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Abstract
This paper deals with the study of rhythmical structure in metrical verse
against the background of probability language models of meter. The various models correspond to the varying conditions in which versification
occurs. Depending on the extent to which these models conform, or do not
conform, to the verse parameters, we can create hypothetical reconstructions of the versification mechanisms by different poets and in different
languages. This method can open a new perspective for the comparative
and cognitive study of verse.

1

Introduction

In Slavic metrics, verse rhythm is frequently studied in comparison with the rhythm
of prose, which acts as a linguistic counterpart to the observed verse rhythm. Samples
of prose provide the basis for creating rhythmic dictionaries, which show the distribution of types of rhythmical (phonetical) words. These statistics are then used to
construct probability models for a particular meter, such as the iamb. Each of these
probability models is structured in accordance with a certain set of conditions for
forming verse. These conditions are defined by the particular approach to creating
the verse line.
The analytic system of reconstructive simulation of versification elaborated by
Marina Krasnoperova comprises the cognitive and probability models of verse, which
are used for a hypothetical reconstruction of the inner processes and mechanisms for
generating and perceiving the verse line as they are expressed through its rhythm
(Krasnoperova 2008). The main purpose of cognitive models is to describe a hypothet ical complex of these processes and mechanisms. The probability models serve as a
connective link between cognitive models and texts.
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Probability models and their cognitive essence

The probability models of verse meter are created by using the rhythmic vocabularies
found in prose and considering the specific type of versification. A correspondence or
lack of correspondence between verse and these models provides information
regarding the mechanism of versification and the language (prosaic) reservoir for the
poetic rhythm. The so-called Language Probability Models (LPM or LM) of verse
meter are constructed on the basis of rhythmical vocabularies of fiction prose.
A rhythmic lexicon consists of the frequency distribution of phonetic words, which
are categorized according to syllabic length and the position of the stressed syllable.
For example, the mean frequency of monosyllabic words in Russian prose (den, dom,
svet etc.) is about 7%, that of disyllabic words with the stress on the first syllable
(dama, byli, deti etc.) is about 13%, that of disyllabic words with the stress on the
second syllable (trava, ogni, on vzial etc.) is about 23%, and so on. In Russian verse
these frequency distributions are different. Moreover, these frequency distributions
depend on the metre and the position of the word in the verse line.
LMs are divided into two types. The first type consists of a model constructed
according to the principle of the independence of rhythmical words in the realisation
of a metrical line (Language Model of Independence – LMI). This model was
introduced into verse theory by Andrey Kolmogorov (1968) 1 and later was interpreted
by Marina Krasnoperova (2000: 77–87, 99–128; 2004: 13–89) as a special cognitive
mechanism of versification. The second type of probability models is based on the
principle of dependence in the choice of rhythmical words, which is determined by
their position in a verse line and the preceding rhythmic context; these are the
Language Models of Dependence (LMD). Associated with the LMI and LMD are
quantities of “efforts” allotted for the formation of a verse line. A particular quantity
comprises the number of unsuccessful attempts (waiting time) allowed for the
process of selecting a word appropriate to the meter. According to the cognitive
models, this quantity reflects an a priori, possibly unconscious, attitude on the part of
the poet, which, in the case of failure, limits his search for a word at each position in
the line. After the allotted “efforts” are exhausted, either the process of line formation
starts again, or it stops entirely.
The distinction between LMI and LMD is that a normalized number of allotted
“efforts” occurs in the models of the first type, while for models of the second type the
number of “efforts” that poets can expend for the creation of a verse line is not
normalized (see Krasnoperova–Kazartsev 2011: 101). It may well be that the models
of independence represent a more mature system for the generation of verse rhythm—
an internal standard for measuring the quantity of “efforts” expended is established
in the poet’s mind, so that the effort to produce the verse rhythm does not exceed a
certain norm.
Conversely, in the model of dependence the amount of effort expended on the
creation of a verse text is unlimited: the metrical line must by all means be formed.
1

See also Prokhorov (1984).
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Among the language models of dependence there are two types which are the most
productive: the symmetrical and the asymmetrical.
The symmetrical model of dependence (LMD-S) corresponds to the most “constrained” type of versification: the choice of word types is not random but depends on
the metrical and syntactic context. In addition, the attention of the poet is very much
focused on the beginning and end of the line. The asymmetric model (LMD-A) sug gests a freer type of versification. The poet still exerts great effort in creating a verse
line because the selection of word types takes place according to the principle of
dependence, but the borders of the poetic line do not occupy so much of his attention.
Among language models, the independence model LMI, or Kolmogorov's model, corresponds to the freest type of versification. It assumes that the poet, in trying to
observe the meter, almost entirely submits to the nature of the language. In this
model, the choice of rhythmical/phonetical word types is carried out in accordance
with the principle of independence—i.e. the choice is random.
For these reasons, since different types of versification can be assigned to these
models, this modelling method, which can provide information about the processes
leading to the formation of verse and its rhythmic pattern, has been put to use in
comparative prosody. This methodology represents a new stage in the development of
simulation methods. It summarizes the previous experience gained by the use of
probability models of verse and embraces new cognitive models, which allow for the
reconstruction of deep-seated processes in versification.

3

Early iambic verse and probability models

This study deals with the establishment of iambic versification in early modern
European poetry and focuses on the iambic tetrameter. The acquisition of iambic
verse resulted in the creation of a rich poetic tradition in European and East
European poetry (Kazartsev 2017: 134). Our study explores the development of
iambic verse in Northern Europe and the Baltic area. The addition of Russia to this
cultural zone after the Northern War and the reforms of Peter the Great predetermined the fate of Russian and East Slavonic poetry. This comparative research is
devoted to studying the mechanisms of intercultural and inter-language communication involved in the formation of syllabotonicism in different languages.
Our findings indicate that despite the similarity of certain tendencies in the use of
rhythmic structures, there are significant differences in the rhythm of early Dutch,
German and Russian iambic verse. These differences likely arise from the dissimilar
ways in which the verse traditions developed. This study further shows that the modelling method used for East Slavic, German and Dutch verse can open a new perspective in comparative metrics (Kazartsev 2006, 2009, 2016).
Below we analyze the typology of accentual-syllabic versification (syllabotonicism)
and its formation in various languages, taking into account their differences as well
as the cultural and historic circumstances of each. The similarities and differences in
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the processes for forming iambic verse are noted (with examples from various kinds
of material), and differences in their versification processes are described. The
research shows that Dutch early iambic verse and that in German are described by
different probability models. However the rhythmic structure of German and Russian
iambs can be predicted by the same model.
A comparative analysis of identical types of versification in different languages
allows us to view this issue from a fresh perspective. It frequently turns out that not
the linguistic but the historical conditions during the creation of a new versification
system have the decisive influence on the nature of the interaction between meter
and language. This research allows us to suggest that language similarity does not
predetermine a similarity in versification mechanisms: versification in closely related
languages such as Dutch and German can be quite different, and in more distant languages, such as German and Russian, it can be similar. Dutch and German verse
reflect different models, while in German and Russian verse one finds a quite similar
models. Thus, difference between languages does not cause a difference in the
technique of versification. The technique may be the same among quite different
nations.
Indeed, the rhythm of the Dutch iamb is best described by the asymmetric model of
dependence; however the German and early Russian iambic tetrameter are better
described by the symmetric model (Kazartsev 2014). These different models closely
predict the distribution of stresses on the strong positions in verse (FIG. 1, TAB. 1).
Thus, the rhythm of the early German and Russian iambic tetrameters is described by
the same type of the language probability model, the LMD-S, despite the fact that the
rhythm of the German iamb has an alternating character while the Russian iambic
rhythm forms a frame.
This similarity can indicate the same versification process. Furthermore, among the
models we considered, these are the most rigid in the degree of freedom they allow
for forming verse. The mechanism of versification corresponding to such models is
complicated and requires much effort. It suggests a direct interaction between the
metrical scheme and the language.
On the whole, the rhythmic structure of early Russian iambic poems from 1739–1745
is best described by probability models of dependence, particularly by symmetric
models. FIG. 2 shows that the stress profiles of dependence models (green lines) are in
all cases closer to the verse (violet lines) than the data for the independence models
(blue lines).
However, the data for the later Russian iambic tetrameters in the 18th century (after
1745) reveal an association with the LMI, thus with Kolmogorov’s model. Indeed, in
the following diagram (3) and in the table below we can see that a modified form of
Kolmogorov’s model of independence provides, on the whole, a good approximation
of Lomonosov's late verse (FIG. 3, TAB. 3).
It is evident that after 1745 Lomonosov changes his manner of versification, which
becomes freer in its realization of the meter. This change in his versification has a
cognitive meaning: the poet produces a certain standard of permissible efforts aimed

Quantitative Approaches to Versification

109

1

0.95

0.9

0.85

0.8
I

II

Dutch Iamb
German Iamb
Russian Iamb

III

IV

Asymmetric Model (LMD-A, Dutch Prose)
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FIG. 1: Profiles of Stressing in Dutch, German and Russian Iambic Tetrameter Verse as Compared
to the Models

Dutch Iamb
German Iamb
Russian Iamb
Symmetric Model (LMD-S, Russian Prose)
Symmetric Model (LMD-S, German Prose)
Asymmetric Model (LMD-A, Dutch Prose)

I
0.923
0.908
0.975
0.944
0.921
0.923

II
0.825
0.913
0.875
0.894
0.913
0.817

III
0.859
0.888
0.842
0.854
0.881
0.841

IV
0.996
0.978
1.000
1.000
0.972
0.980

TAB. 1: Data for FIG. 1
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Early Iambic Verse, Ode-5
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Models of Independence, LMI-1
Models of Independence, LMI-2
Models of Independence, LMI-3
Models of Independence, LMI-4

IV

Models of Dependence, LMD-1
Models of Dependence, LMD-1
Models of Dependence, LMD-1
Models of Dependence, LMD-1

FIG. 2: Profiles of Stressing in Early Russian Iambic Tetrameter Verse as Compared to the Models

at the formation of a metrical line, and the rhythm of the Russian iamb assumes a
more natural form, based on an independent distribution of rhythmic structures in
the language.
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I
0.993
0.958
0.975
0.979
1.000
0.715
0.662
0.719
0.806
0.864
0.859
0.871
0.894

Early Iambic Verse

Ode-1
Ode-2
Ode-3
Ode-4
Ode-5
Models of Independece LMI-1
LMI-2
LMI-3
LMI-4
Models of Dependence LMD-1
LMD-2
LMD-3
LMD-4

II
0.843
0.853
0.875
0.900
0.896
0.617
0.640
0.643
0.628
0.737
0.719
0.775
0.798

III
0.861
0.821
0.842
0.871
0.896
0.346
0.320
0.374
0.472
0.658
0.685
0.662
0.713

IV
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

TAB. 2: Data for FIG. 22
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FIG. 3: Profiles of Stressing in the Russian Iambic Tetrameter after 1745 and the LMI

Lomonosov’s Later Iambic Verse (after 1745)3
Modified LMI4

I
0.939
0.938

II
0.760
0.762

III
0.525
0.532

IV
1.000
1.000

TAB. 3: Data for FIG. 3

2

3
4

Lomonosov’s poetry—Ode-1: „Chotin Ode“ (1739); Ode-2: „Holstein Ode“ (1742) Ode-3:
„Elisabeth Ode“ (1742); Ode-4: „The Name-Day Ode“ (1743); Ode-5: “Evening Ode”. The
models are constructed based on the rhythm of prose—1: Prokopovich (high style),
2: Lomonosov (high style), 3: Lomonosov (medium style), 4: Trediakovsky (low style).
The aggregate data for Lomonosov iambic tetrameter from 1745–1764.
LMI date are modified according to the average degree of stress in iambic ictuses.
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Conclusion

In summary, it can be said that the models of dependence are better suited to describing the early stages in the development of metrical verse. Among these the symmetric
model best describes German and Russian iambic verse, while the asymmetric model
best describes Dutch. At the same time, the strictest type of versification corresponds
to the symmetric model. The similarity of precisely this model to German and Russian
verse is clearly due to the fact that German and Russian iambs arose under identical
conditions—not as a result of natural evolution, as was the case with Dutch verse, but
due to a substantial and quite abrupt reform. However, Russian iambic verse rather
quickly switched toward a more natural realization of the meter, and so after 1745 its
prosody comes to resemble the usual language model of independence.
In the system of reconstructive simulation of verse prosody, the various probability
models correspond to the varying amounts of effort in forming the verse line. The
results of this study show that after 1745 the amount of effort devoted to forming
Russian iambic verse is significantly reduced and normalized. At the same time our
previous studies have revealed that the German tetrameter long maintained the more
“costly” mechanism of versification, which corresponds to the dependency model
(Kazartsev 2014: 127). Furthermore, the amount of effort spent in creating German
iambic verse does not become normalized for a long time.
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