maps of the physical infrastructure of
the Internet. I’d spoken with him before coming. “I don’t need to look at a map,” he told me over
Skype. “I have in my mind, and I can almost note, which cables connect everywhere in the
world.” Rather than maps of the Internet, his study in Slovakia was decorated with antique maps
of Texas. “I suppose it is kind of like the Matrix, where you can see the code. I don’t even have to
think about it anymore. I can just see where it’s going. I know what city the router is in, and where
the packet’s going. It’s the weirdest thing. But it’s easy to just fly through it all, once you know
what to look for.”Yet what’s so striking to me—and so often overlooked—is that each router is
inherently present. Each router is a singular waypoint, a physical box, in a real place, on a
packet’s journey across this real earth. Two billion people use the Internet from every country on
earth; airplanes have Wi-Fi; astronauts browse the web from space. The question “Where is the
Internet?” should seem meaningless, because where isn’t it? And yet, standing over Crouch’s
shoulder, watching her identify the coded name of individual machines in a city on the other side
of the world, the Internet didn’t seem infinite at all. It seemed like a necklace strung around the
earth. Forming what pattern? Did it look like the route maps in the back of an airline magazine?
Or was it more chaotic, like a bowl of spaghetti or the London Underground? Before, I’d
imagined the Internet as something organic, beyond human design, like an ant colony or a
mountain range. But now its designers seemed present, not an innumerable crowd but a tidy
contact list on a laptop in Washington. So who were they then? Why did they lay their networks
there? Where did it all begin?
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David E., “The BEST introduction to the physical internet and owe my career to this book. This
book got me into computers and networking. I now work at a Big 4 technology company
designing network architectures despite having majored in Psychology. I owe an incredible
amount to this book and to this author. I literally thought one day, "I have no idea how the internet
works". I looked for books, and I had two choices, either this book, or a $160 textbook like this 
  
Computer Networking: A Top-Down Approach (7th Edition)

  
  
that devotes hundreds of pages to different graph-based computer algorithms.This book
appeals to two kinds of audiences: ** 1. If you don't know anything about the internet. This book
is the best, most easy introduction to get. That's good, because it's also one of the only
introductions that's not a textbook. You won't learn everything, because that's a lot of computer
science algorithms, but you'll have the best overview from this book. The stories are good, but
not excessive like in Malcolm Gladwell's books. ** 2. If you are under 35 and work in technology,
no matter how technical your role. This is because so much of the technology you use now is
virtual...software defined networking, virtual machines, virtual routers, VLANs, VPCs, AWS, etc.
The internet is still a very very physical place, made up of hundreds of thousands of miles or
wire, giant internet exchange centers (like the kind Facebook runs out of Nebraska that you'll
never see), $80,000 routers made by Brocade that people like Verizon buy, etc. If you want to
know how the internet works in the same way that you can open your car and know how
everything works (as opposed to just buying a Tesla), get this book.P.S. If you are now pretty
technical and want to move beyond the algorithms and other important-but-not-real-world kinds
of learning, I suggest you check out 
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    .”

Jan Dziekan, “A few journeys along the cables. I do not agree with some reviewers claiming that
the author lacks proper technical insight to write a worthy book about internetworking. It seems
to me that it was a deliberate decision not to lean too much on tech details when describing how
Internet works. Certainly I could not expect this title to describe inner workings of the TCP/IP
suite, or how routers from different networks negotiate routes via BGP. The author, starting with a
realization that most people don't notice the existence of networks (Internet is seen only by the
content pulled from servers), tried to describe their physicality. Internet is not a nondescript
"cloud", it happens to consist of cables. Lots and lots of cables.I like Andrew Blum's remarks on
how Internet "tubes" strongly depend on world's geography and existing infrastructure. Cables
are placed along roads, the largest Internet exchanges are placed in cities which already were
commerce hubs, undersea cables originate and end near ports. Data centers are built in cold
places with abundance of cheap electricity. The Internet, commonly perceived as ubiquitous, at
its very core (the backbone network) is running over a not-that-large set of routes, governed by a
handful of companies. Also appealing to me were the attempts to capture the atmosphere (the
nature) of visited buildings and people; probably a bit stereotypical (all network engineers wear
hoodies), but enjoyable.The author's penchant for expressing philosophical remarks (mainly on
how virtual relates to physical) was annoying a few times but, OTOH, they make it a book which
tries not only to convey Internet's architecture, but also its idea. A pleasant read, IMHO even for
die-hard network specialists.”

John Walker, “Breezy introduction to the physical infrastructure that underlies the Internet. The
Internet has become a routine fixture in the lives of billions of people, the vast majority of whom
have hardly any idea how it works or what physical infrastructure allows them to access and
share information almost instantaneously around the globe, abolishing, in a sense, the very
concept of distance. And yet the Internet exists—if it didn't, you wouldn't be able to read this. So,
if it exists, where is it, and what is it made of?In this book, the author embarks upon a quest to
trace the Internet from that tangle of cables connected to the router behind his couch to the
hardware which enables it to communicate with its peers worldwide. The metaphor of the
Internet as a cloud—simultaneously everywhere and nowhere—has become commonplace,
and yet as the author begins to dig into the details, he discovers the physical Internet is nothing
like a cloud: it is remarkably centralised (a large Internet exchange or “peering location” will tend
grow ever larger, since networks want to connect to a place where the greatest number of other



networks connect), often grungy (when pulling fibre optic cables through century-old conduits
beneath the streets of Manhattan, one's mind turns more to rats than clouds), and anything but
decoupled from the details of geography (undersea cables must choose a route which
minimises risk of breakage due to earthquakes and damage from ship anchors in shallow water,
while taking the shortest route and connecting to the backbone at a location which will provide
the lowest possible latency).The author discovers that while much of the Internet's infrastructure
is invisible to the layman, it is populated, for the most part, with people and organisations open
and willing to show it off to visitors. As an amateur anthropologist, he surmises that to succeed in
internetworking, those involved must necessarily be skilled in networking with one another. A
visit to a NANOG gathering introduces him to this subculture and the retail politics of
peering.Finally, when non-technical people speak of “the Internet”, it isn't just the
interconnectivity they're thinking of but also the data storage and computing resources
accessible via the network. These also have a physical realisation in the form of huge data
centres, sited based upon the availability of inexpensive electricity and cooling (a large data
centre such as those operated by Google and Facebook may consume on the order of 50
megawatts of electricity and dissipate that amount of heat). While networking people tend to be
gregarious bridge-builders, data centre managers view themselves as defenders of a fortress
and closely guard the details of their operations from outside scrutiny. When Google was
negotiating to acquire the site for their data centre in The Dalles, Oregon, they operated through
an opaque front company called “Design LLC”, and required all parties to sign nondisclosure
agreements. To this day, if you visit the facility, there's nothing to indicate it belongs to Google; on
the second ring of perimeter fencing, there's a sign, in Gothic script, that says “voldemort
industries”—don't be evil! (p. 242) (On p. 248 it is claimed that the data centre site is deliberately
obscured in Google Maps. Maybe it once was, but as of this writing it is not. From above, apart
from the impressive power substation, it looks no more exciting than a supermarket chain's
warehouse hub.) The author finally arranges to cross the perimeter, get his retina scanned, and
be taken on a walking tour around the buildings from the outside. To cap the visit, he is allowed
inside to visit—the lunchroom. The food was excellent. He later visits Facebook's under-
construction data centre in the area and encounters an entirely different culture, so perhaps not
all data centres are Morlock territory.The author comes across as a quintessential liberal arts
major (which he was) who is alternately amused by the curious people he encounters who
understand and work with actual things as opposed to words, and enthralled by the wonder of it
all: transcending space and time, everywhere and nowhere, “free” services supported by tens of
billions of dollars of power-gobbling, heat-belching infrastructure—oh, wow! He is also a New
York collectivist whose knee-jerk reaction is “public, good; private, bad” (notwithstanding that the
build-out of the Internet has been almost exclusively a private sector endeavour). He waxes
poetic about the city-sponsored (paid for by grants funded by federal and state taxpayers plus
loans) fibre network that The Dalles installed which, he claims, lured Google to site its data
centre there. The slightest acquaintance with economics or, for that matter, arithmetic,



demonstrates the absurdity of this. If you're looking for a site for a multi-billion dollar data centre,
what matters is the cost of electricity and the climate (which determines cooling expenses).
Compared to the price tag for the equipment inside the buildings, the cost of running a few (or a
few dozen) kilometres of fibre is lost in the round-off. In fact, we know, from p. 235 that the 27
kilometre city fibre run cost US$1.8 million, while Google's investment in the data centre is
several billion dollars.These quibbles aside, this is a fascinating look at the physical substrate of
the Internet. Even software people well-acquainted with the intricacies of TCP/IP may have only
the fuzziest comprehension of where a packet goes after it leaves their site, and how it gets to
the ultimate destination. This book provides a tour, accessible to all readers, of where the
Internet comes together, and how counterintuitive its physical realisation is compared to how we
think of it logically.”

DigitalAuthor, “Not an easy read, but absolutely fascinating contents. Not an easy read, but
absolutely fascinating contents. The author basically tries to answer the question How does the
Internet work? How does an email get from your computer to the other side of the world? Where
do the wires go when they disappear down into the ground? Who designs and looks after and
pays for all the hardware? Did you know that datacentres (eg. where Amazon and Facebook and
YouTube etc store all their data) use so much electricity that they mostly are located right next to
power stations?The book is full of interesting (to us geeks) and unexpected facts and stories. It
explains stuff that most people don't even think about. It is a great reference book. But, it loses a
star rating because the writing style is quite (sorry) boring.”

Machinehead, “Geeks delight !!. Yes, I admit it, I am a total geek and this sort of thing delights
me ! It is a thorough exploration of how the internet developed and it's infrastructure. If like me
the new reader had no real awareness of just how the internet exists this will be a revelation. I
had a notion of how it worked but Tubes showed me otherwise ! I'm now actually quite thrilled by
thinking of how all my web activity is conveyed and routed around the globe. Your view of the
internet will be forever changed and you will truly appreciate the magnitude of it's significance
after reading Tubes.”

eck4355, “Interesting. Starts off with you realising how much of a tube you are yourself. Of
course the internet is a series of tubes, of course the internet isn't completely wireless. Of course
my internet being down doesn't mean THE INTERNET is down. Very interesting summary of the
substance of the thing. Can get a bit laboured talking about the old computers than took up a
room in the 50s but overall it's a very illuminating tale.”

Anglo, “Awaiting part 2. I stumbled upon this book and bought it on impulse. From the start it has
this nosing around style, which if your familiar with Louis Theroux, is not everyone's cup of tea,
but I like it. It goes on a great journey technically and geographically and tries really hard to



remain grounded and accessible, which it does. I like technical stuff explained so that it's
understandable and this author achieves this. I can imagine a lot of tech explanations that
required more detail just got dropped in the edit, so don't expect this book to provide insight
beyond where the internet is.”

The book by Andrew Blum has a rating of  5 out of 4.1. 430 people have provided feedback.
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