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o . Example 2.2 (Poetry and dependent sequences) Andrei Andreyevich Markov,
W X T = ﬂ s t l-(,Hu‘ A W“’( ; the Russian mathematician who introduced Markov chains over 100 years ago, first

applied them in the analysis of the poem Eugene Onegin by Alexander Pushkin. In

A o {(’)‘ \ z the first 20,000 letters of the poem, Markov counted (by hand!) 8,638 vowels and

11,362 consonants. He also tallied pairs of successive letters. Of the 8,638 pairs that

I _ start with vowels, 1,104 pairs are vowel-vowel. Of the 11,362 pairs that start with
= ;I,'Z' L., 2000077

consonants, 3,827 are consonant—-consonant. Markov treated the succession of letter
types as a random sequence. The resulting transition matrix is

P = 0. 17§ 0.-%2% Peo Po vowel consonant
- ( 1,104/8,638  7,534/8,638 ) _ (0.175 O.825>
0-526 0. 47% Pio Pu c\7.535/11,362  3,827/11,362) = \0.526 0.474

Markov showed that the succession of letter types was not an independent
15 0.42€ sequence. For instance, if letter types were independent, the probability of two suc-
cessive consonants would be (11,362/20, 000)? = 0.323, whereas from Pushkin’s

—  » poem the probability is P . = 0.474.
Markov’s work was a polemic against a now obscure mathematician who argued
that the law of large numbers only applied to independent sequences. Markov
v

disproved the claim by showing that the Pushkin letter sequence was a dependent
0.5 26 PR KA sequence for which the law of large numbers applied. o
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