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Visualization of Pi with Python
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Abstract

In the movie “Contact” we saw some frames showed beautiful visualization of Pi. We try to simulate similar visualization of Pi with Python. We survey the formula of Pi at first. Then we
draw the visualization figure of Pi by tracing Python turtle along the digital order of Pi. We found that on an ordinary notebook computer combined with Python we can simulate up to 1000
digits of Pi within 20 seconds.

It means that even for a collage student or a higher school student, one can render similar beautiful visualization of Pi as in the movie “Contact” by common used desktop or laptop
combined with free shareware Python with satisfied computation efficiency.

Problem description

Mathematicians tried to approximate the value of Pi for thousands of years. Before the computer era, the series for arctangent (In 1671, , and independently, Leibniz in 1673,
discovered the expansion for , is sometimes called (F&EE X ) or the Gregory—Leibniz series) was used by Madhava to estimate 7 to 11 digits around
1400. 1699 England mathematician use Sharp formula (B %/3) to calculate Pi up to 70 digitals. In 1706, used the Gregory—Leibniz series to produce an
algorithm that converged faster (J&#(/ ). Machin calculated up to 100 digits of 7 with this formula [1, 2].

The approximation of Pi with the aid of computer began around the mid-20" when mathematicians and Levi Smith reached 1,120 digits in 1949 [Wiki]. One import
development is the invention of iterative method for calculating Pi. The iterative algorithms very different to infinite series method were independently published by

and round 1975. This kind of algorithms were preferred after 1980 for faster efficiency than infinite series algorithms. But the rapid convergence causes a tradeoff: the
iterative algorithms require significantly more memory than infinite series, this is a popular topic discussed in IT that use spaces to tradeoff time! [2]

Two algorithms were invented in 1995 thought as the most novel idea in computing 7. They are called . The , was discovered in 1995 by
Simon Plouffe is the most famous one with producing any individual digit of 7 without calculating all the preceding digits with formula as Pi=sum_{k=0}"inf 1/ 16"k
(4/(8k+1)-2/(8k+4)- 1/(8k+5) - 1/(8k+6) ) [1, 2, 3].

Recently the another approach is using data analysis to unveil the mystery of Pi by exploring if there is some pattern hidden in the digits sequence of Pi [4]. The most attracting figures
showing in the movie “Contact” were presented by the visual artist Martin Krzywinski and Cristian Ilies Vasile. Krzywinski (who makes every year , which can
be or ) [5]. We try to rebuild the work of artist Martin Krzywinski and Cristian Ilies Vasile. Krzywinski and found it is not so easy but also not very difficult to rebuild
the similar explormg Pi figure with Python and usual notebook computer.

The complete Python codes
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Conclusions

After many times try and error, we got the final version by adding a dynamic table counting the accumulation of every digits and simulate up to 1000 digits of pi with time span about 19 seconds.
With a non-expensive desktop or laptop and free shareware Python we can teach collage students or high school students to repeat similar beautiful figures of Pi shown in movie “Contact”. It takes only
about 19 seconds to explore the pattern of Pi up to 1000 digits. This project could be transferred to many seed teachers with a little bit training based on the work of Martin Krzywinski and Cristian Ilies Vasile and our trial .
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