Computer Science1l- Program 3

Simulation
Assigned: 2/18/04
Due: 3/5/04 (Friday) at 11:55pm (WebCT time)

Objective
1. To write aprogram implementing the sorting techniques covered in lecture.
2. Towrite aprogram implementing the stack data Structure.

3. To write a producer/consumer smulation program.

TheProblem

At the CS1 Corporation we have a machine that produces objects. Each object has an
identification number (an integer number) which corresponds to the order in which it was
generated and a rating. The raing has been determined by a qudlity control machine (the
producer process) and is one of “E” for excdlent, “G” for good, “M” for margind, and
“D” for defective. We will assume that any of the ratings “E’, “G”, and “M” are equdly
likdy to occur but that the “D” rating will occur only 10% of the time. The qudity
control machine will generate objects a random times and place them onto a stack. The
qudity assurance machine (the consumer process) removes objects from the stack at
random times and does the following with each object retrieved from the stack. If the
rating of the object is ether “E’ or “G”, the object is placed into a lig of qudity assured
products avalable for immediate sde. If the rating of the object is “M” the object is
placed into a list of objects to be checked by another department but are not to be sold. If
the rating of the object is “D”, then the object is amply ignored (well assume it is
returned for scrap and will be recycled and rebuilt).

What we want to do in this program is smulate this function of our company. To do the
amulation, we'll dlow these processes to execute for some period of time and see what
the effect is after this period of time. A smulaion cycle condsts of ether the production
of one object, the consumption of one object, the production and consumption of one
object, or nether the production nor consumption of any objects. This will be controlled
by the randomness of the producer and consumer processes. For the purposes of this
gmulation we'll assume that during any smulation cyce, there is a 70% chance that the
producer process will produce an object and a 40% chance that the consumer process will
consume an object. If both events occur in a smulation cycle, then assume that the
production of the new item occurs BEFORE the consumption of an item (which will be
the newly produced item.)

In your implementation please adhere to the following guiddines:

1. Setthe stack Szeto contain a maximum of 20 objects.

2. Have the user input (from the keyboard) the number of events that will occur
during the smulation. For our purposes here an event is ether the production or
consumption of an object. Note that this does not imply that 500 objects will be



produced and 500 will consumed since both the producer and consumer processes
are randomly active during asmulation cycle.

The producer process (the quality control machine) cannot produce an object if the
gdack is full. In order to implement this idea, before a Imulation cycle begins,
check to see if the stack is full. If it is, then automaticdly skip the production part
of the cycle.

The consumer process (the quality assurance machine) cannot consume an object
if the stack is empty. In order to implement this idea right before the consumer
pat of the smulation cycle, check to see if the dack is empty. If it is then
automatically skip the consumer part of the cycle.

Your sorting must be done by either a Merge Sort or a Quick Sort. You can pick
dther to implement.

References
Textbook: Chapter 8. Lecture notes.

| nput Format
The only vaue tha the user will enter will be the number of smulation cycles to run.

Test with smal vaues between 10 and 20, but assume that very large values could be
entered by the user. However, for seting arrays limits and such, assume that no array
will need to hold more than 1000 objects.

Output Specification

When the smulation ends, we want to see the following displayed:
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A liging of the objects in the qudity assured ligt sorted in ascending order by their

Identification number.

A liging of the objects in the to be checked lig sorted in ascending order by their

identification number.

A count of the total number of objectsrated “E”.

A count of the total number of objectsrated “G”.

A count of the tota number of objects rated “M”.

A count of dl of the object that were ignored as being defective.

A ocount of the number of times the stack was full a the beginning of a smulation
cycle.

A count of the number of times the stack was empty right before the consumer part
of the smulation cycle begins.

A liging of dl the objects left in the sack when the smulation ended. These
objects should be printed so that the item that was in the stack the least amount of

time should be printed last.



Output Sample
Here is a sample output from running the program when the number of smulation cycles
is entered as 17 and the sze of the stack is assumed to be 4. Note that this is NOT a
comprehendve test. You should test your program with different data than is shown here
based on the specifications given. The user input is given in italics while the program
output isin bold.

Assume the smulation cycles for the sample execution were as follows:
Consume object — blocked stack is empty

Produce object 1:M

Produce object 2.E

Consume object 2.E

Produce object 3:G  and Consume object 3:G

Produce object 4.D

Produce object 5:M

Consume object 5:M

. Produce object 6:E

10. Produce object 7:M

11. Produce object - blocked stack isfull

12. Consume object 7:M

13. Produce object 8:G

14. Consume object 8:G

15. Produce object 9:E

16. Produce object — blocked stack is full and Consume object 9:E
17. Consume object 6:E
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How many smulation cycleswould you liketo run?
17

Quality Assurancelist contains:
2:E, 3:G, 6:E, 8.G, 9E

To be Checked list contains:
5M,7:M

Total of 3“E” type objects were produced
Total of 2“G” type objectswere produced
Total of 3“M” type objectswere produced
Total of 1“D” type objectswere produced

Stack wasfull 3 timesat beginning of smulation cycle
Stack was empty 1 timewhen consumer process attempted to consume object

Objectsremaining in stack at end of smulation were:
1:M, 4.D



Grading Details

Due to the nature of this program, a larger portion of your grade than usud will come
from your implementation of the smulation. (If you do a little math, it's pretty easy to
"fake' much of the output of this assgnment) Thus a grester weighting than in the
previous two assgnments will be given for adhering to the implementation specificatiors.

Y our program will be graded upon the following criteria

1. Adhering to the implementation specifications listed above.

2. Your dgorithmic desgn implementing the producer/consumer processes and the
condraints on their activities as described above,

3. Correctness.

4. The frequency and utility of the comments in the code, as wdl as the use of white
space for easy readability. (Were not kidding here. If your code is poorly
commented and spaced and works perfectly, you could earn as low as 80-85% on
it.)

5. Compatibility to ether cygwin in Windows or gcc under olympus. (If your
program does not compile in dther of these environments, you will get a szable
deduction from your grade.)

Restrictions

Name the file you creste and turn in simulation.c. Although you may use other compilers,
your program must compile and run using gcc or cygwin. Your program should include a
header comment with the following information: your name, course number, section
number, assgnment title, and date. You should dso include comments throughout your
code, when appropriate.

Deliverables
A sngle source file named simulation.c turned in through WebCT by the due date and
time.



