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Abstract

A recent partnership established between the School of Computer and Information Sciences (CIS) at the University of South Alabama and Accelerated Technology (AT), a division of Mentor Graphics, was developed to support specific courses in the CIS curriculum through the use of equipment and establishment of technical expertise.  As part of this effort, AT funded and trained two graduate students and provided a large selection of hardware and software for use in the CIS curriculum.  The target courses of Operating Systems, Networks, and Real-Time Systems were selected due to their relationship with the embedded and distributed real-time market in which AT operates. This paper outlines the benefits observed by the creation of such a partnership. The two graduate assistants reaped immediate benefits in the form of both a substantial stipend and hands-on experience with the equipment. These graduate assistants obtained the expertise necessary to effectively integrate the hardware and software into the curriculum. The faculty of the targeted courses benefited from the ability to extend the course concepts in a more practical and hands-on style. Other faculty members in the School of CIS used the equipment for advanced projects. With this added opportunity, faculty members were able to emphasize and reinforce concepts in the target courses and to introduce projects previously lacking. All students in the targeted courses likewise benefited by the inclusion of the equipment and expertise in those courses. AT benefited from this partnership in a very practical way. By gaining practical hands-on experience with the technology associated with AT’s industry, the students become a more competent and ready workforce for AT or similar companies. In addition, this “training” was done while still satisfying all of the educational goals and objectives of the original curriculum. Overall this partnership yielded positive benefits to all parties involved.

Introduction
In the past, universities have formed successful partnerships with companies in the computer industry.  These partnerships have mainly focused on internships and co-ops where students become entry-level employees for the partnered company.  Our university recently formed a partnership with a company that recognizes not only the importance of students receiving valuable work experience but also the importance and need for academic success and curricular improvement.  

The curriculum must educate students in the general concepts of computing while at the same time preparing them to enter the job market and begin their careers.  In the academic environment we often rely on a close relationship with industrial partners to assist in the educational process.  Members from industry generously give of their time to serve on our Industrial Advisory Council (IAC), curriculum development teams, accreditation teams and as adjunct faculty.  These same industrial partners often establish internships and co-op programs that can be a financial benefit to many students throughout their years of study.  Neil Henderson, an alumnus from our graduate program, member of our IAC, and CEO and founder of Accelerated Technologies (AT), saw an opportunity to have a greater impact on our academic curriculum.  By the careful integration of state-of-the-art equipment, technical training and financial support, it was possible to enhance the learning environment of existing courses.  This was done while maintaining the established curriculum topics already covered in those courses so that it would not degenerate into a vocational training experience [2].  While providing the necessary coverage of curriculum topics, it was also possible to address issues discussed in the curriculum model to provide realistic work environments [2].  These realistic work environments using real equipment, solving realistic problems and working with experts from industry can now be accomplished within the framework of existing courses.

To achieve realistic work experience, it is often necessary to participate in internships or co-op programs.  While providing a very real financial benefit to the students and sometimes the institution, the link to the educational process might be clouded.  Also, the time necessary to participate away from campus could decrease the time students have to devote to academic issues.  While meeting the goal of realistic experience, we felt industrial partners more closely linked to existing academic courses would provide a richer learning environment to support the curricular goals.
Over the course of many IAC meetings our industrial members learned what projects the faculty and students were engaged in and the resulting grants and publications.  The faculty likewise would visit the workplaces of these industrial advisors and learn what projects were being undertaken at their sites.  AT was a special case since many of their current employees were graduates of our program.  AT also employed several current students as full and part time employees while they completed their degrees.  A series of informal meetings between faculty and AT employees quickly identified how a partnership might evolve.  Due to AT's interest in several courses, work began to integrate hands-on laboratories into the curriculum.  At this point, the faculty working with current students and recent graduates employed by AT were able to develop a plan of integration.
In 2001, AT entered into a contract with the University of South Alabama.  Following the guidelines in this contract, AT donated over seventy thousand dollars of equipment and software to the university for use in several targeted computer science courses.  Also, AT funded two graduate assistants.  These assistants learned to use the equipment and develop projects and demonstrations in order to supplement the current computer science curriculum.  In this way, the equipment and funds donated by AT would be used to influence and enhance the current computer science curriculum.

The Donated Equipment and Software
As previously mentioned, AT donated over seventy thousand dollars worth of equipment and software.  The equipment included ten Hitachi SH-2 and SH-4 motherboards.  The software included Nucleus PLUS and code|lab Debug.  The university was given enough site licenses for this software so that all of the motherboards could be used and debugged at the same time.

Nucleus PLUS

Nucleus PLUS is an operating system that was created by AT to run on real-time embedded systems [4].  This operating system offers many useful services to allow programmers to accomplish a variety of activities such as synchronizing tasks, managing memory, creating hardware interrupts, and managing multiple tasks [4].  With all of the services available and a manual that clearly explains how to use them, Nucleus PLUS helps to reduce the complexity of creating programs for embedded real-time operating systems.
SH-2 and SH-4 Boards

The SH-2 and SH-4 boards are two pieces of hardware manufactured by Hitachi [3].  These boards are equipped with a CPU for processing instructions, EPROM for storing semi-permanent data such as the operating system, serial ports for connecting to a personal computer or peripherals, and RAM for storing programs and data.  In addition, the SH-4 board has a variety of ports to connect to various peripherals.  All of the boards that the university received had the Nucleus PLUS operating system burned onto the EPROMs.  AT donated ten of each type of board to the university for research purposes.  

code|lab Debug

code|lab Debug is a debugging tool that is one part of an integrated development environment created by AT specifically for the development of programs written for embedded real-time systems [1].  This tool can also be used as a standalone product that can download programs onto the systems they were created for and assist in the debugging of those programs.  This product offers many useful debugging features.  Some of the debugging features available are the ability to place breakpoints in the code and the ability to view various operating system statistics while the program is running.  Examples of operating system statistics that can be viewed are the number of times a particular process has been allocated time with the CPU, the status of any semaphores in the program, and the current values of variables in memory.  These features make code|lab extremely useful for illustrating each action of a program’s execution.
Benefits to the Students-at-Large
The School of CIS maintains two active advisory boards.  One is composed of leaders from local and regional industry.  The other advisory board consists of graduate and undergraduate students at various stages of the curriculum.  Both groups have identified the need for more realistic projects in the curriculum.  When asked for suggestions on how to improve their learning experience at the university, undergraduate and graduate students alike suggest that more hands-on, practical projects and demonstrations would help to understand the concepts that are taught in class.  Since AT’s primary market is the creation of real-time operating systems, the demonstrations and projects that arose from the AT equipment focused on the courses of real time systems, operating systems and networks.  

Operating Systems

In the operating systems course various core topics of operating systems are discussed among which are the concepts of process scheduling, process priorities, and semaphores.  Using the SH-4 boards acquired from AT as well as the Nucleus PLUS operating system, the AT graduate assistants created four short demonstrations to illustrate these course concepts to the students.  The students also had the opportunity to create counting semaphores and operating system processes to perform a simple task.  This project allowed students to easily manipulate the priorities of their various tasks so that they could clearly see how changing the priorities could affect their program's execution by affecting how often a particular task was allowed to run.

Real-Time Systems

In the real-time systems course, the students normally create a software simulated real-time system for their final project.  With the equipment from AT, five groups of students were able to create simulated real-time systems that also had interaction with hardware components.  The same demonstrations created for the operating systems course were used to get the real-time students familiar with the equipment.  After the students were familiar with the equipment, they were asked to choose a real-time system to simulate.  Two teams simulated two elevators in a three-story building, two teams chose to simulate a candy machine, and the last team chose to simulate a hot tub monitoring system.  

In order to allow access to the equipment, the two AT graduate assistants staffed the lab during various lab hours.  This way the graduate assistants would be available to ensure that the equipment was being used correctly and to answer any questions that the students may have regarding either the equipment or the software.

A final project presentation and demonstration was held at the end of the course.  This presentation was attended by over twenty employees of AT, including the CEO.  Each project generated a great deal of discussion and consideration for possible future work.

Networking

For the networking course, a graduate assistant created a demonstration to illustrate a simple wireless network.  For this demonstration, radio transceivers were connected to two SH-2 boards.  One of these boards was connected to a desktop computer via a serial port connection.  The other board was connected to an arrangement of four tactile switches (buttons).  On the desktop computer, a Visual C++ program ran such that an object on the screen moved whenever one of the four switches was pressed.  This simple demonstration was used to illustrate and introduce the principles of communication protocols and wireless communication in general.

The main point of the partnership between the School of CIS and AT is to enhance the curriculum, which has already been accomplished through the use of more hands-on labs and more enticing environments.  As the previous section illustrates, the curriculum has been enhanced by these completed hands-on labs and will continue to be enhanced through further labs created by the ongoing research and development of the products donated by AT.  Having this type of hands-on learning with “real world” equipment makes our graduates more marketable in the workforce because they not only have the theoretical knowledge but also possess some practical knowledge on how to apply those theoretical concepts in “real world” situations.

Benefits to the Faculty
The faculty of the School of CIS benefits in many ways.  For the faculty who teach the targeted courses of operating systems, real-time systems and networking, the equipment and software obtained from AT allow them to give their students a more enhanced classroom experience.  The rest of the faculty have the opportunity to use the equipment and software in directed studies, senior projects and other student/faculty research.  In fact, a recent senior project used an SH-2 board to create a miniature, autonomous robotic tank.  Thus, each faculty member can benefit from the increased opportunities for research afforded to them by the equipment donated by AT.

Benefits to the Graduate Assistants
The graduate assistants benefited from this partnership in several ways.  First, they received an increased graduate stipend.  Second, they received training from AT so that they could learn how to use the equipment and software that was donated.  This gave the graduate assistants some applicable “real world” experience.  Third, by creating the demonstrations and helping the real-time systems students understand the equipment, they gained experience in teaching others how to use various types of technologies.

The graduate assistants benefit from having this type of assistantship rather than a traditional laboratory assistantship.  This AT assistantship provides more of an intellectual challenge than simply aiding another student in the introductory programming course or the computer literacy courses.  This assistantship gives the chance to demonstrate and teach some of the more complex and challenging aspects of computer science rather than having to reiterate more basic ones.  

It has been planned that this partnership will lead to collaborative research between the university and AT.  This type of collaboration could lead to more in-depth and practical graduate directed studies and theses.  This will benefit the graduate assistants directly in that they will have a hand in these research opportunities since they are our local AT experts.

Benefits to AT

Although this paper has illustrated how much the university benefits from this partnership, the benefits to AT are not as immediate.  The traditional use of interns provides an immediate, short-term increase in workforce, but AT’s main goal is the long-term benefit of the entry of more advanced graduates into the workforce.  According to an AT employee who has been heavily involved in creating and sustaining this partnership, there are several benefits that are gained through AT’s participation.  First, AT looks forward to having a larger pool of potential employees who already have some experience with the equipment and software that are commonly used and developed at AT.  With this experience, the training for a new hire could be cut down from the normal three months to just a few weeks.  Secondly, if students decide to seek employment in the field of embedded systems from companies other than AT, the students will be taking the experience gained with the AT equipment and software with them to their new jobs.  This experience may cause these companies to be more inclined to purchase embedded systems software from AT since their employees are already familiar with it.
Another possible benefit for AT could be an increased pool of ideas and resources for their research and development department.  As the graduate students become more familiar with the AT equipment and software, they will be able to do more in-depth research projects using these resources.  These projects could help AT’s research and development department discover new uses for existing AT products and perhaps even new ideas for future product lines.  Thus, this partnership could help AT stay on the cutting edge of the embedded systems market.
Conclusion
Partnerships between industry and academic institutions are necessary and useful components of the emerging educational process.  It takes a great deal of effort and cooperation on the part of all involved for such partnerships to be successful.  This type of partnership might be best formed with companies that the university has already established a relationship.  This existing relationship helps create a certain trust that the university can deliver on future promises.  In fact, several of our industrial advisors noted upon hearing the capabilities of the faculty and students that they knew we could accomplish what was proposed.

Our best advice to anyone wanting to attempt this same exercise is to start with those industries which have hired recent graduates.  These former students help provide a bridge between industry and university, and this helps establish the mutual trust.  These students/employees are keenly aware of the needs of industry and which curriculum concepts are related to those skills.  They are also able to look back at the entire curriculum and see how it has led to the knowledge levels they have acquired.  These students are in the unique situation that they can understand the perspective of each partner.  In turn, the industrial partner must be well acquainted with the general curriculum issues of the university and not simply be seeking a “job training” program.  We have found that our partner first understood the goals of the curriculum and individual courses and then considered how their company’s skills and abilities could enhance those goals without changing them.  
From an academic perspective, we should listen to the needs of industry and allow for more open ended laboratory and hands-on experiences.  Through these laboratory experiences, students are shown that real-world equipment and projects are often not as clean and neat as many academic exercises where the answers are known beforehand.  Even though this is done in the confines of an operating systems or real-time environment, these same behaviors are exhibited by other problems that are encountered in broader industrial settings.  These enhanced problem solving skills will make our graduates better prepared to meet the needs of industry in any application area.
When truly approached as a partnership, a great deal of effort is required to understand the needs and goals of each party, but the benefits can be very impressive.  AT has made a very serious investment in the success of the School of CIS and in their own future.  This type of partnership between universities and industry leaders has the potential for helping both sides to grow and flourish from the experience; so that for all involved, it truly is a win-win situation.
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