FSU CIS 5930 (Summer 2016
Systems Performance Measurements and Evaluations

Homework 4 (Due 8/1/2016)

Instructor  


Andy Wang (awang@cs.fsu.edu)  


Office:  269 Love Building


Office Hours:  After class and by appointment
This assignment is worth 10% of your course grade.  On the due date, please turn in a paper copy in class, and your Excel file via Blackboard.  Please name your file in the following format:  <last name>-hw1-<last 4 digits of your ID>  (5pts).  You should keep a photocopy of your handwritten assignments.  Also, you should email yourself a copy of the Excel file on a departmental machine.
You are required to show your work for all calculations, and to list the row and column used for all table lookups.  It should be possible to duplicate your efforts using a 4-function calculator with a square-root key.  You are allowed to use the sum and stdev functions.  You may use automated tools for plotting.
1. In 2k-p fractional factorial designs, there are usually several possible different designs. Jain described two possible designs for a 24-1 design on pages 317-320. For his sample system, assume that it is known that D has practically no interaction with any other factors, but the other three factors may or may not have interactions among themselves. Given that assumption, which design is better, the design shown in table 19.5 of Jain's example, or the design described by the table below?  (5pts) Show the confoundings for the below design (8pts), and explain your reasoning for deciding which is better (5pts).

Exp No.

A
B
D
C
AD
BD
ABD


1

-1
-1
-1
 1
 1
 1
-1


2

 1
-1
-1
-1
-1
 1
 1


3

-1
 1
-1
-1
 1
-1 
 1


4

 1
 1
-1
 1
-1
-1
-1


5

-1
-1
 1
 1
-1
-1
 1


6

 1
-1
 1
-1
 1
-1
-1


7

-1
 1
 1
-1
-1
 1
-1


8

 1
 1
 1
 1
 1 
 1
 1

2. THE SITUATION:
You have been hired as a consultant by Huge, Inc., to recommend the configuration for 10,000 workstations to be distributed to office employees. The company wants to be able to run Windows software, so you are limited to PC-compatible boxes. Because of budget constraints, you cannot buy the top of the line for every component, but the company is very concerned about performance. The primary work performed by the employees will involve word processing (using WordPerfect), spreadsheets (Microsoft Excel), and presentations (Microsoft Powerpoint).

You have decided to run initial benchmarks using two of the three applications, Excel and Powerpoint. Besides the workload, you have identified 5 other factors that will affect the purchase. A preliminary test on what you believe to be a slow configuration reveals that running a single benchmark may take an hour or more. This means that you would have to allocate at least 64 hours (26) for running a full factorial design. Worse, because you wish to present reliable results, you have decided that you would like to run each benchmark 5 times. However, you do not have the 320 hours that this would take.

To save time, you decide instead to use a fractional factorial design. By switching to a 2(6-2)r design, you can run only 80 experiments while still determining the major effects.

The six factors you will investigate are:

      Factor    Description             
-1 level        

+1 level

        A       Workload                
Powerpoint     

Excel

        B       Operating System       
Windows 7 

Windows 8
        C       CPU type                
Intel Core i5   

Intel Corei7
        D       Memory Size            
8 GB            

16 MB
        E       Disk drive              
1.2 TB, 15 ms  
2.4 TB, 12 ms

        F       Graphics accelerator   
not present     

present

Because of your knowledge of the problem and operating systems, you believe that the size and speed of the disk drive (factor E) will not interact significantly with the other factors.

THE PROBLEM:

A. Design a 2(6-2)r experiment for 5 runs that captures all cross interactions. Show the sign table (16 pts) and generator polynomial (3 pts), and justify your choice of confoundings (5 pts). Calculate the resolution of your design (1 pt).

B. The following link leads to a file containing the raw data for all possible combinations of the 6 factors, giving 5 output values for each combination. The output values are run times in minutes. Select the 80 lines corresponding to your fractional design and perform all appropriate analysis, as summarized in Chapter 19 of Jain (16pts).  DO NOT ANALYZE ALL 320 COMBINATIONS. YOU SHOULD NOT NEED TO EVEN LOOK AT THE DATA FOR THE 240 COMBINATIONS YOU DID NOT CHOOSE TO EXPERIMENT WITH. 
C. Compute the effects (16pts), estimate experimental errors (1pt), allocate the variation for each effect (16pts), and show the values of SSE (1pt), SST (1pt), SSi (3pts), and R2 (1pt)
D.
Perform an analysis of the variance of the parameters at a 95% confidence interval.  Show the se value for each parameter (16pts), alpha (1pt), p (1pt), the choice of table (1pt), row and column of the table entry (2pts), table entry value (1pt), and the confidence intervals for the regression parameters (16pts).  Are the parameters meaningful (16pts)? 

E.
Perform ANOVA on the regression.  Plot error residuals (y-axis) vs. run times (5pts), error residuals (y-axis) vs. experiment number (5pts), quantile-quantile plot (5pts).  Determine if the assumptions necessary for validity of the derivations apply.
CONDITIONS:

For this problem, you may use any automated tool at all, so long as you show the sign table and intermediate results at the level generally shown in Jain. 

In previous assignments, we have not graded plots based on graphic quality.  Now that graphical principles have been covered in the class, any plots you do should conform to the principles in Chapter 10 of Jain, as well as anything discussed in class.  If your plotting tool refuses to do things the right way, you should make a note of what tool you used, what it won't do, and the things you tried that didn't make it behave.
3. Make an effective visual presentation of the data produced in problem 2, using all principles discussed in Jain and presented in class (20 pts). Assume that you are giving this presentation to the executives of Huge, Inc. who will actually make the decision on which system to purchase. Assume these are intelligent people with general knowledge of the meaning of the components, but little experience actually studying any of the components. Your answer should do the best possible job of convincing them to make the choices you think are best.
There is no unique right answer to this problem, of course. But there are plenty of mistakes you could make. Avoid them. As in the previous problem, quality and appearance of the graphs matter. If your graphing tool will not do what you want it to, make a note of the tool you used, what it won't do, and the things you tried that didn't make it behave.
