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Figure 4.1. Top: a primary school in the town of Gando, in the country of Burkina
Faso in West Africa. Bottom: one of several design documents for the school, freely
available for download from the Open Architecture Network. Other people may
use the design documents, and modify them for their own needs. Credit: Siméon
Duchaud / Aga Khan Award for Architecture.



August 18, 2011 Time: 06:27pm chapter04.tex

62 CHAPTER 4

12/14 12/15 12/16 12/17 12/18 12/19
Time

10

100

1,000

10,000

100,000
S

co
re

Figure 4.2. The progress of scores in the MathWorks programming competition.
Lower scores are better. Credit: Copyright 2011 The MathWorks, Inc. Used by
permission. Thanks to Ned Gulley for providing the figure.

dropped so dramatically during the contest that the vertical axis
has been rescaled—scores at the top are hundreds of times higher
than scores at the bottom. The solid line marks the best score at any
given time. As you can see, there are occasional big steps in the line,
indicating breakthrough ideas that substantially improve the best
score. After such a breakthrough, there is usually a period in which
people make many minor tweaks to the leading entry, finding small
improvements that further optimize the program, and leave them
with the best score.

The difference between the best early entries and the final winner
is dramatic. In the CD packing contest, the best early submissions
ran quickly, but left six minutes of space on the CD unused. The
winning program ran approximately as fast, but left just 20 seconds
unused, a nearly 20-fold improvement. It made use of contributions
from at least nine people, over dozens of separate submissions.
Although it’s a competition, the MathWorks contest thus functions
in many ways as a large-scale collaboration. The organizer of the
contest, Ned Gulley, said of the winning program: “no single person
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Figure 5.1. The puzzle starts with an empty eight-by-eight chessboard, as shown
on the left. You’re asked if it’s possible to cover the chessboard with one-by-two
dominoes, so that only the bottom left and top right squares remain uncovered.
On the right, I’ve shown a failed attempt to do this, which leaves two extra squares
in the top right corner uncovered.

discover that no matter how hard you try, you can’t quite do it. It’s
as though there’s an unseen obstruction that is somehow preventing
you from succeeding. In fact, there is no way of covering the board
in the way requested. Here’s why. The key is to notice that if you
put a domino down on the board, no matter where you put it, it will
cover a total of one black square and one white square. So if you
put two dominoes down, there will be a total of two black squares
covered, and two white squares. Three dominoes means three black
squares covered and three white squares covered. And so on. No
matter howmany dominoes you put down, the total amount of black
and white covered will be the same. But notice that both the bottom
left and top right squares on the chessboard are black. So to reach
a situation where they are the only squares uncovered, you need to
somehow cover 32 white squares and 30 black squares. That’s an
unequal number, so there’s no way it is possible.

Although most people find it hard to solve this puzzle, when
the solution is explained they quickly say,“Aha, I see it!” It’s much
easier to recognize the insight that solves the problem than it is
to have that insight. Put slightly differently, there’s a gap between
the difficulty of recognizing the insight and the difficulty of having
the insight in the first place. A similar gap is present in examples
such as the Polymath Project, Kasparov versus the World, and the
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Figure 6.1. A blown-up piece of one of the maps of the universe made by Gott and
collaborators. You’ll notice that the map resembles a piece of pie. You should
imagine yourself on the Earth, right at the center of the pie, looking out at the
universe. Each point on the map represents a single galaxy from the SDSS. The
radial direction indicates the distance to the galaxy, with the closest galaxies in the
plot about 700 million light-years away, and the furthest about 1,300 million
light-years away (as marked on the right-hand side). All the galaxies shown in the
plot are very close to the celestial equator, the great arc going across the sky,
directly above the Earth’s real equator, and circumnavigating the Earth. What
you’re seeing here, then, are the galaxies in a thin slice of the sky, all very near the
celestial equator. The angular direction in the plot shows where along the celestial
equator the galaxy is located. Galaxies on the left-hand side of the map are in the
direction of the constellation of Virgo, galaxies in the middle are in the direction of
Leo, and galaxies on the right are in the direction of Cancer. The dense chain of
galaxies concentrated in the upper left is the Sloan Great Wall. Credit: Reproduced
by permission of the American Astronomical Society.

searched the images for more dwarf galaxies. They didn’t do this
manually—it would have taken far too long to peruse all the images.
Instead, they used computer algorithms to search out new dwarf
galaxies in the SDSS images. What they’ve found so far is nine new
dwarf galaxies near the Milky Way, going much of the way toward
solving the puzzle of the missing dwarfs.

As another example of an SDSS-enabled discovery, in 2009
the astronomers Todd Boroson and Tod Lauer used the SDSS to
discover two black holes orbiting around one another. The way
Boroson and Lauer found the paired black holes was—you won’t be
surprised!—by using a computer to search galaxy images from the
SDSS. Now, black holes have no color, and don’t show up directly in
photos. But black holes are surrounded by huge amounts of glowing
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arithmetic, and not much more valuable. So while these problems
perhaps don’t require computers to be very smart, in this problem
domain they are a lot smarter than humans. This point of view is
captured in the diagram shown on this page.

It’s human nature to focus on the problems on the right of
the diagram, the problems where human skill and ingenuity are
most valuable. And it’s normal human prejudice to undervalue the
problems on the left, the domain where data-driven intelligence
really shines. But we’ll put aside this prejudice, and think about
the problems on the left. What problems can computers solve that
we can’t? And how, when we put that ability together with human
intelligence, can we combine the two to do more than either is
capable of alone?

As an example of the latter, in 2005 the chess website Play-
chess.com ran what they called a freestyle chess tournament, mean-
ing a tournament where humans and computers could enter to-
gether as hybrid teams. To put it another way, the tournament
allowed human intelligence to team upwith data-driven intelligence,
in the form of chess-playing computers, which rely on enormous
opening and endgame databases, and which analyze myriad possible
combinations of moves in the midgame. One of the entrants in the
tournament was the team behind the Hydra series of chess comput-
ers. Hydra, at the time the world’s strongest chess computer, had
never lost a game in regular play to any human chess player, and on
several occasions had easily defeated top grandmasters. The Hydra



August 18, 2011 Time: 06:28pm chapter07.tex

130 CHAPTER 7

Figure 7.1. A black and white reproduction showing the strange blob first noticed
by Hanny van Arkel. In the original color image the blob was a striking blue, and
contrasted vividly with the galaxy above. Credit: Sloan Digital Sky Survey.

The mystery mounted. More and more people began speculating
about what the blue blob could be. The object was dubbed Hanny’s
Voorwerp, after the discoverer and the Dutch word for object.

Slowly, an explanation of the voorwerp took shape, an expla-
nation connecting the voorwerp to the staggeringly bright objects
known as quasars. To understand that explanation, we first need to
back up a bit and talk about quasars. As you may know, quasars are
among the strangest and most mysterious objects in the universe.
They are incredibly bright: a quasar the size of our solar system can
shine as brightly as a trillion suns, outshining a giant galaxy like our
Milky Way many times over. Fortunately for us, the nearest quasars
are hundreds of millions of light-years away—if a quasar turned on
a few light-years away, it would fry the Earth.

When quasars were first discovered, in 1963, it was a mystery
how such comparatively small objects could shine so brightly. It
took astronomers and astrophysicists many years to understand and
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Figure 7.2. The first of the green pea galaxies, found by Galaxy Zoo forum
member Nightblizzard in July, 2007. The green pea is in the center. Like all of the
peas, it looks quite nondescript, and if you’re not familiar with galaxies, it’s
tempting to think it’s just another elliptical galaxy, or maybe a star. But many of
the Zooites became quite expert at analyzing galaxy images, and it wasn’t long
before they realized the peas were unusual. Credit: Sloan Digital Sky Survey.

and their respective proportions. So the spectrum is a very detailed
and precise way of breaking down galaxy images into their different
colors.

The reason the spectrum of a galaxy is important is because it
allows astronomers to figure out what the galaxy is made of. This
may sound surprising, but again the idea is quite simple: when you
heat up a material, say, sodium, it tends to glow with a particular
mixture of colors. That’s why sodium streetlamps glow with a very
particular yellow-orange color. It turns out that every material—not
just sodium, but oxygen, hydrogen, carbon, and any other—has its
own unique spectrum, that is, glows with a characteristic mixture
of colors. The spectrum of a material is thus a bit like a signature,
and by looking closely for such signatures in a galaxy’s spectrum it’s
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Figure 7.3. Two merging spiral galaxies (known jointly as UGC 8335). Credit:
NASA, ESA, the Hubble Heritage (STScl/AURA)–ESA/Hubble Collaboration, and
A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook University).

the Hubble Space Telescope. Other new projects from the team
that started Galaxy Zoo include Moon Zoo, which aims to bet-
ter understand the craters on the moon, and Project Solar Storm
Watch, which aims to spot explosions on the sun. One of the
astronomers involved in Galaxy Zoo 2, Bob Nichol of the University
of Portsmouth, contrasted Galaxy Zoo with everyday astronomy in
this way:

[In my everyday work] I can ask the question “how many
galaxies have a bar through the middle of them” and typically I
would embark on a career-long quest to answer this fundamental
question. I may even recruit some poor graduate student to
eyeball 50,000 galaxies to answer the question (like they did
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Appendix: The Problem Solved by the Polymath
Project

The Polymath Project aimed to prove a mathematical result known
as the density Hales-Jewett (DHJ) theorem. Although the proof of
DHJ is complex, the basic statement can be understood by anyone.
Take a look at the following three-by-three grid:

I’ve marked seven of the squares on the grid with a dot; as you
can see, it’s possible to draw a line through three of those dots. By
contrast, the configuration in the following picture is line-free—you
can’t draw a line through any three of the dots:
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