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Your First Byte

MATHEMATICS HELPS CREATE THE LANDSCAPES on distant planets in
the movies. The web pages listed by a search engine are possible through
mathematical computation. The fonts we use in word processors result
from graphs of functions. These applications use a computer although
each is possible to perform by hand, at least theoretically. Modern
computers have allowed applications of math to become a seamless part
of everyday life.
Before the advent of the digital computer, the only computer we
had to rely on was a person’s mind. Few people possessed the skill
to perform complex computations quickly. Johan Zacharias Dase
(1824–1861) was noted for such skill and could mentally multiply
79,532,853 × 93,758,479 = 7,456,879,327,810,587
in 54 seconds, two 20-digit numbers in six minutes, two 40-digit
numbers in 40 minutes, and two 100-digit numbers in 8 hours and
45 minutes. As another example, Leonhard Euler, the most prolific
mathematical writer of all time with over 800 published papers, was
renowned for his phenomenal memory. Such ability became important
during the productive last two decades of his life, when he was totally
blind. He once performed a calculation in his head to settle an argument
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between students whose computations differed in the fiftieth decimal
place.
Multiprocessors, in a certain sense, also existed. Gaspard Riche de
Prony calculated massive logarithmic and trigonometric tables by employing systematic division of mental labor. In one step of the process,
mathematically untrained hairdressers unemployed after the French
Revolution performed only additions and subtractions. De Prony’s
process of calculation inspired Charles Babbage in the design of his
difference engine, which was an automatic, mechanical calculator operated by the turn of a crank. The advent of computational machinery
added a level of certainty in comparison to hand calculations. Computing machines could benefit from parallel calculations, seen in Figure 1.1,
much like de Prony’s calculations did from his team of hairdressers.
Algorithmic advances play a key role in the efficiency of modern
mathematical computing. Consider simulating a galaxy. Prior to the

Figure 1.1. Early parallel computing? At least 30 workers at the Computing Division,
Veterans Bureau, in Washington, DC in the early 1920s used Burroughs electric adding
machines to compute bonuses for World War I veterans.
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1970s, a computer simulating a cluster of 1,000 stars would compute
the attraction of each pair of stars on each other resulting in 999,000
computations. The motion of a star is determined by summing the 999
forces tugging on it by other stars. If a computer calculates this for all
1,000 stars for many instances in time, the motion of the cluster emerges
and we see how that galaxy evolves over time.
In the 1970s, a cheaper computation was discovered. The process begins by pairing each star with its nearest neighbor, then grouping each
pair with its closest pair, and subsequently clustering each superpair
with its nearest neighbor until a single group remains. The forces are
then computed for the groupings on each level. For our galaxy of 1,000
stars this results in a simulation that involves 10,000 computations at
each step in time.

SUPERCOMPUTING AND LINEAR SYSTEMS
The U. S. national laboratories house many of the world’s fastest
high performance computers. Such computers enable scientists
to simulate complex physical phenomena, sometimes involving
billions of variables. One of the fastest computers in the world (in
fact the fastest in June 2010) is Jaguar (pictured above) housed at
Oak Ridge National Laboratory that can perform 2.3 quadrillion
floating-point operations per second (flops). A flop is a measure
of computer performance measuring the number of floating-point
calculations performed per second, similar to the older, simpler
instructions per second.
Algorithmic improvements increase the speed of computation. Improvements in processor speed make things even faster. Before 1970,
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computers performed less than 1 million instructions per second
(MIPS). Today, laptops easily perform over 1,000 times as fast. The
R
IntelCore
i7-990X chip, released in 2011, operates at 3.46 GHz and
reaches 159,000 MIPS. This means what can be done in a second or less
on a computer today would have taken over 16 minutes by that 1975
mainframe. However, this assumes we run the same algorithm on both
computers. Suppose we run our modern algorithm (which involves
1/100 as many computations) and its slower counterpart on the older
mainframe. Now a simulation that takes 6 seconds of computation
on today’s computer would have taken over 2 months of constant
computation on the 1975 mainframe.
These types of advances have led to the integral role of computing
in our world, from ATMs to digital watches to home computers
with internet browsers and word processing. In this book, we’ll apply
mathematics to a variety of topics. Computing will play an important
role, sometimes making the application possible. In reading this book,
you should get a taste of how math and computing influences our world
and culture.

