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(57) ABSTRACT 
An automated system and method to generate functional con 
formance tests for applications are provided. The system and 
method in one aspect use Inputs, Outputs, Preconditions, 
Effects (IOPEs) paradigm associated With an application for 
automatically generating test goals. A planner component 
may accept these testing goals to generate a sequence of 
operations or invocations as a test case. Veri?cation 
sequences are also generated. The system and method also 
alloW generation of executable test cases, Which can be 
applied to the various interfaces through Which the applica 
tion may be accessed. 
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GENERATION OF TEST CASES FOR 
FUNCTIONAL TESTING OF APPLICATIONS 

FIELD OF THE INVENTION 

The present disclosure relates generally to computer sys 
tems and more particularly to automatically generating test 
cases for functional testing of applications. 

BACKGROUND OF THE INVENTION 

Software applications are increasingly becoming the core 
of businesses in various industries, as a result of which func 
tional conformance testing of software applications is playing 
an important part of the development and implementation 
effort. Functional conformance testing is an activity, which 
ensures that the implementation conforms to some expected 
software behavior. A functional test case generally has three 
main components: set up sequence, test action, and veri?ca 
tion sequence. A set up sequence comprises of one or more 
input actions for the software necessary to drive the software 
to a state, which can enable a test action. A test action is some 
input action for the software under test along with an expected 
output from the software. If the software produces the 
expected output, the software is said to “pass” the test other 
wise it is said to “fail” the test. A veri?cation sequence com 
prises of one or more input actions followed by an expected 
output from the software. The purpose of the veri?cation 
sequence is to determine that the internal state of the software 
is consistent with its behavior during the test. 

Automatic generation of test cases for a given software 
application helps reduce errors in testing and also makes the 
process more manageable. Model-Based conformance Test 
Generation (MBTG) is one technique to automate generation 
of test cases. In MBTG, the test cases are generated on the 
basis of a model for the software. Typically, the models are 
described in terms of operations provided by the system under 
test (SUT) and include for each operation a description in 
terms of its Inputs, Outputs, Preconditions, and Effects (IO 
PEs) 

In the past, MBTG techniques required the test designer to 
additionally provide the test objective speci?cations to guide 
the test generation process. This becomes a cumbersome 
requirement for the test designer for almost all commercial 
software applications. Also, using the IOPE representation 
some past techniques have proposed techniques for automatic 
test generation. However, these techniques only partially 
automate the test generation processitypically generating a 
set of transition sequence with constraints on parameters and 
state. However, the constraints on these transition sequences 
may not be feasible. The tester has the responsibility of deter 
mining feasibility of each sequence and of generating con 
crete values corresponding to parameters for each transition 
in a sequence. These techniques do not typically address the 
issue of generating veri?cation sequenceia sequence, which 
enables veri?cation of system state (both control and data) 
obtained as a result of applying each transition sequence. 

Petrenko et al. describe a technique for generating such 
sequences for IOPE models. However, their technique is only 
applicable for a restricted set of models. For instance, their 
technique is not applicable to UML object diagrams. Another 
technique, named the BZ-TT testing technique also recog 
nizes the issue of veri?cation sequence generation. However, 
it requires the tester to identify a subset of model operations, 
which do not modify the system state but return some aspect 
of the system state to the environment as observer operations. 
An appropriate invocation of each observer operation is 
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2 
appended to each generated test case. While observer opera 
tions are very bene?cial, a suitable observer operation may 
not be available for each system state variable. 

Thus, it is desirable to have an IOPE model-based test 
generation environment, which addresses the aforemen 
tioned issues of generating veri?cation sequences and auto 
matically selecting the test objectives. 

BRIEF SUMMARY OF THE INVENTION 

A computer implemented method, system and program 
storage device having instructions executable on a machine 
for generating a testing procedure for an implementation of a 
function are provided. The system and method in one aspect 
use Inputs, Outputs, Preconditions, Effects (IOPEs) para 
digm associated with an application for automatically gener 
ating one or more test goals. A planner component may accept 
these one or more testing goals to generate a sequence of one 
or more operations or invocations as a test case. Veri?cation 

sequences may be also generated. The system and method 
may further allow generation of executable test cases, which 
can be applied to the various interfaces through which the 
application may be accessed. 
A computer implemented method for generating a testing 

procedure for an implementation of a function, in one aspect, 
may comprise obtaining a model of an application including 
at least a description of input, output, and one or more state 
transitions of a function in the application. The method may 
also comprise deriving one or more input conditions and one 
or more state conditions as one or more testing objective and 

deriving from the model a sequence of one or more actions to 
set up said one or more state conditions. The method may 
further comprise deriving from the model one or more 
expected outputs associated with an implementation of the 
function under said one or more state conditions and deriving 
from the model an expected end state, and a second sequence 
of one or more actions and one or more expected outputs of 
the second sequence of one or more actions to verify the end 
state. 

A computer implemented method for generating a testing 
procedure for an implementation of a function, in another 
aspect, may comprise obtaining a model of an application, the 
model including at least one or more objects, one or more 

inputs and outputs associated with said one or more objects, 
one or more preconditions, and one or more effects associated 

with the application. The method may also comprise gener 
ating a testing goal from the model, the testing goal including 
at least a state condition and a testing function, generating a 
sequence of one or more actions based on the testing goal, 
generating one or more expected output and a system end 
state associated with applying the sequence of one or more 
actions, and generating a sequence of one or more veri?cation 
actions based on said one or more expected output and the 
system end state. 
A system for generating a testing procedure for an imple 

mentation of a function, in one aspect, may comprise an 
application model including at least one or more objects, one 
or more inputs and outputs associated with said one or more 
objects, one or more preconditions, and one or more effects 

associated with the application. The system may also com 
prise a goal generator module operable to execute on a pro 
cessor, the goal generator module further operable to auto 
matically generate one or more testing goals using the 
application model. The system may further comprise a plan 
ner module operable to execute on a processor to generate a 
sequence of one or more actions based on said one or more 

testing goals and a veri?cation sequence generator module 
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operable to execute on a processor to generate a sequence of 
one or more veri?cation actions based on one or more 

expected outputs from the sequence of one or more actions 
and an expected system end state resulting from the sequence 
of one or more actions. 

Further features as well as the structure and operation of 
various embodiments are described in detail below with ref 
erence to the accompanying drawings. In the drawings, like 
reference numbers indicate identical or functionally similar 
elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a method in one embodiment of the 
present disclosure for generating test cases from the IOPE 
description of the web services. 

FIG. 2 illustrates a model generated in one embodiment of 
the present disclosure to represent the example web service 
used to manage orders. 

FIG. 3A shows an example of an object diagram that results 
after applying the test sequence. 

FIG. 3B illustrates an example of a No Instance Creation 
fault model for the world state. 

DETAILED DESCRIPTION 

A system and method for automatically generating test 
cases for functional testing of applications in one embodi 
ment use information available in the description of the appli 
cation. Such information may include various functionalities 
of the application, inputs and outputs associated with the 
functionalities, preconditions and effects on a system imple 
menting the application. For instance, a system and method 
for automatically generating test cases for functional testing 
of web application in one embodiment use information 
present in description of web services that implement the 
application. The system and method of the present disclosure 
in one embodiment leverages the input, output, precondition 
and effect (IOPE) information that is made available in the 
web service description via the new semantic web standards 
like WSDL-s, OWL-s, etc. Using these standards, for 
example, the web service descriptions can capture the pre 
condition and effect in addition to the standard input and 
output information. This information allows one to de?ne 
behavioral model that can effectively capture the state depen 
dant behavior. Such a model may be derived automatically 
and used for the purposes of test generation. Using this tech 
niques, one can: I) generate expected outputs in conjunction 
with the test inputs; 2) generate action sequences to verify 
state of the systems; 3) achieve full automation for functional 
test case generation. 

While the following description refers to web services and 
using web services standards as examples, the system and 
method of the present disclosure may function or may be 
applied to any other applications, in which the similar infor 
mation can be obtained. 

In one embodiment, a model is derived of an application, 
for example, implemented by web services, by utiliZing the 
information present in their semantically enriched descrip 
tion. Such a model may include a domain model and a behav 
ioral model. A domain model in one embodiment may include 
a description of the application domain in terms of the various 
types of the domain objects and the relations between them. A 
behavioral model describes application behavior in the con 
text of the domain model. In one embodiment, applications or 
web services are represented in a model as behavior modify 
ing functions that can be triggered when certain pre-condi 
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4 
tions are satis?ed with an input message and that produces an 
output message while modifying the state of the system in a 
manner to enact the effect. 

In one embodiment of the system and method of the present 
disclosure, testing goals are produced for each application or 
web service. For example, testing goals may be re?nements 
of the preconditions of an application such as a web service 
using a set of fault models. Fault models include or describe 
one or more known ways the application can fail. A novel 
planner component accepts these testing goals, web service 
de?nitions, along with an initial state of the world to generate 
a sequence of web service invocations as a test case. An initial 
state of the world refers to a state of the system before the 
application is invoked. The system and method of the present 
disclosure in one embodiment also generate veri?cation 
sequences, for example, to ensure that the changes to the 
world produced by an effect are implemented correctly. A 
given application such as one that incorporates a set of seman 
tic web services may be accessible through several interfaces 
such as 1) Direct Invocation of the web services or 2) a 
Graphical User Interface (GUI). Executable test cases may be 
generated and applied through one or more of those and other 
interfaces. 

Test generation technique of the present disclosure in one 
embodiment exploits the IOPE information in the operations 
of applications such as web services, but not limited to only 
web services, to generate a small yet effective set of test cases. 
For other applications in general, similar available informa 
tion may be used. Based on the pairs of precondition and 
effect in the IOPE, a method of the present disclosure in one 
embodiment generates testing goals which re?ect the best 
practices in black box testing such as boundary values, car 
dinality of collections, fault sensitization, etc. Each of these 
testing goals is then input to an AI (arti?cial intelligence) 
planner component to derive a sequence of operations that 
satis?es the testing goals. To generate the veri?cation 
sequences, a method of the present disclosure in one embodi 
ment uses mutations of the world state obtained as a result of 
applying the aforementioned sequence of operations. Muta 
tions of the world state include error or inconsistent condi 
tions. A sequence, which distinguishes each resulting mutant 
world state from the original world state is generated through 
a suitable formulation and solution of another planning prob 
lem. 

In another embodiment, to address the issue of end user 
testing, a system and method of the present disclosure provide 
another artifact, referred to as test template, which represents 
the manner in which the end user deploys and navigates the 
application such as the web services in its presentation layer. 
These test templates are used to transform the test cases 
generated through the planning process into an executable set 
of test cases, which can be run using available GUI test 
execution automation tools such as Rational Function Tester. 

FIG. 1 illustrates a method in one embodiment of the 
present disclosure for generating test cases from the IOPE 
description of an application, for example, the web services. 
To facilitate the testing process, an initial state of the world 
may be also speci?ed as shown at 120. An initial state of the 
world refers to the state of the system before the application is 
invoked. At 102, a test generation approach of the present 
disclosure in one embodiment derives test objectives (also 
referred to as testing goals) for each PE pair for each. A 
derivation of testing goals leverages a set of fault models 
shown at 122, each of which may represent a best practice in 
the testing literature. These fault models 122 may include 
boundary values for world state attributes and the input 
parameters; cardinality constraints for each collection valued 
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world domain model attribute and the notion of fault sensiti 
zation. A cardinality constraint refers to a constraint regard 
ing the number of elements in a collection. For instance, a 
cardinality constraint may be that the number of element of a 
set must be less than 3. Fault sensitization is a technique based 
on the intuition that each testing goal should target exactly 
one interesting aspect of the operation’ s behavior. Otherwise, 
potential faults may be masked. In semantic web services, the 
need for fault sensitization may arise because of the overlap 
ping preconditions between two pairs of PEs for a given 
operation. 

These testing goals 112, along with the web service IOPE 
description 124, and an initial state of the world 120 are input 
to a planner component for generation of the set up sequences 
at 104. The planner and other components in this testing 
approach also may rely on a suite of constraint solvers for 
various domains including linear arithmetic, String, Boolean, 
Enumerated, Set, and List. A constraint solver in one embodi 
ment provides a functionality to compute one or more solu 
tions for a set of constraints. For instance, if a linear constraint 
solver is executed with constraints of “x>5” and “x+3<10” 
then it will ?nd a solution as “x:6” which satis?es both the 
constraints. The planner may extend the well-known Graph 
plan planning algorithm to address the creation and deletion 
of instances in the world. Graphplan algorithm is described in 
A. L. Blum and M. L. Furst. Fast planning through planning 
graph analysis. Arti?cial Intelligence, 90(1-2):279-298, 
1997. Other enhancements to the Graphplan algorithm 
include ability to handle numeric, string, and collection val 
ued parameters on the operations. 

The planning step at 104 generates a Set Up subsequence 
114. The testing goal also may include one or more con 
straints on input parameters for the corresponding operation, 
that is, the operation under test. These constraints, for 
example, are those that only concern the I’s in the IOPE 
model. At the end of the planning process, the only unre 
solved variables in the constraint system are the input and 
output parameters of the operation under test. This is because 
the planner is concerned primarily with the internal state of 
the system and generally is unaware of the constraints on the 
input and output parameters. Thus, in one embodiment, a 
separate constraint system is formed from the constraints on 
inputs and outputs. Solution of this constraint system leads to 
the generation of the test invocation 128. 

Simulation of the test sequence generated so far results in 
a modi?ed world state 126. That is, after having applied the 
generated subsequence of actions on the system, it is expected 
that a change in the state of the system occurred. At step 106, 
a test generation method of the present disclosure in one 
embodiment generates a veri?cation sequence 128 to validate 
that this world state is also re?ected in the internal system 
state of the implementation. To do so, at step 108, the method 
of the present disclosure in one embodiment derives a set of 
mutant world states based on the expected world state using 
various fault models such as 1) No Instance Creationiwhich 
negates the effects of instance creation, 2) No Attribute 
Updateiwhich negates the effect of modifying an attribute 
of an instance, and 3) Normal Effects in Exceptioniwhich 
augments the effects associated with an exceptional behavior 
with each of the individual effects in the successful behavior 
of the same operation. Fault models used are not limited to 
only the three listed, but may include other fault models. The 
third mutant enables the system and method of the present 
disclosure to generate test cases, which ensure that no unwar 
ranted behavior is exhibited by the implementation. The 
method exploits the planner to generate a sequence, which 
distinguishes the mutant world state from the expected one. 
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6 
In one aspect, the resulting logical test case 116 may be in 

an execution harness independent format, which cannot be 
executed directly. In order to produce an executable test case, 
the method of the present disclosure allows the user to specify 
a template 130, which contains the necessary code fragments 
for each web service operation or operation of an application. 
This template contains placeholders for input and output 
parameters so that the corresponding actual values can be 
substituted from the logical test case. At 110, test script 118 is 
produced. 
An example is illustrated with reference to a web service 

used to manage orders of an E-trading site called Ordengmt. 
Ordengmt has operations such as Create Order, Read Order, 
and Delete Order and like. In OWL-S description, each opera 
tion is de?ned using an Input, Output, and a set of pairs of 
Precondition and an Effect. An example of an abstract IOPE 
description for the operations in Ordengmt is given below: 

Create Order: 
I = {ach0 :: Integer, pID :: Integer, n :: Integer}; 

{(P,E)} = {(30 : c :: Customer . c.acctNo == acho . 

3p : p :: Product. p.productId == pID, 3o : o :: Order. o.acc == oID)} 
Read Order: 

I = {oID :: Integer}; 

{(P,E)} = {(30 : o :: Order . o.orderId == oID, ord == 0), 

(V o : o :: Order . o.orderId == oID, ord == NULL)} 

DeleteOrder: 

O = {result :: String}; 
{(P,E)} = {(30 : o :: Order . o.orderId == oID, 

V o : o :: Ordero.orderId == oID . result == “Success”), 

(V o : o :: Order . o.orderId == oID, result == “Failure”)} 

For example, operation Create Order takes three inputs to 
identify the Customer, Product and the number of items for 
the chosen product. It produces one output: the reference 
number for the Order created. The PE pair for Create Order 
states that if the speci?ed customer and product exists, then a 
new order is created (this example does not describe the PEs 
which handle the situations when the customer or the product 
does not exist). Similarly, Read Order accepts an order id, and 
returns the complete order details if one exists. The error 
situation, when the order does not exist, is also modeled for 
Read Order. 

FIG. 2 illustrates a model generated in the present disclo 
sure to represent the example web service used to manage 
orders. FIG. 2 shows a model in a form of a domain ontology 
for Ordengmt using a UML class diagram with appropriate 
attributes. Other model representations are possible. A model 
of an application for which test cases are being generated 
includes one or more functions and objects that comprise the 
application, input and output parameters associated with 
those functions and objects, and preconditions and effects 
associated with those functions and objects. Preconditions 
and effects may include state transitions associated with those 
functions and objects. It is possible that the values of precon 
ditions and effects may be null depending on the associated 
functions and objects. The world state for Ordengmt 
includes instances of customer 202, order 204 and product 
206 of this class diagram, along with suitable values for 
attributes. If the initial world state included an instance of 
customer 202 and product 206, an instance of order 204 may 
be created as a result of simulating a set of subsequences for 
testing a goal, for example, create order. 
The IOPE model is analyzed to generate testing goals for 

each PE pair in each operation. The method in one embodi 
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ment of the present disclosure applies several re?nements to 
one or more preconditions of a PE pair in order to accomplish 
this task. Re?nement is the process through which a precon 
dition is modi?ed to represent software faults. These re?ne 
ments in one embodiment are based on fault models, which 
represent common programming errors and best test prac 
tices. An example is illustrated of applying the cardinality 
re?nement to the preconditions. The precondition may have a 
cardinal constraint, which can be re?ned as described in the 
example. The principle behind the cardinality re?nement 
derives from the quanti?ers present in the preconditions of 
operation. Types of quanti?ers may include the universal and 
the existential quanti?ers. A universal quanti?er asserts the 
constraint for all kinds of that variable. A universal quanti?er 
implies iteration over a collection valued domain model 
entity D such as instances of a class or members of an asso 
ciation to check for a certain property. An existential quanti 
?es asserts that there exists at least one instance of the variable 
for which the constraint is satis?ed. 
A testing goal may include scenarios to check the behavior 

when the collection D is empty to begin with. Other testing 
goal may include scenarios where the collection has cardinal 
ity of one. Yet another testing goal may treat all the other 
cardinalities (22) as same. The method of the present disclo 
sure in one embodiment re?nes this practice in testing goal 
generation and derive from each universal quanti?ed expres 
sion over collection D, three independent testing goals by 
conj oining the original ?ow condition with one of the follow 
ing. COUNT(D):0, COUNT(D):1, COUNT(D)22. Simi 
larly, for an existential quanti?ed guard condition, two inde 
pendent testing goals may be derived by conjoining one of 
COUNT(D):1, COUNT(D)22. Note that the case where the 
collection is empty is not relevant in this situation since at 
least one instance of the collection is expected to satisfy the 
property being checked. 

Table 1 is an example showing a partial list of testing goals 
for Ordengmt. CO in the WS Operation column refers to 
Create Order operation. According to the table, Goal #1 tests 
Create Order operation under the predicate condition that no 
previous orders existed in the system under the test as indi 
cated in the “Testing Goal Predicate” column’s “count” 
parameter. A generated setup sequence that comprises of 
actions that set up this condition before the test action is 
performed is shown in the “[Set up sequence] +Testing Goal 
Invocation” column of Table 1. For Goal #1, this setup 
sequence is empty, since assuming that the system initially 
has no orders, no action is necessary to create the speci?ed 
initial predicate condition. Goal #2 tests Create Order opera 
tion specifying the predicate condition that the initial state of 
the system should have one order. Thus, for this goal, setup 
sequence generated is a set of actions that would create one 
instance of an order in the system. Similarly, for Goal #3, 
testing goal predicate indicates that there should be more than 
one order existing in the system when the test is performed. 
Therefore, a setup sequence of actions for creating two orders 
in the system is generated for invocation, before the actual 
invocation of the test function. 

Goal Testing Goal 
# WS Operation Predicate 

[set up sequence] + Testing 
Goal Invocation 

1 CO 
2 CO 

count(o:Order) = 0 

count(o:Order) = 1 

[1, 00(999, 1234, 3, 1) 
[00(999, 1234, 2, 1)], 
00(999, 1234, 1, 2) 
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8 
-continued 

Goal Testing Goal 
# WS Operation Predicate 

[set up sequence] + Testing 
Goal Invocation 

2 CO count(o:Order) 2 2 [CO(999, 1234, 2, 1), 
CO(999, 1234, 3, 2)], 
co<999,1234, 1, 3) 

In certain cases, a precondition may not have any quanti 
?cation. For example, a precondition might not have any 
existential or universal constraint for a variable, yet an appli 
cation’s effect such as the web service operation effect may 
have an update, which creates an instance of a class. In the 
example, the precondition for Create Order does not quantify 
the variable Order. However, Create Order includes an update 
effect, which leads to creation of a new instance of Order. 
From a testing point of view, one would like to test such 
creation behaviors under different conditions of preexisting 
instances of Order. In such circumstances, the analysis may 
derive three independent testing goals obtained by conjoining 
the original guard with one of the following: COUNT(D):0, 
COUNT(D)):1, COUNT(D)22. The resulting testing goals 
for operation Create Order are shown in Table 1. 
The testing goals, for example, derived in this manner are 

input to a planner to derive a Set Up sequence of use case 
invocations. For example, Goal #1 in Table 1 requires that 
there be no Order instances in the system state prior to per 
forming the operation under test (Create Order for this goal). 
This condition is satis?ed by an empty sequence, indicated by 
an empty sequence [ ] in the last column of Table 1 for Goal 
#1. This example assumes that the initial world state contains 
one instance each of Customer and Product, but does not 
contain any instance of Order. A testing goal invocation cor 
responding to the operation under test is appended to the set 
up sequence to derive the test case. As another example, Goal 
#3 requires that there be at least two instances of Order class 
before performing the testing goal invocation as indicated in 
the testing goal predicate column under Goal #3. A planner of 
the present disclosure returns the set up sequence having two 
invocations of operation Create Order as shown in Table 1. 
Once a valid sequence of test invocations (including the test 
ing goal invocation) that satis?es the testing goal is found, the 
planner simulates this sequence from the given initial world 
state. This simulation evolves the world state and can be 
depicted in the form of a UML Object Diagram. 

FIG. 3A shows the object diagram that results after apply 
ing the test sequence for Goal #3 in Table 1. As shown, there 
exist three instances ofOrder class 302, 304 and 306. Two of 
the three Order class 302, 304 and the customer 308 and 
product 310 class instances are results of applying or invok 
ing the setup sequence, and the third Order class instance 
resulted from invoking the testing goal function. 

To increase con?dence in the testing process, the system 
and method of the present disclosure in one embodiment 
validates that the System Under Test (SUT) also reaches an 
internal system state, which is consistent with the world state 
resulting from the simulation process. In order to do, in one 
embodiment, the method distinguishes the obtained world 
state from other world states. Since there are potentially an 
in?nite number of world states, the method in one embodi 
ment prunes the space of world states to a manageable num 
berA set of fault models is adopted, this time operating on the 
world states, to accomplish the task in one embodiment. FIG. 
3B illustrates a No Instance Creation fault model for the 
world state. In FIG. 3A, note that object o3:Order 306 was 
created as a result of the testing goal invocation. This example 
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assumes that a faulty implementation does not create its ana 
log in the implementation state. Thus, an obj ect diagram 
shows only objects 01 and 02 (312, 314) shown in FIG. 3B. 
The two object diagrams are distinguished from each other 
through an application of a suitable operation sequence 
referred to as a veri?cation sequence. Inspection reveals that 
an invocation of operation Read Order (3, 3, l) distinguishes 
the two object diagrams. The faulty version leads to execution 
of the exceptional condition in operation Read Orderire 
turning a NULL order object since there is no order with oID 
of 3 in the fault model shown in FIG. 3B. Note that Read 
Order is an observer operation of the world stateiit returns 
values of the order instance in a world state to the calling 
environment. Such observer operation, if present, is conve 
nient for veri?cation. The system and method of the present 
disclosure, however, need not require that an observer opera 
tion be present. For example, operation Delete Order(3, SUC 
CESS) would also distinguish the mutant with the same 
resultithe faulty implementation returns Failure since again 
there is no order with oID of 3 to delete in the fault model 
shown in FIG. 3B. Identifying all the faulty versions of the 
system state is useful because in the absence of observer 
functions it is not possible to identify the kind of deviation for 
the states. Thus, the fault model predicts the various devia 
tions from the expected and the veri?cation sequence veri?es 
that this indeed is the case. 

Another example of an application to which the system and 
method of the present disclosure can be applied to generate 
test cases may include an ATM (automatic teller machine) 
application. A model of the application including a collection 
of its functions and/or objects, inputs, outputs, preconditions 
or predicates, and effects and like may be created. A testing 
goal may be automatically generated to test the functional 
ities of the application using the model. For instance, an 
example of a testing goal may be to test its account with 
drawal functionality. In this example, the model and an initial 
state of the system being tested may be fed to a goal genera 
tion functionality of the present disclosure. An initial state of 
the system associated with ATM environment may include 
the number of user accounts, user account balances, and other 
conditions that specify the current state of the system. In 
addition, one or more fault models that specify known ways 
the application can fail may be input to the generation func 
tionality of the present disclosure. In this scenario, examples 
of fault models may include withdrawing more than allowed 
amount, depositing into non-existing account, etc. 

The goal generation functionality uses its input parameters 
to generate the testing goals. This may be done by looking at 
the preconditions for each of the operations and then subse 
quently re?ning them according to the method identi?ed 
above. The existential and the universal constraints are inter 
preted considering various constraints. For instance, consider 
a precondition, V account, balancezO, on a withdrawal opera 
tion. This will translate to various testing goals accounting for 
different amount of balance in the account. Similar goals can 
be derived for the withdrawal operation, which cover differ 
ent states of the account such as a frozen account, etc., and 
like. Thus, the goal generation functionality may derive one 
or more input conditions and state conditions as testing obj ec 
tives. An example of an input condition for the withdrawal 
function may be that “withdrawalAmount>0”. An example of 
a state condition may be “exists account A, such that ID(A): 
accounted”. An input condition may be considered as con 
straints on an input parameter and the state condition may be 
considered as a constraint on the system state. The testing 
under these different testing conditions would produce dif 
ferent behavior. 
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10 
Using the generated goal or goals, the application model, 

and possibly one or more fault models, a sequence of steps are 
generated that provide the test invocation steps that set up the 
preconditions or predicates for testing as well as the test 
function. In this ATM example, a predicate may be that a user 
has a valid account and is logged into the ATM system. A 
sequence of steps that simulate this predicate would be gen 
erated. Then a sequence of steps that make up the test function 
would be generated. Thus, the invocation steps may include 
creating a valid account, having a user log into the account, 
then performing a withdrawal. 
Once the sequence of steps is invoked, the state of the 

system should change. For example, the user account should 
decrease by the withdrawn amount, a new log re?ecting the 
user’ s action may be reported, etc. Using this changed state, a 
veri?cation sequence is generated. The veri?cation sequence 
comprises a set of steps that may be taken to verify whether 
the invoked test function performed as expected. An example 
of the veri?cation sequence may be an action that makes an 
inquiry of the balance. Another example may be an action that 
tries to withdraw an amount that is greater than the remaining 
amount after the test function is performed. A failure status of 
this veri?cation action would indicate that the test function 
performed properly. 
The system and method also allow generation of execut 

able test cases, for example, using a template, which can be 
applied to the various interfaces through which the web ser 
vice may be accessed. A template speci?es the exact function 
calls to invoke, buttons to press, and/ or ?elds to populate, and 
like, for a speci?c interface being used to implement the test 
sequences. 
A person of ordinary skill in the technological art will 

appreciate that other examples of applications for which the 
system and method of the present disclosure may be utilized 
abound. 
An automated system and method were described to gen 

erate functional conformance tests for applications such as 
semantic web services which are de?ned using the Inputs, 
Outputs, Preconditions, Effects (IOPEs) paradigm or like. A 
system and method in one embodiment may also use a set of 
fault models to produce one or more testing goals. A novel 
planner component accepts these one or more testing goals to 
generate a sequence of invocations as a test case. Veri?cation 

sequences are also generated. The system and method also 
allow generation of executable test cases, which can be 
applied to the various interfaces through which the applica 
tion such as the web service may be accessed. 

While the above example described an atomic service, for 
example, an atomic web service, the system and method of 
the present disclosure in another embodiment may also be 
extended to composite services, for instance, also de?ned 
using IOPE paradigm. The system and method in yet another 
embodiment may use a more on-the-?y approach where the 
test cases are not produced apriori but are generated in an 
adaptive manner. 
The system and method of the present disclosure may be 

implemented and run on a general-purpose computer or com 
puter system. The computer system may be any type of 
known or will be known systems and may typically include a 
processor, memory device, a storage device, input/ output 
devices, internal buses, and/or a communications interface 
for communicating with other computer systems in conjunc 
tion with communication hardware and software, etc. 
The terms “computer system” and “computer networ ” as 

may be used in the present application may include a variety 
of combinations of ?xed and/or portable computer hardware, 
software, peripherals, and storage devices. The computer sys 
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tem may include a plurality of individual components that are 
networked or otherwise linked to perform collaboratively, or 
may include one or more stand-alone components. The hard 

ware and software components of the computer system of the 
present application may include and may be included within 
?xed and portable devices such as desktop, laptop, server. A 
module may be a component of a device, software, program, 
or system that implements some “functionality”, which can 
be embodied as software, hardware, ?rmware, electronic cir 
cuitry, or etc. 

The embodiments described above are illustrative 
examples and it should not be construed that the present 
invention is limited to these particular embodiments. Thus, 
various changes and modi?cations may be effected by one 
skilled in the art without departing from the spirit or scope of 
the invention as de?ned in the appended claims. 

We claim: 
1. A computer implemented method for generating a test 

ing procedure for an implementation of a function, compris 
ing: 

obtaining automatically a model of an application that has 
been implemented, the model including at least a 
description of input, output, and one or more state tran 
sitions of a function in the application, said application 
model being an input-output-precondition-effect 
(IOPE) model of a web service; 

re?ning one or more preconditions of the model based on a 
fault model that represents one or more ways the appli 
cation can fail; 

generating a testing goal from the model, the testing goal 
including at least a state condition and a testing function 
and the one or more of the preconditions re?ned based 
on the fault model, wherein the testing goal is generated 
for each precondition-effect pair in the OIPE model; 

wherein the IOPE model is constructed as syntactic 
ensemble comprising input and output constraints pair 
for a target operation, using a template having corre 
sponding placeholders that are to be replaced by actual 
values from an operation under test, and as a pair-set of 
precondition and effect for said operation, the pair-set 
de?ned in part as the testing goal, 

the fault model used as a leverage for rede?ning the testing 
goal and corresponding to the IOPE constraints, the fault 
model comprising one or more of boundary values for 
input parameters, cardinality constraints enforcing a 
threshold that is to be observed, and fault sensitization 
serving a behavioral basis for the testing goal; 

generating a sequence of one or more actions based on the 
testing goal, the one or more actions at least transform 
ing a computer system’ s state running the application to 
meet the one or more preconditions; 

generating one or more expected output and a system end 
state associated with applying the sequence of one or 
more actions; and 

generating a sequence of one or more veri?cation actions 
based on said one or more expected output and the 
system end state, 

wherein the sequence of one or more actions and the 
sequence of one or more veri?cation actions are invoked 

to test the application, and 
wherein a functional test case generation is fully automated 

for the application. 
2. The method of claim 1, wherein the sequence of one or 

more actions includes one or more function calls in the appli 
cation. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
3. The method of claim 1, wherein the step of obtaining a 

model includes obtaining information describing one or more 
objects and associated attributes of the application. 

4. The method of claim 1, wherein the step of obtaining a 
model includes obtaining information describing interaction 
of a system on which the application may be executed with an 
environment via a set of operations. 

5. The method of claim 4, wherein said information further 
includes describing the inputs from the environment to the 
system, describing outputs from the system to the environ 
ment, describing one or more pre-conditions of the operations 
in terms of the internal state of the system, and describing one 
or more effects of an operation on the internal state of the 

system. 
6. The method of claim 1, wherein the model includes a use 

case description of the application. 
7. The method of claim 1, wherein the model includes web 

service description of the application. 
8. The method of claim 7, wherein the web service descrip 

tion is speci?ed in Web Services Description Language 
(WSDL-SL Ontology Web Language (OWL-SL or combina 
tions thereof. 

9. The method of claim 1, wherein the model includes a 
functional description of the application. 

10. The method of claim 1, wherein the second sequence of 
one or more actions includes automatically created one or 

more operations that distinguish the state of the system from 
other states. 

11. The method of claim 1, wherein the test objectives 
validate the application for one or more functional properties 
as described in the model of the application. 

12. A system for generating a testing procedure for an 
implementation of a function, comprising: 

an application model including at least one or more objects, 
one or more inputs and outputs associated with said one 
or more objects, one or more preconditions of a system 
employing the application, and one or more effects on 
the system applying said one or more objects, said appli 
cation model being an input-output-precondition-effect 
(IOPE) model of a web service; 

a goal generator module operable to execute on a proces 
sor, the goal generator module further operable to re?ne 
said one or more preconditions based on a fault model 

that represents one or more ways the application can fail, 
the goal generator module further operable to automati 
cally generate one or more testing goals using the appli 
cation model and the one or more of the preconditions 
re?ned based on a fault model, wherein the testing goal 
is generated for each precondition-effect pair in the 
OIPE model, 

wherein the IOPE model is constructed as syntactic 
ensemble comprising input and output constraints pair 
for a target operation, using a template having corre 
sponding placeholders that are to be replaced by actual 
values from an operation under test, and as a pair-set of 
precondition and effect for said operation, the pair-set 
de?ned in part as the testing goal, 

the fault model used as a leverage for rede?ning the testing 
goal and corresponding to the IOPE constraints, the fault 
model comprising one or more of boundary values for 
input parameters, cardinality constraints enforcing a 
threshold that is to be observed, and fault sensitization 
serving a behavioral basis for the testing goal; 

a planner module operable to execute on a processor to 
generate a sequence of one or more actions based on said 
one or more testing goals, the one or more actions at least 
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transforming a computer system’s state running the 
application to meet the one or more preconditions; and 

a veri?cation sequence generator module operable to 
execute on a processor to generate a sequence of one or 

more veri?cation actions based on one or more expected 

outputs from the sequence of one or more actions and an 
expected system end state resulting from the sequence of 
one or more actions, 

Wherein the sequence of one or more actions and the 
sequence of one or more veri?cation actions are invoked 

to test the application model, and 
Wherein a functional test case generation is fully automated 

for the application model. 
13. The system of claim 12, further including: a test script 

generator module operator to generate a test script for a 
selected interface using a template, the sequence of one or 
more actions and the sequence of one or more veri?cation 
actions. 

14. A non-transitory program storage device readable by a 
machine, tangibly embodying a program of instructions 
executable by the machine to perform a method of generating 
a testing procedure for an implementation of a function, com 
prising: 

obtaining a model of an application, the model including at 
least one or more objects, one or more inputs and outputs 
associated With said one or more objects, one or more 

preconditions of a system employing the application, 
and one or more effects on the system applying said one 
or more objects, Wherein the testing goal is generated for 
each precondition-effect pair in the input-output-pre 
condition-effect (IOPE) model; 

re?ning said one or more preconditions based on a fault 
model that represents one or more ways the application 
can fail; 

generating a testing goal from the model, the testing goal 
including at least a state condition and a testing function 
and the one or more of the preconditions re?ned based 
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on a fault model, Wherein the testing goal is generated 
for each PE pair in the OIPE model; 

Wherein the IOPE model is constructed as syntactic 
ensemble comprising input and output constraints pair 
for a target operation, using a template having corre 
sponding placeholders that are to be replaced by actual 
values from an operation under test, and as a pair-set of 
precondition and effect for said operation, the pair-set 
de?ned in part as the testing goal, 

the fault model used as a leverage for rede?ning the testing 
goal and corresponding to the IOPE constraints, the fault 
model comprising one or more of boundary values for 
input parameters, cardinality constraints enforcing a 
threshold that is to be observed, and fault sensitization 
serving a behavioral basis for the testing goal; 

generating a sequence of one or more actions based on the 
testing goal, the one or more actions at least transform 
ing a computer system’ s state running the application to 
meet the one or more preconditions; 

generating one or more expected output and a system end 
state associated With applying the sequence of one or 
more actions; and 

generating a sequence of one or more veri?cation actions 
based on said one or more expected output and the 
system end state, 

Wherein the sequence of one or more actions and the 
sequence of one or more veri?cation actions are invoked 

to test the application, and 
Wherein a functional test case generation is fully automated 

for the application. 
15. The non-transitory program storage device of claim 14, 

further including: 
generating a test script implementing the sequence of one 

or more actions and the sequence of one or more veri? 

cation actions using a template associated With a 
selected interface. 

* * * * * 


