
Figure 1: A view of the main simulator window. 

back in the ready queue. The quantum and the number of 
cycles required for each line of code are set in a configu- 
ration file, allowing students to experiment with the effect 
of changing these parameters. The simulator can be run in 
several modes depending on the level of detail required. 

At the lowest level, the user can step through the code one 
cycle at a time, manually switch active processes, or run a 
fixed (user settable) number of cycles allowing the quantum 
to determine which process is running. 

At the next level of detail, the user can perform a single run of 
the program. The run can be set to terminate after a certain 
number of cycles, when the protocol fails, or when either 
the protocol fails or a certain number of cycles have been 
executed. The failure test can be either in terms of internal 
inconsistency or external inconsistency. 

Lastly, multiple runs can be set up and statistics gathered for 
the runs. 

The simulator creates tables and graphs of statistics in a log 
file in HTML format so that they can be viewed from a stan- 
dard browser. The graphs are stored as GIF images. This 
facility allows students to easily produce a log file of an ex- 
periment that can be printed out or viewed on line. A sample 
log file is shown in Figure 2. The result of one experiment is 
shown. In this experiment, 100 runs are done, each stopping 
when an external failure occurs. The simulator keeps track 
of when the first iuternal failure of  each run occurs. The 
average number of cycles until internal failure is 7797.23, 
while the average for external failure is 147,934.19 cycles. 
A histogram comparing the number of cycles until internal 
or external failure is shown at the end of the log file. 

The simulator is written in Java and uses the Jeli [16] pack- 
age and both were developed as part of an NSF grant [14]. 
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Figure 2: A portion of a log file as seen from a browser. 

This simulator is one of a number of interactive simulations 
developed as part of this grant for use in the computer sci- 
ence curriculum [4]. The simulator can be downloaded and 
run on any machine supporting Java. This method of execu- 
tion allows users to set their own configuration files and store 
log files locally. Alternatively, the simulator can be run from 
a standard browser by just giving it the appropriate remote 
URL. The Jeli package allows applets run from a browser to 
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log remotely [5] and our server is set up to store the log files 
generated. These can be viewed by the same browser and 
either downloaded or printed locally. Information on down- 
loading, running remotely, and using the simulator is also 
available through the web [15]. 

6 Sample Results 
Figure 2 shows the result of 100 runs until external failure 
for a case in which the number of cycles in a producer or 
consumer loop, k,= 100 and the quantum, q,= 40. It also 
shows when the first internal failure occurred on each run. 
The analysis in Section 3.1 predicts that since the quantum is 
small, the average number of producer cycles until failure is 
k 2/2 = 5,000 and since the consumer and producer execute 
about the same number of cycles, the total for the two would 
be 10,000. The average from the simulation, 7797.23, was 
off by about 22%. The analysis predicts that the number of 
cycles until failure should be independent of the quantum for 
small values of the quantum, and then grow liniearly with 
the quantum. When the simulator was run for values of the 
quantum between 5 and 100, the average number of cycles 
remained in the range from 6270 to 9848. When the quan- 
tum was raised above 150, the number of cycles started to 
grow at about a linear rate, reaching a value over 50,000 for 
a quantum of 800. 

A surprising result was obtained with the configuration 
shown in the log file of Figure 2. The minimum number 
of cycles to obtain internal inconsistency for 100 runs was 
645 with a maximum of 25,491 and an average of 7797.23. 
The same runs until external inconsistency had a minimum 
of 1086 and a maximum of 553,210 with an average of 
147,934.19. It took on the average almost 20 times as long 
to reach external inconsistency as to reach internal inconsis- 
tency. 

7 Conclusions 
The simulator is a valuable tool that can be used in the con- 
text of an undergraduate operating systems course. Students 
often accept a program as being correct when it produces the 
correct result under a small number of test conditions. An 
important insight that can be gained from the simulator is the 
difference between internal and external inconsistencies. A 
program can become internally inconsistent while still pro- 
ducing correct results for some time. 

Use of the simulator also gives students experience with ab- 
straction. The analysis in Section 3.1 gives a model of the 
program and predicts a relationship between the number of 
cycles until failure and certain parameters of the systems such 
as the size of the quantum and the relative size of the critical 
section. Experiment 2 in Section 4 proposes an experiment 
that a student can design to test this analysis. The student 
then has to collect data and analyze the results. 
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