Data-Driven Transaction® Based Unit Tests

Volkan Sevincok®, Murat Ozemre® and Engin Yorgancioglu®

'Bimar Bilgi Islem Hizmetleri A.S.

Izmir, Turkey

(volkan.sevincok,murat.ozemre, engin.yorgancioglu)@bimar.com.tr

Abstract:

Unit testing is a fundamental complementary activity in robust software development. It
promotes reliable code and drives testability into design, as well as helping discover defects
at an early stage where they can be eliminated with relatively low cost compared to later
stages. “Data-Driven Transaction-Based Unit Test”s (DTUT) helps fast test development
with increased test-case maintainability in applications based on similar architectures to that
of application-under-test. Writing trivial unit-tests is reduced to inserting a row in the test
database which is a result of adopting data-driven approach. Transaction-level scope of tests
allows achieving high coverage quickly with the option of intensifying unit tests in critical
areas of the system.
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1 Introduction

Unit testing is a fundamental activity in most software development processes. It
promotes reliable code and encourage testability into design, as well as helping discover
defects at an early stage where they can be eliminated with relatively low cost compared
to later stages. Automation of unit tests allows regression testing, by which functionality
and quality can be continuously tracked.

2 Motivation

Unit testing, having the benefits mentioned above, is more effective when it is carried out
together with development. However, that could not be the case in this project. The
testing process was setup after the project completed its first major phase, and the
existing software needed to be tested as well as the new modules that were being
developed. This situation required a significant workload to be completed in a limited
amount of time. Therefore our goal was to unit test old and new modules rapidly.
However, this goal could not be achieved in traditional ways. Creating unit tests for each
class was impractical because of business constraints, namely workforce and time
limitations.

! Transaction in this article refers to the specific transactional operations of the architecture used in the
application-under-test, rather than database transactions.
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In this context, we decided to construct a unit-testing framework which would help us
achieve our goal. It was necessary to produce a specific solution which would enable
exploiting specific properties of the application-under-test (AUT).

3 Application-Under-Test

The AUT is built on Rota framework, which has an architecture similar to Microsoft’s
Enterprise Development Reference Architecture’® (EDRA), using ASP.NET and C# on
Microsoft Visual Studio 2008 using Oracle 10g database.

This architecture mainly operates on Request and Response objects communicated
through pipelines. Requests are generated upon user interactions with the interface. They
are sent to the business layer through pipelines where cross-cutting concerns such as
security and logging are handled. In the business layer, Transaction objects process the
incoming request and generate a Response object to be sent back to the user interface
where it is rendered and displayed to the user.

Data-access layer classes are created by using an O/R mapping tool (LLBLGen).

The overview of Bimar-Rota Framework is described in Figure 1, along with sample
metrics in Table 1.
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Figure 1. Overview of Bimar-Rota Framework.
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Lines of Number of Number of Tables
Year(2008) |[Code Screens (DB)
March 810,985 744 814
April 859,897 780 820

Table 1. Sample metrics for the AUT.

4 *“Data-Driven Transaction-Based Unit Test” (DTUT) Framework

DTUT infrastructure was designed with the motivations described above. It was observed
that writing unit tests for each smallest unit was unfeasible due to our business
constraints. In the on-going debate about the idea that test-units should be isolated and
minimal, we chose IEEE Standard for Software Unit Testing™ as our reference point:

““A test unit may occur at any level of the design hierarchy from a single module to a
complete program. Therefore, a test unit may be a module, a few modules, or a complete
computer program along with associated data and procedures.”

Therefore the framework was designed in such a way that Transaction classes, which
have database interactions, were accepted as our “test units”. This decision allowed our
tests to have wider coverage than the simplest unit tests, but they still remained more
focused than integration-level ones. With this approach, basic functionality of a wider
range of classes could be tested within a limited amount of time, where for areas of
higher concern additional resources could be expended.

Additionally, the state of the tested system should not be changed between tests. The
transactional architecture facilitated this purpose as well. Before each unit test, the
framework declares the beginning of a transaction and after each one, the transaction is
rolled back. In this way, all the changes made on the target database are withdrawn and
the state remains intact.

Another design decision was to make these tests data-driven. Since Rota provided a
uniform transaction execution method all over the AUT, unit tests that execute these
transactions could easily be written. An example transaction would look like this

fragment:
public class AddCustomerTransaction
{
// ...
public void Execute(AddCustomerRequestMessage request,
AddCustomerResponseMessage response)
{

3
/7 ...

// Transaction code
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This uniform Execute method enabled the DTUT framework use reflection to execute
transactions in a generic way. The new unit-test classes would simply extend this
framework, adding trivial code. Test cases would be added as rows to test database. Once
the test is run, Visual Studio automatically connects to this database and retrieves these
rows one by one and executes them. Sample test code outline would be:

// Test class extends framework
public class AddCustomerTransactionTest : TransactionTestBase {
// Database connection info here
public void ExecuteTest() {
// Visual Studio automatically reads rows
// from test database.

// Here goes trivial code to get retrieved
// parameters via UnitTestContext and invoke // Transaction
object with these parameters.

}

For comparison, an existing unit-test class which was written without using the
framework was converted to a data-driven one. This process resulted in a reduction from
18 methods in 560 lines of code to 2 methods in 50 lines in the test class. In return, a
table with 18 rows was created in test database where each row corresponded to a test
method. As a result, after the initial effort for creating the test class and the table for test
data; creating new unit tests would be less expensive.

5 Code Generation For Framework

In spite of the gains with the framework, the overhead of creating a table in the database
and a test class would be a drawback. Therefore a code generation tool is designed and
implemented, which simply lets the user determine the parameters to be used in the unit
tests. The generator produces the test class and creates the test data table. The whole
process is finished in 3 steps, allowing the user to create the necessary artifacts for the
unit test class in usually less than 1 minute. After this part is completed, test cases can be
simply inserted as rows into the test database by the developers.
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In the generation process, a single unit test or a group of tests can be produced. This is
selected in Screen 1.

f® Transaction Unit Test Generator !EH

Class Data i Table Datal Generation]

— Test Class Generation D ata

Test Class Mamespace : iYna.UnitTests i

Tranzactions Mamespace : iEGF’. Transactions. HareketikisSirasi 2

1~ Tranzaction Selection

' Single Tranzsaction

Trahsaction Name : l

' Transaction Group

Uit M ame : iHarekeL&kisSirasi

[

Selected Tranzactions : WV add W Update ¥ List ¥ Delete W Dizplay

Process

Screen 1. Single / Bulk Mode Generation
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In the next step, the properties of the transaction which are going to be used as
parameters in the unit test are selected, as in Screen 2.

[® Transaction Unit Test Generator !EH

[Clazs Data  Table Data | Generationl

 Database

Urit Test Cannection Sking : IProvider=MSDADHA;Data Source="NADEY. ARKAS Persist Security Info=TruePassword=yna

l-a

Table Mame : IHAF!EKET_AKIS_SIF!ASI 3 [Default: Suggestion)

— Reguestteszage Properties

TransferObject Type |HarekebﬂkisSirasiTransferDbiect [K.pkHrktakizSirasT ransferObject) LI K
Felated Azzembly IHota.DataTransfer ? List TransferObject Properties |

Transferdbject Properties : 2
¥ Curumkoduld [Int64]
] Tasimatracild (IntE4]
[ BaslangicLok azyonTipild [Int64)
[ BitisLokazyonTipild [IntE4)

Irput T able Members: 2

[] HareketdkizSiraszild [Int64]
[ KpkHrktikisSirasild [IntE4)
1 1d [IntE4)

vI [ YuklemeEkpT arhcekoduld [Int64]
Add - |
Fiequesttieszage Fields and Properties: 7

] Kularicild (Int54) _<-Remove |

[] UserRoleld [Int64)

Fequestteszage List Fields : 7
[ HareketikizSiraziDetapT ransferdbjectlist [KpkHrktdkis!

Cancel | Process |

Screen 2. Parameter selection for test table
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In the final step, the test class and the table are generated according to user inputs. The
class or classes are exported to a user selected folder, as in Screen 3.

£® Transaction Unit Test Generator B |EIE xl

Class Datal Table Data  Generation |

— Summary

 Test Classes

Test Classes: 7

Export Gererated Classes |
HareketéakizSirasiEkle
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Create Table |
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Input Tabel Colurng : 2
HareketdkizSirazild [Int64]
Id [IntE4)
KpkHrktskisSirazild [Int64]
“uklemeE kpT aribcet.oduld [IntE4) Browse For Folder EB

l=a

Select folder to export files

@ Desktop

a My Computer

H Ia My Documents

<3| Q My Metwark Places
# Recycle Bin
|5) arcangelo_113Wa_trapr
I5) arcangelo_1134Wa_trkmx

[+ ﬂ arge
Back | I3 Clean TestResuls

IC5) dakabase versioning
==y o Py A Ty

- i - >
< | »

Make MNew Folder | [e]4 I Cancel |

Exit |

e

Screen 3. Class Generation
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[Clasz Data | Table Data  Generation

Summary 1 [ Test Classes

Test Classes: 7

HareketéakizSirasiEkle
HareketdkisSiraziD egisti
HareketdkizSiraziSil Input Table
HareketékisSirasiListele

HareketékizSirasiGonmntul
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Export Generated Classes ‘

Input Table :  HAREKET_AKIS_SIRASIZ i
Input Tabel Colurng : 2

HareketdkizSirazild [Int64]

1d (Int64) Info B
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1 ) Table successfully created

Screen 4. Table Generation

6 Usage and Testing Process
Using the unit-test framework and the generator, a unit-test creation cycle for a sample
unit would be described as below:

1.

2.

o

6.

Test suite design: The design is made so that it involves positive and negative test
cases.

Test class and test-data table generation: The test class(es) for the specified unit
and table(s) to hold test data are created using the generator.

Forming test cases: Each designed test case is entered in the test-data tables as a
row.

Running tests: The tests are run using Visual Studio Team System 2008.
Reporting: Visual Studio reports successful and failed tests visually. Each test can
be tracked down to its data rows and the reasons for unexpected results can be
found easily. If a defect is discovered, it is entered into the defect-tracking system.
Defect resolution: The reported defect is fixed by the development team and the
resolution is approved by the test team.

In addition, the unit-tests are scheduled to run after each build. This allows regression
testing to be performed continuously.
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7 Advantages

Data Driven Transaction Based Unit Test Generation reduces trivial unit test generation
time to a simple user-interface selection effort and inserting rows to the test. This enables
rapid creation of unit-tests which is especially important for testing projects that have
sizeable amounts of existing untested code. The uniformity of generation also provides
maintainability and it facilitates imposing standards on unit tests. Additionally, a high
percent of code coverage can be obtained with relatively little effort, freeing up time for
more critical parts of the AUT to be tested in a deeper way.

8 Limitations

The most important limitation of this unit test framework is that its applicable domain
covers only projects based on Rota-like frameworks working on .NET architecture. It
would also be expected work on EDRA-based applications which have the transactional
architecture similar to the one described in this paper. Though this solution could be
portable to other architectures as well, no study has been made by the authors for such
purpose. Another limitation might be the framework being defined strictly and not
allowing atypical unit tests. However it is not claimed to be suitable for all kinds of unit
tests, since it is designed primarily to speed up development of unit tests.

9 Conclusion

As with all frameworks, DTUT framework can be useful in its own defined scope and
domain. Although it is not a silver bullet, it can facilitate rapid production and
standardization of unit tests.
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