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ABSTRACT: A normally utilized methodology is
to actualize distinctive plans at different stages for a
powerful program. In this paper, we shows an
improved system for project testing, and debugging
that uses metamorphic relations(MR).for program
accuracy the strategy guarantees that a system fulfills
chose program properties(metamorphic relations) for
a scope of information spaces. For project testing the
strategy itself is a computerized typical testing system
that is utilized to test chose program ways for taking
care of unobtrusive blames in programming testing,
for example, the missing way slips. In proposed
framework, we supplant the backtracking calculation
with "SYNERGY" algorithm that joins testing and
demonstrating to check program properties. At last
the strategy likewise upholds programmed debugging
through the recognizable proof of stipulations for
disappointment creating inputs. The proposed
framework is perfect for medium and vast scale

applications.

Keywords: Metamorphic, SYNERGY, Testing and
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I. INTRODUCTION

Program accuracy has dependably been a

discriminating issue for both analysts and experts.
The previous decades have demonstrated that the
utilization  of  formal

check (i.e., system

demonstrating) to genuine applications has been

exceptionally restricted because of the troubles in
evidences and computerization. Project testing,
hence, remains the most well known means embraced
by specialists. By and by, testing has two major
impediments. First and foremost, the utilization of
experiments can't promise program accuracy on
untested inputs. As it were, trying can't demonstrate
the unlucky deficiency of shortcomings much of the
time. Furthermore, in a few circumstances, it is
unimaginable or basically excessively hard to choose
whether the system vyields on experiments are right.
This is known as the prophet issue. As of late new
programming testing system, to be specific
metamorphic testing, has been proposed to assuage
the prophet issue.

Changeable Testing is a computerized testing
technique that utilizes expected properties of the
target capacities to test projects without human
contribution. These properties are called metamorphic
relations (MR). The thought of checking the normal
properties of target frameworks without being limited
to character relations has been utilized in changeable
testing and the testing of equality and non-equality of

articles.

Utilizing the idea of metamorphic relations, we
choose essential properties for the target program. At
that point we perform typical executions. This is on
account of the yield of a typical execution is more

instructive than that of executing a cement info, as an
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issue data speaks to more than one component of the
information area. We will utilize the term typical
executions to allude to the executions of chose ways
with chose typical inputs, and the term worldwide
typical assessment for the executions of all
conceivable ways of the project with typical inputs
covering the whole include space. For projects that
are excessively intricate for worldwide image
assessment or imperative solvers, our methodology
can at present be connected as an issue testing

methodology.

In this paper, we demonstrates an enhanced method
for program testing, and debugging that uses
metamorphic relations(MR).For program correctness
the method ensures that a program satisfies selected
program properties(metamorphic relations) for a
range of input domains. For testing, we replace the
backtracking algorithm with “SYNERGY” algorithm
that combines testing and proving to check program
properties. In our approach, Synergy, a testing
method is combined with Metamorphic Relations the
ideal for medium and

system is large scale
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Fig.1: Metamorphic test architecture.

In existing framework, Individual methodologies are

utilized for project demonstrating, testing and
debugging. There is no Integrated Model for bringing
together all the three. Later, an Integrated Method
called semi demonstrating is utilized for Program
Correctness, Testing, and Debugging utilizing
Metamorphic Relations (MR). Semi Proving uses
four Mrs that are very not quite the same as each
other with a perspective to recognize different flaws,
since it is profoundly farfetched for a solitary MR to
identify all the deficiencies. For Testing, Semi
Proving uses a backtracking algorithm of Pathfinder
model checker to cross the typical execution tree as
opposed to beginning without any preparation for
each typical execution. The backtracking calculation
is not a helpful methodology for medium and huge

scale applications.

rograms with the “diamond” structure of if-then-else
MTeut

statements. Finally the method also supports
automatic debugging through the identification of

constraints for failure-causing inputs.

I1. Related Work

A strategy has been created by Yorsh et al. to join
testing, deliberation, and hypothesis demonstrating.
Utilizing this technique, system states gathered from
executions of cement experiments are summed up by
method for reflections. At that point, a hypothesis
prover will check the summed up set of states against
a scope basis and against certain security properties.
At the point when the check is effective, the
wellbeing properties are demonstrated. Yorsh et al's.
system "is situated towards discovering an evidence
as opposed to recognizing true blunders,” and "does

not recognize a false mistake and a genuine slip."

Zeller and Hildebrandt proposed a Delta Debugging
calculation that changes a disappointment bringing

about information into an insignificant structure that
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can at present fizzle the project. This is carried out by
persistently narrowing down the distinction between
disappointment creating and non-disappointment
bringing about inputs. Zeller further created the Delta
Debugging system by looking at "what's going ahead
inside the project” amid the execution. He considered
the fizzled execution as an issue of system states, and
just piece of the variables and values in a percentage
of the states are important to the disappointment. He
proposed disengaging these important variables and
values by ceaselessly narrowing the distinction in

system states in fruitful and fizzled executions.

He and Gupta acquainted a methodology with both
finding and adjusting defective proclamations in a
project under test. The methodology joins thoughts
from accuracy demonstrating and programming
testing to find an imaginable mistaken proclamation
and afterward right it. It expect that a right
determination of the system under test is given as far
as preconditions and post conditions. It likewise
expect that stand out articulation in the project under
test is at shortcoming. Utilizing the idea of way based
weakest precondition, the thoughts of a theorized
system state and a real program state at each point
along the disappointment way (execution follow) are
characterized. He and Gupta's calculation crosses the
disappointment way and contrasts the states at each
one point with identify proof for a conceivable
broken proclamation. Such "proof" will rise if a
predicate speaking to the real program states is less
prohibitive than the predicate speaking to the
Hypothesized project states. The calculation then
creates an alteration to the probable broken
explanation. The altered system is then tried utilizing

all current experiments.

i INTEGRATED
OVERVIEW

METHOD

Let p be the project under test, t be the starting
effective experiment, R be a MR, and t' be the catch
up experiment produced as indicated by R. For
simplicity of presentation and comprehension, let us
focus on Mrs that is personality relations. For non-
character relations, the examination will be
comparative. Thus, it is the connection "p(t) = p(t')"
that is weighed in MT. Our point is to choose such a
MR, to the point that has a higher opportunity to
cause p(t) # p(t). We propose the accompanying

speculation:

For a defective system p and a couple of changeable
experiments (t, t'), as a rule the more the execution of
p(t") contrasts from the execution of p(t), the more

probable it is that their yields are not equivalent.

We have not expressly characterized the idea of
"distinction between two executions”. This idea
covers all parts of project executions, including the
ways havigated, arrangement of the announcements
worked out, succession of diverse qualities appointed
to variables, and so forth. Taking into account
Hypothesis, our MR choice technique is to choose
such Mrs that can make the two executions as
distinctive as would be prudent. For project p(t), the
info t is a tuple including one or more parameters,
i.e, t=(x1, x2, ..., xn), where n > 1. Normally,
diverse xi's (1 <1 < n) assume distinctive parts in the
execution and, henceforth, they have diverse impact
on the general execution stream (i.e., ways executed,
variable qualities, cycle times, and so on.) Hence, we
propose selecting those Mrs that can change the
estimations of the basic parameters as extraordinarily

as could be expected under the circumstances. A
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"discriminating parameter” is such a xi in t, to the
point that assumes the most essential part in
controlling how the system is to be executed. The
catch up experiment t' hence created will, in this way,

constrain an altogether different execution.

We represented how to demonstrate that the project is
right regarding a chose changeable connection. In
circumstances where the accuracy of a few yields can
be chosen, for example, uncommon worth cases, we
can extrapolate from the rightness for tried inputs to
the rightness for related untested inputs. Let us, for
example, test the project Med with a particular typical
experiment (X, y, z) such that x <z <y. The yield is z.
We can, obviously, effectively check that z is a right
yield. Henceforth, the project breezes through this
particular test. We can extrapolate that the yields of
the project Med are right for all different inputs as
takes after: Suppose I = (a, b, c) is any triple of whole
numbers. Given i a chance to) (= (a’, b’, ¢) be a stage
of I such that a’ < ¢’ <b'. As per the aftereffect of the
typical testing above, Med (a’, b’, ¢') = average (a/, b’,
¢). The way that (a’, b’, ¢’) is essentially a change of
(a, b, ¢) intimates that average (a’, b’, ¢') = average (a,
b, ¢). Consequently, Med (a’, b’, ¢’) = average (a, b,
c¢). Then again, it has been demonstrated that Med (a’,
b’, ¢') = Med (a, b, c). In this manner, Med (a, b, ¢) =
average (a, b, ¢). Thusly, we have demonstrated that
the yields of Med (a, b, ¢) are correct for any input. In
other words, the correctness is extrapolated from
tested symbolic inputs to untested symbolic inputs.

In  routine  programming  testing  (counting
metamorphic testing), solid disappointment creating
inputs are distinguished yet not the interrelationships
among them. In our methodology, backings
debugging by giving express depictions of the
interrelationships among changeable disappointment

bringing about inputs through MFCC. Contrasted and

cement disappointment bringing about inputs, such
interrelationships contain more data about the
deformities. Contrasted and changeable testing, our
system has an alternate preference notwithstanding its
flaw

backing of debugging: It has a higher

identification ability.

"Testing is concerned with issue recognition, while
placing and diagnosing flaws fall under the rubric of
debugging. "Spotting the imperfections” ought not
just be deciphered as the distinguishing proof of
flawed explanations in a project. We have actualized
confirmation and debugging framework with an
alternate  centering. Our framework produces
demonstrative data on the reason impact affix that
prompts a disappointment. We characterize a
metamorphic preserving condition (MPC) as an issue
under which a system fulfills an endorsed
metamorphic connection. When we recognize a
MFCC, a relating MPC can likewise be distinguished
in the meantime. When the trigger is recognized, the
debugger will further stand up in comparison the
execution follows, way conditions, etc, and after that
report the distinctions as an issue impact fasten that

prompts the disappointment.

In our verification system, the source code of any
program under test is instrumented using a program
instrument or prior to compilation, so that an
execution trace can be collected. When a violation of
a metamorphic relation occurs, a failure report will be
generated in two steps. First, details of the initial and
follow-up executions are recorded. Then, diagnostic
details are added. When there are a large number of
paths to verify, the efficiency of symbolic-execution-
based approaches is also a concern. There are,
however, algorithms and tools that tackle such tasks
more efficiently. The Java PathFinder model checker,

for example, uses a backtracking algorithm to
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traverse the symbolic execution tree instead of

starting from scratch for every symbolic execution.

To achieve higher scalability for large
software applications, in our approach we replace the
backtracking algorithm with “SYNERGY” algorithm
that combines testing and proving to check program
properties. It unifies the ideas of counter example
guided model

checking, directed testing , and

partition refinement.

SYNERGY is different from that of other
testing methods. It does not attempt to traverse the
execution tree, instead, it attempts to cover all
abstract states (equivalence classes.) It can be more
efficient in constructing proofs of correctness for
programs with the “diamond” structure of if-then-else

statements.

IV OVERVIEW ON SYNERGY

We present a new verification algorithm, called
Synergy, which searches simultaneously for bugs and
proof, and while doing so, tries to put the information
obtained in one search to the best possible use in the
other search. The search for bugs is guided by the
proof under construction, and the search for proof is
guided by the program executions that have already

been performed.

Synergy keeps up two information structures. For the
under estimated (solid) investigation, Synergy gathers
the test runs it executes as an issue F. Every way in
the woods F relates to a cement execution of the
system. The timberland F is become by performing
new tests. When a blunder area is added to F, a true
the overestimated

slip has been found. For

(conceptual) examination, Synergy keeps up a
limited, social reflection An of the system. Each one

condition of An is an equivalence class of cement

system states, and there is a move from unique
express an excessively theoretical state b if some
solid state in a has a move to some solid state in b. At
first, A contains one dynamic state for every system

area.

Synergy grows develops the backwoods F by taking a
gander at the part An, and it refines A by taking a
gander at F. At whatever point there is an (unique)
blunder way in A, Synergy picks a lapse way terr in
A which has a prefix t such that (1) T compares to a
(cement) way in F, and (2) no theoretical state in terr
after the prefix 1 is gone by in F. Such a "requested"
way terr dependably exists. Collaboration now tries
to add to F another test which takes after the
requested way terr for no less than one move past the
prefix T . We utilize coordinated testing to check if
such a "suitable" test exists. In the event that a
suitable test exists, then it has a decent risk of hitting
the slip if the mistake is in fact reachable along the
requested way. Also regardless of the possibility that
the suitable test does not hit the blunder, it will show
a more extended doable prefix of the requested way.
Then again, if a suitable test does not exist, then as
opposed to developing the woods F, Synergy refines
the part A by evacuating the first conceptual move
after the prefix t along the requested way 1 error. At
that point Synergy proceeds by picking another
requested way, until either F discovers a genuine

system lapse or A gives a confirmation of project.

V SYNERGY VERIFICATION

The algorithm Synergy takes as inputs (1) a program
P =<%, 6, —>, and (2) a property y where X is a set
of states, o is initial state and —> is transaction

relation. It can produce three types of results:

1. It may output “fail” together with a test generating

an error trace of P to .
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2. It may output “pass” together with a finite-indexed
partition X~ proving that P cannot reach .

3. It may not terminate.

It maintains two core data structures: (1) a
finite forest F of states, where for every state s € F,
either s € o or parent (s) € F is a concrete
predecessor of s (that is, parent (s) —s); and (2) a

finite-indexed partition X~ of the state space X.

At first, F is void, and X~ is the starting allotment
with three districts, to be specific, the introductory
states o, the slip states y, and all different states. In
every emphasis of the fundamental circle, the
calculation either stretches the backwoods F to
incorporate more reachable states, or refines the
segment X~. Theoretical blunder follows are utilized
to run experiment era and the non-presence of
specific sorts of experiments is utilized to guide
allotment refinement. In every cycle of the circle, the
calculation first verifies whether it has effectively
discovered an experiment to the mistake district. This
is checked by searching for a district S such that S N
F =g and S © vy . All things considered, the
calculation picks a state s € S N F and calls the
assistant capacity Testfromwitness to process an
experiment (data vector) that creates a blunder
follow. Instinctively, Testfromwitness lives up to
expectations by progressively finding the guardian
until it discovers a foundation of the timberland F.
Formally, for a state s € F, the capacity call
Testfromwitness(s) gives back where its due
succession sO , s1, . . ., sn such that sn = s, and
guardian (si) = si—1 for every one of the 0 <i<n, and
guardian (sO ) = €. The beginning state sO gives the

craved experiment.

In the event that it is not ready to discover an
experiment prompting the slip, the calculation checks
if the current segment X~ gives a confirmation that P
can't reach y. It does this by first building the
dynamic project P~ utilizing the assistant capacity
Createabstractprogram . Given a parcel X=, the
capacity Createabstractprogram(p,c~) gives back
where its due project P= = <o=, o=,—=>. The
following step is to call to the helper capacity
Getabstracttrace keeping in mind the end goal to scan
for a conceptual mistake follow. In the event that
there is no unique lapse follow, then Getabstracttrace
furnishes a proportional payback follow €. All things
considered, the calculation returns "pass" with the
current parcel X~. Something else, Getabstracttrace
gives back a dynamic follow sO, s1, . . ., sn such that
Sn S . The next step is to convert this trace into an

ordered abstract trace.

The abstract trace s , Si, . . .
following two conditions hold:

, Sy Is ordered if the

1. There exists a frontier k def = Frontier(sy , Sy, . . . ,
s,) such that (a) 0 <k <n, and (b) Si NF =g for all k <
i<n,and(c)SjNF=gforall0<j<k.

2. There exists a state s € Sk—1 N F such that Si =
Region(parentk—1—i(s)) for all 0 < i < k, where the
abstraction function Region maps each state s € X to
the region S € = with s € S.

We note that whenever there is an abstract
error trace, then there must exist an ordered abstract
error trace. The function
GetOrderedAbstractTrace

abstract trace t into an ordered abstract trace terr.

auxiliary
converts an arbitrary
Intuitively, it works by finding the latest region in the
trace that intersects with the forest F, choosing a state
in this intersection, and following the parent pointers
state.  The  function

from the chosen

GetOrderedAbstractTrace returns a pair <terr, k>,
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where terr is an ordered abstract error trace and k =

Frontier(rterr).

The algorithm now tries to extend the forest
F along the ordered abstract error trace terr. We
define suitable tests in two steps. First we define F-
extensions, which are sequences that can be added to
F while still maintaining the invariant that F is a
forest. A finite sequence Sy, Sy, . . ., Sy, m of states is
an F-extension if (1) sO € o, and (2) si—si+1 for all 0
<i<m,and (3) there exists k such that (@) 0 <k <m
and (b)sie Fforall0<i<kand(c)sjeFforallk<
j <m. Given an abstract trace terr = S0, S1, ..., Sn
with k = Frontier(zerr), and the forest F, a sequence
of states is suitable if it is (1) an F-extension and (2)
follows the abstract trace terr at least for k steps.
Formally, the auxiliary function
GenSuitableTest(terr, F) takes as inputs an ordered
abstract trace terr = SO, S1, . .. ,Sn and the forest F,
and either returns an F-extensiont=s0,s1,...,sm
such that (a) m > Frontier(terr) and (b) si € Si for all
0 < i < Frontier(terr), or returns € if no such suitable

sequence exists.

If we succeed in finding such a suitable test case, we
simply add it to the forest F, and continue. If no
suitable test is found, then we know that there is no
concrete program execution corresponding to the
abstract trace SO, S1, ..., Sk. However, we already
have a concrete execution along the prefix SO, S1, . .
., Sk—1, because Sk—1NF= g. Thus, we split the
region Sk—1 using the preimage operator Pre(Sk) = {s
€ X | 3s' € Sk. s — s}, and thus eliminate the
spurious (infeasible) abstract error trace from the
abstract program. The call to the auxiliary function
RefineWithGeneralization has been commented out.
This call is needed to help Synergy terminate on

certain programs.

VI Experimental Results

This section will illustrate our experimental results on
metamorphic testing for sparse matrix multiplication
programs, which has been performed automatically
with MTest.
Metamorphic testing with special test cases

The special test set consists of 8 test cases,
derived from atomic properties mentioned in Section
1.
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Table 1 Test verdicts report by special case testing

and metamorphic testing with special test cases.

Table 4 reports the mutation score and fault detection
ratio of special case testing in Column 2, and
metamorphic testing with each metamorphic relation
MR;, in Columns 3 to 11.
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Table 2 Mutation score and fault detection ratio of special
case testing and metamorphic testing.

Based on the above data,
conclusions can be drawn:
1. Metamorphic testing with a single metamorphic

the following

relation, as well as with special test cases, may not
outperform special case testing. For sparse matrix
multiplication, MR, MR, and MR, seem better than

other metamorphic relations, among which MR, is the

worst one.

Mutamorplic testing Mutant |

0%

llﬁ'r—then—else explanations. At long last the strategy
likewise upholds programmed debugging through the
ID of imperatives for disappointment creating inputs.
It is essentially intriguing, in light of the fact that it
consolidates the capacity of different instruments to
handle an extensive number of project ways utilizing
a little number of dynamic states and dodge
unnecessary refinements through cement execution.
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