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Plan 

• Slovene Lexical Database 
• Extraction of data (Sketch Engine) 

• Sketch Grammar  
• GDEX (Good Dictionary EXamples) 

• Workflow / crowdsourcing 
• ACDC (Automatically Constructed Dictionary 

Content) 



SLD Basics 

• corpus data analysis 
• lexicogrammatical approach 

– semantics and syntax are not separated 

• meaning = meaning potential  
– is not stable (norms & exploitations) 

• lumpers vs. splitters = splitters 
• lexicography first, NLP second 



semantic indicator 

semantic frame 

syntactic pattern & 
structure 

syntactic combination 

collocation 

extended collocation 

example 

phraseology 



 

I. LEMMA  • headword     svitati se (to dawn) 
     • part-of-speech    verb  

VI. PHRASEOLOGY   • phraseological units 

  II. SENSE                • indicator  1. daniti se (day) 2. dojemati (understand) 
         
                                           • semantic frame ko se svita DAN. če se ČLOVEKU začne svitati o nekem 
      začne vzhajati sonce DOGAJANJU. začne dojemati. kar 
      prej ni vedel. ali pa je bilo to pred  
      njim  skrito   

    III. SYNTAX • lable               only in 3rd pers. 

  • structure    gbz Inf-GBZ rbz GBZ 
  • pattern   kaj se svita                           komu se svita o čem               
     (sth is dawning)  (sth is dawning to sb about sth) 

  • synt. combin. 

    • multi-word unit 

       IV. COLLOC.  • collocation     [začeti. pričeti] se svitati      [počasi. malo. malce] se svita 

           V. EXAMPLES      • example  Preden se začne zjutraj      Počasi se mi je začelo svitati.  
            svitati. je najtemnejša noč.           zakaj Jasni oči tako žarijo. 
 
            Na vzhodu se je že svital     Petru se pričenja svitati o nekdanji 
            dan. ko sta se poslovila.     zvezi ned Chadom in Heather. 
                   



I. Lexical Unit 

• link to the lexicon 
– morphosyntactic information 
– corpus frequency 
– pronunciation etc. 

• additional grammatical information 
– un/countability, part-of-speech subtypes etc. 



II. Semantic Level 

• Semantic Indicators 
– simple EFL-like explanations or synonyms forming 

a sense menu 
– self-explanatory in relation to each other 

• Semantic Frames 
– COBUILD / FrameNet / Corpus Pattern Analysis 
– combination of the systems 



Semantic Indicators – koža (skin) 

1. vrhnji del telesa 

   1.1 pri človeku 

   1.2 pri živali 

2. odstranjen vrhnji del živalskega 
telesa 

3. ovoj ali lupina 

koža   samostalnik 



Semantic Frames 
• identification of verb/semantic arguments 

– prototypical pattern – “the norm” (Hanks) 
– the headword in its syntactic environment 

• identification of semantic types in particular 
syntactic positions 

• the semantic scenario 
– a full-sentence definition making a link between 

the arguments and the situation (FN) typical for a 
particular sense 

 



Semantic Frame 

 
 
 
 
 
 
– semantic types in capital letters (ID-ed) 
– linked with collocates via syntax 

 

2. dojemati 

če se ČLOVEKU svita o nekem DEJSTVU, potem o tem 
nekaj ve ali sluti 

2.1 nekaj vedeti 



III. Syntactic Level 
• syntactic structures (formal) 

• clause and phrase level (all POS; only for NLP) 

• the number of syntactic structures is finite 
• source: word sketches (Sketch Engine) 

• syntactic patterns 
• valency (mainly verbs;  for lexicography and NLP) 

• syntactic combinations 
• more than basic patterns: „pasti za X stopinj" 

 

 
 



Syntactic Structures – koža 
 

 
 
 
 
 

 
• pbz0 SBZ0 [občutljiva, suha, mastna] koža 
• SBZ0 sbz2 koža [obraza, telesa, rok, lasišča] 
• SBZ0 pod sbz6 koža pod [pazduho, očmi] 
• gbz SBZ4  [dražiti, pomirjati, hladiti] kožo 

4 vrhnji del telesa 
 1.1 pri človeku 



Syntactic Patterns – svitati se 

 
 
 
 
 

• komu se svita se o čem 
• komu se svita kaj 

2. dojemati 

če se ČLOVEKU svita o nekem DEJSTVU, potem o tem 
nekaj ve ali sluti 

2.1 nekaj vedeti 



IV. Collocation Level 
● SEMANTIC FRAME: 
 

če se ČLOVEKU svita o nekem DEJSTVU, potem o tem nekaj ve ali sluti 
 

● SYNTACTIC STRUCTURES AND PATTERNS: 
NOUN – koža    VERB – svitati se 
pbz0 SBZ0    komu se svita se o čem 
SBZ0 sbz2    komu se svita kaj 
SBZ0 pod sbz6 
gbz SBZ4  

 
If a part of syntactic patterns are collocational, they are shown on the 

collocation level. 
 
● COLLOCATIONS 
■   [občutljiva, suha, mastna] koža   
■   koža [obraza, telesa, rok, lasišča] 
■  koža pod [pazduho, očmi] 
■  [dražiti, pomirjati, hladiti] kožo 



I. Examples 
● COLLOCATIONS 
■   [občutljiva, suha, mastna] koža   
■   koža [obraza, telesa, rok, lasišča] 
■  koža pod [pazduho, očmi] 
■  [dražiti, pomirjati, hladiti] kožo 

• EXAMPLES 
• Tonik je namenjen je občutljivi koži in ne vsebuje alkohola.  
• Koža rok postane pozimi občutljivejša. 
• Opažate na koži pod očmi prezgodnja znamenja staranja? 

 
• Se vam že kaj svita, o čem govorim? 
• Petru pa se pričenja svitati o nekdanji zvezi med Chandlerjem in Heather. 
• Holly je na svojem stolu v klubu Diva zastokala in se prijela za glavo, ko se ji je začelo 

svitati, kaj se bo zgodilo. 



Sketch Engine (word sketch) 



Good dictionary examples (GDEX) 



 

I. LEMMA  • headword     svitati se (to dawn) 
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      začne vzhajati sonce DOGAJANJU. začne dojemati. kar 
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      njim  skrito   

    III. SYNTAX • lable               only in 3rd pers. 

  • structure    gbz Inf-GBZ rbz GBZ 
  • pattern   kaj se svita                           komu se svita o čem               
     (sth is dawning)  (sth is dawning to sb about sth) 

  • synt. combin. 

    • multi-word unit 

       IV. COLLOC.  • collocation     [začeti. pričeti] se svitati      [počasi. malo. malce] se svita 

           V. EXAMPLES      • example  Preden se začne zjutraj      Počasi se mi je začelo svitati.  
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            Na vzhodu se je že svital     Petru se pričenja svitati o nekdanji 
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Sketch grammar 

• regular expressions over POS tags 
=a_modifier/modifies 

2:[tag="P.*"] 1:[tag="S.*"]  
 

• the name of the arguments (order) 
• 1: 2: = words to be extracted as the 

first/second argument 
• |, ., (), {} and * - standard metacharacters (RE) 



Regular gramrels 



DUAL gramrels 



TRINARY gramrels 



Automation – Sketch grammar 

• use of macros – easier to read 
• direct relation between SLD elements and 

gramrels included in the grammar 
• new „directives“ 

– *SEPARATEPAGE  
– *CONSTRUCTION 
– *COLLOC 



Macros examples 

• define(`nedolocnik',`[tag="G.n.*"]') 
• define(`pomoznik',`[tag="Gv.*"]') 
• define(`deleznik',`[tag="Gpd.*"]') 
• define(`gl_nebiti',`[tag="G.*" & 

lemma!="biti"]') 
• define(`gl_sed_3',`[tag="Gpp.t.*"]') 
• define(`brez_GSVD',`[tag!="[GSVD].*" & 

word!="[,:;()-]"]') 



Macros used in gremrels 

• =predl-pred 
–  2:predlog 1:samostalnik  

• =%s_s6 
– 1:samostalnik 3:predlog brez_GSVD{0,5} 

2:samost_oro 

• =S_V_O3_O2 
– 2:osebek brez_PSVD{0,5} 1:glagol brez_SVD{0,5} 

predmet_daj{1,4} brez_SVD{0,5} predmet_rod 

 



Example: *SEPARATEPAGE 

• # LBS-16 ##########  
<struktura>GBZ %s sbz2</struktura>  

• *SEPARATEPAGE koga-česa_g2 
• *TRINARY 

=%s_g2 
1:glagol sise{0,2} 3:predlog brez_GSVDK{0,5} 
2:samost_rod 
3:predlog brez_GSVDK{0,5} 2:samost_rod sise{0,1} 
1:glagol  

VERB + prep + NOUN-gen 
„dobiti iz česa“ / to get from sth 



Example: *SEPARATEPAGE 



*CONSTRUCTION 

• Element <vzorci> = syntactic patterns 
– who/what does sb sth 
– who/what does sth to sb etc. 

• In entries with verbs as headwords 
• Under structures + collocations 
• Now: examples with binary collocations 
• CONSTRUCTION: examples with complete 

patterns 



Example: *CONSTRUCTION 

=S_V_O3_O4 
2:osebek brez_PSVD{0,5} 1:glagol brez_SVD{0,5} 

predmet_daj{1,4} brez_SVD{0,5} predmet_toz 
2:osebek brez_PSVD{0,5} 1:glagol brez_SVD{0,5} 

predmet_toz{1,4} brez_SVD{0,5} predmet_daj 
2:osebek brez_PSVD{0,5} predmet_daj{1,4} 

brez_SVD{0,5} 1:glagol brez_SVD{0,5} predmet_toz 
2:osebek brez_PSVD{0,5} predmet_toz{1,4} 

brez_SVD{0,5} 1:glagol brez_SVD{0,5} predmet_daj 

"subject" "indirect 
object" 

"direct 
object" 



Examples – high precision 



*COLLOC 

• For „syntactic combinations“ 
• Element <zveza> = syntactic combinations 

– "v odnosu do (koga/česa)" (in relation to (sb/sth)) 

• Mainly nominal headwords 
• Under (sub)sense after syntactic structures as 

a separate category 



Example: *COLLOC 

• =d_sam_d 
• *COLLOC "%(2.lemma)_%(3.lemma)-p" 
•        2:predlog 1:samostalnik 3:predlog 

 preposition preposition noun 



Example: "in relation to" 



GDEX – Good Dictionary Examples 

• system for evaluation (ranking) of sentences 
with respect to their suitability to serve as 
dictionary examples 

• sorting sentences so that good examples do 
not have to be searched for in hundreds of 
unusable sentences 

• initially trained on English, but it did not give 
good results for other languages 



GDEX – configuration 

• parameters in a GDEX configuration file 
• GDEX Tools web-interface to create and use 

custom GDEX configurations 
• the GDEX evaluation process 

– ranking of out-of-corpus sentences 
– evaluation of TBLex logs 
– cooperation with WEKA 



GDEX classifiers 

• procedures that quantify measurable features 
of sentences or tokens 

• sentence classifiers: sentence length, keyword 
position, etc. 

• token classifiers: token frequencies, matches 
to RE, etc. 



Evaluation of TBLex logs 



Cooperation with WEKA 



Transfer of information 

• API using data from Sketch Engine 
• Gramrels: 

– Element <struktura> = syntactic structures 
– Element <vzorec> = syntactic patterns 
– Element <zveza> = syntactic combinations 
– Element <oznaka> = labels 

• Collocations = element <kolokacija> 
• Examples = element <zgled> using GDEX 

 



Gramrel to <struktura> 

ADJECTIVE + NOUN 

collocations and coresponding examples 



Gramrel to <vzorec> 

Construction to <vzorec> 



Gramrel to <oznaka> 

<oblika> 
 <iztocnica>mesto</iztocnica> 
</oblika> 
<zaglavje> 
 <besvrs>samostalnik</besvrs>    

<oznaka>z_lastnim_imenom</oznaka> 
</zaglavje> 

unary to label: "with proper names" 



API and settings 

• API script to extract data from word sketch 
information in the Sketch Engine 

• a list of lemmas for extraction: lemmas with 
frequency between 1000 (0.85 per million 
words) and 10,000 (8.5 per million words) 

• settings for extraction (each PoS) 
– lemmas divided into five frequency groups 
– different setting for each group 



Selection of lemmas 
• Frequent enough to offer a good-sized word sketch 

– less than 600 hits in Gigafida did not provide enough 
relevant data 

– we divided lemmas of each word class into five different 
frequency groups 

• Monosemous lemmas or having up to  
– two synsets/senses in sloWNet, a Slovene version of 

Wordnet 
– exceptionally, in the Dictionary of Standard Slovenian 

(SSKJ) 
• Found in sloWnet, preferably, but not in SSKJ, as we 

wanted to focus on new words and/or senses 



Distribution of lemmas 

• The final selection included  
– 515 nouns 
– 260 verbs 
– 275 adjectives 
– 117 adverbs  

 
– lemmas with frequency between 1000 (0.85 per 

million words) and 10,000 (8.5 per million words) 

 



Lemmalist 

•  -l LEMMALIST, --lemmalist=LEMMALIST 
• The file containing a list of lemposes for which the 

examples are to be extracted (stdin by default).   



General (Gramrellist) 

•  -f MINFREQ, --frequency=MINFREQ 
• Default minimum frequency of a collocate(default=0.0). 

•   -s MINSAL, --salience=MINSAL 
• Default minimum salience of a collocate(default=0.0). 

•   -F MINFREQREL, --Freqrel=MINFREQREL 
• Minimum frequency of a relation (default=25). 

•   -S MINSALREL, --Salrel=MINSALREL 
• Minimum salience of a relation (default=0.0). 



Gramrellist 
• -r GRAMRELLIST, --relations=GRAMRELLIST 

– The file containing a set of grammatical relations from a given 
sketch grammar for inclusion (all by default).  

– One record consists of: 
• gramrel regular expression 
• min. collocation frequency 
• min. col. salience 
• min. gramrel frequency 
• min. g. salience 
• gramrel type 

– The gramrel type should be one of: 'SVOZ' in order: 'struktura', 
'vzorec', 'oznaka' and 'zveza'. If no type is provided than the first 
letter of gramrel name decides. For example: 

• (sub|ob)ject    3       2.5     30      20      S 



Maximums & GDEX 

• -n NUMBER, --number=NUMBER 
• Maximum number of sentences per collocation 

(default=6). 

• -m MAXITEMS, --maxCollocs=MAXITEMS 
• Maximum number of collocations per grammatical 

relation (default 10). 

•  -g GDEXCONF, --gdexconf=GDEXCONF 
• Name of the gdex configuration to use. 

 



Gramrellist example 

gramrel regular expression min. 
coll. 
freq 

min. 
coll. 
salience 

min. 
gramrel 
freq 

min. gramrel 
salience 
 

gramrel 
type 
 

... 

O_tretja_oseba 8 0.5 60 0.5 O 
O_z_lastnim_imenom 8 0.5 8 2.5 O 
O_zanikanje 8 0.5 8 20.0 O 
S_.*_p2 4 0.5 8 25.0 S 
S_.*_p3 4 0.5 8 100.0 S 
S_.*_p4 4 0.5 8 20.0 S 
... 



We started with... 

• 10 collocates per relation  
• 6 examples per collocate 
• Minimum salience of a relation/collocate = 0 
• Minimum frequency of a collocate = 0 
• Minimum frequency of a relation = 25 

 
• Statistical & manual analysis 
• identifying the lowest values where the 

collocation still yielded relevant results 



And ended with... 

• Minimum number of collocates per relation 
was increased to 25 

• Selection of relevant collocates was ‘left’ to 
minimum frequency and salience settings 

• Number of examples per collocate was 
reduced to three 

• We divided lemmas into frequency groups, 
and prepared separate settings for each group 
 



XML template 
• DOC_TEMPLATE = ("""<?xml version="1.0" encoding="UTF-8"?> 

• <clanek> 
• <glava> 
• <oblika><zapis>%(headword)s</zapis> 
• <iztocnica>%(headword)s</iztocnica></oblika> 
• <zaglavje> 
• <besvrs>%(pos)s</besvrs> 
• """,# here come all O_""" 
• </zaglavje> 
• </glava> 



Output 
• ?xml version="1.0" encoding="UTF-8"?> 
• <clanek> 
• <glava> 
• <oblika><zapis>anoreksija</zapis><iztocnica>anoreksija</iztocnica></oblika> 
• <zaglavje><besvrs>samostalnik</besvrs></zaglavje> 
• </glava> 
• <geslo> 
• <pomen> 
• <indikator></indikator><pomenska_shema></pomenska_shema> 
• <skladenjske_skupine><skladenjska_struktura> 
• <struktura>S_predl-pred</struktura> 
• <kolokacije><kolokacija kid="100344429"><k>proti</k></kolokacija></kolokacije> 
• <zgledi><zgled kid="100344429" pozicija="1">Francoska manekenka, ki je leta 2007 s 

fotografijo v okviru kampanje boja proti <i id="1338652551">anoreksiji</i> dvignila veliko 
prahu, je umrla.</zgled></zgledi> 



computer 

crowd-
sourcing 

lexicographer I 

specialist 

lexicographer 
II 

automatic data 
extraction + 
visualisation 

data clean-up 
and sorting 

sense division, 
definitions, 
compounds and 
phraseology 

Terminology, 
pronunciation, 
tonality 
etymology editing 



Crowd-sourcing 

• three potential activities: 
– identifying false collocations 
– identifying incorrect examples 
– distributing collocations and their examples under 

(sub)senses 
 

 



Work left for lexicographers 

• Analytical 
– sense division 
– writing definitions, sense indicators 
– identification of multi-word units, phrases, pragmatics 
– adding certain labels 

• Editorial 
– distributing information according to sense division 
– copying grammatical relations and collocates typical 

for more than one sense 
– deleting irrelevant info (collocates, examples etc.) 



Lexicographer I. 



ACDC 

Definitions found – def extraction 

Generated definitions – NL generation 

Context – synt. structures + ex. 

Context – collocations + ex. 

Multi-word expressions (Parseme?) 
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