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Slide 2: This talk is somewhat personal as well as technical. These three 
books from my childhood were directly responsible for starting my life-
long interest in the number π. Martin Gardner’s columns in Scientific 
American were an inspiration in general, but especially the ones 
featuring his fictional “Dr. Matrix”, which tended to be extra fun and 
sometimes involved π. In the middle is a book of humorous trivia that 
happened to be the first place I saw many digits of π (there are 1001 
there). The book on the right piqued my interest in memorizing the digits 
of π – which we’ll talk more about later.
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Slide 3: Here (and on the next slide) are two interesting features of the 
first 31 digits. The probability of an ABA pattern (in random digits) is 
1/10, so in 30 digits we’d expect to see 3 ABAs on average, but there are 
6 of them. It’s a catchy pattern to say so it helps in memorizing these 
initial digits.
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Slide 4: Another way to look at these was pointed out by M. Gardner. 
After the 3.141592653589 is a series of 18 digits which, in pairs, is 
nearly a palindrome. It’s exact except for 46/43, which are almost a 
match. Note that the 26 in the middle of the palindrome harkens back 
to the earlier 26.
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Slide 5: Even the first 100 digits have enough interesting patterns to be 
fairly easy to memorize. The annotations show some of allusions I use 
to help remember them.
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Slide 6: A little sidebar. It’s fun and interesting to make graphic designs 
based on the digits of π. One that I created is this clock face in which 
the first 100 digits appear in order around the clock (starting at the 
white circled 3) AND correctly include the big hour digits into the 
sequence. The only trick needed is to denote the hour numbers 10, 11, 
12 with a circle, which represent a digit 0 in the sequence.
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Slide 7: Speaking of clocks, here’s one where the 1-to-12 hour numbers 
are represented using only the number π. (You have to implicitly round 
each to the nearest integer.) Another nice observation is that at “π time” 
on a clock (that is, 3:14:15.92) all three hands fit in a very small angle.
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Slide 8: One of the most well-known and remarkable things in π’s digits 
is the 999999 that appears at digits 763 to 768 (see bottom line of the 
disc of digits). There are three “runs” of three equal digits in this range 
(shown in red), but no longer runs other than the 999999. This is clearly 
surprising, but how much?
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Slide 9: Another “graphic design” sidebar. We make a “walk” diagram 
(like a random walk, but using the digits of π to drive it) with 10 different 
walk directions, one for each digit value. Of course the 999999 is very 
obvious at the lower right (I’ve also included the 8 that’s just after the 
999999).
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Slide 10: Let’s do a deep dive into the 999999. We’d like to know how 
unlikely it really is for this to appear in the first 768 digits, and would 
also like to know: is there another run of equal digits later in π that’s 
even more remarkable? To quantify this, note that π’s digits look like 
statistically independent uniform random digits. So to answer “how 
remarkable is some pattern in π?” we can ask “what’s the probability of 
that pattern occurring in a uniformly random string of digits?”. One can 
answer this roughly using approximations, but amazingly there’s an 
exact formula, shown here.
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Slide 11: Using that formula we find that the probability of six identical 
digits in a row (doesn’t matter what the actual digit is) appearing 
somewhere in the first 768 digits is N ≈ 1/146, which matches our 
intuition – it’s quite unlikely. Define R as the relative probability of some 
other run compared to N. We seek another run with R > 1.
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Slide 12: Here are the first runs of length r from r = 2 to 14. Note that the 
999999 is simultaneously the first run of length 4, 5, and 6, and this kind 
of thing does not occur again up to r = 14.
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Slide 13: Here are the actual values of R for those runs (note that 
vertical scale is logarithmic). As you can see, there aren’t any with R > 1.
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Slide 14: Sidebar: how many digits of π do we currently know? This 
shows the answer – the current record computation is 202 trillion digits, 
from June 2024. We can see from this that the graph on the previous 
page is getting close to the point (though not quite there) when we’ll run 
out of known digits.
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Slide 15: BUT...guess what, we do know a few more data points – here 
we’ve added the next two. Note that they start another set of 
“embedded” runs like the r = 4,5,6 set. If only there was one more in the 
set we would get one with R > 1…
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Slide 16: Yes! Unbelievably, there is one more in the set, with the first 
runs of length 15, 16, and 17 all occurring at the same place, and the r = 
17 run has R > 1! Specifically, it’s R = 2.65. Note that r = 17 is the last 
one currently known – humans haven’t computed enough digits of π to 
find any first run with r > 17.
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Slide 17: Here are the actual digits for all the known first runs.
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Slide 18: So we’ve completely explored base 10 for runs of equal digits, 
but what about other bases? Again remarkably, there’s a fairly nice run 
in hexadecimal, since π in base 16 is 3.243F6A888…, which has the run 
888 very early, at the 8th digit. This doesn’t have R > 1, but its R value is 
about 1/4, which is quite respectable (only 4 times less remarkable 
than the 999999 in base 10).
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Slide 19: Now we’re talking! This run of four 50’s at the 125th digit in 
base 173 has an R value of 286. Just for fun, I assigned each of the 
base-173 digits (0, 1, … 172) to a different country, giving the 
representation of π in base 173 shown at the bottom using country 
flags.
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Slide 20: You think R=286 is good? – you ain’t seen nothing. These two 
examples have a run (of length 2) immediately after the decimal point, 
which is the place where the R value is highest. The top one has R 
greater than 1 million while the second one has R greater than 1 googol! 
It is conjectured that an infinite number of examples like this exist, so 
there are examples with arbitrarily large R.
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Slide 21: Change of topic: beautiful formulas or algorithms or 
approximations to π. The equation shown here is the basis of the 
Chudnovky Algorithm for computing the digits of π, which has been 
state-of-the-art since around 1990 (as no better algorithm has been 
found since then). It’s interesting to note that the speed of the algorithm 
is now not the bottleneck when computing π – instead, the bottleneck is 
the speed and capacity of the SSDs used for mass storage during the 
computation.
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Slide 22: This is a nice, and especially fun, algorithm for computing the 
digits that is very short and very simple. Note that it only requires one 
64-bit integer array and seven 64-bit integer variables, and only 10 or so 
lines of code. For more info online, search for “spigot algorithm for π”.
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Slide 23: This is a brief summary of how it works. At the top is an 
expression of π as a nested summation showing that the digits (3 1 4 
1...) are a representation of π in base 10 (because of the 1/10s). Below 
that, a known summation for pi can be transformed into an expression 
that’s a mixed-radix representation of π, with bases 1/3, 2/5, 3/7, etc. 
Note that in this base π is simply 2.22222…! This explains why the code 
can be so simple – it’s merely converting π from 2.222… in the mixed-
radix base to base 10.
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Slide 24: “Code golf” is the game of trying to reduce an algorithm’s 
source code to the smallest possible number of characters. In the C 
language, the code on slide 22 can be squeezed into 131 characters, 
which I have arranged here in a 12 x 11 rectangle with the gray square 
near the center not used.
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Slide 25: I used a different version of this code to make this actual 
physical clock. The 12 large diamonds serving as hour markers on the 
clock contain the program’s output (768 digits = 12 sets of 64 digits).
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Slide 26: Another fun use for a short program like this is to compute π 
with the source code of a LaTeX document. The tiny code on the left 
(which is complete, valid LuaLaTeX source) produces the document at 
the right, in which the first 768 digits are computed by the process of 
compiling the document source.

26



Slide 27: Yet another fun recreation: find expressions containing 
numbers and math symbols that approximate the value of π, then 
“score” them by an efficiency metric that compares the number of 
correct digits in the approximation to the number of digits in the 
expression. Here are four examples with the desired feature of having
E > 1. Every example but the first is based on the work of the Indian 
mathematician Srinivasa Ramanujan.
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Slide 28: New topic: the wonders of Pilish. As shown here, Pilish is 
English but with each word length following the sequence of π’s digits. 
This example is an old classic that I’ve updated to be very modern by 
changing the word “mechanics” to “computing”.
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Slide 29: Pilish can even be wrangled to handle additional constraints, 
such as here where we have a four-line poem with ABAB rhyme scheme. 
This is a joint composition by me and American writer Joseph Shipley. 
BTW, “plenilune” means “full moon”.
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Slide 30: Another example, and another collaboration – this time with 
famous wordplay expert Dmitri Borgmann. Surprisingly, this one also 
has an astronomy theme. And it self-referentially includes “pi”.
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Slide 31: To be complete we must mention a few more rules:

(a) A 10-letter word represents the digit 0,

(b) Words of more than 10 letters are allowed; such a word stands for 
two consecutive digits (e.g., an 11-letter word represents (1, 1), and 12-
letter word is (1, 2), etc.

Here the 10- and 11-letter words are in red.
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Slide 32: With those Pilish rules it’s possible to keep writing longer and 
longer because you never run into a set of digits that can’t be encoded 
nicely. This book, published in 2010, is the longest piece of Pilish ever 
published (probably the longest period, whether published or not), 
going to the 10,000th digit. You can find Not A Wake on Amazon (where, 
appropriately, its price is π2+√π dollars – and the e-book version is 
$3.14).
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Slide 33: The next few slides are examples of some of the more exotic 
Pilish in Not A Wake. This one is a pair of poems with a related 
illustration. The illustration is in the genre of “erasure art” – in this case, 
a page from some existing book is painted over except for certain 
words, with the visible words themselves making a statement. As 
required by our book (every word must be in Pilish), even the hidden 
message (“necessary great lessons have that…”) correctly follows the 
digits of π.
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Slide 34: The book uses the rule that decimal digits don’t “count” when 
mapping the word lengths to π digits (put another way, only letters of 
the alphabet are used). That’s just enough flexibility to be able to 
incorporate a crossword puzzle. The clue numbers don’t count, but all 
the words must fit into the stream of Pilish (reading down each 
column).
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Slide 35: This section of the book is a film script written in traditional 
film script style. This means that the character headings for each bit of 
dialog (VIKTOR, GRIGORY, etc.) must also follow the digits of π. In 
particular, each character can speak only when the number of digits in 
their name matches π’s digit!
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Slide 36: Besides writing your own Pilish it is interesting to look for 
places where it occurs accidentally. Unfortunately the very first digits of 
π, the 3141, are quite difficult to deal with, so that makes it even harder 
to find examples. But here is a nice one giving eight digits (3.1415926). 
Cook’s log entry was exactly three months after Pi Day!
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Slide 37: These are the two current records for accidental Pilish, both 
encoding 10 digits.
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Slide 38: Yes, it’s even possible to spot Pilish in a movie or TV show, 
thanks to subtitles.
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Slide 39: Here’s accidental Pilish in the title of a book and the title of a 
movie.
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Slide 40: Here’s more: in an 1870 scientific paper, and a 2009 choral 
work based on a George Eliot poem.
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Slide 41: Appearances of the number 314 in movies/TV seems to be 
more common than you’d expect – these are just a few examples I’ve 
spotted. The lower right one is the most intriguing – it’s from the first 
episode of the second season of Twin Peaks (which is chock full of 
minutiae already). Dale Cooper’s room at the Great Northern was 315, 
and here we can see room 314 across the hall.
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Slide 42: At this point you should not be surprised that I actually have 
this dollar bill in my possession.
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Slide 43: Final topic: a high-powered method for memorizing many digits of 
π. You should read this slide from bottom to top. First we use a one-to-many 
mapping of digits to letters to turn the digits of π into words, then we make 
memorable phrases or sentences out of the words. Thinking of those as 
“things”, we place those things in sub-locations of some real place (a classic 
example would be various rooms in the house you live in), and then define a 
path for “walking” from object to object. The location-based aspect of this is 
usually called a “Memory Palace”. See Wikipedia article “Method of Loci” for 
more on this.
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Slide 44: Here is a complete description of the Literal Major System. (The 
literal version is my own invention, so you won’t find it online, though there is 
a wealth of information about the phonetic version of the Major System.) 
There’s a little mnemonic for each letter-to-digit mapping. When a digit has 
two letters, those two letters always have a related sound. A few encoding 
examples: ELEVATOR = 5814 (from L,V,T,R), SCAFFOLD = 078851, JAPAN = 
692.
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Slide 45: Here’s a real example using this technique for the 50 digits of π from 
the 251st to the 300th.
The scene is the dining room in our house, with four objects described by 
phrases/sentences, to be visited in this order: (1) teacup, (2) Japan, (3) 
Tommy Bahama, and (4) Ethan Hawke. In this memory method the objects 
and their descriptions should be as weird and specific as possible to make 
them memorable. In this case the wildest one is the last, for which I envision 
a group of folks sitting at the table after dinner, trading salvos of flatulence 
while the actor Ethan Hawke watches from the “pass-through” opening. In 
other words... Gas exchanges enrapture Ethan Hawke.
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Slide 46: A few notes on Not A Muse, a short film whose dialogue is a 
single stream of Pilish. Today’s showing [Mar. 20, 2025] is its world 
premiere.
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Slide 47: A final example of some nice coincidences involving π.
Starting from Euler’s formula at upper left, solve for π to get the elegant 
equation below, where π is simply the square root of the sum of 6 / n2 over all 
natural numbers n. First notice that the first five values of n (1,2,3,4,5) can be 
rearranged into 3/14/25, which is π day this year! Next, the first five 
denominators are 1, 4, 9, 16, 25, which using the “alphabet code” become 
ADIPY. Rearranging those letters gives... PI DAY. But wait, there’s more –
ADIPY is a coffee variety sold by a company in Miami, FL whose name is... 
Great Circle! Having come full circle, we are done.
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Slide 48: A little parting message.

Thanks for reading!
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