
5.4 Test sets with less effectiveness

Table 7 gives the percentage of minimized test sets

which miss faults in each of the four quartiles. For

instance, for program Cal 5.00% of minimized test

sets with 60-65 block coverage did not detect one or

more faults in Quartile-11 which were detected by

their unminimized counterparts. Table 3 indicates

that there are 20 tests for Cal with 60-65 block cov-

erage, so there are two minimized test sets for Cd in
this block coverage range which miss some faults of

Quart ile-11. Finally, Table 7 tells us that all min-

imized test sets for Cal with 60-65 block coverage

missed only 0.83% of the faults that they should have

detected. From the summary in Table 7 and the num-

ber of distinct test sets generated for each program

listed in Table 3, we make the following observations

on the number (percentage) of test sets that are less

effective due to minimization:

l

l

l

l

Of the 124 test sets with (50-55)% block cover-

age, none leads to any reduction in effectiveness.

Forty-eight (4.70%) of all 1022 test sets lead to

a reduction in effectiveness.

There are 2.54%, 2.25% and 0.20% of all 1022

test sets which lead to a reduction in effective-

ness for faults in Quartile-I, Quartile-11 and

Quartile-111, respectively.

Of all the 1022 test sets none leads to any reduc-

tion in effectiveness for faults in Quart i.le-IV.

The above observations indicate that less than 0.5%

of the test sets with (50-55)70, (60-65)Y0, and (70-

75)’ZO block coverage are less effective due to mini-

mization. On the other hand, test sets with higher

block coverage such as (80-85)% and (90-95)% are

more likely to result in effectiveness reduction due

to minimization. For faults in different categories, we

conclude that more test sets become less effective due

to minimization for Quartile-I and II than III and

IV.

6 Implications for test ing

practitioners

In this section we consider the implications of this

study for testing practitioners. Our observations are

made from a single case study and may not apply to

programs and tests with different characteristics than

those we have examined. Furthermore, our observa-

tions are valid only when experimental data from all

ten programs are considered together. Individual ex-

ceptions to generalizations have been noted through-

out the paper. We point out the following implica-

tions from these figures.

Effectiveness reduction: The effectiveness reduc-

tion of a test set due to minimization increases as its

block coverage (and, typically, size) increases. The

overall average effectiveness reduction for test sets

with (50-55 )’%0, (60-65)~0, (70- 75)~0, (80-85 )’XO, and

(90-95)% due to minimization is O%, 0.03%, 0.01%,

0.38Y0, and 1.45%, respectively. Overall, effectiveness

reduction is not significant even for test sets with high

block coverage.

Size reduction: The size reduction of a test set due

to minimization increases as its block coverage in-

creases. The overall average size reduction for test

sets with (50-55)Y0, (60-65)~o, (70- 75)Y0, (80-85)~o,

and (90-95) ’%0due to minimization is 1.19’?ZO, 4.46Y0,

7.78%, 17.44%, and 44.23%, respectively. This reduc-

tion is large compared to the reduction in effective-

ness of the same test sets.

Effect of fault difficulty: The overall average ef-

fectiveness reduction for Quart ile-I, II, III, and IV

is 0.3970, 0.66Y0, 0.098Y0, and OYO, respectively. This

implies that faults that can be detected by only a few

test cases are potential candidates for not being de-

tected after minimization. Once again, effectiveness

reduction is not significant even for the most difficult

faults (Quart ile-1).

If the cost of testing is directly related to the num-

ber of tests, then reducing this number is desirable,

provided that the reduced test set is still effective in

fault detection. Suppose that unit testing and multi-

unit testing proceed by first constructing a test set

with a certain coverage goal, running the test set,

and then evaluating the results against expectations

or specifications to determine whether a test fails or

succeeds. Given that scenario, the cost of evaluating

the result, often done by inspection of outputs, can

be dominant. We believe that test set minimization

can greatly reduce the evaluation cost, and thus the

cost of testing~ at very little loss in fault detection

effectiveness.

Minimization based on cost and test set size is an

important management tool. For example, the test

manager can preset a test cost level and select a high

coverage teat set to meet that level. The methods cle-

scribed in this paper are easily employed for C pro-

grams as they are supported in ATAC, a public domain

tool.

49



7 Conclusions

Data collected during experimentation have shown

that when the size of a test set is reduced while the

all-uses coverage is kept constant, there is little or

no reduction in its fault detection effectiveness. This

observation leads us to believe that test cases that

do not add coverage to a test set are likely to be in-

effective in detecting additional faults. Unless tests

have some special characteristics, by eliminating tests

which add no coverage to a test set we reduce the cost

of testing with little loss of fault detection capacity.

Thus, a randomly generated test set which is “boiled

down” to preserve its coverage is likely to be as effec-

tive as originally at less cost.

The results of this study also indirectly support

the thesis that chf,a flow coverage testing has a

cost/benefit advantage over random testing, although

our conclusions must be tempered by the relatively

narrow scope of our experiment. A similar study

on naturally occurring faults in large and varied pro-

grams would allow more confident conclusions.
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