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With the profusion of knowledge bases/ontologies on the web, automatic interrogation via SPARQL has become a recurring requirement. As a result, the translation of natural language questions into SPARQL queries has taken a growing interest among current researches. The research problem consists of ensuring that the translated question is relevant to the intended meaning. The aim of this paper is to analyze these research works by proposing a classification according to several perspectives and highlighting their common aspects and general trends.

Introduction

The web is currently the most crucial context for users to store, search and find data, information and knowledge. Web technologies (HTTP and URL) and semantic web technologies (RDF3 , SPARQL 4 , OWL 5 ) enabled the formal representation of knowledge leading to knowledge bases and ontologies profusion [START_REF] Jacob | Ontologies and the semantic web[END_REF]. These storage artifacts need to be queried in order to be fully exploited [START_REF] Hoefler | Linked Data Query Wizard: A Novel Interface for Accessing SPARQL Endpoints[END_REF], [START_REF] Yahya | Natural language questions for the web of data[END_REF]. Nevertheless, most end-users do not master SPARQL [START_REF] Hoefler | Linked Data Query Wizard: A Novel Interface for Accessing SPARQL Endpoints[END_REF], which is the most used interrogation protocol to query these knowledge bases such as DBpedia, Wikidata and YAGO. From this perspective, translating natural language questions into SPARQL queries is considered as a crucial requirement that must be satisfied. Moreover, in the context of ontology validation, domain experts need to verify that the developed ontology can provide correct answers to competency questions expressed in natural language [START_REF] Grüninger | Methodology for the design and evaluation of ontologies[END_REF]. These competency questions ensure that the assessed ontology covers adequately the knowledge domain it represents. Consequently, translating natural language competency questions into SPARQL queries is a way to validate an ontology. The difficulty in this translation process consists of ensuring that the translated question is relevant to the intended meaning [START_REF] Ranjan | A Survey on Techniques in NLP[END_REF]. Therefore, some techniques, such as natural language processing and ontology alignment, can be exploited to maximize the precision in terms of semantics [START_REF] Ben Abacha | MEANS: A medical question-answering system combining NLP techniques and semantic Web technologies[END_REF]. This paper aims to survey current research works that address the issue of translating natural language questions and in particular, competency questions into SPARQL queries in the context of the web. We propose a classification of these works based on several criteria, such as automation degree, question types and application field. Moreover, we highlight their most common aspects as well as their general trends. The remainder of the paper is organized as follows. Section 2 presents an overview of the selected works. Section 3 proposes a classification according to the criteria that we have found relevant to facilitate the selection and enhances the usability and re-usability of these approaches. Section 4 discusses the most common aspects and general trends we have identified in the studied approaches. Section 5 concludes this work and presents its perspectives.

An overview of the studied works

We focused our work on the papers published between 2012 and 2020. The main publication servers we used are namely: IEEE Xplore ,ACM Digital library and Research Gate . We have based our research on the following Keywords: competency questions, Natural language Question Answering systems, SPARQL queries, ontology validation. This research is the result of the selection of 20 articles. The second scanning led to the selection of 11 articles based on the work's title, abstract and conclusion content relevance according to the scope of the current study. This section is dedicated to describe each work briefly by highlighting both its contribution(s) and its limitation(s): In [M. [START_REF] Yahya | Natural language questions for the web of data[END_REF], the authors proposed a graph driven natural language question-answering system using graph joint disambiguation method and linear integer programming to resolve the problem [START_REF] Yahya | Natural language questions for the web of data[END_REF]. The system -baptized DEANNA 6 -was designed to question general knowledge bases such as YAGO with high effectiveness and preciseness. Yet, some limitations are noticed: The system only treats the cases of simple questions without aggregation or high level of inference. Sometimes, the results query is null even if the process is correct, the authors justify this last one by some occasional knowledge base counter-intuitive representations. Another point to emphasize is the high complexity of the system which makes it time consuming in the phase of graph disambiguation [START_REF] Zou | Natural language question answering over RDF: a graph data driven approach[END_REF]. [START_REF] Ben Abacha | Medical question answering: translating medical questions into sparql queries[END_REF] proposed another system to question MESA 7 ontology. The system was designed to be a medical question answering system for users to ask about medical issues, treatments, and drugs. Combining machine learning and semantic programming in different phases such as entity mapping. Despite its good performance, the system does not answer the complex questions like those beginning with how and why and the ones that the approach cannot classify under one predefined type in the phase of question classification [START_REF] Ben Abacha | Medical question answering: translating medical questions into sparql queries[END_REF].

[L. [START_REF] Zemmouchi-Ghomari | Translating natural language competency questions into SPARQLQueries: a case study[END_REF] proposed a translating approach of competency questions [START_REF] Grüninger | Methodology for the design and evaluation of ontologies[END_REF] into SPARQL queries for ontology validation purpose. It was applied on HERO 8 ontology. The approach proposes a formal generic pipeline to validate an ontology using a combination of specific questions and their answers. However, the main limitation of this work is that the two most important phases in the pipeline are manual and they depend entirely on the competency of the human brain. Another limitation is that the approach does not deal with the complex questions [START_REF] Zemmouchi-Ghomari | Translating natural language competency questions into SPARQLQueries: a case study[END_REF]. In their approach, [C. Pradel & al., 2012] presented another alternative approach using predefined patterns to generate queries from users' questions under the hypothesis of the presence of some family patterns in the human language queries. The approach was implemented to query Knowledge Bases. Many observations and limitations can be noticed: The pattern design is manual -which might require a specific treatment to every set and/or every ontology -; the quality of the generated query depends on the chosen knowledge base and its richness [START_REF] Pradel | Natural language query interpretation into SPARQL using patterns[END_REF].

[J. [START_REF] Kim | Natural language query processing for SPARQL generation: A prototype system for SNOMED CT[END_REF] proposed, in their work, a modular system based on graph patterns used to generate SPARQL queries. The system -named LODQA 9 -was designed to query medical knowledge bases and ontologies by creating a graph pattern for questions and then mapping these graph entities in the ontologies. Nevertheless, the main limitation of this approach is in the weakness of relation mapping mechanisms: It does not treat the cases where multiple relations could exist between two mapped entities. Furthermore, the approach treats the simple case of questions, and, as a consequence, negative form and aggregation questions might be translated in the wrong way [START_REF] Kim | Natural language query processing for SPARQL generation: A prototype system for SNOMED CT[END_REF]. In [C. Bezzera & al., 2013], the authors proposed an approach to validate ontologies using competency questions. This approach evaluates the existence of the competency questions terminology in the axioms of the ontology, then returns the ontology's similar concepts if any were found. The main limitation of this work is emphasizing on the pure form of competency questions, consequently, no complex nor compound questions are treated [START_REF] Bezerra | Evaluating ontologies with competency questions[END_REF].

[L. [START_REF] Zou | Natural language question answering over RDF: a graph data driven approach[END_REF]] presented a graph driven natural language questionanswering system to query general knowledge bases using graph disambiguation methods with a new perception and sound performances. Similar to DEANNA [START_REF] Yahya | Natural language questions for the web of data[END_REF], this approach is based on the graph joint disambiguation phase, and its focus on improving the efficiency in terms of time consumption. The approach, however, shows some limitations: the aggregations in the questions can lead to incoherent results, the named entity mapping needs some improvement [START_REF] Zou | Natural language question answering over RDF: a graph data driven approach[END_REF].

[A. [START_REF] Asiaee | A framework for ontology-based question answering with application to parasite immunology[END_REF]] also presented their framework -named OntoNLQA 8 Higher Education Reference Ontology 9 Linked Open Data Question Answering -for translating natural language questions into SPARQL queries in the parasitology field. It combines supervised learning and natural language processing algorithms. OntoNLQA was designed to transform non-interrogative form questions into queries. The approach shows non-desired sensitivity to the grammar. Consequently, the questions formed in a wrong way, are more likely to give incorrect or null queries, the question in the negative form, with one entity, or judged complex are also likely to give incorrect queries [START_REF] Asiaee | A framework for ontology-based question answering with application to parasite immunology[END_REF]. In their approach, [M. [START_REF] Dubey | Asknow: A framework for natural language query formalization in sparql[END_REF] proposed to generate SPARQL queries from Normalized Query Structure (NQS), which is a normalized format of the question with a proposed grammar and forms. The system -named AskNOW -was designed to query big knowledge bases over the web such as DBpedia. The approach offers a good translation but shows a rigidity in parallelization, which might be very interesting regarding the volume of the questioned knowledge bases [START_REF] Dubey | Asknow: A framework for natural language query formalization in sparql[END_REF].

[A.Al barghouthi & al., 2017] aimed for translating Arabic natural language questions into SPARQL queries by defining and building an Arabic ontology for pathology field and a question answering system that complies with some language specifications. Different aspects of Arabic are considered, such as the complexity and different morphology from the standard approaches that already exist. The system is still too specific for the ontology it was designed for. No generic aspects have been introduced to be reused in the future [START_REF] Barghouthi | Arabic question answering using ontology[END_REF]. In [D. [START_REF] Diefenbach | Towards a question answering system over the semantic web[END_REF], the authors presented an approach that can interrogate multiple knowledge bases at the same time using disambiguation / entity mapping,constructing multiple query candidates and finally taking the best fit. The approach shows some limitations when no query candidate is selected following the criteria [START_REF] Diefenbach | Towards a question answering system over the semantic web[END_REF].

Translation approaches classification

The classification of approaches is a complex task depending on the selected criteria and the possible values for each criterion. In this section, we propose a set of criteria guided mainly by approach assessment, selection, and usability. The criteria are explained underneath. Table .2 illustrates approaches classification according to these criteria :

-Degree of automation: Measuring the level of human intervention in its execution enables assessing the usability and re-usability of an approach. -Natural Language Questions (NLQ)/Ontology Competency Questions (OCQ): Natural Language Question Answering systems over the web aim to facilitate knowledge bases or ontologies querying, enabling the accessibility of knowledge they store to end-users. On the other hand, translating competency questions into SPARQL queries enables validating the corresponding ontology in terms of knowledge domain coverage. -Questions complexity: Questions complexity: this criterion guides the query generation process. The degree of question complexity may be of three values: simple, complex or compound. These values can be combined.

• Simple question: a simple question is a question without constraint and with a single input [START_REF] Dubey | Asknow: A framework for natural language query formalization in sparql[END_REF]. Example: "What is a department?" • Complex question: begins with "how" or "why." In this case, it becomes difficult to get a precise answer because the inference aspect is involved [START_REF] Zemmouchi-Ghomari | Translating natural language competency questions into SPARQLQueries: a case study[END_REF]. Example: "Why are universities organized into departments?" • Compound question: includes operator connections of conjunction/disjunction between one or more, simple or complex questions [START_REF] Dubey | Asknow: A framework for natural language query formalization in sparql[END_REF]. Example: "must a teacher be a researcher, and what are the possible ranks for a teacher?" -Techniques: Classifying the approaches according to the techniques used enables identifying the essential and unavoidable techniques, such as machine learning, natural language processing and semantic processing. -Domain-specific/generic: a critical criterion in the field for which an approach has been developed. We noticed that some approaches are based on a specific domain, while other approaches are generic. This criterion will guide the approach selection and usability. -Entity mapping/Graph-based: the first approach consists in extracting entities/relations, then mapping them to ontology elements. The other approach is based on graphs built from questions, next, semantic disambiguation (resolution by linear programming or probability calculus) is applied. The difference between these approaches is that the first category is based on a known ontology structure, contrary to the second category.

Discussion

Throughout the bibliographic study, we were able to observe that five processing phases were familiar to the majority of the studied approaches. These commonalities are synthesized in Table .3, where we achieved a cartography of the studied approaches phases. In the following, we describe the phases of the resulting generic approach.

-Pre-processing or normalization form: in order to reduce the linguistic complexity of the hard questions and thus be able to provide a solid basis for the rest of the translation process. For example, in [START_REF] Dubey | Asknow: A framework for natural language query formalization in sparql[END_REF], the first major phase is Normalized Query Structure -Semantic items extraction from the questions: this is usually performed either in a single-phase or divided into two phases to sequentially extract entities then relations. For example, in [START_REF] Diefenbach | Towards a question answering system over the semantic web[END_REF], the authors identified all entities, properties, and classes, to which the question could refer to. First, all IRIs are searched whose lexicalization (up to stemming) is an n-gram N (up to stemming) in the question. Then, if an n-gram N is a stop word, such as "is," "are", "of", "give", the IRIs associated to it are excluded. This is due to an observation that these works have emphasized : The semantics are important to understand a question and the fact that stop words do not carry a lot of semantics. In the query "Give me philosophers born in Saint-Etienne" for example, they obtain this table: -Semantic mapping: this comes in several forms: classical mapping, graph alignment, or disambiguation. If we consider that the previous operation represents the trigger of the approach, this one is undoubtedly the closing phase of the most challenging part of each approach. A frequently used technique is to create predefined query patterns or templates in order to facilitate the generation of final queries. Approaches that use this technique assume that questions have similarities, and therefore, a pattern for each question family is realized. For example, in [START_REF] Dubey | Asknow: A framework for natural language query formalization in sparql[END_REF], the authors retrieve the knowledge base entity matching the spotted query desire, query input, and their relation. For their experiments, they annotated the query using DBpedia Spotlight. As a result of the mapping, they get the knowledge base entity equivalent to the query input, which has been identified in the NQS instance. They denote this entity as i. The mapping approach then collects properties related to i (where i is a resource) and their values in set (denoted S). Next, each element (a pair of property and value) of S is observed. Then, they identify the entity which matches the desire (itself denoted as D) and denote it as d. This is done using three mapping functions as follows: The first test is made by a simple label matching function. If this fails, then the second test for mapping is through the WordNet synonym function. It finds the synonym of user desire using WordNet [START_REF] Dubey | Asknow: A framework for natural language query formalization in sparql[END_REF] within set S. -RDF graphs generation from questions: it consists in creating RDF graphs for the questions and then aligning it with a sub-graph of the ontology or the graph to be interrogated. This category of approaches is based on disambiguation methods and linear optimization algorithms, which, however, consumes a considerable amount of time. For example: In [START_REF] Yahya | Natural language questions for the web of data[END_REF], the authors use this technique in the Q-unit generation phase. A q-unit is a triple composed of phrases. This phase consists of generating triples of labeled tokens for each question (token relation, token concept 1, token concept 2), these triples (or Q-units). The couple token relation is selected from relations set and (token concept 1, token concept 2) from the concepts set. These triples are then candidates to become elements of the RDF graph. -SPARQL query generation: although the details of this generation are not well explained or not explained at all, it remains a common phase among all the studied approaches. For example in [START_REF] Zemmouchi-Ghomari | Translating natural language competency questions into SPARQLQueries: a case study[END_REF]: SPARQL query generation is performed once the ideal answer is identified, the equivalent entity type recognized, and the localization in the ontology achieved. Notice that this done manually. Another aspect that needs to be emphasized is that one-third of the general number of the studied approaches, in particular in the implementation phase, focus on the biological and life sciences field. Knowledge belonging to these fields is broadly formalized and commonly available as ontologies and rich knowledge bases, such as the ones available on the OBO Foundry portal 10 . In the context of ontology validation, we noticed a broadly accepted assumption. That is to assume that the competency questions and the assessed ontology use the same terminology or lexicon. Consequently, the mapping is only based on syntactic similarities. However, if this assumption is not satisfied, the performance of the developed systems will decrease considerably due to semantic ambiguities between extracted items and ontology elements. Finally, most of the studied approaches deal with the simple type questions (without constraints). A few of them [START_REF] Dubey | Asknow: A framework for natural language query formalization in sparql[END_REF], tackle the issue of translating complex compound questions. These approaches generally rely on powerful mathematical and logic tools. The efforts towards working on these types of questions need to be enhanced.

Conclusion

The literature review conducted throughout this paper enables us to propose a classification according to a set of criteria guided by selection and usability arguments. The current study led us to deduce a generic approach composed of five essential activities, based on commonly noticed translation processing phases. Moreover, we shared some remarks and ideas about similarities, issues, and trends of this domain of research. Future work will be dedicated to design and implement an approach to generate SPARQL queries automatically from ontology competency questions tackling some of the literature review's works limitations. 

  (NQS) generation. The NQS structure is [Wh] [R1] [D] [R2] [I], with R being auxiliary relation, I being query input class/instance and D being query desire class/instance. The query is pre-processed using POS tagging to tag the query tokens, syntactic normalization to have a common syntactic query and tokens merging. It also uses the characteristics of desire-input dependency relations. A query which originally is: "Desserts from which country contain fish?" becomes [wh = which] [R1 = null] [D = country] [R2 = from] [I1 = dessert] [R3 = contain] [I2 = fish].

Table 1 .

 1 Example of semantic items extraction from

	n Start End	n-gram	Resource
	3	2	3	philosophers dbo:Philosopher
	43 3	4	born	dbp:bornDate
	48 3 5 born	in	dbp:bornIn
	53 5	6	saint	dbr:Saint
	115 5	7	saint etienne dbr:Saint Etienne

  The question: "What is a Credit?" is translated into: SELECT? comment WHERE HERO:Course Credits Number rdfs:comment ?comment . If a single SPARQL cannot provide all identified entities, it is possible to translate a competency question into several SPARQL queries.

Table 2 .

 2 Classification of the studied approaches

	Studied Approaches

Table 3 .

 3 Cartography of translation processing phases

Resource Description Framework www.w3.org/RDF

SPARQL and Protocol Query Languagewww.w3.org/TR/rdf-sparql-query

Web Ontology Languagewww.w3.org/OWL/

DEep Answers for maNy Naturally Asked questions

http://www.obofoundry.org