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Abstract—This paper presents methods for automatic extrac-
tion of new lexemes from Web corpora in order to obtain a
comprehensive list of Polish words. We present the following
methods: Reverse Derivation, Compound Formation, List Ex-
traction, extraction of adjectives from addresses, Polonisation of
English words. We proceed to describe the process of correcting
errors that arise from the application of automated methods.
Quantitative evaluation of the project and presentation ofits re-
sults are given.

I. I NTRODUCTION

T HE Dylemat (Eng. Dilemma) project is aimed at com-
piling the most comprehensive list of Polish common

words and their inflected forms. Any word that can be formed
in compliance with the Polish word formation rules, confirmed
in the textual corpus, is a potential element of Dylemat word
list. An entry in the Dylemat lexicon is a base form along with
its inflected forms (i.e. a lexeme).

The main problem arising in the creation of a comprehensive
list of words for a given language is the constant evolution
of the language. It is easy to realise that a large number
of new words reflecting cultural, social and technological
changes are not listed in traditional paper dictionaries, and
not even in electronic lexicons. This paper presents some
techniques for extracting words from large Internet corpora
by means of various methods that use both characteristic
features of the Polish language and specific types of word
occurrences in a corpus. The presented approach puts em-
phasis on productivity methods. We do not apply advanced
methods of language processing. Instead we focus on statistics
and corpora observations.

Polish is a Slavic language with a rich morphological system
both on the inflectional and the derivational level. For example,
the productivity of diminutive forms in Polish is comparable (if
not greater) to that of Russian or Spanish. Compounds written
as a single word are not as frequent as e.g. in German, except
for some types of adjectival compounds. Both derivational
and inflectional aspects had to be taken into consideration in
Dylemat.

The programs for the Dylemat Project have been written
in Perl. The project comprises a set of scripts, which ex-
ecute subsequent methods for forming new words, integrate
resources to obtain the final entry list, generate test data and
produce statistics. Some elements required downloading Web

content. To this effect we have used an in-house web-crawling
program.

The first phase of the project involved collection of a large
pool of dictionary resources to draw on, and compilation of
its lexical material. Thus we obtained the source material,
which contained words, more or less, recorded in traditional
dictionaries. The primary concern of the Dylemat project has
been to acquire new words not found in dictionaries, such
as neologisms, professional jargon, slang or newly-coined
specialist terms. Proper names fall outside the scope of the
project, i.e. only words written in lower case are taken into
consideration.

To address the issue we devised four methods for creating
new dictionary entries:

1) Reverse Derivation,
2) Compound Formation,
3) List Extraction,
4) “Tricks”.

We employed our in-house corpus of Polish texts, com-
prising a set of Polish websites obtained using a web-
crawling program (2,818,293 web pages, 1,163,131,532
tokens), USENET newsgroups (397,525,694 tokens), the
Wikipedia texts (76,669,747 tokens). The corpus was collected
from May to August 2008.

II. T HE METHODS FOR WORD FORMATION

A. Reverse Derivation

This method was based on derivation, i.e. a word-formation
process where an existing word or root is combined with
a morpheme to create a new lexeme.

In natural language processing derivation is usually ad-
dressed to in morphological analysis. In the Morfeusz project
(see [1]) the derivation rules were applied to recognise words
non-existent in the dictionary. There, ana serge index was
used in order to verify the suffixes of the analysed forms. A
similar algorithm was used in [4] in order to handle unknown
words. In [2] the authors use derivational rules in order to find
English translations of Polish word-formations (the solution
was applied in Poleng/Translatica MT system, see [3]). In this
system a set of rules for derivational analysis (and synthesis
for English) was crafted manually.

In the Dylemat project we reversed this typical application
of derivational rules, using it for word synthesis rather than
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analysis (hence the name – Reverse Derivation). The most
important feature of our solution is that the rules are acquired
automatically – by means of iteration on the collected material
(such a method is often called semi-supervised learning). The
evaluation of rules is made on the basis of their productivity
(the more correct words are produced by the rule, the better
the rule). Another feature of our approach is the use of prefixes
in the derivation process.

The main idea underlying the project was to automatically
obtain derivation rules, reverse them, and apply the reversed
rules to words in the corpus. If applying a reverse rule to
a corpus word produces a word already listed in the dictionary,
the corpus word is assumed to be a derivative of the dictionary
word. (We use the word ‘derivative’ in a very liberal way here.)

Reverse Derivation was inspired by the need to limit
the number of derived words to those actually represented
in texts. We aim to discover a new lexeme not only by its
base form, but also by its inflected forms. Derivation rules
were generated using the Dylemat lexicographic data obtained
through the compilation of various dictionary resources.Suffix
and prefix derivation methods were approached in different
ways.

A suffix derivation rule is comprised of 3 elements:

1) Derivative suffix – suffix of the base form of the derived
entry,

2) Source suffix – suffix of the base form of the source
entry,

3) Inflected form suffix (or inflected suffix) – suffix of an
inflected form of the derived entry; or a special BASE
element if the rule applies to the base form of the new
entry.

Derivation of a base formw from a base wordt using a thus
defined method consists in detaching the source suffix from
t, forming the rootr. The derivative suffix is then attached
to r, creating the base formw. An inflected form derivation
consists in attaching an inflected form suffix tor.

Suffix derivation rules are obtained through comparing
pairs of all base forms already included in the Dylemat
lexicon. A pair(w, t) of words forms a new derivation rule if
the longest common prefix of wordsw andt consists of more
thann letters. By experiment, we setn = 5. If the condition
is met, wordw is treated as at derivative and the longest
common prefix is detached fromw and t words to obtain
a pair of(sw, st) suffixes. Now the algorithm checks if thesw

suffix is of appropriate length (applying a heuristic methodwe
assumed the minimum suffix length of 2, and the maximum
of 8). Thus, a new base rule of a suffix derivation is formulated,
wheresw suffix becomes a derivative suffix, andst – a source
suffix. In addition, some more specific rules are defined using
∆-longer suffixes, where∆ ∈ {1, 2, 3}. For example, a pair
of words(demokratyczny; Eng. democratic, demokracja; Eng:
democracy)leads to the following four base formation rules:

tyczny cja BASE
atyczny acja BASE
ratyczny racja BASE

TABLE I
SAMPLE DERIVATION RULES IN THE DYLEMAT PROJECT

Derivative suffix Source suffix Inflected suffix

anin anka aninowi

atyczny acja atycznymi

cenie cić ceniu

czny zm cznemu

ek - kach

ianka ianin iankach

izowác izm BASE

lny lność BASE

ny nósć niejsze

rski r rskim

tyczny cja BASE

kratyczny kracja BASE

A base rule is then used to formulate inflected form rules.
To this effect, for eachwf being an inflected form ofw it
is checked whether the longest common prefix ofw, t and
wf is comprised of at leastn characters (as with creating
a base rule, we assumed thatn = 5). If the condition is met,
three inflected suffixes(swf , stf , sf) are formed by detaching
the longest common prefix fromw, t and wf . In addition,
more specific rules are defined using∆-letter longer suffixes,
where ∆ ∈ {1, 2, 3}. For example, the following derivation
rules are formulated for the triple of words:demokratyczny,
demokracja and demokratycznymi(the instrumental plural
form of demokratyczny):

tyczny cja tycznymi
atyczny acja atycznymi
ratyczny racja ratycznymi
kratyczny kracja kratycznymi

Suffix derivation rules are recorded along with their fre-
quencies and examples of derivative base forms.

This procedure yields nearly 40 million different derivation
rules. Most of them are accidental and incorrect. Rules pro-
ducing mostly incorrect results had to be rejected. We assumed
a derivation rule to be correct if it is repeated at leastm

times. By experiment, we setm = 30. On top of that, each
derivation rule was assigned a rule accuracy factor. The value
was arrived through applying the rule to all words contained
in the initial Dylemat resources and by calculating the ratio
of a number of derivatives represented in the Dylemat project
to the number of all the derivatives formed. The rule accuracy
factor threshold was set to 0.5, although some rules with
the accuracy factor below this threshold were accepted using
some rather idiosyncratic heuristics (concerning some specific
suffixes).

Thus we obtained setR – the set of filtred suffix derivation
rules, comprising 8156 rules. Sample derivation rules are
presented in the table I.

In suffix derivation, new entries are formed by investigating
if a corpus word can be derived from a word listed in
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a dictionary by applying a relevant rule from anR set. Hence,
for eachw word from our corpus not found in the Dylemat
lexical resources we search for inflected form suffixes of some
rule (base suffix is taken into account for base derivation rules),
coinciding with a wordw suffix. If such ans suffix is found
for the given rule,s is removed fromw, forming rootwr. The
source suffix is affixed to the root, producing a source word
t. If t is a base form of a dictionary entry, we assumew to be
a correct derivative. Next, the base form is created, by affixing
the base suffix towr.

Let us consider an example:babeczkowej; feminine
adj. of cupcake. The longest coinciding suffix of the appropri-
ate suffix derivation rule is the inflected form suffix of the rule:
(czkowy, czka, czkowej). czkowejsuffix is detached from the
word, forming thebaberoot. A source word is formed through
affixing a source suffixczka and obtaining a source word
babeczka. This word is listed in the dictionary. As a result we
obtain a new word with its base form being a combination of
a baberoot with czkowybase suffix.Babeczkowy(masculine
adj. of cupcake) is the base form of the new word.

Procedure for obtaining prefix derivatives is simplified. No
derivation rules are defined. We use a ready-made set of 82
prefixes (based mostly on rules presented in [2]). For eachw

lexeme from a source corpus we search for the longest prefix
from a prefix set coinciding with thew prefix. If p prefix is
identified, we removep from w to obtaint. If t is a base form
listed as a dictionary entry, it is assumed thatw is a valid
prefix derivative. A new entry withw base form is derived.

For instance, let us consider a corpus word:metawartość.
metais the longest prefix from the prefix set, coinciding with
the word. A source word:wartość(Eng.value) is formed. The
word is listed in a dictionary. Thus a new entry is formed with
the metawartośćbase form.

The last step of the derivative formation is the generation
of inflected forms for obtained derivatives. We employ an
analogy-based inflection algorithm (see [5]). The patterns, on
which analogy works, are:

• for derivative suffixes – the sample derivative base form
of applied suffix derivation rule,

• for prefix derivatives – the source word.

After new entries had been added to Dylemat, the en-
tire procedure was re-applied. Thus we obtainedderivatives
from derivatives. For example, the wordmonitoreczek(“hy-
perdiminutive” form of the nounmonitor derived from the
diminutive monitorek) was obtained this way. Due to an in-
creasing number of “noise”, the iteration was not repeated any
further.

The table II lists sample lexemes extracted by means of this
method.

B. Compound Formation

The second method for the generation of new lexicon entries
in the Dylemat project is Compound Formation. Compound
words are understood here as merges of two or more words
possibly linked with a hyphen. Sample compounds are:biało-

czerwony(red and white), tytanowo-karbonowy(titanium car-
bonium), stalowosrebrny(steel silver).

The phenomenon of compound nouns is usually addressed
to in the context of morphological analysis. In [6] and [7]
the process of German compound nouns analysis is discussed.
In the Dylemat project we reversed the approach: the aim is to
automatically compose compound words from words already
collected. The generated compounds are then evaluated against
the collected corpora.

There are two types of compounds in the Dylemat project:

1) Colour and shade compounds,
2) Hyphenated compounds.
Colour compounds were formed using a list of colours

and their shades. These were drawn up manually. The first
phase of the compound formation process involved creating
all the possible compounds by putting together shades with
subsequent colours. Each word obtained this way was searched
in the corpus. If found, the compound constituted a new entry
base form. Inflected forms were generated using the inflected
forms of the adjective constituting the compound headword
(i.e. the last word).

Hyphenated compounds were extracted from the corpora. In
the first stage of the extraction process, we identified strings
occurring in the corpus, comprised of Polish characters and
containing a hyphen. Low frequency units were disregarded.
Remaining strings were split into its constituent elements.
If the constituents were found in the Dylemat resources,
the compound was considered admissible. The last compound
segment was reduced to its base form (using the Dylemat
resources) to form the compound base form. The inflected
forms were generated using the inflectional patterns of the
last compound segment, incorporated in the Dylemat lexical
data.

The table III presents entries formed by means of
this method.

C. Extraction of entries from lists and tables

This method relies on non-linguistic properties of texts,
i.e. data formatting and position within various structured
texts. Ususally, analysis of such documents is performed inIn-
formation Extraction systems (see [8] and [9]). In the Dylemat
project we use the Information Extraction methods in order to

TABLE II
EXAMPLES OF ENTRIES EXTRACTED FROM THE CORPUS BY MEANS OF

REVERSED DERIVATION

New entry Eng. equiv. Source entry Corpus word

abiotycznie abiotically abiotyczny [adj.] abiotycznie

babeczkowy cupcake[adj.] babeczka [noun] babeczkowej

całodniówka 24-hour ticket całodniowy [adj.] całodniówki

edytorski editor [adj.] edytorka [noun] edytorska

egzorcystka „exorcistress” egzorcysta [noun] egzorcystek

kolorowacz „colourer” kolorowác [verb] kolorowacza

metawartósć metavalue wartósć [noun] metawartósci

samodostrajanie self-tuning dostrajanie [noun] samodostrajanie
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extract lexicon entries from structured resources. The extrac-
tion of entries is done by means of manually created wrappers
for each given source.

The chief purpose of the method was to find documents,
publications and articles, which fragments are composed of
lists and tables of common words represented in their base
forms. Examples of such resources are the following:

• lists, e.g. lists of Polish districts, animal species, occupa-
tions,

• tables, e.g. tables of chemical compounds, names of large
numbers,

• indexes of scientific publications.

Within the Dylemat project we found over 40 sources of
this kind on the Internet. Each source was processed using
a simple wrapper to extract word base forms.

For example, a list of Polish districts (powiats) is presented
in the following format:

Powiat brzesko-litewski
Powiat bychawski
Powiat bystrzycki
Powiat bytomski

Extraction of adjectives: brzesko-litewski, bychawski,
bystrzycki, bytomskiis performed by deleting“Powiat” from
each phrase line.

Inflected forms of acquired words were generated using
the analogy-based inflection algorithm.

D. “Tricks”

To generate new entries for the Dylemat project we used a
number of “tricks” of non-systematic nature. We will discuss
the most productive of these methods, namely:

1) Extraction of adjectives based on addresses,
2) Polonisation of English words.

The first method relies on simple observation concerning
address patterns in Polish. It can be easily noticed that abbre-
viations ul., pl. and os., (resp.ulica = street, plac = square,
osiedle= housing estate) are usually followed by:

1) a person’s name in genitive (e.g.ul. Adama Mickiewicza,
ul. Piłsudskiego),

2) an adjective (e.g.ul. Lipowa), e.g. an adjective in the
nominative feminine form forul. asulica is a feminine
noun.

Only addresses containing adjectives were take into account
in this method. Input data constituted addresses extractedfrom
Internet listings of Polish companies. We took into account
those addresses that contained only one word following the
ul., pl., os. abbreviations.

From each address we derived a potential Dylemat entry.
The “candidates” were then subject to approval. Approval
procedure consists in verifying if the word in question is
an adjective. Verification involves a match between the word
and a regular expression describing endings typical for Polish
adjectives on one hand and unlikely to occur in genitive
forms of surnames on the other. If approved, the “candidate”

is reduced to its masculine base form and its first letter
is converted to lower case. The reduction to the masculine
nominative form is performed based on inflection rules entered
for adjective endings typical for Polish. (Polish adjectives
are inflected in much more regular way than nouns.) The
word serves as a base form for a new entry. Inflected forms
are generated using the analogy-based inflection algorithm.
Table IV lists sample entries along with the addresses they
were derived from. Some of the words obtained this way
are adjectives derived from names of cities, towns, villages
(presumably, where the street leads), e.g.zwardońskiis derived
from the village nameZwardoń(note that adjectives describing
geographical locations are written in lower case in Polish).

The phenomenon of word borrowing is often addressed to
in the process of automatic creation of lexicons. The phonetic
rules are mostly used (see [10] and [11]). In the Dylemat
project we treated the borrowings as a kind of a deriva-
tional process. Thanks to this, we could use the Reverse
Derivation method, with the new learning corpus for creating
suffix derivation rules. Polonisation of English words involves
extracting from the corpora various words formations based
on the Polish derivation from an English base. Examples of
such words are:dial-upowy (adj. dial-up), managerski(adj.
manager), bugfiks(bugfix).

The method was implemented using the Reverse Derivation
approach. The difference was in the dictionary resources
used for acquiring derivation rules. Base forms of English
words incorporated in the dictionary of the Poleng/Translatica
machine translation system were used as source forms. We
used suffix derivation only. Other elements of the algorithm
remained unchanged. Sample entries are provided in table V.

III. E RROR CORRECTION

Automatic methods of acquiring new entries adversely af-
fected the quality of compiled material. An entry is considered
incorrect at this stage if:

1) Its base form or any of its inflected forms is the same
as some other word written with a spelling error.

2) Its base form or any of its inflected forms is the same
as an incorrect inflected form of some other lexemes,
e.g. rowera instead ofroweru as the genitive form of
the nounrower (Eng.bicycle).

3) Its base form is in fact an inflected form of some other
entry (e.g. a plural form of a noun, or a non-nominative
case of a noun or an adjective).

To rectify errors we employed a combination of automatic
methods in conjunction with manual review of suspicious
entries by lexicographers.

The first phase of error correction consists in processing
base forms with the spell-checker of the Poleng/Translatica
machine translation system. A set of suggestions (P ) is
generated for every new entry withw as its base form.P
contains strings constituting correct Polish words, closeto w.
If P is empty,w word is approved, otherwisew is added to
the setA, comprised of “suspicious” words.
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The set of suspicious words is divided into two parts.
Words in A with length above an established threshold
are automatically marked incorrect. For example wordsad-
ministrownia and parkownia look like legitimate deriva-
tives (like serwerownia= server room), however, they are
misspelled words, respectivelyadministrowania(administer-
ing) and parkowania (parking). “Short” words are put on
the “for verification” list due to the high probability of
spellchecker error. Such lists are then reviewed manually.
Some examples of “short” words discarded at this stage:grze-
wać (misspelledgrzebaćor ogrzewać), krzywiać (misspelled
krzywia̧c).

IV. EVALUATION

A. Preliminary evaluations

Evaluation procedure at this stage consisted in verifying
random samples by lexicographers. Each sample consisted of
100 entries, each entry contained:

• its base form,
• its inflected forms,
• identifiers of sources it was derived from.

Each entry was handled by a lexicographer. His/her task
was to mark incorrect entries and classify the error type. The
following types of errors were considered:

1) Spelling error,
2) Missing inflected form,
3) Incorrect inflected form,
4) An inflected forms of the lexeme is incorrectly classified

as the base form,
5) No confirmation in the Google search engine.

The last item is not, strictly speaking, an error, but more of
a warning. It pertains to distinctly rare words contained inthe
corpus material yet not indexed by Google.

Error analysis allowed identification of errors in the pre-
sented methods. For Reverse Derivation method these were
for example:

• over-productive derivation rules,
• over-productive prefixes (e.g.wy- prefix, resulting in such

wrong words as:wyadresować, wymącić).

After the amendment of rules evaluation was repeated. The
iteration was ended when 5 subsequent samples had an error
rate of less than 2%. 30 samples were reviewed in total.

B. Final evaluation

A random sample of 500 new lexemes was selected for
the final evaluation. Each lexeme was thoroughly checked by
a specialist in Polish lexicography. The following types of
incorrect entries were marked:

• misspelled form of some other (usually rather frequent)
lexeme (M),

• surname, login name or some other name incorrectly
written in lower case (N),

• a new lexeme but written with a minor spelling mistake,
e.g. with a needless hyphen after a prefix (B),

• other (O).
The number of incorrect entries is given Table VI. The

incorrect entries categorised as “other” comprised words spu-
riously confirmed with some garbled corpus fragment (e.g.
nieprzedwas in fact a port of wordnieprzedłu̇zeniebroken
during PDF-to-text conversion) and one-time derivations (e.g.
word korumpacjainvented for the purposes of a TV sitcom).

V. RESULTS

The initial Dylemat material obtained through the compi-
lation of dictionary resources included 156564 entries. The
methods demonstrated in the paper have resulted in the word
list expanded up to 222986 items, a 42% increase. Table VII
shows entries per each generation method. A number of entries
were derived independently based on various methods, hence
individual figures do not sum to the total number of entries.

TABLE III
ENTRIES EXTRACTED FROM THE CORPORA USING THE COMPOUND

FORMATION METHOD

New entry Corpus word

badawczo-doradczy badawczo-doradczych

research advisory

celno-skarbowy celno-skarbowych

customs and fiscal

chrzéscijánsko-narodowy chrzéscijánsko-narodowych

Christian national

fiołkowo-wrzosowy fiołkowo-wrzosowy

violet lilac

gospodarczo-komunalny gospodarczo-komunalnych

business and council

jaskrawoamarantowy jaskrawoamarantowy

bright amaranth

molibdenowo-wolframowo-miedziany m(. . . )-w(. . . )-miedzianych

molybdenum& tungsten& copper

naukowo-artystyczny naukowo-artystyczna

academic and artistic

radiowo-telefoniczny radiowo-telefonicznych

radio and telephone

sinoceglasty sinoceglasty

“blue brick”

TABLE IV
SAMPLE ADJECTIVES EXTRACTED FROM ADDRESSES

Adjective Eng. Address

cerkiewny Orthodox ul. Cerkiewna

galijski Gallic ul. Galijska

maciejkowicki of Maciejkowice ul. Maciejkowicka

tarpanowy tarpan [adj.] ul. Tarpanowa

witebski of Vitebsk ul. Witebska

zwardónski of Zwardoń ul. Zwardónska
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TABLE V
SAMPLE POLISH WORDS GENERATED BYPOLONISINGENGLISH WORDS

Polish entry English source entry

adenoidalny adenoidal

bisekcja bisection

bugfiks bugfix

dial-upowy dial-up

dipolarny dipolar

hydropneumatyczny hydropneumatic

managerski manager

racingowy racing

submitowác submit

TABLE VI
INCORRECT ENTRIES FOUND DURING THE FINAL EVALUATION

Type Number Example

M 9 (1.8%) pykowy

N 4 (0.8%) interszafa

B 4 (0.8%) sapowy

O 9 (1.8%) nieprzed

Total 26 (5.2%)

VI. CONCLUSION AND FUTURE WORK

The paper discusses various methods for obtaining new
entries through extracting words from corpora for the purposes
of the Dylemat word list. The main task was to derive words
unrecorded in available dictionary resources (e.g. neologisms,
borrowed words).

The applied methods considerably expanded the lexical
material. On top of that, error correction processes ensured
a satisfactory quality of the linguistic material.

The list of Polish words discovered by methods described
in this paper will be used as a list of words to be translated
in order to extend a bilingual Polish-to-English electronic
lexicon. It should be noted that if it is known how a Polish
word was discovered, it is usually much easier to translate it.
For example, the translation of a Polish word obtained through
Reverse Derivation could be guessed using a corresponding
derivation rule on the English side.
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TABLE VII
NUMBER OF ENTRIES IN THEDYLEMAT PROJECT

Method Number of extracted entries

Reversed derivation 48918

Compound formation 16615

List Extraction 3123

“Tricks” 6958

Total number of new entries in Dylemat 66422
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