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Student Academic Information Exchange System Carlos Andr´es Lugo Gonz´alez Universidad Nacional de Colombia Maestr´ıa en Ingenier´ıa de Sistemas y Computaci´on



Abstract—This paper presents a proposal to design an information system which will surely facilitate the process of validation of the academic information about people, and besides will be a tool to the institutions of Superior Education that allows them to expose on Internet, under the figure of web services, the academic information of their students. The system will work with an architecture oriented to services, with the intention to abstract the heterogeneity of the different platforms and applications used by each university. The proposal includes the creation of an interchanging format based on XML, containing the minimum essential elements to describe the academic information about a graduate. This format could be exhibited like a web service by each one of the universities, so that it can be consulted, under a coordination model (in BPEL), by our proposed information system. The software prototype will be integrated by several components: the main one will be the in charge of the academic consultations process, and several components that will simulate the educative institutions (in case of not finding institutions of the real world), which will be implemented in different technologies, mainly the used ones to develop web applications. Index Terms—Information Exchange, XML, web services, SOA.



I. I NTRODUCTION The information exchange has been an imperative need and high priority since the beginning of computer science. Since then, the designers of computer information systems have faced the challenge of exchanging information between different types of systems, implemented on heterogeneous platforms, with all the different formats involved. The companies make great efforts to integrate their information systems, which are in most cases heterogeneous in nature; therefore, the communication between different systems becomes very complex. In the case of educational institutions, there is a similar problem, the exchange of academic information is essential, not only as a report or report to local control, as well as exchange of information between the institutions themselves for multiple purposes. This paper suggests the solution to student academic information exchange between universities through three main activities: firstly, the formulation of the exchange format based on important elements of the student, the program to which it belongs and the university; secondly, the proposed coordination model, and finally, the creation of a software prototype that implements the format for the exchange and coordination model.



The following sections describe, in its order, the general features of the proposed information system, with emphasis on its architecture; after that, the software prototype used to validate the format of the exchange and the coordination model (in this section the technological characteristics of development will be presented); in section three of the paper we focus on the coordination model by using BPEL; the next section focuses on the format of scholarly information exchange, described in XML; finally you will find the conclusions and the future work .



II. I NFORMATION S YSTEM The interaction and exchange of data between information systems has been a critical activity in all computer systems. Many projects have been developed in order to interact in a more homogeneous way. These interactions have taken place in production areas [1] and in some medicine areas [2] with good results. However, in the education sector, few projects at academic or commercial levels have the information sharing as an aim in order to validate the studies of people who claim to have completed them. In this respect, the sector is lagging behind in projects to exchange information and very few institutions implement projects of this type [3]. At the governmental level in our country, there is a system leaded by the Ministry of National Education, whose goal is to collect information generated by all academic institutions of higher education, in order to generate statistical reports, eg number of graduates in the area of human sciences, etc.. [4]. Unfortunately, the system does not collect information on studies actually conducted by students, and does not allow interaction between the universities directly. The information system we propose is an application that allows the academic information of individuals. To get that, the system proposes an exchange format that should be implemented as a web service. Universities that want to participate in the project should expose their students’ academic information as a web service and in the format suggested by our system. One of the advantages of the proposed application is that the universities have no need to modify their own information systems. It is only required to generate a small application in order to recover from its own system, the data for each student under the format that is proposed.
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The information system was developed from a major component of consultation and verification, which is an autonomous component in charge of asking each school for student academic information through a web service. Once found, the information is validated, processed and presented in summary and clear form to the user or published by a web service, which is published by the major component of consultation and verification. For the publication of student academic information through the web service, each school added new features to its information system, without implying a radical change of the system itself. Due to the heterogeneity of each system, an exchange format was implemented in each of the web service operations, in order to give uniformity to the information accessed and allow efficient sharing not only with the main component but also among services with other universities. In the current version, the system consists of four software components; three components correspond to the three models from three different universities, which have different technology platforms; the fourth component is the component of query and report, whose goal is the processing and display of information from the diverse universities. Although it is theoretically true that each university exposes web services implemented in different technologies, in our case, these services were simulated by using the three dominant technologies of the market (Java, php and. Net).



A. Architecture The architecture is based on a distributed system and a central agent in charge of managing the information that is requested from each university, through a web service. Figure 1 shows the architecture implemented. Each university has its own information system, which was developed into a technology platform and in accordance to the needs of each institution, so it is necessary to consider these legacy systems as the source for the integration of academic information of students. It is also imperative for each school to implement the web services offered and publish them through its information system. It is important to consider the implications of making a functional change to a legacy system; however, considering that the implementation of web services in these systems has become easier because of the development tools, it can be concluded that on the whole, implementation and publication of web services is not a complex action. Once every university or educational institution publishes the required web services, the integration system stores the descriptor files of these services in order to make use of them when a query is requested. It is necessary to emphasize that the software prototype allows direct consultation by the user and also has published various web services that serve as intermediaries between the universities and other systems that require consultation of academic information.



Figure 1.



Information System Architecture



The original version of the coordination model and the software prototype were designed to process the query information in only one academic institution at a time, which means that the user must enter the data from a student and the university where he or she wants to do the consultation and the coordination model will validate and process these data in order to invoke the appropriate web service and deliver the correct information about the student. It is planned that in future versions this process takes place in parallel way to several universities simultaneously. III. S OFTWARE P ROTOTYPE To check the operation of the interchange format and the coordination model it is proposed to develop a software prototype that implements the most important and urgent features related to the issue presented here, and to present information clearly and concisely. This prototype should consider the factors of standardization, uniformity and interoperability named in this document.



A. Technologies Components The development of software components were done at three simulated universities and a central agent of technological information. The technological characteristics of the universities and the central component are described below: • • •



University One: The development with Java technology for web services and using an Oracle 10g database. University Two: it was developed with php technology for web services and using a MySQL database. University Three: it was developed with visual technology for Basic.net web services and using an Oracle 10g database.
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•



Component Integration: The integrated component was developed entirely in Java technology and making use of a database engine Oracle.



Figure 2 shows a diagram of components used in the prototype software. The platform component refers to the web services provided by each school.



Figure 3.



Simplified Sequence Diagram for Student Information Search



to distributed service-oriented, with the advantages that these types of architectures mean [6].



Figure 2.



Components used in the Software Prototype



B. Tests performed It was performed a test with actual data provided by the University of Ibague, which were divided into three groups; simulated applications were fed with these data in three universities. The average data for each university was one thousand students, which were stored in the database engines described in the technology components. The simplified sequence diagram in Figure 3 shows the process of consultation of the academic information from a student at a university: the user must type the information in the consultation through the GUI query page, which invokes the BPEL process. It is important to note that these components are not necessarily administered by the same application server; in effect, and as mentioned above, an application server was chosen to manage the BPEL process exclusively. The BPEL process is responsible for invoking the web service, which in turn calls the web service from the respective university. The data is returned and finished by the BPEL process, which delivers these data to the GUI user page to be displayed.



IV. C OORDINATION M ODEL Once the exchange format has been proposed, it is recommended to create a coordination model based on web services and described through the language of implementation of BPEL business processes [5]; the point is its possible implementation in the various institutions which consider it. It is very important to emphasize that the offer of this type of model involves the development from a centralized system



Service Oriented Architecture emerges as a natural evolution of software architecture to solve many of the problems of interoperability, security and functionality of information systems. SOA (Service Oriented Architecture), is not just an architecture is a methodology that guides the development of robust distributed information systems; SOA facilitates integration, is more efficient in adapting new components to the information system and allows components or functional units to couple to the system in a natural way. Although SOA does not specify the type of services to implement, it is usual in software development the use of web services because their nature and characteristics are most appropriate for developments on the internet. Talking about the impact that the implementation of SOA technology and web services into the company and its influence on other departments of the organization, it is valid to emphasize that any technological change not only affects the area of computer science and management ; its influence goes beyond [7]. A web service is a functional unit to which you can access the web by using protocols and standards of the Internet [8]. web services are based on distributed systems, which have been studied almost since the inception of computer science and even more, since the advent of the Internet. The initial objective of this technology was to integrate the most robust distributed systems with the inherent advantages of the internet, framed in the paradigm of development-oriented services which are perfectly adapted to this structure. Many concepts are asociated to work and development with web services, starting with the standards and protocols in which they are based on. A service is a simple process or a function provided as a standard for other processes that can invoke and use it in transparent way to the platform or the technology that it was implemented for. Because of this, it is based on standards such as XML (Extensible Markup Language) [9] which is a standard label, WSDL (web Services Description Language) [10] which is the standard language used to describe the web service, SOAP (Simple Object Access
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Protocol) [11] which is the protocol used for invoking web services, BPEL (Business Process Execution Language) [5] is language used to execute business processes, among others [12].



A. Coordination with BPEL Coordination made with Business Process Execution Language is the most appropriate due to its characteristics of standardization. When using BPEL we are using a BPEL execution engine language that is understood by the vast majority or probably by every commercial engine in the market, no matter which house produces it. For the implementation and execution of the coordination model it was used the JDeveloper 10.1.3 IDE and the drive Oracle BPEL Process Manager BPEL respectively. Adding a layer of software increases the complexity of the system while improving the efficiency of this. The coordination model is based on different web services which are responsible for applying for academic information directly to each school (via a web service); its main function is to coordinate these invocations and perform basic validations, such as content and format of the fields to make the query. Figure 4 show the BPEL procedure to execute a search for a student.



allocation and the simple decision making components. In this version of the model we chose to maintain the basic components, while recognizing that future versions will require the use of other components such as Flow and FlowN, which will allow parallel invocation of multiple web services; according to the initial tests, it was clear that the invocation of the same web service with these components creates problems of concurrency. The operations of the coordination model are split into two: the first ones are performed by the BPEL process and the others by other web services that use it. The BPEL process is responsible for carrying out the validations for the input of the user query and the invocation of web service to make the decision to invoke the web service for a specific school, according to the requirements of consultation. We plan to experiment with greater functionality with the BPEL process and less with the web service, although we are aware that the complexity of the BPEL process will increase considerably.



V. I NFORMATION E XCHANGE F ORMAT The creation of a format for the exchange of student information between academic universities must be addressed from the perspective of diversity and varied information that the institutions could provide and the diverse presentation formats that could be used . When speaking of an interchange format, we are talking about the most relevant and generic attributes or characteristics among the range of possibilities which could be accessed, and of course it is necessary to take into account the limitations that each one of these entities must face to implement this standard. Creating the exchange would not be as significant, if all the systems (information systems of each institution) were homogeneous; unfortunately this is not true, and in contrast there is vast heterogeneity, so that every public institution offers information through its own portal in a different way. Due to the heterogeneity of systems, it is necessary to choose a mechanism for publishing information in the same ”language” and, at the same time, to have an architecture that fits the needs and the general nature of the problem, which is architecture oriented to services.



Figure 4.



BPEL for search a student.



The components used at this stage were the reception and the replication of information components, as well as the



XML (Extensible Markup Language) is an extensible markup language that allows better adaptability and flexibility between heterogeneous systems; its main feature is the introduction of tags in a text file that allows the interpretation by systems on different platforms; its main weakness is the size that any file created with this standard can reach. XML is based on the concept of elements delimited by tags; a document can have many labels and each element may be composed of other elements, which is perfectly adaptable to the concept of composition used in other development paradigms such as OOP (Object Oriented Programming). Additionally, XML is usually accompanied by a type descriptor
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DTD (Document Type Definitions) or an outline scheme, which enables validation of XML documents with [13] [14]. Many organizations and companies have chosen XML as a language for formatting information exchange between information systems. In the power and light sector we can find a practical example of how the implement of formats and standards by using XML helps substantially to the solution of integration and exchange of information between units [15]. Due to all the above features, the use of XML becomes the best option for developing the format for the exchange of personal educational information [16].



A. Elements and Types The elements considered in the interchange format and their types, are divided into two categories: the elements of consultation and response elements.



Figure 5.



Defines types for Academic Student.



Figure 6.



Defines types for Academic Program.



Figure 7.



Defines types for Educational Institution.



The elements of consultation are very few and are totally dependent on the type of query that the user wants to perform, and the most basic is about students’ academic data; to perform this query, the user must enter three elements: the type of document, student document number and the name of the university you want to query from. These elements are all of string type and its format must match the specifications given for valid documents in our nation. Response elements are more numerous and are grouped into three main components: the University, the Academic Program and the Student, each with their own attributes. These three components contain the basic information needed to allow the user to identify the student as a graduate student or just as a former student of a university in a specific program. The attributes of the student are shown in Figure 5 and as can be seen, some are mandatory and others are optional. It is important to note that the attributes the date of graduation, the record, the file and the snp code are optional, due to the possibility that the student is not graduate yet from the university. All the attributes are string type, except for the attributes that relate dates, such as ’fechaingreso’. The attributes of the academic program are shown in Figure 6 and are mostly optional; there are some mandatory attributes relating to the program. Most attributes are string type, except number of periods, number of credits and accreditation lasting time, which are integer type, and the date of the accreditation, which is date type. The attributes of the university or the educational institution in general are shown in Figure 7. The types of attributes are string type, except the creation date attribute; it is necessary to emphasize that the optional attributes such as the mission may contain a large amount of information, and although they are optional, must be limited to a specific size so the response is not unnecessarily overload.
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VI. C ONCLUSIONS The development of a distributed system based on web services to exchange academic information is a totally viable option for implementation as was demonstrated in this work. The three components (the interchange format, the coordination model and the prototype software) are the base for the purpose of exchanging academic information. The software prototype based on a simple exchange format and a model of coordination, allow the exchange of information in a simple and homogeneous way among academic institutions, without modifying much of the existing information systems; it is only necessary to make some modifications by adding functionality to the IS. The need to use standard languages such as BPEL and XML as a tool for exchanging information between heterogeneous systems is of vital importance and has demonstrated its benefits in the project.
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