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ABSTRACT 

Cisco predicts that over 14 billion devices will be connected over the internet by the year 2010 [12]. The internet has changed the way we live, play, work and learn.  The majority of software applications that are under development or will be developed in the next five to ten years will be distributed. The Elon faculty have added a required course, CS III, to insure that every computer science undergraduate has foundational client server concepts and skills. This paper discusses the development and implementation of a CS III course.

INTRODUCTION: 

Ten years ago, the typical computer software application ran on a single processor on a desktop computer with a command line interface. The typical computer science undergraduate degree required approximately forty hours of computer science courses with a required two or three course software development sequence focusing on object oriented programming concepts, basic data structures and algorithms.  Today, the internet has changed the way society lives, works, plays and learns. The typical software application is client – server based with a highly interactive, client side graphical user interface connected over a network to a server side application controlling the business logic and connection to a persistent data store. The Java API has dramatically changed from 200 classes to over 3000 classes [3]. Though the undergraduate computer science degree remains at 40 hours of computers science courses there are many more concepts to cover. The graduating student needs all of the foundational  software development concepts from ten years ago in addition to graphical user interface development,  internationalization, threading, networking and databases. The key challenge facing computer science departments is deciding which concepts to include or leave out of their required software development course sequence.    At Elon University, the computer science department made the decision to add an additional required course called Computer Science III- Distributed Computing (CS III). The addition came at the expense of consolidating key concepts in Computer Theory from a two course sequence into a single course.  A key goal of CS III is to better prepare  the student to become a software developer, for graduate school and for subsequent undergraduate advanced core and elective courses (such as:  Mobile Computing, Artificial Intelligence, Computer Games, High Performance Computing and Enterprise Computing). The CS III course was offered for the first time during the fall 2007 semester.  This paper will focus on the contents, format and lessons learned. 

CONTENT

Traditional courses for CS I and II in a Computer Science curriculum are easy to develop and present. Text books and teaching materials are competitively provided by publishers such as Wiley, McGraw Hill, Prentice Hall and Addison Wesley. Their texts have been used at many universities over a number of editions and have been continually improved to match the needs of faculty and students. However, the creation of a new course on client server computing presented a challenge to the Elon faculty to define the topics for the new course, select a course text significantly supplemented with reading materials to cover course topics and develop a consistent set of course projects, homework assignments and quizzes. This section discusses the process used to identify the course topics and the reading materials used for the course.

Identifying Course Topics and Learning Outcomes

The key topics selected for the course primarily came from the two volume Core Java Series [3, 4] and the testing objectives of the Sun Java Developer Certification (SCJD) [10]. The Core Java series is a two volume set with approximately 1900 pages written for “serious programmers who want to put Java to work on real projects” [3].  The series is currently at the seventh edition with the eighth edition shipping at the time of the writing of this paper.  A new edition of the series follows each new major java SDK release and is updated to reflect the latest features and practices used in the language. Core Java Volume 1 Fundamentals has 13 chapters and as the name implies focuses on fundamental concepts of Java along with the basics of user interface programming [3].  From this volume, we identified sophisticated GUI layout and deploying Applets and applications as key topics that are NOT covered in most CS 1 and CS II textbooks. Core Java Volume II contains 12 chapters focused on enterprise aspects of computing. From this volume, we identified key topics of networking with sockets and remote method invocation, database programming, advanced graphical user interfaces, digital certificates and Internationalization.
 Sun Microsystems currently has 8 different java certifications.  The purpose of certification is to validate skill sets. The first two certifications for Sun Certified Java Associate and Sun Certified Java Programmer are multiple choice based and demonstrate a fundamental understanding of Java concepts achieved by a student from taking a CS I and II course sequence.  Five of the other six certifications involve Client – Server Development clearly demonstrating the focus  of the job market on distributed computing. The SCJD certification requires a small client-server programming assignment of approximately 3500 lines of code that is focused on demonstrating advanced proficiency in the Java programming language. The assignment objectives are to write an application that requires the following: a graphical user interface using an advanced Swing JTable component that demonstrates good principles of design, a network connection using RMI or sockets to connect to a server, a multiple threaded, networked server that connects to a Java database and a Java database. We felt that these objectives are “real world”  and should be a major subset of the learning outcomes from a CS III course.  The Core Java Series provides the technical background for obtaining these objectives with one major shortfall. Core Java does not cover GUI design principles. In fact, a review of current Computer Science I and II texts shows a complete lack of coverage on GUI design principles. We felt that the Sun Java Developer certification had two shortfalls. First, it did not require internationalization of the graphical user interface. We feel that in today’s global computing environment that the design of applications to be run in multiple languages is required. Second, we felt that the assignment should require the design and use of a relational database. This is especially appropriate since JavaDB (aka Apache Derby or IBM Cloudscape) now is freely available with the Java 6 SDK.

The department faculty used the Core Java Series and Sun SCJD examination along with input from academia,  industry, alumni and students to identify 15 learning outcomes that each student should be able to do at the end of the CS III course. The outcomes are listed in Table 1 in the order that related topics are covered during the 14 week semester and fall into the three major categories of graphical user interface, networking/communication, and database.   Every computer science major will develop graphical user interfaces while in school and after graduation will either develop or work on a project that involves some aspect of a graphical user interface.  We reflect the importance of user interfaces in any client side application with learning outcomes 1 – 6. The GUI outcomes start with understanding the human computer interaction principles and best practices for designing a user friendly graphical interface.  Outcomes 2 - 6 focus on advanced layout mechanisms, advanced MVC swing components and the Swing threading utilities available to implement the “user friendly” design.  Communication between the client and server is covered by learning outcomes 7, 8 and 9. Students learn the concepts of creating a multithreaded server and communication mechanisms for networking using both sockets and remote method invocation. Outcomes 10-13 are focused on databases.  Databases are ubiquitous. Most server applications interact directly or indirectly with a database. However, a review of the required courses for computer science majors at well known universities: William and Mary, University of Richmond, Duke University, Wake Forest University and Villanova University, revealed that a database course is not required.  This is understandable given the different missions of the schools and the need to strike a balance between required courses and flexible electives. Nonetheless, students majoring in computer science need to have an understanding and expertise of using normalization for relational database design, SQL for data manipulation,  transaction management and the JDBC APIs.  Three weeks of the fourteen week semester are spent mastering these concepts.  The final two outcomes involve the student mastering the use of the most widely used development environment, Eclipse, and understanding the software deployment mechanisms for packaging and delivering “trustworthy” software via Applets or Java Web Start.

Table 1 Learning Outcomes for Computer Science III

	1
	Use Human/Computer Interaction design principles and best practices for graphical user interface design and development.

	2
	Design and implement advanced graphical user interfaces using basic and advanced Swing components such as JTable and JTree.

	3
	Manage components using advanced layout techniques of GroupLayout and GridBagLayout.

	4
	Design and implement an internationalized computer application using resource bundles and appropriate class libraries for date, time, currency and number formatting.

	5
	Use a graphical layout tool for designing and developing a graphical user interface and understand the advantages and disadvantages of this approach.

	6
	Understand threading and build application programs with multithreaded client side graphical user interfaces.

	7
	Create a multithreaded server application.

	8
	Understand basic networking concepts using sockets and remote method invocation (java.rmi).

	9
	Use I/O Object serialization.

	10
	Design a relational database in third normal form.

	11
	Use SQL to define, query and modify relational database tables.

	12
	Use the JDBC API to connect a Java application with relational databases.

	13
	Use a relational database in embedded and server mode for a standalone application, a two tiered and a three tiered application.

	14
	Proficiently use the latest Eclipse Interactive Development Environment with the most recent Java JDK for developing client server and standalone applications.

	15
	Understand various application deployment mechanisms and the use of digital certificates.


Books and Materials Used

No single computer science textbook covers all of the concepts to accomplish the course learning objectives with a learning style appropriate for a sophomore/junior student who has just completed CS II. The Core Java Series is outstanding but is written for experienced programmers and does not have exercises and problem sets focusing on the key concepts. The author of the Core Java series has partially addressed the educational need of universities with a textbook called Big Java 3 [5]. The text covers at a high level the key concepts of graphical user interfaces, threads, sockets, XML and JDBC. The text was chosen as the single “required” textbook for the course but was significantly supplemented by Sun Java Tutorials [11], GUI design articles [6, 8,9]  and database articles [1, 2]. The Sun Java Tutorials are superb. Sun updated them in conjunction with the Java 6 release and they cover both the fundamentals and advanced features of Java with breadth and depth.  The tutorials include extensive examples with source code that can be immediately run using Java Web Start and have extensive live links to the Java API. They are written at a level that is easily understandable by a student. The Sun tutorials used were:  Swing, Deployment, Custom Networking, RMI, Internationalization, Security and 2D Graphics. As previously mentioned, the design of a graphical user interface is largely neglected in CS I and CS II texts.   In order to develop and reinforce good habits and best practices of GUI design, three user interface articles are reviewed during the first week of class before any graphical user interfaces are developed. Database design and development is a large field and there are many books and university courses on the subject that give students exposure to SQL server, MySQL or Oracle.  However, our goal is to provide a solid understanding of database concepts without allocating a whole course to it. Unfortunately, most computer science I and II text books only have a single chapter on JDBC and neglect design considerations for normalization and transaction processing.    IBM developerworks provides an excellent 13 article series that teaches the fundamentals of creating, querying and deploying a database application using JavaDB. These 13 articles were supplemented by two chapters on database design using normalization [2].

FORMAT

The format of the course was designed to provide faculty and students with a continuous assessment of their progress in achieving the learning objectives listed in Table 1 throughout the 14 week semester.  Continuous assessment was provided on a daily basis with required class exercises, on a weekly basis through quizzes and required graded computer project deliverables and on a periodic basic with two large examinations. Each class was taught in a combined lecture/lab facility that allowed lecture of concepts and theory to be immediately followed by hands on experimentation with their java implementation. After each lecture, students were assigned a short ungraded lab exercise to illustrate their hands on mastery of the concept. The exercise had to be demonstrated to the instructor at the start of the next class period. Quizzes were used to help motivate the student to keep up with the large amount of reading material and to insure that students understood the underlying concepts.  During the semester, nine on line quizzes were administered that provided immediate grading and feedback to the student and the instructor.  Nine graded homework assignments were given to assess the students’ mastery of graphical user interfaces, networking/communication and databases. The first five homeworks were phased and required the student to incrementally design, code, test and deploy a password storage application of approximately 3,500 lines of code. The phases required the student to use three different look and feels, a JTable with MVC, the GroupLayout and GridBagLayout managers, Internationalization, network serialization and delivery with as both an Applet and as a standalone thick client using Java Web Start. Figure 1 shows the German internationalization homework provided by one student team. Two homework assignments required the creation of a client-server chat system to demonstrate multithreading on the client GUI and on the backend server.  The final homework required the student to design a normalized, relational database to hold information about movies, deploy it as a server and connect to it using JDBC from a client GUI.  Finally, as an independent third party assessment mechanism to validate attainment of the learning outcomes related to the categories of Graphical User Interfaces and Databases, appropriate elements from the Brainbench Java GUI examination and the Brainbench RDMS examination were given to each student.

CONCLUSIONS
 The first offering of the CS III was very successful. The course had 15 students and achieved all of its learning objectives. The students were very enthused and self motivated to learn more about the “hot” topics of graphical user interfaces, internationalization, networking and server side databases. Their motivation could be tangibly assessed by the extra “ungraded” features they added to many of their homework assignments. For example, one student went beyond demonstrating internationalization on the Password Store application with English and one other language by implementing English, Italian and Arabic. The students achieved a 75 average on the third party, Brainbench Java GUI exam and a 65 average on the Brainbench Database Exam. The lower score on Databases and in particular on the SQL portion indicates that an additional class period needs to be added to focus on more hands on application of nested queries along with inner and outer joins.  In addition, recent discussions with alumni indicate that students need exposure to object relational mapping and one additional class will be added to introduce the concept.

Client – Server computing is now the fundamental, mainstream programming paradigm. Mobile computing is exploding and new client –server programming toolkits such as Google Android and Apple’s announced IPHONE SDK are recent examples of the need for every computer science graduate to have had a course in client – server concepts. Students understand the client server skills demanded to pursue a career in computer science. The CS III course is directly targeted at client server concepts, theory and implementation skills and should be a required course for every computer science student.
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Figure 1: Client GUI demonstrating JTable, JSplitPane, JToolBar and I18n
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