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Welcome to this session. So far we had looked at some very basic concepts on testing, and then we
started to look at black-box testing techniques. And we looked at a prominent black-box testing
strategy which is equivalence class partitioning. And if you remember in equivalence class
partitioning, we model the input data as () classes and then the premise we said is that testing one

value from each class is as good as testing all values in the class.

But then we said that identifying the equivalence classes given a problem description requires bit
of experience and insight. We tried couple of problems and then we looked at when a unit test
multiple parameters, and then we have to model multiple input domains for each of these
parameters; and if these parameters are independent, then we have to consider all possible

combinations of the equivalence classes for the two parameters.

And then we were looking at the concepts of weak equivalence testing, strong equivalence testing,
and robust testing and so on. Today, we look at another black-box testing strategy called as special

value testing. Now let us look at what is involved in special value testing.
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Special Value Testing
* What are special values?

* The tester has reasons to believe these
values would execute statements having
the risk of containing bugs:

* General risk: Example-- Boundary
value testing

* Special risk: Example-- Leap year not
considered

We say that tester has some hunch given I software, he has hunch as to where the program might
fail which input values may make the program fidil and that is especially true for very experienced
programmers. They somehow know some special values where the program is likely to fail. Let us

look at what are the different special values where program can fail.

One is a general risk of failure applicable across all programs; the name of this special value is
boundary value. The programmers for some reason while writing their program, commit errors at
the boundary of the equivalence classes. We will just see why they commit mistakes; and then
given any program, it is essential that we test the boundary values, because there is a large risk of

bugs existing there.

The other is special risk, where depending on the kind of program, the problem description and so
on. The programmer might miss certain things. For example, - say we want to compute the day
for a given date. So, the program computes given a date it would display what is the day. And here
an experienced programmer would say that have leap years been taken into account, because the
tester knows that while doing this kind of programming will have to convert the date into a
number, and then by some algorithm we have to check what is the day for that. And here a likely
error is that leap years have been not been taken into account. So, a possibility a special value is to

give a test data which involves a leap year and check whether it is working.
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Boundary Value Analysis

* Some typical programming errors occur:
* At boundaries of equivalence classes

* Might be purely due to psychological
E3

factors. £z

* Programmers often fail to see:

= Special processing required at t
boundaries of equivalence classes |

Now, let us look at this very general special value testing called as boundary value, which is
applicable to all types of software. So, here between the boundaries of equivalence classes, the
programmer might commit error, because the programmer typically writes programs to distinguish

between different equivalence classes by if statements or switch statements.

And there in the logical expression likely to be an error - less than equal to, greater than,
greater than equal to there is a likely confusion. And therefore, we have to pick numbers at the
boundary of the equivalence classes. So, the genesis or the importance of this testing is that there
is a special processing or special consideration required from the programmer at the boundaries of

equivalence classes, and we need to take whether he has taken care of that.



(Refer Slide Time: 05:59)

Boundary Value Analysis
* Programmers may mistakenly

use < instead of <=
* Boundary value analysis:

«Select test cases at the
boundaries of different

~

eguivalence classes \

So, at the simplest the boundary value testing implies, we select test cases on the boundary of

different equivalence classes.
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Boundary Value Analysis: Guidelines

+ Ifan input condition specifies a range, bounded by
values a and b:

* Test cases should be designed with value a and b, and just
above a just below b

+ Example: Integer D with input range [-3, 10],
* testvalues: -3,10,9,-2,0
* If an input condition specifies a number values:
* Test cases should exercise minimum and maximum numbers

* Values just above minimum and below maximum are
be tested

+ Example: Enumerate data E with input conditi
100, 102) :

* testvalues: 3,102,-1,200,5

| said () the simplest because we have to also consider the other value that is namely the value
that is just inside the boundary as well. So, given a range equivalence class specified as a range
bounded by values a and b, we would have to include a and b, and also the one which is just above

a and just below b. For example, if we have a range minus 3 to 10 integer values between minus 3



to 10 is range equivalence, it is equivalence class denoted by this range, then we would have to

include minus 3, we would have to include 10 which are the boundaries of this equivalence class.

We would also have to include a number which is just higher than the lower bound that is minus 2
and just lower than the higher bound which is 9 and also a normal value which is 0. This because
of the representative of the equivalence class we consider 0 as well. So, if we have a enumerated
data 3, 5, 100, 102 etcetera, we would have to consider the lower bound 3, the higher bound 102,
just above 3 which is 5, and the value which is just below 102 which is 100, it should written 100

and a value 1, sorry we should have written as 1.
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Boundary Value Testing: HR Application Example
* Process employment applications based

on a person's age.

12-18 May hire as intern
65-100 Do not hire

* Notice the problem at the boundaries.

* Age "12" is included in two different

equivalence classes (as are 18 and 65). °

Now, let us take some example. Let us say we have a HR application that we have written. And the
policy for a HR is that if the applicant is between 0 to 12 years age, we do not hire; if the applicant
is between 12 to 18 years of age we can only hire as an intern; and if it between 18 to 65, we can

hire full time; and above 65, we do not hire.

So, the specification itself there is a problem; obviously, the code which as written based on this
specification would have the similar problem. Just look at the boundary. So, 0 to 12, so is 12
included here, is 12 not hired, and is 12 hired is a intern, what about 18, can 18 be hired as an
intern and also as a full time, what about 65. So, the specification itself has problem at the

boundary.



(Refer Slide Time: 09:35)

Boundary Value Testing Example (cont)

+ If (applicantAge >= 0 && applicantAge <=12)
hireStatus="NO";

+ If (applicantAge >= 12 && applicantAge <«=18)
hireStatus="Intern";

+ If (applicantAge »= 18 && applicantAge <=55)
hireStatus="FULL";

+ If (applicantAge >= 65 && applicantAge <=99)
hireStatus="NO";

If we translate it into code we would obviously, have the same problems at the boundary. So, just
see here 12 would make this if statement true, and also the next if statement will also become true;

similarly, the case for 18, 65 and so on.
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Boundary Value Testing Example (cont)
* Corrected boundaries:

0-11 Don't hire

12-17 Can hire as intern

18-64 Can hire as full-time employees
65-99 Don't hire

* What about ages -3 and 101?

* The requirements do not specify how these
values should be treated.

What we should have done in the specification is 0 to 11 - do not hire; 12 to 17 hire as intern; 18 to
64 - hire as full time employee and 65 to 99 - do not hire. So, this would have taken care of the

consideration at the boundary and translation to code, a programmer coding this specification will



not have problem at the boundary, unless it does problem, commit mistake in the coding itself.
And what we do not specify here is about the dates which exceed the boundaries here. What about
minus 3, what about 101, so this also needs to be tested.
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Boundary Value Testing Example (cont)
* The code to implement the corrected rules is:

If (applicantAge >= O && applicantAge <=11)
hireStatus="NO";

If (applicantAge >= 12 && applicantAge <=17)
hireStatus="Intern"

If (applicantAge >= 18 &4& applicantAge <=64)
hireStatus="FULL":

If (applicantAge >= 65 && applicantAge <=99)
hireStatus="NO",

+ Special values on or near the boundaries in this example
are {-1, 0, 1}, {11, 12, 13}, {17, 18, 19}, (64, 65, 66}, andn{98
99, 100}

So, this is the corrected code based on the corrected specification. And in any case, we will have to
check the boundaries 11, 12, 0, minus 1, 17, 18, 64, 65, 99, 100 and of course, the nominal values

we need to consider.
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Boundary Value Analysis

+ Create test cases to test boundaries
of equivalence classes




So, to show it pictorially; at the boundary of different equivalence classes, the valid and invalid
equivalence classes, we would have to take one value which is just on the boundary, one value just

inside the boundary, one value just outside the boundary for each of the equivalence classes.
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Example 1
* For a function that computes

the square root of an integer in
the range of 1 and 5000:

» Test cases must in¢lude the
values: {0,1,2,4999,5000,50

[nva“dtﬁ-wmwo

[nval

Now, let us take some examples. If we have a boundary 1 to 5000, we have equivalence class 1 to
5000, so what would be the boundary value test cases for this. We will have to have 5000
included, W@ will have one exceeding 5000, 5001, 4999, 1, 0 i@ and any other value which

would be a representative of the equivalence class may be 1000.
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Example 2
* Consider a program that reads the "age” of
employees and computes the average age.

ages —{ Program (-~ average age

Assume valid age is 1 to 100

* How would you test this?
* How many test cases would you generate?

* What would be test data?

Now, let us look at another example - Given a function which reads the age of an employee, age of
various employees, and computes their average age. So, this is the function which reads the age of
various employees stored in a file and then computes the average age and prints out. So,
pictorially we can have represent it as a program a black-box which takes all the ages of various
employees, and prints out the average age. And let us assume that the valid age for employees is 1
to 100 or may be 18, 1 to 100. Now what would be the boundary value test cases for this, and how
many test cases will be needed?
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Boundaries of the inputs

1 <= age <= 100

1 ———— age———— 100
The "basic" boundary value testing would include 5
situations:

1. - at minimum boundary
2. - immediately above minimum
3. - between minimum and maximum (nominal)
4. - immediately below maximum
19

5. - at maximum boundary



So, to answer this question, we need actually 5 test cases. One at the minimum of the boundary,
one at the maximum, 1 and 100, one inside say that is 2, one just below 100 and one
representative. And if we consider the invalid ones, we would also need to consider 101 and 0, so

that would make it 7.

So valid for this equivalence class, we need to select 5, but if we consider the one line outside a
boundary, and as we said earlier that outside boundary is a negative test case. So, if you consider
negative test cases and we will have to also consider 101 and 0. So, five if we do not consider
negative test cases; and if we consider negative test cases as well, we will need seven test cases for

boundary value testing for this problem.
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Test Cases for this Example
* How many test cases for this example ?
* answer : 5
* Test input values? :
1 at the minimum

2 at one above minimum

45 at middle
99 at one below maximum *
100  at maximum -l

So, this just gives some sample values for this.
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Independent Data

+ Suppose there are 2 "distinct” inputs that are
assumed to be independent of each other.

* Input field 1: years of education ( say 1 to 23)
* Input field 2: age (1 to 100)

+ If they are independent of each other, then we
can start with 5 + 5 = 10 sets.

input data: yrs of ed input data: age
1. n=1; age = whatever(37) 1. n=12; age %
2.n=2; age = whatever 2. n=12; age
3. n=12; age = whatever . ., 3. n=12;: age
4. n=22; age = whatever 4.n=12; age -
5. n= 23; age = whatever B5.n=12; oge = '

Now - say we have two variables; one is years of education and age. These are 2 parameters
which a function takes; years of education which can be 1 to 23, and age which is 1 to 100. So,
what will be the boundary values? So, we have 2 parameters the input there are 2 input data one is
a years of education and the other is age. If we consider them independently then we need 5 for
the JJ8aISION education, and 5 for the age. And therefore, we would need 10 test cases and then we
need one which is a representative of this. And we can select it such that it is applies to both of
these and therefore, we would need 11 if we consider the representative of this equivalence class.
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2 - Independent inputs

yrs of ed.

- Note that there needs to be only 9 test cases for 2
independent inputs 10

- In general, need (42 + 1) test cases for z independent inputs.
bl i A e, T B Tl Wi T e T Y T e L S A i i, 5 e B A i . i



And if we represent it pictorially, so there are 2 boundaries for this variable; years of education
and for age there are 2 boundaries. So, if we just consider the values within the boundary, which
are the positive test cases we need 5 here and we need 5 here. Or we can consider that for each

boundary if we have n parameters then we need 4*n+1 test 68868, if we do not consider negative
test cases.
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Boundary Value Test
Given F(x,y) with constraints ¢ < x < b
¢ < y < d

Boundary Value analysis focuses on the boundary
of the input space to identify test cases.

Use input variable value at min, just above min, a
nominal value, just above max, and at max.
Y,

d|

C |

*J

So, for n independent inputs, we need 4*n+1 test B@868. So, we just have just represented that that
there are two boundaries x and y; x has boundary between a and b and y has boundary between c
and d, and therefore, we need 2*n+4 which is 9 test cases, so 4, 8 plus 1 — 9.
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Single Fault Assumption
* Premise: "Failures rarely occur as the
result of the simultaneous occurrence

of two (or more) faults”
* Under this:

* Hold the values of all but one variable at

their nominal values, and let that on
variable assume its extreme values. .

One assumption in what we said the way design the special value test cases for multiple
parameters that at anytime one boundary can have a problem. But if it is possible that there is a
situation where the error occurs when both boundaries have some value some specific
combination of values, then we would have to consider all possible combinations between the

different special values of the 2 parameters.

So the 4*n+1 result is true, if we consider that for a special value for one of the parameter the
problem will be observed. But if this is the case that if only when both the parameters have some
combination of values special values then only the problem occurs then we will have to consider

all possible combinations, so that is 4 into 4, not 4 plus 4.
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Robustness testing
* This is just an extension of the Boundary Values
to include:

= Less than minimum
* (Greater than maximum

+  There are 7 cases or values to worry about for
each independent variable input

+  The testing of robustness is really a test of
“error" handling.
1. Didwe anticipate the error situations?
2. Didwe issue informative error messages?

0
3. Didwe allow some kind of recovery from the error?

. if we have to consider the negative test cases also, we call it as robustness testing. So, these are
values outside the equivalence classes. And in this case, we need seven test cases for each
variable. And in robustness testing, we check given a value which is not really a valid value,
invalid value, does the programmer handle it, did he expect that such values can be given, did he
issue an informative message that the value is not valid and please enter a valid value, and does it
have some recovery or the programmer has to repeat all the actions. So just the last value is

ignored or he would have to start fresh.
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2 - independent inputs for robustness test

X

\

Note that there needs to be only 13 test cases for 2 independent
varinbles or inputs.

0
- In general, there will be (6n+ 1) test cases for n independent inputs




So, for robustness test that is when we consider the negative test cases also, we need to gives a
6*n+1. So, for each variable three at both the boundaries, so that makes it 6; and for every

boundary, we fiééd 6. And therefore, if we have n equivalence classes, we need 6*n+1.
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Some Limitations of Boundary Value Testing
* How to handle boolean variables?

* True

* False

(these may be radio buttons)

- What about non-numerical variable
where the values may be text?

But then what if we have Boolean variables, how do we handle it using this special value testing.
Maybe - Boolean values are very common in user interfaces, where we have radio buttons
either we mark it the radio button or unmark it. And what about a non-numerical variable, so we
looked at only numerical boundaries what if it is a string. So, let us discuss these cases, how do we

handle these special cases.
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Quiz: BB Test Design

* Design black box test suite for a
function that solves a quadratic equation
of the form ax?+bx+c=0.

* Equivalence classes

* Invalid Equation
. Complex

* Valid Equation: Roots? . Goincident

‘Real

*Unique

But before that let us have a small quiz which is about designing a black-box test suite for a
function that solves a quadratic equation in the form ax’+bx+c. And note that this is not asking to
design the special value testing, we are asking to design a black-box test suite. So, in the black-
box test suite, the first thing we have to consider is the equivalence class and as a hint if, if you
look back at what we discussed. In equivalence class, we need to consider the scenarios and that

GiV&S us hint about what are the possible equivalence classes.

So, we have this function which takes three parameters a, b, ¢, which may be floating point
numbers, and then displays the solution of this equation a x square plus b x plus c. It may take
value let say 5.0, 7.0, 2.0, so that is the input to this function quad solver; so name of the function
is quad solver, takes three parameters and displays the solution. So what would be the equivalence
classes for this? If you think of it, we said that we need to consider the scenarios and what would

be scenarios; the scenarios would be that the root is a coincident root.

The output may be the roots are coincident, and they are the same roots and they we might have
distinct roots distinct and real roots, we might have imaginary roots. So, depending on what are
the values of b’-4*a*c, we might have different solutions different scenarios that might be

occurring.

And what about the valid and invalid we said fii@ first we have to consider the valid and invalid



classes. So, what about the valid - invalid input? So, what about the invalid input, the invalid input
may be that both a, b, ¢ are 0 so that is a invalid equivalence class. Or may be a, b, ¢ are given as

character strings, so we have to try out representative of those invalid equivalence classes as well.

And also we need to from the valid equivalence classes, we have coincident roots, we have
distinct and real roots, and also imaginary roots. So, if we represent that we have the valid
equations invalid equations so we have different equivalence classes, one is that a, b, ¢ - 0 invalid
equation or invalid input values; a b c are characters. And for valid equations, we might have we
have real and complex and real the coincident and unique (). -here are 3 equivalence classes

here complex, coincident and unique.

So, we have to represent representative values of the input look considering b? - 4*a*c, when b? -
4*a*c you have to select values such that b - 4*a*c is 0, positive and negative.

So far we looked at black-box testing techniques, equivalence testing and special value testing.
One thing is that for simple problems, the concepts are can be applied in straight forward, but then
we need lot of practice here. Please do problems for designing equivalence class tests and special
value tests for problems that you can get for different situations. And we will stop here and we will

continue with combinatorial testing.

Thank you.



