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Abstract. 
We present a new way of learning medieval and renaissance Latin using the portal that introduces the diachronic vocabulary of the Croatian and medieval and renaissance Latin, based on selected manuscript and printed dictionaries from the late 16th to the 18th century, using today's most advanced technology. Since these dictionaries are multi-lingual ones (all of them include Latin, and some dictionaries also include Italian, German and Hungarian), it is possible to explore the vocabularies of other languages as well.  Our portal comprises following printed dictionaries: F. Vrančić's (1595), B. Kašić's (manuscript, 17th cent.), J. Habdelić’s (1670), LIBELLUS alphabeticus (1756). Learners of the medieval and renaissance Latin can also exploit the dictionary entry context and look at the original image of the entry as well. Some of the dictionaries already contain the translation to the modern Croatian, some of them are still in the translation process, and we also plan to include the translation to modern Latin for all of them.  CRODIP (Croatian Old Dictionary portal) is a major resource for scholars of the Latin, linguistics, literature, history and culture of above mentioned languages.  These dictionaries can be used as the powerful electronic resources for teaching Latin language that can be easily used in the classroom. The portal itself is a pioneer in the application of technology to old Croatian-Latin dictionaries.
 Keywords.  Croatian Old Dictionary Portal, old multi-lingual dictionaries, relational database, web application, full-text search
1. Introduction
The aim of this paper is to describe possibilities of learning medieval and renaissance Croatian and Latin using Croatian Old Dictionary Portal (CRODIP), which presents the diachronic vocabulary of those languages, based on selected manuscripts and printed dictionaries from the late 16th to the early 20th century using today's most advanced technology. Also, another goal is to establish principles of on-line presentation and text retrieval in those dictionaries. CRODIP is a result of the long-standing work on the project named Croatian dictionary heritage and dictionary knowledge presentation that deals with the design of the database comprising those texts as well as with the design of the online application for retrieval of their content.

In this section we give the short overview of the dictionaries included in CRODIP. They are presented diachronically in the following list:
· Faust Vrančić, Dictionarium quinque nobilissimarum Europae linguarum Latinae, Italicae, Germanicae, Dalmaticae et Ungaricae, Apud Nicolaum Morettum, Venice, 1595. (Reprint Liber, Zagreb, 1971, Novi Liber, Zagreb, 1992). The table in the database contains five columns from the original (each column represents one language: Latin, Italian, German, Croatian and Hungarian) as well as the column with the translation to standard Croatian language. Also, the database contains images of the original text. 
· Bartol Kašić, Croatian-Italian dictionary (Slovoslovje dalmatinsko-talijansko), Rome, 1599. (Manuscript preserved in the monastery in Dubrovnik; printed as Croatian-Italian dictionary by Kršćanska sadašnjost and Institute for Language, 1990). The table in the database contains two columns, one for Italian and one for Croatian language.
· Juraj Habdelich, Dictionar, Graz, 1670. (Reprint Kršćanska sadašnjost, Zagreb, 1989, 1999). The table in the database contains two columns, one for Latin and one for Croatian language as well as the image of the original.
· LIBELLUS alphabeticus. Overprint Zagreb: "Miroslav Krleža", 1997. 
Latin/Croatian/German. - Reprint. Originally published: 1756. The database contains three columns, one for Latin, one for Croatian and one for German language.
Beside the full text of the above mentioned dictionaries, CRODIP also offers the complete bibliography of the older Croatian dictionaries from the year 1595 to the year 1918 which was made searchable.
2. Survey of the students' learning habits, activities and aspirations
In order to find out if the students of classic philology would benefit from using CRODIP as the additional resource in learning Latin, we conducted a survey. There were 18 participants from the Faculty of Philosophy, Department of Classic Philology, 1st to 5th year of study. The results showed that 33% of them are very confident in using a computer, 61% are quite confident, while only 5% are not confident at all. On the other hand, only 5% of them are very confident in using computer-based language resources (e.g. dictionaries and books on CD and Internet), 72% are quite confident, while 22% are not confident at all. Furthermore, 38% of students use Internet for developing their Latin language competence, 22% of them use Internet for developing other foreign language competence, 33% of them use Internet to find out information about the culture and countries that used Latin language, 38% of them use Internet for non-language study purposes, while 83% of students use Internet for leisure. The number of hours of study (per week) that students spend for the Latin course is given in Figure1.
Regarding the supplementary materials they use in lectures and at home, 55% of them use grammatical tables, paradigms and example sheets, 66% of students use passages for home reading that were not read in lectures, 11% of them use exercises & informal testing material, 72% of them use set texts (e.g. Ovid and selections from Catullus), 11% use worksheets (sheets with aphorism of the day, sheets with grammar sections, summary sheets of "special" usages, such as participles, subjunctive, optative, etc.), 44% of them use hints and notes for reading Latin texts, 16% use Croatian-into-Latin exercises using "model sentences", while 38% use Croatian translations of omitted portions of text. 
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Figure1. Hours of study (per week) that students spend for the Latin course 
Regarding the supplementary materials they would like to use as future course materials, 55% of students would continue to use the current Latin coursebook, 88% would use Latin passages reflecting on history and culture of Roman world in printed form, 66% of them would like to visit web pages containing Latin passages reflecting on history and culture of Roman world, 83% would like to have a textbook exploring aspects of Roman culture, society and history via a choice of approachable texts which would act as an aid to a more traditional grammar/exercise book, 38% of students would use more extracts of original Latin (including inscriptions), 55% would like to have printed dictionary with the stress on Latin roots of Croatian words, while 33% would like to have the same dictionary, but online. Moreover, 50% of students would like to use sheets with intensive grammar exercises in the form of sentences/short pieces of prose. Finally, 77% would gladly use Croatian-Latin (or Latin-Croatian) dictionary on CD-ROM or Internet, especially if it contains medieval and renaissance Latin.
When asked for the particular learning activities they do in Latin course, most of them answered that they do translation to and from Latin, while the minority uses computer-aided language learning tools, such as dictionaries, Internet, etc. Their answers to this particular question are presented in the Figure2.
In the last part of the survey they were asked for the opinion if the portal such as CRODIP could help them to study texts in old Latin. 44% answered positively, while 55% answered that they do not know because they never used such a portal before.
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Figure2. Learning activities students perform in the Latin course 

The results of our survey show that our students of classic philology use computer-aided language learning tools very rare, but would like to use Croatian-Latin dictionaries on CD-ROM and Internet if they only had opportunity.

3. Croatian Old Dictionary Portal (CRODIP): methods of structuring dictionary text in the digital form
The methods of structuring dictionary text and some typical problems related to it are described in-depth using one of the dictionaries as a representative. Since all dictionaries have a Latin column and since all dictionaries have at least two columns where one of the columns is Croatian, the methods were explained on the Habdelić’s dictionary text, which contains a Latin and a Croatian column. 

The first task in the portal design was to choose the level of dictionary text segmentation and to analyze the different possibilities of structuring such texts according to three criteria: customization of the dictionary text structuring, speed and possibilities of structured data retrieval. The next step was to do the segmentation of the texts down to the chosen level and to structure each of the texts in the same style.

Also, the possibilities of linking additional sources to the main structure (such as the image of the original dictionary text) are being considered, as well as the styles of representation of the dictionary content and possibilities of more successful retrieval by automatic transcription of the dictionary text. The last task was the design of the web application that will make those dictionaries online searchable.

Dictionaries which are part of the portal are digitized in such a way that the text processing tool Microsoft Word XP contains the authentically drifted content and layout of the dictionary (Figure 3). Since the network environment does not allow the text representation in the Word application format, it is necessary to process the text before its segmentation and further structuring with minimal loss of the original dictionary text layout but bearing in mind the final aim – text retrieval using the web application.
In the very beginning, the main body of the dictionary with its lexicographic units was separated from the foreword and epilogue, since the main body was the only part that was acceptable to structure. Furthermore, all the elements of text formatting in Word were replaced with the equivalents in the hypertext markup language HTML, whose format is the most suitable for the online representation. Finally, the text is exported to the text file with UTF-8
 encoding [1] that is adapted to Croatian language. 
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Figure3. Layout of the dictionary text in Word application

Lexicographic units in the dictionary such as Habdelić’s have very simple structure and they consist of the pair of Croatian and Latin word, i.e. series of these words. The Latin words in the above mentioned dictionary (verbs, nouns and adjectives) are tagged grammatically better than the Croatian words. Lexicographic unit can be easily automatically segmented into two parts: Croatian and Latin since the Latin part is written in italic. Some of the words (more precisely, lexical units
) can also be automatically segmented since they are separated with a full stop, but it is not always the case.
Word categories, noun gender and declension category in the Latin part could be automatically assigned to almost all nouns, verbs and adjectives (i.e. "ij, m.", "3." or "a, um.", although there are some minor inconsistencies in notation as well as overlapping), while in the Croatian part the automatic assignment is possible only with some adjectives (i.e. "a, o.").
Furthermore, sometimes it is not clear whether the tag for the word type or declension category relates to the last word form in the sequence or to the all word forms, since it is placed after the last word form if there is more than one word form in the same declension category or in the same noun gender. Sometimes, the grammatical description of a word is missing completely.

Those are the reasons to avoid the in-depth text segmentation without the manual check and correction, since the partial tagging with grammar categories can have more negative than positive outcomes for the success of the searching process
. Therefore, regarding the automatic segmentation and text structuring, we conclude that it is possible to do the text segmentation only to the level of splitting lexicographic units into the Croatian and Latin part, while text segmentation to the lexical units and additional tagging of those units with grammar categories can not be automated and it needs further manual tagging. We experienced similar problems in the text segmentation of other dictionaries that are included in the portal.
Therefore, considering the incoherent and ambiguous structure of the lexicographic units in old dictionaries which doesn't allow automatic in-depth segmentation of the dictionary text, we decided to use the relational database for our portal with simple structure and shallow, completely automatic text segmentation. The relational database has algorithms and indexing methods that were developed decades ago and that speed up the retrieval process significantly, especially when dealing with large amount of data in dictionaries.

Manual XML tagging of the text inside the relational database should be performed in one of the next phases of the portal development. That would significantly improve the retrieval possibilities. The TEI standard [3] should be used for that task.
4. Segmentation and structuring of the dictionary text – development of the relational database

This section describes the process of segmentation and structuring of the dictionary text. Habdelić’s dictionary is used as an example again. The possibility of linking additional sources such as images of the original dictionary text, different ways of representation of the dictionary content and possibilities of more successful retrieval by automatic transcription of the dictionary text are also being discussed. 
The text file is imported into the relational database management system MS SQL Server 8.0. Every dictionary is placed in its table in the same database. For every dictionary there is one stored procedure – the ASP.NET web application sends parameters to the relational database management system.

This kind of structure of the dictionary database meets the basic needs of the structuring process. But one should also consider the particularity of the forms in the dictionary as well as their incompatibility. Therefore, we need to assume the possibility of having difficulties in retrieval. Some of the difficulties are related to the occasional notation of word accents. The verb kaniti (to intend) in one of the dictionaries is recorded as Kanim, while in the other dictionary it is recorded as Kánim, i.e. with accent. If no additional data processing is performed, the user will not be able to find all appearances of verb kaniti  (to intend) in the dictionaries. Characters which can not be typed in a query using the keyboard and therefore represent obstacle in retrieval of all word forms in Habdelić's dictionary are as follows: "á", "à", "â", "ä", "æ", "é", "è", "ë", "í", "ì", "î", "ó", "ò", "õ", "œ", "ŕ", "ſ", "ú", "ù", "ü", "ũ" i "û". In order to allow the dictionary retrieval despite the presence of those characters, two more fields in the table are defined: [cro_clean] and [lat_clean] in which both [cro] and [lat] fields are copied, but the above mentioned characters are replaced with their equivalents in Croatian orthography: "a", "e", "i", "o", "r", "s" and "u". 

Furthermore, it is useful to improve the retrieval doing the automatic transcription of the Croatian part of the dictionary, since in the centuries when those dictionaries turned up the notation of phonemes in Croatian was not standardized (mostly Hungarian and Italian notation was used) and was quite different from the contemporary notation. Transformations that are possible to carry out regularly are recorded in a new field of the existing database [cro_trans], while some other transformations are to be left for the moment when the user sets the query to the web application. 

With the exception of the character "ſ", in the first step of the transformation the replacement of special characters as already described was performed. After that, the transformations are carried out following these rules:

· digrams "ny", "ly" i "gy" are transformed to digrams "nj", "lj" and the letter "đ" (Alduvanye - Alduvanje)
· letter "y" is transformed into letter "j" if a vowel appears before or after it; if not it is transformed into letter "i" (boy - boj)
· letter "u" is transformed into letter "v" if a vowel appears before or after it (otrouanye - otrovanye)
· digram "ſſ" is transformed into letter "š" (chaſſa - chaša)
· letter "s" is transformed into letter "š" (sitek - šitek)
· digrams "ſz" i "sz" are transformed into letter "s" (ſzada - sada)
· digram "cz" is transformed into letter "c" (Dalmaczia - Dalmacia)
· digram "ch" is transformed into letter "č" (cherv - červ)
· string of letters "ia" on the beginning of the word is transformed into "ja"

It is important to notice that the rules listed above are adapted to the specific situation in the dictionary text. It is obvious that the last rule, for instance, would transform the conjunction iako (although) into the adverb jako (strongly), but since that conjunction is not the part of the dictionary, the rule is implemented after all. Anyway, when applying these rules one should not forget the main purpose of this transcription and that is primarily the aid in the retrieval process. The automatic transcribed data are never shown to the user. The rest of the automatic transcription will be performed in the moment when the user sets a query to the web application. At that point the problem of the syllabic /r/ will be solved, as well as the problem of the relation between phonemes /š/ and /ž/.

Table1. Structure of the table for Habdelić’s dictionary in the relational database

	Field
	Data type
	Description

	id_habdelic
	int (identity)
	Identification

	cro
	nvarchar
	Croatian part of the lexicographic unit

	lat
	nvarchar
	Latin part of the lexicographic unit

	cro_clean
	nvarchar
	Croatian part without special characters

	lat_clean
	nvarchar
	Latin part without special characters

	cro_trans
	nvarchar
	Croatian part automatically transcribed

	Cro_today
	
	Croatian part – modern word form

	image
	varchar
	Column number, values from 001 to 215


5. Bibliography of old Croatian dictionaries

At this point the bibliography consists of 1029 records and is still developing. It consists of data about dictionaries published between 1595 and 1918. The structure of the table in the database is shown in Table2. Some other data concerning the bibliography are shown in Table5 and on Figure4 and Figure5. The main data sources for the design of the bibliography of Croatian dictionary heritage were printed dictionaries, manuscripts, Internet and secondary information sources.

Table2. Structure of the bibliography table

	Field
	Data type
	Description

	id_biblio
	int (identity)
	Identification

	author
	nvarchar
	Author

	title
	nvarchar
	Title

	sub
	nvarchar
	Subtitle

	place
	nvarchar
	Place

	editor
	nvarchar
	Editor

	year
	smallint
	Year

	century
	tinyint
	Century

	structure
	nvarchar
	Structure - number of languages

	type
	nvarchar
	Dictionary type

	main
	nvarchar
	Main language


Table3. Number of dictionaries ordered by 15 most common dictionary types

	Type
	Number of dictionaries

	General dictionaries
	219

	Special and subject dictionaries
	154

	Orthographic dictionaries and language usage counsellors
	53

	Science, mechanics, technology, crafts
	39

	Zoology, botany
	33

	Medicine, veterinary medicine, pharmacology, biology
	30

	Foreign words
	49

	Commerce and economy
	25

	General encyclopaedic dictionaries and lexicons
	18

	Law, administration, politics
	13

	Sea, shipping, fishing
	12

	Language
	11

	Biographical lexicons
	11

	Military
	10

	Pedagogy, philosophy
	10
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Figure4. Percentage of dictionaries published in each century
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Figure5. Percentage of dictionaries regarding the dictionary structure
6. Design of the Web application for dictionary and bibliography retrieval

This section describes the final ASP.NET web application for database retrieval developed in MS Visual Studio 2003. The design of the user interface is mostly determined by the processes such as the elimination of the special characters or the automatic transcription support to retrieval. The user interface is above all functional, offering the user a textbox for input of the character string and a dropdown list that enables him to add each special character to his query. There is a checkbox for each dictionary that should be retrieved. There are also checkboxes for omitting the special characters and for semi-automatic transcription. If the checkbox for the elimination of the special characters is checked by the user, the checkbox for including the automatic transcription in the retrieval process is disabled since the last one is embedded in the first one. In order to choose the language to be retrieved, the user can use one checkbox for each existing language: Latin, Croatian, Italian, German and Hungarian. 
If the user wants to retrieve lexical units without taking the language criterion into account, there is a special checkbox to turn off the mentioned criterion. Also, if the user selects only one dictionary (for instance Habdelić’s dictionary), only Latin and Croatian languages (those contained in this specific dictionary) will be enabled.

The selected retrieval method is very straightforward – the full text is being searched taking into account only the constraints described above.
At this point lexicographic units can be retrieved just according to one or more languages. Additional ways of retrieval could include the case sensitivity or retrieval of the complete words only. The experience gained with the retrieval in this database shows that those possibilities do not offer any additional abilities since the text of the dictionaries is rather specific and limited in range so that the excessive limitations to the query would often result with no or few answers.

In querying the database with the automatic transcription support, some of the query changes are performed on the fly. For example, if the letter "r" appears in a query and if it is preceded and succeeded with a consonant, two more queries containing the digrams "ar" and "er" instead of "r" are posed to the database. The aim of the additional queries is to retrieve the forms of the predecessor of the syllabic "r" such as the form kerv (blood). Also, if the letter "ž" appears in a query, another query is being automatically made in which the letter "ž" is replaced with the letter "š". Phonemes /ž/ and /š/ are very similar and in the centuries when the old dictionaries were printed those phonemes were marked with the same letter. 
CRODIP returns the retrieval results for each dictionary in a separate table with the searched sequence of characters highlighted in red. 
Every answer to the query has a link to the original image of the specific dictionary column (if the image is available). When browsing the image, one could proceed to the image of the next column or to the image of the previous column.

Beside the list of answers to a given query, the order of the lexicographic units in the dictionary is usually quite important. Synonyms frequently appear close to each other in a text while some of the word phrases (regardless of alphabetic disorder) appear right after the lexicographic unit of the main word in the word phrase. Therefore, the link Context allows us to get the representation of ten preceding and ten following units of every lexicographic unit that satisfied the criteria from the user’s query.

Users can also improve the quality of the CRODIP portal, since they are allowed to browse images and to report errors if they find them in the digitized form of the dictionaries. The errors can be reported by sending email through the online error report form
. This way the errors remained in the digitized version of the dictionaries could be removed very efficiently.
The bibliography of old Croatian dictionaries is also fully retrievable with a criterion of the fields being retrieved. A part of our web application generates a document with a full listing of the bibliography. That enables the web crawlers to index the content of the bibliography since it is impossible for them to index data written in a database.

7. Conclusion

The primary goal of our paper was to explore the possibilities of structuring and retrieval of old multilingual dictionaries, as well as possibilities of learning medieval and renaissance Croatian and Latin using Croatian Old Dictionary Portal. 
The results of our survey about the students' learning habits, activities and aspirations brought us to conclusion that our students of classic philology use computer-aided language learning tools very rare, but would like to use Croatian-Latin dictionaries on CD-ROM and Internet if they had opportunity, especially if those dictionaries contain medieval and renaissance Latin.

Analyzing those dictionaries, we realized they could be used as the powerful electronic resources for teaching Latin language that can be easily used in the classroom.
Juraj Habdelić’s dictionary was used as an example of a dictionary on which some useful structuring and retrieval methods for old dictionaries were applied; such as the elimination of the special characters and the automatic text transcription.

We also demonstrated a few methods of representation of the dictionary content, again on the same dictionary. Those methods include representation of the dictionary entry context, linking of the original image with the lexicographic unit and the possibility for the user to report errors in the dictionary text. The further improvement in the development of such web application is necessary in the design of a specific user interface for each of the dictionaries where it could be retrieved according to criteria that are specific to it. Also, we need to re-evaluate the possibilities of structuring, retrieval and additional dictionary content markup. Finally, more dictionaries will be added to the CRODIP portal, among which the most important are:
· Ivan Belostenec, Gazophylacium, seu Latino-Illyricorum onomatum aerarium, Typis Joannis Baptistae Weitz, Zagreb, 1740. (Reprint Liber and Mladost, Zagreb, 1972; Stari grad, Zagreb, 1998.). The database contains two columns, one for Latin and one for Croatian language; it is the encyclopaedic dictionary. The database contains also images of the original.

· Petr Lodereker, Dictionarium septem diversarum linguarum videlicet Latine, Italice, Dalmatice, Bohemice, Polonice, Germanice et Ungarice, 1605.
· Jakov Mikalja, Blago jezika slovinskoga ili Slovnik u Komu izgovarajuse rjeci slovinske Latinski, i Diacki, 1649.

· Ardelio della Bella, Dizionario Italiano-Latino-Illirico, 1728.
· Andrija Jambrešić - Franjo Sušnik, Lexicon Latinum interpretatione Illyrica, Germanica et Hungarica, 1742.
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� 8-bit Unicode Transformation Format - type of encoding of the Unicode character set. It can represent all characters defined by the actual standard - Unicode 4.1.


� Generally speaking of words that are described in a dictionary, we actually speak of lexical units, since the word is not the unit being described in the lexicographic opus [2]. There are many examples of this phenomenon in the old dictionaries, since many terms are defined only descriptively because there is no equivalent term in the other language. For instance, Latin noun Caelatura, ae, f. is described in Croatian with the whole noun phrase Dletom chinyeno delo.


� The searching process using grammar category could mislead the user if the lexical units are only partially tagged with the grammar category information. The user might get the impression that the answer contains all the examples that satisfy his criteria, but that might not be the case.


� In digitization of the old dictionaries inconsistence between the original printed version and digitized version is considered an error. The error made in press of the original dictionary text in the context of digitization is not considered an error.
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