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Eugeny Onegin

(1913)

• In 1913 Markov expands the 3rd edition of his book, “The Calth
culus of Probabilities,” to celebrate the 200 anniversary of Jakob
Bernoulli’s “Ars Conjectandi.”
• 3rd edition closes with Markov’s famous application of chains.
“Let us finish the article and the whole book with a good example of the
dependent trials, which approximately can be regarded as a simple chain.”

• Markov studied sequence of 20,000 letters in A.S. Pushkin’s
poem “Eugeny Onegin”
• Markov also presented this work at the physico-mathematical
meeting of the Academy of Sciences in 1913.
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* CHAPTER I
I
My uncle was a man of virture,
When he became quite old and sick,
He sought respect and tried to teach me,
His only heir, verte and weak.
He had the fun, I had the sore,
But grecious goodness! what a bore!
To sit by bedplace day and night,
Not doing even step aside,
And what a cheep and cunning thing
To entertain the sad,
To serve around, make his bed,
To fetch the pills, to mourn and grim,
To sigh outloud, think along:
`God damn old man, why ain't you gone?'

Мой дядя самых честных п
равил,
Когда не в шутку занемог,
Он уважать себя заставил
И лучше выдумать не мог.
Его пример другим наука;
Но, боже мой, какая скука
С больным сидеть и днь и ночь
Не отходя ни шагу прочь!
Какое низкое коварство
Полуживого забавлять,
Ему подушки поправлять,
Печально подносить лекарство,
Вздыхать и думать про себя:
Когда же черт возьмет тебя!

II

Так думал молодой повеса,

So thought a playboy, young and funny,

Летя в пыли на почтовых,

While riding through the dust of road,

Всевышней волею Зевеса

The only heir to the money,

Наследник всех своих родных.

That got his folks with help of Lord.

Друзья Людмилы и Руслана!
С героем моего романа

http://www.kulichki.com/moshkow/LITRA/PUSHKIN/ENGLISH/litoshik.txt
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Original: (english translation, all special characters except space removed, converted to small case):
my uncle a most worthy gentleman
when he fell seriously ill
constrained everyone to respect him
couldnt have done better if he tried
his behaviour was a lesson to us all
but god above what crushing boredom
to sit with the malingerer night and day
not moving even one footstep away
what demeaning hypocrisy
to amuse the halfdead codger
to fluff up his pillows and then
mournfully to bring him his medicine
to think to oneself and to sigh
when the devil will the old rascal die
so thought our young neerdowell
flying through the dust on a mail coach
by the supreme will of zeus
he was the inheritor of all his kin
good friends of ludmilla and ruslan
with the hero of my romance
allow me to make you acquainted ...
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a
1
16
31
36
123
31

b
23
1
0
0
2
0

c
26
0
4
2
23
0

d
58
0
0
7
118
2

e
4
51
73
76
63
38

f
2
0
0
0
14
17

.
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Top left corner of stochastic matrix:
a
b
c
d
e
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a
0.001
0.081
0.092
0.056
0.070
0.083

b
0.021
0.005
0.000
0.000
0.001
0.000

c
0.023
0.000
0.012
0.003
0.013
0.000

d
0.052
0.000
0.000
0.011
0.068
0.005

e
0.004
0.259
0.217
0.119
0.036
0.102

f
0.002
0.000
0.000
0.000
0.008
0.046

.

.
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Fig. 2.1. Left background: The first 800 letters of 20,000 total letters compiled by Markov
and taken from the first one and a half chapters of Pushkin’s poem “Eugeny Onegin.” Markov
omitted spaces and punctuation characters as he compiled the cyrillic letters from the poem. Right
foreground: Markov’s count of vowels in the first matrix of 40 total matrices of 10 × 10 letters. The
last row of the 6 × 6 matrix of numbers can be used to show the fraction of vowels appearing in a
sequence of 500 letters. Each column of the matrix gives more information. Specifically, it shows
how the sums of counted vowels are composed by smaller units of counted vowels. Markov argued
that if the vowels are counted in this way, then their number proved to be stochastically independent.

Calculations for Eugeny Onegin
“The second question concerns an original statistical investigation which I have carried out
and with which I propose to conclude my book. The character of the investigation, which
embraces a sequence of 20,000 letters, is shown in the example below.”
(Jan. 15, 1913 letter to Chuprov)
stationary probability of vowel = .432
stationary probability of consonant = .568
probability of a vowel following a vowel = .128
probability of a vowel following a consonant = .663

Besikovitch on Markov’s book:
“great attention is paid to the simplest numerical examples which are discussed
in unusual detail. And further, it is hardly possible to find a single mistake in these
examples.”

Markov on calculating:
“Many mathematicians apparently believe that going beyond the field of abstract
reasoning into the sphere of effective calculations would be humiliating.”

Table for Normal Distribution
produced a table with up to 11 digits. Table was used into the 1940s.

Reaction to Markov’s Application
• Nikolai A. Morozov at a 1915 meeting of the Academy of Sciences in St. Petersburg called Markov’s method
“a new weapon for the analysis of ancient scripts.”

• To demonstrate Morozov provided some statistics that could
help identify the style of some authors.
• Markov found Morozov’s experiments unconvincing, but did
mention that a more advanced model and extended data set
might enable author identification solely by mathematical analysis of this writings.
• By 1916 Markov’s vision was nearly completely lost to glaucoma, and his analysis of texts ceased.

Information Theory

(1948)

• Claude E. Shannon’s work “A Mathematical Theory of Communication” created the field of information theory.
• Idea: any source transmitting data is a Markov process.
• In a communication system with symbols such as letters, one
must determine transition probabilities for a letter following any
(e.g., prob. of “u” following “q” is high)
other letter.
• Shannon used these chains to
— predict communication channel load and optimize utilization of bandwidth.
— generate text using n-grams. First attempt with tri-grams resulted in sentence:
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• Claude E. Shannon’s work “A Mathematical Theory of Communication” created the field of information theory.
• Idea: any source transmitting data is a Markov process.
• In a communication system with symbols such as letters, one
must determine transition probabilities for a letter following any
(e.g., prob. of “u” following “q” is high)
other letter.
• Shannon used these chains to
— predict communication channel load and optimize utilization of bandwidth.
— generate text using n-grams. First attempt with tri-grams resulted in sentence:
IN NO IST LAT WHEY CRATICT FOURE BIRS GROCID.

• Markov chains have since been used to generate text, images,
and music, as well as in speech recognition.

Shannon and his Machines
A tinkerer, Shannon created several electromechanical machines.

Theseus

Mind-Reading Machine
— first implementation of Markov chain in electrical
— Philipp’s applet: http://www.ekphorie.de/engramm/mrm/

device.

Computer Performance Evaluation

(1965)

• Allan L. Scherr’s MIT thesis “An Analysis of Time-Shared Computer Systems” created the field of performance evaluation.

• CTSS allowed 300 users to interactively access computer.
Scherr’s goal: to characterize system usage.

Scherr’s Thesis Work

(Ph.D. in Elec.Eng.)

• created his own measurements of system performance.
• collected user data from MIT’s CTSS system.
• compared this with simulation studies to predict these usage
measures.
• sent draft of thesis off to his committee.
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Scherr’s Thesis Work

(Ph.D. in Elec.Eng.)

• created his own measurements of system performance.
• collected user data from MIT’s CTSS system.
• compared this with simulation studies to predict these usage
measures.
• sent draft of thesis off to his committee.
Committee Member Comment
• one member complained

“that there weren’t enough mathematical formulas.”

Scherr’s Response
• He added an idea, CTMCs, from his recent O.R. course to produce a “very quick and dirty” mathematical analysis.

Hidden Markov Models

(1989)

History
• In the late 1960s L. E. Baum discovered a method that, given
a long sequence of observations, could identify the underlying
model that generated the sequence.
• In the 1970s, based on Baum’s work, James Baker created a
speech recognition system that outperformed the current systems. Unlike most systems, his relied on no linguistic knowledge, instead only advanced statistics, to do pattern recognition
of speech signals.
• Baker’s approach intrigued Lee Neuwirth, the director of the
Institute of Defense Analysis, who named the models “Hidden
Markov Models.”
• Lawrence R. Rabiner’s tutorial in IEEE popularized HMMs.

Hidden Markov Models
HMMs vs MCs
• MCs require a priori computation or knowledge of transition
probabilities. HMMs can be used to compute some hidden
transition probabilities.
HMMs used in
— pattern recognition
— sequence analysis of genes
— speech recognition
— handwriting recognition

9

What could be the next technological step for HMM?
• Perhaps a 3-dimensional radio pattern recognition of books –
Markov would have like it!

PageRank

(1998)

Sergey Brin and Larry Page , then at
Stanford, think of a web hyperlink as a
recommendation.
2

3
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PageRank Example
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The Magic Eigenvector

πT = πT G,
6

G = αH + α a vT + (1 − α)E
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Query-independent way of ranking relevant set
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Alphabetical Order
• by author or application?
• what about multiple authors? Brin and Page or Page and Brin?
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Order by Markov Number
• Clearly, for Eugeny Onegin, Markov # = 0.
• What about others? Did Shannon co-author a paper with one
of Markov’s co-authors?
• Did Markov actually have many co-authors?
On the 5th of March 1921 A. A. Markov communicated that on account of the
absence of footwear he is not able to attend meetings of the Academy. A few
weeks later the KUBU (Committee for Improvement of the Existence of Scientists),
meeting under the chairmenship of A. M. Gorky, fulfilled the prosaic request of the
famous mathematician. Time, however, provided a colorful sequel, of sorts, to this.
At the meeting of the physico-mathematical section of the Academy of Science
on the 25th May, Andrei Andreevich announced: “Finally, I received footwear; not
only, however, is it stupidly stitched together, it does not in essence accord with
my measurements. Thus, as before, I cannot attend meetings of the Academy. I
propose placing the footwear received by me in the Ethnographic Museum as an
example of the material culture of the current time, to which end I am ready to
sacrifice it.”

An Appropriate Order
• Chronological
• Alphabetical
• Markov Number
• Impact Factor
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computer performance evaluation?
• Or spread of influence of an application?
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Order by Impact Factor
How should we measure impact . . .
• As applications that create new fields, like information theory or
computer performance evaluation?
• Or spread of influence of an application?
Should we consider PageRank the greatest application
of Markov chains just because
—
—
—
—

we used Google Scholar to find all the references for this talk?
∗∗
we used Google Image to find all the pictures in this talk?

∗

Google has become a noun, verb, participle, adj., proper noun (for pets)?
∗∗∗∗
Amy bought her shoes through Froogle?
∗
We did.
∗∗
We did.
∗∗∗
It has.
∗∗∗∗
She did.

∗∗∗

There must be some way to rank these
(our thought process)

Hmmm... What are popular ranking systems?
Ahh-Haa! PageRank!

Eeeww. But dangerous. Is it safe to use PageRank to rank items,
one of which is PageRank?
Ooohh. Use HITS instead!

An Appropriate Order
• Chronological
• Alphabetical
• Markov Number
• Impact Factor
• HITS ranking vector
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The Proper Order
1.
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Happy Birthday, Markov!

