Historical Perspectives
Archimedes of Syracuse (287-212 BC)
« Mathematician, physicist, engineer,

Inventor, astronomer
» Leading scientist of classical antiquity
* Originated hydrostatics, mechanics
Archimedean screw, spiral, lever
* Discovered Archimedes’ principle

» Used infinitesimals, approximated Pi
 Designed siege and naval weapons
- Invented large number notation ~ ~g
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Historical Perspectives
Eratosthenes (27/6BC-194BC)
» Chief librarian at Library of Alexandria
« Measured the Earth’s size (<1% error!)
» Calculated the Earth-Sun distance
* Invented latitude and longtitude

e Primes - “Sieve of Eratosthenes”
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An Ancient Computer: The Antlkythera

* Oldest known mechanical computer

* Built around 150-100 BCE !

e Calculates eclipses and astronomical ==&
positions of sun, moon, and planets

* \ery sophisticated for its era

» Contains dozens of intricate gears

» Comparable to 1700’s Swiss clocks

« Has an attached “instructions manual”

. StlII the subject of ongomg research
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New explorations have revealed how the Antikythera

DECODING AN
Ancient Computer

mechanism modeled lunar motion and predicted
eclipses, among other sophisticated tricks

KEY CONCEPTS

= The Antikythera mecha-
nism is a unique mechani-
cal calculator from sec-
ond-century B.C. Greece.
Its sophistication sur-
prised archaeologists
when it was discovered in
1901. But no one had an-
ticipated its true power.

Advanced imaging tools
have finally enabled re-
searchers to reconstruct
how the device predicted
lunar and solar eclipses
and the motion of the
moon in the sky.

Inscriptions on the mecha-
nism suggest that it might
have been built in the
Greek city of Syracuse
(now in modern Sicily),
perhaps in a tradition

that originated with
Archimedes.

—The Editors
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fit had not been for two storms 2,000 years

apart in the same area of the Mediterra-

nean, the most important technological ar-
tifact from the ancient world could have been
lost forever.

The first storm, in the middle of the 1st cen-
tury B.C., sank a Roman merchant vessel laden
with Greek treasures. The second storm, in A.D.
1900, drove a party of sponge divers to shelter
off the tiny island of Antikythera, between Crete
and the mainland of Greece. When the storm
subsided, the divers tried their luck for sponges
in the local waters and chanced on the wreck.
Months later the divers returned, with backing
from the Greek government. Over nine months
they recovered a hoard of beautiful ancient
Greek objects—rare bronzes, stunning glass-
ware, amphorae, pottery and jewelry—in one of
the first major underwater archaeological exca-
vations in history.

One item attracted little attention at first: an
undistinguished, heavily calcified lump the size
of a phone book. Some months later it fell apart,
revealing the remains of corroded bronze gear-
wheels—all sandwiched together and with teeth
just one and a half millimeters long—along with

plates covered in scientific scales and Greek in-

scriptions. The discovery was a shock: until
then, the ancients were thought to have made
gears only for crude mechanical tasks.

Three of the main fragments of the Anti-
kythera mechanism, as the device has come to be
known, are now on display at the Greek Nation-
al Archaeological Museum in Athens. They look
small and fragile, surrounded by imposing
bronze statues and other artistic glories of an-
cient Greece. But their subtle power is even more
shocking than anyone had imagined at first.

I first heard about the mechanism in 2000. I
was a filmmaker, and astronomer Mike Ed-
munds of Cardiff University in Wales contacted
me because he thought the mechanism would
make a great subject for a TV documentary. I
learned that over many decades researchers
studying the mechanism had made considerable
progress, suggesting that it calculated astronom-
ical data, but they still had not been able to fully
grasp how it worked. As a former mathemati-
cian, I became intensely interested in under-
standing the mechanism myself.

Edmunds and I gathered an international col-
laboration that eventually included historians,
astronomers and two teams of imaging experts.

In the past few years our group has reconstruct-
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By Tony Freeth

ed how nearly all the surviving parts worked and
what functions they performed. The mechanism
calculated the dates of lunar and solar eclipses,
modeled the moon’s subtle apparent motions
through the sky to the best of the available knowl-
edge, and kept track of the dates of events of so-
cial significance, such as the Olympic Games.
Nothing of comparable technological sophistica-
tion is known anywhere in the world for at least
a millennium afterward. Had this unique speci-
men not survived, historians would have thought

that it could not have existed at that time.

German philologist Albert Rehm was the first
person to understand, around 1905, that the
Antikythera mechanism was an astronomical
calculator. Half a century later, when science
historian Derek J. de Solla Price, then at the
Institute for Advanced Study in Princeton, N.J.,
described the device in a Scientific American
article, it still had revealed few of its secrets.
T'he device, Price suggested, was operated by
turning a crank on its side, and it displayed its
output by moving pointers on dials located on its
front and back. By turning the crank, the user

could set the machine on a certain date as indi-

www.ScientificAmerican.com

cated on a 365-day calendar dial in the front.
(The dial could be rotated to adjust for an extra
day every four years, as in today’s leap years.) At
the same time, the crank powered all the other
gears in the mechanism to yield the information
corresponding to the set date.

A second front dial, concentric with the cal-
endar, was marked out with 360 degrees and
with the 12 signs representing the constellations
of the zodiac [see box on pages 80 and 81). These
are the constellations crossed by the sun in its ap-
parent motion with respect to the “fixed” stars
“motion” that in fact results from Earth’s orbit-
ing the sun—along the path called the ecliptic.
Price surmised that the front of the mechanism
probably had a pointer showing where along the
ecliptic the sun would be at the desired date.

In the surviving fragments, Price identified
the remains of a dozen gears that had been part
of the mechanism’s innards. He also estimated
their tooth counts—which is all one can do given
that nearly all the gears are damaged and incom-
plete. Later, in a landmark 1974 study, Price de-
scribed 27 gears in the main fragment and pro-
vided improved tooth counts based on the first
x-rays of the mechanism, by Greek radiologist
Charalambos Karakalos.

© 2009 SCIENTIFIC AMERICAN, INC.

ANCIENT GREEKS knew how to
calculate the recurring patterns
of lunar eclipses thanks to obser-
vations made for centuries by
the Babylonians. The Antiky-
thera mechanism would have
done those calculations

for them—or perhaps for the
wealthy Romans who could
afford to own it. The depiction
here is based on a theoretical
reconstruction by the author
and his collaborators.
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[THE PLACES]

SICILY

THE AUTHOR]

academic back-
ground is in mathematics and
mathematical logic (in which he
holds a Ph.D.). His award-winning
career as a filmmaker culminated
in a series of documentaries about
increasing crop yields in sub-Saha-
ran Africa, featuring the late Nobel
Peace Prize Laureate Norman
Borlaug. Since 2000 Freeth has
returned to an academic focus with
research on the Antikythera mech-
anism. He is managing director
of the film and television produc-
tion company Images First, and
he is now developing a film on
the mechanism.
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The Antikythera mechanism was built around the middle of the 2nd century B.C., a time when Rome was
expanding at the expense of the Greek-dominated Hellenistic kingdoms (green). Divers recovered its
corroded remnants (including fragment at left) in A.D. 1901 from a shipwreck near the island of Anti-
kythera. The ship sank around 65 B.C. while carrying Greek artistic treasures, perhaps from Pergamon to
Rome. Rhodes had one of the major traditions of Greek astronomy, but the latest evidence points to a
Corinthian origin. Syracuse, which had been a Corinthian colony in Sicily, is a possibility: the great
Greek inventor Archimedes had lived there and may have left behind a technological tradition.

Tooth counts indicate what the mechanism
calculated. For example, turning the crank to
give a full turn to a primary 64-tooth gear rep-
resented the passage of a year, as shown by a
pointer on the calendar dial. That primary gear
was also paired to two 38-tooth secondary
gears, each of which consequently turned by

64/38 times for every year. Similarly, the motion

relayed from gear to gear throughout the mech-
anism; at each step, the ratio of the numbers of
gear teeth represents a different fraction. The
motion eventually transmitted to the pointers,
which thus turned at rates corresponding to dif-
ferent astronomical cycles. Price discovered that
the ratios of one of these gear trains embodied
an ancient Babylonian cycle of the moon.

Price, like Rehm before him, suggested that
the mechanism also contained epicyclic gear-
ing—gears spinning on bearings that are them-

selves attached to other gears, like the cups on a
Mad Hatter teacup ride. Epicyclic gears extend
the range of formulas gears can calculate beyond
multiplications of fractions to additions and sub-
tractions. No other example of epicyclic gearing
is known to have existed in Western technology
for another 1,500 years.

Several other researchers studied the mecha-
nism, most notably Michael Wright, a curator at
the Science Museum in London, in collaboration

with computer scientist Allan Bromley of the
University of Sydney. They took the first three-
dimensional x:

ays of the mechanism and showed
that Price’s model of the mechanism had to be
wrong. Bromley died in 2002, but Wright per-
sisted and made significant advances. For exam-
ple, he found evidence that the back dials, which
at first look lik
rals and discovered an epicyclic mechanismat the
front that calculated the phase of the moon.
Wright also adopted one of Price’s insights,
namely that the dial on the upper back might be

oncentric rings, are in fact spi-

a lunar calendar, based on the 19-year, 2

lunar-month cycle called the Metonic cycle. This
calendar is named after fifth-century B.C. as-
tronomer Meton of Athens—although it had
been discovered earlier by the Babylonians—and
is still used today to determine the | sh festi-
val of Rosh Hashanah and the Christian festiv.
of Easter. Later, we would discover that the

al

pointer was extensible, so that a pin on its end
could follow a groove around each successive
turn of the spiral.

As our group began its efforts, we were ham-
pered by a frustrating lack of data. We had no
access to the previous x-ray studies, and we did
not even have a good set of still photographs.
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Two images in a science magazine—x-rays of a
zoldfish and an enhanced photograph of a Bab-
ylonian clay tablet—suggested to me new ways
r0 get better data.

We asked Hewlett-Packard in California to
perform state-of-the-art photographic imaging
and X-Tek Systems in the U.K. to do three-di-
mensional x-ray imaging. After four years of
:areful diplomacy, John Seiradakis of the Aris-
rotle University of Thessaloniki and Xenophon
Moussas of the University of Athens obtained
the required permissions, and we arranged for
the imaging teams to bring their tools to Athens,
anecessary step because the Antikythera mech-
anism is too fragile to travel.

Meanwhile we had a totally unexpected call
from Mary Zafeiropoulou at the museum. She
had been to the basement storage and found box-
2s of bits labeled “Antikythera.” Might we be in-
rerested? Of course we were interested. We now
had a total of 82 fragments, up from about 20.

The HP team, led by Tom Malzbender, as-
sembled a mysterious-looking dome about five
feet across and covered in electronic flashbulbs
that provided lighting from a range of different
angles. The team exploited a technique from the
computer gaming industry, called polynomial
rexture mapping, to enhance surface details. In-

[THE RECONSTRUCTION]

Anatomy of a Relic

scriptions Price had found difficult to read were
now clearly legible, and fine details could be en-
hanced on the computer screen by controlling
the reflectance of the surface and the angle of the
lighting. The inscriptions are essentially an in-
S[ruCtiUn m;]mm] \’Vl'il’t(’n on thc outer P]ﬂtcﬁ‘

A month later local police had to clear the
streets in central Athens so that a truck carrying
the BladeRunner, X-Tek’s eight-ton x-ray ma-
chine, could gain access to the museum. The
BladeRunner performs computed tomography
similar to a hospital’s CT scan, but with finer de-
tail. X-Tek’s Roger Hadland and his group had
specially modified it with enough x-ray power to
penetrate the fragments of the Antikythera mech-
anism. The resulting 3-D reconstruction was
wonderful: whereas Price could see only a puzzle
of overlapping gears, we could now isolate layers
inside the fragment and see all the fine details of
the gear teeth.

Unexpectedly, the x-rays revealed more than
2,000 new text characters that had been hidden
deep inside the fragments. (We have now identi-
fied and interpreted a total of 3,000 characters
out of perhaps 15,000 that existed originally.) In
Athens, Moussas and Yanis Bitsakis, also at the
University of Athens, and Agamemnon Tselikas
of the Center for History and Palacography be-

Computed tomography—a 3-D mapping obtained from multiple x-ray shots—enabled the author and

his colleagues to get inside

ws of the Antikythera mechanism’s remnants. For example, a CT scan

can be used to virtually slice up an object (below, slices of main fragment). The information helped the
team see how the surviving gears connected and estimate their tooth counts, which determined what
calculations they performed. The team could then reconstruct most of the device [see mode! at right

and box on next two pages].

www.ScientificAmerican.com

Historians
would have
thought that

could not
have existed
at the time.
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[INSIDE THE ANTIKYTHERA MECHANISM]

to discover inscriptions that had been invis- This exploded view of the mechanism shows all but one of the dar on the back and then read the astronomical predictions for that
iblesto humanzeves-formore than 2000 vears: A .t H I 30 known gears, plus a few that have been hypothesized. Turning time—such as the position and phases of the moon—from the other
Oiie: tratislated s .. spiral subdivisions stronomica a crank on the side activated all the gears in the mechanism and dials. Alternatively, one could turn the crank to set a particular event
235, confirmine th n ‘[h’c upper back dial “_‘]; c I ocC kW or k moved pointers on the front and back dials: the arrows colored blue, on an astronomical dial and then see on what date it would occur.
- 11 Jescribi : b -‘\l o 1} P_“l _‘] lar o red and yellow explain how the motion transmitted from one gear to Other gears, now lost, may have calculated the positions of the sun

B the next. The user would choose a date on the Egyptian, 365-day and of some or all of the five planets known in antiquity and displayed

calendar dial on the front or on the Metonic, 235-lunar-month calen- them via pointers on the zodiac dial.
EGYPTIAN
athome in London, I began to examine the ZODIAC DIAL CALENDAR DIAL
ns as well. Certain fragments were clear- Showed the 12 Displayed 365 days

ly all part of a spiral dial in the lower back. An constellations along ofayear. METONIC GEAR TRAIN

X ; O S the ecliptic, the Calculated the month in the Metonic calendar, made of 235 lunar months,
TIEs of the “"_“I number of div sions in the sun’s path in the sky. and displayed it via a pointer @ on the Metonic calendar dial on the back.
dial’s four-turn spiral suggested 220 to 225. Apin ‘at the pointer’s tip followed the spiral groove, and the pointer
The prime number 223 was the obvious con- extended in length as it reached months marked on successive, outer twists.
 Thennsent Babvlonianshiad dissoverad Auxiliary gears @ turned a pointer @ on a smaller dial indicating four-year
TethGancic T Da gy OIS CISOVEree cycles of Olympiads and other games. Other gears moved a pointer on
lunar eclipse is observed—something another small dial @, which may have indicated a 76-year cycle.
n happen only during a full moon—usu-
ally a similar lunar eclipse will take place 223 PRIMARY GEAR METONIC
full moons later. Similarly, if the Babylonians When spun by the crank, it activat- ® Py CALENDAR DIAL
. . ed all other gears. It also directly " Displayed the
aw 4 a SC—WwW. o o aKe place / & : " Al
saw a solar eclipse—which can nl\(.pl ace nn]: moved a pointer that indicated the 7 mentions
during a new moon—they could predict that 223 date on the Egyptian calendar dial. 235-lunar-month
new moons later there would be a similar one Afull turn of this gear represented cycle arranged
(although they could not always see it: solar the passage of one year. 1 onasplral.
eclipses are visible only from specific locations,
and i Stro could not predict t OLYMPIAD DIAL
reliably). Eclipses repeat this way because every Date pointer Indicated the years
223 lunar months the sun, Earth and the moon Solar pointer of the ancient
, : Olympics and
return to approximately the same alignment other games.
with respect to one another, a periodicity known
as the Saros cycle.
Between the scale divisions were blocks of
symbols, nearly all containing X (sigma) or H
(eta), or both. I soon realized that X stands for
Sehnvn (selene), Greek for “moon,” indicating a
lunar eclipse; H stands for H\woo (belios), Greek
for “sun,” indicating a solar eclipse. The Babylo-
nians also knew that within the 223-month pe- PLANETARY
riod, eclipses can take place only in particular POINTERS
: ey (HYPOTHETICAL)
months, arranged in a predictable pattern and
e . May have shown
ated by gaps of five or six months; the dis- the positions of SAROS LUNAR
tribution of symbols around the dial exactly the planets on ECLIPSE DIAL
the zodiac dial. e .
matched that pattern. Inscriptions on this
I now needed to follow the trail of clues into spiral indicated the
he he £ the mechanis liscove et i et months in which
the l.aar.t of the mec hllll?l-l] m,k 1scover where I:us U RAIR lunar and solar
new insight would lead. The first step was to find A system that included epicyclic gears simulated eclipses can occur.
with 223 teeth to drive this new Saros di variations in the moon’s motion now know to stem

from its changing orbital velocity. The epicyclic
gears were attached to a larger gear (A’ like the cups
on a Mad Hatter teacup ride. One gear turned the
other via a pin-and-slot mechanism (B). The motion
was then transmitted through the other gears and to
the front of the mechanism. There, another epicyclic

Karakalos had estimated that a large gear vi

at the back of the main fragment had 222 te

But Wright had revised this estimate to 223, and

Edmunds confirmed this. With plausible tooth

counts for other s and with the addition of a = |ESIESEEEINE system (© turned a half-black, half-white sphere D

small, hypothetical gear, this 223-tooth gear Z - to show the lunar phases, and a pointer (E' showed

ould i : he “L‘ . lnlati e fil;zv::.:l:tsn?:r: the position of the moon on the zodiac dial. ECLIPSE GEAR TRAIN

could perform the requi : calcu ‘.mnn. with respect to the FRONT-PLATE INSCRIPTIONS Calculated the month in the 223-lunar-month Saros cycle
But a huge problem still remained unsolved constellations on Described the rising and setting times of recurring eclipses. It displayed the month on the Saros

and proved to be the hardest part of the gearing the zodiac dial. of important stars throughout the year. dial with an extensible pointer O similar to the one on
sr s szl i E the Metonic dial. Auxiliary gears moved a pointer

to crack. In addition to calculating the Saros cy- asmaller dial. That pointer made one third of a turn for

each 223-month cycle to indicate that the corresponding
eclipse time would be offset by eight hours.




[A USER’'S MANUAL]

cle, the large 223-tooth gear also carried the ep-

How to Predict
an Eclipse

Operating the Antikythera mechanism may have
required only a small amount of practice and astro-
nomical knowledge. After an initial calibration by an
expert, the mechanism could provide fairly accurate
predictions of events several decades in the past or
future. The inscriptions on the Saros dial, coming

at intervals of five or six months, corresponded to
months when Earth, the sun and the moon come to

a near alignment (and so represented potential solar
and lunar eclipses) in a 223-lunar-month cycle. Once
the month of an eclipse was known, the actual day
could be calculated on the front dials using the fact
that solar eclipses always happen during new moons
and lunar eclipses during full moons.

icyclic system noticed by Price: a sandwich of
two small gears attached to the larger gear in
teacup-ride fashion. Each epicyclic gear also
connected to another small gear. Confusingly, all Date pointer
four small gears appeared to have the same tooth
count—S50—which seemed nonsensical because Solar pointer
the output would then be the same as the input.

After months of frustration, I remembered
that Wright had observed that one of the two ep-
icyclic gears has a pin on its face that engages
with a slot on the other. His key idea was that the
two gears turned on slightly different axes, sepa-
rated by about a millimeter. As a consequence, RESET DATE

Begin by turning the crank to set the
current month and year on the Metonic
calendar. The lower pointer will turn
to the corresponding month on the
Saros (eclipse)

FIND ECLIPSE MONTH

Turn the crank to move time forward until the
pointer on the Saros dial points to an eclipse
inscription. The inscription will indicate month
and time of the day (but not the day) of an
eclipse and whether it will be solar or lunar.

CALCULATE DAY

Adjust the crank until the lunar and solar
pointers are aligned (for a solar eclipse) or

at 180 degrees (for a lunar eclipse). The
Egyptian calendar pointer will move corre-
spondingly and indicate the day of the eclipse.

the angle turned by one gear alternated between
being slightly wider and being slightly narrower
than the angle turned by the other gear. Thus, if

one gear turned at a constant rate, the other
gear’s rate kept varying between slightly faster
and slightly slower.

Although Wright rejected his own observation, I
realized that the varying rotation rate is precisely
what is needed to calculate the moon’s motion
according to the most advanced astronomical
theory of the second century B.C., the one often
attributed to Hipparchos of Rhodes. Before
Kepler (A.D. 1605), no one understood that orbits
are elliptical and that the moon accelerates
toward the perigee—its closest point to Earth—
and slows down toward the apogee, the opposite
point. But the ancients did know that the moon’s
motion against the zodiac appears to periodical-
ly slow down and speed up. In Hipparchos’s
model, the moon moved at a constant rate around
a circle whose center itself moved around a circle
at a constant rate—a fairly good approximation
of the moon’s apparent motion. These circles on
circles, themselves called epicycles, dominated
astronomical thinking for the next 1,800 years.

There was one further complication: the apo-
gee and perigee are not fixed, because the ellipse
of the moon’s orbit rotates by a full turn about ev-
ery nine years. The time it takes for the body to
get back to the perigee is thus a bit longer than
the time it takes it to come back to the same
point in the zodiac. The difference was just
0.112579655 turns a year. With the input gear
having 27 teeth, the rotation of the large gear was
slightly too big; with 26 teeth, it was slightly too
small. The right result seemed to be about half-
way in between. So I tried the impossible idea
that the input gear had 26 2 teeth. I pressed the
key onmy calculator,and it gave 0.112579655—

exactly the right answer. It could not be a
coincidence to nine places of decimals! But
gears cannot have fractional numbers of teeth.
Then I realized that 26 > X 2 = 53. In fact,
Wright had estimated a crucial gear to have 53
teeth, and I now saw that that count made every-
thing work out. The designer had mounted the
pin and slot epicyclically to subtly slow down the
period of its variation while keeping the basic ro-
tation the same, a conception of pure genius.
Thanks to Edmunds, we also realized that the
epicyclic gearing system, which is in the back of
the mechanism, moved a shaft that turned inside
another, hollow shaft through the rest of the
mechanism and to the front, so that the lunar
motion could be represented on the zodiac dial
and on the lunar phase display. All gear counts
were now explained, with the exception of one
small gear that remains a mystery to this day.
Further research has caused us to make some
modifications to our model. One was about a
small subsidiary dial that is positioned in the
back, inside the Metonic dial, and is divided into
four quadrants. The first clue came when I read
the word “NEMEA” under one of the quad-
rants. Alexander Jones, a New York University
historian, explained that it refers to the Nemean
Games, one of the major athletic events in an-
cient Greece. Eventually we found, engraved
round the four sectors of the dial, most of
“ISTHMIA,” for games at Corinth, “PYTHIA,”
for games at Delphi, “NAA,” for minor games at
Dodona,and “OLYMPIA,” for the most impor-
tant games of the Greek world, the Olympics. All
games took place every two or four years. Previ-
ously we had considered the mechanism to be

December 2009
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purely an instrument of mathematical astrono-
my, but the Olympiad dial—as we named it—
gave it an entirely unexpected social function.

Twenty-nine of the 30 surviving gears calcu-
late cycles of the sun and the moon. But our stud-
ies of the inscriptions at the front of the mecha-
nism have also yielded a trove of information on
the risings and settings of significant stars and of
the planets. Moreover, on the “primary” gear-
wheel at the front of the mechanism remnants of
bearings stand witness to a lost epicyclic system
that could well have modeled the back-and-forth
motions of the planets along the ecliptic (as well
as the anomalies in the sun’s own motion). All
these clues strongly support the inclusion of the
sun and of at least some of the five planets known
in ancient times—Mercury, Venus, Mars, Jupi-
ter and Saturn.

Wright built a model of the mechanism with
epicyclic systems for all five planets. But his in-
genious layout does not agree with all the evi-
dence. With its 40 extra gears, it may also be too
complex to match the brilliant simplicity of the
rest of the mechanism. The ultimate answer may
still lie 50 meters down on the ocean floor.

The question of where the mechanism came from
and who created it is still open. Most of the car-
go in the wrecked ship came from the eastern
Greek world, from places such as Pergamon, Kos
and Rhodes. It was a natural guess that Hippar-
chos or another Rhodian astronomer built the
mechanism. But text hidden between the 235
monthly scale divisions of the Metonic calendar
contradicts this view. Some of the month names

www.ScientificAmerican.com

were used only in specific locations in the ancient
Greek world and suggest a Corinthian origin. If
the mechanism was from Corinth itself, it was
almost certainly made before Corinth was com-
pletely devastated by the Romans in 146 B.C. Per-
haps more likely is that it was made to be used in

one of the Corinthian colonies in northwestern
Greece or Sicily.

Sicily suggests a remarkable possibility. The
island’s city of Syracuse was home to Archime-
des, the greatest scientist of antiquity. In the first
century B.C. Roman statesman Cicero tells how
in 212 Archimedes was killed at the siege of Syr-
acuse and how the victorious Roman general,
Marcellus, took away with him only one piece of
plunder—an astronomical instrument made by
Archimedes. Was that the Antikythera mecha-
nism? We believe not, because it appears to have
been made many decades after Archimedes died.
But it could have been constructed in a tradition
of instrument making that originated with the
eureka man himself.

Many questions about the Antikythera mech-
anism remain unanswered—perhaps the great-
est being why this powerful technology seems to
have been so little exploited in its own era and in
succeeding centuries.

In Scientific American, Price wrote:

It is a bit frightening to know that just before
the fall of their great civilization the ancient Greeks
had come so close to our age, not only in their
thought, but also in their scientific technology.

Our discoveries have shown that the Anti-
kythera mechanism was even closer to our world
than Price had conceived. [

© 2009 SCIENTIFIC AMERICAN, INC.

MORE TO
EXPLORE

An Ancient Greek Computer.
Derek J. de Solla Price in Suentific
American, Vol. 200, No. 6,

pages 60-67; June 1959.

Gears from the Greeks:

The Antikythera Mechanism—

A Calendar Computer from

ca. 80 B.. Derek de Solla Price in
Transactionsof the American Fhilo-
sophical Sdety, New Series, Vol. 64,
No. 7, pages 1-70; 1974.

Decoding the Ancient Greek
Astronomical Calculator Known
as the Antikythera Mechanism.
Tony Freeth et al. in Nature, Vol. 444,
pages 587-591; November 30, 2006.

Calendars with Olympiad Display
and Eclipse Prediction on the Anti-
kythera Mechanism. Tony Freeth,
Alexander Jones, John M. Steele and
Yanis Bitsakis in Nature, Vol. 454,
pages 614-617; July 31, 2008.

The Antikythera Mechanism

Research Project: www.
antikythera-mechanism.gr
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Historical Perspectives

Abu Ali al-Hasan 1bn al-Haytham (965-1039

* AKA Alhazen or “The Physicist”

 Greatest scientist of the middle ages

 Contributed to mathematics, physics,
optics, astronomy, anatomy, medicine,
engineering, philosophy, psychology

* Pioneered the scientific method, modern
optics and experimental physics

 Polymath: authored over 200 treatises,
including influential “Book of Optics”

» Influenced Leonardo da Vinci, Bacon,
Descartes, Kepler, Galileio and Newton
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Historical Perspectives
|_eonardo of Pisa (1170-1250)
e Better known as “Fibonacci”

* Considered the most talented
mathematician of the middle ages

* Published (1202) “Liber Abaci” —
“The Book of Calculation™

* Introduced Hindu-Arabic posmonal
number system In Europe

» Popularized Fibonacci sequence

1123581321345589




European 0|1(2(3|4|5|/6|7|8|9 - L5

geminae A FETROME e L = erquib’Tuno fiife 1o Pauans
’mcmm?:t"mémm?f:wm = cmidszoficama o Thom
q fe-ev QUIETI PABTERITN. ¢ R TG Mt & gl
parit ;. gemind®ald g . quillainedipayr ¢ faa
ey (A2 T mEa g L § gemina fue® T
q  nfefigep e T Ml falil & prupgiiant s fic 7 fereo mefe
parid = | o QBADIELIUL | - § qemmAr Thptio etT 110
P E o cl QU AdIRC L © | § geminge T conito tidte:
“?ft?p‘l}‘l:l 4 & cﬁ:pub".tbbltlfmji‘ Ep qsvm"ﬁf'fﬂo
#OMEE T THO pavid s & ot quibaadinrury pHYL . oo
i\ geiminaT Tmm“;c}_q’f?f” P (¢ o ol quib addl tinis Qi
T IS 4 4emHIET 1meine mefe T I paa < ¢ 1z
GG AVIECBICE (1 1§ geminien ulrvne mEe-eri selt”
PLE 7 2 TP et fin qan T Pano loco T arpree uni z
N . Potet 113 T hao mangmmesqualy boc opatt ﬁxm‘?_aq-,ﬁn‘"‘? Septs

SNLE s

— ¢ pmﬁ_nfx'ma“u’o mdh 1 oi « 2fm & 10, > teuil ol Gt 2 Tt
VMDCLXVI = 6666 e
WiEE dlzrT 7bia‘mi‘&quqmidbfcﬁ?nﬁmb¢hg, s 27

i 7ﬁs;nﬂ'ﬁffa&gm;bm3 2 fininr miic meAl, U
gL et quoss it 6807 Ebie Dot sedtimp oG o © 2
cbliiof? P &?7331'-‘7 pr bite 210f = - m'r?:‘:rﬁﬁ"r,ff | bl
}rﬁrw‘f 7 ‘.?.'z:wq;:umi@ hir. AN bt Tuni o1 b
) (s inut'eqqhx mfﬁhnewwnanm;au"ﬁ.mnﬁ.1m RIPY |
i Al cox SapnedF GE PO p ¢ 1eddEL ‘wéy; !

Arabic-ndic A |

Tﬂ
Eastern Arabic-Indic Yy IvifFlalsly

(Persian and Urdu)

Devanagari
iHindi) d o |7 |¥

A

X

-

"

G
bla|>=|=

.

Tamil & (2| |F |(® & | 6T

~

090600000 O0OCOIOIOGISIOGSIS

0 M3 A 0“_“_\’-543-1701

Bas ey m3)

ke

ﬁx‘m.zrqu.:. ftmmﬁrbﬁoq?mx}'ﬁﬂnj hainf = > remanchir
e hov A6 frefiermedfiyn . ¢ eranfirdior = i fi
| atelfadrtt bOIE temanelio pmohdt OF | =  furhih 2D ©
(’ SYRREHIC T 4C L03F oy drty h&r;ém:’lfmmmneb?;fv?’f- 3
: ?r.tbbuiﬁbcb?yfr T ertmPACITON - driiofmi o fe i
| fremanebieio BE o cSiiientingedBIC 1« gmi hoirer
ftflé'el‘t ¢ foffered 1T it nmimid i oddF ¢ -
& fgpofitil filfe @ it P > fm b31E e diof « ~  Qoin i
T BTEROL ¢ 1 Combtailadinl ¢ o an it spmiT s -
: J igﬁmﬂkﬂfgpﬁw_ttqﬁq’ ol off qiip .57 ne 15 § folut soffe
Q abbt}fgm folul 1igoflt cogtiofalt mIE S mding etidda oot
gbi?fjmf i pnt 2R 116 toty m ity cos fifmy. equab fifie:
/ m_w,.mﬁl TP MBI etir o, i 15 Tequal fiToroeea
: me@ra:u ptoferucihie gftione 74 fiio oSt « + oo
r*?w’ﬁ‘:’bnt? ¢ grmeomtafii hedFor ¢ | A fdrsi)

s

T RS SN R 't*jj

ek "

2%y 0 e

<
DE LA RUE

LAS 10 FORMULAS MATEMATICAS QUE CAMBIARON LA FAZ DE LA TIERRA

A i emnaun OB

=

-,

2

Fiboncaccil

Un ponte sul Mediterraneo

xi
zi
:
=t
al

@e “Fibonacci Quarterly

Official Publication of The Fibonacci Association

AUSSTELLUNGEN HAUBHAALLE ETH ZEI;TRUM




-
a+b

a+bistoaasaistob

111




16180339881749894848¢2
AB AC
Ac B~ ®
)
A c B
ERE
Definicao

HEBABRISD B

Divisao do "todo" AB

9

AN B
CORREIOS DE MACAU

Australia

CHRISTMAS 1972

35¢

CHRIST THE LIGHT OF THE WORLD

LANCE STIRLING

] D” SERT .
Prcs. MACAU, CHINA

* & bt A7)

OPORCAO DOU

P000OPOOOIOOOLOIOOOOIRBOLODOIROOINS
I TR R E R R R R R R R R R R R AN R RN ]

B RIZEACIIIEA
Tragado da "maior" AC

A O c B
BRRARERCBRYEIA

Tragado da "menor" CB

CIENCIA E TECNOLOGIA - A PROPORCAO DOURADA

138553

aaaasss s A ELLELELELEEEEE]

E ‘I_l_:, C hi 4P
p NHn

MACAU, CHINA

'z
o0
g8
goseinie
Sogeigineiee:

F AL o KikinF R Fa o AR

APROPORCAO DOURADA * SEQUENCIA DE FIBONACCT A PROPORCAO DOURADA * ESPIRAL DO GIRASSOL

5 R A
-m MACAU, CHINA

AL o 3 RMIK

A PROPORGAO DOURADA * LADRILHOS DE PENROSE

F A o Mas R

A PROPORGAO DOURADA * NAUTILUS



Nicolai N. Vorobiev

"~-Numbér

@ -
Richard A: Dunla

Birkhauser

MARIO LIVIO

FINANCE INVESTING

Trader

Tools & Strategies for

It . Trading Success
g ,.\
) B

4 A

TD / 7Y

I'RADING
How to Master the

Time and Price Advantage

FIBONACC! FUN

Fascinating

Applications of i
Fibonacci Numbers Fibonacci and F b : = = e
Volume 4 1 onaCCIS 5 amnahng ivities with Intriguing Numbers

Lucas Numbers
with Applications

2 . THE GOLDEN".
8 - SECTION

* NATURE'S GREATEST SECRET *

Aﬂr’g
5
&

x:ewmg

AXNA

4 /m WN\

M |

AR

N

ARNTAYNTAY

ra

James S, Hans

) Wiley Traders Advantage Bloomberg MARKET ESSENTIALS | .

" . . . TECHNICAL ANALYSIS A Mathematlcal

Fibonacci Applications History of the @9\9% B
Golden Number O

and Strategies
for Traders

UNVEILING THE
SECRET OF THE

by Joy o
Q, %»‘o“
\ illustrations b
=
} & P Car \wartz

LOGARITHMIC SPIRAL

' |»V’H rf

l HUDE”FISWEI Roger Herz-Fischler



Q4248204586
6286213544862
893911374347 5408

0060766T263544333
88067 5203766892501
81497 587012203408045
42470495652467884509
65217067 5179788341
177780831 531714101
TION3179523680427 45
S4587822891100762 45
28383126833037242
851331620384005222
23597349493509040
0Q8162906662084624
S6286194320827 5045
223736805TT278616
027077690389532106
G22GTSTEG05231727
0592165894667 5946461
22124154440064703
303962309037 503399
S12244574717803417
31841 767689375210
6TBTE3209512426893
S020640529045515934
2223188913190294689
1807 5451928877050
58361502359134933
JOSO33QQESE265263
437 5436T74826471814
308800009501680328
911397815397807474
Q698555667 314106068
553521381131168993
05019477 548516307 54
2889913039607201445
TO5949373600697 0189
JI6801371467660114803
34561011800790506381

1454588199063361
3298064294637324
117762975443284
129143683437670
Q8090121101989
7260407029440
0205471855496
839731286301
70395110878
29645977310
312322134
2817971

S06563295286985910000086218
466747 5932695165642140210913630

2982

27487

74790

235037

176841

Q14ag2201
118087692
62544876114
230827106478
3436032322544674
ITIZ099574938946
A143201231127955189

8343656321177203001702057

27052604623189024497072072041
S07T 8386801 75212663386222363693179318
SO08659 593068200563 83226613199282902467
TI169620703222104321626054802629631361443
8879064454749246185609536486444924104432077134
874339442212 54487706647 80915884607499887124007

66256249407 5300697
17046665991466979

2194843530567830
003026961 5617002
Q2678263116453392
16579128667 52944
94T6213222981017

TOO38240602017279
131218156285681222
00368838295230459
219861 51437803140
TI520363613936210
Q0040055590895022
405658734797 663972
IS56210242369024
I126483220416397
3068737830344170
S57 3097045096966
947 5926007345522
6220023014437702
2109684249362713
IF12231053392321
SS6Z090297936424
1451270006023890
1121943204219643
1507722117 508269
3728840537461033
S5557697 545841499
2264172939462036
S950449779212076
4098864007 644361
8143062623306143
421 8270930852809
TOB1411 745339273
4017450554067 787
S1765818097787268
111633072 5369883
49178123313401 52
25810489823092464
657651106054 5881
8520217064404111
Q390211156910392
363T204124406408
9956564736007 294
477817269141 5891
029778637892 6900
1819472270789012

04000281 2104276217711
87317613560067087480
02287880997 329778347

>

50464338243776438610
473167111211 5881863
5490623113171 599343
261070896116456299
QT4T1T 5342777460277
450939471234145170
264787801733992190
Q7410692608867 420
76738937 645560606
Q5309423124823 46521

394949946534 57887
13868041457799569
232134044449487302
093954409627055898
4401 T 55519881921
S2101082194644544
69923007 30308452461
S9251876077788400
J62431926372891046
TETEQTTZ665508614
16207773224499435
BTATAE63314T70246T1
4586393204 5652098
78105444390043683
445341 50912954070
T31980528618339183
12472564591616083
JOQ3341T7270919143
21173481510055901
2878703450507 808

=)

12080928972792221

ST08323TI109746914
16117632 50386121
28871033632223810

733843837234500934

28T212413704361491

4756044317347 08584

GA07TAGR5059775783245

7683845386333321 56458
8826737 6843395367949
999339128310319742631

1779919564812 6580013445
16490464231930222935523
20872873617073486499931562 55647

281137347987 1666952T4800081443340532748378137824669174442296349147081 567007352 54
S7070897 7267 5469343822619646861533120953357923801460927356102101191902183460
67 S097T308057 S2806774681422958433943354931 553306303807 2916917 584610146099
S055064803679304147236572039860073550760902317312801613204843538364
S1770484318109001602442523271672190189334596378608T87 528701739345

Q303N IFSF9011237102391 712659047 0263494028307 668767 43638
681327T1062803231740693173344823435645631850581353108
5497333507 599667787 12449053836367 5413289080
2406324 56396367212 8242611702T780286456
0432349428373017246457

440583TETI26T 996
0317393640132876
2770124367983114
4643694T6T053127
2492410471670013
82478312386565064
9343418039004101
TE058339505877244
SOGS5TS5229391468
2397084177298337
282311682 56926002
9959422400005606
2OGTEAT4ISTR23097
2454084817651973
4362652639448884
5272027477874733
S983536727761407
S91T7120513269344
837 5290164992003
6024617844267572
TI6T00191919070
380522046123 2482
31326104327 1916
8451230602362789
3545432461769974

e ol e ol

The Golden Ratio (1 : 1.618)

© Martin Heigan



it

1.6180339887498948482
C45868343€583E 117720

3091 .é057 286213544

86227052604628189024
! 49707207 <0 +.89391137
| 4847540¢ 3C 7538689175
212663387 7235369317
9318006076 ;726354433
38208659593958290563
83226613199282902678
80675208766892501711
696207032221043216

235813
P GMA )

Iibonacci

 WANT MY NUMBER? |

= WOOUIWN = =

N =

1.6180339887498948482...

ol PP e

.

Fibonacci!

L S 4




“This must be Fibonacci’s.”

. A PARTOF ME 1S WHEN WE SHOULD BE CLOSEST
IT5 NOT SOMETHING - {PHRT OF ME IS STILL 50 ALONE.
{WU AR e COUNTING THE TOUCHES] o i
( OF HER FINGERTIPS [THTS THE FIBONACT] SEQUENCE!|

' RBSTRACTNG, LOOKNG AT | | | | 7000 Tovert WHETEVER L DIDT0 DESLRIE Yo,
NUMBERS AND PATERNG) | | (uas i I L T COULDI'T HAVE BEEN ENOUGH




Historical Perspectives

Reneé Descartes (1596-1650)

o Father of modern philosophy

e Invented Cartesian coordinates,
analytic geometry, heuristics

 Characterized paradoxes & falacies

 Discovered momentum conservation

 Authored “Principia Philosophiae” \

* Pioneered methodological skepticism AR

“Cogito ergo sum” - “Je pense, donc je suis ” | s siiinas
e “Discours de la Méthode” (1637) - one of the | :asdheme
most Influential works in modern science

e Pioneered the scientific method & revolution

A LEvyps
De I'mprimeriede [ sn M AT R B
Ia Io 1.

“For 1t 1s not enough to have a good mind: B Ty
one must use it well.” - Descartes |
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Historical Perspectives

Pierre de Fermat (1601-1665)

o Father of modern number theory

 Lawyer, Parlement of Toulouse

» Laid groundwork for calculus

» Contributions to optics, probability,
and analytic geometry

* Fermat numbers, primes, perfect #’s

e Descartes’ Law of refraction

» Reponsible for many open problems

7K(: CESKA REPUBLIKA
e “Fermat’s Last Theorem” (1637-1995) B ceo: remmer sore

* Recognized “principle of least action™
and “principle of least time” 1n physics
e Influenced Newton and Leibniz
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Music by Joshua Rosenblum
Book by Joanne Sydney Lessner
Lyrics by Lessner and Rosenblum

THE YORK THEATRE COMPANY

A Musical Fantasy inspired by Andrew Wiles
and his encounters with Fermat’s Last Theorem

ollicking! Whimsical! Catchy & Clever!” - The New York Ti
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A CMI production

VHS
.

In 1993 Andrew Wiles stunned the world when he announced a solution to
“Fermat’s Last Theorem," the famous unsolved mathematics problem set forth by
Pierre de Fermat in 1637. In the musical Fermat's Last Tango, the fictional
character Daniel Keane earns overnight acclaim when he presents his findings.
However, fanfare soon gives way to doubt when the reincarnated Fermat
discovers a hole in Keane's proof. The singular pursuit by Keane to correct this
flaw results in a love triangle involving himself, his wife, and mathematics—the
story of which is brought to life by Fermat and his immortal friends from the
"AfterMath," namely: Pythagoras, Euclid, Newton, and Gauss. The musical is both
a cheerful romp through history and a personal confrontation with destiny, It
provides a testament to the extraordinary excitement of mathematics and its
unparalleled beauty.

The Composer Joshua Rosenblum
enjoyed mathematics while studying
music at Yale along with the author, his
wife Joanne Sydney Lessner. They both
take an active role in the New York
music community. This recording was
captured by David Stern and his gmmy
Award-winning crew during a
performance at the York Theatre

Company in New York City.

Carl Friedrich Gauss / Reporter GILLES CHIASSON

Anna Keane EDWARDYNE COWAN
Pythagoras / Reporter MITCHELL KANTOR
Pierre de Fermat JONATHAN RABB
Daniel Keane CHRIS THOMPSON
Euclid / Reporter CHRISTIANNE TISDALE
Sir Isaac Newton / Reporter CARRIE WILSHUSEN

Approximate Running Time:

100 minutes

Color/Not Rated/VHS/NTSC

Produced by The Clay Mathematics
Institute, Cambridge, MA

Arthur Jaffe, Producer

David Stern, Director

© 2001 The Clay Mathematics Institute,
All Rights Reserved.

Hlustrated Guide Enclosed

The Clay Mathematics Institute
1770 Massachusetts Avenue #331
Cambridge, MA 02140
Email: fermat@claymath.org

o FE >
Website: www.claymath.org i3y Z
Unauthorized reproduction, in any manner is prohibited TANGO



Problem: Solve the following equation for X:

— 2\
=2 = X2=2 =X=\?2

where the stack of exponentiated x’s extends forever.

This “power tower” converges for:
0.065988 ~ e ¢ < X < elex=1.444668
i y(x)=n"’x"=|!gxﬂn

Generalization to ..
complex numbers: -

1/e
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Problem: Given any five points in/on the unit
square, 1s there always a pair with distance < % ?

Y hf Slde One Twe, one fw ane“ﬁy
eﬂ's de One Tug,one Two,one Tivg one.

/ ( keep those cere bellums up?.
- '

» What approaches fail?
« What techniques work and why?
» Lessons and generalizations




Problem: Given any five points in/on the unit
equilateral triangle, Is there always a pair with
distance <12 ?

OKGYJ now listen up. Nobody
gets in here wi%w*answerms

the following question: A frgi,

ves Phiadephia at 1:00p.m. |
15 Traveling at 65 miles per hour. A
Another Train leaves Denver 1
at 4:00... Say, you need .

» What approaches fail?
« What techniques work and why?
» Lessons and generalizations

Math phobic’s nightmare




Problem: Given any ten points in/on the unit
square, what Is the maximum pairwise distance?

» What approaches fail?
« What techniques work and why?
» Lessons and generalizations

/" Rig 2 > 0
|effside! one Tag one Tu,one Tig one.
C'mon! Keep Those cerebellums up!. R

> one twa one fuo-.. ; oy, 762




Historical Perspectives

Blaise Pascal (1623-1662)

« Mathematician, physicist, philosopher

o Studied fluids, pressure, vacuum

» Helped pioneer projective geometry,
probability, and the scientific method

» Influenced modern economics

» “Pascal’s triangle”, “Pascal’s law”

* Invented hydraulic press and syringe

 Constructed a mechanical calculator

« Used humor, wit, and satire in writings

* Influenced Voltaire and Rousseau

e Inagurated the world’s first bus line

S| unit of pressure - “pascal”
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Historical Perspectives

Sir Isaac Newton (1643-1727)

« Mathematician, physicist, astronomer,
philosopher, alchemist, theologian

* One of history’s most influential people

« “Principia Mathematica” (1687)

* Invented calculus, theory of gravitation

* Founded “Newtonian mechanics”

* Discovered laws of motion, inertia

e “Newtonian fluid”, “Newtonian Universe”

» Advanced the Scientific Revolution

 Developed practical reflecting telescope,
theory of color, “Newton’s method”

S| unit of force: newton
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Historical Perspectives

_eonhard Euler (1707-1783)

* Invented graph theory

« “Bridges of Konigsherg”, Prussia
 Eulerian tour

 Euler’s formula:V+F=E +2

e Euler’s number: e

* Euler’s identity: e+ 1 =0

S IGEE,
—5 RN

g

Major contributions to analysis,

algebra, calculus, number theory,
topology, optics, fluid dynamics,
mechanics, astronomy, education
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Graph
Theory

SECOND EDITION i

Edited by} -
Jonathan L. Gross
Jay Yellen
Ping Zhang

THEORY

W.T. Tutte

Cambridge Mathematical Library

Introductlon to
Graph Theory

1

Graph Theory
with Applications

J.A Bondy US.R. Murty

R. Balakrishnan

K. Ranganathan

ATEXTBOOK OF
GRAPH THEORY

Databases

O'REILLY*

ALGORITHMIC
GRAPH THEORY

J.A.Bondy
U.S.R. Murty

Graph Theory

GRAPH
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Introductory
Graph Theory
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GRAPH
THEORY
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Graph Theory

Undergraduate Mathematics

GRAPH THEORY
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Geir Agnarsson * Raymond Greenlaw

Frank Harary

N

Topics on
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G. Suresh Singh




GRAPH
THEORY

Ronald Gould

A FIRST COURSE IN

GRAPH
THEORY

GARY CHARTRAND
AND PING ZHANG

A SEMINAR ON

GRAPH
THEORY

S

Edited by
Frank Harary

Universitext

R. Balakrishnan
K. Ranganathan

A Textbook of
Graph Theory

Ping Zhang

THE
FASCINATING
WORLD /OF

GRAPH
THEORY

@ Springer

]ntr()(luctory Grapll T]wory

with /\pplications

Fred Buckley
Marty Lewinter

K. Erciyes

Distributed Graph
Algorithms for
Computer Networks

@ Springer

John M. Harris
Jeffry L. Hirst

Michael J. Mossinghoff

UNDERGRADUATE TEXTS IN MATHEMATICS

Combinatorics
and Graph Theory

@ Springer

Pearls in
braph Theory

Yord Hartfield
Gerhard Ringel

GRAPH

THEORY

VK. BALAKRISHNAN

The perfect aid for better grades!

Covers all graph fundamentals—
supplements any course text

Teaches effective problem-solving

Use with these courses. & 7 Graphs andSonwoets < v Nathomatss
—

ies & Newark

GRAPHS
AND
APPLICATIONS

An Introductory Approach

and
Robin J. Wilson

*{%;:' Springer
f

Hundreds of fully solved problems

Helps you understand any graphs! o
PrARRY
e

INTRODUCTION TO

GRAPH
THEORY

Richard J. Trudeau

Joan M. Aldous  Biasss o ¥ 2

ASHAY DHARWADKER
SHARIEFUDDIN PIRZADA

TorPoLOGICAL
GRAPH THEORY.

JONATHAN L. GroOSS
AND
THOoMAS W. TUCKER
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A GENTLE INTRODUCTION
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GRAPH THEORY GRAPHS,
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Combinatorics for
FIFTH EDITION

Computer Science

‘‘‘‘‘‘

DONALD L. KREHER
DOUGLAS B. WEST Valsamma K.M o

Algorithms on
Trees and Graphs

GARY CHARTRAND
LINDA LESNIAK

Algorithms and (omputation in Mathematics 5
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| @ Springer @ Springer
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Related events:
A
—— 5th Polish

Combinatorial
Conference

17th Workshop on

Ernikity Hereditary Graph
Properties

SEVENTH CRACOW|CONFERENCE ON GRAPH THEORY|'RYTRO "14"

September 14-19, 2014
Rytro, Poland

The meeting is next in the series of former Cracow Conferences on Graph Theory organized in
Niedzica (1990), Zgorzelisko (1994), Kazimierz Dolny (1997), Czorsztyn (2002), Ustron (2006) and

Zgorzelisko (2010).

Selected papers presented at the conference will be published in a Special Issue of Discrete
Mathematics dedicated to the 7th Cracow Conference on Graph Theory. Already six Special
Issues of DM were devoted to our conferences (volumes: 121, 164, 236, 307/11-12, 309/22, 312/14).

Invited speakers:
Ralph Faudree, University of Memphis, USA

Linear Forests on Hamiltonian Cycles

Andras Gyarfas, Hungarian Academy of Sciences, Budapest, Hungary

Vertex covers by monochromatic pieces - results and problems

Wilfried Imrich, Montanuniversitit Leoben, Austria

Graph Products and Symmetry Breaking in Graphs

Ken-ichi Kawarabayashi, National Institute of Informatics, Tokyo, Japan
Coloring graphs with some forbidden or restricted configurations

Jan Kratochvil, Charles University, Prague, Czech Republic

Extending Partial Geometric Representations of Graphs

Dieter Rautenbach, Universitdt Ulm, Germany




INTERNATIONAL CONFERENCE ON|GRAPH THEORY AND ITS APPLICATIONS]

Home

About University

Department of Mathematics

Call for Papers

Organizing Committee

Academic Program Committes

List of Invited Speakers

Registration Naw

Important Dstes

Confarence Program

Accomodation and Local Information

Travel Information

December 16-19,2015
Anmia Schod of Engneemng , Combabre | Inda

About The Conference

This will be a Four-day Conference in Graph Theory, Graph Algorithms and its applications. It will be focusing on the subareas in

graph theory that has applicstions in Optimzation, Computing Techniques, VLS| Design and Testing, Image Processing, and

Network Communications. The gos of this conference is to br ng top researchers in these araas to Amrita to foster collaboration

and to expose students to important problems in

ch students and

archers from India and sbroad and sattract res

res

o

Confarence will cover s broad range of topics in Graph Theory. The topics

= Algorithms and Computing Techniques

* Networks

* Communications and Control Theory

VIEW BROCHURE»»

the growing field. The conference is expectad to stimulste joint work among

postdoctoral fellows who work in graph theory.The

nclude, but are not limited to:

VENUE :Amrita School of Engineering, Coimbatore, India

Academic Cooperations :
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College of Arts & Sciences il
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Conferences nome

* 28th Cumberland Conference on Combinatorics,

Graph Theory & Computing

H . .
s W\ 28th Cumberland Conference on Combinatorics,
¢ List of Speakers .
D Graph Theory|& Computing
4 2’°§;rmt, May 15-17, 2015
. Aif;m;o?at‘:ons (12:30p on May 15 to 12:30p on May 17th)
s Paling : University of South Carolina
¢ Contact and Map Columbia, SC 29208
¢ LaszloSzékely's 60th Birthday
¢ History
¢ Gallery
*_liesing in HectrigggiirosEpll Dedicated to Laszl6 Székely's 60th Birthday!
* New Frontiers in Imaging and Sensing
* Summer School on Network Science Join us for dinner on Friday, May 15th, at The Flying Saucer!

For more details and a map, please go here.

The Cumberland Conference on Combinatorics, Graph Theory, and Computing is an annual conference that brings together
internationally known researchers, industrial mathematicians and computer scientists, and southeastern university and college
professors, post-docs, graduate and undergraduate students, to discuss the latest advances in discrete mathematics and computer
science. Particular efforts are made to include faculty and students from smaller institutions throughout the region. Each year, a
different university in the Cumberland region hosts the conference, usually in the month of May, immediately after the end of the
spring semester. This year, the University of South Carolina is pleased to host the Twenty-Eighth Cumberland Conference,
dedicated to Laszl6 Székely's 60th Birthday, on its Columbia campus, from May 15 — 17, 2015. We are excited to announce that
the following leading researchers have agreed to participate as plenary speakers.
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Program

Registration

Call for Abstracts

List of Participants

Accommodations

Travel

Information for International
Participants

Conference Photos

Slides of all Talks

MODERN TRENDS IN ALGEBRAIC|GRAPH THEORY
An International Conference June 2-5, 2014

Villanova University
Villanova, Pennsylvania

Modern Trends in Algebraic Graph Theory - AFTERMATH

First, i wish to express my deepest gratitude to those who helped to make MTAGT a reality..

Generous financial support was provided by the National Science Foundation, Villanova (VU) College of Arts
and Sciences, VU Office of Research and Graduate Programs, VU Office of Reasearch and Sponsored Projects,
VU Office of the Vice President of Academic Affairs, and VU Office of the President.

Staffing support was provided by Marie O'Brien, Lorraine McGraw, Doug Norton, Najib Nadi, Taylor Berrang,
Carrie Caswell, Carolyn Romano, Joseph Reiter, and Pat Woldar.

An indispensable role was played by the Office of Conference Services. In particular, | wish to mention Ron
Diment and Stefanie Austinat. | also wish to thank Elisa Wiley and Clete Rickert for web support.

Last but not least, | wish to thank those who attended MTAGT. When all is said and done, the success of a
conference depends integrally on the qualifications of its participants.

We had a wonderfully strong and diverse group. More than half of the 110 participants traveled to Villanova from
20 different nations. Over 20% of the participants were female, and roughly 25% were graduate students/recent
PhDs. We are most proud of these demographics.

The conference presentations were truly inspired. | am most pleased to now report their online availability:
<video recordings of plenary talks>
<Slides of all talks>

Mathematics alone does not make a successful mathematics conference. It is a desirable (if not imperative) to
promote healthy multicultural relations, and unobstructed lines of communication between participants. As
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Amin Coja-Oghlan, Geethe Univ. Frankfurt
Zdenék Dvorak, Charles Univ. Prague
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Subhash Khot, Courant Inst. Math. Sci.
Daniel Lokshtanov, Univ. Bergen
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Jaroslav Nesstfil (cochair), Charles Univ. Prague

, Mare Noy, UPC Barcelona

' Patrice Ossona de Mendez, EHESS Paris
Marco Dalleﬂ'ml, IIT-CNR Pisa

Helge Tverberg session

(chairs Jifi Matouiek & Jaroslav Nesetkil):
Imre Barany, Hungarian Acad. Sci.

Gil Kalai, Hebrew Univ. Jerusalem
Giinter Ziegler, Freie Universitat Berlin
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Applications of Graphs

* Geographical information / GPS systems
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Applications of Graphs

« Subway maps
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Applications of Graphs

* Computer networks

Leonhard Euler
1707-1783

internet, 2014



Applications of Graphs
» World Wide Web
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Applications of Graphs

e Social networks

Leonhard Euler
1707-1783
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Applications of Graphs
» Graph databases

Id: 2
MName: Bob

Leonhard Euler
1707-1783

Name: Alice
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eneotechnology

Graph data model
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Databases

NEW OPPORTUNITIES FOR CONNECTED DATA

lan Robinson,
Jim Webber & Emil Eifrem




Applications of Graphs
e Electrical grids




Leonhard Euler
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Applications of Graphs
* CAD / building HVAC design

\

Leonhafd Euler
1707-1783

New Faculty buliding of University of Ljubljana, Slovenia & 0 &%
Courtesy of Ljubljana university incubator technology transfer - Cortus / 0



Applications of Graphs

 Semantic nets

has 4
Vertebra Cat > Fur -
has isa has/ records
sa

Leonhard Euler

Animal <—2" Mahmmal <= i Bear - — 1707-1783
.- ’ Whale " e
Fish lives in Water Ain -
* Finite automata vertices = objects

edges = relations

vertices = states
edges = transitions




Applications of Graphs

» Time / space complexity classes
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* Map coloring

Lebnhard Euler
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Applications of Graphs

» Erdés numbers - “6 degrees” of separation

-‘ vertices = authors

= - Leonhard Eul
edges = co-authors  Leonhard Euler
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Carl Friedrich Gauss (1777-1855)

Historical Perspectives

“Prince of Mathematics”

Founded modern number theory
Authored “Disquisitiones Arithmeticae”
Fundamental Theorem of Algebra
Major contributions to astronomy, optics
electromagnetism, statistics, geometry ARITHMETTEAR
Gaussian distribution, Gaussian elimination

Gaussian noise, Gaussian Integers & primes ¢ s
Gauss’ Law, Gauss’ constant, “degaussing” "™ <75, "
SI unit of magnetic field strength: gauss .
Students: Dedekind, Riemann, Bessel T

LIPSIAE
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Historical Perspectives

William R. Hamilton (1805-1865)
» Mathematician, physicist, and astronomer

 Contributed to algebra, mechanics,

« Formulated Hamiltonian mechanics
 Discovered quaternions, conical refraction,
Hamilton function, Hamilton principle,

Hamiltonian group

* Invented “Icosian Calculus”, dot & |

cross products, Hamiltonian paths

* Influenced computer graphics,
mechanics, electromagnetism,
relativity, quantum theory, vector
algebra

optics

Here as he walked by
|| on the 16th of October 1843
{| Sir William Rowan Hamilton
| in a flash of genius discovered
1| che fundamental formula for
{ quater 2 mn multiplication

i‘= j'=R*=ijR=-1
& cut it on a stone of'this bridge
|

i L]
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Octonions: Generalization of Quaternions
» Non-associative! (e.g., (1))K=-E # E=I(JK))
* Discovered by John Graves (1843), friend of Hamilton
 Useful in general relativity, guantum logic, string theory

x| 1| J | k|E|Il|J K

Mnemonic diagram for
JIK|E|-I'l=| k|=T] =1 unit octonions products




“The are the dependable breadwinner
of the family, the complete ordered field we all rely
on. The are a slightly flashier but
still respectable younger brother: not ordered, but
algebraically complete. The , being
noncommutative, are the eccentric cousin Who IS
shunned at important family gatherings. But the
are the crazy old uncle nobody lets out of
the attic: they are nonassociative.”
— John Baez (1961-), physicist
works on spin foams
and loop quantum gravity
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Generalized Numbers
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Theorem: some real numbers are not finitely describable!
Theorem: some finitely describable real numbers are not computable!



Problem: Are the complex numbers closed under
exponentiation ? E.g., what is the value of i'?

=0.207879...

1 eX = cos(X) + i sin

i is multi-valued!
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