Preface

After the publication offhe Google Legacy: How Google's Internet Searcframsforming Application
Software(2005), | spoke with dozens of people who dismdgSeogle’s technology as “nothing special”.
This monograph presents information that providigitaonal insight into Google’s inventiveness atdl i
love of solving tough technical conundrums—what Qeaglls interesting problems—in elegant, clever,
and mathematical ways. Google’s catchphrase shHmuleureka!

People have come to accept Google innovations asenyday occurrence. By the time you read this,
Google will have announced that it is mapping lmret mentioned in books to Google Earth. So that a
user can see them, although such capability mapeoiseful to the average Internet user, it is kvort
pondering that Google has the computational homsepto perform a task that has never before in the
history of man been attempted. Yet Yahoo'’s semiohhologist told me, “Yahoo has better ways tovee|i
useful services.” The comment may make the Yaheaetive get through the day, but Google delivers on
a scale that is literally difficult or impossiblerfmost people to grasp.

My main thesis is that Google’s technology is spk@nd it makes the company a supra-nationalyentit
Soon lawmakers will realize that Google will be idraging to regulate and control. Google’s biggest
vulnerabilities are its own management who musv@iibis equal to the task of creating a billiorldo
company without self-destructing meanwhile, contpeti unable to respond technically, are making an
effort to crush Google with litigation.

This monograph is calle@oogle Version 2.0: The Calculating Predafor a reason. Google is anchored
in mathematics. Indeed, one can't appreciate wioaigle does or how its management team directs
research, motivates engineers, or intimidates ctitopewithout understanding mathematics.

Mathematicians and Strategists Calculate

Mathematicians calculate. | don't mean add or dividimbers. The sense in which | am usialgulate
embraces two meanings. First, calculation is aclagirocess or the use of a method that allows a
mathematician to figure out that light goes 186,00f@s per second or that E = f 8econd, calculation
means that one can determine by logic what actidake. Google is a calculating predator becausseis
math as the foundation of much of its most soptaséid technology and because it plans its moves,
actions, and tactics in a strategic way. Googlesdb&o much by accident. Forget the popular media
image of a bunch of crazy college kids. Google aaging its image in order to misdirect competitors
vendors, and even its users.

Google is an applied engineering company, but aswith learn in this monograph, Google blends saler
innovation techniques. Innovation at Google isftied needed to power the Googleplex and to satisfy
Google’s hunger for ever more powerful, capabléesys and software.

The inventions described in this monograph, mayimdngou of other companies’ innovations. For
example, Google has invented “containers”, a Gotagle for a variant of a virtual machine. The
invention sweeps up personalization functions,gldeichnology, and repurposing of information ireon
basket.

Google can be viewed as an inspired copycat. Gdsgle information company, and the firms employees
suck and filter information on an industrial scadkmogle engineers are adept at combining insights o
others and their own insights to create new conttriMuch work takes place in teams operatingsel&a
created pressure cooker to solve a problem. Ngrisurgly, individual Googlers often have no broade
conceptual picture of the overall company’s dir@tti



Orchestrating the innovation, the flow of produatsl services, even the acquisitions like DoubldClie

the founders—-Sergey Brin and Larry Page—and the duo’s hand-sale€EO, Eric Schmidt. The Google
public relations and marketing professionals wagkyndiligently to make these three people “juskésla
tough job. Messrs. Brin, Page, and Schmidt areneregs most comfortable with other engineers. One of
my researchers quipped, “Googlers are nerds ddithée’. Clever and apt was this turn of phrase. @ivo
the triumvirate—Messrs. Brin and Page—are also ama#ticians, most relaxed with eggheads at Stanford
University or the Moscow State University.

Competitors don't appreciate the fact that Googigsguns are
mathematicians who calculate....for example, hotake a big bite
out of traditional telecommunication companies’'anue.

In 1955, Martin Heidegger identified a type of tkiimy
characteristic of modern life. Like Jacques Ellntiather thinkers,
he said that technology poses practical and phplosal challenges
to society1: In a little-known speech given to commemorate the
composer Conradin Kreutzer, Heidegger said thatghtiessness
was part of modern life, noting, “Man today willentually deny
this flight from thinking.” Heidegger’s concerntisat
thoughtlessness allows calculative thinking to gh@gupper hand.
He adds:

Calculative thinking computes. It computes ever rever more

How | visualize Google’s promising and at the same time more economicalilpititiss.
‘r‘nanagerlnent team as"frlendly, Calculative thinking races from one prospect tortbgt.
calculating predators”. Calculative thinking never stops, never colleaslit Calculative

thinking is not meditative thinking, not thinkingneh
contemplates the meaning which reigns in everyttiiagis.2

Google is perhaps today’s best example of a compaittyon calculative thinking Characteristics of
calculative thinking include efficiency and logitgt emotional reactions. An elegant proof of a tkeo
bundles intelligence and beauty into a construgireit beauty. Google obviously needs revenue to
expand; therefore, markets with inefficiencies tet be made more efficient with Google technolagy
logical targets. Analog telecommunications compsrier example, become prey to Google’'s more
efficient technology. Like a grand master in ch&&spgle uses strategic feints to obtain its objeett
winning the game.

Goals of This Monograph

One goal of this monograph is to make it easieaforader with some knowledge of technology to
understand that Google can do a great deal wittagt$s” infrastructure. Its inventions in many easio
little more than load a new feature into the Goplgr. This new feature, like its telecommunications
inventions, allow the Googleplex to function likeraditional telecommunications company. But Google
can also be an Amazon or eBay, a bank, a videollisbn company, and much more.

1. See Jacques Ellul, The Technological Bluff (William B. Eerdmans Publishing Co., 1990), translated by Geof-
frey W. Bromiley.

2. Martin Heidegger, “Memorial Address,” Discourse on Thinking (Harper Collins, 1959), translated by John M.
Anderson and E. Hans Freund.
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A second goal is to reveal that Google is diffeffemin other companies
providing Web search and network services. Like*alt, Google operates
at a scale beyond that of most organizations. Goadtiresses issues german
to petabytes of data and billions of queries pgr das difficult to think about
numbers this large. Understandably, Google’s coitggsttell me that Google
is operating in the digital equivalent of an LSDIheination. Microsoft, for
example, struggles to understand Google’s apprbachuse Microsoft views
the world in terms of licensed software, Office tates, and desktop or Many people dismiss
mobile devices running a version of Windows. Orages Google as a Google because what the
partner, telling me, “Google’s Bigtable is not aromercial product.” IBM company has built is easy
contacts tell me, “Google is an advertising compang has no credibility in  to duplicate.

the enterprise software market.” Maybe they arbtrand | am wrong. | think

| am right, but time will tell.

A third goal of this monograph is to reiterate t@atogle, unlike Amazon or Yahoo, is built on
mathematics, not engineering. The “guts” or inramecf Google is math, and the math that Google
employs is extremely advanced. Forget Statistidsak@ Introductory Calculus; Google’s use of
mathematics pushes into the farthest reaches obautheory and computable relationships. Think in
terms of hyperbolic geometry, the Lambda calcudursl even more abstruse techniques.

The title of this monograph is intended to commatécGoogle’s mathematical foundation and its nature
as a predator. It does eat markets and competibesturmoil at Yahoo is but one example of how @eo
copied the Overture online advertising model, tveshit, and imbued it with predictive analytics. @Gt®
tossed in technology acquired from Applied Semarn(fiormerly Oingo), and the rest is financial higto
Yahoo is, for all practical purposes, a distanbsecto Google suffering from Wall Street’s disdangd is
for sale.

Fast Search & Transfer, once a leader in the emgerpearch sector, finds itself in financial ditfity.
Google’s entry into enterprise search has disruffitatimarket. Fast Search did not diversify iterawes

as did market leader Autonomy. As a result, thedidppliance has sucked oxygen from Fast Search’s
sales efforts. Even Autonomy is fighting to surviV¢hat will happen when Google gets serious abuait t
enterprise software market? It has reshaped a dywamic sector, and Google was running a testanot
marketing campaign.

Heigegger’s words, penned more than 50 years agidd clescribe Google today. A short time ago, a
senior executive from Sprint, one of the U.S. tetemunications companies partnering with Google told
me: “We think Google is making up its telecommuitimas strategy as it goes along.”

The statement is uncannily accurate. Heidegger makglicit that calculative thinking leads to ragin
“from one prospect to the next”. But it is alsov&iGoogle is no newcomer to telecommunicationg Th
company has more than a dozen patent applicat@ated to telephony. These range from transceieers
a method of performing medical diagnostics via eeless device. Another dozen patent applicatiolasae
to functions required for telecommunications sexgidor example, a system and method for efficient
routing using a variation of the Hadamard function.

More telling, Google’s interest in telecommunicasaeaches back to 1999, when the first telephony-
related patent application was filed. Over the ¢aght years, one assumes that Google would do thare
randomly wander from telco idea to telco idea. Werch toward telecommunications is a core intavkst
Google’s management, and it now pervades Gmailyitheblized Google, Google's capturing digital
images of storefronts, and its wireless initiatiwéh Apple Computer, the Spanish company FON,thed
sharp-minded Sprint.

The data about market share from Nielsen NetRati@gmshare, ZiffDavis, and other firms engaged in
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reporting the scorecard for public search engiepsnt widely varying data. But there’s one thing on
which the ratings services do agree. Google domganline advertising. Google is so important tmso
businesses that established firms like BMW and Riengage in Web page trickery to boost their Google
ranking. A company that’s not in the Google indexynbe unfindable.

Pragmatism and Cleverness: Obviously Rational Behavior

It is a fact that Google’s core money machine isn@nadvertising. Did Google invent online advangs?
No, Google’s engineers were inspired by the Yahaoead Overture system. Google then paid Yahoo
about $1 billion prior to the Google IPO to endgtition related to Google’s enthusiastic emulatibthe
Overture system.

Google filters through mogtterestinginnovations in computer science, information eatail, and allied
disciplines® Then, with uncanny astuteness, Google seizesaintérestingpart, leverages or reshapes it,
and integrates the breakthrough with existing Geplgix functioné Google innovates by building out
functionality, using the search technology and atisiag technology as its foundations.

It may turn out that only a country like China adia can “catch” Google. Individual companies @ely

to have a tough time competing with Google. Goayigineers, motivated with Google stock unitsand
innate thrill of working on interesting problemsntinue to leapfrog forward. Whether Google’s eegirs

in Kirkland, Washington, solve a problem that befiedl Google’s engineers in Moscow is irrelevant.
There’s another problem to solve, another compaitty smart people and interesting technology to
acquire. Google uses a Lego block or Lincoln lograpch, refined and fine-tuned over the last nigary.
Unlike companies that have a push cart filled vétbhnology junk, Google operates a race car with
custom gear.

Google is not flawless. The complex systems caoupicGoogle’s personalization service available at
www.google.com/ig malfunctioned once, and thousarfdssers lost their custom settings and gadgets.
Google Checkout can mysteriously “lose” an ordanad on some public terminals can leave a user’s
email session open and available to the next ptdaiiminal user. Nevertheless, Google’s system apgra
reliably and remains comparatively bug free, secane blindingly fast, 24x7, regardless of the isser
location® More important is that Google’s ability to innoeatas continued to send a stream of new and
modified products to users as “beta tests”.

In my conversations with Google professionals amohy often-contentious encounters with Google
wizards, | learned something new —some Google eyel® don’'t know much about Google’s core
technology. These Googley folks are smart, but Goegvork in silos, often unaware of other actastin
the next four-person cube. The information is aldé on Google’s Intranet, in popular books about
Google by professional journalists like John B#teihd David Vine, but Googlers are too busy or too
immersed in their own technology pool to worry mattout the bigger picture.

3. The word interesting is Google-talk for a very important idea or issue. Google concerns itself with interesting
problems, not with trivial ones. It approaches these problems in the way a math wizard tackles a tough prob-
lem—part intuition and part sheer effort. Google’s engineers manifest the precept attributed to Thomas Edison:
“99 percent perspiration and one percent inspiration”.

4. The word Googleplex is used in this monograph to refer to the Google infrastructure, including its software,
its hardware, its network, and its more than 30 data centers. Google, despite its growing range of desktop ap-
plications, operates from the “cloud”; that is, over a network connection. The Googleplex works like an ordinary
desktop computer imbued with the fire-breathing capabilities of a supercomputer operating globally as if were
under a user’s desk or running inside a mobile phone.

5. One exception is accessing Google.com from China. Mysterious time-outs and inaccessible pages plague
even casual Internet users. It's difficult to determine if this is a Google problem or a behavior imposed by “the
Great Firewall of China”.
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Competitors are equally flummoxed. | was once asied client to prepare an executive memo on “How
does Google innovate?”

| summarized what | had learned in my deep anabyfst3oogle over the last five years and explaired t
Google was not quite as slap-dash as the compamueages outsiders to believe. The facts indidate t
Google does a very good job of organizing its resteaechnology, and product activities. If anythin
Google is a savvy, logical, calculating competiBaogle stalks a market, an acquisition candidate,
potential recruit. Google then strikes, quickly ané cold-blooded way. My report emphasized the
calculating and predatory aspects of Google’s iatiom process. But this client rejected my analysis
preferring to believe that Google was fumblingvitsy forward, fueled by online advertising and Web
users who didn’t know better.

Readers of this monograph will have an opportutatgiecide for themselves. Lucky nerds or calcutatin
predatory?

Flying with Open Source Instruments

Regrettably, Google provided me with zero informatil simultaneously shipped to my Google contacts
and to my attorney each draft chapter in this moaply. | invited constructive criticism, additonal
information, informal guidance. | do have a few @lgoemails reminding me that | have no official
standing with regard to Google or its technology.

Then after the May 2007 Bear Stearns’ refidve Semantic Webased on information appearing in this
monograph’s analysis of Google’s Programmable $eBrgine, | learned from attorneys interacting with
Google, “He is not incorrect.”

Where does the information in this monograph oatgf? The answer is, “Publicly-available information
In most cases, the information, is accessiblehgaGoogle index.” Google, | discovered, hides its
information using code words or makes certain tygfésformation hard to find. For example, if yoardt
know the code word Sawzall, you will have a diffidime getting examples of code in Google’s dassba
query language. Sawzall is the brand name of alpppower saw. So a casual Google search buries the
programming information so deep in a Google rdtlas to be effectively hidden. Clever stuff?

Anyone can track down and read the source matensdd in this, my second monograph devoted
exclusively to the bits and pieces of Google igddrg the thousands who write about the company.
Specifically | read Google’s technical papers canently listed on Google Labs’ Web page. In some
cases, professional societies demand an outrageoufor a document stuffed with equations, graphd,
references to hyperbolic geometry. But dozens pépaare available without charge. These are aurea
trove of information.

The Google technical papers include charts, gragi tables revealing some of the astounding
performance metrics the company’s Googleplex dedivim The Google Legacy did not use Google’s
data because one reader said that it was unbeleJatutifully modified the file read speeds sodgte’s
system was only two or three times faster tharfdbtest systems then available for high-end systEors
this monograph, | did not include the most recextadhat revealed Chubby (Google’s database file
locking system) can outperform Oracle’s technolbgya factor of 20. No one believes Google’s datd, a
| am tired of 25-year-old “experts” reminding matiGoogle can’t defy physics.

| also track of the United States Patent and Traak®@ffice's patent applications and patents fitgd
Google. Google uses many different legal firms,stitants, and in-house lawyers, and some of these
patent applications are not identified as belonginGoogle. The give-away is the name of the inmein
some cases, the application will include screerssivith a Google logo. Often a patent will be grared
only then will the assignee be revealed as Goaddelieve that my collection of about 300 Google¢epd
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applications and patents is about 70 percent camdRarely does a week pass without my researchers
sending me one new Google patent application armpat

The company maintains brief biographies of elitgieeers. These provide some information. We chase
down technical papers, Ph.D. dissertations, andaiinformation about certain Google professionals
For example, we have learned that when Jeff Daareter Norvig’s name appears in a document, that
document is worth examining. Amazing nuggets obinfation pop out. We first learned about the
Bigtable technology in a technical paper writtemast two years ago. The clue to this paper’s encse
was a blog posting by an engineer following a patér research area.

In this monograph, | fuse two incompatible typesnéérmation. First, | have the patent applications
patents, and technical papers. Then | have thé¢"“disfcussion of how selected technologies disaldge
the public patent documents seems to relate to Bisorapabilities, business tactics, and products a
services.

Anyone reading the patent discussions may find@wdgle’s technology is more sophisticated than
counting inbound links to a Web page and figurintylmow many times people click on content abouisPar
Hilton or a Honda CRV. We find that the patent égations are often accompanied by a “stub” or porti
of the disclosed invention in one or more of theo@e products or services. A good example is the
“individualized Google” service. The “ig” serviceebame available as a beta six months before the
containers patent application was published by88TO. Many of Google’s inventions, therefore, are
visible or tantalizing glimpses of their functioig| available in the products and services you use
today.

We believe Google’s patent activities and its farteahnical articles in respected journals provade
window into Google’s advanced engineering divisibhe beta products are demonstrations or tests of
advanced technologies. If users click on the betdyrts or make use of the beta services, Google pa
attention to guide subsequent activities for thethnology. A good example is the use of Chubby and
Google’s mapping and satellite imaging products.3y&em and method for the technology making this
possible is described in the Google technical daus The writing is not intended for the casualb,
but effort invested in reading these Google matepeovides useful information about Google.

The second element in the monograph is relatingtlvanced technology to Google’s business tactids a
strategies. There is very little information frono@le in the Securities & Exchange Commission digin
the popular press, or in Google executives’ puttiidements. Nevertheless, it is possible to loakheit
Google is doing with its more than 80 products seices, at its application programming interfaegs

its general business moves such as expressindearshin participating in the Federal Communiaatio
Commission bandwidth auction, and at what compmtiéme doing in response to Google’s actions. Each
of the patent discussions is introduced by a bgsisemmentary and followed by a discussion of the
possibilities the technologies described contain.

| believe that Google is inherently unpredictalileerefore, some of my descriptions of technology lvé
general and in some cases incomplete.

Nevertheless, analysis of Google’s inventions iriaie key areas such as publishing and virtualizgti
coupled with consideration of business implicatiaasiseful. To my knowledge, no one has attemtited
type of invention deconstruction that | have unaleeh. Also, no one has yet taken the Google teclgyol
and made an attempt to characterize what functtar@n support. The nature of patent documents is t
describe certain information in ways that can bigeggifficult to understand.

| don’t pay any attention to the legal validity ®@bogle’s patent applications or the patents thevesel
focus on the technology and relate that technotogyoogle’s “as is” infrastructure and systems. Tea
is to understand to some degree what Google cavitiats more than 30 data centers, 465,000 servers
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and its purpose-built operating environment.

Google’s marketing and PR people do a very goodfalistracting analysts and journalists from theec
activities of Google. Messrs. Brin and Page squmabbbut beds on Google’s corporate jet. Eric Schmid
makes references to Google’s interest in havingless Internet access become a public good. A news
story about Google is not complete unless a Goagllleunging on a bean bag chair or indulging in a
gourmet, vegetarian meal with a chilled bottle afwalla juice in hand.

Readers who want in-depth business analyses of I&eaglvertising model or anecdotes that talk about
“Sergey and Larry eating pizza in a Palo Alto restat” will be disappointed in this monograph. Gleog
is a company founded by engineers, run by enginaadsbuilt around the needs of engineers. It'sigre
that Google makes customers happy and thrills #iwdss of advertisers with increased interest irrthei
products. At the end of the day, Google wantsdisrdists, mathematicians, programmers, and
computational linguists to be productive. A lesggfeing soul than | might describe the majority of
Googler as geeks, nerds, rocket scientists, oreayth | prefer to think of Googlers as computatiand
technical magicians. Several illustrations in thishograph show Google’s founders against an imége o
Albert Einstein or as a magician holding fire iis palm. The idea is that Google is one of the most
interesting manisfestations of technology | haveoeimtered.

Google Version 1.0 was the Web search and advegtompany. The Version 1.0 image continues to
shape thinking about Google. Google controls mbaa 60 percent of search traffic so an Internet isse
more likely to use Google than Live.com, Yahoo.comAsk.com.

Google Version 2.0 is another creature entireligd the ternioogzillato describe the current incarnation
of Google. The idea is that Googzilla is big, pofrbrand indifferent to the insects and ants cradeits
massive paws. Google Version 2.0 shares the saacthd capabilities of Google Version 1.0, bus it i
much, much more. In this monograph you will ledrattGoogle could, with little effort and time, bece

a full-fledged scientific and technical publishéfith a little more effort, Google could become thagest
information publishing, distributing, archiving, dinetailing operation in the world.

The Google Stack: A New Type of Operating System Arrives

The company’s infrastructure makes it trivial fon@gle to load different instructions into the Goapglex.
These instantly imbue Google with the ability teogte as a publisher, financial institution, or maed
company. Just as a new software program allowdatop to perform new functions, Google’s
infrastructure can deliver functions other tharrceand retrieval.

The illustration below provide’s an overview of whaall the Google Operating Environment or GOE.
This is a representation of how Google’s inventifirogether. Google has not made available thpe tof
representation. | have simplified many details eded in Google’s public documents to highlight thain
features of what | call Google’s “as is” operation.

The inventions and my attempt to explain how theyknand what functions each supports fit into this
stack. Some like Dr. Guha's Programmable Searchinérmrovide operating system functions as well as
functions that can be accessed by the APIs andntarsurrounded by a broken line. Others operdtmbte
the scenes like Dr. Patterson’s “Xift” variants.ddathers like the extended database inventiongvallo
Google to make another device function as part@bagle grid or become an extension of the Googlepl
itself. Even something as trivial as a personalinéeiface displayed to a single user taps intgises and
functions throughout the stack. Google has devel@meext-generation applications platform,
development infrastructure, and “wrapper” architeetthat gives the Google engineers greater degfees
freedom than engineers at Amazon, eBay, Microsoffahoo enjoy.

Google has a big vision. “All” the world’s informiah remains the goal. That means the Internet,
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enterprise services, telephony running on IntePnetocol, and the other functions that can be nmadie
efficient by shifting to a global, digital computatal system. Keep in mind that Google has beerkivgr

on these technologies in a calculated—that is, ema#ttical—way. Google moves forward a step at a time
until the problem is solved.

The gray border represents

a user accessing a Google————— P~
service or running a Google

desktop application “stub”.

p Google Operating System
The operating system ls—l
Linux, Google-coded
extensions, and core
functions such as the
Google File System or

> Google Applications

Bigtable.
The Google applications—
like Google Docs run on the Search Advertising Maps Future
Googleplex on the GOS. API API AP AFls

- - PSE -
The APIs and their variants > pagges o fhe o Containers
allow developers to HHL

customize interaction with
the Googleplex.

The “user” may be a e
process, a legacy system, or
a person connected to a
network. The user can use
XML to instruct the
Googleplex to take certain
permitted actions on behalf
of the user.

There is no Google operating system. There isckstand Google
has virtualization technology that makes it possiblr any device
connected to the network to work as a virtual maghGoogle’s
vision, if carried to its logical end, is that Gd®dpecomes the
Internet.

Google has most of the pieces in place and operdiingineers call this an “as is” systefis.ismeans
that Google has the environment online, operatjaral in daily use. Most of Google’s competitors iar
the “to be” phase of their development. Based oramslysis of Google's technology and its principal
competitors, Google enjoys a technical lead timeié to 24 months as of August 2007. Google’s lead
time may be greater because some competitors likazdn make innovations by “hacking” a relatively
narrow fix to a known problem. Google, on the othand, solves major problems such as the stahitity
performance of traditional relational databasegtesbo what a competitor touts as a solution mag be
stopgap. So, in a sense, the larger engineerindgpgaypeen Amazon and Google is not being closed in a
significant way. Startups say they are “like Godglewill be “Google killers”. Venture firms may Iputhis
line, but | don't. Google’s advantage is its engirieg foundation, rooted in math, hardware engiimger
and software engineering. Google is not an intémratompany. Google is an applied engineering
company, maybe the most skilled applied engineerargpany since Thomas Edison cranked out
inventions more than a century ago.
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Upside and Downside of Google’s Dominance

Google has an upside for users. The petabytedarhiation reachable by a browser can be accessed
easily and quickly. The massive infrastructure regglito index more than 20 billion Web pages costst
users nothing. The bill is paid by advertisers eagel willing to pay as much as $150 for a singléck”
on an advertisement.

Google has used its billions to reinvest in itsasfructure. The patent applications and patergsribeed
in this monograph are fungible evidence that:

e Google tackles difficult, fundamental computinglplems, often from several
different technical starting points. For examplergonalization of information
services can be implemented using sophisticate#litrg methods and / or with
predictive statistical systems. Some operate antand-central, the Googleplex
itself. Others are triggered by a user’s devicporéng the user’s location and present
information actions.

» Google focuses on economies. It is the one omomepany that embraces the
efficiency of the “calculative thinker”. Efficiencgt Google does not mean reducing
costs by eliminating certain expensive procedui@sgxample, improving the
efficiency of a programmer by shifting certain ftioas to the Google operating
environment so the programmer doesn’t have to lediza certain functions
manually. Google focuses on making the overallesysperform more calculations in
a specific time interval or reading data at a mirdigling terabyte per-second gulp.

» Google embraces scale. Wal*Mart and Exxon arelaimo Google because these two
companies understand and nurture scale. Wal*Mddrainance of retailing is a
consequence of doing certain functions very welbsg a large range of tasks. Exxon
handles energy at a comparable scale. Competitatd¢Hat companies operating at
scale are difficult to understand, dislodge, anpl@r. Scale distances competitors
technically, financially, and conceptually. In ardi Google scales. Yahoo cannot
scale, and the turmoil at the company, indeed wiitisiad business that Google
copied and then improved upon, makes it a distecrsd to Google for the
foreseeable future.

Of course, there's a downside to the emergenceoofj@ and its scalable network potential. This
monograph will attempt to explain three key issues.

First, most observers and users of Google havduisono notion of what Google can do as a company
Google has woven search and advertising into wball the DNA of the company. As a result, Googds h
the luxury of developing business models that ey on advertisers to foot the bill, charge users f
services just as conventional Google competitoregae revenue, or blend the free and the fee in
different ways. Competitors lack this flexibilitylicrosoft may talk about delivering ad-supported
services, but the reality is that Microsoft's $5llidn in revenue depends on license fees. Wab&twon't
stand for Microsoft cannibalizing its existing rewe streams in a significant way. Result? Google is
operating with more freedom than Microsoft, anddes not have to spend money to support its legacy
applications. So, on both the revenue and costdfitiee balance sheet, Google has an advantage.

Second, Google’s infrastructure costs money. Upsvafds2 billion a year is invested in data centers,
research, and engineering at Google. Amazon, byokagntrast, invests in the range of $350 to $450
million range. Google is, as you will learn, rungian innovation process that combines elementseof t
legendary Bell Laboratories’ “blue sky” inventiontivthe applied innovation honed to razor sharpthgss
the 3M Corporation. A Google invention is charaizied by its combination of insight (the Hadamard
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function) with the other components of the Googeflthe Google File System, the Chubby locking
system, Google’s MapReduce libraries, etc.). Goaghailding out its infrastructure, using its miassy
parallel distributed computing environment to defia wide range of applications. In contrast, Anmazo
looks to university graduate students to find indiials who have a clever work-around to a probl&m.
illustrate: consider Amazon'’s approach to datahaseszon uses the Oracle database as its informatio
management engine. Google uses Bigtable (a multedsional database that consists of infinite rows)
and various traditional SQL databases like MySQbo@e engineered its file system, its master-slave
architecture, and its storage strategy to delicalirsg, speed, and flexibility. Amazon’s approaehes on
commercial-off-the-shelf software and is subjectt® same bottlenecks that plague anyone usingld Co
database to manipulate many terabytes of data. Anmgolution was to use a variation of the content
based caching technology to create a wrapper—a tdymiddleware—to get more mileage out of
centralized datastore design. Amazon'’s solution etesaper, and it delivered a needed performancstboo
with an increase in reliability. The downside iatthmazon’s solution lacks the flexibility of theo@gle
solution. Going forward, Google’s willingness takée and solve difficult computing problems givear
edge over Amazon. Amazon describes itself as axtdogy company, but the description is similar to a
high school football team saying that it is as gaqatofessional team as Manchester United.

Third, Google solved the problem of search and tirafted a variation of the Overture ad systemhen t
original Googleplex plumbing. Google discovered thasolving the problems associated with search an
advertising, its engineers had stumbled on onbaxdda happy, unexpected circumstances in scienee. Th
original solutions proved to be more widely apgiileathan the original inventors ever intended. Gepg

in effect, found a solution that could support maitiyer, unrelated problems. To the outside obsgrver
Google seems to be a company able to innovateurstar days. When the rumor of eBay’s acquisitibn o
StumbleUpon.com surfaced, Google had its own varsidled Recommendations deployed and publicly
available within four hours. In the world of onlimnovation, Google is not just fast, Google is rgpieg
with an efficiency that is not often encountere@iny business. For a company of its size, Googlaias
remarkably nimble and surprising. Google can delavgreat many products and services from its
malleable framework. Telecommunications, motiortyries and entertainment, financial services, and
publishing are just a few of traditional markettses that Google can enter and disrupt withoutramy
technical gyrations. Most of these market sectogshéissfully ignorant of Google’s capabilities.

| had a wealth of information about Google’s teclahinventions. The table below provides a sumnadry
content we analyzed but did not include in this ogmaph. Perhaps in a few months | will convert our
analyses and PowerPoint briefing slides to naredtivm.

As you might imagine, after my bout with cardiolstgiin February 2007 and then the push to create th
chapters in this monograph, I'm not bursting witltheisiasm for another long slog through Google’s
technology, running gun battles with Google’s at&ys, and the Type A fretting | hear from investinen
analysts convinced that Google sells ads and fhelsearch engine optimization industry.
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In this monograph, you will not find detailed infoation about a number of very important Google

inventions. Perhaps later?

Table 1: What Is Not Included i

n This Monograph

Subject

Comment

AdWords and AdSense

Like search engine optimizatho subject of spending money and
earning money via advertising is of little inter&sime. We do refer
ence certain inventions that allow Google to detids job for its
advertisers. For information on these topics, attréaa ad agency.

Descriptions of Google’s products
and services

sPopular books lik&ooglepedia: The Ultimate Google Resounge
Michael Miller now in its second edition ISBN 0-7B3639-X
exhausts this topic

Getting a job at Google

This is easy. Be really srand do something that Googlers find
useful. Otherwise, forget it. No need for elabamatdn this topic.

Google and telecommunications

| have a separatea§@-monograph in preparation on this topic.
The complexity of the 14 Google inventions in thédd requires a
different editorial approach and more complex daags than possi-
ble in this monograph.

Google Applications

Google offers a wide range gflagations and is edging closer angd
closer to major actions in this area. The technpluithe applica-
tions is in this monograph. | chose not to elatmmt Google’s ineyv,
itable push into dataspace services, customeiaesitip
management, and desktop applications like wordgssing and
mail.

How Google search works

Google does not have aesmgproach to search.for general infor
mation popular books by John Battelle, David Viaeg others do a|
good job providing this information. In a pinch,nsult Wikipedia.

How to make money via Google

The focus of this bisodn Google’s technology. Although there are

discussions of the business implications of cer@iogle actions, |
excluded the type of information in such book3'he Five Dysfunct
tions of a Teanor Leadership Secrets of Attila the Hun

Privacy and Google

Our briefing on Google’s abitiytrack individual users triggers
strong reactions. Our focus is on the technologyijts social and
legal consequences. We decided to omit these f8dftpics. If you
are concerned about privacy, don’t use the Intemitiiout anony-
mizing tools.

Programming for Google

Other publishers cover thgdsaof programming languages that
Google supports. | have included some code snifipesisow what
Google is encouraging. | recommend titles from QliR&edia or
comparable high-quality technical publishers. Gequlovides a
wealth of information at http://code.google.com

Search engine optimization (SEQ

) This is today'ggarfor creating Web pages with information ang
useful index terms. As a matter of principle, Idfithis topic distaste
ful and suggest that you attend a Search EngiraeSies conferenc
or hire one of the companies advertising on the Wgb Search-
EngineLand.com or SearchEngineWatch.com

[¢)

Security at Google

Google runs a tight ship. Segimieaches do occur, but in most
cases, they are quickly patched. We do not inciofdemation about
what Google does and how the company does it. Weade these
data, but the information is not germane to thereéargument abou

—

Google’s core technology.
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Let me add that | do have briefings on these togiigou are interested in learning about theséctdet
me know. However, | don't plan on writing a monggneon these topics. Contact me by sending an email
to sa [at] arnoldit [dot] com.

Google beyond 2007

A competitor with enough courage and money couddialoly wound, even kill Google. But Google's
greatest weakness is itself. The company must dstraia that it can manage the large number ofdontl|
people it employs. Google must recognize that lag/gan be as deadly as a fracture in a management
team. Google, therefore, is not invincible, norlwd upward trajectory continue at the blisterare set
in the post-IPO to 2006 months. Google also woa’tgietly into that good night. Companies choogog
underestimate, ignore, or assume that Google iearnick pony are likely to find themselves surpddy
Google’s “calculative” and predatory actions.

Readers of this monograph may wonder why certaiitsosuch as telecommunications are given short
shrift. Others may puzzle over the omission of iiedaanalyses of Google Docs, Google’s application
programming interfaces, or explanations about tmwse Google's command language to perform better
searches. The answer is that | have had to seteutdn overwhelming amount of information.

In consultation with my colleagues and publishetetided to focus on technologies and issues not
covered in other books, popular and trade pregdestand the many Web logs that track every twitod
fidget of Google.

| apologize for the complexity of some of the tapéxplored. | have tried to catch errors and ashkese
who have read drafts of the monograph to identifstakes and problems. Any errors are mine. | wekeom
communications from readers, in the interest ofieacy.

My hope is that others will build on this work, ngiGoogle’s technical information as a viewporoittie
inner workings of a company that has become a wedder in online technology. | have been able to
cover only a small portion of Google's mosaic aftteical invention. | have a deep respect for the
computational basis of much of the company’s sutces

| also have learned that Google was the right camaa the right time. Few appreciate that Sergag Br
and Larry Page were aware of the innovations inchethat powered AltaVista.com. Hewlett-Packard, a
great company in its own sector, had no clue atfmuimportance of the AltaVista.com technical
innovations. Messrs. Brin and Page did. When chpieame available to Google’s founders, Messtia. Br
and Page were quick to hire Jeff Dean, Sanjay Gheand others from the AltaVista.com team. These
people brought more than five years’ hands-on e&pee with the problems of search. Furthermoris, it
not widely known that much of the Googleplex fl@lmed in the fertile environment of the AltaVistarco
team.

At the moment of Google’s founding, Excite, Lycaad Yahoo—once leaders in Internet search—decided
to become portals. In one of the great ironiesntihe, Google has circled back to the portal iddending

it with virtualization technology. Now, Google’s mpetitors are rushing to close the gap in search as
Google reinvents the portal without the engineeviregknesses of those early 1998 efforts. Google’s
success was given a boost because search compédid@rtheir eye off the ball. Google hit the lait of

the park.

Messrs. Brin and Page, whether by luck or goodnueityt, determined that algorithms and mathematics
provided the intellectual foundation for processiame amounts of content. The original PageRank
invention was a blend of bits and pieces from déffet disciplines. The mix was unique, and Google
demonstrated that most users were able to findilisegults from the Google search engine withdlittl
effort on their part. Type a word, hit enter, anckp relevant result. Simple. But under the hadbd,

Arnold. © Infonortics Ltd 12



mathematical engines of Google were forcing itsimegrs to find ways to deliver sub-second response
time regardless of the demand on the system. Skdtarad hardware engineering fused to deliver the
computational engine needed to deliver on Mesgiis!sBand Page’s insight regarding information
retrieval.

Finally, after Google shot to the number one spatgarch engine usage, competitors and competders-
be swallow Google's PR KoolAfin thirsty gulps. Google has great food. Googlegbe ride Segways.
Google hold great parties. Google is a college fayty decorated with cheerful primary colors. Gedg

a big, disorganized nerd fest. Readers of this maph will learn that Google is calculating. It sseath;

it embraces math; and it values the objective astpfimath. It is also calculating because Googlews
that it wants to be a $100 billion company. Goagéats to be the next supra-entity, wresting revdrara
different Internet protocol-based operations. Gedws evolved into a teenage Googzilla, and it is a
calculating predator. Math does not understand sophisticated notions as good and evil.

| want to thank the many people who provided infation on and off the record. Several individuals
warrant a special thanks. These include Erik Soltmy son, who talked with me about the ideathis
monograph and then read each of the sections iousforms. My long-time colleagues—Don Anderson,
Tony Safina, and Stuart M. Schram IV. Each of theseple worked many hours to assist me in finding,
cataloging, analyzing, and describing Google’s imians. Kay Arnold and our wonderful boxer, Tyson
Arnold, for sticking with me through a 24-month pess. Late nights and missed dog walks roiled their
days, and | apologize for my forgetting the normvatld when digging into Googzilla’s innards. Finall
Ulla de Stricker, to whom this study is dedicatédr more than 25 years, Ulla has discussed, cetigqu
and revised my drafts for this monograph. She isa@a’s most accomplished information expert, ared sh
is an editor without parallel.

Stephen E. Arnold
August 2007
Harrod's Creek, Kentucky
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