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Abstract

The paper contains some hypotheses about how humans perceive a poetic
text, a mathematical model of poetic texts, some basic principles (that one
can deduct from the above hypotheses and mathematical model) for con-
structing tools for the automatic recognition of verse meter, some brief
descriptions of algorithms for the automatic recognition of verse meter in
syllabic-accentual  versification,  some remarks  about  desirable  features
for tools, materials, and publications on mathematic models and methods
in verse study. 

The paper suggests that in perceiving a poetic text, humans apply the cog-
nitive  operation of  extrapolation and abstraction  (idealization);  that  in
recognizing the rhythm in a short segment of a verse line, humans can
extrapolate this rhythm to the whole line; that humans can abstract some
minor irregularities in the rhythm of a verse line (she/he can imagine an
idealized version of the rhythm; this idealized version comprises the rep-
resentation of a verse meter).

The mathematical model of verse meter and rhythm is based on ideas that
arose in Kolmogorov’s seminar on mathematical verse study. (This semi-
nar took place at Moscow State University in the 1960s.) In this model the
verse-line rhythm is represented by a bit string, where 0 corresponds to
an unstressed syllable and 1 corresponds to a stressed syllable. 

This  mathematical  model  allows us to  define algorithms for  automatic
recognition of verse meter.
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1 Introduction
A discussion of linguistic concepts such as meter, rhythm, ictus etc.  is outside this
paper’s scope. All formal definitions and assertions in the paper apply only to mathe-
matical models of verse-study entities. 

However,  the paper formulates several hypotheses,  which deal with psychological
aspects  of  how  humans  perceive  syllabic-accentual  verse.  One  can  regard  these
hypotheses  as  motivation  for  introducing  the  various  formal  constructions.  The
hypotheses discussed can also be considered as an informal explanation for the fact
that the above constructions turn out in one way and not others.

Obviously, the different kinds of verse rhythm exhibit various regularities that can be
expressed numerically. 

There are different ways for formally describing the rhythmic structure of verse. The
most traditional way is to use the symbols  for weak (unstressed) syllables and – or ⏑ –́
for  strong (stressed)  syllables.  For  example,  the rhythm of  the Russian verse line
“Мой дядя, самых честных правил” is represented by the formal string 

⏑ −́⏑ −́⏑ −́⏑ −́⏑

A. Kolmogorov and A. Kondratov (1962) use the sequence of interstress intervals mea-
sured in syllables. Thus, in Kolmogorov’s notation, the above verse line receives the
following formal representation:

1 −́1 −́1 −́ 1 −́1

The next line “Когда не в шутку занемог” has the rhythmic representation

1 −́1 −́3

However,  if  we want  to  describe verse-line rhythm formally using software tools,
then the most convenient form for this representation is a bit array (bit string), where
0 represents an unstressed syllable and 1 represents a stressed syllable. The represen-
tations for the two examples above are:

010101010 01010001

The bit-string representation of verse-line rhythm was introduced in Kozmin (2006).
However, the algorithm of meter recognition in Kozmin (2006) uses a more compli-
cated description of the rhythmic structure than a direct bit-string representation.

In Pilshchikov–Starostin (2011), one can find a discussion of software tools for the auto-
mated recognition of verse meter and rhythm. These powerful software tools are based
on calculating the degree of similarity between the meter and the rhythm of a verse line.

Let us return to our main topic. This paper: (1) attempts to separate carefully the depic-
tion of a mathematical model from the description of algorithms and from the discussion
of software implementation; (2) in its main section describes a mathematical model; and
(3) tries to use the simplest approaches, methods, and heuristics for meter recognition.
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2 Hypotheses
(1) One always (or almost always) pronounces a verse text (mentally or aloud).

Thus, the human perceives verse as an oral speech phenomenon. Below, we
use the term listener for a human who is perceiving verse.

(2) The listener can recognize strong syllables (ictuses) even if these syllables are
unstressed.

(3) If the listener perceives a verse line as correct, then this line does not contain
extra stressed syllables (but can contain extra unstressed syllables).

(4) The listener always can recognize extra (or incorrect) stresses. The listener
perceives the verse line with extra (or wrong) stresses as incorrect. However,
if the line contains sufficiently few wrong stresses (for example only one) then
the listener perceives this line as admissible. I want to emphasize:  incorrect
but admissible.

Hypotheses (1) and (2) are evident. Hypotheses (3) and (4) can be justified as follows:
the listener applies the cognitive operations of extrapolation (for (3)) and abstraction
(idealization) (for (4)). 

When the listener perceives the initial one or two feet of a verse line, she/he recog-
nizes a meter and extrapolates this meter to the whole line; i.e., the listener mentally
accents the syllables of the line in accordance with the meter. Note that during this
operation, some weak syllables can be accented. However, the new extra stresses do
not generate any collisions. So, Hypothesis (3) allows the listener to add mentally an
arbitrary number of stresses without any discomfort. 

Suppose a verse line contain extra stresses. The listener perceives this circumstance
as a collision. However, if there are sufficiently few extra syllables then the listener
can abstract  from this  circumstance.  The listener can idealize the line rhythm by
removing extra stresses mentally. Note that the listener perceives the discussed line
as incorrect but admissible. So, Hypothesis (4) allows the listener to remove mentally
some stresses if the quantity of stresses to be removed is sufficiently low. 

3 The mathematical model
Definition 1. The triple

⟨k ,m ,n⟩ ,

where m < k, k ≥ 2, n ≥ k + 1 is called a numeric metrical scheme.

We interpret k as the foot length, m as the anacrusis length, n as the line length. All the
kinds of length are measured in syllables.

Assertion 1. Consider a line of numeric metrical scheme ⟨k ,m , n⟩. Denote the num-
ber of feet in this line by l. Then
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l  = (n+k −1)  \ k ,

where \ is the integer division operator.

Notation. Consider a verse line of n syllables. Index the syllables of this line by inte-
gers from 0 to n − 1. If we denote the line by L then we must denote the ith syllable of
L by L[i ]. 

For example, consider the verse line “Когда не в шутку занемог”. Split this line into
syllables: “Ког-да- не- в шут-ку- за-не-мог”. 

Let L = “Ког-да- не- в шут-ку- за-не-мог”.  Then L[0] = “Ког”,  L[1] = “да”, …,  L[7] =
“мог”.

Similarly, consider a bit string of length n. Index bits of this string by integers from 0
to n − 1. If we denote the bit string by B then we must denote the ith bit of B by B[i ].

For example, consider the bit string 01010001. Let B = 01010001. Then B[0] = 0,   B[1] = 1,
B[2] = 0, B[3] = 1, B[4 ] = B[5] = B[6] = 0, B[7] = 1.

Definition 2. Let L be a verse line of n syllables, B be a bit string of length n. We say
that B is a bit representation of the rhythm of L if B can be defined as follows:

B [i ]  = {1 if L [i ] is a stressed syllable
0 if L [i ] is an unstressed syllable

Assertion 2. For any syllabic-accentual verse line L there exists a unique bit string B
such that B is a bit representation of the rhythm of L.

Notation. Let L be a verse line. Denote the bit representation of the rhythm of L by
Rh(L).

Definition 3. Let ⟨k ,m , n⟩ be a numeric metrical scheme. B be a bit string of length n.
We say that B is a bit representation of the numeric metrical scheme ⟨k ,m , n⟩ if B can
be defined as follows:

B [i ]  = {1 if i−m  is divisible by k
0 otherwise

For example, the bit string 01010101 is a bit representation of the numeric metrical
scheme ⟨2 , 1 , 8⟩, i.e., for the 8-syllable iambic tetrameter.

Assertion 3. For any numeric metrical scheme ⟨k ,m , n ⟩ there exists a unique B such
that B is a bit representation of this numeric metrical scheme.

Notation. Let ⟨k ,m , n ⟩ be a numeric metrical scheme. Denote the bit representation
of the numeric metrical scheme ⟨k ,m , n ⟩ by Mt (⟨k ,m ,n ⟩) or Mt(k ,m ,n).

Examples are given in TAB. 1.

Notation. Denote the logical operators: conjunction, disjunction, and negation by ,∧
, and ¬, respectively. ∨
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Verse line L Rh (L)

Numeric
meter

scheme S Mt (S) Meter name

Вихри снежные крутя 1010001 ⟨2 ,0 ,7⟩ 1010101
Trochee

(Tetrameter)

Когда не в шутку занемог 01010001 ⟨2 ,1 ,8⟩ 01010101
Iamb

 (Tetrameter)

Швед, русский колет, рубит, режет 110101010 ⟨2 ,1 ,9⟩ 010101010
Iamb

(Pentameter)

Сердце свободное 100100 ⟨3 ,0 ,6⟩ 100100
Dactyl

(Dimeter)

Русалка плыла по реке голубой 01001001001 ⟨3 ,1 ,11 ⟩ 01001001001
Amphibrach
(Tetrameter)

Озаряема полной луной 001001001 ⟨3 ,2 ,9⟩ 001001001
Anapest

(Trimeter)

TAB. 1: Meters and rhythms

If  we consider ,  ,  and ¬ as operators on the set  ∧ ∨ {0,1} then we can define these
operators as follows:

x∧ y  = min ( x , y )           x∨ y  = max (x , y )           ¬ x  = 1− x

Definition 4. Let A and B be bit strings of the same length n. Define bitwise ∧, ∨, and
¬ in the usual way. Let

( x∧ y ) [i ]  = x [i ]∧ y [i ]           (x∨ y ) [i ]  = x [i ]∨ y [i ]           (¬ x ) [ i ]  = ¬ ( x [i ])

for any integer i, 0 ≤ i ≤ n − 1.

Definition 5. Let A and B be bit strings of the same length. We say that A is compatible
with B if A  B ∧ = A.

Remark. Let  A and  B be bit strings of the same length. Suppose  A  =  B.  Then  A is
compatible with B.

Examples. Let L1 = “Вихри снежные крутя”,  S1 = ⟨2 , 0 ,7⟩,  L2 = “Когда не в шутку
занемог”,  S2 = ⟨2 , 1 , 8⟩.  Then Rh(L1) is compatible with Mt(S1),  Rh(L2) is compatible
with Mt(S2).

Definition 6. Let B be a bit string of length n. The cardinality of the set

{i  ∈  ℤ  | 0  ≤  i  ≤  n − 1,  B [i ]  = 1 }

is called the saturation degree of  B (written Sat (B )).

Definition  7. Let  A and  B be  bit  strings  of  the  same  length.  Define  asymmetric
distance between A and B (written Dist(A , B)) as follows:

Dist ( A , B )  = Sat ( A∧¬ B )
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Definition 8. Let A and B be bit strings of the same length. We say that A is admissible
for B if 

Dist ( A , B )  ≤  1

Assertion 4. Let  A and B be bit strings of the same length. Suppose A is compatible
with B. Then A is admissible for B.

Example. Let L = “Швед, русский колет, рубит, режет”, S = ⟨2 , 1 , 9⟩. Then one can
prove that Rh(L) is not compatible with Mt (S) but Rh(L) is admissible for Mt(S ).

Remark. Note that the notions of compatibility and admissibility are of great interest
and of great importance. Let L be a verse line. Let us identify the rhythm of L and a
meter with its bit representation. Suppose R is the rhythm of  L and M is a meter of
appropriate length.  Then  R is  compatible with  M if  L does  not  contain  any  extra
stresses; R is admissible for M if L contains few extra stresses.

4 Heuristics and implementation

4.1 What we are not going to do

The paper does not concern the following matters:

(1) Nonclassical meters such as dolnik, taktovik etc.

(2) Polymetric verse 

(3) Word boundaries, caesuras, etc.

Algorithms and software,  which  are  based  on the  mathematical  model  from  this
paper do not use any complicated methods or hard computing.

4.2 How to process verse text to recognize meter

The theory from Section 3 allows us to propose methods for analyzing one verse line.
Assume that a verse text contains lines written in a classic meter. Let us introduce the
following notation:

(1) |A| denotes the length of A if A is a string. |A| denotes the cardinality of A if A
is a set.

(2) Let MN = {Iamb, Trochee, Dactyl , Amphibrach , Anapest }.

(3) Let M  MN, ∈ n ≥ 2, if M  ∈ {Iamb, Trochee }, n ≥ 3 in other cases. Then Br ( M ,n )
denotes  the  bit  representation  of  M whose  length  is  n.  For  example,
Br (Iamb ,8) = 01010101.

(4) Let S be a set of verse lines that represents a verse text. Let

(i) Adm (S , M )  = {L  ∈  S  | Rh ( L )  is admissible for Br ( M ,|Rh ( L )|)}
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(ii) Cmp(S , M )  = {L  ∈  S  | Rh ( L)  is compatible with Br ( M ,|Rh ( L )|)}

(iii) AF(S , M )  = 
|Adm (S , M )|

⌈ S ⌉

(iv) CF(S , M )  = 
|Cmp (S , M )|

⌈ S ⌉
(5) Let S be a set of verse lines that represents a verse text. Let α , β  ∈  [0,1 ]. Then

Filter (S ,α ,β )  = {M  ∈  MN | AF (S , M )  >  α ,CF (S , M ) L  >  β }

Here α and β are thresholds. The finer tuning requires that α and β depend
on M. Changing thresholds, we can improve the results substantially.

Consider possible cases for Filter (S ,α , β ):

(i) Filter (S ,α ,β ) = . Then we cannot find a common meter for all lines of  ∅ S.
Perhaps S is written in a nonclassical meter or S represents a polymetric text.

(ii) |Filter (S , α ,β )| = 1. This is the best case. We find a unique meter.

(iii) |Filter (S , α ,β )| > 1. Then we must apply more complicated heuristics to
find the most appropriate meter.

4.3 A meter-recognizing system

A meter-recognizing system includes the following components:

(1) Morphological  dictionary (including information about  accentuation).  This
dictionary can be implemented as a database.

(2) Accentuation module.

(3) Recognition module. 

This paper considers only the recognition process, although accentuation is no easier
a problem.

A prototype for a meter-recognition system based on the theory in this paper is cur-
rently in the experimental stage. The system has analyzed approximately 800 verse
texts. The preliminary results are given in TAB. 2.

Meter Precision Recall F1
Iamb 0.989 0.982 0.986
Trochee 0.957 0.925 0.941
Dactyl 0.888 0.740 0.808
Amphibrach 0.929 0.913 0.921
Anapest 0.875 0.927 0.900

TAB. 2: Meter recognition
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5 Conclusion
Automatic  meter  recognition  is  an  extremely  interesting  and  important  problem.
Now we are at the beginning of a long path. I hope we can obtain very useful and
meaningful results.
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