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Abstract: The undergraduate operating systems course can provide students with avaluable intro-
duction to empirical testing and experimentation. This paper announcesthe availability of aprocess
scheduling simulator designed to develop student empirical skills while they are learning part of
the standard operating systems curriculum. The simulator iswrittenin Javaand availablefor direct
experimentation viathe World Wide Web. By accessing the remote URL through an appletviewer,
students can permanently save input test dataand simulator results generated inHTML format. Stu-
dents are asked to test specified hypotheses about process scheduling and to devel op their own hy-
potheses about the influence of different parameters on behavior. In order to devise experiments
that make sense, students must understand how factors such as burst time and variability influence
behavior. Interested faculty areinvited to try the smulator and support materialsin their operating
systems classes.
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1 Introduction

Experimentation is the centerpiece of the traditional scientific method. Experimental exploration
can provide new insights, eliminate unproductive approaches and validate theories and methods|[1].
Computer science, as adiscipline, has anotoriously poor record in the area of empirical validation.
Several studies of computer science publications [2, 3] have shown that the percentage of papers
providing no substantiation for claims that needed experimental verification was much higher than
in other disciplinesin either the hard or soft sciences.

This paper announces the availability of a web-based simulator and supporting curriculum mate-
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Figure 1: A view of the main simulator window.

rials that have been developed to introduce students to empirical exploration in the undergraduate
operating systems course. A primary goal is to help the students devel op a better understanding of
process scheduling including the working of the algorithms and the system parametersthat influence
their performance. A second goal is expose students to empirical methods in a realistic computer
science setting.

2 Simulator Overview

The simulator interface shown in Figure 1 makes it easy to run experiments on collections of pro-
cesses with different scheduling parameters and to compare such statistics as throughput and wait-
ing time. Students are introduced to the simulator and then given two types of assignments. In one
type of assignment the students are presented with a specific hypothesis about process scheduling
and are asked to devise and perform experiments to support or disprove the hypothesis. In the sec-
ond type of assignment, students are asked to develop and test their own hypotheses about process
scheduling. An automatic logging facility outputs tables, graphs and commentsin HTML format,
so that the students can easily keep track of their experiments and produce web-based reports of
results.
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3 Useof the Smulator

The ssimulator can be used for exploration in various ways. For example, the experiment below
presents a specific hypothesis that students are asked to support or disprove. Students must under-
stand the concepts of CPU burst and 1/0 burst as well as the meaning of various scheduling param-
etersin order to devise experiments that make sense.

Experiment:

Hypothesis: Round robin (RR) scheduling with n processes makes each user think the machineis
running at 1/n-th the speed as long as the /O times are small.

1. Devise tests to support or disprove the hypothesis.

2. Conduct a series of experiments to determine the effect of perceived performance as afunc-
tion of 1/O burst time.

The process scheduling simulator was introduced in an undergraduate operating systems course in
the Spring of 1998 after two 50-minute lectures on process scheduling. The simulator was demon-
strated during the third class period using alaptop and video projection unit. Most of the students
had previoudly taken two semesters of calculus-based probability and statistics. There were afew
studentsinthe class with graduate training in atechnical field other than computer science, and these
students showed considerably more sophistication in their designs than the best computer science
undergraduates.

Thereportswere graded, and aclass critique was posted on theweb. Theresultswere al so discussed
in class. Students indicated that the discussion and critique were useful to them. They also felt
that it would be helpful to get feedback on one design before they had to submit the full report.
The consensus of the class was that the experience was useful. I1n addition to gaining experimental
experience, students had a much clearer understanding of the mechanics of time sharing and the
implications of the CPU burst and 1/0 burst times on performance.

4 Simulator Availability

| am currently seeking feedback and participation of other faculty who are interested in incor-
porating empirical methods into the computer science curriculum at the undergraduate level. |If
you have any comments or are willing to test the instructional materials, please contact me at
srobbins@utsa.edu.
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One caveat about the current simulator should be mentioned. The current Java security model poses
aproblem for remote operation of the simulator. Although the simulator can be run through aweb
browser by accessing the Java source and configuration from a remote site, remote operation in
that way does not allow access to the local file system for reading configuration files or storing the
log file. One solution is to download the entire simulator package and run it locally through an
appletviewer. While this method will work, it requires some expertise and motivation to install the
simulator locally. Local installation also does not allow for easy distribution of updates and bug
fixes.

A flexible security mechanism has been introduced in Java 1.2 that should eventually solve this
problem when it is incorporated into common browsers. The Java 1.2 security model allows the
user to specify directories that the remotely loaded applet is allowed to access. Instructions for
running the simulator remotely through a Java 1.2 appletviewer and the status on running remotely
through the standard browsers are available on the simulator web page [4].

The process scheduling applet described here is part of alarger project supported by NSF to incor-
porate an experimental approach into undergraduate operating systems and networks courses. The
web sitefor the projectis: http://vip.cs.utsa.edu/nsf/. The simulator applet and othersare
available at this site for general use. A more detailed paper and supporting instructional materials
areaso available at this site.
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