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DOMAIN TESTING:

DOMAINS AND PATHS: 

· INTRODUCTION: 

· Domain: In mathematics, domain is a set of possible values of an independent variable or the variables of a function. 

· Programs as input data classifiers: domain testing attempts to determine whether the classification is or is not correct. 

· Domain testing can be based on specifications or equivalent implementation information. 

· If domain testing is based on specifications, it is a functional test technique. 

· If domain testing is based implementation details, it is a structural test technique. 

· For example, you're doing domain testing when you check extreme values of an input variable.
All inputs to a program can be considered as if they are numbers. For example, a character string can be treated as a number by concatenating bits and looking at them as if they were a binary integer. This is the view in domain testing, which is why this strategy has a mathematical flavor.

· THE MODEL: The following figure is a schematic representation of domain testing. 




Schematic Representation of Domain Testing.

· Before doing whatever it does, a routine must classify the input and set it moving on the right path. 

· An invalid input (e.g., value too big) is just a special processing case called 'reject'. 

· The input then passes to a hypothetical subroutine rather than on calculations. 

· In domain testing, we focus on the classification aspect of the routine rather than on the calculations. 

· Structural knowledge is not needed for this model - only a consistent, complete specification of input values for each case. 

· We can infer that for each case there must be at least one path to process that case. 

· A DOMAIN IS A SET: 

· An input domain is a set. 

· If the source language supports set definitions (E.g. PASCAL set types and C enumerated types) less testing is needed because the compiler does much of it for us. 

· Domain testing does not work well with arbitrary discrete sets of data objects. 

· Domain for a loop-free program corresponds to a set of numbers defined over the input vector. 

· DOMAINS, PATHS AND PREDICATES: 

· In domain testing, predicates are assumed to be interpreted in terms of input vector variables. 

· If domain testing is applied to structure, then predicate interpretation must be based on actual paths through the routine - that is, based on the implementation control flow graph. 

· Conversely, if domain testing is applied to specifications, interpretation is based on a specified data flow graph for the routine; but usually, as is the nature of specifications, no interpretation is needed because the domains are specified directly. 

· For every domain, there is at least one path through the routine. 

· There may be more than one path if the domain consists of disconnected parts or if the domain is defined by the union of two or more domains. 

· Domains are defined their boundaries. Domain boundaries are also where most domain bugs occur. 

· For every boundary there is at least one predicate that specifies what numbers belong to the domain and what numbers don't. 

For example, in the statement IF x>0 THEN ALPHA ELSE BETA we know that numbers greater than zero belong to ALPHA processing domain(s) while zero and smaller numbers belong to BETA domain(s).

· A domain may have one or more boundaries - no matter how many variables define it. 

For example, if the predicate is x2 + y2 < 16, the domain is the inside of a circle of radius 4 about the origin. Similarly, we could define a spherical domain with one boundary but in three variables.

· Domains are usually defined by many boundary segments and therefore by many predicates. i.e. the set of interpreted predicates traversed on that path (i.e., the path's predicate expression) defines the domain's boundaries. 

· A DOMAIN CLOSURE: 

· A domain boundary is closed with respect to a domain if the points on the boundary belong to the domain. 

· If the boundary points belong to some other domain, the boundary is said to be open. 

· Below Figure  shows three situations for a one-dimensional domain - i.e., a domain defined over one input variable; call it x 

· The importance of domain closure is that incorrect closure bugs are frequent domain bugs. For example, x >= 0 when x > 0 was intended.
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Open and Closed Domains.

· DOMAIN DIMENSIONALITY: 

· Every input variable adds one dimension to the domain. 

· One variable defines domains on a number line. 

· Two variables define planar domains. 

· Three variables define solid domains. 

· Every new predicate slices through previously defined domains and cuts them in half. 

· Every boundary slices through the input vector space with a dimensionality which is less than the dimensionality of the space. 

· Thus, planes are cut by lines and points, volumes by planes, lines and points and n-spaces by hyper planes. 

· BUG ASSUMPTION: 

· The bug assumption for the domain testing is that processing is okay but the domain definition is wrong. 

· An incorrectly implemented domain means that boundaries are wrong, which may in turn mean that control flow predicates are wrong. 

· Many different bugs can result in domain errors. Some of them are: 
Domain Errors: 

· Double Zero Representation :In computers or Languages that have a distinct positive and negative zero, boundary errors for negative zero are common. 

· Floating point zero check: A floating point number can equal zero only if the previous definition of that number set it to zero or if it is subtracted from it self or multiplied by zero. So the floating point zero check to be done against a epsilon value. 

· Contradictory domains: An implemented domain can never be ambiguous or contradictory, but a specified domain can. A contradictory domain specification means that at least two supposedly distinct domains overlap. 

· Ambiguous domains: Ambiguous domains means that union of the domains is incomplete. That is there are missing domains or holes in the specified domains. Not specifying what happens to points on the domain boundary is a common ambiguity. 

· Over specified Domains: he domain can be overloaded with so many conditions that the result is a null domain. Another way to put it is to say that the domain's path is unachievable. 

· Boundary Errors: Errors caused in and around the boundary of a domain. Example, boundary closure bug, shifted, tilted, missing, extra boundary. 

· Closure Reversal: A common bug. The predicate is defined in terms of >=. The programmer chooses to implement the logical complement and incorrectly uses <= for the new predicate; i.e., x >= 0 is incorrectly negated as x <= 0, thereby shifting boundary values to adjacent domains. 

· Faulty Logic: Compound predicates (especially) are subject to faulty logic transformations and improper simplification. If the predicates define domain boundaries, all kinds of domain bugs can result from faulty logic manipulations. 

· RESTRICTIONS TO DOMAIN TESTING: Domain testing has restrictions, as do other testing techniques. Some of them include: 

· Co-incidental Correctness: Domain testing isn't good at finding bugs for which the outcome is correct for the wrong reasons. If we're plagued by coincidental correctness we may misjudge an incorrect boundary. Note that this implies weakness for domain testing when dealing with routines that have binary outcomes (i.e., TRUE/FALSE) 

· Representative Outcome: Domain testing is an example of partition testing. Partition-testing strategies divide the program's input space into domains such that all inputs within a domain are equivalent (not equal, but equivalent) in the sense that any input represents all inputs in that domain. If the selected input is shown to be correct by a test, then processing is presumed correct, and therefore all inputs within that domain are expected (perhaps unjustifiably) to be correct. Most test techniques, functional or structural, fall under partition testing and therefore make this representative outcome assumption. For example, x2 and 2x are equal for x = 2, but the functions are different. The functional differences between adjacent domains are usually simple, such as x + 7 versus x + 9, rather than x2 versus 2x. 

· Simple Domain Boundaries and Compound Predicates: Compound predicates in which each part of the predicate specifies a different boundary are not a problem: for example, x >= 0 AND x < 17, just specifies two domain boundaries by one compound predicate. As an example of a compound predicate that specifies one boundary, consider: x = 0 AND y >= 7 AND y <= 14. This predicate specifies one boundary equation (x = 0) but alternates closure, putting it in one or the other domain depending on whether y < 7 or y > 14. Treat compound predicates with respect because they’re more complicated than they seem. 

· Functional Homogeneity of Bugs: Whatever the bug is, it will not change the functional form of the boundary predicate. For example, if the predicate is ax >= b, the bug will be in the value of a or b but it will not change the predicate to ax >= b, say. 

· Linear Vector Space: Most papers on domain testing, assume linear boundaries - not a bad assumption because in practice most boundary predicates are linear. 

· Loop Free Software: Loops are problematic for domain testing. The trouble with loops is that each iteration can result in a different predicate expression (after interpretation), which means a possible domain boundary change. 
