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This paper presents the elaboration of a morphosyntactically annotated diachronic corpus of Basque, 7 and the first results obtained in the processing of historical varieties of this language with 8 computational techniques. The corpus size is around one million words, expanding from the fifteenth 9 to the mid-eighteenth century and encompassing the most significant written production in all 10 historical dialects. Morphosyntactic tagging allows for systematic searches at different levels of 11 complexity; additionally, a rich set of metadata enables searches based on socio-historical criteria too.

12 This is not only the first tagged corpus of historical Basque but also a means to improve language 13 processing tools by analyzing historical varieties more or less distant from the present-day standard 14 language. Moreover, this project aims to set a model for further works in historical corpora of Basque 15 and inform similar projects on other languages. 16 17

Usual issues conditioning the building of historical corpora are manual processes of 138 compilation, accessibility of materials, and availability of different types of texts (Claridge, 139 2009). In terms of representativeness, understood as the relationship between the corpus and 140 the body of the language, the ideal tends to the inclusion of 'texts from as many different 141 categories of writing and speech as resources will allow' (Hunston, 2009: 160). As far as 142 Basque is concerned, the corpus should be representative of all dialects with written tradition.

143

Regarding balance, which refers to the internal composition of the corpus, things are 144 even more complicated. The body of historical Basque is in many respects unbalanced.

145 Table 1 shows the figures for printed books in the four so-called historical literary dialects of 146 Basque. Until 1750, which roughly coincides with the closure point of our corpus, a 147 significant majority of the texts correspond to two dialects in the French side of the Basque-148 speaking area: Labourdin and Souletin; moreover, nearly 90% of these published texts are 149 religious ones. Thus, if the goal of achieving balance among regional varieties might be 150 challenging for Germanic languages (cf. [START_REF] Claridge | Historical corpora[END_REF] 153 Table 1 154 155 Given the limitations that affect the body of historical Basque, in many cases, our criterion 156 has necessarily tended to the inclusion of most available materials, because, on the other hand, 157 size matters too. At the time being, we are creating a corpus of around one million words.

158 Considering the issues of all types associated with the written past of languages, especially in 159 cases like Basque, this size is considered acceptable for a historical corpus (cf. Claridge, 160 2009).

161

In a few words, on the one hand, our corpus is representative of all historical Basque 162 dialects, and it includes texts of as many genres as possible; on the other hand, balance has 163 been sacrificed for the sake of size. Indeed, 'any attempt at corpus creation is therefore a 164 compromise between the hoped for and the achievable' (Nelson, 2010: 60) 185 dialect (1596). We also include most of the shorter texts edited by [START_REF] Michelena | Textos Arcaicos Vascos[END_REF] and 186 [START_REF] Sarasola | Contribución al estudio y edición de textos antiguos vascos. San 727 Sebastián[END_REF], as well as those compiled by Satrústegui (1989).

187

As for Old Basque, our corpus includes the bulk of the written production of this 188 period, which is considerably larger than that of the Archaic Basque -the reader can get an 189 idea looking at the chronological list in the web Klasikoen Gordailua [= The Classics' [START_REF] Etxeberria | Weighted finite-state transducers for 634 normalization of historical texts[END_REF]. This method is based on statistical learning and 390 proposes a manually tagged sample for the learning process. All the pairs of words in the 391 manual sample will be considered in the learning process; some of them will be tagged with 392 the label Zuz ("correct"), and the rest with the label Ald ("variant"), but we will use every pair 393 for automatic learning. This method involves Phonetisaurus, 6 a grapheme-based phonological 394 tool, guided by finite-state transducers (WFST) [START_REF] Novak | WFST-based grapheme-to-phoneme 715 conversion: Open source tools for alignment, model-building and decoding[END_REF][START_REF] Novak | Phonetisaurus: Exploring grapheme-to-721 phoneme conversion with joint n-gram models in the WFST framework[END_REF]. By introducing 395 "variant/standard" and "standard/standard" pairs, the tool learns graph sequences. That is, we 396 use Phonetisaurus to teach the changes that occur within the word pairs in the learning 397 sample, and to create grapheme-to-grapheme models. After this training, the system should be 398 able to propose standard forms for variants not previously analyzed.

399

After all this, we need to evaluate the quality of automatic normalization. We have 400 applied the 10-fold cross-validation technique, dividing the manually tagged sample into ten 401 parts. Of these ten parts, we used nine files for learning, and the remaining tenth to evaluate 402 the results. We performed the same experiment ten times, changing the file used for 403 evaluation, and we calculated the arithmetic average of these ten experiments to rate the 404 normalization quality of each text (see Section 5).

406 4.3 Morphosyntactic Tagging

407

408 Once the normalization of the corpus is completed, the NLP analyzers are able to parse the 409 texts. In this project, we tag the corpus employing Eustagger, a morphosyntactic analyzer 410 developed by the Ixa team [START_REF] Ezeiza | Combining 637 stochastic and rule-based methods for disambiguation in agglutinative languages[END_REF]. This parser processes the text in three steps: 411 i) tokenization, ii) lemmatization, and iii) parsing -both segmentation and assignment of 412 syntactic functions.

413

Firstly, the parser divides the text into words (tokens). Secondly, it identifies the 414 lemma of each word in the text and, thirdly, it proposes a morphosyntactic analysis. On the 415 one hand, the parser segments each word into morphemes and assigns them a value; on the 416 other hand, it marks syntactic functions too (subject, direct object, indirect object, and so on).

417 Finally, we review the morphosyntactic analysis performed by the automatic parser, 418 with particular attention to paragraphs marked with the label SEK-Ber (see Section 4.2.1); if a 419 structure is poorly analyzed by the tool, we correct it. In this respect, we need to formulate a 420 number of new rules to properly parse morphosyntactic features that do not occur in present-421 day standard Basque. Thus, the parser will learn through manually corrected and formulated 422 items to improve its performance. In other words, after completing this process we will have a 423 morphosyntactic parser of historical Basque ready. 438 As explained in Section 4.2.2, we have randomly selected 10% of each text to normalize it 439 manually. In any case, we have decided to tag the text of RS fully by hand, because of the 440 very special characteristics of this work, made up of sayings formulated in a highly archaizing 441 language. However, although the whole text of RS has been manually normalized, we found it 442 interesting to evaluate the result that our normalization method would have in a text of this 443 type, so we also have applied the 10-fold cross-validation evaluation method to this work.

444 Table 2 displays the rate of correct analysis achieved by automatic normalization in each text.

445 On the one hand, we have worked out the success rate considering the whole of words in the 446 text, as it will be in real situations; on the other hand, we have also calculated the number of 447 right analyses performed by automatic normalization considering only non-standard words. 

468

The last text processed was RS, for which we got poorer results: 80.66% for all words 469 and 66.83% for variants. The reason is that the very archaizing language considerably 470 increases the difficulty of the normalization process. The obvious conclusion is that the more 471 a text differs from the standard language, the more difficult its normalization becomes. In the nearest future, the major challenge is the adaptation of automatic 534 morphosyntactic analysis to historical Basque texts. What is more, we collect and consider 535 theoretical linguists' proposals and suggestions to progress in the implementation of 536 functionalities of the search engine and the design of the interface. In the longer term, our 537 goal is the enhancement of the corpus, extending its time scope until the twentieth century -538 indeed a project has been recently funded to undertake the task.

539

To sum up, the corpus we are constructing aims to remove a major hindrance for the 540 study of Basque diachronic syntax, which is the absence of such resources for this language.

541 In this sense, the tool we are developing will be not only an important contribution to Basque 542 Studies, but it also pursues the improvement of the tools for language processing of Basque 

  , this database only allows searching by word. Given the varied morphological 216 exponence that most of the grammatical words have in Basque, this corpus is of 217 limited value, and of zero value for scholars non-specialized in Basque. 218 b) Secondly, the corpus is highly unreliable, as it has been compiled on the basis of the 219 voluntary contribution of scholars from different backgrounds and of unequal 220 competence. Moreover, some of the transcriptions are based on outdated editions, and 221 therefore reproduce errors that have been corrected in later ones. The transcriptions 222 may also be incorrect due to typing errors, or to the wrong interpretation of the 223 original forms. The use of this resource for linguistic exploitation, therefore, requires a 224 thorough revision of the texts. 225 c) Thirdly, the most important part of the corpus, corresponding to the literary 226 production, is transcribed in present-day standard orthography, a choice that keeps the 227 original morphological forms, but results in the lack of relevant phonological 228 information.229 As mentioned above (Section 3), the first task has been the definition of a reference corpus of 230 historical Basque. We have compiled the most significant written records from the fifteenth to 231 the eighteenth centuries, a period in which all the historical dialects of Basque are

  section, we will present the results obtained in the application of[START_REF] Etxeberria | Aldaera linguistikoen normalizazioa inferentzia fonologikoa eta 629 morfologikoa erabiliz [= Normalization of linguistic variants using phonological and 630 morphological inferences[END_REF] 428 normalization method to some texts of our historical corpus of Basque. More specifically, we 429 have carried out experiments on three of the main texts of the Archaic Basque period (until 430 ca. 1600): 431 • Dechepare's Linguae Vasconum Primitiae, the first book printed in Basque 432 (Bordeaux, 1545), a collection of poems written in Eastern Low Navarrese. 433 • Joanes Leizarraga's Iesus Krist Gure Iaunaren Testamentu Berria [= New Testament 434 of our Lord Jesus-Christ] (La Rochelle, 1571), Calvinist inspired translation written in 435 a sort of koine of eastern dialects. 436 • Refranes y Sentencias (RS) (Pamplona, 1596), a compilation of sayings that reflect an 437 archaizing variety located in or near Bilbao (Biscay).

  presented the creation of the first morphosyntactically annotated historical corpus of 517 Basque. To that end, an interdisciplinary team has been formed by theoretical and 518 computational linguists and computer scientists. As undertaking the entire preparation of the 519 corpus by hand is not feasible, computational techniques are needed.520Concerning methodology, after the design and compilation of the corpus, the first task 521 has been a philological validation of the texts. Then we have normalized the corpus so that the 522 automatic tools be able to analyze the texts. We normalize by hand a part of each text, and 523 based on these manually normalized parts and applying machine learning techniques, we 524 automatically normalized the remaining parts of the texts. Once the text is normalized, the 525 Eustagger parser is ready to tag the texts. Finally, a search interface to browse all the 526 morphosyntactic information stored in the corpus is under development.527The normalization of the text is crucial to guarantee the success of the project, and we 528 have shown that the results obtained in three texts of Archaic Basque validate the 529 methodology proposed. However, the more a text differs from the standard language, the 530 more its normalization becomes difficult. Consequently, to improve both the performance of 531 automatic NLP tools and the quality of the search engine, we decided to make a special effort 532 in manual work.

  

  

  , then in the case of Basque it

	151 becomes a chimera.						
	152						
		Printings		First editions		Original works	
	1545-1749 1750-1879 1545-1749 1750-1879 1545-1749 1750-1879
	Biscayan	2	74	2	24	1	13
	Guipuscoan	8	187	7	69	3	44
	Labourdin	53	206	25	53	12	22
	Souletin	10	47	6	8	2	4

  232 represented. The texts have been selected according to three criteria: i) representativeness of 233 period and linguistic variety, ii) existence of reliable editions, and iii) sociolinguistic 234 relevance. When possible, we have prioritized prose texts rather than verse ones, as our 235 project focuses on syntactic structures. 266 opposite situation, so standard NLP tools cannot be directly used. For this reason, corpus 267 normalization is an essential step toward (automatic) morphosyntactic analysis of historical 268 and/or dialectal texts.324Among the decisions taken for normalization, we want to stress two of them: 325 i) concerning noun morphology, to prioritize the standard forms of postposition cases: -rano, -326 rekilako, -akgatik  -raino, -rekiko, -engatik; ii) with regards to verbal morphology, to 327 preserve the roots of auxiliary verbs not belonging to standard Basque. In this regard, we must 328 mention that standard Basque has four auxiliary verbs: two transitive (*edun "to have" and 329 *ezan [obscure semantics]) and two intransitive (izan "to be" and *edin "to become"); 330 nonetheless, the reality of historical dialects is much richer and more complex. Thus, our 331 decision has implied the inclusion of the paradigms of five more auxiliary verbs into the 332 morphological analyzer: egin "to do", *eradun [causative of *edun], *erazan [causative of 333 *ezan], eutsi "to keep" and *iron [obscure semantics]. Again, this task has involved 334 exhaustive philological and linguistic work, since three of these five dialectal verbal 335 paradigms have been standardized for the first time. By including them, NLP tools for Basque 358 limited number but relatively high frequency of such cases, a specific list of items is being 359 compiled, to manually tag and annotate them.360 Moreover, OOV-AldADIJ and STD-AldADIJ labels are added prospectively. Given 361 that both synthetic verbal forms and auxiliary verbs will be difficult to normalize, it is 362 appropriate to identify them for further normalization tasks and morphosyntactic analysis. In 363 addition to this classification of variants, we have a label called SEK-Ber (from Basque sekzio 364 berezia "special section", gray-colored). The linguist charged with tagging uses this mark in 365 the paragraph (s)he is working on when (s)he finds a morphosyntactic phenomenon of 366 diachronic interest. The label SEK-Ber works as a kind of reminder during the subsequent 367 automatic morphosyntactic analysis, so that we can easily identify which sentences or 368 fragments might be more difficult for the analyzer, and thus we may be able to focus on them.
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	346	colored).	i e w i e w i e w i e w i e w
	347	• STD-Ald: "Variant", when the form of the text matches a current standard Basque
	348 382 case, it is not only a budgetary issue: making a virtue of necessity, the choice of automatic word ("false friend", yellow-colored).
	349 383 tagging leads to improvement in the automatic analyzer of the Basque language, as this tool is • STD-AldADIJ: "Variant -finite verbal form", as the previous label, but specifying
	350 384 being trained in the historical and dialectal forms of Basque. that the word is a finite verbal form.
	351 It should be stressed that in previous research work (Etxeberria et al., 2016) only Out-of-385
	352 Vocabulary (OOV) tokens were revised and normalized. However, given the remarkable 386 4.2.2 Automatic Normalization
	353 grammatical diversity of historical and dialectal varieties with which we are working, the 387
	354 annotator has to check all the words one by one, even those that have the STD-Zuz label, 388 To achieve the automatic normalization of our corpus we follow the normalization method
	389 presented by	

338

The ultimate goal of this manual tagging is to remove every OOV tag (blue colored).

339 Variants are classified according to the following labels: 340

• OOV-Ald: "Variant" [from Basque aldaera], when the human annotator assigns the 341 standard form to the non-standard variant (yellow-colored).

342

• OOV-AldADIJ: "Variant -finite verbal form" [from Basque aldaera -aditz jokatua],

343 as the previous label, but specifying that the word is a finite verbal form.

344

• OOV-Zuz: "Correct", when the morphological analyzer does not recognize the word, 345 but it has an entry in the OEH, the annotator marks it as a correct form (fuchsia-355 since sometimes old words coincidentally look like modern Basque words, which adds an 356 obvious difficulty to the task (for example, the eastern Basque demonstrative haur "this" 357 happens to be homophonous to the standard and eastern Basque haur "child"). Due to the 369 We resort to this label mostly -but not only -for linguistic phenomena no longer occurring 370 in the language, for instance, the prosecutive case (which historically merged with the 371 ablative), certain verbal roots such as -(g)idi, the perfect past periphrases with auxiliaries 372 *edin / *ezan in a the main clause (mana zezan "(s)he commanded", present-day Basque 373 manatu zuen [same gloss]), old synthetic constructions of the subjunctive with the auxiliaries 374 izan / *edun, or prescriptive forms such as egin albaiteza "you will do [imperative meaning]".

375

This prominent issue of the forms that vanished from present-day Basque and require 376 specific annotation must be anticipated in the annotation manual. Other tags may also be 377 employed, e.g. Proper Noun, Spelling Error, Improper Segmentation, and others.

378

Finally, let us mention that we have estimated the time needed to normalize the whole 379 corpus by hand. According to it, if the annotator tags 143 words per hour, (s)he would need 380 about three years to treat the entire corpus. Since this is not feasible with the resources we 381 have in this project, we chose to use computational techniques to normalize the corpus. In any

  456 text through what the automatic normalizer had learned from Leizarraga but, as expected, we 457 obtained poor results, as Leizarraga's and Dechepare's linguistic varieties are quite different, 458 particularly concerning non-standard forms: 75% for the whole of words, but only 46% for 459 variants. Bearing this in mind, we decided to use only the manually normalized sample of 460 Dechepare's text in the learning process. By doing so we improved the results, but they were461 not yet good enough to guarantee a successful normalization (59.58% for variants). To 462 address this situation, we had two possible options: i) to tag more texts manually, or ii) to 463 apply what was learned from Leizarraga's text processing to machine learning. Before starting 464 tagging more by hand, we opted out for the second option, and the results improved 465 significantly: 86.46% for all words and 70.38% for variants. The results of this last 466 experiment suggest that in the future it might be a reasonable solution to have a normalization 467 system for each dialectal area, instead of undertaking a normalization effort for each text.
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	448			i e w
			Leizarraga	Dechepare	RS
		Only variants	87.68%	70.38%	66.83%
		All words	94.24%	86.46%	80.66%
	449 Table 2		
	450			
	451 The first work through which we evaluated the automatic normalization method was
	452 Leizarraga's New Testament, and we found out that the results were very good, reaching a
	453 success rate of 94% for the whole of words in the text.
	454	The second work analyzed was Dechepare's book, in which we conducted several
	455 experiments. First, in order to economize manual work, we tried to normalize Dechepare's

Table 472 3

 472 shows the numbers for standard words, variants, and entities in each text analyzed.

	473			
		Leizarraga	Dechepare	RS
	Number of words	73,610	6,860	3,083
	STD-Zuz	50,321	4,416	1,709
	%	68.36	64.37	55.43
	OOV	20,924	2,403	1,352
	%	28.42	35.03	43.85
	ENT-Zuz	2,365	41	22
	%	3.21	0.60	0.71
	Tagged by hand	7,548	694	3,083
	474 Table 3			
	475			
	476 As shown in Table 3, the results obtained in the evaluation are completely consistent with the
	477 number of variants present in each text. In the case of RS, almost half of the words are not
	478 standard ones, and this complicates automatic normalization. The results obtained in RS point
	479 out that it is worthy to do a special effort in manual tagging when processing texts which
	480 differ from the standard language.		
	481			
	482 6.			

The Search Engine and the Interface

  

  543 and lays the foundations for future projects. Ultimately, some lessons learned from the work 544 with highly diversified grammatical materials may inform projects on other languages that 545 have similar aims. Books printed in Basque between 1545 and 1879. The 1545-1749 columns roughly 583 correspond to the span of our corpus (adapted from[START_REF] Sarasola | Historia Social de la Literatura Vasca[END_REF] 584 Table2Success rate of automatic normalization in three Archaic Basque texts 585 Table3 Sizeof each text, number, and proportion of the words labeled with the STD-Zuz, 586 OOV, and ENT-Zuz tags 587 Figure 1 Interface for manual normalization of the corpus showing a fragment of Leizarraga's 588 New Testament 589 Figure 2 The interface displays a page of Leizarraga's New Testament in both modernized 590 spelling (left) and facsimile (right)
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