COMP 4704 Performance Modeling, Fall 2009

Take Home Final

These questions are based on the material in chapters 2-4 of Trivedi. They are worth 10 points each. 

1. A regional radon risk assessment program, designed to identify buildings with a high risk for dangerous levels of radon on the basis of geographic and architectural data, is calibrated on a database of buildings that have already been tested. With probability 0.9, the program, when applied to a building from the database with high radon readings, correctly identifies the building as at high risk.

With probability 0.8, the program, when applied to a building from the database with low radon readings, correctly identifies the building as at low risk.  A random sample of the region yields the estimate that about 2% of the buildings in the region have dangerously high radon levels.

a. If the risk assessment program identifies a randomly selected building as high risk, what is the probability that it has high radon levels?

b. If the risk assessment program identifies a randomly selected building as low risk, what is the probability that it has high radon levels?

2. The number of jobs arriving at a system in a time interval of length t seconds is Poisson distributed with parameter 8t. The saturation rate of the system is 10 jobs/second. 

a. What is the probability that the number of jobs arriving in a particular time interval of length t=0.5 will be greater than 5?

b. What is the probability that the number of jobs arriving in a particular time interval of length t=1.5 will be less than or equal to 15, given that exactly 5 jobs arrived in the first half-second of the 1.5 second interval?

3. The number of CPU bursts required by a job in a particular job class is modeled by a negative binomial random variable with p=0.8 and r=2. What is the probability that two successive jobs will require more than 5 CPU bursts total?

4. Consider a program that uses two stacks. The program allocates memory for the stacks from opposite ends of the same N locations, allowing the stacks to grow toward each other. During execution, once a location has been used for one stack, it is not reallocated to the other stack. If the maximum sizes of the two stacks during a single execution are well modeled by independent Poisson random variables with parameter 
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, what is the probability that the total of the maximum sizes is less than or equal to N, that is, there is no overflow?

5. To test the accuracy of a process to locate a target in two dimensions, position a 1mm x 1mm grid with the target at (0,0). For each trial, note the error in the x-direction and the error in the y direction, to the nearest millimeter. Suppose the probabilities of each pair of possible error values are given in the following table.

	
	x= -2
	x= -1
	x= 0
	x= 1
	x= 2

	y= -2
	.01
	.02
	.03
	.02
	.01

	y= -1
	.02
	.05
	.07
	.05
	.02

	y= 0
	.03
	.07
	.2
	.07
	.03

	y= 1
	.02
	.05
	.07
	.05
	.02

	y= 2
	.01
	.02
	.03
	.02
	.01


a. What is the probability that the magnitude of the error, 
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, is greater than 1mm?

b. Are the errors in the x-direction independent of the errors in the y-direction? Why or why not?

6. Suppose that the cumulative distribution of a continuous random variable has the following form:


 F(x) given by 
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a. Give the values of a and b.

b. Give the probability density function for this random variable.

7. Classify each of the following random variables as Binomial, Geometric, Modified Geometric, Poisson, Exponential, Hypoexponential, Erlang, Gaussian (Normal), or none of the above. You may present an argument for your choice. (2 points each)
a. Suppose the interarrival times of jobs submitted to a system are modeled as independent identically distributed exponential random variables with parameter 0.25 for time in seconds. What type of distribution should be used to model the number of jobs submitted in a time interval of length 60 seconds?

b. The time to completion of phase 1 of a process is exponentially distributed with parameter 0.2 and, independently, the time to completion of phase 2 is exponentially distributed with parameter 0.2. Let the random variable X be the time to completion of both phase 1 and phase 2 performed sequentially. What type of distribution is X?

c. Data was collected on the rate of requests to a Web server. It indicates that the probability of a request occurring in a time interval of length t is approximately proportional to t, provided t is less than 0.1 seconds. During the study, no time intervals of less than 0.1 seconds were observed to have more than one request during the interval. Additionally, the number of requests in one time interval appears to be independent of the numbers of requests in non-overlapping intervals. Let X  be the number of requests occurring in a 5 second interval. What type of distribution might reasonably be used to model X?

d. Data is collected on the performance of a computer system. When a job finishes a CPU burst, the probability that the job is complete is 0.2. The random variable X records the number of CPU bursts that a job requires for completion. What type of distribution is X?

e. Suppose the voltage of a type of battery is a Gaussian random variable Y with 
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. The random variable X is the amount by which the voltage of a battery falls short of 1.5 volts. That is, X =1.5-Y. What type of distribution is X?

8. Suppose your programming language has a random number generator, Math.random(), that produces numbers in the interval [0, 1] according to a uniform distribution. What function of Math.random() should you use as a random number generator that produces values according to the Pareto distribution with density function f defined by f(x) =2x -3 for x>1 and f(x) =0 otherwise?

9. A task consists of three independent sub processes to be completed sequentially. The time to completion of the first sub process is exponentially distributed with parameter
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.  The time to completion of the second sub process is also exponentially distributed with the parameter
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. The time to completion of the third sub process is hypoexponentially distributed according to HYPO (5, 6). Identify the distribution of the time to completion of the entire process, including any relevant parameters

10. A system administrator estimates that the amount of spam users receive each day in kilobytes is approximately normally distributed with 
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. What is the probability that a randomly selected user will receive over 850K of spam on a given day?
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