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Abstract

The aim of this article is to provide a concise and comprehendible technical documentation
of the eAQUA tool "explorative search" for students and scholars of classical and ancient
studies. So in plain terms it shall be described what kind of information the user obtains,
how this information is generated and which conclusions might be drawn from it. This pat-
tern has been implanted in the composition of this technical documentation, which consists
of four parts. First the functionality is on focus followed by the description of the results and
thirdly by the definition of these results. To round it off the fourth part will show the analysis
of these results and give possibilities to interpret them for a subsequent integration into the
further work.
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The following scheme depicts the tripartite structure of the documentation together with an
overview of all functions of the explorative search.
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Fig. 1: Concept of the documentation
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1. Functionality

At the very beginning the users shall enter a word in which they are interested. To be able to
optimally observe the possibilities of the method it is advisable to chose a word that bears
already some familiarity.

Example: EAAGvikog

It is possible to enter the word in Unicode with diacritics or without. The software will com-
bine all possibilities in which the word appears inside the corpus no matter if the word is
written upper case or lower case, contains diacritics or not. Furthermore a Greek word might
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be looked up when it has been typed in BetaCode. The latter being a Latin transcription of
the Greek alphabet. The picture on the right hand showing the keyboard layout aims to aid
transcribing. Some examples of different methods entering the word would be

The next obligatory step is selecting the corpus in which the word should be analysed. There
are several corpora available. For the example EAAavikog shall be analysed in the Greek lite-
rary texts, so "TLG" would be appropriate.

Example: TLG

Then, clicking on the "Search"-Button will initiate the analysis provided that the word is found
in the corpus. Possible reasons for a non-detection will be discussed further below. Next the
screen gets enlarged providing the results of the analysis. In Fig. 2 the whole page is de-
picted and the results are denoted orderly.
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2. Description of the results

Word Eiidvixoc (8231)

Number of occurences 638

Class of frequency 13

Words with same normalised form: Eiidvioc (688); Eiidvixéc (66); EAdavixdc (3); EAlavixoc (2);

Words with same base form: ‘Eildvicoc (688); Eildvixdc (66); Eiidvicov (43), EAlavixov (38);
Eliavizewe (10); EAAavizw (9); EALdvixol (1); EAAd/vixoc (1), EAAavixows (1);
Fig. 3: basic statistical information of the word EAavikog

Fig. 3 shows that the results of the explorative search can be grouped into four categories:

1) statistical information concerning the looked up word,

1)) paradigmatic context of the looked up word,

1)} syntagmatic context of the looked up word,

V) a selection of instances including the looked up word that might be expanded.

Generally two types of values appear in brackets behind a word in the output: the first type
consists of integral numbers mostly indicating a frequency in the corpus, the second con-
cerns values between 0 and 1 that indicates a measure of similarity.

1) The statistical information

The values are always to be seen in relation to the selected corpus. "Word" contains the word
itself with a bracketed integral number, in this case giving a biunique value for the word as
an internal reference.

Example: EANGvikog (8231)
"Number of occurrences” states how often a word appears in the whole corpus.
Example: 688

"Class of frequency" states the power of relation of the most frequent word of the corpus
with the looked up word.

Example: 13

The most frequent word inside the TLG corpus 'kai' appears 2" (which equals 8192) times
more often than the looked up "EAAGvikog', the latter having a frequency of 688, the former a
frequency of 4.022.447.

"Words with same normalised form" states all other appearing words which are found to be
similar with the looked up word but have a different notation e.g. they contain capital letters
or have a diacritic in a different position. These words are treated generally as independent
forms.

"Words with same base form" states all other appearing words that have been found to share
the same base form with the looked up word, so that the different grammatical cases are
covered. They are treated generally as independent forms.

II) The paradigmatic context

The paradigmatic context is represented by "Words with similar context".
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Words with similar context: "Egogoc (0.23); Hoddorog (0.21); Pegewidng (0.21); GrHist (0.1955); Hoddwgog (0.19); Ardidog (0.19) Oedroutog (0.19); 323a (0.189); tourog (0.1875)
Ayopadiov (0.184); Adximmnv (0.1829); FGrHist (0.18); F (0.18);, Ktnotag (0.18); dixne (0.1667); Sevaydpag (0.1635); Prddyopog (0.16); Axovoilaog (0.16); Tepeudv (0.16); Anoiiddwgog (0.16);
Aséoavdgog (0.1587); dwgog (0.1529); ] (0.15); Elidoéog (0.15); Exaraiog (0.15); FHG (0.15); iotogei (0.15); Gnoois (0.1488); xidns (0.1488); Ocd (0.1436); idibotolov (0.1429); Alwgobiov
(0.1421); Gomoll (0.1406); AtAavtedde (0.1404) Tinaiog (0.14); FGH (0.137); FG (0.1353); Anouvnuovevudrav (0.1348); Aivaw (0.1333); Néarwv (0.1333); Wehrli (0.1325); Awevyidag (0.1316); Rose
(0.131); Awvdoiog (0.13); Prdirmxdv (0.13); @ovxvdidng (0.13); Pviapgyos (0.13); Totopudv (0.13); Aot (0.13); Hist (0.1297); Tvodelar (0.1296); Meguryrjoer (0.1286); Pepe (0.1286);
Xodvar (0.1282); Addwpog (0.127); Aapeion (0.127); Hpd (0.126); [Teprédov (0.1259); iii (0.1257); Kepxvdvog (0.125); Schn (0.125); xoAme (0.124); J‘F:;/Quq&mh'm (0.1221); Tepdwvak (0.1207)
Aoxiymddne (0.12); KailwOévnc (0.12); xabd (0.12); KAéagyoc (0.12);, Amodidwviog (0.12); Kieidnuog (0.12); Pavédnuoc (0.12); fz (0.12); IV (0.12); Movviyov (0.1197); Asvxaiiwveiag
(0.1185); Anioyoc (0.1185); Mivduog (0.117); fg. (0.1163); Xpovexdv (0.1117); Tuudynrog (0.1111); Avdiasedv (0.1111); Krang (0.1102); N nipédwoog (0.11); 111 (0.11); ".'(H.Qu: (0.11); ‘EAddvixoc (0.11);
Nedvong (0.11); modran (0.11) Pafwgivos (0.11); Aedoyais (0.11); Aaudoryg (0.1098); Amoiié (0.1094); Mepubdan (0.1091); Tle @ (0.1087); Hiwaxdv (0.1085); yogos (0.1081); Deié (0.1077);
Avrxdeidne (0.1074); Schmidt (0.1074); Ayfvxdn (0.1071); Tiwoatévne (0.1071); Mavraxiéove (0.1071); Gaede (0.1071); KaAlwipov (0.1062); Iewypaduxdv (0.1061); Pavédixos (0.106);
‘Apyoiuoic (0.1053); FHGr (0.1045); ITepupyrjoenc (0.1045); Zovidac (0.1034), Ayiac (0.1029); Xiar (0.1026); Meyasxieidne (0.1014) 1(0.1); dc (0.1) yod daw (0.1); 8dpv (0.1); Hoiodoc (0.1);
Anproroc (0.1); drésrevey (0.1 frg (0.1} Xovorrroc (0.1% dnow (0.1); ¢row (0.1% Nixavdgoc (0.1); "Egpur
Fdguoc (0.1); teomyrioenc (0.1); Xoovioic (0.1); Hoaxdeidne (0.1);

¢ (0.1); ITavoaviag (0.1 Avdgoriav (0.1); duaiagyog (0.1); dwaxoveidne (0.1);

Fig.4: List of Words with similar context like EANGviKog

The indicated value of similarity is computed in relation to the looked up word. All words
seeming to bear some analogy to the looked up word are given, because their co-occurrence
profile is in some way similar. The results are sorted by similarity, starting with the most
similar form.

Example: "Epopog (0.23)
lll) The syntagmatic context

The visualisation as a word net and the lists of significant co-occurrences and significant
neighbours show the syntagmatic context triply. The position in relation to the looked-up
word forks additionally the significant coocurrences as well as the significant neighbours.
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a) The word net
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Fig. 5 Graph depicting a word net of the example EAavikog with the standard adjustments

The word net consists of significant co-occurrences of the looked up word. The significance
is indicated by proximity using a graph-layout, which is driven by a force-based algorithm.

The mouse-over gesture changes the colour of the affected item as well as its co-occurrents
and uncovers direct connections inside the word net easily.

Using the click-and-hold gesture it's possible to move any item around. If the dynamic mode
is activated the graph will automatically be re-laid out. The button is located in the upper

right corner.

The users select the significance measure in the drop down menu in the upper left corner.
The 'Significance' slider next to it is a boundary marker for the significance measure. The
word net only displays the values between the two sliders. With the slider on the right side
the users choose a limit for the so-called 'Function words'. If it’s set to 'zero' all function
words are to be displayed, if it’s set to 1000, the 1000 most frequent words of the corpus
are to be dropped out. The setting ‘zero’ for example, displays all function words, whereas
the setting ‘1000’ leaves the 1000 most frequent words of the corpus out.

b) Significant co-occurrences

The hundred most significant co-occurrents are displayed here. Their significance is com-
puted using the log-likelihood measure. The most significant co-occurrent is displayed first,
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the least significant last. The bracketed figures indicate the number of co-occurrences with
the looked up word.

Significant cooccurrences of Eildvixoc

onowv (115); Aeukahwvelag (29); F (59); 'lepeidv (22); ioTopet (46); év (270); ATBiSog (26); %N% (128); AtoBlog (16); mpayTy (27); (g (40); dnot (47); FGrHist (17); J (17);
Axouoihaog (14); wg (153); Nepowkdv (15); "Edopog (17); 323a (9); Tpwikdv (13); 'Exataiog (18); "Hpag (18); fg (17); AéoPi6g (7); Tt (26); a (35); OALG (34); B (25); T@dL
(26); Alyuntiakoig (9); 8¢ (285); AypavUAou (8); AAk(mnnyv (8); FHG (15); iepeidv (8); 'HpakAéoug (16); kabd (15); Blacauevov (8); ®epekidng (11); authv (23);
Zredavnopou (6); kahwvelag (5); AupBpiels (5); ‘Holodog (8); AhippoBiou (7); Bateiag (6); dnoi (31); AcoPiakdv (5); npdte (18); deutépp (16); ‘HpddoTog (13);
ZkuBikoig (6); NavrakAéoug (5); Kékporog (8); Aeu (6); Zhoavtag (6); ErnEe (7); | (17); iBiooTohov (5); Popwvidog (5); Aaundviov (5); Mouvixou (5); anéktevev (11);
Aewybpou (5); Kapveovikaig (4); katanetacbiv (4); AduBpiog (4); Aadépvnyv (4); @voudobdal (9); Bateiav (5); Oettahikoig (5); Onoéa (8); Mooewddvog (11); oA (27);
TupapiZav (4); ano (69); Na&ioug (5); iotopialg (8); ©npolg (4); Nepowkn (6); mbavaTepa (5); Apalova (5); BowwTiakoiqg (4); Kolawiog (4); Bewpidog (4); Ivdika (5); a'
(18); EEopohoyeital (5); Sianedpmvnkev (4); ouyypapavTeg (5); AkéAnv (3); Aaunwvieug (3); Tpiond (3); ®oltiol (3); Kapnoobv (3); AkéAou (3); BépBivov (3); PoiTielq
(3); ®pikavels (3); MNpoEevog (5);

Fig. 6: List of the hundred most significant co-occurrents of EAAGvikog

Example: onaiv (115)
There are 115 sentences in the corpus containing 'enov' along with "EAAGvikog'.
b 1) Significant left co-occurrences

The list shows the hundred most significant co-occurrents of the looked up word that appear
in the sentence left to it. Their significance has been computed using the log-likelihood
measure. The most significant co-occurrent is displayed first, the least significant last. The
bracketed figures indicate the number of co-occurrences with the looked up word.

Significant left cooccurrences of Eiidvizoc

$nowv (72); g (40); ioTopet (26); we (146); moAg (33); AypalAou (8); AAkinrmv (8); F (18); kaBa (15); Biacapevov (8); ‘Exkatalog (13); Ztedavndopou (6); ‘Holodog (8);
AAlppoBiou (7); Batelag (6); 'HpddoTog (13); Kékporog (8); £mnEe (7); Acwybpou (5); katanetacBev (4); ©npodq (4); anékteivev (10); Mepaikn (6); Bewplidog (4);
£EopoAoyeital (5); ®pikaveiq (3); PoiTiedq (3); AkéAou (3); doltiol (3); NpodEevog (5); Avdok(dng (5); Kalhidpou (3); Métag (3); Aokpikodv (3); MaAiSog (3); ‘HpakAtoug
(9); ZikeMkdv (5); Aeukahiwv (5); avtipapTupel (4); Mavtodg (4); Tpayaaalot (3); Il (10); Aokpdv (6); Aaovopung (3); Tpayaoou (3); ®épBag (4); Nooeddva (6);
kTioBelodv (3); 'HAektpidag (3); d6pu (8); Apia (3); npdiov (3); MnBupvaiov (3); ZikeAia (5); TeTpag (5); Zredavnddpog (3); Ocdnounog (7); KpiBhn (3); Knalag (5);
Agnévdou (3); AéoBou (5); ABdfpou (3); adikvoupévolg (4); Alovuoiakdv (3); Nauoikaag (3); Nann (3); 'Opéotou (5); Aldhou (5); Zikavia (3); "Apng (8); XelpwbBEévTEg (3);
Muypahiov (3); 5eBévtwv (3); puBohoyolov (4); SieonacavTo (3); ‘Atoogoav (3); iepodavidv (3); Bowwtiag (6); ioToplalg (5); Oeodauavtog (2); Baciheloaoav (2);
Bopelg (2); Zaipdwviol (2); ®plkaveg (2); emioxmt (2); onmAoupylal (2); Métaov (2); EupuTiwva (2); Maktiny (3); ¢nol (19); Oettarlag (5); Totopel (4); NoosiddV (6);
nieplepyog (4); Ayfivopog (4); nynoaupévn (3); Tuppnvog (3); depexidng (5); avBolvtwy (3); Aplova (3);

Fig. 7 List of the hundred most significant co-occurrents of EAAGvikog appearing in the sentence be-
fore it

Example: onoiv (72)
There are 72 sentences in the corpus that have 'pnoiv'somewhere left of "EAAGvIkoG'.
b 2) Significant right co-occurrences

This list shows the hundred most significant co-occurrents of the looked up word that ap-
pear in the sentence right to it. Their significance has been computed using the log-
likelihood measure. The most significant co-occurrent is displayed first, the least significant
last. The bracketed figures indicate the number of co-occurrences with the looked up word.

Significant right cooccurrences of Eildvixos

Acukahiwveiag (29); F (53); ‘lepeidv (22); ATBidog (23); ev (225); FGrHist (17); J (17); A£aBiog (14); dnot (43); npay (22); Akouairaog (12); 323a (9); Tpwikdv (13); "Hpag
(18); pnauv (45); fg (17); %N% (101); AEoBiog (7); "Edopog (15); ioTopet (20); Nepoik@v (12); Aiyuntiaxoig (9); a (33); FHG (15); iepew@v (8); B (22); aumv (23); AupBpielg
(6); xaAwwveiag (5); T (21); Acoprakav (8); deutépw (16); T (18); Zxubixoig (6); MavrakAéoug (5); npdty (17); Hoavtag (B); Popwvidog (5); ididaToAoV (5);
MouvUxou (5); Aaundviov (5); Aadépvnyv (4); AGuBpLOG (4); Kapveovikaig (4); ©etTakikoig (8); Bateiav (5); | (16); ©nota (8); Tupdpilav (4); Nagloug (5); Acu (5);
rubavTepa (5); Apalova (5); Kohawvidog (4); BowTiakoig (4); IvSixa (5); a' (18); moAw (24); Sianeddvnkev (4); ouyypapavteg (5); BéuBvov (3); Kapnooov (3); Tplona
(3); Aapnwvie g (3); AkEAnv (3); NikdAaog (7); BonBolvTag (5); Tpwikoig (4); wvopdobal (7); apxaloug (6); Kbhawvov (3); Athavtiadt (3); Ypapou (3); Natapudi (3);
nmoAepnoacal (3); ioTopnoag (5); Fapyacov (3); nepikarieotatwy (3); lagovog (3); OlavBelav (3); Telow (3); unearpadnaoav (3); ioTophikaaoiv (4); yeveahoyiav (4);
FGrH (6); iotopodat (6); EiS0Eog (6); Kunpiakoig (3); ®opwvidi (3); 'Hpodwpog (5); @apynhidvog (4); MepoéntoAwv (3); mayévi (3); 'EAEvnv (7); "Apyel (6); Swdekdtnt
(3); Zapdavandioug (3); YnepBopelol (3); EUpuaBEvN (3); depex(dNng (6);

Fig. 8 List of the hundred most significant co-occurrents of EAAGvikog appearing in the sentence after
it

Example: onoiv (45)

There are 45 sentences in the corpus that have 'gnoiv' somewhere right of "EAAGvikog'.
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¢) Neighbourhood co-occurrences
The neighbourhood co-occurrences fork into significant left and right neighbours.
c 1) Significant left neighbours

The list shows the hundred most significant left neighbours of the looked up word. The sig-
nificance has been computed using the log-likelihood measure. The most significant left
neighbours displayed first, the least significant last. The bracketed figures indicate the num-
ber of left neighbourhood co-occurrences of the looked up word.

Significant left neighbours of Eiidvuos

wg (115); dnov (60); loTopel (15); 'loTopet (4); pvnpovelel (5); npeoButépwy (5); dpxaidtepol (3); dnaiv (9); Euyypadiji (2); kai (86); ®ihdVikog (2); "Oaipiv (3);
dedniwkev (3); ayavwy (3); AéoBiog (2); otpateloal (2); ioTtopikav (2); kovdUAw! (1); KaAkioBévng (2); npoelpnuévog (2); idplaoarto (2); anoikiag (2); ouyypadiwy (2);
©eooahiag (2); Bopéoug (1); yeyovévar (3); otedavwy (2); Ktioewg (1); maidag (3); ‘Exartaiog (2); ouveotpateuacev (1); Euyypadii (1); kovdiAw (1); NeAaoyog (1);
Zak@v (1); 'YnepBopéoug (1); TodTov (4); Aaopédovtog (1); Avdpopedag (1); pei (1); ouyypadfi (1); Témou (2); ¢BivovTog (1); bpowa (2); etaipou (1); AéaBou (1);
Aokp@v (1); bBE3EAT (1); RV (1); Q03" (1); Q (1); dv (3); auTtog (4); Aiv (3); ouykomfi (1); Blag (1); Tupavvov (1); uniéypaya (1); xphaig (1); pévog (1); 1. (1); vav (1); eivar (8);
odvopael (1); ktioewg (1); yuvaikeg (1); 003’ (2); €8vog (1); vuktog (1); ¥ (1); p@tog (1); kalpdy (1); %N% (6); v' (1); uev (10); ol (2); 8¢ (21); ¢nai (1); dnotv (1); abthv
(1; 8 (1); &' (3); v (1);

Fig. 9 List of the most significant words that appear in the sentence close before CJAAGviKOg

Example: onoiv (60)
There are 60 sentences in the corpus that have 'gnoiv' as the left neighbour of "EAAavikog'.
¢ 2) Significant right neighbours

The hundred most significant right neighbours of the looked up word are listed here. The
significance has been computed using the log-likelihood measure. The most significant right
neighbour appears in the first position, the least significant in the last. The bracketed figures
indicate the number of right neighbourhood co-occurrences of the looked up word.

Significant right neighbours of Eitdveoc

&v (156); 'lepeidv (14); & (101); FGrHist (12); Aadépvny (4); loTopel (9); lepeidv (5); 3& (19); FHG (7); %N% (25); KbAawvov (3); FGrH (5); ZkuBikoig (3); Bpaxéws (4)
Aeukahwveiag (3); emtraeTi (3); "Yoipwv (2); 'HAekTpudvnyv (2); frg (4); Mehaviwvog (2); 'YriepBopeiol (2); Akouoaay (2); eéniokomog (5); 323a (2); &' (15); aeidel (2);
MewpiBoug (2); iotdpnke (2); fr. (5); HAEkTpag (2); mpdTy (4); ioTopikog (2); adaipolvral (2); Zévikog (1); T®upoviout (1); pépvnral (3); kéxhnkev (2); ‘Alupov (1);
Apratovi (1); MiAfalog (2); Enpake (2); kataokeuaoacBal (1); Tplonov (1); avappix®@vral (1); oun (1); MoAlBiog (2); ayvodv (2); Akouohdwt (1); pévoug (2); ‘Ounpikodg
(1); AiBw (1); 1. (2); oleTau (2); FG (1); Kb (1); mpaxty (2); kExpnTal (2); Aéyet (5); MituAnvaiog (1); pepvn (1); F (2); iotoploypagdog (1); Aplotovikog (1); dwdekar (1); fgm
(1); Tpwik@v (1); naidag (2); a (3); yoov (3); v€ (1); KaAel (2); woauTwg (2); olv (3); oUtooi (1); Auoiag (1); ‘Ekataiog (1); ... (2); paptupe (1); ebpov (1); yeyeviioBai (1); cf.
(1); £d6kel (1); Ud' (1); dviyp (1); &AAoL (1); o0 (2); Ungp (2); v. (1); pév (9); anod (4); Edn (1); Aéywv (1); fiv (1); TalTa (2); UTd (2); & (1); cUdv (1); & (9); Kal (41);

Fig. 10 List of the most significant words that appear in the sentence short after EAAGvikog
Example: év (156)

There are 156 sentences in the corpus that have 'év' as the right neighbour of "EAAGvikog'.

3. Definition of the results

In order to make the results understandable successively will be defined in the following
paragraph a) basic definitions, b) syntagmatic relations, ¢) paradigmatic relations, d) the sig-
nificance measure and e) the word net.

a) Basic definitions

It's obligatory to understand the general and elementary structural relations between two
linguistic tokens like phonemes, morphemes or words when using methods derived from the
natural language procession, where mainly statistics of texts are computed and evaluated.
This understanding derives from the linguistic structuralism.

Definition: The local context of a token is the set of tokens with whom together its
appearing in one sentence.
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Local context relates to the concept of sentence and is therefore limited to
the linguistic level of sentences.

Example: ‘EAAGvIKOG &v AiyuTrTiakoig oUTwg ypddel (FHG | 66):

If "EAAAvikog' is the looked up word then its local context consists of -'év'; -'Aiyutrtiakoig'; -
'oUTwG'; -'ypadel’; -'FHG'; -'l'; -'66'.

b) Syntagmatic relationship

Definition: Two tokens are in syntagmatic relation, when they occur together. That means
at least one local context exists that contains both tokens.

Example: ‘EAAGvIKOG év AiyuTrTiakoig oUTwg ypddel (FHG | 66):

The two tokens "EAAAvikog' and 'ypddel' are in a syntagmatic relation, because they appear
together in at least one sentence. The joint appearance of two tokens in a local context is
also called co-occurrence.

Definition: Two words are in a statistically syntagmatic relation, if they are in a
syntagmatic relation that is statistically significant, quasi their joint
appearance is not casually pertaining to a yet to be defined significance
measure.

Example: ‘EAAGvVIKOG év AiyuTrTiakoig oUtwg ypddel (FHG | 66):

The token "EAMAvikog' appears 688 times in the TLG corpus. The token 'év' appears 783.892
times in the TLG corpus. These tokens appear jointly in one sentence 270 times. Therefore
the high frequent token 'év' appears in 39 % of all sentences containing "EAAavikog'. This is
statistically significant. In contrast to this the token "EAAAvikog' appears only in 0.03% of all
sentences containing 'év', therefore not being statistically significant. One can conclude that
for the token "EAAavikog' the co-occurrent 'év' is significant while for the token 'év' the co-
occurrent "EANavikog' lacks statistical significance.

¢) Paradigmatic relationship

Definition: The global context of a token can be defined as the set of all those tokens
that have a syntagmatic statistical relationship to it.

Example: EANaviKog

The global context of EAAAvikog contains all its significant co-occurrents (the hundred most
significant are given):

onaoiv (115); Asukohiwveiag (29); F (59); Tepei@v (22); ioTopel (46); év (270); AtBidog (26); %N%
(128); NéaBiog (16); Ttpwtn (27); ¢ (40); dnot (47); FGrHist (17); J (17); Akouaihaog (14); wg
(153); Mepoik®v (15); Edopog (17); 323a (9); Tpwikdv (13); Ekardiog (18); ‘Hpag (18); fg (17);
NETPRIOG (7); ThI (26); a (35); TrOAIG (34); B (25); T@I (26); AlyuTrTiakoig (9); d€ (285); Aypauiou (8);
ANkiTTTInV (8); FHG (15); iepei@dv (8); HpakAéoug (16); kaba (15); Biacauevov (8); depekudng (11);
autv (23); Zrepavndopou (6); kahiwveiag (5); AupBpieug (5); Hoioddg (8); AhippoBiou (7); Bareiag
(6); onai (31); AcoBlok@®v (5); Tpwtw (18); deutépw (16); Hpddotog (13); ZkubBIKOIG (6);
MavrakAgoug (5); KékpoTtrog (8); Acu (6); {Roavtag (6); Ettnte (7); | (17); ididaTohov (5); Popwvidog
(5); Aaptraviov (5); Mouvuiyou (5); atrékteivev (11); Aswyopou (5); Kapveovikaig (4); KataTreTao8Ev
(4); AUOuBpIoS (4); Aadépvnv (4); wvoudoBar (9); Bdreiav (5); Ocrrahikoig (5); ©Onoga (8);
Moosid®vog (11); TOMv (27); Tupdpilav (4); ato (69); Natioug (5); ioTopiaig (8); @npolc (4);
Mepoikn (6); TBavwTepa (5); Apalova (5); Boiwtiakoig (4); KoAawvidog (4); Bswpidog (4); Tvdika (5);
o (18); £Coporoyeital (5); diatrepwvnkev (4); ouyypdwavtes (5); AkéAnv (3); AauTtwvielg (3);
Tpiord (3); ®oitior (3); KaBnooodv (3); Akélou (3); BEuBivov (3); Pomiels (3); Ppikaveic (3);
Mpogevog (5).

The global context of "E@opog contains the following tokens:
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F (75); 11 (52); ¢naowv (77); %N% (146); iotopel (33); OeotrouTrog (27); Kuudiog (17); &' (136);
KaAigBevng (19); €v (209); wg (37); GAol (36); Kuung (13); FGrH (16); EAAAvikog (17); wg (150);
ioTopoliol (15); OpBayopav (8); iatopnkev (11); FHG (17); 161 (27); dpnoiv (41); & (300); ABnvaiwv
(24); TtoNig (33); J (12); Tipaiog (14); sikoat®d (11); Hoiodog (9); Akouaihaog (9); sc. (16); €ipnkev
(18); =Zevodp@v (14); 1 (20); Kpoioou (10); {noavtag (7); Neataviav (5); Zaupopat®dv (7); 1l (18); fg
(12); Trepi (85); Avagipyévng (9); Mépotrog (7); Kupdiov (6); @oukudidng (13); FGrHist (9);
KAhalopeviwv (6); Kapiag (10); oénot (27); meudBéviog (7); Ekardiog (11); Totopi®dv (8);
KaAdBouoav (4); Akpaipvioug (4); ddlavvov (4); Eomiaiog (4); Hpakheild®dv (8); avéypawe (7);
Tauiog (8); Maiwt®dv (5); Tookpatoug (8); kniloviwv (4); KAsitapxog (6); Nagioug (5); Aokp®dv (8);
pavtiv (8); Aapdotng (5); €6vog (15); Aolpig (7); Akapvaviav (6); ioTopi®@v (8); dednAwkaal (4);
Tiwodavoug (4); EUpuaBévn (4); ABapvidog (4); dpxaioug (7); Aoyiwtatol (5); Il (12); ApioTotéAng
(15); Kiipov (8); kriopa (10); fic (23); petaBarropévou (5); Hpodotog (10); vijoov (11); Zdheukov
(4); Acivwv (5); katwkioav (5); oUdetépwg (8); avtegEtTAcuoav (3); Boudapov (3); dAoyidav (3);
gevohoyia (3); Neotaviog (3); Tuxiav (3); Pwkaidi (3); Kapmidag (3); Kndioocddwpog (3);
ouvuTrodsicai (3); BupdaTiov (3).

There are 21 tokens co-occurring both with "Epopog' and with "EAAGvikog'.

onoiv; F; iotopsT; év; BN%; @¢; ¢naoi; FGrHist; J; Akouaihaog; wg; Ekaradiog; fg; 11, TTOAIg; @I, SE;
FHG; Hoioddg; Hpddortog; Nagioug.

The amount of correspondences suffices to define both contexts as similar as they are
beyond a set threshold.

d) Significance measures

There are different measures to reckon the significance of a co-occurrence. These measures
are called association measures as they interpret co-occurrence frequency data. For each
acknowledged pair of words (co-occurrence) in the corpus the software has been computed
an association score. Hence all measures consist of a different mathematic formula, some
measures are heuristic and some are based on statistical hypothesis tests. The results or
association scores computed by the measures cannot be compared directly.

The simplest measure is the word frequency. It is motivated by the principle of contiguity
and focuses on the joint frequency of A and B and so, is a heuristic combination of the ob-
served joint and marginal frequencies. The value of the computed significances is question-
able since co-occurrences between two frequent but casually co-occurring words are also
frequent and appear with this measure as significant. The principle of contiguity is meaning-
ful if the words are equally distributed. Instead they are "Zipf-distributed".'

Mutual information is an association measure, whose basic concept is the comparison of the
probability of observing word A and B together against probability of observing them inde-
pendently. In case of low frequencies this measure is known to be prone of overestimating
which leads to the (erroneous) display of rarely occurring co-occurrents.’

The Dice coefficient or "mutual expectation” is shown as 'sig_dice' in the menu. It is related
to the Jaccard coefficient, which is defined as the size of the intersection divided by the size
of the union of the representative sets of terms of both texts. It's an association measure
estimating a maximum likelihood for the coefficient of association strength. It has a large
sampling error rate especially in low-frequency data. On the other hand it is particularly sen-
sitive to strong directional associations meaning that almost all occurrences of a word A co-
occur with a word B as e.g. when dealing with idioms.? So the word net would display mainly
co-occurrences consisting of occurrents that occur almost always together.

' Zipf, G.K., The Psycho-Biology of Language. An Introduction to Dynamic Philology. Cambridge, Mass.
1935.

2 Church & Hanks (1990), Evert (2005).

* Evert (2005).
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Log-likelihood has been used to compute the significance of the co-occurrents in the lists as
its results are seen to correspond much closer to a true significance than the other meas-
ures. As stated above it is generally assumed that the occurrence of a word is independent
of the occurrence of another word (statistical independency). Every language follows certain
patterns, like the use of idioms that yields fixed co-occurrences. In case of low frequent co-
occurrents, the assumption of statistical independence will give no reliable results, as the
difference between the observed amount of co-occurrences and the estimated amount of the
co-occurrences could be substantial enough to infer that the co-occurrence is significant
while it is not. Therefore a statistical hypothesis test is performed comparing the observed
co-occurrences and sample distributions in order to check, whether the observation is an
unlikely outcome of the sample. A problem is the definition of 'unlikely'. The Log-likelihood
ratio test takes into consideration that preferences (e.g. idioms) in the use of a language
interfere with the assumed statistical independency that declines in relation to the distance
between the co-occurrent and the looked up term and so defines the observations and ex-
pectations by two independent binomial distributions. This is an approximation to the Zipf-
distribution. In contrast to the chi-squared test it has no explicit ranking of contingency
tables but derives the ranking from the sampling distribution.*

The Local mutual information measure corresponds to the contribution of a co-occurrence to
the total average mutual information of the corpus. It scales the mutual information measure
with the co-occurrence frequency as a rough indicator of the amount of evidence provided by
the co-occurrent.’

The chi-squared test is displayed as 'XA2' in the menu. Like the Log-likelihood ratio test it is
an asymptotic hypothesis test that can deal with rather extreme outcomes. Both tests differ
in the way they compute the sample distribution, as the test statistic of the chi-squared test
is based on the comparison of the observed frequencies with the expected frequencies un-
der the point null hypothesis of independence. It does not take the Zipf-distribution of words
into consideration and fails on outliers.°

To sum it up, there is no 'right' significance measure. It's up to the users and their expe-
rience with the tool to know what they want to see and what not.

e) The word net

The graph depicting the word net is a visualisation of the syntagmatic relations. It can be
defined as a graphic of the significant co-occurrences of a word. The co-occurrents are dis-
played as nodes being connected through edges representing the significance. In this way a
netlike structure is formed as the co-occurrents are connected with each other depending on
their occurring. In order to increase the usability of the network, like avoiding the overlay of
two nodes, the graph is driven by a force based layout manager. Under the assumed basic
condition that any node pushes off the others, the significance of co-occurrence of the two
related nodes tightens their connectivity. The result is a word net where non-significant
nodes are as far away as possible from each other and at the same time as close as possible
to their significant co-occurrents.

4. Interpretation of the results

In this paragraph ways are shown how the users can interpret their results in connection with
the instances. So, for example, questions like 'How can | include paradigmatic and syntag-
matic relations along with left and right neighbours and the word net in my research?' will be
answered.

a) Paradigmatic relations

* Dunning (1993); Evert (2005).
> Evert (2005).
¢ Evert (2005).
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De Saussure called paradigmatic relationships between linguistic elements ‘associative’ rela-
tionships’, because they represent the relationship between individual elements in specific
environments with such elements in the memory that can potentially replace them. Paradig-
matic relationships are based on the criteria of selection and distribution of linguistic ele-
ments, and are, for example, the basis for establishing the phoneme inventory of a language
through the construction of minimal pairs, the replacement of sounds in an otherwise con-
stant environment, which leads to a difference in meaning. Elements that have a paradigmat-
ic relationship can potentially occur in the same context but are mutually exclusive in an
actual concrete context because they stand in opposition to one another. Therefore it’s often
impossible to discover them by just looking at the instances. So, the instances containing
two linguistic elements that are determined to have a paradigmatic relationship have to be
compared in order to see the evidence.

Example: Based on the example of 3 c), the paradigmatic relationship between "EAAGviko¢'
and "E@opog' in the TLG-E corpus, three instances for each form are shown that contain one
of the 22 significant co-occurrents, which they have in common.

‘EAAGVIKOG

sentence 1: Ounpidal yévog &v Xiwi, 61rep Akouoilaog &v <y> (2 F 2), EAAavikog &v Tiji ATAavTidd!
amo 1ol Trontol pnoiv wvopdacOar. (FGrHist 4 F 20 line 1-3)

sentence 2: 08gv 1} TrOAIS OMVIC WvopaoTal, K¢ IoTopel EAAavikog. (FGrHist 4 F 20 line 5)

sentence 3: fj 61 £tnge 10 B0pu £kel O Apng €v Tii TrPO¢ Mooed®dva UTrép ANippoBiou Bikn, OTe
amékteivev aUTov Blaoduevov AAKITITINV TRV alTol kai AypauAou Tiig KékpoTrog Buyatpdc, w¢g dnoiv
‘EAAavikog <€v> a' (FGrHist 4 F 38 et 323a F 1).

"Epopog

sentence 1: TOAIg éoTi Tii¢ Tpwadog KeBprv, Kuuaiwv dtoikia, wg ¢pnoiv "Edopog €v a'. (Har-
pocration p. 172 line 13-14)

sentence 2: "Edopog pév olv ¢naiv (FGrH 70 F 219), ¢ ahiokopévng Tfic Ve Eautdv avéhol,
Tigwvidng 8€, Trpartopévaig £€ Apxfic Taic TTpateol TauTalg PETA Aiwvog TTapayevOUEVOS Kai ypddwy
TPOG ZTTEVUOITITIOV TOV dpIAdcodov, ioTopel (FGrH 561 F 2) Zdvra AndBfjvar Tfic Tpinpoug ¢ Thv
yiv éktrecolong 10v ®idioTov: (Plutarchus Dion 35 4-5)

sentence 3: amo 1ol TrepdBEvTog UTTO Kpoioou & Eevoloyiav peta xpnuarwy, @g ¢pnoiv ‘Edpopog,
sita petaBarropévou Trpo¢ Kiipov. (Suda epsilon 3718a Adler line 1-3)

Exceptions: Under certain circumstances two normally not combinable lingustic elements like
those having a paradigmatic relationship may occur, nonetheless, together in one sentence.
In case of two proper names like Hellanicus and Ephorus this is undoubtly possible.

Example: Trepigpyog &' Gv €inv €&y ToUG £uol pdAAov E€ttioTapg voug SiIdackwy 6ca pev EAAAvIKOG
AkouoINaw TTepl TV yevealoyi®dv dlatredpwvnkev, 0oa d& dlopBoltal 1ov Hoiodov Akouaihaog, f Tiva
1pOTTOV "Edopog uev EANAVIKOV €v TOIG TTAcioToIG Weudouevov ETTideikvualtv, "Edpopov d€ Tipaiog Kai
Tipaiov oi pet' ékeivov yeyovoteg, Hpodotov &€ Travreg. (Flavius Josephus Contra Apionem 1.16-
17)

Interpretation: "EAAGvikog' as well as "E@opog' are proper names. Additionally, they seem to
have a paradigmatic relationship. The kind of this relationship can be made understandable,
when their common significant co-occurrents are further investigated. Even in those six ex-
amples above one can easily see in a rather similar manner "XY ¢now..." ("XY says...") or "&g
énoiv XY év..." ("as XY says in...") that authors are mentioned by their ancient colleagues. As
the works of both authors Hellanicus as well as Ephorus are lost to us, these citations are the
only remains left nowadays. So, the way they are cited is a very significant criterion for them.
Their common significant co-occurrents '®¢', 'dnov' and 'év' reveal this feature. Other com-

7 de Saussure, F. (1916).
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mon significant co-occurrents like 'ioTopel’ or 'TtOAIG' show they were both historians who
wrote at some point about cities. In our exception case they were cited in one sentence, be-
cause that witness was narrating about the relationship between the historians.

In linguistics, paradigmatic relationships can be determined by several types:

* synonymy - the relationship of the same or nearly the same meaning indicated by
partial or total synonymy,

= hyponymy - the relationship of an inclusive meaning,

= opposition - the relationship of opposite meanings, which might be further diversi-
fied into antonymy, directional opposition, complementarity, heteronymy, incompa-
tibility and conversity,

= semantic field - small semantic fields might be constituted by antonyms, directional
oppositions and complementary expressions, whilst large semantic fields might by
constituted by taxonomies and mereologies.

In the example "E@opog and EAAGvikog have a similarity of denotation as both are 'cited histo-
rians' though they are not synonym. Therefore, they belong to the same (large) semantic
field as they are inside a taxonomy, the hyponyms of 'cited historian'.

b) Syntagmatic relations

The syntagmatic relation of two terms suggests their common occurrence within the same
syntagma and makes a relation of meaning obvious. In the method that is discussed here,
the syntagmatic relationship is determined by the significance of the co-occurrences. The
more significant a co-occurrence is, the more obvious is the syntagmatic relationship. Based
on the general quantity of occurrences of each co-occurrent and the common occurrences,
as well as their tf-idf weight®, the explorative search method makes a selection of syntagmat-
ic relations. Thus, the significance can be determined by selecting the significance measure,
which is only possible in the graphical word net representation. The method shows therefore
only the most important relationships of meaning of a term. This allows the quick and rough
overview of the relationship of meanings of any word by means of his most significant co-
occurrents.

b 1) The word net

Based on the distance between the nodes, the graph represents the significance of co-
occurrences. The closer the terms are arranged, the more significant is their relationship.
Occasionally, the word net yields another important feature displaying the ambiguity of the
looked up term. This is possible when the meanings are so ambiguous that on one hand the
co-occurrents belonging to a certain meaning are very narrowly arranged and on the other
hand the distance to the co-occurrents that belong to other meanings are far enough away,
so they can be clearly distinguished. A meaning would appear then as a nucleus or a cluster
on the periphery of the word net.

b 2) Significant co-occurrents

The significance of the listed terms has been computed using the log-likelihood measure.
According to the results the most significant term is on the first position followed subse-
quently by the next 99 significant terms. This group of terms constitutes a selection of con-
texts for the looked up word. The kind of context can vary a lot, depending largely on the
corpus. It is a fundamental rule, to look in the given instances for the sentences containing
the co-occurrent in focus, in order to read a meaningful interpretation of the result. Through
this further details of the co-occurrence can be revealed. Why the co-occurrent is so signifi-
cant, should always be a mandatory question.

8 Tf-idf (term frequency-inverse document frequency) is a statistical measure that is used in order to
estimate the importance of a term within a document or a corpus, cf. Salton (1989).
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The lists of left and right significant co-occurrents dissociate further the co-occurrents ac-
cording to their position in the sentence in relation to the looked up term. As the word order
in classical languages is looser than in modern languages, it seems less meaningful. Howev-
er, many idioms exist that have a fixed word order and can be perfectly analysed using these
lists - it depends on the problem and matters of the individual researcher. Inversely, idioms
can be recognised, if a fixed word order is obvious through examining these lists.

b 3) Left and right neighbours

The co-occurrents listed here are ordered by their significance. Words frequently occurring in
an immediate proximity often have a special relationship. This relation highly depends on
the part of speech taken by the looked up word. In case of nouns, this could be articles, pos-
sessive pronouns or, as it is common in ancient Greek, an adjective being inserted between
the article and the noun, yielding a direct reference to the latter. Also, other nouns regularly
having a direct reference to the looked up noun, can appear here, as it is very common in
case of names, for example. There are many further instances where the immediate proximi-
ty of two terms is crucial for their relationship, as in case of measurements the figure and
indication of measurements. Because of the loose word order, it is again mandatory to clarify
the indications given by the neighbour- listings with the instances.

Andyré Biinte
Lehrstuhl fiir Alte Geschichte, Historisches Seminar, Universitdt Leipzig
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