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Abstract: Testingof database applicatiors crucial for ensuring high software qualitpsundetected faults can resuiih unrecoverable
data corruption. Conventionally database application testilgbased upon whetheor not the application can perform a seif
predefined functions. Whilet is usefulto achieve a basic degred quality by considering the applicationo be a black boxin the testing
processwhite box testingis required for more thorough testing. However the semantafsthe structural query language (SQL)
statements embeddéwdl database application are rarely considergdconventional white box testing techniqués. this paperwe study
the generationof constraints that respect the semantio§ SQI statements embeddéd a database application programWe have
described a tool which generates a sdtconstraints. Database instance for program testing da@a derived by solving the setof
constraints usingexisting constraint solvers.

Keywords: Databasé\pplication, SQL, ConstraintSatisfactiorProblem
1. Introduction 2. Testing Database Application

Database application program plan important rolein Database application programs play a central moleur
commercial systems. These programs interact with a databiag@rmation based societyso testing whether they behave
systemto realize a predefed logic in manipulating business correctlyis of great importance. Becaustthe huge spacaf
data. While database application program realize applicatipossible databasetates that mustbe considered, these
logic in some host language, database systems proviegrams pose new challenges software testingOn the
mechanisms for efficient acceds and manipulationof other hand, the structucd this state space and constraions
massive volumeof data. Database programs are oftdegitimate states expresséd the database schema amd
expectedto exhibit high reliability. Faultsf occurringin a additional business rules, offan oppatunity for automatic
database prograganresultin unrecoverable data corruptiongeneratiorof tests.
Since not all database transacticas be unrolled, restoring
data from backups cannot eradicate the errors. Test Case Generation
Database management systems are widely dsechany
Testing of database applicatiois crucial for ensuring high applications. The data storeédthe databases animportant
software quality as undetected faultscan result in corporate asset artlis therefore important that the database
unrecoverable data corruption. The problerh database systemis error-free and stable. Many applications relythe
application testingcan be broadly partitioned into the DBMS for actual implementatioas well. The best wayo
problemsof test cases generation, test data preparation amdure the reliabilitpf thisis to do DBMS testing regularly.
test outcomes verification. Among the three problems, the
problem of test cases generation directly affects thEesting can also help eliminate bugs eamyand save a lot
effectivenessf testing. of time in implementing the system. DBMS testinm
general,is a labor intensive, time-consuming process, often
Basically, a CSHs a problem composedf a finite setof performed manually. Automating DBMS testing not only
variables,eachof which is associated with a fité domain, reduces development costs, but also increases the reliability
and a sebf constraints that restricts the values the variablesthe developed systems. Whhex testing techniques like
cansimultaneously take. The taskto assign a valuto each statement testing, branch testing, condition coverage and path
variable satisfying all the constraints testing [11] can be employedto test some portionsf or
whole database applicatido attain a more complete testing
CSPs are mathematicaproblemsdefinedas a setof objects of the application. Whitéox testing lets testers examine the
whose state must satisfy a number of constraints or codein detail and make sure thatleast a certain degrex
limitations. CSPsrepresentthe entities in a problemas a test coverage sudds executionof every statement has been
homogeneousollection of finite constraintsover variables, achieved [11]
which are solved by constraintsatisfactionmethods.CSPs
are the subject of intense researchin both artificial Test Data Preparation

intelligence and operationsresearchsince the regularity in -~ A Systemis programmedy its data. Functional testing can
their formulation providesa commonbasisto analyzeand = suffer if datais poor, and good dataan help improve

solve problemsof many unrelatedfamilies. CSPs,requie a  functional testing. Good test datzan be structured to
combinationof heuristicsand combinationalsearchmethods improve understanding and testabmty Its contents, Correct|y

to besolvedin areasonabléime. chosen, can reduce maintenance effort and allow flexibility.
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Preparatiorof the datacanhelpto focus the business whereTablel.We canconsider employeasa setof three elements:

requirements are vague.

TestOutcome Verification:

Verification and validation is the procesf checkingthata
product, service,or systemmeetsspecificationsand that it

fulfills its intendedpurpose Verification is a Quality control

processthat is usedto evaluatewhetheror not a product,
service,or systemcomplieswith regulations,specifications
or conditionsimposedat the start of a developmentphase.
Verification canbe in developmentscaleup, or production.
Thisis oftenaninternalprocess.

Validation is a Quality assuranceprocessof establishing
evidencethat provides a high degreeof assurancehat a
product, service, or system accomplishesits intended
requirementsThis often involves acceptanceof fitness for
purposewith enduses andotherproductstakeholders.

3. Basics of SQL

In this sectionwe overview some bast
application programs. Readers
details.

conc Q
r mor

A. The Relational Model

constraintson the possibl
The contentof the dat

Table 1: Information About E

St

el,e2ande3

The functions are defineasfollows:
eid(e) =1, eid(e) =2, eid(g) =3;
Age(e;) =38 Age(e,) = 36 Age (e3) = 22;

B. The Query language

Although we refer to the SQL languageas a “quer y
1 a n g uitacgnelg miuichmorethanjust querya databaselt

can define the structure of the data, modify data in the
databasandspecifysecurityconstraints.

In relational databases,data are retrieved using SQL
(StructuredQuery Language).A query statementof SQL
mapsoneor severalinput tablesinto a resulttable. The basic
structure of an SQL expressionconsistsof three clauses:
selectfrom andwhere.

The selec secorrespondgo the projectionoperationof

Eid | Name | Age Gender | Position T~Salary
1 Suresh | 38 Male President| 67000
2 Sakshi 36 Female | Secretary| 45000
3 Vaibhav | 22 Male Manager | 35000

Example 1. An Employeetable may havethe attribute eid,
name,age,gender position, etc. Eachrow givesinformation
about a particular employee.A specific Employeetable is
givenasTablel.

conditions(or evensubqueries)canbe addedto the WHERE
clause.

4. Databaselnstance Generation

A. The Problem

To test a program with embedded SQL statememtsneed

to find appropriate input data, which include a database
instance. The conventional whi®x testing methods are

The relational models Closely relatedto the first-order inadequate because the executdrihe programs affected
predicate calculust is known that the relational algebra withpy the resultof SQL statements. Lats consider the code
the basic operators suds union and join has the sameragmentin Sectionlll C. The loopis not executedf the

expressive powens first-order predicate logic [4]ln this
paper,we focuson a subsebf SQL and formulatét using
the many-sorted predicate calcullis.the calculus, a tablis
treatedas a sort which consistsf all the rowsof the table.
Each column correspond® a function. Letus look at

query resultsn anempty table. For the purposéwhite-box
testing, we need input data such that the loispexecuted
onceor not executedat all. Thus, test data generation for
database applications necessitates the tackiifig the
following general problem.
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Given an SQL statement and a property, find a databaBeConstraint Solving
instance such that the resuwf executing the statementlt is fairly easyto see that a CS€anbe givenanincremental
satisfies the property. formulationasa standard search problesfollows:

¢ Initial state: The empty assignmeniry which all variables
We understand that test data generation also compriseare unassigned.
finding the valuef ordinary program variables. Birt this e Successor function A value can be assignedto any
paper, we would like to focus on the database-specific unassigned variable, provided tliiatioes not conflict with
aspects and the generatiofina database instance. previously assigned variables.

e Goal test: The current assignmeit complete.
We refrain from giving a languadge describe the properties.
The following are some examplesthem: The input givento the tool consistsof a Schema, SQI

_ o statement andn assertion and the required outjia setof
(PI) The result tables empty, i.e.jt does not have any row. constraints.

(P2) The result table has a row which has a negative attribute

value. The constraints generated are further verifiecconstraint
generation toolo seeif they are satisfiabler not. If they are

(Pl) and (P2) represent the scenanb null case and satisfiable, the desired database instances are obtained. This

exception, respectively. These are two common propertigsanbe used for whitebox testing which will assit the tester

that practitioners useth test database application programsignificantly.

Let us denote the result tabley Rst. Withg OSSO

generality,we assume that has a single

propertiescanbe representedby the fo owing Owﬂ Jé: S an atatabase systemits structure describeid
in the syntaof SQL.:- ge™“supportdsy the database management
.In aretgtional databas¢he schema defines
hefiel

ds, relatignshipsviews, indexes packages

(p1) NOT EXISTSRst

(p2)0 > ANY Rst iali &) S database linksdirectories
To solve a CSPwe need Ari

relationship between
output (result table).

CSP community.
For simplicity, we assu
andthe attributesare de

attributeis a;. Supposdab 3 attributesand 2 attributes
and table t, containsthe fp j ' - Ad ~regpectivel ifiedthat the first table hasone
denotethe conditionin the : irsteonsider rowandthe $ stwo rows. They canbe changed
the simpler case where congiti ifivolve sub asperour

gueries.Our goal is to determin® thefallowing

entriessuchthatsomeformulahold

. t1| a, for eachrowi. andeachattrlbu g 0 of an SQL expressionconsistsof three

The formulais generatecbasedon an SQL statementinda  The selectclausecorrespondgo the projectionoperationof

property. therelationalalgebralt is usedto list the attributesdesiredin
theresultof aquery

Forexample,

- If thepropertyis“ E X1 ® ¥ &heformulaisV,; C'(i, );  Thefrom clausecorrespondso the Cartesiarproductof the

) . ~ relationalalgebra.lt lists the relationsto be scannedn the
« If the propertyis “ ¢ o OB ALL R s {cdnstis a numeric evaluationof the expression.

constant, rops a relationabperator suclas>=), the formula

is C" (i.j-{®onst rop &)). The where clausecorrespondsgo the selecton predicateof
the relational algebra. It consistof a predicateinvolving

Here C (i.j) is derived from Condy changing takto t;.ak  attributesof the relationsthatappeain thefrom clause.

and changing,ta to t;.a. Note that {.a and }.g are usedn

the SQL statement while;& and 4.4 denote unknownsf A typical SQL queryhasthe form

the constraint satisfaction probleththe selected attribute a Selectt1.a1,t2.b2

is from table t1, & is t;.a; andif a is from table , is ti.a&  Fromtl,t2

If bothtl andt2 have the attributesathe user should SpeCIfYWhereal bl

explicitly which ones to be selected.
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Assertion from tblTest3
An assertioris any condition that the database must alwaysner join thiTest4
satisfy. Domain constraints and referential-integrityn tblTest3.nNum = tbiTest4.nNum
constraints are special forra§ assertions. However there arénner join tbiTest5
many constraints thate cannot expresBy using only these ontblTest4.nNum = tblTest5.nNum;
special forms.
Assertion:
For example,“ e v doanyhasat least one customer who
maintainsan account with a minimum balancé $ 1 0 0 0 . EQists"Result
must be expressedas an assertion. Wheran assertionis
created, the system testsfor validity. If the assertions There are three tables having 2 attributes respectively. The
valid, the any future modificatioto the databases allowed first table has one row and the second table has two rows and
only if it does not cause that asserttorbe violated. the third table has three rows. They danchangedas per
our needs. For instanose may look for two tables each
An assertionis a predicate expressing a condition that having three rows. The keyword RESULT denotes the result

wish the databage be satisfied. of the querylIn this examplewve are looking for three tables
such that the result tabie not empty. With this toolve get
An assertiorin SQL takes the form: the following sebf constraints:

Create assertion< assertion-name check< predi
Since SQL does not provide “af allr X Xc)oﬁs:tru'ct.l

(where Pis a predicate)we are forcedto i w % :
constraintby an equivalent constr Su I 0_vcName;

Whenan assertionis create
If the assertlons valid, th

be violated. This testing/may introguce_a-sig
of overheadf complex gssertions have been mag =™ .

Assertion:

Exists Result ITest4_0_nNum);

If result existave can giveamesSertiorasexists r X blTest4_1 nNum);
( tblTest5_0_nNum);
C. An Automatic ¢ T o #wrl COpsiramt Gengr = tblITest5_1_nNum);

Schema = thlTest5_2_nNum);

= thlTest5_0_nNum);

MNgm =tblTest5_1_nNum);

Sql stmt Cﬂnmajm um = tblTest5_2 nNum);
| generation tool

/ (b3, b4, b5, b6, b7)
Aszertion

The above saif constraints has solutions whicanbe
foundby any constraint solvers.

Figure 1: Constraint generation tool for whib@x testing

An automatic tool for generating constraiigsas shownin
the figure 1. The inpubf the tool consistof three parts:
schema, SQL statement and assertion. The oigfasetof
constraints (which cabe givento BONUS).

6. Comparative Study

SQL is a ubiquitous languageused in a wide range of
applications for accessingthe data stored in relational
databaseddowever the usualsoftwaretestingtechriquesare

5. Results notdesignedo addressomeimportantfeaturesof SQL

Example 1. The inputis like this:

Schema:

createtabletblTest3(nNumint, veNamevarchar(50))[1];
createtabletblTest4(nNumint, veNamevarchar(50))[2];
createtabletblTest5(nNumint, veNamevarchar(50))[3];
Sql statement:

select*

Although many software testing techniques have been
proposedand adoptedin dayto dayindustrialpractice these
arenot specificallytailoredfor handlingthe particularitiesof
the Strudured Query Language (SQL)Our constraint
generatedool will be a definite advantageas a requirement
for the tester.Databasenstancesanthenbe generatedhen
by solvingtheseconstraints.
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7. Conclusion [13]G.M. Kapfhammer and. L. Soffa. A family of test

adequacy criteria for database-driven applicatidns.
The testingf database application programs has not received Proceedings of the Joint & European Software
much attention previouslyln particular, few test data  Engineering Conference and1" ACM SIGSOFT

generation techniques consider the inclusizin database Symposiumon the Foundatiorof Software Engineering
instances, whichcan be used for whitesox testing. A (ESEC2003/ FSE11), page98-107.ACM Press, New
prototype toolis also described. Its input consistisan SQL York, 2003.

statementthe database schema definition, together with [14]R.A. Haraty, N. Mansour, andB. Daou. Regression
assertion which represents the requirenudrthe tester. The  testing of database applications. Jourral Database

outputis a setof constraints which cahe givento existing Management] 3 (2): 31-42, 2002. _
constraint solverslf they are satisfiablewe obtain the [15]R.A.Haraty,N. Mansour,andB. Daou.Regressiortest
desired database instances. selection for databaseapplications. In volume 3 of
AdvancedTopicsin DatabasdResearchK. Siau(editor),
Certainlyit is impossibleto work out a fully automatic tool pages 141-165. Idea Group, Hershey, Pennsylvania,

for test data generation, even when the program does  2004.
involve databases. Bt is reasonableto expect that a

powerful tool will assist the tester significantly. Currently the

tool hassome limitations. For instancét does not handle

string variables. We need to represent themas integer

instead.In the futurewe will improve the
generation tool described this paper.
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