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Abstract 

This paper presents a pilot study intended to enhance the semantic and conceptual description of Ancient Greek 
verbs in WordNet with information from two other resources, VerbNet and FrameNet, and to enrich a treebank of 
Ancient Greek texts with semantic information extracted from the three resources. We provided semantic annotation 
for verbs based on their morphosyntactic behavior, and performed a number of queries in order to extract occurrences 
from the Ancient Greek treebank that intended to match the different meanings of each verb. The manual check of the 
data extracted shows that, in spite of a limited number of mismatches, our queries yielded reliable results. The queries 
can be further refined in the future and complemented with a rule-based algorithm to map frame elements to 
dependency structure. 
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Аннотация 

В статье предлагаются результаты предварительного исследования, целью которого является расширение 
семантического и концептуального описания древнегреческих глаголов в WordNet с использованием 
информации из FrameNet и VerbNet. Более того, настоящее исследование способствует пополнению трибанка 
древнегреческого языка семантической информацией из всех вышеупомянутых источников. Аннотирование 
глаголов было выполнено в соответствии с их морфосинтаксическим поведением; запросы, сделанные нами 
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в трибанке древнегреческого языка, предназначены для извлечения вхождений глаголов в соответствии с их 
различными значениями. Несмотря на незначительное число несоответствий результатов запросам, ручная 
проверка показывает, что полученные результаты являются надежными.  

Ключевые слова: WordNet; VerbNet; FrameNet; древнегреческие глаголы; dependency treebanks 

1 Introduction 
WordNets (WN) are lexical databases that store meaning in a relational way. They comprise nodes for 
lemmas to which meanings are associated in the form of synsets, i.e. sets of synonymous words and 
phrases accompanied by brief definitions. Lemmas are connected to each other through lexical relations, 
whereas semantic relations establish connections among synsets. 

The Princeton English WN, which serves as template for the creation of new WNs, contains limited 
morphosyntactic information for verb senses and semantic features of their participants [5], [6]. 
Attempts to enrich individual WNs with morphosyntactic and/or semantic information have been 
produced for several languages (e.g. [29], [27]). In fact, details on the morphosyntactic behavior of verbs 
and on the semantic properties of their dependents can be extracted from other resources, notably 
VerbNet and FrameNet (see Section 2). These resources can be jointly consulted, together with other 
ones, at the Unified Verb Index (https://uvi.colorado.edu). The reason for choosing these two resources 
over others was that VerbNet links syntactic and semantic patterns, which is ultimately the aim of this 
study, while FrameNet provides frames that, though being intended to describe English lexemes, are 
more easily adaptable to other languages. One effort towards integrating information from the three 
resources is described in Stayannova and Leseva [27]. The authors expanded the semantic and 
conceptual description of verbs in WordNet by combining information from FrameNet and VerbNet. 
They further supplemented the verbs’ description with syntactic patterns extracted from the semantically 
annotated corpus BulSemCor ([15], [16]) in which all tokens are assigned a WordNet synset. 

Building on the work by Stayannova and Leseva [27], in this paper, we present a pilot study for 
mapping semantic information onto Ancient Greek (AG) verbs contained in the Ancient Greek WordNet 
(AGWN) with morphosyntactic, semantic, and conceptual information provided by VerbNet and 
FrameNet. Notably, no semantically annotated corpus is available for AG. For this reason, we 
preliminarily enriched a selection of verbs in a morphosyntactically parsed corpus (treebank) of AG 
texts with semantic information from WordNet, VerbNet and FrameNet employing a semi-automatic 
methodology. The treebank contains various texts among which we selected two sub-corpora: the entire 
Iliad and Odissey (ca. 11th century BCE) and a selection of texts from Attic orators (5th century BCE). 
This is a convenience sample which, though unbalanced (232.340 vs. 97.142 tokens respectively, see 
Table 2), shows the potential of our approach for studying verbal valency and verb meanings across 
different periods (Homeric vs. Classical) and genres (epic poetry vs. prose).  

The paper is organized as follows. In Section 2, we introduce the language resources employed in this 
study. After providing the basics of Ancient Greek verbal morphosyntax and illustrating our 
methodology (Section 3), in Section 4 we discuss the results. Section 5 concludes the paper and presents 
future work. 

2 Resources employed in this study 

2.1 The Ancient Greek WordNet  

The AGWN belongs to a family of WNs for ancient Indo-European languages, an ongoing project jointly 
developed at the University of Pavia, the University of Exeter, the Center for Hellenic Studies at Harvard 
University, the Alpheios Project, and the Catholic University of the Sacred Hearth in Milan [2]. Besides 
Ancient Greek, it currently also comprises WNs for Sanskrit and Latin.  

The Sanskrit, AG and Latin WNs were designed to be interoperable with each other and to enable 
cross-linguistic comparison of linguistic structures. To enhance compatibility, the developers maximize 
use of the synsets deriving from the Princeton English WN. As in other WNs, lemmas can be assigned 
multiple synsets, which indicates polysemy. In this family of WNs, however, polysemy is also framed 
within a cognitive linguistic approach (e.g. [17], [28]), which entails assuming that all senses of a word 
can be organized in a structured semantic network consisting of literal and non-literal senses. 
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For each synset, the three WNs provide information on periods and literary genres of attestation, and 
optionally loci, i.e. exemplifying occurrences referred to by author and work. In the AGWN, a word 
sense can be assigned to one of the following periods: Archaic (8th-6th c. BCE), Classical (5th c.-323 
BCE), Hellenistic (323-31 BCE), Roman (31 BCE-290 CE). Labels for genres are Historiography, 
Liturgical, Miscellany, Novel, Oratory, Philosophy (epistles, treatise, dialogue), Poetry, Technical, 
Theater, Treatise. For several genres, additional subgenres can be identified; for example, Poetry can 
take epic, lyric, idyll, satire, epyllion or didactic as sub-label, whereas Oratory can be political, juridical 
or can take the form of a homily. Diachronic and stylistic metadata are meant to enable studies on 
semantic change over time and across literary genres and authors. 

2.2 VerbNet 

VerbNet (VN) [14] is a network of English verbs that links their syntactic and semantic patterns. The 
network is organized into verb classes extending Levin’s classes [18], with the understanding that the 
syntactic form of a verb and its arguments inform its semantics. Levin’s classes were then refined, and 
subclasses were added to achieve syntactic and semantic coherence among verb members of a class. 
Each verb class in VN is described by semantic roles and selectional preferences of its arguments, as 
well as by frames consisting of a syntactic description and a semantic representation with subevent 
structure based on the Dynamic Event Model [24], [25]. VN groups together verbs with identical sets of 
syntactic frames and semantic predicate structures. Each VN class contains a set of syntactic frames, 
depicting the possible surface realizations of the argument structure for constructions such as transitive, 
intransitive, resultative, and a large set of diathetic alternations. Semantic restrictions (such as animate, 
human, organization) are used to constrain the types of semantic roles taken by the arguments (Agent, 
Patient, Instrument, etc.). Each syntactic frame is then associated with explicit semantic information, 
expressed by semantic predicates such as ‘contact’, ‘manner’ or ‘cause’. Table 1 shows a complete entry 
for a frame in VerbNet class Hit-18.1: 
 

 

Table 1: Entry for a frame in VerbNet class Hit-18.1-1 

2.3 FrameNet 

FrameNet (FN) [26] is a lexical database of contemporary English which maps meaning to form through 
the theory of Frame Semantics [7]-[12]. The theory assumes that people understand the meaning of 
words largely by virtue of the larger conceptual structures, i.e. frames, which they evoke. FrameNet 
defines frames and their elements, and provides annotated sentences to show how frame elements fit 
syntactically around the lexical unit that evokes the frame. In the simplest case, the frame-evoking word 
is a verb, and the frame elements are its syntactic dependents. In (1), the Hit_target frame is evoked by 
the verb hit; the frame elements are the Agent instantiated by the pronoun he, the Target expressed by 
the bull’s-eye, and the Instrument instantiated by the prepositional phrase with his first arrow: 
 

(1) It looks like [Agent he] HIT [Target the bull’s-eye] [Instrument with his first arrow]! 
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Note that FN frame elements are frame-specific semantic roles. Consequently, they are more fine-
grained than VN semantic roles. For example, the Telling frame evoked by speech verbs has Speaker, 
Addressee and Message as core elements, whereas VerbNet has the more generic Agent, Recipient and 
Theme as semantic roles of the roughly corresponding transfer_mesg-37.1.1 VN class; similarly, the 
Awareness frame evoked by verbs of cognition like know, comprehend, and conceive takes the core 
elements Cognizer and Content, instead of the more generic semantic roles Experiencer and Stimulus. 

2.4 Dependency treebanks 

 
Table 2: Treebanks used for our study 
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Dependency treebanks are collections of morphosyntactically annotated texts, representing sentences 
as trees where each word corresponds to a node. The treebanks1 we considered for our work (Table 2) 
consist in the conversion made by Francesco Mambrini of a series of treebanks of AG texts to the 
Universal Dependencies (UD) format, which provides a standard set of annotation guidelines for part-
of-speech tags, morphological features, and syntactic dependencies.2 

3 Methods 
The queries presented in Section 3.2 are in line with Levin’s [18] work and VN and rely on the 
assumption that certain morphosyntactic configurations in which specific Ancient Greek verbs occur 
(syntactic frames in VN terminology), which can be easily extracted from treebanks, are reliable 
predictors for verb senses in context. This means that, once the occurrences instantiating a syntactic 
frame are extracted, the annotation of the verbal nodes they contain can be easily enriched with semantic 
information from WN, VN and FN. 

3.1 Basics of Ancient Greek verbal morphosyntax 
In this paper, we take into account two aspects of verbal morphosyntax to which AG verb senses are 
sensitive: voice and argument structure. The verbal lemmas included in this case study (Table 3) are 
known to be good representatives of how voice and argument structure affect verb senses. 

AG verbs distinguish three values for voice: active, middle, and passive (Act, Mid, Pass in Table 3). 
The middle and the passive voices are morphologically distinct only in some tenses (aorist and future), 
while others feature a mediopassive that instantiates both the middle and the passive diatheses 
(MidPass). The active/middle distinction can encode the (anti)causative alternation [13] in AG: 
rhḗgnumi(Act) ‘break(tr.)’ (as in Rose broke the vase) vs. rhḗgnumai(MidPass) ‘break(intr.)’ (as in The 
vase broke) [22] (queries 2a-d in Table 3 below). The same alternation is featured by some experiential 
verbs, such as mimnḗskō(Act) ‘remind’ vs. mimnḗskomai(MidPass) ‘remember’ and kholóō(Act) ‘anger 
someone’ and kholóomai(MidPass) ‘be/get angry’ [20] (queries 1a-c and 7a-b). Notably, not all 
experiential verbs behave in the same way in this respect, as shown by lanthánō(Act) ‘escape notice’ 
and lanthánomai(MidPass) ‘forget’ (queries 9a-b). In Homeric Greek (HG), morphologically passive 
verb forms sometimes do not express the passive diathesis (e.g. The vase was broken [by Rose]); rather, 
they are semantically equivalent to middles [1]. Voice distinctions often express meanings not related 
with either the (anti)causative alternation or with active/passive diatheses: this is the case of phrázō(Act) 
‘show, tell’ vs. phrázomai(MidPass) ‘plan, devise, realize’ (queries 3a-c). In the case of phobéō the 
difference between the meanings of Pass and MidPass is not easy to tell given the verb’s semantics: 
phobéō(Act) HG ‘be set on flight’ ClG ‘be frightened’ vs. phobéomai(MidPass) HG ‘flee’ ClG ‘fear’ 
(queries 8a-d). In both corpora the Pass can occur in contexts in which an agent is overtly realized or 
implied but this does not always need to be the case; in addition, in HG the active can occur with passive 
agent PPs and function as lexical passive; see [21]. 

AG nouns feature five cases: nominative, genitive, dative, accusative, and vocative. Subjects of 
transitive and intransitive verbs are encoded in the nominative. Second arguments of two-place verbs 
(e.g. hit) most frequently (74% of two-place verbs in HG; see [22]) feature the accusative case (NomAcc 
construction), but can also occur in the genitive and dative cases (NomGen and NomDat constructions). 
The dative case is used for third arguments of three-place verbs of transfer (e.g. give; NomAccDat 
construction). Semantic distinctions brought about by voice may be paired with changes in argument 
structure: phrázō(Act) ‘show, tell’ is a knowledge transfer verb, which takes the NomAccDat 
construction (the dative third argument is optional); phrázomai(MidPass) ‘plan, devise, realize’ is a 
cognition verb, featuring the NomAcc construction. The behavior of orégō/orégomai is partially similar 
(queries 6a-e): orégō(Act) ‘give, assign’ takes the NomAccDat construction with an optional dative third 
argument. However, orégomai(MidPass) is more complex: in Homeric Greek, it features the NomAcc 
and the NomGen construction with changes in meaning (‘hit’ vs. ‘try to hit’; cf. [20]). In Post-Homeric 
Greek, only the NomGen construction remains with orégomai, but it displays a meaning shift, ‘desire, 

 
1https://github.com/francescomambrini/katholou. 
2 https://universaldependencies.org/. 
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wish’, hence moving to the experiential domain [20]. Thus, changes in argument structure can result in 
different senses of the same verb; this is also the case of oîda ‘know, be skilled’, queries 4a-c, and 
mnáomai ‘have in mind, woo’, queries 5a-b. Another verb that shows a shift in argument structure is 
punthánomai, which can take both the NomAcc and the NomGen construction in HG, but is limited to 
the NomAcc construction in the ClG corpus we selected (queries 10a-b). 

3.2 Extraction of the patterns from the treebanks 
In order to infer synsets, verb classes and frames based on syntactic patterns, we chose ten AG lemmas 
(mimnḗskō, rhḗgnumi, phrázō, oîda, mnáomai, orégō, kholóō, phobéō, lanthánō and punthánomai) and 
developed 30 queries (Table 3) to extract their corresponding syntactic patterns from the treebank.3 This 
process was facilitated by the tool UDeasy [3]. The ten verbs were chosen to exemplify a variety of 
different morphosyntactic behaviors (cf. Section 3.1). Regarding syntactic conditions, we imposed a 
criterion on all queries that required the direct object (obj) and indirect object (iobj) nodes, if present, to 
be directly dependent on the verb node. 

We then provided semantic annotation with data from WN, VN and FN eliciting meanings from 
Liddel/Scott dictionary.4 Annotation was performed by adding the relevant synsets, verb classes and 
frames to the MISC field of the CoNNL-U file, the standard format followed by UD treebanks to store 
annotation at sentence and token level. In the case of verbs that could in principle feature three different 
voice values, i.e. mimnḗskō, rhḗgnumi, phrázō, orégō, kholóō, phobéō, and lanthánō, we predicted that 
Pass instantiated the passive diathesis and accordingly we used the same semantic annotation for the 
Pass and the Act.5 This prediction turned out to be correct in the case of  mimnḗskō, but not in the case 
of phrázō and kholóō, which feature two and 11 Pass forms respectively with middle meaning (we 
corrected the annotation in Table 4 after the manual check). For rhḗgnumi, orégō and lanthánō we did 
not find any Pass forms. Concerning phobéō, as noted above, the verb’s semantics blurs the difference 
between MidPass ‘be afraid’ and Pass ‘be frightened’. Table 4 shows the semantic annotation aligning 
the three resources and the occurrences extracted through our queries from the two sub-corpora (HG 
and Classical Greek, ClG). 
 

 
3 Note that the treebank contains texts in Greek script; to facilitate reading, in this article we provide transcriptions of AG 
words in Latin alphabet. 
4 Henry George Liddell, Robert Scott, A Greek-English Lexicon 
(https://www.perseus.tufts.edu/hopper/text?doc=Perseus%3atext%3a1999.04.0057) 
5 The verbs mnáomai and oîda do not have Pass forms in AG.  
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Table 3: Conditions of the 30 queries  

(underlined nodes are obligatory, non-underlined nodes are optional) 
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Table 4: Semantic annotation and extracted occurrences 
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4 Results 
After extracting the data, we manually checked them in order to see whether the meanings we selected 
actually matched the occurrences of each specific query: this turned out to be most frequently correct. 
In Table 5 we calculated Precision. Queries for which Precision is not relevant are those that turned out 
not to yield results after checking annotation errors. We could not calculate Recall, as the corpus we 
used was not semantically annotated. 

Several interesting observations emerge from the data. In the first place, only two queries (9a and 
10a) extracted occurrences that did not show the expected meaning, as Precision for query 2d is <1 due 
to an annotation error. Query 9a concerned the verb lanthánō ‘escape notice’. This verb instantiates the 
(anti)causative alternation through voice only exceptionally, the MidPass and in HG the Pass meaning 
‘forget’. Hence, query 9a did not yield the expected results in a single occurrence (Il. 15.60), in which 
the active has the causative meaning ‘make forget’, which was not predicted. With query 10a we 
extracted forms of punthánomai in HG and found four occurrences which did not match the expected 
meaning but rather expressed the meaning ‘perceive (a sound)’. 

With the verb mimnḗskō the Act/MidPass distinction encodes the anticausative alternation. Interestingly, 
no Act forms occur in ClG, but Pass forms encode the passive diathesis for the meaning ‘remind’. Hence 
the same semantic annotation applies to the verb in both corpora for the Act (HG) and the Pass (ClG), in 
line with the preliminary choice we made. It needs to be remarked that the number of occurrences extracted 
may be higher than the actual number of occurrences of verbs: in the case of query 1a, for example, this is 
because mimnḗskō (Act) is a three-place verb featuring the NomAccGen construction, but in some 
occurrences only the second or the third argument are overtly realized, without a change of meaning. For 
this reason, our query did not specify the case of the co-occurring argument(s) and how many arguments 
we were looking for; consequently in passages in which both arguments were overtly realized we extracted 
the same occurrence twice (e.g. mēdé me toútōn mímnēsk’ ‘do not remind me (me Acc) of these things 
(toútōn Gen)’, Od. 14.168-169, yielded two results). Similarly, with kholóō the Act/MidPass distinction 
also encodes the anticausative alternation. This verb only occurs in HG, most frequently in non-Act voice 
meaning ‘be/become angry’. This includes Pass forms, as remarked in sec. 3.1 and 3.2 (see further below). 
It can occur with a dative second argument that indicates the stimulus, with a genitive indicating the reason 
or without a second argument, with no semantic differences, hence we performed a single query (7b). Act 
forms with causative meaning occur four times (7a).  

For the verb rhḗgnumi we performed two separate queries for active forms depending on whether the 
second argument was realized (2a) or not (2d). In this second case, we expected to find cases of 
P-lability, which are known from post-HG; however, all passages featured referential null objects (NO) 
easily recoverable from the preceding context. Due to the extent to which referential NOs occur under 
different syntactic and discourse conditions [19], this type of query does not seem to be suitable to 
automatically retrieve labile verb forms. In our sample, this verb only occurs in HG; however, according 
to reference works it also occurs in Attic prose writers, albeit infrequently, due to frequent occurrence 
of prefixed verbs such as diarrḗgnumi, ekrḗgnumi, katarrḗgnumi, all featuring similar meanings. We 
also performed two different queries for oîda depending on whether the second argument was overtly 
realized or not (4a and 4b vs 4c). In this case, the motivation was that we wanted to see whether the verb 
could have some discourse function when occurring without a direct object. A survey of the occurrences 
shows that this is not the case, and that occurrences without an overt direct object may either feature 
referential NOs or subordinate clauses. In HG, occurrences of NOs may show the semantics associated 
to both query 4a and 4b (the latter query did not yield any result in ClG): this indicates that more queries 
should be added to separate occurrences of NOs from occurrences with subordinate clauses, as the latter 
feature the semantics associated to query 4a. This query is the only one which, in spite of the unbalance 
of the two sub-corpora, yielded a higher number of results for ClG. The reason might lie in the expansion 
of subordination from HG to ClG [4] or in differences between textual genres.  

As anticipated in Sec. 3.2, we corrected the sense we had selected for Pass forms of phrázō and kholóō 
based on the results of the query. Indeed, as we remarked in Sec. 3.1, Pass forms frequently have middle 
meaning in HG. Remarkably, Pass forms of mimnḗskō that only appear in post-HG actually encode the 
passive diathesis, in line with known developments of the voice system, whereby the passive diathesis 
is increasingly connected with Pass voice (and partly with MidPass) after HG [21]. This suggests that 
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the annotation should be better differentiated based on language stages and known facts about the 
diachrony of individual verbs. 
 

 
Table 5: Precision index 
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With mnáomai, orégō and phobéō the queries yielded results that reflected the semantic annotation 
we provided in Table 4. In particular, mnáomai never occurs in Attic, but, outside poetry, is limited to 
Ionic and occurs in Herodotus (5th century BCE). It features the NomAcc construction and the meaning 
‘sue for, solicit’, which results from semantic extension of the meaning ‘woo’ (query 5b) and is 
compatible with the VN class compel-59.1 that we selected for this query (it does not contain this 
meaning, but it contains the related meaning ‘persuade’). In the case of orégō it must be stressed that 
the queries we performed were more fine-grained than for other verbs, being based not only on 
morphosyntactic features but also on language stages. This is also the case for phobéō, a verb that 
underwent a semantic shift after HG from ‘flee/be put on flight’ to ‘frighten/fear’. Notably, while both 
Act and MidPass are equally frequent in HG (8a, 8b), in our sample of ClG only MidPass occurs (8d).  

5 Conclusion 
The manual check of the data extracted through the queries we designed based on the morphosyntactic 
behavior of a number of Ancient Greek verbs shows that the morphosyntactic features chosen were to a 
high extent reliable predictors of the associated meanings, as also shown by the Precision values. In 
future work some of the queries must be refined, e.g. specifying the form of subordinators for verbs 
likely to take complement clauses such as oîda or extended with more fine-grained distinctions based 
on known developments of AG morphosyntax. Furthermore, we plan to implement the rule-based 
algorithm described in [23] to automatically add role-dependency links to event participants i.e. tags 
that indicate how a frame element is expressed syntactically with respect to the node that corresponds 
to the frame trigger.  

Finally, we plan to connect resources by exploiting Linked Open Data principles. The Ancient Greek 
WordNet identifies each lemma through a dedicated URI; as a next step, we plan to apply the same URIs 
to the corresponding lemmas in treebank, so that each lemma is uniquely identifiable and findable. 
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