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1. Objective:

Use the SMERFS tool to explore the Reliability growth models with the help of some generated failure data.

2. Tool(s) Needed:

smerfs

3. Problem Statement:

We saw some reliability growth models such as the Jelinski-Moranda model, Musa-Okumoto Basic Execution-Time model etc.  in the class.  Here, we will use some generated data and analyze it using the SMERFS tool to get a feel for the usage scenarios for such models.

SMERFS is a command-line text-based tool.  Unlike many modern GUI based tools where users can make mistakes in entering inputs, SMERFS is less tolerant.  Usually, SMERFS expects numeric inputs most of the times for its menu choices.  If a non-numeric input is entered at any of these points SMERFS could abort.  If this happens during your session make sure that you delete the smerfs.out file before starting the session again.

1. Start a command prompt and go to the directory \Labs\Day5\Lab\Exercise1

2. The file failtime.dat contains generated failure time data.  You will also find the smerfs5.exe tool that we will be using in this exercise in this directory.  Start the SMERFS tool by typing smerfs5

3. SMERFS asks you for an output/history file.  This is a log where your entire SMERFS session is stored, so that you can review it later or process it using text-processing tools.  Type smerfs.out
4. Next, SMERFS asks for an output file name for a plot file.  Since we won’t be exploring this option, type 0.

5. SMERFS asks for the data type for the input data that we are going to feed.  Type 0 to see a list of data types that SMERFS accepts.  Our data is the CPU Time Between Failure (TBF) values.  So choose option 2.

6. SMERFS has a standard input file format that we will not use.  Instead, we will use a simple input file that just contains the time to failure data.  Enter 0 at this prompt.

7. If we choose not to use the standard input file format, SMERFS supports a variety of other input options.  We will be using an ASCII file input.  Enter 1 at this prompt.

8. SMERFS will prompt you for the input file name.  Type failtime.dat at this prompt.
9. SMERFS asks for the units of the input data that you supplied.  Choose seconds (Option 1).

10. You must see a response saying input of 541 CPU TBF elements was performed.  SMERFS now asks about whether the last value of the input indicates a failure time or just the end of the testing phase.  Can you see why this might be important?  Think of a reason why the last entry might be special?  (Hint:  The time between the last-but-one and the last entry might be quite large.  Think of the saturation effect).  In our case, the last entry of our input was a failure time.  Enter 1.

11. Now you should be back to the SMERFS alternate input format menu.  At this point, you can add more input data by choosing any of the input options that SMERFS offers.  Since we have no more input data, choose 4 to return to the main menu.

12. Enter 0 at this prompt as we won’t be doing any transformations of our data.

13. Now you should be in SMERFS main menu.  Type 0 to see a list of available options.  Type 5 to see some of the important statistics related to your input data.  What is the mean, variance, and median of the data?  Notice that you will be back in the main menu as this option does not lead to a sub-menu.

14. Now, let us try executing some of the reliability growth models based on our input data.  Choose option 8.

15. SMERFS always performs data analysis in the units in which the input is given.  Conversion to a different set of units is accomplished by first converting the input data to a different unit using SMERFS and then running the analysis again.  Since we won’t be exploring conversion options, enter 1 to continue.

16. Now you should be in the SMERFS model menu.  Type 0 to see a list of models that are available through SMERFS.  Which ones do you recognize from the ones you saw in class?  Let us try the Jelinski-Moranda model first.  Enter 2 to choose the Jelinski-Moranda model.

17. SMERFS provides concise descriptions of the assumptions for each model that it supports.  Type 1 to see the assumptions behind the Jelinski-Moranda model.  Many of the assumptions are actually common to most of the models.  However, each one of them have certain important unique ones of their own which distinguishes them from the others.  Which ones do you think are the unique and important ones for this model? (Hint:  Go back to the failure rate function of the Jelinski-Moranda model.  This gives you the crucial assumptions behind this model).  SMERFS allows you to backtrack if you feel the assumptions of a model are not satisfied for your particular case.  Type 1 as ours is a hypothetical case and can satisfy any set of assumptions.

18. Next comes parameter estimation.  Each model has a failure rate function or reliability function that has parameters which need to be estimated.  This estimation is done based on the input data, by fitting a curve based on these functions and deducing the parameters from the closest fitting curve for the given dataset.  There are several methods for this kind of curve-fitting parameter estimation.  Least-Squares and Maximum-Likelihood are the most popular ones.  We will use Maximum-Likelihood in all our estimations in this exercise.  Choose 1.

19. What are the values of the various parameters of the Jelinski-Moranda model as estimated by the Maximum-Likelihood estimate method?  Can you match these parameters to the symbols in the failure rate function for the model given in the class slides?  How many faults still remain according to the model?

20. SMERFS now shows a set of predictions that can be made based on the given model.  Essentially, now we have a failure rate function and we just extrapolate this function to answer all sorts of question about our software.  What would be the reliability of the software after 5000 seconds?  To answer this, choose option 1.  Enter 5000.  What is the value obtained?  How does this value change as you increase the duration?  What happens as you decrease the duration?  Can you explain why the reliability changes the way it does with execution-time?  After answering these questions, enter 0 to return back to the predictions menu.

21. Let us try another prediction using this model.  How many failures are expected in 5000 seconds?  To answer this, choose option 4 and enter 5000.  Is there a limit to the maximum number of possible failures?  (Hint:  To answer this, try increasing the duration and see the expected number of failures.  If you look closely at the parameters of the model, you will see one that says “no. of faults remaining”.)

22. Enter 0 to return to the parameter estimation menu.  Enter 3 to terminate the model execution.  Now, SMERFS presents you with a menu that lets you analyze the “fit” of the given model to the input data.  There are several statistical criteria for goodness-of-fit or how well a model suits a given data.  One of the more popular ones is the Kolmogorov-Smirnov distance metric that measures how well the model fits the input data.  It’s applicability to Reliability growth models is questionable though.  We will not do this analysis in this exercise, but be aware that SMERFS is capable of doing goodness-of-fit analysis for each model that you execute on your input data.

23. Enter 0 to get back to the model execution menu.  Let’s try the Musa basic execution time model on the same data.  Choose option 4 to enter the Musa basic execution time model menu.  Again, enter 1 to see the assumptions behind this model.  Which of these assumptions are common with the Jelinski-Moranda model?  Which ones are unique to this model?

24. Enter 1 to continue executing the model.  SMERFS now provides the estimates for the parameters of the model based on the Maximum-Likelihood method.  Note that SMERFS does not give you a choice for parameter estimation here.  Maximum-Likelihood is the only method available.  What are the predicted values for the initial failure intensity function, total number of faults and number of faults remaining?  Can you match the predicted parameters to the symbols used in describing the model in the slides?  The numbers inside parentheses indicate an interval.

25. SMERFS now provides you with the prediction menu for this model.  Find out the expected reliability in 5000 seconds, 2000 seconds and 1000 seconds.  Do the predictions show the same trend as that of the Jelinski-Moranda model?  How many failures are expected in 5000 seconds?  Does this number have an upper bound?  If there is an upper bound, can you see where it comes from? (Hint: See the description of the parameters of the model.  The upper bound is the number of failures possible as the execution time tends to infinity).

26. Get back to the prediction menu for the model.  Enter 0 to end predictions.  SMERFS asks if you would like to work with the calendar-time component of the model.  Since we won’t be covering this, enter 0 to skip to the next menu.

27. Again, you are asked if you want to perform a goodness-of-fit analysis for the model.  Let us skip this for the moment.  Enter 0 to go to the previous menu.  Enter 7 to go back to the main menu.  Let us do an overall model applicability analyses.    Enter option 7 and enter 0 to select the default range of inputs that will be used for the analysis.  Choose option 7 to run a comprehensive analysis of all models.  Enter 1 to select individual models that will be compared.  Enter 0 for the geometric model.  1 for the Jelenski-Moranda model, 0 for the Littlewood/Verrall-Lin model, 0 for Littlewood/Verrall-Quad model, 1 for the Musa basic execution time model, 1 for the Musa logarithmic Poisson model and 1 for the NHPP model.  SMERFS will take a couple of seconds to complete the analysis of the selected models and will present you with a summary result, ranking the models on their goodness-of-fit for your input data.  Which model ranks first for the given input?  Which one ranks last?  (Those models with 0 in all columns are ones that we did not choose as part of the analysis.)

28. With this we have concluded our overview of SMERFS.  Enter 0 to return to the main menu and enter 9 to end the SMERFS execution.

