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1. Introduction

The purpose of the ReduceArray2 and ReduceArray3 Excel spreadsheet tools is to try to minimize the number of tests to test all parameter pairs when given a table of test factors (note that the “2” in the name refers to pairs of parameters and "3" refers to 3-way combinations).  ReduceArray2 and ReduceArray3 can be used effectively with Jeremy Harrell’s Orthogonal Array Testing Strategy (OATS) (see http://www.seilevel.com/OATS.html).  The OATS technique starts with identifying test factors and associated options based on the needs of a given test situation and then finding an orthogonal array that closely matches the number of factors and options.  The technique usually results in assigning values to left-over test factor options that are not needed.  And this usually results in creating redundant pairs of parameters, some of which can be eliminated.  ReduceArray2 is an Excel spreadsheet that contains two embedded macros: (1) ReduceArray2 that can be used to eliminate redundant parameter pairs without decreasing the number of unique parameter pairs to be tested, and (2) Name that is used to transcribe the orthogonal array (OA) values to the values relevant for a test situation and assigned in the Name sheet.

2. Instructions

The following are the general steps for using the ReduceArray2 spreadsheet to eliminate redundant pairs.

1. Open ReduceArray2 Spreadsheet. Double-click on the Excel spreadsheet file ReduceArray2.xls (or Start Excel and open the ReduceArray2.xls spreadsheet file).  Then click on “Enable Macros” if you have set the option to ask before opening any spreadsheet file with macros.  There should be no viruses associated with this spreadsheet file and macro as my system is protected with the current Norton virus definition files.

There are six Sheets that the ReduceArray2 macro uses, including:

InitialArray – enter OA data (test factor names and options) in this sheet and make modifications to match your test situation

Exclusions – enter exclusions if there are any combinations that should not be tested

ResultArray – the results of reducing the modified OA

Factors – contains the unique options for each test factor

Names – contains the names relevant to the test situation that the OA options will be transcribed to

NameArray – this is the final resulting array of test cases with test factor and option names or descriptions relevant for the test situation

The user can enter the orthogonal array values (usually ranging from 0 to n) or she can enter actual parameter names or descriptions for the options.  Usually, it is easier to enter numbers from 0 to n and then transcribe those numbers to the actual values after running the ReduceArray2 macro.

2. Enter Array to the Reduced.  Figure 1 shows an example of a table of test factors and options.  (Figure 2 shows the STSC Warranty Disclaimer.)  Figure 3 shows a closely-matching OA with 6 test factors, each with 5 options.  This is the information that the user needs to enter into the InitialArray sheet.  Identify and download an orthogonal array relevant for your test situation from a web site
 or enter the orthogonal array manually into the spreadsheet.  An article has been written that discusses how to select an orthogonal array (see “STSC No-Cost Combinatorial Testing Service,” by Gregory T. Daich).  Basically, you identify an orthogonal array or mixed array (multi-dimensional) that most closely matches the number of test factors and options for the required test situation.

You can often copy directly into the spreadsheet if there are tabs between each number on a row.  If not, copy the orthogonal array from the web site into a Word document.  Then enter tab characters between each number and copy the array from Word to the Excel InitialArray sheet.
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Figure 1. Test Factors and Options

3. Identify and Assign Left-Overs.  Identify the left-over values (see the highlighted cells in Figure 3).  The left-overs are those test factor options that you don’t need because the orthogonal array often doesn’t exactly match your situation.  Figure 4 shows the left-overs assigned with new values for a specific test situation.  Note that Column E was removed because it was not needed.

I usually highlight them as in Figure 3 before assigning values to the left-overs.  Also, I save the spreadsheet before assigning values in case a mistake is made and I need to start over.  Then I assign values to the left-overs.  I usually rotate values down a column making sure that I don’t assign any values that are not needed in each column.

4. Enter Exclusions.  Exclusions can be specified so that the resulting array (set of test cases) doesn’t include any of the excluded pairings.  Figure 5 shows an example of Exclusions.  Up to 10 exclusion rows can be defined (at present).  You can also exclude a specific pair or set of pairs that don’t require an entire row to define (see row 3).  All that is needed is a blank line to indicate that there are no more exclusions.

5. Run the ReduceArray2 macro.  Select the Tools menu, select the Macro item, and then select the Macros … item, and then Run the ReduceArray2 macro.  That’s all there is to it.  The next section describes the results.

But first, the following message will appear before the results are calculated:
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Figure 2. ReduceArray2 Disclaimer

Click on Yes if you accept the risk of running ReduceArray2 to identify recommended test combinations.  Click on No if you don't and then stop any further actions.
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Figure 3. InitialArray Sheet – 
Figure 4. InitialArray –
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3. ReduceArray2 Results

Figure 6 shows the InitialArray sheet after the ReduceArray2 macro has been executed.  Notice that an extra row at the top of the array was added.  It shows the analyzed array and it shows the Results.  Furthermore, an extra column was inserted between the Array and Results to make it easier to distinguish inputs from results.
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Figure 5. Exclusions
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Figure 6. InitialArray Evaluated

Row 20 shows some acronyms that are important in understanding the results, which include:


TP: Total Pairs – based on the number of test factors (columns) and options (values in rows)

SRP: Sum Row Pairs – this is the sum of all the new pairs for all rows provided in the InitialArray sheet where “new pairs” means that for a given row, the pairings that are new have not appeared in any prior row.  However, they may appear in lower rows.   Some pairs might not be needed.  They can be intentionally excluded.  Normally SRP will be the same as the Total Pairs count.  If you are manually deleting rows and using the “Eval” option discussed in Section 4, Evaluate Array Only, (below), then you want Total Pairs (TP) and Sum Pairs (SRP) to remain the same and you don’t want any more Missing Pairs (MP) than the original array had in the first place (which is usually none unless you intentionally excluded some).  

RP: Row Pairs – This is the number of new pairs on a row.  Pairs on earlier rows will not be counted again.

UP: Unique Pairs – When a pair (e.g., A:B) has a count of 1, this is a unique pair.  There are no other rows above or below a particular row that has that unique pair.  A row with unique pairs cannot be deleted without causing some missing pairs to occur unless you can rearrange the array and have some other cells in other rows assigned with unique pair values without causing any other pairs to be eliminated.

MP: Missing Pairs - 
This is a list of any missing pairs when given the set of test factors and options in the InitialArray sheet.  Once the InitialArray sheet is reduced (removable redundancies are eliminated), the same missing pairs will apply to the ResultArray sheet as well (but they are not listed in the ResultArray sheet – they are either on the InitialArray sheet or they are on the Factors sheet if there are more than 20 parameters). 

Req: Required – The user can specify any particular pairings (for an entire row) that must not be changed during any rearrangements that might occur.  “Req” is entered in the column after the last column of the array (in Figure 3, you would enter “Req” in column G).  When the ReduceArray2 macro is executed, test case numbers will be entered into any row that does not contain “Req” in it.

A:B, A:C, etc.: These are the spreadsheet row names under which the pairing counts are provided.  Note that they are not the names of the test factors.  They are the spreadsheet row identifiers.

Column F Row 1 contains the TP header (data is 44 in the next column), Rows 3-18 contain the test case number, Row 19 contains the SRP header (data is 44 in the next column)

Column G Rows 3 - 18 contain the number of new (first-occurrence) pairs of parameters from the top

Column H Rows 3 – 18 contain the number of pairs with a count of one (unique pairs)

Columns I – N Row 2 contain the pair identifiers, Rows 3-18 in those columns contain the pair counts

Columns A – D marked with gray cross are cells whose value don’t matter, a.k.a., “don’t cares”.  They can be any value.

Note that any cell that has a gray cross in it contains a value that could be assigned any option valid for that test factor (column).  They are essentially “don’t care” cells.  They are different from the “left-overs” because the first occurrence of a left-over may be needed.  But any other occurrence may not be needed.  “Don’t care” cells depend on whether all pairs that involve a particular cell have already been provided in earlier tests.

Figure 7 shows the ResultArray Sheet. Note that the array is in sorted order by the number of new pairs (column I in Figure 7).  You can consider these to be in priority order by the test cases that provide the most new pairs for testing.  Thus, if you were constrained with the amount of time you have to conduct tests, you would want to cover the most new pairs in the fewest number of tests.

Again, The ResultArray sheet looks similar to the InitialArray sheet, except that it will usually be smaller.  The ResultArray sheet may have all rows with at least one unique pair.  Also, there is no further way to do simple rearrangements of pairs to be able to create rows with no unique pairs that can be deleted, given the current arrangement of pairs.  (Sometimes you may be able to think of ways to reduce the number of rows (test cases) but that would likely require a totally new arrangement of pairs as discussed above.
4. Evaluate Array Only

If the user is only interested in “evaluating” (analyzing) the array for any missing pairs and potential redundancies and not computing a “reduced” array (see ResultArray sheet), then enter “Eval” in column 1 after the last row of the array.  This serves the same purpose as a precursor tool called “EvalArray” served.  Thus, there is no need for the EvalArray spreadsheet tool since the ReduceArray2 spreadsheet tool has the option to fully perform the EvalArray spreadsheet function by itself.
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Figure 7. ResultArray

5. Transcribe Names

The Names macro is used to transcribe the ResultArray sheet into the NameArray sheet using the test factor and option names provided in the Names sheet.  Simply execute the Names macro anytime you want to transcribe.  Figure 8 shows the NameArray for the test situation that this user guide has been showing as an example.  This arrangement of parameter options is sorted in priority order by the tests that will provide the most new pairs.

6. Limitations

There are several limitations that the user must keep in mind.  The number of parameters (columns) is currently limited to 25 and the number of rows (options) is limited to 256.  However, you can only enter up to 25 unique options in a particular column.  Also, you can only enter 10 exclusions on the Exclusions sheet.  If you would like to extend these parameters, contact the author, see Section 7. Point of Contact. 

ReduceArray3 is very similar to ReduceArray2 but reduces arrays with 3-way combinations of parameters.
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Figure 8. NameArray

7. Point of Contact

For answers to any questions or help in using the OATS technique and the ReduceArray2 or ReduceArrays3 spreadsheets, please call:

Gregory T. Daich, greg.daich@hill.af.mil

Software Technology Support Center (STSC)

Science Applications International Corporation (SAIC)

phone: 801-777-7172 (DSN 777-7172)

fax: 801-777-8069 (DSN 777-8069)

� � HYPERLINK "http://www.research.att.com/~njas/oadir/" ��http://www.research.att.com/~njas/oadir/�


   � HYPERLINK "http://home.att.net/~gsherwood/cover.htm" ��http://home.att.net/~gsherwood/cover.htm�
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