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Abstract. This study addresses persistent limitations in dependency grammar annotation when 

applied to morphologically rich agglutinative languages, where traditional valency-frame models 

exhibit systematic degradation in predictive accuracy. Drawing on aligned treebank corpora from 

Turkish, Finnish, and Kazakh, we introduce a probabilistic decomposition architecture that 

integrates hierarchical morpheme-boundary parsing with cross-lingual valency slot alignment. The 

proposed framework employs conditional random field layering atop transformer-encoded lemma 

sequences, enabling dynamic recalibration of argument structure under syntactic ambiguity. 

Experimental evaluation across three held-out corpora demonstrates a mean labeled attachment 

score improvement of 6.3 percentage points over established baselines. These results suggest that 

morphosyntactic dependency mapping can be substantially enhanced through language-family-

sensitive probabilistic modeling, with direct implications for low-resource NLP pipeline 

construction and typological grammar research. 
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Introduction 



The structural complexity inherent in agglutinative language morphology has long posed a 

foundational challenge for computational and theoretical linguistics alike. Unlike isolating 

or fusional language types, agglutinative systems — typified by Turkish, Finnish, 

Hungarian, Kazakh, and Uyghur — encode a dense array of grammatical relations within 

single word-form tokens through sequential morphemic concatenation. This architectural 

property complicates the extraction and representation of valency frames, which are the 

predicate-centered argument structure templates essential to dependency grammar 

formalisms. As of 2024–2026, with the rapid proliferation of large-scale language models 

and cross-lingual NLP benchmarks, the inadequacy of standard annotation pipelines when 

confronted with agglutinative data has become an increasingly critical bottleneck. 

Universal Dependencies (UD) treebanks, despite their significant contributions to 

multilingual syntactic resource development, continue to exhibit annotation inconsistencies 

specific to head-final and postpositional languages, particularly in the resolution of 

embedded clause boundaries and case-marked argument slots. The core problem is twofold. 

First, existing valency lexicons — largely constructed around Indo-European language 

prototypes — fail to generalize their slot-filling constraints to the morphologically saturated 

predicate structures found in Turkic and Uralic families. Second, probabilistic parsing 

models trained on typologically dissimilar data systematically misassign dependency arc 

labels when morpheme boundaries are ambiguous or when zero-marking strategies obscure 

surface-level argument realization. These compounded errors propagate into downstream 

semantic role labeling, coreference resolution, and machine translation tasks, diminishing 

overall pipeline integrity. To address these interlocking deficiencies, the present study 

proposes a Probabilistic Valency Frame Decomposition (PVFD) architecture tailored to 

agglutinative language structures. The model operates through three procedural layers: (i) a 

transformer-based subword encoder that conditions morpheme segmentation on cross-

lingual embedding alignment; (ii) a conditional random field (CRF) sequence labeler that 

assigns valency slot probabilities across candidate argument spans; and (iii) a cross-corpus 

recalibration module that dynamically adjusts frame priors using typological distance 

metrics derived from WALS feature vectors. This integrated architecture is evaluated 

against Turkish, Finnish, and Kazakh UD treebanks, benchmarked against both language-

specific and multilingual baseline parsers. The paper proceeds as follows. Section 2 reviews 

prior work on valency theory, dependency annotation frameworks, and agglutinative 

language parsing. Section 3 details the corpus composition, preprocessing protocols, and 

morpheme boundary annotation methodology. Section 4 describes the PVFD architecture, 

including encoder design, CRF layering, and cross-lingual recalibration procedures. Section 

5 presents experimental results, error analysis, and ablation studies. Section 6 discusses 

theoretical implications for typological linguistics and low-resource NLP development. 

Section 7 concludes with directions for future extension to further language families and 

multimodal annotation schemes. 
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