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An algorithm for “composing” verse using a computer is introduced. The corresponding
program is described. Examples of poems “composed” by the computer are given.

The aim of this research is to determine which minimal means will make it possible to achieve
the illusion of thoughtful versification. It was determined that it is possible to achieve such
illusion by very minimal means, indeed. Speaking prosaically, a poem consists of grammar +
meter + rthyme + semantics. Our experiments show that if a poem possesses meter and rhyme,
then semantics = grammar + the imagination of the reader! This is a very interesting point, but it
relates more to the field of psychology. The quality of poems composed by the program, using
only the first three components of versification, surpassed all our expectations.

1. Lexicon

The computer is loaded with a lexicon containing several hundred words of various number,
gender, and tense. Let us assume that each line of a poem includes one subject, one predicate,
several modifiers, and several adverbial and/or prepositional phrases. (Any of these parts of the
sentence are optional and may be omitted.)

Accordingly, the lexicon consists of four sections. Nouns and pronouns are in the first section.
They act as subjects and can be of any gender and number. Adjectives and possessive pronouns
are in the second section. They act as attributes and can be of any number and gender as well.
Verbs are in the third section. They act as predicates and can be of different tenses, numbers and
genders. Note that the program uses only intransitive verbs to make the process of creating verse
easier. Adverbs and prepositional phrases are in the fourth section; they serve as modifiers (of
place, time, and manner).

Most of the words in the lexicon described here are taken from a collection of poems by Osip
Mandelstam, Kamen (Stone, Petrograd: Giperborei, 1916). Experiments with other lexicons
showed that the particular vocabulary selected did not affect the quality of verses that much —
only the “mood” and the “themes” were changed. Each word in the lexicon is accompanied by
information about meter, rhyme, and grammar. Metrical information is in the form of two
numbers — the number of syllables in a word before the stressed syllable S’/ and the number of
syllables after the stress S’ (so the total number of syllables in a word S = §"9°" + § + 1).

Information about grammar and rhyme is analyzed in the following sections of this paper.

2. Grammatical Information

Each word of the lexicon is accompanied by information about its possible function in a sentence
(as a subject, predicate, modifier, or adverbial/prepositional phrase). In addition, information
about gender, number, and tense is also specified.

The gender of a word takes on 4 different values — masculine, feminine, neuter, and unassigned
(we will sometimes refer to the unassigned value as null-value). For instance, the gender of verbs
in present tense is unassigned: he flies, she flies, it lies (on neTuT, OHa JIETUT, OHO JICTUT).



The number of a word can be singular, plural, or unassigned. The word’s tense takes on four
values: past, present, future, and unassigned.

Note that for words from the first and second sections of the lexicon (nouns, adjectives,
pronouns) the tense is unassigned; when such a word is plural, its gender is also unassigned. In
addition, gender takes on null-value for all verbs of present and future tense and for all plural
verbs.

For words in the fourth section which serve in a sentence as modifiers, the categories of gender,
number, and tense are unassigned. The exceptions to this are modifiers of time; in this case the
tense of a word can be non-null.

3. Rhyme

Information about rhyme is represented for words with stress on the last syllable (masculine
rhyme) and with stress on the penultimate syllable (feminine rhyme). Our computer has not yet
been taught to compose poetry with dactylic endings, where after the last stressed syllable there
are two unstressed ones,

a. Masculine rhyme. Two words with stresses on their last syllables are assumed to be rhyming if
it’s possible to match their last syllables using Tables 1 and 2.

Table 1: Vowels Table 2: Consonants
01 |a(a),s(ja) 06 | b,u(b,p 17 | x (kh)
02 | 0(0), € (jo) 07 |B,d (v, 18 | u/b/, m (ch, shch)
03 | y(ou), 10 (ju) 08 |r,x(g k) 19 |i(y)
04 | w1 (y),u(i) 09 | a,1(d,1t) 20 | 6p, mb (b, p')
05 |9 (e),e(e) 10 | x /p/, m // (zh, sh) 21 | Bb, Ob (V/, ')
11 |3,c(z5s) 22 | o, 6 (d', t')
12 | u, Tc (ts, ts) 23 | cb,36(s,Z)
13 | 1) 24 | 16 (1)
14 | m(m) 25 | Hb (n')
15 | = (n) 26 | pb (1)
16 | p() 27 | ctb (st')

b. Feminine rhyme. Every word with the stress on the penultimate syllable is assigned a set of
numbers (k, m, n) in the following way: £ is the number of the stressed vowel from Table 1. m is
the number of the consonant (following the stressed vowel) from Table 2' (numbers from 06 to
18) or the number of the combination of consonants from Table 3. # is the type of ending of the
given word.

During the initial experiments, the system distinguished 4 categories of unstressed word endings.
The first category included endings consisting of a vowel a, s (ya), o, é (yo) (maytuna / pautina)
possibly followed by consonants. The second category consisted of endings which start with the
vowels e, u, y, 1o (yneii / uley). Category 3 corresponds to endings containing the vowel o
(Touensrii/tocheniy). In the fourth category there are words where the soft sign » appears before a
vowel in an unstressed ending (ouepranbs / ochertan’ya).

" If a word doesn’t have a consonant after a stressed vowel (xpacueer / krasnejet), m is set to 0.



Table 3: Combinations of consonants’

28 | 1K (nk) 45 | pu (rn)

29 | cu (sl), ci (stl), T (tl) 46 | xd (zhn), mH (shn)

30 | cr (st) 47 | unu (chn)

31 | petB (rstv) 48 | wx (kzh)

32 | ax (Ik), nek (1'k), it (1g) 49 | 6k (bk), mk (pk)

33 | 3B (zv) 50 | nc (Is), n3 (1z)

34 | Tp (tr), BTp (Vtr), ap (dr) 51 | xa (kl), oo (1kD)

35 | pr (1t), px (rd) 52 | mx (pl)

36 | ma (nn) 53 | mH (pn)

37 | mu (dn), TH (tn) 54 | ck (sk), 3k (zk), Bck (vsk)
38 | BH (Vn) 55 | B (tv)

39 | 3H (zn), cH (sn), p3H (rzn), 314 (zdn), cTH (stn) 56 | 6p (br)

40 | ptc (rts), parc (rdts), nere (1'ts) 57 | nmu (Ich), npu (I'ch), nbx (1'z)
41 | mu (In), neu (1'n) 58 | xt (kt)

42 | Bm (vsh) 59 | pk (rk)

43 | mu (mn) 60 | Bk (vk), Br (vg), dx (tk)
44 | Tx (tk), nx (dk), rx (gk) 61 | xxu ( khn)

Subsequently, however, in order to “modernize” the poem and to enrich the rhyme, the first three
categories of endings were combined into a single category. Thus, in the final version of the
program, the computer distinguishes only two categories of the unstressed endings of a word.

Two words with stress on the penultimate syllable are considered to rhyme if the corresponding
triples (k, m, n) match.

For an example, let’s take a look at a well-known stanza’:

Kax BBI, s - 9acTh BEIMKOTO
ITepemenieHbs CpOKOB,

W s npumy Bau npuroBop
bes rueBa u ynpexa.

Here for the words “cpoxos / srokov” and “ympeka / upryoka” we have: from Table 1 /=2, from
Table 2 m=8, and, based on the vowels in the endings, n=1.

4. Task Specification

Before starting to work the computer receives a task specification indicating the number of lines
in every stanza of the poem to be produced. In addition, the specification determines which
ending (masculine or feminine) each line of the poem should have and what line it should rhyme
with. To be more precise, let us denote the feminine rhymes with capital letters and the masculine
rhymes with lowercase ones. Then a stanza of four lines can be, for example, specified with a
plain rhyme scheme (AAbb), alternate (AbAb), or enclosed (AbbA). In addition, every line in the
task specification indicates the number of syllables S for every line of the poem. If we wanted, for
example, to generate the “Onegin” stanza®, we should define: aBaB ccDD eFFe GG and note that

* The Russian language of course allows for other consonant combinations; Table 3 only lists those
appearing in the selected lexicon. To expand the lexicon with additional combinations, one only needs to
assign any new combination its own number.

’ From Boris Pasternak’s epic poem Lieutenant Schmidt (1926).

* Onegin stanza refers to the verse form used by Alexander Pushkin in Eugine Onegin.



the lines with feminine rhyme there contain nine syllables, and the lines with masculine rhyme
contain eight syllables.

5. Starting the Process: Searching for Rhymes

Despite the fact that our computer writes poems in Russian, it composes every line from right to
left. It begins by generating the last word in each line of one stanza, where the number of lines
and the manner of rhyming is defined by the task specification. This is done in the following
manner. Depending on the ending (masculine or feminine) provided by the task specification, a
word is taken at random from the dictionary with the stress on the last or penultimate syllable. A
word that rhymes with it is selected (searching from a random location), and both are put in the
“final position” in their respective lines. Note that rhyming a word with itself is prohibited, so if a
rhyming word is not found for a word taken at random from the dictionary, it will be abandoned,
another random word will be chosen, and the search for a rhyming word will resume. In such a
way, the final positions of every line of the stanza will eventually be filled out.

All other words in each line of the poem are inserted sequentially from the left. They are also
taken at random from the dictionary but they can be approved or rejected depending upon
metrical and grammatical reasons, which will be described next.

6. Metrical Analysis

Let S,"9" and S, be the number of syllables before and after the stressed syllable in the word
most recently added at the left (during the first step, because the line is being created from right to
left, this word is the very last word in the line). The next step is to verify whether a random word
with parameters (55”9, S,*") is appropriate for the poem being composed. First, we need to
make sure that after adding (S before g after 1. 1), the number of syllables in the resultant phrase
won’t exceed the total number of syllables S specified for the current line. Otherwise, this word
will be rejected, and another word taken at random will be considered. Let’s now examine the
value §,"9 + S, which indicates the number of syllables between the two neighboring
stresses. If the computer is in the process of writing two-syllable verse (iambic, trochaic), then the
word being considered is approved only when the sum S,°%"+ S, is odd; after that, the word
undergoes a subsequent grammar check. If a ternary meter (dactylic, amphibrachic, anapestic) is
specified, then the value of this expression should be equal to 34-1.

If these conditions fail, the word is removed from consideration, and the computer proceeds to the
analysis of new random words. Monosyllabic words can be stressed or unstressed depending on
the situation. Our experiments indicate that if a monosyllabic word consists of more than three
letters, then in most cases the word should be put in the stressed location for the sake of euphony.
For example’:

W napanm gBa Oammavyka co CTYKOM Ha IIOJI
W BoCK cne3aMu ¢ HOUYHUKA HA IJIAThE Kamas

This fact about monosyllabic words is also provided to the computer.

7. Grammatical Analysis

As was mentioned earlier, every line of a poem written by the machine consists of no more than
one subject, one predicate, as well as modifiers and adverbial and prepositional phrases.
Grammatical analysis is necessary in order to ensure agreement in gender, number and tense. To

> From Boris Pasternak’s poem “Winter Night” (1946).



describe this process we will introduce the grammatical attributes of a line alongside the
grammatical attributes of a word. We will call them “line gender,” “line number,” and “line
tense”. These attributes will take on the same values as the corresponding word attributes. At the
beginning of the verse generation process the values of line attributes are set to zero.

Let’s remember that the composition of each line starts with the selection of the last word. Then
the gender, number, and tense of this word are assigned to the corresponding attributes of the line
being composed. Now the validation of each subsequent word — each candidate for inclusion in
the line of verse — is accomplished by comparing the three attributes of the line with the three
corresponding attributes of the word under consideration. In particular, each non-null value of the
attributes of the word should match the non-null value of the attributes of the line. A null value of
an attribute of a candidate word is always allowed. Consider now a case where some non-null
values of the line match the corresponding values of the candidate word, but one of the attributes
of the line — for instance, gender — is still unassigned, while the gender of the analyzed candidate
word is not null, for example masculine. In this case, the word is approved and the null-value of
line gender is replaced by the corresponding value (masculine) of the approved word.

Whenever a mismatch occurs between the value of any attribute of the word and that of the line,
the word is rejected and the computer selects another random word.

A word that successfully passes metrical and grammatical examination is accepted in the line and
is placed on the left. The process is continued until the line has been filled (all S syllables).

Suppose however that the line is almost completed and there is a place for only one syllable, but
the computer keeps rejecting the candidates one after the other. In this case, after a time limit for
a search is reached, the vacant position is filled with a one-syllable interjection, conjunction or
adverb. For example, an unstressed position could be filled by “u” (and) while a stressed position
could be filled by “BHOBB” (anew). This simple mechanism improved the quality of the verse and

strengthened its emotional impact.

The author is grateful to Professor E. M. Landis for numerous meetings and conversations
without which the work would neither have been started nor completed.

Submitted for publication on March 9, 1977.

Appendix

Examples of poems composed by the computer:

1. B TymMaHe CyMEpKH OCTaIUCh,

U moii kpacHeeT 4enoBek, 3. VYmuparowmuil — B CMSTEHbS.

Han necom enn 3umoBainmy, BHOBB, KaKk TeHb, OTHH JIPOXKaT,

W nukuit, Menkuii, menpelii cHer. BHoBb Ha 0€31HOIO0 ABHKEHBS —

W memgercs BosiHa MOpCKad, I'me-to manexa nyma...

Tomutcs Tyckiloe TeIo, Kpuk cmepTenbHBIH psigoM, 3610Kui,
Bro6mace pobkast, Hemas, Tnenu B xpycraine riasa,

W menectur emie CTEKIIO. [lexect medercs ¢ yIbIOKOH,

I'me-to B vamme Hebeca.
2. beicTpeit — kak OyaTO TEHB clana —
BsIcoknii Mecs1.
W nayTtuna ymepia
3UMO¥ HaJl JIECOM.



W no3aau nBeTok cepeer, 12. 1oOpsrii peeT menect
U scHOTNA3EBIE OEmneroT, [Tnayer mycroTa
OTTOYEHHBIN CIIOKOWHO JIEL. CrymaroT Kauenu
Kax TeHb, npo3padyHo yTpo CIaBHUT, U noer 6exa

W 3p10kmii My3BIKaHT JTyKaBHT: CraHb TOKOPHO Tope
[Ipo3pauno-6neaHas mpuaeT. TOMHO TULIb TETUT
U npo3pauno mope
TaiiHO mwenecTur

U 6exur 3emuas
He3amerHo TeHb
Memienso necHas
CrnaBuT BIaXXHBIN JCHB

BeTBu XpynKkue cBETHIINCS,
Hexurp1ii TaH1ieBaj, BIIOOJIEH,
Kpacku 3a pexoil KpyKHINCH.
OcwmeneeT nepes3BoH,
Cepas 3eMIis B30OBBETCS —
BHOBb Hax necoM rouaoca.
Bosib B TEeMHULIE HE BEpPHETCH, 13. Beuepom Onexnas B HeOe muaHeTa
CropsT cragkue riasa. OdapoBaTeIbHBIN PAIOM IPHUIUB

BHoBB Oyzner cHUTBCS Haj 0€3HOIO JETO
YX0auT Hen30€KHBIA MaTbYHK YePHBIH, B xu3HM BHUMATEILHBIM BUAUT OTJIUB
3UMO}#i JIETUT Byab,
W mutenii Bo3ayx, rpoO0OBOi, MPUTBOPHBIH, 14. B 6peny cTynaroT UMeHa,
HanMmeHHas nevains. 3eMHad IUIaveT rryonHa,

B ropax, B TeMHUIle, B )KU3HHU YapEbl.

10.

11.

BHOBb IIUIIKMT HAJ JISCOM IITHUIIA,
I'ynxwit rpsay 3ByK HEOpEXHO!
B game mycrota Gowurcsl,
Bennas OeneeT HEKHOCTD.

W nepiamyTpoBbIi y30p
Touenslii OeIHBII

Hapn o3epoM oTBeTHII B30p
[MewanbHbI OeTHEII.

31ech He)KHAS NITHLIA,
31ech ¢ HeXKHOCTHIO B30D,
OH TaKxe cTpyuTcs

Moii cTpaHHBIH y30p.
BeicTpeil mameHeer,

B pyxkax Tspkeneer. ..

W TaliHO TUINIVHA TPEMUT

U B TeMHOM HEebO€ — yCTHIINUCE!
3eneHsbli JIETKUI CHET TOPUT,
Cazpl po3padyHO OOHSIHCE.

Han 6e3gmH010 cocyn Omyxman
Ha nebe xpect — BepHHCH!

U TonbKO 3610KMIT BOEBAI,

U ckaibl 0OOHSIINCE,

U tpeneranne 6exut,

W xak 6e3ymHbIi1 cBeT!
Hagmennsriit Mup 6marogaput
U rpsanyn BnaxHbIi Open!

15.

16.

17.

18.

Moil B )kM3HU Mall TIIyXO0il JIETUT,
Bcerpa npekpaceH, puTM ropur,
Jlaj cHeXXHBIN BeceNuTCsl, CTapbli.

U craperit HEeOOCBO TyCTEET,
VYHnyT 3aKaThl, TSHKEINbL,

BeITh MOXeET, B XpycTane 6eneroT
CerogHs 1aCKOBO CTBOJIBI?

3acThlIa THXO JEBYIIKa IPOCTas,
HebpexHus! rosoca.

U cepas nocnepnss mycras —
ITonnouHsIe I1a3a.

JloOpbIif BO3AYX paBHOLYIIHBINA
JloOpbIif MUp HHOHM HEHYKHBIN
BHOBb neuanbHa peer pasiocTb
ToJIBKO B OIIbSIHEHBHU CIAN0CTh

BHOBB B KycTax ropsT peCHHIIBI
Betep xpynkuii CBETIAbIN 371011
Ha crone xentenn nTumbs

B3op urpaer 3a pexoit

Jloaka naneka kpacHeer

Ha 3akaTe conoBsu

BHOBB BeICOKHE OETEIOT

CreHBI BEYEpOM TBOH.



19. Mur nacTtoAmui Ha CTOIE 20. 31m0#f My3bIKaHT, APOKa BEPHHUCH,

Hanonuur Mope, Jlomas xpacku!

JpoxaT MHHYTHI B XpyCTaJe — U cuna, Takxe yCThIIUCH!

He xouer rope... Bbpen coHHbIl, BI3KUM. ..

TopsT Hax Ge3mHOIO TIIA3a

U conneunsle Hebeca — 21. B )13HU CKaJbl B ONbSIHEHBU
[Toer npupona. Mup Tenepp nocieaHuil B yaie
W nenslii BCIOMUHAET IO, W B necax ynpek ropsiauii
OTpOMHBII B OTIBSTHEHBH JIE]] Taxxe ciymaet 3a0BeHbE.

JIro0Omn, 3a6o0Tta!



