4. An Example – ATM Simulation 

The proposed method is applied to an ATM simulation system1. The ATM system simulates an automated teller machine (ATM). An ATM allows its users to perform basic banking operations like withdrawal, deposit, transfer and checking the balance, without having to go to the bank. In an ATM, the user inserts an ATM card, enters a PIN (a personal identification number), selects a transaction to be performed and provides input needed for the transaction, e.g. amount and account in case of withdrawal. In response to the user’s actions, the ATM reads the card, reads and validates the PIN, processes the transaction, prints the receipt and ejects the card at the end of the session.
To test the system, test cases were generated from the following sequence diagrams: withdrawal, deposit, transfer and balance inquiry. These sequence diagrams are derived from diagrams available the ATM website1. For instance, the withdrawal sequence diagram shown in Figure 1 was based on a high-level collaboration diagram by adding low-level details derived from the code.
4.1. An Example Sequence Diagram
Figure 1 shows an example sequence diagram for the withdrawal operation. The details like validation of the PIN and interaction with the bank are omitted to simplify the example. The sequence diagram consists of the following classes. The CardReader class reads the ATM card and ejects it at the end of the session. The CustomerConsole gets input from the user like amount, PIN etc. The class CashDispenser dispenses cash as a result of a valid withdrawal request from the user. The class Session represents a particular session, i.e. the operations that the user performs before ejecting the card. The class ATM represents a particular ATM terminal. The class Transaction is a base class that instantiates all kinds of transactions. The class Withdrawal represents a withdrawal operation and it is instantiated as the user opts to withdraw an amount.
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Figure 1: An Example Sequence Diagram

In this sequence diagram, the first three messages are setup messages that are required to create ATM, Session and Simulation objects. The message readCard( ) is invoked on CardReader objects and returns an ATM card object. The card object contains an integer attribute number. The message readPIN( ) reads the PIN from the CustomerConsole. It takes a string parameter promptMessage (that is displayed on the customer console) as a parameter and returns the pin (entered by the user) as an integer. The method makeTransaction( ) creates a Withdrawal object when the customer selects an amount. It takes atm, session, card and pin as parameters. The method performTransaction( ) reads the amount to withdraw and the account to withdraw from. It ensures that the amount is within the daily withdraw limit and the cash dispenser has enough cash to satisfy the request. It then dispenses the cash.
To generate the test case, we select the messages that originate from the high-level Session object (that are represented with bold arrows). They appear as method invocations in the generated JUnit test cases. The messages that originate from other objects (that are represented with thin arrows) are invoked indirectly and we use tracing to verify their execution chain.
4.2. SMC Model
The input instance in Eclipse for the above sequence diagram (in Figure 1) is shown in Figure 2. The message SETUP-1 is a setup message that creates an ATM object with id, name, place and address as its constructor’s parameters. Similarly the messages SETUP-2 and SETUP-3 create Simulation and Session objects. Setup messages do not generate any method calls in the test case. They are a part of configuration and environment setup. The rest of the messages have parameters, return values, etc.
When an object that is not a simple data type is used in a message as an owner class or a parameter, for the first time, its sub-structure (attributes) are specified along with their types e.g. int, float or objects. Later when this object is referred to in a message call, its sub-structure does not need to be specified. For example, in Figure 2, when the object ATM is used for the first time in the message SETUP-1( ), its id, place, name and address are specified as the constructor’s parameters. But when this object is passed as a parameter in the method makeTransaction( ), its sub-structure is not specified again. The reason for this is that our tool generates code for the object the first time it encounters and stores it in a hash table. Whenever a reference is made to this object during method invocation, the variable stored in the hash table is retrieved. However, for the expected value, the sub-structure is specified each time, as a new object needs to be created with different data values in it.
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Figure 2: SMC  Model
4.3. xUnit Model
The output instance (for the input instance in Figure 2) which is an xUnit model is automatically generated by Tefkat and is shown in Figure 3.
In the xUnit model, a test case is generated for each sequence diagram. For each message in the sequence diagram, an assertion and a method (within the assertion) are generated. For each parameter in a message (in the source model), a parameter is created in the method (in the target model). Similarly for the return value and owner class (which is used to represent the class that the method belongs to), corresponding elements in the target are created. The assertions SETUP-1, SETUP-2 and SETUP-3 are created for setting up the environment. 
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Figure 3: Output Model for the Sequence Diagram

4.4. Test Data File

The Test Data file that has parameters and return values (for the example in Figure 2) is shown in Figure 4. 
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Figure 4: Test Data File

It has data for the calls to SETUP-1( ), readCard( ) and readPIN( ) only. The reason is that the parameters for other calls (e.g. the parameters atm, session, card and pin of the method makeTransaction) are created by previous methods.
4.5. JUnit Test Case 

The test case generated by MOFScript is shown in Figure 5. 
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package com.rnd;

port atm.X;
import atm.physical %;

port atm.transaction X;
port banking.*;
port simulation.
import junit.framework.%;

- public class Test_withdrawal extends TestCase {

- public static void main( String args[1) <
TestSuite testSuite = new
Testsuite( Test_Withdrawal.class );
testsuite.run( new TestResult( ) );

¥
- public void test_withdrawal( ) {

= try <
int id = 41;
String name = "Gorden College";
String place = "National Bank';
Inetaddress address = null;

ATM atm = new ATM ( id, name, place, address );
Simulation simulation = new Simulation ( atm );
Session session = new Session ( atm );

1/ Code for method readCard( )
Card expectedCard = new Card();

t nurmber = 1;

expectedCard.sethumber( number );

Card card = (Card) simulation.readCard();
assertTrue( expectedCard.equals( card ) );

1/ Code for method readPTN( )
String parameterString1 = "Please enter PIN.';

t expectedpIN = 42;

int pin = simulation.readPINC parameterString1 );
assertTrue( expectedPIN == pin );

1/ Code for method make Transaction( )
Withdrawal expectedwithdrawal =
new withdrawal (atm, session, card, pin);
Withdrawal withdrawal = (Withdrawal)
Transaction.makeTransaction(atm,session,card, pin);
assertTrue( expectedwithdrawal.equals( withdrawal ) );

1/ Code for method perform Transaction( )
withdrawal.performTransaction();

1/ Code for methed ejectCard( )
simulation.ejectCard();

¥ catch ( Exception exp )
System.out.printin{ exp.toString() );
fail("Exception”);
¥
3 //End of Hethod test_Withdraval

¥ //End of Test Case Test_Withdrawal




Figure 5: JUnit Test Case
Lines 1-8 are copied from the Code Header file. Lines 12-16 create a JUnit test suite. Line 18 contains the test method for the sequence of calls identified. Lines 21-24 create variables that are used as the constructor’s parameters for the ATM object atm. The data values for these variables, i.e. 41, Gorden College and National Bank and null, are read from the Test Data file. The types of these variables (i.e. int, String, InetAddress) are read from the xUnit model and originally come from the input model during UML-2-xUnit transformations. Lines 21-26 show the code generated for the method SETUP-1( ). As this is a setup message, it creates an ATM object for later use. The attribute values of the ATM object are read from the Test Data file. The lines 27-28 show the code generated for the methods SETUP-2( ) and SETUP-3( ) respectively. They generate Simulation and Session objects that use the previously created ATM object as their constructor’s parameter. Lines 30-35 show the code generated for the call to readCard( ).
As this method returns a Card object, an expectedCard object is generated by reading the card number from the Test Data file. Lines 37-41 show the code generated for the call to readPIN( ). This method returns pin as an integer value. A variable expectedPIN is generated whose value is read from the Test Data file. Lines 43-48 show the code generated for the method makeTransaction( ). As it returns a Withdrawal object, an expectedWithdrawal object is also created. Lines 50-51 show the code generated for the call to performTransaction( ) and finally lines 53-54 show the code generated for the call to ejectCard( ). Assertions are generated in lines 35, 41 and 48 for the methods that return a value in order to compare them with the expected values.
The assertions in lines 35 and 48 use the equals( ) method that the developer supplies to compare the expected and the actual return value of a method, i.e. specific to the types used by the method. For the comparison of scalar values (expect String objects), we use the “= =” operator for comparison as shown in line 41.
4.6. Traces

While executing test cases, we capture the traces using the Daikon tracing tool. The trace captured during execution of the test case (in Figure 5) is shown in Figure 6. The method invocations with grey background are those that are not included in the test case but that are invoked by the methods that are called in the test case. This allows us to check that the classes interact as specified in the sequence diagram for this test case.
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Figure 6: An Execution Trace






1. The ATM system is available at: http://www.math-cs.gordon.edu/courses/cs211/ATMExample/

_1230455371.vsd
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