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Abstract 

 

A Study on Semantic Data Acquisition and Large-scale Data 

Processing in Electronic Health Record Environment 
 

Namgoong Hyun 

Healthcare Management and Informatics  

The Graduate School  

Seoul National University 

 

 

With developments of a medical practice environment and a computer technology, 

EMR (Electronic Medical Record) system computerized human healthcare records 

and documents into easily exchangeable formats. The improved medical information 

environment around medical fields accompanies methods to represent those medical 

information into formally structured data with interoperability, so that, the data can be 

exploited at various applications and services. Development of medical terminology 

system guaranteeing interoperability of diverse medical records and further research 

structuring medical data through the terminology systems have been preceded 

recently. For structuring the medical data and keeping them to be with interoperable 

characteristics, recently information technology suggests a novel data representation 

method named ‘Semantic Web’. The semantic web technology secures an 

interoperable use of different data from diverse information system by representing 

data with references to domain ontology which is a set of conceptualization of domain 

knowledge. To exploit the semantic web technology at the EHR (Electronic 
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Healthcare Record) system, two main research issues are followed; developments of a 

method for acquisition of semantic data at the medical treatment field, and a method 

for processing the obtained semantic data with large scale.  

This thesis paper investigates on the two research issues for realization of EHR 

environment along with the semantically described and interoperable data. This paper 

describes a CNL (Controlled Natural Language)-based guided look-ahead editor 

might help users select proper words that meet his intended but vague notions without 

proper knowledge on the sentence structures. The CNL editor also permits grammar 

definitions through CFG-LD that includes both sequential and semantic views on 

sentence structures, so that, the editor are employed for diverse medical document 

with different description standards. Therefore, this paper provides a data processing 

method for the huge size of semantically structured data obtained from the proposed 

CNL editor through scalable parallelism like Map-Reduce framework. With a cloud 

computing environment providing Map-Reduce cluster, the proposed method 

provides the efficient data pre-processing method for SPARQL queries used at the 

application services for analyzing and querying on the semantically structured data. 

    ……………………………………… 

keywords : Electronic Health Record Environment, Semantic Web, Controlled 

Natural Language, Medical Narrative Editor, RDF, SPARQL Processing 

 

Student Number : 2006-30992 
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1. Introduction 

With developments of a medical practice environment and an information technology, 

EMR (Electronic Medical Record) system computerized human healthcare records 

and documents into easily exchangeable formats and it is moving forward to EHR 

(Electronic Healthcare Record) system which evolves to systematic collections of 

electronic health information about individual patients or populations. The improved 

medical information environment around medical fields accompanies methods to 

represent those medical information into formally structured data with interoperability, 

so that, the data can be exploited at various applications and services. Development of 

medical terminology system guaranteeing interoperability of diverse medical records 

with their proper meanings and further researches structuring medical data through 

the terminology systems are preceded currently. For structuring the medical data and 

keeping them to be with interoperable characteristic, recently information technology 

suggests a novel data representation method named ‘semantic web’. The semantic 

web technology secures an interoperable use of incoherent data from diverse 

information system by representing data with references to a set of shared concepts 

that is called ontology. For employing the semantic web technology at the EHR 

system, two main research issues are followed; developments of a method for 

acquisition of semantic data at the medical treatment field, and a method for 

processing the obtained semantic data with large scale. This thesis paper investigates 



9 

 

on the two research issues for realization of EHR environment over the semantic web 

technology actualized with semantically described and interoperable data. 

As subsets of natural languages, CNL (Controlled Natural Language) has recently 

received much attention with regard to ontology-based knowledge acquisition 

systems, for its ability to eliminate ambiguity of expressions in natural languages. 

Several studies were devoted to the use of CNL in ontology-related data processing 

such as ontology construction, query generation, and data annotation [3][4]. A CNL-

based guided look-ahead editor might help users select proper words that meet his 

intended but vague notions without proper knowledge on the sentence structures. The 

statements controlled by predefined grammars, usually defined in CFG which is a 

computational notation of natural language structures, can be translated into ontology-

referenced data and queries with precision [2][5].  

A previous work, OntoPath [9], assists editing in such an intelligent way that it 

recognizes the resource type of a description and offers users context-sensitive actions 

to perform on that description. A domain-specific ontology plays a role in collecting 

language constituents, such as nouns and verbs, to be translated into structured data, 

such as RDF (Resource Description Framework) [9][10]. A lightweight look-ahead 

editor helps users, specifically medical experts, with guidance on choosing next 

words, using the approved grammars and semantic relations of entities from the 

ontology. Because most medical sentences have general recommended structures to 
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ensure precise knowledge expression, CNL and a look-ahead guiding system can 

assume an important role in such an application.  

However, previous work and other systems have difficulties in enlarging the 

expression capacity, expanding the grammar, specifying patternized sentences, and 

adapting informal expressions such as Korean sentences with English words. These 

difficulties are attributed to the fact that the grammar definition system like CFG does 

not include semantic structures, but sequential structures of a sentence. These 

limitations need to be solved to deal with various sentences so that users can exploit 

more familiar expressions, and are enforced into using the patternized sentences.  

A newly developed editor which proposed in this paper permits grammar 

definitions through CFG-LD that includes both sequential and semantic views on 

sentence structures. Using this grammar definition system, the grammars and the 

semantic structures of sentences to be used in the proposed editor can be defined and 

employed dynamically. The Grammar definitions include the structural descriptions 

of grammatical states to mention sequences of POS (Part-Of-Speech) with CFG. 

Designations of lexical dependency between sentence elements are also included. 

Using defined grammars, the implemented CNL editor enables us to get structure data 

from writer’s narratives with 1) more sophisticated expressions, 2) patternized 

expressions, and 3) informal expressions consisting of multi language constituents.  

For the past few years, scalable parallelism like Map-Reduce (MR) architecture is 
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employed to handle a large volume of RDF data. Results from previous research [47] 

[48] show that the employment of MR architecture for processing a query is not 

competitive than existing persistent storage systems. Though scalability is achievable, 

however, there are underlying limitations in the Map-Reduce parallelism. The 

processing of a SPARQL query usually requires a full scanning of the whole data 

collection. Moreover it requires, prior to the execution, un-reducible preparation jobs 

such as data sorting and multiple copying of data. That is why the MR based 

approaches are not applicable for a real-time querying system. This work is devoted 

to process a SPARQL query based on scalable parallelism, e.g., MR, but it is more 

closed to pre-processing a SPARQL query by providing a method that can process 

generate multiple answer sets that are indexed to provide faster response time at real 

time query execution.  

The approach explained in this paper enhances the efficiency of data pre-

processing step for a SPARQL query in a semantic web data portal project as part of 

the cooperation between Seoul National University and Daum communication. Daum 

operates the second largest portal site in Korea and they keep managing and updating 

up-to-date multimedia metadata like music, movie and so on. In this work, movie 

metadata provided by the portal service, http://www.daum.net, in a legacy database is 

exported to RDF format. The exported data set is deployed in the following service 

exploiting pre-computed answer sets: a semantic web portal service which helps user 
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to recommend meaningful and interesting relationship among semantically described 

data.  

The aforementioned semantic web data portal is built along the lines of 

http://data.gov.uk. One of the key points of data.gov.uk initiative is the adoption of the 

linked data and the semantic web. A SPARQL query issued by a user directly or 

indirectly enables to search meaningful relationship in semantically described data. In 

this work, the semantic web data portal, developed for DAUM, assist users to easily 

complete their multiple search keywords to be translated into SPARQL query. 

This paper introduces two parallel join implementations with MR and their iterative 

use for processing a large volume of the RDF data. The proposed approach is 

anchored to splitting a SPARQL query into multiple sub queries. These sub queries 

are further processed iteratively using parallel joins. It also enables processing 

complex queries with all the fields, including expressions like UNION, FILTER, and 

OPTIONAL. The implementation accepts a SPARQL query and generates a set of 

answer sets for queries equally structured with the given SPARQL query but differs 

by replacement of constant values to variables in the query. The delivered multiple 

answer sets are obtained by executing ascendant query which means a simplified 

query representation for a given SPARQL query with fewer constant values. Finally, 

the collected answer sets are indexed by the ascendant SPARQL query substituted 

with constant values. The use of MR for processing an ascendant SPARQL query 
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requires more computational burden because of the enlarged selectivity among the 

executions. However, it enables sharing the execution workflow and provides 

acceptable results if averaged over all the queries.  

In the context of web applications, user queries expectable from service UI (User 

Interface) are resolved at an indexing time as a basic answer set, so that, the request is 

not directed to their backend data warehouse like DBMS (DataBase Management 

System) [24, 25]. The indexing phase is periodically executed with updates of data 

and is usually limited to a particular deadline. A sample query expected by service UI 

can be expanded to numerous sets of queries which have the same query structure but 

different values. For example, assuming a query that search for actors who play with 

“mv:actor1”, the other possible queries, actors who play with “mv:actor2”, 

“mv:actor3”, and “mv:actor4”, are also obtainable. These queries need to be pre-

processed. These queries are quoted as sibling queries and the number of sibling 

queries equals the number of instances of a concept or variables defined in the sample 

SPARQL query. The need of massive pre-processing of numerous queries makes the 

application to be anchored only on current persistent RDF stores for web application; 

as they cannot rely on DMBS for web search engine. Therefore, I aim that the needs 

for semantic web data portals are rather close to a system that process such sets of 

SPARQL queries on large amount of data set than a persistent RDF store serving 

stable data management. 
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2. Relative Works 

 

2.1 Recent Electronic Health Care Environment  

Recent evolution of information system provided medical institutes an order 

communication system for sharing of medical documents and records, and it proceed 

to develop advanced hospital information systems called EMR (Electronic Medical 

Record) or EHR (Electronic Health Record). Traditional medical order documents 

written by medical actors like doctor and nurse are changed a computer-aided system 

which shares the document through internet networks [58, 59]. Furthermore, EMR 

system manages every kind of medical document related to treatment as electronic 

documents stored a database system. Researches on the EMR system are expanded to 

comprehensive medical information environment, EHR. Hence, traditional EMR 

system preserves human’s characteristic attributes associated to his diseases, EHR 

environment tries to computerize all kinds of potential human attributes which can be 

related to his health conditions. The EHR environment comprehends a set of medical 

concepts and vocabulary systems for precise expression of medical data. Some of the 

researches for realization of EHR environment were being processed. Standard 

vocabulary systems like SNOMED CT and UMLS are exploited to form the medical 

documents exchangeable with other hospitals by mapping internal terminology 

dictionary to the standards vocabularies. Medical document models such as, CDA, 
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Archetype, and Detailed Clinical Model (DCM) helps an interoperable use of medical 

document between a sender and a receiver by providing a method to translate a 

document with same context.  

Standard vocabulary systems define terms associated to patients, treatment, and 

administrative works within a standard format and semantic relationships among the 

terms.  Each vocabulary systems are consisted of a set of domain specific 

terminologies, and, UMLS, GALEN, SNOMED CT, ICD10 are the example of the 

standard vocabulary system. Unique identifiers of each terminology and relationships 

with among the terminologies like synonyms and hierarchy relations included in the 

vocabulary system. Cimino [58] defined the attributes of the vocabulary systems as 

follows.  

- Concept Orientation 

- Concept Permanence 

- Non-ambiguity 

- Explicit Version Identifiers 

- Nonsemantic Concept Identifier 

- Polyhierarchy 

- Formal Definition) 

- Multiple Granularities) 

- Multiple consistent views) 
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- Representing context) 

- Recognize redundancy) 

Such medical vocabulary systems are dragged out of web services for average 

users not expertise. Recently, HealthValult (http://www.healthvault.com) by Microsoft 

and Google Health, medical info-search named JiSikIn (http://kin.naver.com) by 

Naver got much attention by opening medical knowledge to public. These services 

and rising concerns on personal health conditions also leads a concept of PHR 

(Personal Health Record) which mash-ups medical knowledge and personal health 

related data for customized health-care services. The importance of appliance and for 

obtaining of structured medical data through the EHR environment and medical 

vocabulary systems are increasing with such development of medical information 

environment.  

 

Figure 2.1. MS Health Vault Search 
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Researches for developing of standard vocabulary systems and use of structured 

data with the system are also found at web research area. For enhancing current web 

environment with added semantics to the web data, the semantic web for re-organize 

web data through referenable knowledge system called ontology. In the sense of 

referring knowledge set for representing data with interoperable ways, the semantic 

web research resembles to building EHR environment. And many of semantic web 

technologies inspires and being applied to realize the environment.   

 

Figure 2.2. Google PHR Service 

This paper examines the semantic web technologies in a view point of EHR 

environment. And, it describes two enhancements of semantic web technologies for 

building EHR environment.   
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2.2 Semantic Web Technologies 

With a myriad of information resources which are getting hard to be effectively 

utilized, the Semantic Web has been designed as a way to improve access and 

interoperability of information resources in a distributed environment, such as, web 

documents, various files, databases, services. Tim Berners-Lee, founder of the 

Internet, was proposed in 1998 and World Wide Web Consortium has been established 

by the relevant standards. Semantic Web technology components that make up a set 

of shared concepts called ontology, semantically described data with reference to the 

ontology, and a software agent which can understand the data.  

  To make this possible, first ontology that defines a set of concepts, the knowledge 

can be shared between the agent and the human. Ontology are represented standard 

description forms like RDF, it includes description of instance of a concept and 

vocabulary representing the relationship among the data entities. For example, wine 

ontology will have a Wine class for describing the wine instance, and the concept 

Wine will have the properties for expressing attributes of each wine, the production 

year (hasVintageYear) and producer (hasMaker). The object of an attribute represents 

the value or instance the attribute has. For example, [A - rdf: typeOf bike.snu.ac.kr / 

Wine] indicates that an object A kind of wine. [A - hasVintageYear - 1982] then, 

expresses the production is made in 1982. This form of RDF triples representation of 

the data (Triple), and given that (Subject) - predicate (Predicate) - object (Object) 
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consisting of a first-order predicate logic (First-Order Logic). And here 

http://bike.snu.ac.kr/Wine of the URI (Universal Resource Identifier) is a web-based 

role as a unique identifier. 

This ontology of the concepts used in the sharing of information resources can be 

used for. This concept of a shared representation enables the meaningful 

representation of the data with semantics of the data. Existing HTML markup 

includes the representation of data to be is displayed to the user, this form of data is 

expressed in the form of meanings could be understood and consumed through 

understanding of the ontology. The data described with references to the ontology is 

called Semantic data  

 

Figure 2.3
1
. A complete example of a HTTP session for dereferencing a URI 

identifying 

 

 

                                           

1 http://www4.wiwiss.fu-berlin.de/bizer/pub/LinkedDataTutorial 
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In recent years, these Semantic Web technologies developed in the form of Linked 

Data on the Web for a variety of data among public and generate semantic 

connections to the web knowledge. In order to disclose the data in Linked Data form 

the following four principles exist 

1. Use URIs as names for things 

2. Use HTTP URIs so that people can look up those names. 

3. When someone looks up a URI, provide useful information, using the 

standards (RDF, SPARQL) 

4. Include links to other URIs, so that they can discover more things..  

URI for a particular concept or resource (Resource) to express, HTTP protocol 

using the approach to the concepts (De-reference) must be to do. Additionally, each 

with access to resources providing data that includes the URI receives this 

information, resources and other semantically associated with providing access to the 

URI as a database which enables access to Web data. 
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Figure 2.4
2
. The Linking Open Data cloud diagram 

 

The Linked Data government at the UK and the USA are trying to increase the 

utilization of the data government owns by initiating data.gov, data.go.uk services. 

NewYorkTimes, BBC and other data into a standardized form for the opening being 

used, and now the medical, surges, media information about the Linked Data in the 

form of disclosure is continuing.  

 

 

 

                                           

2 http://richard.cyganiak.de/2007/10/lod/ 
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2.3 Controlled Natural Language to Structured Data Acquisition  

CNL is restricted to subsets of natural languages on grammars and dictionaries, and it 

eliminates ambiguity and complexity of pure natural languages. Originally, the main 

purpose of controlled languages was to improve readability for human readers, 

particularly non-native speakers. An example is AECMA Simplified English that was 

created as a manual description language for aircraft maintenance guideline. Another 

advantage of CNL is to improve text processing capability of computers with 

removed complexity. 

Many studies have been done to develop systems that transform written sentences 

into formal logical expressions. Some well-known examples are as follows: ACE 

(Attempto Controlled English) [6], CLCE (Common Logic Controlled English) [7], 

and PENG-D [2]. For an automatic translation from a discourse representation 

structure into a variant of first-order logic, ACE is defined as a controlled natural 

language in Attempto project. The ACE based sentences are translated into the 

Semantic Web querying language PQL [8]. Other example of a controlled natural 

language is CLCE that has been developed by Sowa [9]. CLCE, as a formal language 

with an English-like syntax, is supplied with more expression than ACE in the sense 

that it supports ontology for sets, sequences, and integers, and also allows in-line 

declarations of words linked to relational databases. It supports the automated 

translation of written narratives to conceptual graph or other logical expressions [8]. 
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PENG-D also proposed a computer-processable CNL to be translated into formal 

logical sentences decidable with an OWL (Web Ontology Language) language. 

Here is an overview on a translation from a sentence to RDF triples with a gross 

description narratives example of pathologic examination. The description language 

supported by OntoPath is compatible with a restricted form of RDF and RDF Schema. 

The system is designed to annotate the semantic metadata in RDF with the 

vocabularies that are already constrained by a given ontology in RDF Schema. The 

ontology then plays a role in guiding the generation of medical narratives as RDF 

documents. The narratives are validated with the syntactic and semantic rules of RDF 

Schema and are transformed into RDF documents. 

An RDF triple statement consists of a specific resource, which is an individual 

primitive semantic element with a named property and value for that resource. The 

basic RDF model represents the named properties and property values. A property is a 

rule that provides the meaning of the expressions, which is specifying the way the 

thing should be constituted. A built ontology such as a schema, which is a vocabulary 

description language, provides mechanisms for describing groups of related resources 

and the relationships between these resources. Instead of defining a class in terms of 

the properties its instances may have, the ontology describes properties in terms of the 

resource classes to which they apply. This is the role of the domain and range 

mechanisms. 
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A specimen received contains a cyst which measures 2 × 1cm.  

This example sentence can be translated as shown in the Figure 2.5 when it is typed 

in the form of the predefined grammar through the guidance of the editor [9][10]. The 

instances about a real patient, ‘a specimen received’ and ‘a cyst’ are conceptualized as 

the instances of classes Tissue and Cyst, respectively. The properties, contains and 

measures, are also specified with their object values in the sentence. 

 

Figure 2.5. RDF triples generated from an example sentence 

 

This translation can be definitely performed on the example sentence written in a 

predefined grammar. However, if the user describes the sentence with another manner, 

it cannot be successfully translated, because the translation system will assume 

restricted grammars and translation processes. To expand the grammars for enlarging 

expression capacity, more grammars using CFG can be also added, but it is still not 

enough for this translation work, since the translation can be different from the 

composed structure and semantic dependency among the sentence elements. 
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2.4 Semantic Web Data Processing 

For the past decade, several RDF stores have been developed by semantic web 

research groups. Early version of RDF stores, like Sesame [36], Virtuoso [38], and 

Jena [37], were developed to provide user interfaces for RDF data processing. But, 

they are tied-up with high processing time for the large scale of data (several million 

of triples) [31][32]. 

 Recent approaches, such as Virtuoso TS
3
 , Jena TDB

4
, MaRVIN and so on [41-43] , 

are devoted to manage large RDF data sets with a cluster or a highly configured 

machine
5
 to overcome the limitation of the RDF repositories. They create large size 

of triple index data to ensure fast accesses on the triple data. Virtuoso TS and Jena 

TDB showed better benchmark results with built index data loaded at a main memory 

in a highly-configured machine or a cluster constructed with multiple machines. Cai 

and Frank’s [40] introduces basic schema for indexing RDF in DHTs (Distributed 

Hash-Tables) [40]. YARS2 implemented a data distribution framework among 

multiple machines [42]. These approaches report an acceptable query time even for 

large sized data, but, it recall another problem in creating indexes of semantic data at 

loading time
6
 and it is easily noticeable that the query time increases linearly with 

enlarging size of the data set. 

                                           
3
 http://virtuoso.openlinksw.com/ 

4
 http://www.openjena.org/TDB/ 

5 http://www4.wiwiss.fu-berlin.de/bizer/BerlinSPARQLBenchmark/results/V6/ 
6
 http://www.w3.org/wiki/RdfStoreBenchmarking 
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 These recent approaches are employed, as a persistent store or data warehouse, for 

a large volume of semantic web data. However, they are not suitable for massive 

SPARQL query processing in a semantic web based applications. The web application 

scenario, should answer user queries with specified constraints (SPARQL) within few 

seconds, is involved to pre-processing of numerous expectable input queries at 

indexing time, so that, every result of the input query, at run time, can be delivered 

instantaneously without any delay. Fast processing of SPARQL queries and easy 

scalability of computational power, to finish a given job, are more important issues in 

this scenario. Although recent RDF stores showed improved response time, it is still 

not equipped to handle a large number of queries in a stipulated time. In the Section 5, 

analysis of experimental results for processing SPARQL queries with Jena TDB, 

which is one of the recently improved RDF stores, is compared to our approach. 

SWDP (Semantic Web Data Portal) [26] or Semantic Community Web Portal [27] 

means a web portal which provide semantic data publishing, accessing, searching and 

exchanging of semantic data. A formalism and reusability of semantic web is 

expected to bring an evolved data-centric service for heterogeneous user and devices.  
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Figure 2.6. Sharing of data through SWDP 

 

Figure 2.6 shows portal services help sharing their own data for reusability by 

other semantic web services. The SWDPs are still in their infancy and there are 

several different definitions of SWDPs floating in the research literature [26] [28] 

[29]. One common ground among all the definitions is that SWDPs are based on 

semantic web technologies, and that they support sharing and exchanging of 

information. 

MapReduce (MR) [45] is a programming model and an associated implementation 

for processing and generating large data sets. A map function processes a key/value 

pair to generate a set of intermediate key/value pairs, and a reduce function merges all 

the intermediate values associated with the same intermediate key. The input to a MR 

module is a set of key/value pairs and output is another set of key/value pairs. 
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Simply, the key, value pairs are represented in MR as follows:   

 

 

When an algorithm can model key/value based execution flow, it can then process 

massive data set without any scalability issues. Map Reduce framework provides 

network-wired parallelism. Therefore, handling continuously increasing data source is 

relatively easy with ad-hoc configuration. MR is an extension of parallel join 

approach. 

The parallel join approach has long been used to join large size of data in database 

research community [49] [50]. The approach split data records for execution over 

several processors. Each processor computes part of the join, and then the results are 

merged. Ideally, the overall work of computing join is partitioned evenly over all 

processors. If an exact fragmentation of a data set is achievable, a parallel join using 

N processors will take 1/N times as long as the same join would take on a single 

processor. From the traditional approach, some researchers introduced the use of MR 

instead of the multiple processors to handle large data sets [51][52]. Because semantic 

data is not limited to a concrete structure (schema), so, their processes for executing 

SPARQL over semantic data are quite different from the database approaches.  

With expanding size of semantic data, MR received much attention with a 

possibility that it can handle web-scale data set [56, 57]. Despite of the late response 
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time to process batch jobs, MR promises unlimited scalability with little or no 

synchronization, and, recent availability of commercial cloud computing services like 

Amazon Web Service make the job easier. Adding more number of employed 

machines to a MR environment provides a larger computational resource [46], and 

hence the need for larger or quicker data processing can be solved with the addition of 

more machines into the MR environment. 

To my knowledge, [47] and [48] are the two most advanced and relevant with this 

work. They resolve a SPARQL query by taking advantage of a simple abstraction for 

large-scale computation of MR framework. Their work is limited to specific types of 

a query like basic graph pattern or group-by queries.  
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3. Structured Data Acquisition with CFG-LD  

This chapter introduces CFG-LD, which is a grammar definition system for 

describing grammars with lexical dependences. As the chapter 2.3 described, the 

translation between a simple English sentence and a RDF triple is possible through 

quite simple translation rule on the grammar. However, it is hard to deal with those 

sentences with different structures, and an annexed expression such as idioms (e.g., 

“there is something”) or patternized phrases appearing in the sentences. Other 

grammatical expressions following a different sequence of POS such as ‘subject-

object-verb’ are also hardly handled through the original approach. Sequential and 

semantic structures of those sentences should be declared to enlarge the translation 

capacities.  

Resolving the various structures of sentences can be possible through the 

previously developed CNL systems listed in the previous chapter. Their built-in 

sentence resolutions mainly relied on English are restricted in the informal 

expressions consisting of multi-language constituents, and it is also hard to gather 

well-defined CNL grammars written in every desired language. Therefore, the 

proposed CNL based editor employs the modified grammar expressions named CFG-

LD. It notifies a lexical parser for both grammars and lexical dependencies, to let the 

parser or system know sequential and semantic structures of the grammars where the 

ontology provides language constituents and domain and range relations of them.  
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3.1 Grammar Expression with Context-Free Grammar  

CFG is a famous computational notation used to express natural language structure, 

and to make development of applications that parse natural language sentences easily. 

Chomsky proposed the notion of CFG as a model for describing natural languages 

with following four quantities: Terminals, Non-terminals, Productions, and Start 

symbol [11]. 

The grammars described below in CFG express simple grammars to parse an 

example sentence, ‘Nam is a student supervised by a professor named Kim’ with a set 

of lexicons enabling aware of terminals’ tokens. 

S  NP VP OP  

NP  L Be Det N  

VP Verb  

OP Det Verb L  

(3.1)  

The states marked with the italic characters means terminals whereas others 

characters denotes non-terminal states. L also denotes unfound literals in the 

dictionaries, or lexicon set. Other words, such as ‘is’, ‘student’ and ‘supervised by’ 

were known as each terminal. Now, the example sentence can be parsed into a parse 

tree. These CFG based definitions, however, only contains the sequential structure, 

but hardly provide dependency structures that show whether a literal is semantically 
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attached to the verb ‘supervised by’ as a subject or an object. Then, the derived parse 

tree from the example sentence using the CFG grammar will only contains the 

structural sequence.  

Grasping the dependency structures from a sentence is possible with both structural 

and the semantic point of view. The semantic view on the sentence can be shown as 

lexical dependencies which can be generally derived from stochastic analysis to show 

word-to-word dependency relationships [13][14]. The Figure 3.1 describes the lexical 

dependency found in the sentence. 

 

Figure 3.1. Dependency set of the example sentence, ‘Nam is a student supervised by 

a professor named Kim.’ 

From the Figure 3.1, it is easy to capture the semantic dependences between words. 

As the dotted circles show, there are three meaningful structures that exist in the tree. 

The domain ontology for representing a triple expression make us generate RDF 

triples from those dependencies like Nam is instanceOf a class student, Kim is 

instanceOf a class professor, and, Nam supervisedBy Kim. Here, it is easy to grasp 
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the difference between the dependency and CFG parse tree which will not be shown 

here.  

Then we can add CFG states to the dependency graph as the Figure 3.2 below. 

From the integrated graph, the dependencies between CFG states are also easily 

informed [12]. As the graph shows the VP dominates literals from NP and OP, and 

the L in LP node also depends on Be, and Det N. 

 

Figure 3.2. Integrated parse tree with dependency structures 

The aim of the CFG-LD is to announce possible dependency structures of a 

sentence written in the defined grammars. With settled dependencies, the dependency 

existing between states that appear from an incoming sentence can be caught and can 

be translated into RDF triples precisely. 
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3.2 CFG with Lexical Dependency  

The subchapter demonstrates CFG-LD with an example of a basic grammar definition. 

As mentioned, the entities of the domain ontology are a source of lexicons of terminal 

states; a class in the ontology is presented as a noun state whereas a predicate is 

presented as a verb. Supplying additional well-known functional words as lexicons 

for other terminal states, the words appearing in a sentence can be tokenized and 

located in its category using the set of the lexicons. 

S  NP(S) VP (NP<-V) OP(VP<-O)  

NP  L (NP<-S)(S) Be(L<- V) Det Noun (L<-O) | L (NP<-S)  

VP  Verb (NP<-V)  

OP  Det Noun (O) Verb (Noun<-V) L (Verb<-S)(OP<-O)  

(

(3.2)  

The above notational rule is an example grammar definition of CFG-LD to handle 

the sentence ‘Nam is a student supervised by a professor named Kim.’ It shows the 

rule for a simple sentence composed of non-terminals; ‘NP’, ‘VP’, and ‘OP’. This 

basic grammar definition is similar to conventional CFG, save the brackets next to 

each state. The characters in the brackets designate the dependency among the states. 

In the first line, the main dependency conducted by NP, VP, and OP is defineed. The 

single character ‘S’ within the brackets, ‘(’ and ‘)’, tells that the state NP has a 

dependency set, and it has a dependency element ‘Subject.’ The real value of the 
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element will be filled from its nested state because NP is a non-terminal. The symbols 

with arrow, ‘<-’, within the brackets mean that the state has depending elements such 

as ‘Verb’ or ‘Object’ on the left side of the arrow, where ‘S’ denotes ‘Subject’, ‘V’ 

denotes ‘Verb’, and ‘O’ means ‘Object’. In here, the left state should be selected from 

the states shown see in the same line. In the second line, a terminal L has an actual 

value for Subject element of the dependency set owed by NP and has its own 

dependency set starting from Subject with its own value. The new creation of the 

dependency set constructed with L and following Be and noun is determined by the 

structure of a sentence varied by an OR operator, ‘|.’  

These notations with a set of brackets allow us to describe the sentence structure 

with lexical dependencies existing in the sentence. Relatively less meaningful words 

like ‘a’, which is denoted as Def state, also can be presented in the sentence structure 

to elevate the familiarity of expressions, even when we are not intended to deal with 

the meanings of such words. The next section explains how the rules can be used to 

parse a sentence using a CFG-LD parser. 
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3.3 Resolving Sentences Using CFG-LD  

Here, it is described how a sentence is resolved in the CFG-LD parser using CFG-LD 

applied to the previous example. First, as we use CFG rules to deal with sentences, 

the CFG-LD parser dynamically makes a parse tree from an incoming sentence with a 

supplied lexicon set. The parse tree can be derived from the example sentence - ‘Nam 

is a student supervised by a professor named Kim’- or from its front part. From a 

fundamental description, the lexicon set has ‘is’ as a Be state, ‘a’ as a Def. The 

domain ontology provides lexicon sets for nouns and verbs such as ‘student’ and 

‘professor’ as Nouns, and ‘supervised by’ as a Verb. Then, L is an unfound token, just 

a literal.  

As Figure 3.3 shows, the parser constructs dependency sets with designated lexical 

dependencies from the sentence. A set of rectangle boxes means a dependency set 

created during parsing process. If the parser meets dependency creation instructions 

such as ‘(S)’, it creates a new dependency set. The dotted lines say what state puts the 

dependency element values. If a nested terminal state is employed by the incoming 

sentence, the parser puts the type of state with its value as a dependency element. 

Especially, Noun and Verb are states come from the ontology resources, and their 

actual values become the URIs of the resources. 

The produced dependencies sets are used for two functionalities in the CNL editor; 

triple generation and context-based word recommendation. From the dependency sets 



37 

 

in the Figure 3.3, RDF triples can be easily generated with designated dependency 

structure. Word recommendation also relies on dependency sets. Basically, the editor 

can know available next states from the parse tree, but it also can narrow down the 

scope of the proper words using semantic relations among the entities from the 

domain ontology. In the above example, the editor will recommend next verb-type 

words by looking ahead the parse tree, and narrow down those verbs by using those 

domain and range relations in the ontology. Therefore, the editor will show users 

those verbs that can take ‘professor’ or the parent classes in the ontology as their 

range value. 

 

Figure 3.3. Dependency sets from the parse tree from the example sentence, ‘Nam is 

a student supervised by a professor’ 
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To avoid ambiguities, when the dependency sets are captured from the parsed 

sentences and triples are generated from the sets, the CFG-LD should express 

following agreements.  

1) Every state in CFG is divided into two kinds; ‘dependency involved’, and 

‘dependency not involved.’ The ‘dependency involved’ state should provide at 

least one value for an element to a dependency set when it is fully expanded. 

The ‘dependency not involved’ state is never involved with any dependency 

sets. Therefore, the ‘dependency not involved’ state is declared for the 

definition of additional terms and patternized phrases  

2) Every state can create a dependency set with elements, e.g., subject, verb and 

object.  

3) A state and its nested states can set numerous values for a single element. If an 

element has multiple values, they are respectively used during triple 

generations. For example, if a dependency set has two subject values (‘I’ and 

‘You’), a verb value (‘like’), and an object value (‘cake’), then two triples, ‘I-

like-cake’ and ‘You-like -cake’, are generated.  

4) A state can be related to multiple dependencies. A state can make a new 

dependency set and also give values to other dependencies.  

With such grammar definitions following the agreements, we can also define 

grammars specific to languages of interest that exhibit different sequential 
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appearances from sentence constituents, e.g., Korean. The next rule shows the 

grammar definitions for Korean sentences. We assume that the lexicons of the 

terminals are provided through pre-declared lexicons and Korean terms for entities of 

the ontology. For example, ‘초등학생’ is a Korean word for a class 

‘ElementarySchoolStudent’, ‘중학생’ is a word for a class ‘MiddleSchoolStudent’, 

‘인’ is a postpositional word expressing a ‘is-a’ relation, and ‘와’ is a postpositional 

word expressing ‘and’. ‘영희’, ‘철수’, and ‘영수’ are literals, and ‘는 좋아한다’ is 

a verb corresponding to a property ‘likes.’  

S  OP (O) SP (OP<-S,V)  

OP  Class (OP<-O)(O) is (Class<-V) literal (Class<-S) ObjectPost  

SP  Class(SP<-S)(O) is (class<-S) literal (Class<-V) AndPost 

literal(Class<-V) Verb (SP<-V)  

(3.3)  

Through the rule 3, we can notify the structures and dependency of a sentence to 

the CFG-LD parser- for example, the literal in OP has a relationship with the literals 

and the verb in SP, so that the editor can make triples from Korean sentences such as 

‘초등학생 인 영희 를 중학생 인 철수 와 영수 는 좋아한다’. The triples 

from the sentence consists of as follows: ‘영희’ is instanceOf 

‘ElementarySchoolStudent’; ‘철수’ is instanceOf ‘MiddleSchoolStudent’; ‘영수’ is 

instanceOf ‘MiddleSchoolStudent’; ‘철수’ likes ‘영희’; and ‘영수’ likes ‘영희’. 
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3.4 Internal APIs for CFG-LD Editor 

The CFG-LD definitions can be used to express grammars with their lexical 

dependency; however, it is sometimes hard to deal with narratives when a user use 

anaphoric terms like pronouns and quantifiers. Such anaphoric terms are an inevitable 

feature of languages because human writers much rely on those terms. They cab be 

replaced with those words that they reference in the document he currently edits.  

Therefore, CFG-LD provides a space for specifying dependency values using 

internal APIs which usable in grammar definitions. By adding the braces, ‘{’, ‘}’, we 

can also specify the values to be replaced when the dependency set is terminated. In 

that space, the way for specialized handling of particular anaphoric terms can be 

presented with several internal APIs or some predefined terms like ISARELATION. 

The table 3.1 lists some internal APIs for handling anaphoric terms. 
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Table 3.1. Internal API set for anaphoric terms 

Function Name  Functionality description  

nearInstanceOf(ClassURI)  Returns the nearest instance of the Class  

nearInstancesOf(ClassURI)  Returns the near instances of the Class  

recentlyCreatedInstance()  Returns instance recently created  

recentlyCreatedInstances()  Returns instances recently created  

domainInstanceFitDependency()  Returns an instance of domain class of 

depended predicate  

domainInstancesFitDependency()  Returns a set of instances of domain 

class of depended predicate  

rangeInstanceFitDependency()  Returns an instance of range class of 

depended predicate  

rangeInstancesFitDependency()  Returns a set of instances of range class 

of depended predicate  

rangeClassFitDependency()  Returns a class of depended predicate  

rangeClassesFitDependency()  Returns a set of classes of depended 

predicate  

 

As the functionality descriptions show, the internal functions are mainly related to 

the referenced instances created in the current document. The first two functions, 
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nearInstanceOf and nearInstancesOf, return an instance or instance of the designated 

class already made in the document. The RecentlyCreatedInstance and 

RecentlyCreatedInstances functions return any instance recently created. The other 

functions return a single or multiple instances, or a class suitable to the state’s 

connected dependency sets.  

The rule below shows CFG-LD grammar descriptions using these internal 

functions. The expressions deal with a pronoun, ‘it’, using the function 

RecentlyCreatedInstances(). The Noun with the definite article ‘the’ are handled with 

the nearInstanceOf(CLASS) function where a Noun means a class from the domain 

ontology. 

S   it (S) verb (it<-V) object (it<-O)  

it  IT (it<-S){recentlyCreatedInstance()}  

verb  Verb (verb<-V)  

object  Def Noun (object<-O){nearInstanceOf(Noun)}  

 

 

 

 

(5)  
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3.5 Architecture of CNL based Editor  

This chapter introduces the architecture of the CNL-based editor. It consists of five 

main components: Look-Ahead Interface, CFG-LD Parser, Lexicon Pool, Triple 

Generator, and Predictor, as Figure 3.4.  

1) Look-Ahead Interface: It provides a narrative description interface for a writer. 

Observing user’s input, it recommends proper next words to let the writer describe 

sentences with precise structures and semantics.  

2) CFG-LD Parser: It parses an incoming sentence and makes dependency sets 

using CFG-LD definitions. First, it tokenizes an incoming sentence with the support 

of Lexicon Pool, and then dynamically generates a parse tree and dependency sets 

from a set of the tokenized words.  

3) Predictor: It predicts the next terminal states from the parse tree. It also 

examines the semantic relations in the domain ontology, e.g., domain and range 

relations, to provide semantically suitable recommendation  

4) Lexicon Pool: It holds lexicon sets from the domain ontology and functional 

words with their terminal types in the grammar definitions. It provides interfaces for 

searching for words that have a terminal state and contain a certain substring.  

5) Triple Generator: It generates RDF triples from the dependency sets when the 

sentence is completely terminated. A literal which became an identifier and 

recursively referenced by other triples in the same sentence are replaced with its URIs 
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in this component. 

 

Figure 3.4. Architecture of CNL based Editor with CFG-LD 

When a writer starts to type a sentence with Look-Ahead Interface, the CFG-LD 

Parser builds a parse tree using the terminals identified by the Lexicon Pool at every 

modification. By looking ahead the defined grammars and the produced dependency 

sets, the Predictor foretells the suitable terminals and words. Then, the Lexicon Pool 

delivers candidate next words to Look-Ahead Interface for guiding a user. At the end 

of a sentence, when dependency sets are completely filled up by the CFG-LD Parser, 

the Triple Generator generates RDF triples from the dependency sets. 
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3.6 Implementing Medical Narrative Editor with CFG-LD  

A prototype of the Ontology based CNL editor is implemented with the explained 

architecture. In the prototype, AJAX (Asynchronous JavaScript and XML) was 

employed for implementation of the Look-Ahead Interface. The other components are 

hided in the screenshot but, they were supplied a pathology ontology written in OWL 

and some functional words for medical pathology examination descriptions. User-

displayable labels written in the multi language words of the ontology entities are 

provided, for example, a property, ‘fixed_in’, is offered as the multiple labels, such as, 

‘fixed in’ and ‘고정된’ which a Korean word. Several grammars are defined and 

informed to the CFG-LD parser. 

 

Figure 3.5. Screenshot of Ontology based Pathology Reporting System exploiting 

CFG-LD in English narratives editing 
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The Figure 3.5 shows the English narratives editing. If a writer starts to enter 

characters for the description, the editor displays proper terms to be selected by 

his/her for precise sentence expressions. The first sentence is realized through a 

patternized grammar rule which starts with a phrase, ‘A received specimen.’ The 

pink-colored terms in the tool-tip box mean words from the ontology. If a user sends 

the document by clicking the ‘Submit’ button, the editor stores the narratives as RDF 

triples. 

 

Figure 3.6. Screenshot of Ontology based Pathology Reporting System exploiting 

CFG-LD in Korean narratives editing 

Figure 3.6 also shows Korean narratives editing. The first sentence presented in the 

editor is attained through a patternized grammar rule which starts with a Korean 
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phrase, ‘받은 조직’ which means ‘a received specimen.’ The sentence has the same 

meaning with ‘Received Specimen fixed in formalin is a dark-black soft tissue mass,’ 

but with different sequential structures. Because the editor is equipped with the 

Korean grammars, the tool-tip box shows some Korean words. 
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4. Semantic Data Query Processing with MR Framework 

RDF [17] data collections can be visualized as an entity-relationship graphs with 

edges corresponding to SPO (subject, property, and object) triples (with property 

often also referred to as predicate). SPARQL, as a standardized query language for 

semantic web data, allows a user to query across diverse data sources [21]. The data 

can be stored natively as RDF or serialized as RDF via middleware. Most SPARQL 

queries contain a PREFIX part and a SELECT clause including variables for binding 

results. The WHERE clause in a SPARQL query includes a set of triple patterns, also 

called as a graph pattern. Triple patterns are like RDF triples except that each of the 

subject, predicate or object may be a variable. The SPARQL query processor delivers 

an answer composed of specified attributes from joined RDF triples pertaining to 

triple patterns. A PREFIX part of a SPARQL query includes a namespace that 

appears in the triple pattern expression. A triple pattern includes constants, variables, 

and logical relation among triples. The following example SPARQL query, shown in 

Table 4.1, is derived from LUBM (Lehigh University Benchmark) [31] benchmark 

query 9. It is slightly revised here to improve comprehension. As the most popular 

semantic web data benchmark system, the LUBM generator produces dummy format 

RDF data that contains concepts like people courses, publications, and activities of 

universities. 
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Table 4.1. An example SPARQL query from LBUM 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX ub: <http://www.lehigh.edu/~zhp2/2004/ 0401/univ-bench.owl#> 

SELECT ?student, ?studentName, ?facultyName 

WHERE 

{ 

 ?student rdf:type ub:Student . 

 ?student ub:name ?studentName. 

 ?student ub:advisor ?faculty . 

 ?student ub:takesCourse ?course. 

 ?faculty ub:name ?facultyName . 

 ?course rdf:type ub:Course . 

 ?course ub:name “Course1” . 

} 

 

The processing of a SPARQL query, in Table 4.1, delivers Student URI, the name 

of students who takes a course named “Course1”, and the student’s advisor’s name. 

SPARQL queries often involve potentially longer chained-joins than above the 

example query. The processing of such SPARQL queries recalls RDF graph matching 

problem that can invoke a late latency credited to the growing size of the data.  
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As described in the related work, some recent research studies [47] [48] process a 

SPARQL query using  scalable parallel architecture system like MR. However, their 

approaches are limited to processing a subset of SPARQL or specialized jobs. Also, 

their experimental results showed that performance of processing a SPARQL query 

using MR is not competitive to the distributed approaches [41] [42].  

For large size of RDF data, having pre-processing step for handling SPARQL query 

is a promising solution for emerging linked data sharing sites like http://data.gov.uk 

and BBC program site. For such semantic data based web service accompanied with 

the limited performance of RDF stores, expanding size of data and inpatient service 

users, processing every expectable answer within interactive response times will be an 

issue of great concern. Therefore, the pre-processing make is possible to take 

advantage of the type of queries that a user can issue. Because average users are not 

familiar with formulating a SPARQL query, their requests are limited to some form of 

queries indicated or usable in the service GUI [25]. This assumption is also claimed in 

the traditional web system that recent user interactions are restricted to vendor-

provided operators with enhanced personal computers and sophisticated GUI [24][26]. 

So, saying that given a query Q, most of the queries necessary for the processing are 

bounded to the queries similar to Q with similar pattern structure but related to 

different resources of the data set. Such similar set of queries, to Q, are termed as 

sibling queries, in this paper. 
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This work takes a different approach towards employing MR framework for SPARQL 

query processing; the proposed system is focused to generate multiple answer sets for 

a given SPARQL query; each answer set correspond to one sibling query which has 

similar structure as the input SPARQL query but differ by constant values. This 

process allows generating and indexing answer sets of multiple queries which include 

the given original SPARQL query and its sibling queries. Exploiting the features of 

MR environment, the proposed system processes a SPARQL query that may include 

specialized keywords like UNION, FILTER and OPTIONAL. In the following sub 

sections, the proposed approach to process a SPARQL query and the Join modules 

using MR are described.  

 

 

 

 

 

 

 

 



52 

 

4.1 SPARQL Query Processing  

For convenience, I define some symbols about queries that are used in the remaining 

sections of this paper, refer Table 4.2. 

Table 4.2. Symbols used in This Paper 

Symbol Description 

Q given query 

Q’ ascendant query of Q 

Q
1
, Q

2
... Q

n
 sibling queries 

A answer for query Q 

A′ answer for query Q′ 

A
1
, A

2
... A

n
 answers for sibling queries 

 

Given a SPARQL query Q, the proposed system generates an ascendant SPARQL 

query, Q`, which has fewer constraints than Q. An ascendant SPARQL query is 

obtained by generalizing Q i.e. by replacing all values, in triple pattern of where 

clause of Q, with variables. For ex: an ascendant SPARQL query, for the SPARQL 

query in Figure 4.1, is obtained by replace value “course 1” with variable ?Course. 

The processing of an ascendant query, described below, generates multiple answer 

sets; one of the answer sets correspond to ?Course equal to “Course1”. Other answer 
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sets correspond to ?Course equal to “Coorse2” and so on. Conceivably, the system 

generates a lot of answer sub sets. Each answer set is mapped to a query, similar to 

the given SPARQL query, called as sibling query. Sibling queries are defined as 

queries that share their triples pattern structure with the input SPARQL query but 

differ by a constant value. One can further infer that, execution of an ascendant query 

generates multiple answer sets; one of the answer set pertain to the original SPARQL 

query and the rest of the answer sets pertain to the sibling queries. 

Below figure explains the procedure to generate an answer set given a SPARQL 

query Q. Further, the same procedure is extended to generate multiple answer sets for 

an ascendant SPARQL query Q`. A SPARQL query Q is subjected to two main job 

phases; query splitting, executing iterative MR operations. 

 Figure 4.1. Example Query and its Sub queries 

In the first phase, triple patterns, of a SPARQL query, are divided into multiple sub 

queries. Each sub query represents a star join structure consisting of a set of triple 

patterns that shares a distinct subject. In Figure 4.1, each sub query is enclosed in a 
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box; one sub query for each distinct subject. The purpose of query splitting is to 

classify star joins and chaining joins involved between the sub queries. It reduces the 

number of MR executions for processing a SPARQL query. 

In the second phase, the two MR modules are exploited to build an answer set by 

joining the set of triple matches of the sub queries obtained from the first phase. The 

second phase consists of two join modules: Sub Pattern Join (SPJ) and Sub Match 

Join (SMJ). SPJ module computes all possible triple matches for each sub query 

obtained from the first phase i.e. it computes star join. For the example query, 

execution of SPJ creates three different sets of triples match. The generated sets of 

triple match, from SPJ, are input to SMJ for processing chain joins. SMJ iteratively 

execute chain joins, between two sets of triple matches pertaining to two different sub 

queries, to create a larger set of triple match until the final match fulfill the given 

SPARQL query. For the example query, three sets of triple match are submitted to 

SMJ for joining. SMJ joins a set of triple match generated from sub query1 with a set 

of triple match generated from sub query 2. This will result in a larger set of triple 

match, called as a triple match of sub query 1  sub query 2. Further, SMJ module 

joins a set of triple match of sub query 3 and a set of triple match of sub query 1 2. 

This join results in a final set of triple match pertaining to the input SPARQL query. 

Note that, here larger does not mean that the number of triples increase, but actually, 

they decrease because only few triples from two sets can match. To generalize, it is 
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said that if n numbers of sub queries are derived from a given SPARQL query, then 

module SPJ generate n sets of triple matches. Further, module SMJ executes n-1 times 

to join n sets of triple matches to produce a final set of triple match. Figure 4.2 shows 

an outline of the execution of SPJ and SMJ operation for the example query in Figure 

4.1. 

 

Figure 4.2. Query Processing Scenario 

Now that we know how to generate an answer set for a SPARQL query, the same 

concept is generalized and extended to generate multiple answer sets for an ascendant 

SPARQL query. The answer set obtained from the execution of an ascendant query is 

partitioned to create answer sets for the given SPARQL query Q and all sibling 

queries. Assume an input query Q and A an answer of it, then sibling queries Q
1
, Q

2
, 

Q
3
, Q

4
… Q

n
 have answer sets A

1
, A

2
, A

3
, A

4
… A

n
 respectively. Let’s say Q′ be an 

ascendant query of Q, which can be obtained by replacing a constant value “Course1” 

(in the example) with a variable (?course in the example), then answer set from 

executing Q′ is equivalent to A′, where 
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A′ =A∪A
1∪A

2∪A
3∪A

4∪… A
n
 

Therefore, the proposed system processes an ascendant query Q’, derived from Q, 

to get A′ using the SPJ and SMJ introduced above. The proper partitioning of A′ 

generates all answer sets for the given input query Q and the sibling queries, Q
1
, Q

2
, 

Q
3
, Q

4
…...and Q

n
, of Q. At the output binding step, attributes of triple matches for the 

variables are selected as a key, so that, the A′ is fragmented as A∪A
1∪A

2∪A
3∪A

4∪

… A
n
. Note that, the proposed system does not declare sibling queries explicitly; they 

are obtainable from the answers. Further, each answer set is indexed, by its variable id 

(?course in this example) and structure of the query. The indexing of answer sets aids 

in faster execution of a SPARQL query at run time when user issues a query through 

the service UI.  

This type of SPARQL processing increases data selectivity and computation during 

executions. However, the overall preprocessing, i.e. splitting and parallel join, 

completes processing for numerous queries in a quite reasonable time per query. I will 

explain more about this in the experiment section. The next section explains how MR 

is exploited to process the two join processes, Sub-Pattern Join and Sub-Match Join. 
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4.2 Parallel Joins Using Map Reduce  

As described, the proposed approach deals with Subject (in SPO expression of RDF 

triple) – Subject joins first and the other joins are processed in different phases, SPJ 

and SMJ. An execution of a SPJ module completes every Subject-Subject join 

processing for a SPARQL query i.e. star join. The other join processes, e.g., between 

Object-Subject, between Object-Object, and so on, are processed in a SMJ module. 

Algorithms for SPJ and SMJ are described in detail below. 

Sub-Pattern Join (SJP) module delivers a set of possible triple matches pertaining to 

sub queries derived from a SPARQL query. By taking collection of the RDF data as 

input, the SPJ module computes a set of possible triple match of sub queries (sub 

patterns) in the form of a star join structure which is necessary for the generation of 

fully joined triple matches of an input SPARQL query.  

An input to a SPJ module is a N3-formed RDF data file. The Map function of a SPJ 

module treats each triple as an atomic data unit. To filter out all the unnecessary 

triples, the function compares triples with triple patterns of a given query. Then, the 

Map function shuffles matched triples by taking subject as a key, so that, the same 

subject triples are collected at the same Reduce function. (In Map Reduce literature, 

‘shuffle’ means distribution of data item in the form of a key-value structure. The data 

items shuffled, from the output of Map function, on the basis of  key similarity are 

handled at the same Reduce function thread).  
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Reduce function accumulates grouped triple to make triple matches for the sub 

queries. Triple matches derived from a Reduce function are collected as an output of 

the SPJ module and they are temporarily stored in the HDFS. The next module (SMJ) 

can proceed processing by taking them as an input. 

 

The core function of a Reduce function of SPJ operation performs join operation 

among the same subject triples shown in Table 4.3. First, the Reduce function takes 

the triples and triple pattern expressions of a sub query. Then, it creates a set of triples 

matching an individual triple pattern. Further, it creates Cartesian product among the 

subsets to compute every possible combination. Therefore, if a sub query consists of 

two triple patterns of size 5 and 4, a Reduce function will create 20 combinations 

pertaining to the given sub query. The code in Table 4.3 executes for every sub query 

to complete triple matching for every star join. This step enables to generate multiple 

answer set, one for each combination. 
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Table 4.3. Pseudo Code for Creating Triple Matches in SPJ Reduce Function 

Input: a set of triples T, a pattern set P for a sub query 

Output: a set of productions of triples G 

 

1. Set G:=Ø , Gs:=Ø  

2. for each p∈P 

3.   Gp:=getMatchedTriples (p, T) 

4.   Gs:=Gs∪Gp 

5. for each Gp∈Gs 

6.  G:=G Gp 

 

function getMatchedTriples (p, T) 

1. Gp:=Ø  

2. for each t∈T 

3.   if t ≤ p then       // when t matches p 

4.     Gp:=Gp∪{t} 

5. return Gp 
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 Figure 4.3. Example of SPJ Operation with a Sub query; ‘?a type C . ?a P1 ?x1. ?a 

P3 ?x2.’ 

 

Figure 4.3 depicts SPJ operation with exemplary triple data. A Map function 

eliminates RDF triples that do not match to given triple pattern of where clause. 

Subsequently, it shuffles selected triples by selecting their subject as a key and other 

attributes as a value, so that, the triples can be partitioned by their subject at the 

Reduce function. After parallel execution of a Map function, a Reduce function is 

assigned to a set of subject-grouped triples. The Reduce function performs join to 

generate proper triple matches. In the Figure 4.3, a Reduce function generates two 

triple matches from the triples for subject S1 with an assumed sub query, ‘?a type 

C . ?a P1 ?x1. ?a P3 ?x2’. Each output (triple match) is fragmented as a single data 

record which is an input as an atomic unit to the SMJ module.  

Sub Match Join (SMJ) module is designed to compute join between two different 

sets of triple matches pertaining to two different sub queries. It generates a new set of 

triple match, corresponding to triple patterns, composed of two target sub queries. 
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Iterative execution of a SMJ module creates full triple matches for an input SPARQL 

query.  

The input to a Map function of a SMJ is a set of triple matches generated from the 

former SPJ operation. Further, it shuffles the triple matches, with a selected key, 

usable for joining. The proper selection of a key among attributes of triple matches 

results in the triple matches, to be joined with each other, being gathered at the same 

Reducer function thread. 

 

A Reduce function computes join between the triple matches pertaining to two 

different sub queries. The result of join operation creates bigger triple matches 

fulfilling a set of triple patterns composed of the two sub queries.  

Reduce (JoinKey, list(<Trip  

The inputs to a Reduce function are two sets of triple matches and two conforming 

sub query pattern. Further, it creates Cartesian product among the two sets of triple 

matches to create every possible combination. Table 4.4 shows pseudo code for the 

aforementioned process.  
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Table 4.4. Pseudo Code for SMJ Reduce Function 

Input: a set of triple matches T, a patterns of subqueries p1 and p2 

Output: a set of productions of triples G 

1. G1:= getMatchedTriples (p1, T) 

2. G2:= getMatchedTriples (p2, T) 

3. G:=G1 G2 

function getMatchedTriples (p, T) 

1. Gp:=Ø  

2. for each t∈T 

3.   if t ≤ p then  

4.     Gp:=Gp∪{t} 

5. return Gp 

 

Figure 4.4 shows the execution of a SMJ operation using a dummy data set that 

consist of 4 sub-match items for two sub queries; Sub query 1 = ‘?a type ? C. ?a 

P1 ?x1. ?a P3 ?y.’ and Sub query 2 = ‘?y type C2. ?y P4 ?x2.’. The output of the 

execution includes triple matches pertaining to the following pattern, ‘?a type ? C. ?a 

P1 ?x1. ?a P3 ?y. ?y type C2. ?y P4 ?x2.’, obtained from Sub query1  Sub query2. 

In other words, it means Sub query1  Sub query2 equals an input SPARQL; a 

Reduce function does output binding to finalize the whole execution. 
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Figure 4,4. Example of SMJ Operation with                                                             

Sub query 1 = ‘?a type ? C. ?a P1 ?x1. ?a P3 ?y.’ and Sub query 2 = ‘?y type C2. ?y 

P4 ?x2.’ 

The proposed approach is also designed to handle special SPARQL keywords like 

OPTIONAL, FILTER and UNION. Because the approach mostly relies on making all 

possible triple matches with parallel join operations rather than temporal semi-data 

specialized to a task or query, the processing of a SPARQL query with special 

keywords is easily possible. This is a minor advantage of the proposed approach. 

OPTIONAL: Optional blocks are used to define additional triple patterns that do not 

cause solutions to be rejected if they are not matched, but do bind to the 

graph when they can be matched.  

In this approach, the optional block is attached to a sub query, and 

expands it. The expansion of a sub query, which consists of patterns for 

the same subject (instance), is used to derive triple matches satisfying 
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the sub query with or without optional pattern. With the sub query, the 

Map functions of the SPJ operation additionally select the triples 

satisfying the optional pattern, so that, the Reducer function can create 

the matches for the expanded sub query.  

FILTER:  The FILTER keyword in SPARQL restricts the results of a query by 

imposing constraints on values of variables. The scope of the keyword is 

bounded to a variable for restricting the bindings of the valuable. These 

value constraints are logical expressions that evaluate to Boolean values 

for example regex() function filters plain literals with no language tag. 

The filter expressions are also dealt in the SPJ operation. The reduce 

functions of the operation skips collecting the triple matches that includes 

a triple which has a value specified by the filter expression. For that, the 

filter clause is attached to sub queries which have a variable used in the 

filter clause.  

UNION: UNION keyword is used to derive a merged answer from the multiple 

results for multiple branch of a query. Generally, the branches of the query 

share the same pattern structure and variables to ensure the unification of 

the answer. 
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Figure 4.5. UNION Keyword Operation Example 

To deal with keywords efficiently, the proposed approach processes the multiple 

queries within shared MR operations, and unifies the answer set files through file 

operation. For example, if we have a SPARQL query with union of two queries which 

have five triple patterns for each, SPJ operation generates four types of triple matches 

using four sub queries divided from the queries, shown in Figure 4.5. SMJ operation 

joins triple matches for query 1 and 2 for answer set 1. Also, it generates triple 

matches for query 3 and 4 for answer set 2. Merging the answer file 1 and 2 makes a 

unified result for the given SPARQL query. 

 

 

 



66 

 

4.3  Implementation and Experimental Result 

This section describes an implementation of the proposed approach for faster 

SPARQL query processing. The results of experiments performed with a benchmark 

dataset and a real data set are analyzed and discussed. The analysis experiments 

examine the proposed system with two types of data sets: LUBM Benchmark data set 

and DAUM multimedia data set. I investigate the benefits of this work and answer the 

following questions. 

1. Comparison of proposed approach to existing approach for SPARQL query 

processing using MR. 

2. Performance of proposed approach with varying size of data sets 

3. How the system performs when process SPARQL queries for real data set? 

4. Comparison of proposed approach to non MR based SPARQL query processing 

approaches, such as, JENA TDB and BigOWLim 

The proposed system was implemented as a stand-alone java program. It 

cooperates with a Hadoop-0.19 based MR cluster equipped with HDFS (Hadoop 

Distributed File System), which is used for storing RDF data collection, temporal data 

like sets of triple matches, and answer sets. With an input query, the program runs a 

workflow with the two join operations.  

Workflow: Query splitting   Execute Iterative SMJ 

operations  
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In summary, to generate multiple answer sets, first create an ascendant query Q′ 

from a given SPARQL query, Q. The processing of query Q′ generates multiple 

answer sets, and it increase computational burden for both SPJ and SMJ. However, 

time to generate each set of triple is very impressive, more details in the experiment 

section. The final execution of Q’ delivers multiple answer sets A
1
, A

2
 … A

n
 ; one 

answer set for each course. Figure 4.6 shows the operations in execution and the data 

stored in the HDFS.  

 

Figure 4.6. Iterative Executions in Hadoop with HDFS  

Out of all the available benchmark systems, I choose LUBM [31] to examine the 

performance and the scalability of the proposed approach. LUBM offers a synthetic 

data generator and test queries for evaluating SPARQL query execution. A N3 

serialization of LUBM file is submitted to the implemented system for execution. The 

SPARQL queries are executed on 100 universities with random seed 0. The system 

employed the Amazon EC2 (1.7GB of RAM, 5 EC2 Compute Units) for constructing 

a MR cluster of 10 machines, so that, the result can be comparable to the Myung’s 
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work [47].  

Table 4.5 shows time in seconds to generate single answer set and multiple answer 

sets. Here single answer set means, a given SPARQL query is processed to generate 

an answer set that maps only to the given SPARQL query. The multiple answer sets 

mean, a given SPARQL query is first converted to an ascendant query which is 

further processed by parallel join to generate multiple answer sets; one answer set 

maps to the given SPARQL query and the rest maps to sibling queries. Of course, this 

work is focused on querying RDF data, therefore RDFS entailment (reasoning) is not 

considered. Table 4.5 also includes number of queries (a given SPARQL query and 

sibling queries) and average execution time for each query. Results of some queries 

are omitted from Table 4.5 because these queries do not include any constant value 

required for generation of an ascendant query Q`. 
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Table 4.5. Evaluation (in sec) for LUBM Queries 100 univ (13.8 million of triples) 

LUBM 

Query 

Single 

Answer sets 

Multiple 

Answer sets 

Number 

of Queries 

processed 

Querie

s per 

Sec 

Q1 43.5 124.5 111640 896 

Q2 96.4 N/A N/A N/A 

Q3 54.7 103.6 61740 595 

Q4 56.7 78.4 2060 26 

Q5 54.1 86.6 2060 23 

Q6 89.6 N/A N/A N/A 

Q7 74.5 266.6 6174 23 

Q8 82.4 181.7 2060 11 

Q9 162.1 N/A N/A N/A 

Q10 48.1 134.5 111640 829 

Q11 51.2 80.4 10000 124 

Q12 83.4 756.0 10000 13 

Q13 57.8 179.9 10000 55 

Q14 67.7 N/A N/A N/A 

Average 73.0 199.2 32737 260 

 

Although, the performance of processing a single SPARQL query is not the main 

concern of the this work, the results are slightly better than the results of Myung’s 
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experiment which employed the same configuration as ours. The query execution 

time for the proposed approach and Myung’s approach is shown in Table 4.6. Here, 

the performance gains by the proposed approach are slightly greater, as the proposed 

approach is designed to execute less number of iterations in many cases. The 

performance of the whole system is affected by the order of iterative executions of 

SMJ. As described in the previous work [55], the order of joining two set of triple 

matches can adversely affect the overall operation overload. In their work, order of 

serial joins is decided from estimated selectivity of each triple pattern or patterns. 

However, in the proposed approach, estimating exact selectivity of each type of sub 

query, at runtime of SMJ and SPJ, is not a trivial task, because each MR process 

executes in parallel manner with the distributed data. The estimation of order of join 

requires additional execution of MR processes which can increase the response time. 

In use of MR framework, the overall performance is mostly affected by a number of 

executions of a number of Map/Reduce functions invoked. Therefore, previous 

approach [55] fail to produce answer sets in effective response time by using the MR 

framework. In order words, they process the whole data set using MR at run time. 

Moreover, to compute order of join operations requires additional MR operations. 

This adversely affects the response time of a query. However, because MR allows 

distribution of processing job across cluster of machines, their approach does a better 

job than a standalone query processing.  
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An interesting observation that one can examine from Table 4.6 is that there are 

some queries that have incredibly low execution time for ex: query1, query 4, and 

query 10. I investigated the reasons behind such behavior and found that this is 

because of the nature of queries. These queries have highly selective triple pattern i.e. 

queries that have very less number of triples associated with them.  

Table 4.6. Execution time (in sec) Comparision between Myung‘s (Above) and mine 

(Below) 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Avg. 

80.

5 

108.

1 

69.

4 

116.

9 

74.

9 

46.

0 

140.

8 

143.

2 

155.

6 
73.9 64.5 94.3 69.6 49.1 91.9 

43.

6 
96.4 

54.

8 
56.7 

54.

2 

89.

6 
74.5 82.4 

162.

1 
48.1 51.2 83.5 57.8 67.7 73.1 

Similar to other previous works [47] [48], the proposed system also fails to show 

an acceptable result to generate an answer set for execution of a single SPARQL 

query. If multiple answer sets are generated then the execution time almost doubles. 

However, if we consider the number of queries covered to generate multiple answer 

sets, the execution time for each query is impressive. The average execution time per 

query for all the queries is less than 0.004 sec (from 260 queries per second). 

The other experimental results, for larger size of LUBM data, are presented in the 

following figures Figure 4.8 and Figure 4.9. I tested the same set of queries with one 

hundred universities in step of one hundred until one thousand. The reason, why I do 
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not provide results on much larger size of RDF data is that, we can refer to research 

related to MR environment that shows execution time scales linearly with the number 

of machines. Adding more number of employed machines to a MR environment 

provides a larger computational resource [46] and hence the need for larger or quicker 

data processing can be solved with the addition of more machines into the MR 

environment. Such characteristics of MR promise us expectable computational time 

as Figure 4.7; possibilities of easy cluster expansion of MR and arithmetical 

increments of computational resource with additional machines.   

 

Figure 4.7. Expectation of Execution Time with being enlarged MR Cluster 

Figure 4.8 shows that the execution time increases linearly with the increasing size 

of data. For every set of 100 MB RDF data, the average execution time per query is 

almost same, approx. 0.004 sec, which surpasses any single machine RDF stores and 

superior to the recent stores based on distributed approaches [41-43]. Figure 4.9, on 

the other hand, shows average number of queries per second for all the queries with 

varying sizes of data set starting from 100 universities in steps of 100 (containing 

about 13.8 millions of triples per each hundred) until 1000 (containing about 138 
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millions of triples). The result graph shows sustained values between 230~260 queries 

a second.  

 

Figure 4.8. Average Execution Time to generate multiple answer sets (from 100 univ 

to 1000 univ) 

 

 Figure 4.9. Average number of Queries processed per Second to generate multiple 

answer set (from 100 univ to 1000 univ) 
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4.4 Experiment Results with Real Data set 

This section discusses experimental results obtained by executing SPARQL queries 

on real data set from a domestic portal site, www.daum.net. As a Korean portal site, it 

continuously gathers and manages information on popular subjects like music, movies 

and etc, so that, a portal site user can search precise information quickly and easily. 

Therefore, use of the data maintained by such portal site can be a reliable information 

source when a semantic web portal service is developed.  

 

Figure 4.10. Lists of Classes of Movie and Person Ontology (Left), List of Properties 

of Movie Ontology (Right) 

In this work, a movie data set converted into RDF relational data is used with 
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ontologies depicted in Figure 4.10. Creating links of the data set to the other 

information sources is not established yet. With the ontology schema, the movie data 

set consists of about 0.2 millions of actors and 45 thousands of movies. The data set 

includes international and domestic movies. Altogether, including the other named 

entities like award, event, genre, and years, the data set marks 716 megabyte of 

physical size and 5.5 millions of triples.  

Table 4.7.  Queryies used in the MOVIE Semantic Web Portal Service  

Query (Prefix ns:http://contents.daum.net/schema#) Description 

1 SELECT ?x2 

WHERE { 

?x1 <http://www.w3.org/2000/01/rdf-schema#label> “Matrix”. 

?x1 <http://contents.daum.net/schema#mainDirector> ?x2  } 

Get URI(s) of 

main 

director(s) of 

movie named 

“Matrix”. 

 

2 SELECT ?x2 

WHERE {  

?x1 <http://www.w3.org/2000/01/rdf-schema#label> “Matrix”. 

?x1 <http://contents.daum.net/schema#leadingActor> ?x2  } 

Get URI(s) of 

leading 

actor(s) of 

movie named 

“Matrix”. 

 

3 SELECT ?x2 

WHERE { 

?x1 <http://www.w3.org/2000/01/rdf-schema#label> “Keanu 

Reeves”. 

?x1 <http://contents.daum.net/schema#personNomination> ?x2  } 

Get URI(s) of 

nominations(s) 

which “Keanu 

Reeves” was 

nominated. 

4 SELECT ?x2 ?x3 ?x5  Get URI(s) 

and birth 
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WHERE { 

?x1 <http://www.w3.org/2000/01/rdf-schema#label> “Matrix” . 

?x1 <http://contents.daum.net/schema#leadingActor> ?x2 . 

?x2 <http://www.w3.org/2000/01/rdf-schema#label> ?x3 . 

?x2 <http://contents.daum.net/schema#personBirthYear> ?x4 . 

?x5 <http://contents.daum.net/schema#personBirthYear> ?x4 . 

?x5 <http://contents.daum.net/schema#personJob> 

<http://contents.daum.net/data/job/26>  } 

year(s) of 

whose are 

leading 

actor(s) in 

movie 

“Matrix”, with 

URI(s) of 

same aged 

actor(s)  

5 SELECT ?x1 ?x3  

WHERE { 

?x1 <http://www.w3.org/2000/01/rdf-schema#label> “ Keanu 

Reeves”. 

?x2 <http://contents.daum.net/schema#leadingActor> ?x1 . 

?x2 <http://contents.daum.net/schema#leadingActor> ?x3 . 

?x3 <http://contents.daum.net/schema#personJob> 

<http://contents.daum.net/data/job/26>   } 

Get URI of 

“Keanu 

Reeves” with 

URI(s) of 

whose are 

played within 

any movie.  

 

Table 4.7 includes representative sample queries to make a semantic web portal 

service. The service offers user’s requests using the pre-executed answer sets 

corresponding to an example query and their sibling queries. For the sample query1 in 

Table 4.7, am ascendant query is obtained by replacing movie name 'matrix' with a 
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variable. Sibling queries for query1 can be: Find name of director for movie 'Speed' or 

find name of director for movie 'Titanic' and many more similar queries. The given 

SPARQL query and its sibling queries are invoked at the user interface of the DAUM 

semantic web service. 

For experiment with real data set, three medium machines are clustered together in 

a MR framework for executing the queries, in Table 4.7, at the DAUM semantic web 

service . The machines’ hardware configuration is as follows: Ubuntu 9.04., Quad 

CPU 2.4GH, 4GB memory, and Samsung 500GB hard disk (7200rpm). 

Table 4.8. Evaluation (in sec) for the MOVIE Data Set. QPS means average number 

of queries processed per second 

Query 
Single Answer 

set 

Multiple 

Answer sets 

Number of 

Queries covered 
QPS 

Q1 63.8 132.6 45073 339 

Q2 58,2 129.6 45073 347 

Q3 58.5 132.7 220859 1163 

Q4 190.7 3819.4 45073 11 

Q5 144.4 246.6 220859 899 

Average 114.3 892.1 118387 552 

 

Table 4.8 shows the execution time to generate a single answer set and multiple 

answer sets for queries Q1 to Q5. The execution of query 1 to generate multiple 
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answer sets takes about twice the execution time compared to generate single answer 

set. However, the processing of query 1 derives approximately 45 thousands of query 

answer sets. It means the proposed approach can process 339.7 queries per second in 

case of query1. The result shows sustainably low query execution time per second 

except for query 4. It is because, the query 4 recalls too many join operations 

involving every actor who has personBirthYear property to resolve an object-object 

join for values pertaining to ?x4. Average query execution time (552 in queries per 

sec) is 0.0018, which is the fastest rate over any RDF repository. The experiment 

results for processing SPARQL queries on real data set conform to the experiment 

results for processing SPARQL queries on synthetic data set. Moreover, for both data 

sets, the proposed system shows superior performance.  

I report results of processing a SPARQL query using the proposed approach and 

comparison with other approaches. Jena TDB, as a single machine based store, can 

process and execute SPARQL query running over a computing machine and 

BigOwlim (with Sesame) could be used for constructing a replication cluster 

managing relatively suitable to a larger data. The two store are chosen, because, both 

are naive RDF stores not running over DBMS and these two (Jena TDB and Sesame) 

showed fine performances with mid-sized RDF data (smaller than 100million of 

triples) [60].  
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Table 4. 9.  Comparison of Execution time of SPARQL for Proposed Approach and 

non MR based Approaches. A star with the query denotes a SPARQL query itself and 

its sibling queries   

Query 

Proposed Approach Jena TDB BigOwlim Cluster 

Execution 

Time (min) 
QPS 

Execution 

Time (min) 
QPS 

Execution  

Time (min) 
QPS 

Q1
* 

2.2 339 89.3 8.4 72.4 10.3 

Q2
* 

2.1 347 99.9 7.5 77.1 9.7 

Q3
* 

2.2 1163 438.0 8.4 451.9 8.1 

Q4
* 

63.6 11 2023.7 0.3 1980.1 0.3 

Q5
* 

4.1 899 544.7 6.7 551.3 6.6 

Total 74.3 - 3195.9 - 3132.8 
 

 

I set up the Jena TDB in a single highly configured machine with Quad CPU 

2.4GH, 8GB memory, and Samsung 1TB hard disk (7200rpm). For the BigOwlim 

cluster, four middle size machines with Duo CPU 2.4GH, 2GB memory were 

employed. The same data set provided by DAUM, used for the proposed approach, is 

loaded in the Jena TDB. To maintain fairness all the queries (a given SPARQL query 

and sibling queries), obtained from the execution of the proposed approach, are 

redirected to Jena TDB and BigOwlim Cluster for the query processing. 

 



80 

 

Table 4.9 shows the comparison of SPARQL query execution for queries Q1
*
, Q2

*
, 

Q3
*
, Q4

*
, and Q5

*
 using the proposed approach and others. First, a SPARQL query is 

submitted to the proposed system for processing. The system generated multiple 

answer sets; one answer set of each sibling query. The same number of sibling queries 

and a given SPARQL query is now submitted to Jena TDB for processing. Starred 

queries (Q1
*
, Q2

*
, Q3

*
, Q4

*
, and Q5

*
) represent a SPARQL query and its sibling 

queries. It is apparent from the results in Table 4.9 that, the proposed approach 

generate answer sets for all the queries in 74.3 minutes, but, Jena TDB and BigOwlim 

Cluster compute the same number of answer sets over 50 hours. The huge difference 

in execution time is due to employment of MR cluster, for the proposed approach, 

which distributes the query execution job across multiple machines in the cluster. 

When the results of the proposed approach compared with Jena TDB, it is clear that 

the proposed approach achieves acceptable performance for preprocessing job of a 

SPARQL query. Although the Jena TDB is equipped with less computational power, it 

spent over two days to accomplish the same task.  

A brief view on the developed semantic web portal service was represented as a 

result of this work. A Key-Value database is employed to store the derived answer set 

and corresponding query from the proposed approach. The sibling query is not 

declared during the processing of a SPARQ query, but, it is obtainable from the 

answers sets of the ascendant SPARQL query which is a more generalized form of a 
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given SPARQL query.  

 

Figure 4.11. Architecture of the Semantic Web Portal Service 

As Figure 4.11 shows, for building of a semantic multimedia portal service, the 

converted RDF data are processed in a Map Reduce framework and the framework 

derived as many answers as the service is possibly usable. The answer sets are stored 

in a Cassandra Key-Value database; the key is a query expression and an answer set is 

a value. This key-value database handles user requests coming through service UIs. 

With the proposed implementation, a semantic web portal service is accessible 

at http://labs.daum.net/search/. The service user interface (written mostly in Korean) 

consists of multiple keyword searching and data browsing services. At the service UI, 

user search and navigation requests are translated into SPARQL query, so that, the 

answer set for the request is accessible by query expression being taken as a key in 

the Key-Value database. 
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5. Conclusion 

This thesis paper covers my work on the two research issues for realization of EHR 

environment along with the semantically described and interoperable data. This paper 

describes a CNL (controlled natural language)-based guided look-ahead editor might 

help users select proper words that meet his intended but vague notions without 

proper knowledge on the sentence structures. The CNL editor also permits grammar 

definitions through CFG-LD that includes both sequential and semantic views on 

sentence structures, so that, the editor are employed for diverse medical document 

with different description standards. Therefore, this paper provides a data processing 

method for the huge size of semantically structured data obtained from the proposed 

CNL editor through scalable parallelism like Map-Reduce (MR). With a cloud 

computing environment providing MR cluster, the proposed method provides the 

efficiency of data pre-processing step for a SPARQL query for analyze and query on 

the structured data at the application services.  

For acquisition of semantically structured data in medical field, this paper proposed 

a slightly revised grammar definition system named CFG-LD (CFG with Lexical 

Dependency) in this paper. It permits grammar expressions with lexical dependency 

designation among sentence constituents. To meet the research purpose for the 

enablement of domain-specific descriptions, I arranged grammars usable in the 

ontology-based CNL editor through the definition system. The editor, with 
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implemented with a CFG-LD parser, provides guidance on proper choice of words 

and translates the end results into RDF triples. 

We can expect that such grammar definitions can facilitate the definition of the 

approved and recommended sentence structures for domain-specific narratives. With 

the implemented CFC-LD Parser, it enables the development of a lightweight CNL 

editor with domain-specific ontology. The CNL editors will give us a chance to get 

structured data from users’ narratives, along with 1) more sophisticated expressions, 2) 

patternized expressions, and 3) informal expressions consisting of multi language 

constituents. However, the dependency structure appearing in a sentence can vary due 

to types and semantics of language constituents. Though it might be possible to 

describe states in a more detailed way according to their characteristics, it is by no 

means an easy task to complete. I am planning to improve the narrative system and 

CFG-LD to unburden those efforts for the definitions of CFG-LD grammars. In this 

paper, validation and resolution of conflicts between the grammar rules were not 

considered when a sentence is parsed by the CFG-LD parser. I look forward to 

conduct further improvements of the parser considering occurrence of conflicts in my 

future works. 

For processing of the obtained data, this paper described a method to process a 

SPARQL query using MR framework. Given a SPARQL query, the system generates 

an ascendant query which is a more generalized form of input SPARQL query. The 
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execution of ascendant query generates multiple answer sets; each answer set is 

mapped to one sibling query. An answer set of a sibling query is obtainable by 

partitioning the answer set, from the output of ascendant query, using variable 

substitution. The proposed approach derives not only an answer for a given SPARQL 

query but also answer sets for sibling queries to be treated equally important with the 

original query in the web application endpoints. Two modules SPJ and SMJ are 

proposed; SPJ extract triple matches from RDF Graph and SMJ join the extracted 

triples. Multiple answer sets are generated by the iterative execution of SMJ using 

MR framework to provide an easy scalability and high computational capacity. Each 

answer set is indexed by the corresponding substituted value of a variable and query 

structure. I tested the proposed system with LUBM synthetic data set and real 

multimedia data set provided by DAUM. The experiment results are very promising; 

time to generate multiple answer sets, for a given sample SPARQL query, is less than 

0.004 sec per query for both the data sets. The experimental results demonstrated that 

the proposed MR based SPARQL processing approach for a semantic data based web 

site outperforms recent RDF repositories and similar MR based approaches. 
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국문초록 

 

의료 환경의 발전과 진화하는 정보시스템기술에 의해 

전자의료기록부(EMR) 환경은 진료 기록 및 모든 의료 정보를 활용 가능한 

정보의 형태로 변화시키고 있다. 이러한 의료정보 환경의 변화에 따라 

진료기록과 같은 환자에게 유의미한 정보를 정형화된 데이터로서 표현하고 

데이터를 활용하기 위한 연구의 필요성이 대두된다. 상이한 의료문서들 

간의 상호 운용성 확보를 위한 표준 용어 시스템의 개발이 이루어지고 

있으며 이렇게 표준화된 용어 시스템을 활용하여 진료현장에서 생성되는 

정보들을 데이터화 하기 위한 연구들이 진행되고 있다. 

정보의 데이터화와 상호운용성을 기반으로 하는 데이터의 활용을 위해, 

현재의 정보 시스템 기술은 시맨틱 웹 (Semantic Web) 이라는 새로운 

형태의 데이터 표현과 활용방법을 제안하고 있는데, 시맨틱 웹 기술을 

통해 표현된 데이터는 이종의 시스템들이 가진 데이터의 의미에 따라 활용 

및 재사용 할 수 있다는 장점을 가진다. 전자건강기록(EHR) 기반의 

의료환경에서 시맨틱 데이터의 생성을 위해서는 실제 진료현장에서 

생성되는 정보들을 데이터화 하기 위한 데이터 생산자를 위한 도구를 

필요로 하며, 이렇게 생산된 대규모의 의미기반의 데이터를 활용하기 위한 

방법론을 필요로 한다. 본 학위 논문에서는 의료 환경의 변화에 따라 

대두되고 있는 EHR 환경에서 데이터를 획득하고 축적된 대용량의 

데이터를 활용하기 위한 방법에 대한 연구를 다룬다. 
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논문에서는 의미기반 의료 데이터 획득을 위해 각 분과별 진료서식에 

따라 달라질 수 있는 상이한 문법 체계를 표현하고 이를 의미기반 

데이터화 할 수 있는 통제자연어 기반 진료서술문 에디터를 위한 문법 

서술 체계와 의미기반 데이터로의 변환 기술 이를 기반으로 제안된 

시스템을 제안한다. 또한 이렇게 생성된 대규모의 시맨틱 데이터를 각 

병원시스템에서 활용할 수 있도록 클라우드 컴퓨팅 환경 기반의 데이터 

처리 방법론을 제공한다. 통제자연어 기반 진료서술문 에디터는 

진료현장에서 작성되어야 하는 진료서술문을 Look-Ahead 에디터를 통해서 

손쉽게 작성하고 이를 의미기반의 데이터로 자동으로 변환될 수 있는 

방법을 제공하고, 클라우드 컴퓨팅 환경 기반의 대용량 데이터 처리 

방법은 축적된 데이터에 대한 전처리를 통해서 웹 기반의 데이터 접근을 

용이하게 한다. 
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