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	This assignment kit covers the following topics.



	Section
	See Page

	Prerequisites
	2

	Program 4 Requirements
	3

	Assignment instructions, PSP1 Process script
	6

	PSP1 planning script
	7

	Use of the PROBE method
	8

	PSP1 Development script
	10

	PSP1 Postmortem script
	11

	Due dates
	12

	Evaluation criteria
	13


	Prerequisites 
	Reading

•
Chapters 6




Program 3 requirements

	Program 4 requirements
	Using PSP2, write a program that implements what is described below.




Purpose:

Support program testing by automatically running a program under test repeatedly with several different provided input files, then comparing the program produced output from each input file with provided expected output files.  Since the repeated execution of the same prog​ram with different inputs files can be time-consuming, particularly if execution takes some time or if many input files are used, and this is a task easily automated, the testing tool of this assignment does that.

In a common form of testing, the tester prepares a collection of different input files and a collection of "expected" output files. These files come in pairs so that for each input file that the tester prepares, the tester also prepares a matching file containing the outputs that a correct program should produce if it uses that input file.  The program under test is then run repeat​edly once for each input file.  Each of these runs produces an output file.  Then for each input file, the test tool compares the actual program output with the expected program output.

File names:

Unlike assignment 3, the tester must use specific file names: input01, input02, ..., input<nn>, and expected01, expected02, ... , expect<nn>.  Note that names of the actual output files are not prescribed, but it seems reasonable to use the same names: actual01, actual02, ..., actual<nn>.  Since your program writes and reads these files, only it needs to know the filenames that are used.

Command line parameters:

This program has three command line arguments:  the precision to be used for floating point comparisons, the number of input files, and the name of the program to be tested.

Error handling:

1. If the program is not passed three parameters, it should exit with a helpful error message.

2. If any of the files do not exist, the program should report this when discovered and exit.

3. If a precision is not specified on the command line, a useful error message should be generated and the program should exit.

File formats:

The format for the expected files is the same as previous assignments.

Sample output:  If your program were called "prog4" and the tester had prepared 10 test cases, and decided on a precision of 0.1 percent, the command line would be:

prog4 0.001 10 TstProg > TestReport

The test report file should resemble that of assignment 4 with one set of numbers for each pair of files compared.

Hints:

1. This is really assignment 3 again, but now but now the program repeatedly runs the test program rather than requiring the tester to manually run it several times.

2. Type "man system."  This will provide documentation on a OS call that you may find useful in this assignment.

General Commets:
1. You must use the submit command to submit your code.  

2. This assignment involves both program creation and program testing.  If your test data are inadequate, you will loose points on the assignment.

Test Data:

Since the program you are developing runs another program, what is needed for each test case differs from previous assignments.  Let's call the program you write for this assign​ment Prog4 and the program it calls TP (for "test program".) Then the ultimate output of Prog4 is determined by: the data read by TP, the behavior of TP, the expected output file, and the behavior of Prog4.  You are only testing the behavior of Prog4 but to test its behavior, you need:
a. an input data file (which is read by TP).
b. a test program, TP,
c. the output TP should generate when it runs using the input file, and
d. a file containing the expected output (the report file generated by Prog4).

Other Requirements:

In general, the grader will just scan the file for completeness.  Because of the size of this class, the grader will NOT do anything special to compile and run your code (see below).  The README file is included as a standard conven​tion for documenting code for other pro​grammers; it is not instructions to the grader on how to compile or run your code.
You must include a functional Makefile with your code submission that the grader will use to compile your programs

What must be submitted:
You should create a directory that contains everything listed above that is part of this assign​ment.  For example, it might contain the files:

Makefile

Prog4.cpp

TestCase1

  input01

  input02

  input03

  expected01

  expected02

  expected03

  TestProgram1  ( Note: this is a program, not a set of data.

TestCase2

input01

  input02

  input03

input04

  expected01

  expected02

  expected03

expected04

  TestProgram2  ( This is also a program, perhaps the same as test case 1

Note: your spacing in the “expected report” need not match exactly the spacing produced by your program, but the two should be easily compared by the grader.
General Comments:

3. You must use the submit command to submit your code.
4. Your test data must be thorough (sufficient to catch most any defect in any proposed software solution).
5. Your program must be thoroughly tested.

6. Your program must be designed for reuse, a fundamental aspect of software develop​ment.  This means, at the very least:

· Make it easy to reuse modules.  Even a program this simple has com​ponents that might be reused in future software development projects.

· This is more that just general good practice.  Future programming assign​ments in this class will extend the capabilities of this program.

4.  This assignment involves both program creation and program testing.  If your test data are inadequate, you will loose points on the assignment.

5.   Consider run-time and space efficiencies.  You will loose points for inefficient implementations if there is an obvious implementation that requires little additional programming effort.  In particular, do not read the contents of all files into memory and then compare their values.  You should instead read a single value from each of the files, compare them, generate output as appropriate for those values, then read the next value from each file.
[image: image25.wmf]Other Requirements:
1. You must also submit a Makefile which the grader can use to compile your submission.

2. The grader will compile and run your programs.  It is your responsibility to make this easy for the grader.  The grader will not debug your code.
3. The grader will test your program using his own data.
Hints:

1. In the event of a large number of files, don’t worry about the width of the generated report.  If it gets too wide to fit on one line and still be readable, this is not your problem.
2. The next assignment will compare several pairs of files.  That is, if the tester has prepared several test cases, the testing program should read the first expected file and the first actual file, compare their contents, then read and compare a second pair of files, etc. until all pairs of files have been processed.  It is as if program 2 were put in a loop to run several times.  This might effect your coding on this assignment.

3. In general, it is your coding job to make sure what you submit is complete and can be compiled and run by the grader in a UNIX environment with no special effort.
Assignment instructions

	Assignment instructions
	Before starting program 4, review the top-level PSP1 process script below to ensure that you understand the “big picture” before you begin. Also, ensure that you have all of the required inputs before you begin the planning phase.


PSP1 Process Script

	Purpose
	To guide the development of module-level programs

	Entry Criteria
	· Problem description

· PSP1 Project Plan Summary form

· Size Estimating template

· Historical size and time data (estimated and actual)

· Time and Defect Recording logs

· Defect Type, Coding, and Size Measurement standards

· Stopwatch (optional)


	Step
	Activities
	Description

	1
	Planning
	· Produce or obtain a requirements statement.

· Use the PROBE method to estimate the added and modified size of this program.

· Complete the Size Estimating template.

· Use the PROBE method to estimate the required development time.

· Enter the plan data in the Project Plan Summary form.

· Complete the Time Recording log.

	2
	Development
	· Design the program. 
· Implement the design.
· Compile the program, and fix and log all defects found.

· Test the program, and fix and log all defects found.

· Complete the Time Recording log.

	3
	Postmortem
	Complete the Project Plan Summary form with actual time, defect, and size data.


	Exit Criteria
	· A thoroughly tested program

· Completed Project Plan Summary form with estimated and actual data

· Completed Size Estimating template

· Completed Test Report template
· Completed PIP forms

· Completed Time and Defect Recording logs


Continued on next page

Assignment instructions, Continued

	Planning phase
	Plan program 3 following the PSP1 planning phase and the PROBE estimating scripts.


PSP1 Planning Script

	Purpose
	To guide the PSP planning process

	Entry Criteria
	· Problem description

· PSP1 Project Plan Summary form

· Size Estimating template

· Historical size and time data (estimated and actual)

· Time Recording log


	Step
	Activities
	Description

	1
	Program

Requirements
	· Produce or obtain a requirements statement for the program.

· Ensure that the requirements statement is clear and unambiguous.

· Resolve any questions.

	2
	Size

Estimate
	· Produce a program conceptual design. Use any format that you prefer.
· Use the PROBE method to estimate the added and modified size of this program.

· Complete the Size Estimating template and Project Plan Summary form.

	3
	Resource

Estimate
	· Use the PROBE method to estimate the time required to develop this program.

· Using the To Date % from the most recently developed program as a guide, distribute the development time over the planned project phases.


	Exit Criteria
	· Documented requirements statement

· Program conceptual design

· Completed Size Estimating template

· Completed Project Plan Summary form with estimated program size and development time data
· Completed Time Recording log


	
	Verify that you have met all of the exit criteria for the planning phase. After you have checked your plan, proceed to the development phase.


Continued on next page

Assignment instructions, Continued

	
	Use the PROBE method to create size and resource estimates.


	Purpose
	To guide the size and time estimating process using the PROBE method

	Entry Criteria
	· Requirements statement

· Size Estimating template and instructions

· Size per item data for part types

· Time Recording log

· Historical size and time data

	General
	· This script assumes that you are using added and modified size data as the size-accounting types for making size and time estimates.

· On this assignment, your previous data may not be appropriate.  You should proceed anyway, just to demonstrate that you understand the process.  Thus, you may decide that procedure 4C is the most appropriate.  If you do so, also complete procedure 4A.


	Step
	Activities
	Description

	1
	Conceptual Design
	Review the requirements and produce a conceptual design.

	2
	Parts Additions
	Follow the Size Estimating Template instructions to estimate the parts additions and the new reusable parts sizes.

	3
	Base Parts and Reused Parts 
	· For the base program, estimate the size of the base, deleted, modified, and added code.

· Measure and/or estimate the side of the parts to be reused.

	4
	Size Estimating Procedure
	· If you have sufficient estimated proxy size and actual added and modified size data (three or more points that correlate), use procedure 4A.

· If you do not have sufficient estimated data but have sufficient plan added and modified and actual added and modified size data (three or more points that correlate), use procedure 4B.

· If you have insufficient data or they do not correlate, use procedure 4C.

· If you have no historical data, use procedure 4D.

	4A
	Size Estimating Procedure 4A
	· Using the linear-regression method, calculate the
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and 
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 parameters from the estimated proxy size and actual added and modified size data.

· If
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b

is not near 0 (less than about 25% of the expected size of the new program), or
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is not near 1.0 (between about 0.5 and 2.0), use procedure 4B.

	4B
	Size Estimating Procedure 4B
	· Using the linear-regression method, calculate the
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parameters from the plan added and modified size and actual added and modified size data.

· If 
[image: image7.wmf]0
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is not near 0 (less than about 25% of the expected size of the new program), or
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is not near 1.0 (between about 0.5 and 2.0), use procedure 4C.

	4C
	Size Estimating Procedure 4C
	If you have any data on plan added and modified size and actual added and modified size, set
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= 0 and 
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 = (actual total added and modified size to date/plan total added and modified size to date).

	4D
	Size Estimating Procedure 4D
	If you have no historical data, use your judgment to estimate added and modified size.


(continued)
Continued on next page

Assignment instructions, Continued

PROBE Estimating Script (Continued)

	Step
	Activities
	Description

	5
	Time Estimating Procedure
	· If you have sufficient estimated proxy size and actual development time data (three or more points that correlate), use procedure 5A.

· If you do not have sufficient estimated size data but have sufficient plan added and modified size and actual development time data (three or more points that correlate), use procedure 5B.

· If you have insufficient data or they do not correlate, use procedure 5C.

· If you have no historical data, use procedure 5D.

	5A
	Time Estimating Procedure 5A
	· Using the linear-regression method, calculate the
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 parameters from the estimated proxy size and actual total development time data.

· If
[image: image13.wmf]0
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is not near 0 (substantially smaller than the expected development time for the new program), or
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is not within 50% of 1/(historical productivity), use procedure 5B.

	5B
	Time Estimating Procedure 5B
	· Using the linear-regression method, calculate the
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 regression parameters from the plan added and modified size and actual total development time data.

· If
[image: image17.wmf]0
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is not near 0 (substantially smaller than the expected development time for the new program), or
[image: image18.wmf]1
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is not within 50% of 1/(historical productivity), use procedure 5C.

	5C
	Time Estimating Procedure 5C
	· If you have data on estimated – added and modified size and actual development time, set
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= 0 and 
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 = (actual total development time to date/estimated – total added and modified size to date).

· If you have data on plan – added and modified size and actual development time, set
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= 0 and 
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 = (actual total development time to date/plan total added and modified size to date).

· If you only have actual time and size data, set
[image: image23.wmf]0
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= 0 and 
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 = (actual total development time to date/actual total added and modified size to date).

	5D
	Time Estimating Procedure 5D
	If you have no historical data, use your judgment to estimate the development time from the estimated added and modified size.

	6
	Time and Size Prediction Intervals
	· If you used regression method A or B, calculate the 70% prediction intervals for the time and size estimates.

· If you did not use the regression method or do not know how to calculate the prediction interval, calculate the minimum and maximum development time estimate limits from your historical maximum and minimum productivity for the programs written to date.


	Exit Criteria
	· Completed estimated and actual entries for all pertinent size categories

· Completed PROBE Calculation Worksheet with size and time entries

· Plan and actual values entered on the Project Plan Summary


Continued on next page

Assignment instructions, Continued

	Development phase
	Develop the program following the PSP1 development phase script.


PSP1 Development Script

	Purpose
	To guide the development of small programs

	Entry Criteria
	· Requirements statement

· Project Plan Summary form with estimated program size and development time
· Time and Defect Recording logs

· Defect Type standard and Coding standard


	Step
	Activities
	Description

	1
	Design
	· Review the requirements and produce a design to meet them.

· Record in the Defect Recording log any requirements defects found.

· Record time in the Time Recording log.

	2
	Code
	· Implement the design following the Coding standard.

· Record in the Defect Recording log any requirements or design defects found.

· Record time in the Time Recording log.

	3
	Compile
	· Compile the program until there are no compile errors.

· Fix all defects found.

· Record defects in the Defect Recording log.

· Record time in the Time Recording log.

	4
	Test
	· Test until all tests run without error.

· Fix all defects found.

· Record defects in the Defect Recording log.

· Record time in the Time Recording log.

· Complete a Test Report on the tests conducted and the results obtained.

· A Test Log (generated by the script command)


	Exit Criteria
	· A thoroughly tested program that conforms to the Coding standard
· Completed Test Report and test log
· Completed Time and Defect Recording logs


	
	Verify that you have met all of the exit criteria for the development phase, then proceed to the postmortem phase.


Continued on next page

Assignment instructions, Continued

	Postmortem 

phase
	Conduct the postmortem following the PSP1 postmortem script.


PSP1 Postmortem Script

	Purpose
	To guide the PSP postmortem process

	Entry Criteria
	· Problem description and requirements statement

· Project Plan Summary form with program size and development time data
· Completed Test Report template

· Completed Time and Defect Recording logs

· A tested and running program that conforms to the coding and size measurement standards


	Step
	Activities
	Description

	1
	Defect Recording
	· Review the Project Plan Summary to verify that all of the defects found in each phase were recorded.

· Using your best recollection, record any omitted defects.

	2
	Defect Data Consistency
	· Check that the data on every defect in the Defect Recording log are accurate and complete.
· Verify that the numbers of defects injected and removed per phase are reasonable and correct.
· Using your best recollection, correct any missing or incorrect defect data.

	3
	Size
	· Count the size of the completed program.

· Determine the size of the base, reused, deleted, modified, added, total, added and modified, and new reusable code.

· Enter these data in the Project Plan Summary form.

	4
	Time
	· Review the completed Time Recording log for errors or omissions.

· Using your best recollection, correct any missing or incomplete time data.


	Exit Criteria
	· A thoroughly tested program that conforms to the coding and size measurement standards
· Completed Test Report and Log
· Completed Project Plan Summary form

· Completed PIP forms describing process problems, improvement suggestions, and lessons learned

· Completed Time and Defect Recording logs


	
	Verify that you have met all of the exit criteria for the PSP1 postmortem phase, then submit your assignment.


Continued on next page

Assignment instructions, Continued

	Due dates

Submitting your assignment
	Project plan with preliminary estimates:  Friday. Mar. 17.

Complete implementation and test results (code, test data): Wed. Mar. 22.

Completed forms: Fri. Mar. 24.

All of these should be submitted to cs350.

Submission contents:
Fri. Mar. 17:

· PSP1 Project Plan Summary form, Estimates only
· Size Estimating template

· PROBE Calculation worksheet

· Test Plan

A file consisting of a description of each test case you will use
Wed, Mar. 22:

· Source code that uses the coding standard from programming assignment 2

· Makefile

· gcov report

· gprof report

· Test cases:  

each test case should consist of a collection of input files and what a correct program should produce as output if it were run with these input files.

· Test Report
Summarizes the results of your testing
· A Test Script:

A script with output from your testing showing that your code passed at test cases
Fri. Mar. 24
· PSP1 Project Plan Summary, complete

· Time Recording log

· Defect Recording log
· PIP form



Guidelines and evaluation criteria for program 3

	Evaluation 
criteria 
	Your process report must be

•
complete

•
legible

•
in the specified order
	Your process data must be

•
accurate

•
precise

•
self-consistent




	Suggestions
	Keep your programs simple.  You will learn as much from developing small programs as from large ones.

If you are not sure about something, ask for clarification.

Software is not a solo business, so you do not have to work alone.

· You must, however, produce your own estimates, designs, code, and completed forms and reports.
· You may have others review your work, and you may change it as a result.

· You should note any help you receive from others in your process report.  Log the review time that you and your associates spend, and log the defects found or any changes made.
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