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</Book>
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<?xml version="1.0"?>

<xsd:schema xmins:xsd="http://www a" elementFormDefault="qualified">
<xsd:element name="BookSto
<xsd:complexType>
<xsd:sequence$
<xsd:eleme : 300l me urs ded'/>
</xsd:sequence : | |
</xsd:complexTypes
</xsd:element>
<xsd:element namg="B
<xsd:compIeTybe>
<xsd:sequenc
<xsd:element ref
<xsd:element ref="
<xsd:element ref“ -J"'r"*
<xsd:element ref="Publi ‘5“?“: axOccurs="1"/>
<xsd:element re : A

</xsd:seqlience:

</xsd:compl v_ .

.II
i |
w

<xsd:element name "Title type="xsd:string"/>

<xsd:element name= Lﬂ type="xsd:string"/> u
FEBSREAITNYINT

<xsd: elqent name="ISBN" type="xsd:string"/>

</xsd:element>

<xsd: element name= "Publlsher" type= (sd sstring"/> = ) S

o
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18931ud0yA
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schema of
education afire

of faculty of

Science
AN9 N N-2 NAUUNTNURIAIN Table :
S FIIBEN
TALUAUDYA 19108 | TUAYE: VNEILG) .
F 1RYA
Table_name %ﬂm %’@Nﬂ@ Varcha PK Subject
Table_DBS %famﬁmng PK,FK | Education
N I § Normal
< |




= .
AN N-3 WAUNUNTNTBIATN DatabaseConstraints

85

Tendaya ANBFLNE wiadeya | ANENY | AN | uNnewn | soetinedeya
Field_name Teaneadaya | Varchar 100 Taddng PK Salary
Field_table dapn9edeya | Varchar 100 Taddna PK,FK | Teacher
Field_DBS TAANITDY Varcha Taidnq PK,FK | Education

G
Field_order ANFILITDALY t RN 10
fin3alum
Field_Mod_size | 111A28 19974 4
DA
Field_Mod_Scale | aun v i 0
NATieI L -
TRHY \
Field_Opt_flag | AnadnudluAsl 3]
WANTBI6198
visaly r——
| S
Field_Gen 38nsaFansil = A9 1
S TES
NAAaL =
Field_from_value | A 500
i Sl
— i
Field_to_value ma;mﬁmm ”Lu'am 30000
sl
‘o
Field__constV 1000

uHANE

Field_category

Field_rﬂ_name

Jh,

Varcha

Salary
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Tendeya ANBFLNE wiiadeya | ANENY | AN | wanewn | Aneenedeya
Field_ref table | Tam39daya Varchar 100 Taddng FK Teacher
Field_ref DBS | T09834ANN989 | Varchar 100 Tadang FK Education

s1ufeua '
Field_type 1 FK Integer
FIN999 N-4 WAUUNIHTDY

Talndaya unnewe | saededeys
Field_type_name PK Integer
Field_type_size ¥ 1

F:
Field_type_scale | 2WNANATLES Int a5 0
el type_ il 22
vesndege
_ATRYA
F19797 N-5 NAUYNINLPEF1999 NormalDependenc

| Wil

A % [ = h - o 1 ¥

Ta1uninya mfﬂﬁﬁiﬂ , ) uNNewme | fetedaya

S | )
Dep_table Fia) varchar PK,FK Subject

‘mmﬁﬂuuf £

F = - ) & 1

Dep_DBS Iﬁ Education

F1utaua

L% ‘ [ ﬁ

IR TN I TR
Dep_dé‘st_field \adaym varchar 100 Tadang PK Gender

dananig
Condition_value | AMauly varchar 100 Taddna PK Mr.
Result_value ANNAANS varchar 100 Taddna Male
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A15199 N-6 NAUNYNTHLBIFATN Category

Taandeys | Aedune | wladeys | ANENg GRLEN wnewn | sietedeya
Catename | FaNgue Varchar 200 Taddng PK FirstName
il
Catedatatype | THd Varchar | l! y ' Character
SN2
i N o
e ~—
maxchar —" g 7 9

TaLndaya unnewe | sivetinedeya

Catename PK,FK FirstName

CateValue Somchai

AN9797 N-8 W@umﬂiumﬂﬁmq estCa

Saiamdaya Aaaeinadnya

TCGID AL | , | iy 100

M@u | |
TCG ke 3 N3 Vareha ¢ 1 qq é( tRroject1
ARIANTIU TNV §Y

TCGDegc seazi@an | Varchar 255 Taddna Project Test of
Education
Database
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Jouwndeyn | Aefune | adedeya | Aeweng GRLEN wnewn | sietedeya

TSID \aafives Int Taddns PK,FK | 101
HARNE

TSNAME deveina Varchar Tadang TSDBNews
NINAAAL

TSDATE Fuivinnag 1/12/2009
NAAAL

TSVersion wasfunis | 1.1
npaey

TSDesc nEAIRYP Test Result of

DBNews
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TID TUAADINANTE] ___.____,_,;.,li:};a}_, 2 Taddna PK
T_Prefix
T_Name 3l
T_Surname mmmmﬁwm?ﬂ'
EngPrefix ATNVTNTS Varchar 10
=l
H

Engname

L1
Engsurname %mammﬁqnqﬂ

e/
Add | ide) — g |
Genderq LA alel-o'g Female
Salary Rulpeu Int 7000<Salary<50000
F_ID IHAENIBIATLY Int Taidn FK

P ID SUAR19DIA LU Int Taiqn9 FK
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Talndaya ANBFLNE Tiiadeya | AINEM A9 UNELYR)
P_ID AR LML Int Taddna PK
P_Name TR Varchar

A ~ o Ty
R399 2-3 NIUANEIEULNTAANISAAT]
Toimdeya : o ’E“i - UNELYR)
o e A T S |
MM/ 2 NS
- rd i \
F_EngName mﬂﬂmvm‘lﬂ’m “

F A -h AN

= N
MN31N 2-4 NIUANEITTLL
Tandays ANBELIE A3 VHEIR
M_ID IWAANINT Tudng PK
M_Name TaguN 7 e J_g ar
M_EngName
F_ID FK

UNELYR)
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£
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Tandaya ANBFLNE wiipdaya | AINED AN UNELYR)
S_ID AR Int Tudna PK
S_Name Taa1N 7 e Varchar 100
S_EngName | T0aN210NEEaNg
S_Desc PEALIDEANTNTE

= N
R399 2-7 NITANEgEL /i/./ N
Talndays AP Il u’ﬂl[v‘m A9 UNEILUR)
RNE )/ e AN NG =
M5/ K PN
F11979% 9-8 NIUANHITZLLNIFAAN % 123
Talndaya ANBFLNE UNELYIR)
C_ID ENANGAT PK
C_Name
C_Desc
”““”“?ﬁ“ﬁ”ﬂﬂ NHINYIRT
Sarndaya ANRELNE 1iipdeya mquﬂa A9 g e
YRRV
H_Na rchar 100 s
H_Count AUIUTUAN Int
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deindeya ABTUNY Tiipdaya | AINNEID AN RGN
SC_ID SWANNUANIS Int Tadang PK
SC_Name 2NN INUANT Varchar 100 Taddng
SC_Desc MeasBHAinRY Varcher 255
T_ID IWABN9BIATUNANIE Int Tadang FK
S_ID TWAN9BIIN (FE nt Tadang FK
G_ID IWABNIBIN AN L Int Taddng FK
C_ID INABNBINATGHS Int T3ddng FK
:
o ] o . sl|.
A28 NIBINSUNARAL -
=
:
sQL> insert into position vaiﬂes(lO,‘hSJS"lT');

insert intaposition values(10,'DR.");

insert into pasition values(11,DR.);™

insert into position vaﬁ!u,_es(12,'F?:BQ‘FESSIONAL');
insert into position yalqes(13,‘PRQE§§SIONAL1');

el

insert into faculty _v__alues(ZO,“imﬁiﬁ}_}d@fo_SC');

insert into faculty values(20, 3rnssumans’,'ENG');
insert into faculty values(2L, Smnsmant, ENG'); |
insert into faculty Va|ues(22,'3mmmmmm§1’,'ENGi"_);
insert inte faculty values(23, Granssurnans2’,'ENG2');
insert into faculty values(24, 3apsanrans3’,'ENG3');

insertiinto-major values(30,'»3',"CHEM', 1.);

insert into major values(30,'rauiamas’,'COM',1);
insert inta majorvalues(31,'adadians,' MATH',1);
insert'into'major values(32, adinrransl','MATH1'1);
insert into major values(33,'atinAans2','MATH2',1);

717

2-1 WAASAILNITRINIUNARALUBITELLNIIANTANENADIZANAANART
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FA9agNYBINSNNARDL(AB)

sQL>

insert into faculty values(300,'malulatignavnssa’,' INDUSTRIAL

TECHNOLOGY');
insert into major values(32,'d73nen','Biology',300);

delete from faculty where E_ID='300';

insert into level values(40, MasterDegree', uniiuiin');
insert into level.values(40,'Ph.d', quainia’);
insert into level vaIues(41,'Pﬁ'.rd','@wﬁﬂmsﬁm');
insert into level values(42,'MasterDegree’, uniiuiin');

insert intodevel vaIues(43,'I\/IalsterDegree1','wqﬁmeﬁm1');
A

insert into subjéct yalues{50, whangaal’,'Calculasl’,’-'

’
1.

insert into subject values(50, waangaa2','Calculas2’,’

’

)
. )
insert into subject value"s(S1,'Lm?mz§§m2','CaIculasZ',‘ ";
)
)
)

)

insert into subject vaI'Geé(53,'Lmz-q';r}fég!ﬁz{l'l','CaIculas4',‘ ;

insert into stubject values(52, waangsa3’,'Caleulass’,'-

‘ 7
insert into subject values(54, waapgaas','Calculass','
' 237 )4

el

insert into group values{60,30);
insert into group values(60,31); *
insert into group values(61,31);

insert intd/group values(62,32);

insert inta teacher values (“TO01’, we’, Sasde’,” 1430y
4a’,’Mr.”,”"Waeharachai’, "Charoenchai’,’bangkok’,'Male’,4999);
insertiinto teacherivalues (T002%, wag’, ' 34an3’/ uaw
ine’, M, Wacharakorn’“Sansak’,’bangkok’,'Male”,5001);

) 1=

insert into teacher values (‘T003’, w352, winyde’,’Mr.” ' Teera’,
‘Charecnying’, hangkok’,‘Male’;30001);

917 9-2 UAAIFIBL N TBINITNAADLIDITTLLNNFAANIANHIADKEIN VAN AR (518)
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TechID AINAL h T 974 PK
Tech_Prefix ﬁ’]ﬁ’mﬁ’ld A H\arch
p oy é JET N
Tech_Name | T®AMNANT Vrchars " 4 180"
Tech_Surname | WINEN 1qgeel 5 I vargt ar 0
. o o @ Py 4 ” L g 1 ‘
EngPrefix ANLNIUN B V%‘Lﬁ]gg : 1
NNENEaNG o #E‘r:ﬂ“"
Engname TN RN i Narerar 100

F +# rv-! T -
Engsurname | WNANANTLY ﬂqﬁd&:ﬁ'ﬂéhaﬁ“

dl 1 ‘-i
Tech_Address | nag] = ',;‘Mgt;chgu
Tech_Gender - Varchar i Male or Female
P_ID 95 FK
PF_ID siadniTiige | | I i FK

o o T,

Faculty_ID IWAADLE Int AQIaN) FK
Major_ID FK
A191499) .@ﬁn 1929 XULNITA0INT MidadU AR ADLY
%Lﬂﬁl@;ﬂ@ ~ ANesUNe TipdeYa | AINNEIY
PF_ID SUAATNUTINTD Int

o
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139N 2-13 mmﬁm:ma?:uua‘:uuma‘@mn’n’lmmmi]uMﬂmmwmmmm: ATINVTNTEN

Sorndeya ANBTLNE wiiadeya | AN | AN UNELIR)
Course_ID SWAAUNIT Int Tudng PK
Course_Name %@mmmwﬂm Varchar 100
Course_EngName mmmmmmﬂqﬁ. ‘ , .

Course_Desc SRR AR LGS : -,... ‘ 55,
.d
AN979T 114 mcﬁﬁnma:n( SN mgn?: ANTNANL

%’ﬂwﬁl‘ijﬂuﬁ AELN PIETEY AN NHIEINE
Faculty_ID Ay P 119 PK
Faculty_Name %ﬂﬂ 1 | Irc
Faculty_EngName SeAn A a N
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*?11’;‘ ‘r,
~ R LR r Yy a I'e v =

A13197 9-15 natlAnEszLLsTLLUMNIRednar ey LANENANRRS: MNTERTEIU

Ifabdeid v i
3 Y . =~ T .
GG LTRE AeiLne - gHATR 17 AN UNEILI6)
Class_ID PO TGN W PK
Class_Name | Taviadls » ‘,
Class_Desc mﬂ@uﬁa‘mml, Q

-

e S ARG

¥

Talndaya

ANBELNE mym@m ﬂ')’]ﬁJEJ AN MJJ’IF;IL“MGI
v ks IREIZ
Majoqune
MajorEngName %mmmmﬁqnqw Varchar 100
Faculty_ID I AE19BIATLY Int laidn9 FK
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AINHAZAIN

Topdaya ANRELNY wiadeya | AINNENI AN UNELYR)
Facility_ID sagilnInd Tudng PK
Facility_Name %’a@q‘ﬂﬂﬁ‘ﬂi

Facility_Desc | 9nsaz1aeingiinga

a' = o LN s
F9NN U-18 NTTUANITEULTEL LA 19 LIV RN Iq AN Mk ’WMI';‘ m’l’j"mﬂ’]ﬁ‘hwﬂ\niﬂu

N\
%@me%’mﬂ@ AR I /tmlkq\m A4 NUNEILUG

uID AN 1191 Ilvm 134%4 PK

UDesc NP I"W 'n\g‘\ FK

Teach_ID SUAADUNANTE ll FK
each_ .J'lh-u d .

Course_ID | 39A18931€/9T7 l o dntS - el 4 FK

Class_ID PRV LIIN IO Taidns FK
Facilit_ID | savesgunsnladtioes | int - | ] Taddna FK
ANINALAIN A
T e T i ‘-E."n'v, -
o ] i W D \u.
A8 UBINTIINAR _ , -
‘ , :
sQL> insert mtd‘ﬂreflx values(10,'Mr.");

insert into prefixvalues(10,'Mrs."); »

Ei‘mmﬂﬁ mw 81173

9 A SBSAAIaN NS

insert into faculty values(20, 3danssuenans’,'ENG');

‘ﬂﬁ -3 LLZQﬂ\ilFl'J’ﬂEI’N"lI’ﬂ\‘iﬂ’i‘m‘Vlﬂ@’ﬂ‘i_lﬁl’ﬂ\‘iﬁ‘“’uuﬂqﬁ‘@’ﬂ\‘iﬂ’]‘ﬂﬂjﬁﬂx‘iﬂgulﬂﬂ’ﬁ‘
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A98819YBAINSINAFaL (AB)

sQL>

insert into faculty values(21, "dsanssuenans’,'ENG');

insert into faculty values(22,"dsanssnenansl’,'ENG1');
insert into faculty values(23,aranssurnans2','ENG2');
sanrnans3’,'ENG3');

insert into faculty values(24,'

insert into subject values(30, nisfast’, MATHL',-);
insert into subjéct v | TH2',-);
insert into subje o H2','-);
insert into subjeet Valties ‘ adinnans3’,'MATH3','-');
insert into | ‘ PR IATHA","-);

Vi L_ l_l);

insert inte

insert into
insert into
insert into
insert into maj

insert into majo 3 s
Lbhris)

insert into faculty values(40 0; unss’,' INDUSTRIAL
5t et g :

TECHNOLOG i ‘

j i
delete from fa

ﬁﬂﬁﬁ%ﬁﬁ%ﬂﬂ“’i“ﬁ“ﬁ

AMIAN TN INAE
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sQL>

insert into news values(10,'daganaaeul’, Biannsaiing’,'10/2/2009',20);
insert into news values(10,'dagyannaeu2’, Bidannsaiing’,'10/3/2009',20);

insert into news values(11, 'day au3','8idnnseiind’,'10/2/2009',20);

insert into news values(12, 'ta; safind’,'10/2/2009',200);

delete from ¢ -where ( m%

insert into faculty values(21, Fasnssieians’, ENG');

insert into faculty val --f‘s.?;,,_.:.;;.;:' ans1','ENG1');
. . ..i' sy1 1 AW
insert into faul values(2: AAnTE ENG2 )

insert into f

|
U7 2-5 LLﬂiﬁfmmwmmrﬁwmmmm?zumwuﬂwmgm%’mgmmLL@:

AWETIESeths

AMIAN TN INAE



AULININTNEINS
AR TUNN NN Y



104

AMARNUIN A

AN ’ﬂﬂ’]’ﬂ‘ﬂsﬂutﬂ‘é"ﬂﬁN’ﬂﬂ‘é"]\iﬂ‘imﬂﬂﬂ'ﬂu

A9 lauLATaIRadF9NItneAdauLLsaantiu 4 201 9

1. madpneapnnvesgudeys

1.1 M9aFanNnvesgie

o el ~ - dl S o £
1.1.2 muum@ﬁ@ﬂu nmm@ iWWatudunisaing

@ﬂlﬂ“llﬂ\‘iﬁquéﬁllﬂ ﬂ\iﬁ“ﬂ‘V] A-2

Enter Databasze Schema MHame : F'ru:u|eu:t'|

oL ﬂﬂﬂ?fuﬁ‘ﬂ’]ﬁﬂﬂ Y

‘ﬂﬁ A-2 umfafaLuumsmuummmmmwmm@m



105

o = Y y Aoy
1.2 ﬂqﬁ‘@’i"]\‘i@ﬂﬂqﬂl@\‘iﬂquﬂl’ﬂﬂu@@'\ﬂﬁqUﬂ'ﬂNﬁ@WNC‘]’ﬂ\?ﬂqﬁ‘ﬂﬂﬂ’ﬂu

121 1a8n?wy Source Database uaziaanyluyeing Read Database Schema #4gilf

Open Database Schema
Edit Database Schema
Close Database Schema
Delete Database Schema

519 ANTULABNTNATAS

122 fvusdeudsaadiglinuanaua
‘ gt = b
' | 4 -5 - . N 1
% = o i 1 " i o N A 1 [
FrudayanazinI T ansans :; 239 11 lun19\mensie waznaLl:

ANaY e safvafiindety iy 4
g
& Set Database Conneckien

— Databaze T ype

0 Mys la) atabaze :
" Orac | _ u
i ; ' " :

R ERREAAINY N A 8

Ok | Cancle |

all £ o tﬂl 1 o ¥ tﬂl % a ¥
gﬂV] P-4 ummsmuumma‘m@umnugm‘umﬂamemmmmmmgmmmﬂa



106

v
o

1.3 madtlaldauansnasgiudea asidunaudsil

1
a

1.3.1  1a8n?wy Source Database Wwaziaaniuytias Open Database Schema 6L

A-5

Create New Database schema
Read Database Schema from Database Connection

Close Database Schema
Delete Database Schema

1.4 maufflaamnu893] rce Database UWATLABNTILNY

tiael Edit Databaseé Schema w@ﬁ gazuansrinaeuilzannzeegudeya o

fldazanunsoud laa@nnuadgandoya e 17lldrazidunaiva uile visaau

peedeya nasufilanisausie e INUUAAIINAIANTNYBINIIE9EN

> D t base WAL L@’ﬂﬂ‘V]LQJu
—

, ﬁmtﬂ@lﬁﬁﬂ%ﬁfmw

1.5 NMIaUARN11895

gingl Delet,

A a 49{
L@ﬂﬂ@ﬂﬂ’ﬂlu‘)ﬂqﬂﬁﬁ‘@ ARANNTIBNTIULRY

@U@ﬂuﬂﬂﬂﬂﬁﬁu@&ﬂﬂﬁﬁ

+ FUB AU AR

EI@EI se Database Schema L‘Wﬂﬂ']?ﬂﬂ@ﬂu’]"ll@\iﬁ’]uﬁlﬂuﬂ

o en! NP PN

@nmeﬁmaﬂuummimwaﬂmmmﬁmm@m Lﬂi‘ﬂ\?&l‘ﬂ@“’%’mﬁﬂﬁ‘ﬁﬂﬂ‘ll‘ﬂil@@ﬂ&l’]

A V £ v o A o
umimﬂhﬂuﬁﬂmmmmuﬂumi

v 2%
LALAAIHA LN T



107

o ¥ dl o o ¥ 2'/ AI dl .
2. ﬂqﬁ‘@ﬂﬂqi‘ﬁl’ﬂﬂm@L\‘l’ﬂl&iﬂﬂ\?ﬂﬂﬁl’ﬂ\‘lﬂ’]uﬂl'ﬂﬁﬂﬂ TUABUAZLTHAINNLHNY Database Constraints

?/ dll A ¥ o [ dl nll o dll o o v [ %
"W’]ﬂuuLﬂﬁ"ﬂ\‘iﬁJ’ﬂ@;‘iLL’&ﬂﬂﬂu’]@ﬂﬂ’]ﬁ‘@ﬂﬂqi‘ﬁ_ﬂﬂﬂu@ﬂLﬂEI'JﬂULQﬂ%1°IIU\1ﬂUﬂﬂ\iﬁ’]ﬂ‘Hﬂﬁﬂﬂ ﬂ\igﬂ

A-6

=)

8L Create Table e R e TR, TS Ve

Database CUSTOMER

Schema: DBO
Columns | Primary Key | Referertial Co

NAME - | DATATYPE - | SIZE_ .

D INT - a - 5 |

! NAME VARCHAR - ail # i " .

{ADDRESS  VARCHAR 308 > Jri oy .

| PHONE VARCHAR 4 F T Del |
. P

T

3117 A-6 ui1Ae;

3. mm%’wmrﬁw B L —

31 Aandiy Gﬂate

=i Test Case Generater

Result Management  About

' !
- TestCase for Test Database Schema in from of: |

AN ASATMAANY;

U7 A-7 uthaaiynsainItinaasy




108

3.2 YINNITEYNIUNARELTS mﬂf\imw‘imﬂmmﬂ,@faﬂmmmmmnﬁmm@ummLm‘muﬂ
mﬂﬁuﬁﬁmi?:ugﬂmemmrﬁwmmuﬁ%ﬁﬁmm%’w Fur naadfial nsay waznng

uwiladeya fagil A-8

£® Test Case Generater,

abase  Database Constriants & Execution Category  Result Management  About

Browse

Choose Database schema

Test Case for Test Databiase Sch

° o P F F - \ i ; = [y o <
33 iNeivLeaEN IR NETAY A daii N34 lual e ldlun19dniivag

Y A = - 9 =% 2 6 vae o & )
Frudeyauaizangine iA5997% At ldvianasiaenyy
FEURE Y e k. c A A o
ANGY WNREFNNTNNAL 2] 6N ANLNEEN 13719911 LATENNANARDLAZNINNT
a51anseinagau o mn IR 1 alied g utuenansdndiduues

4. msﬂ@:m@mmtﬁma@%, 20

TN
4.1 Lmnmuu Execution fagdiag-

Input B esult File(* bxt) #

qua INENINEING
RAIFIRHMIFNY 18 Y

4% MinnN3ssynItinaaauiisenisaiieineinnisidenainnaiinagauangiudeyaves

LATRede ANNTuNINIIIuATeraNadnin1magel (Taaenaisnaivauazgn

Foiuaalnalnafuadrsadla)  AFaIanadauariinislssiananstinagal i



109

v

anTudd wazdniivienansldeglugduuuienansdndidnuea velinisidiansanu

v

dl k% v Yo £ d’/ % o
37U ﬂH@WWﬂQﬂW?ﬂﬁ@@llblﬂllﬂ’]ﬁ‘ﬁ‘ZHi‘)ﬂ@uﬁu’]uLLﬂfJ ﬁﬁgﬂ A-10

-5 Test Case execution

ater Test Case  Execution  Category  Result Management  About

Choose Test Case |NewsTestCase |[ Browse ]

. - =
Mlgzananansinada
- .

5. n139ANINANAINI bl

51 MTANNGNF

51.1  @eanviuy @ategafy LAT@D NI dd Ney 1\- pagLln A-11
75 Test Case Generater. |:||E”X|
i J ah 3 v'- o * L3 & T‘_ i ult Management

PR N wcoor ]

Choose Databass scheéma | ! ; o it ¢ ategary

About

De & Category

Test Case for Test Databasze S chemain " |

y J"HZ.- ‘ .

Test Cazes are Wmﬁ-g -
e e e

e

‘ ',-"" 7 ‘T"

=

3

512 fnvundesyalingarniiall ldud Sendyeavinly stlasesdeys uazsanisvild

ﬂt’ﬂﬂ’)ﬂﬂﬂﬁﬂﬂ'ﬂﬂ‘ﬁ
QW']Z‘NﬂiﬂJ UAIAINYA Y




= Add New Category ‘:”E”z|

Categony Properties

Mame: |Sumame |

DataType:

Category Yalues

Mipaoorn
Prapas
Prajuk.

Miszara

917 A2 niAag 1nEATIREAIENNN SR ANAN Tl
52  nsudlanguatialil az
52.1 idenfimy Categ

= Test Case Generat:
T, esult Management

{ ash
y ‘ m l Cateqgory

Choose Database schema | M

‘ - Delete Categaory o

Test Case for Test Database Schema i mf#:m T b |

I

S ‘&

l 717 A-13 AN swynITLi languAg als

- AUSANYNINEIA T
RN TUNRINYINY

110



5 List of categony

MName
Sumame
Address
Telephone
Subject
Courxe
Puosition
Faculty

M ajor
Gender
MNewsType
fige

52.3 uhlateyaueenadn i

916n13A"719 1 Flag;

- Somchai
Somcharean
Kitiy.

e_2),

YHANYNTNYING

9[(=1[E3

e/

YW

IHTANYNA Y

il atindeya uaz

111



112

©

53  nsaunguAmiall azidunausial

5.3.1 @anviuy Category Uaziaandiuytiat Delete Category Aagilil A-16

= Test Case Generater

e Execution Result Management  About
Add Mew Category

Edit Categary
I I,’,r Delete Category

Test Case for Test Database Schema in from af \ \‘ l"” A
Tost Cotes smgled ‘*x‘*‘.’.ﬂL’!fJ

Choose Database schema

= 1 [ ) F § : -~' 1 k. % N £ = o a
5.3.2 BNNANATADL NABNDATALT ANTTUHRLATANNAR VN TTUE IPUNBRLULUNITALAN

v 1
AT Aageli

5l Delete Categn
M ame
Surname

rsr
#

Address
Telephane
Subject
Courze
Position
Faculty
b ajar
Gender

MHewsTyppe
Age

a

£ L@@Tﬂ&l‘@ :l janazenlmnawmmum L;g\‘iﬂ\‘iﬁ‘!ﬂﬂ 18 Inel ']N’]Qﬂﬂ’ﬁ‘

'
e ¥

Lﬁ‘EIﬂﬂLLZQ“’V]’Wﬂ’Wﬁ‘LLfﬂ“II@QH‘II@\Wﬂﬂqﬁ‘ﬂl@N@N@@Wﬁ Iﬂﬂﬂqi‘L@’ﬂﬂN@ﬂ‘W ane ﬂ\iﬂqﬁ‘LLm“ﬂ



113

=l Result Management

Execution  Category  Result Management  About

Test Results Of Toal: choose item of Test

Project]
DBMNewsiPR
DBRS
DBEdu

‘ Cancle

""’

A A o =
ACLAEAUDILATANNDRATINNTEL

¥

A A A
7. @Nﬂ@ﬂ'ﬂﬁlﬂ?ﬂ\ﬂﬁiﬂ L]

NARDL A93LUN A-19
2 bout o3 ' EEE

gudanaLiaAHEug

ﬁ“]é}'] A-19 ‘1/1‘14’1@@Lﬂil’Jﬂ‘].I“lI‘ﬂ?J@‘ll‘ﬂ\‘]Lﬂ?’ﬂ\m‘ﬂ

AUEINENINYINS
ARIAINIUNRIINYIA Y




AULININTNEINS
AR TUNN NN Y



115
NNANUIN 3
aaoa o
ANANTUNRANNN

%

nuadeiildfudniaanlitianalusulszguisinisuas AN LW LaNa1s

“Proceedings of The second IEEE Inte fﬂ 2)of -onference on Computer Science and

Information Technology (ICCSIT2009 3 2552 tu ngetinfe da18190uly

o

szanauau Inaiada A ol fo tin from Relational Database

Constraints Testing ”

ﬂumwﬂmwmm
QW?ﬁﬁﬂ‘imﬁJﬂﬁ’mﬂ’lﬁﬂ



116

A Tool for Generating Test Case from Relational Database Constraints Testing
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Abstract— Database applications become increasingly
complex. Consequently, database configuration” must be
changed. (For instance, business process« change,
authorization and role change) Testing _database
applications is much more challenging beeauses most
methods and tools developed for application.estinghave not
focused on database constraints. In thisipaper . the tool/for
relational database constraintstestingis proposed to support
database testing and is constructed to automate test case
generation according to criteria, supplied by tester ‘and
target database. The criteria consistiof database schema,
entity integrity constraints, referential integrity constraints,
and domain constraints. The goal of the tool isito generate
test cases that cover database constraints of ithe software
under test and to assist the database @pplication deve|oper
or tester in a usable and useful way.

Keywords - Software testing, Test case, Relational database
constraints

.  INTRODUCTION

Software testing is one of the essential processes in the
software development lifecycle and it takes_ a-lot.of cost
and effort to complete because software testing is the
process of executing software with the intent of finding
errors. Software testing requires_test _case to test the
software.

Nowadays, data is an important corporate asset.
Doesn't it make sense to invest the effort required to
validate the quality of data via effective testing [1]?
Database applications are becoming increasingly complex.
They are composed of many compenents and stacked in
several layers. Furthermore, most database applications are
subject to constant _change; [ for .instance, business
processes are re-engineered, ;‘authorization | rules are
changed, components are replaced-by otiter more ‘powerful
components, or optimizations are added in order to achieve
better performance for a growing number of users and
data. The more.complex an.application.becomes,.the more
frequently the application ‘and its configuration must be
changed.

Unfortunately, the mostly methods and testing tools for
database application focus on functions of database
applications but most of them have not concerned the
constraints of relational database. Relational database
constraints include entity integrity constraints, referential
integrity constraints, and domain constraints. Thus, the

Taratip Suwannasart

Department of Computer Engineering
Chulalengkorn University, Bangkok THAILAND
taratip.s@chula.ac.th

generating test cases do not cover all possible conditions.
Besides there are various testing tools that manage test
result. But these tools require a great deal of manual work.
Therefore, this paper presents the tool for generating
test case of relational database constraints testing. The
paper focuses relational database constraints. The paper is
organized as follows. In section 2 reviews related works.

« Section 3 describes relational database constraints, while
~section 4 explains the constructing of this tool and its
_implementation. Empirical studies are discussed in section
. 5. Section 6 suggests the future work and the conclusion.

RELATED WORKS

~ K. Piriyakitpaiboon [2] presents a tool to automate the
test data generation process, named “RealGen”. The tool
randomly generates test data according to the criteria,
supplied by testers and target database. The criteria consist
of database schema, logical dependencies between fields
in-each table, referential integrity of database, quantity of
generated records, and etc. The main goal of RealGen is to
generate test data that is meaningful as the actual data of
the software under test.

DeZign[3] is-an intuitive database design tool for
developers and DBA's that can help you model, create and
maintain._databases.=DeZign for Database uses entity
relationship diagrams (ERDs) to graphically design
databases and automatically generates the most popular
SQL and deskiop databases. In step of input constraints,
DeZign only focuses on domain constraints but lack of
focusing on all constraints of relational database.
Consequently, Database is not correct and complete as
define in database design specification.

RELATIONAL DATABASE CONSTRAINTS

Relational™"Database " constraints are identified on
database by user. A part of constraints is integrity
constraint sthat guarantees data: correction and data
redundancys.. Data.integrity .is.correction constraint of data
in database, laccording. to referential integrity constraints.
Integrity. constraints consist of 8| parts! entity integrity
constraints, referential integrity constraints, and domain
constraints [4].

In the relational data model, entity integrity is one of
the three inherent integrity rules. Entity integrity is an
integrity rule which states that every table must have a
primary key and that the column or columns chosen to be



the primary key should be unique and not null. A direct
consequence of this integrity rule is that duplicate rows are
forbidden in a table. Each value of a primary key must be
unique. Thus, no duplicate rows can logically appear in a
table. The NOT NULL characteristic of a primary key
ensures that a value can be used to identify all rows in a
table. Within relational databases using SQL, entity
integrity is enforced by adding a primary key clause to a
schema definition. The system enforces Entity Integrity by
not allowing operations (INSERT, UPDATE) to produce
an invalid primary key. Any operation that is likely to
create a duplicate primary key or onescontaining null is
rejected. -t
Referential integrity in a relational database is
consistency between coupled tables: Referential integrity
is usually enforced by the combination of aprimary. key or
candidate key (alternate key) and asforeignskey: To hold
referential integrity, any field in a table that isideclared a |
foreign key can contain only values ifom adparent table's |
primary key or a candidate key. For insiance, deleting a
record that contains a value referred by a foreign key'in = &
another table would break refergntial jintegrity. The
relational database management system (RDBMS) ..+
enforces referential integrity, nermally either by deleting |
the foreign key rows as well to maintain integrity; or by
returning an error and not performing the delete. Which
method is used would be determined by the referential
integrity constraint, as defined in the data dictionary.: A
Referential integrity is the relational property that each-. - .

i
\

either:
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Deleting the original row and also deleting the
referencing row from the other table. This action is
called a cascaded delete and can cascade through a
series of referencing tables.

Deleting neither row--that is, taking no action.
This lack of action is called a restricted delete.

The course of action to be taken--a cascaded or
restricted delete--is specified at the time the table is
created. by the values CASCADE or NO ACTION in the
ON.DELETE clause of the CREATE TABLE statement.

DomainsConstraint is an integrity rule. A domain of
possible-values should be associated with every attribute.
These domain constraints are the most basic form of
integrity constraint. They are easy to test for when data is
entered.

Examples of domain types are as follows:

Attributes may have the same domain, e.g. chname
and employee-name.

It is not as clear whether bname and cname
domains ought to be distinct.

At the implementation level, they are both
character strings.
At the conceptual level, we do not expect

customers to have the same names as branches, in
general.

.Strong typing of domains allows us to test for
“values inserted, and whether queries make sense.

foreign key value in a table exists as a primary key ifthe = NeWRg "@stems, particularly  object-oriented
9 Y A o | y Kgid “J. database systems, offer a rich set of domain types

referenced table [5]. Referential integrity relationships-are = that can be extended easil

defined with SQL FOREIGN KEY and PRIMARY-KEY. Ty y

clauses in the CREATE TABLE statement_and are
automatically maintained both during load, update, and
insert operations to a referencing table and-du¥ing delete
operations from a referenced table.

During a delete operatlon if a row to be deleted
contains a value that is referenced-by-a-foreigi-key-ii-—

another table, a referential mtegnty violation is avoided by

i i

‘The tool is developed to automate test case generation
process in software testing. The tool generates test case
—according to—database. design speC|f|cat|ons that are
identified by testers. The process of the tool is shown in

+V—= CONSTRUCTINGRELATIONAL DATABASE

CONSTRAINTSTESTINGTOOL

= Figure

Database Design Specifications
- Database Schema M
- Relational Database constraints

Save database schema and relational
database constraints to database

it

Tester

Stores information
it form of XML File

1.

Retrigves Database Schefitg

Generate test case based on
relational database consiraints

Retggves Test Cases

Test resuits
- passifail Y

Database Schema
Stores tast casgiinform of SQL Staterment

Test Cases

Execute test cases

9 - datetidie
-

Execute test cases against Target Database

Qs cript)

P

Test Result

Test reswits (" XML
Target Database

Analyze test results and Update relational T
database constraints

Hatabase constraints

Updates relational

Figure 1. Relational database constraints testing tool.



Rdational database constraints are entity integrity
constraints, referential integrity constraints, and domain
constraints. The tool uses the database schema along with
relational database constraints to generate test case in form
of SQL statement and save into the tool's database. Test
cases are executed against target database which we want
to test and stored test results. Finally, the tool analyzes
faults and updates relational database constraints in
accordance with constraints identified by testers. The next
sections describe the process of the tool.

A. Preparing Database Schema from Database Design
Soecifications J
The tool prepares database schema to generating test

cases. Database schema is identified-bytesters.and follows
database design specifications. Databasgsschema includes

3

tables, attributes of tables, andwrelational /database
constraints. The tool supports relational® database
constraints that include entity integritys constraints, |

referential integrity constraints, and domain jconstraints.
Testers could define at must ten properties for each field in
each table. The properties of a field'are filed name, data

type, and etc. After that, the tool saves information into.the ...

tool's database. Consequently,«database schema is stored
into the tool's database as an XML file.

Testers identify constraints as follows:
Entity integrity constraints; for instance, prlmary
key is not null and unique.
Referential integrity constraints; for mstance,
foreign key keyword is “on delete cascade” or“on
delete set null” or “on delete default”-or—“no
action”.
Domain constraints; for instance, identify-range of
field or data type or format of data.

Figure 2 shows the relational database..eonstraints
editor screen which testers can create, edit, and delete
fields of each table.

B. Generating Test Case for Relational Database
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"0 . Figure 2. Specifying relational database constraints.

For example, the primary key of “customer” table is
“customer_id". Thus, the “customer_id” for each row in
the table must be unique. A record of the table is shown in
Tablel. -~

Constraints

The tool retrieves database schema to generate test

TABLE I. ARECORD OFCUTOMERTABLE
Customer_id | Name ‘J~+ city POSTCODE
10 LYDIA CARIFORNIA 12345

cases. These test cases are generated as SQL statements to

validate relational database constraints. The SQL
statement includes insert, update, and_delete statements.
The tool prepares input: data_to_generate test cases that
include random data ;and“generic data. Finally, ithe test
cases are stored into the toal's database for later execution.

The tool generates, test case according to relational
database constraints that as follows:

1) Entityintegrity constraint

Entity integritysis an, integrity srule=which=states ithat
every tableymust have a primary.key: This key is a unique
value and not null; A test case is generated as an SQL
insert statement.

This tool generates test cases to validate entity integrity
constraint. Consequently, a test case is generated as an
SQkE" insert statement as shown in Figure 3. The
“customer_id” value is “102"sthat shows duplicate value.
The expected result iDUplicate Data”.

After that;"test case 'is executed. If the new record
cannot be inserted into the table, the test case will be
passed. Butif the new record can be inserted into the table,
the,test. case Is failed whichsmeans that the target database
does” not follow the entity= integrity constraint.
Consequently, the tool updates entity integrity constraint
according to the database design specifications that are
identified by testers.

INSERT INTO CUSTOMER VALUES
(101, “SARAH", “SINGAPORE?”, 4567

Figure 3. Test case is generated to validate entity integrity constraint.



2) Referential Integrity constraint

A test case is designed to validate consistency between
related tables. An integrity rule is any filed in a table that is
declared as a foreign key. It can contain only values from a
parent table’s primary key or a candidate key. The tool
generates test cases for experiment of data deletion from
parent table. After that, if the data of parent table can be
removed, it shows that data of parent table is not referred.
Therefore, this deletion is violated the referential integrity
constraints. This tool also focuses delete options that
includes “on delete cascade”, “on delete set null”, “on
delete set default”, and “on delete set ne-action”. The tool
is designed to support only four levels. of referential.
integrity constraint. A test case is generated.as an SQL
delete statement.

An example illustrates referential integrity: rule in
which all table references cascaderdeletes The “Brand”
table is referred by the “Product” table: The “Product”
table is referred from the “Fact” gable. The: database
schema is shown in Figure 4.
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DELETE FROM Fact WHERE Brand_id="z’;

Figure 5. Test case is generated to validate referential integrity
constraint

3) Domain constraint

A test case is designed to validate domain constraint.
An integrity rule considers association of every attribute.
Domain constraints are follows:

Data type; for instance, Grade point should be
float data.

Dataformat for instance, Date format is “DD-
MM-YYYY".

Range of data; for instance, Range of grade point
is between 0.00 and 4.00.

For example, the “city _id” is a column of the
“Customer” table which boundary of city column is
between 1 and 76.

This tool generates test case as SQL insert statements
as shown in Figure 6. The test cases are generated to

- validate boundary of city column that consists of three test

Brand
x . i
y [ monthoame —h'
z | |
\\
)
Product wertet |1 | PBFd |
v . .
r-4 J_,J
Cascade £ v
— //
N N

Figure 4. Example of Database Schema.

This tool generates test ‘cases to validate referential
integrity constraints. Consequently, a test case is generated
as a SQL delete statement as Shown in Figure 5. A test
case is designed to validate consistency among “Brand”
table, “Product” table, and “Fact*'table. The purpose for
generating test case is to delete a record (“Brand_id"="z")
from “Fact” table and the expected result@otild not be
deletion”. If the attempting’to délete ayrow from the
“Brand” table is performed before the “Fact” table is
deleted, it will be violated referential integrity. Theny'the
error message is shown.

After that, the test case is executed. If the record can
not be deleted from,the table, the test case will be passed,
But if the'record can be delcted-from the-table, the test

case is failed which means that the target database does not

follow the referential integrity’ constraint. Consequently,
the tool updates referential integrity constraint according
to the database design specifications that are identified by
testers.

“cases as follows:

e A test case validates lower boundary values
. (city_id < 1) and the expected result is “Out of
) Range".

A test case validates boundary value (1 <= city _id
<= 76) and the expected result is “Could be insert
“statement”.

e A test case validates upper boundary values
/4 (city_id > 76) and the expected result is “Out of

- = sRange”.

The test cases are executed. If test results pass, test
cases will follow constraints. But if test results fail, target
database will not follow constraints. Consequently, the
tool ‘updatés . domain constraints and follows database
design specifications that are identified by testers.

INSERT INTO CUSTOMER VALUES
(301, MIKE’,'123-234-3457’, 0);
INSERT INTO CUSTOMER VALUES
(302,’POOH’,'234-900-8795’, 36);
INSERT INTO CUSTOMER VALUES
(303,'LYDIA’,'258-901-8550'77);

Figure 6. Test cases are generated to validate domain constraint.

C. Executing Test Case and Updating Relational
Database.Constraints

In,this .toel, allstesticases, are=autematically generated
for execution. A test case is retiieved from the tool's
database. The test cases are arganized in as SQL script
(*.SQL) to executed the target database. Then, the tool
stores test results of execution into the tool's database for
analyzing in order to correct the target database and update
relational database constraints. The test result is saved as
XML file which shows pass or fail of each test case, as
well as running time, and date.
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T_he tool for generating test cases automatically updates 1 INSERT INTO Faculty VALUES
relational database constraints of the target database. 10.“SCEINCE” “Sci™ )
Relational database constraints must be implemented 1o, "Sen);
according to the database design specifications that are | 2INSERT INTO Faculty VALUES

identified by testers. . If the actual results are equal to the (10,"ENGINEERING","Eng",);
expected results, the target database follows the 3 INSERT INTO Faculty VALUES
constraints. Otherwise, the test cases are failed then this (“a",“SCIENCE" “Sci",);
tool will only update relational database constraints. 4 INSERT INTO Faculty VALUES
V. EMPIRICAL STUDIES (11,1000,"Sci,);

5INSERT INTO Faculty VALUES

The tool is applied to generate test cases for two real (12 “SCIENCE” 1000..

software systems: “Academic Affair Information System

for Faculty of Science” [6] and “Reseivation.laboratory. Figure 7. Examples of test cases are generated
Online System” [7]. Both systems have entity-integrity
constraints, referential integrity coenstraints, and _.domain After that, the test cases are executed again. The tool

constraints in the target database. The result indicates that verifies the test results. The results show that all faults can

the tool could generate test cases which focus the be detected. Finally, the tool could generate test cases

constraints of both software systems. . according to relational database constraints and the
Another empirical study of tool issthe measurement of | database design specifications.

reliability of database design spegifications for generating

test cases. The experiment is satedsUp 10 measure the TABLE lll.  THE RESULTS OF EXPERIMENT
reliability of database design specifications. We use Number
database schemas of real software [6] to generate-testi Number of Database of Number of
; System No. | generated test detected
cases. This database schema of realisoftware has elever e Type Seeded faults
tables and all tables have relational database constraintsi. faults
(Relational database constraints ofifeal software are entity 1 . MySQL 132 132
integrity constraints, referential integrity constraints, and £,.2 170 Oracle 220 220
domain constraints).A database schema of this.experiment = = .
is shown in Table Il. The relational database constraints of f
real software have conditions that comply with.the - N REFERENCES
database design specifications which are identified by —
testers. : [1] " Scott’ W.Ambler and Pramod J.Sadalage, “Refactoring
- databases:Evolutionary Database Design”,Canada,2007H.
TABLE II. DATABASE SCHEMA OF EXPERIMENT [2]. K. Piriyakitpaiboonand T. Suwannasart, “RealGen: A Test Data
—_ — Entity R T i g Generation TooI_ to Support Software Testing”,in t_he procgeding of
e e Integrity Integrity referenti | AN the seqonq international conference on information and
constraints constraints al communication technologies(ICT2004), Thailand,November 28-
Faculty 3 4 None None = 19, 2004. ;
Holiday 3 4 None None 3 [38] Ashutosh Gaur,‘DeZigh for databases to create ER diagrams”,
Level 3 4 None None 3 February 2007.Internet:http://www.orafag.com /tools /heraut
Major 3 4 B 1 3 dezign.htm
Part_ 3 4 None None 3 [4] Dan A= Simonvici and Richard L. Tenney, “Relational Database
Positior 2 4 Nong None 2 Systems”, USA, 1995,
GrOl.JF 2 4 None None 2 [5] IBM Red Brick Warehouse 6.3 Information Center, “Referential
_?“bli‘:t 58 1 N02ne Ni”e : Integrity Constraints”, USA, 2007. Internet:
eacher ) . . )
Course 3 2 None Nonel 3 http.//p.ubllp.bouIder.lbm.com/mfocenter . . .
Schedule 15 4 4 > 15 [6]% P Rojhavipad ‘and T. P_ensn, “Aca_demlc _Affa|r Information
System for Faculty. of Science”, Senior Project, Department of
Computer Seience,Faculty: of Science, Rajmangala University of
The tool generates;test cases and follows database Technology Thanyaburi,2007.
schema as shown in Table Il. The numbers of test case are (7] N. satonggan, J.Chanpolrop, and. S. Rompon, “Reservation
111 test cases. The examples of test cases are shown in laboratofy %Online System”, Senior+ Project,Department of
Figure 7.y7After that, \We changea «database ;schema by Science Faculty ofiScience, ;Rajmandgala Wniversity of Technology
seeding th& faults to database ‘schema of software under Thargabur§2 00y

test. The numbers ‘of fault’are 132 faults. The "purpose. of
this experiment is for executing of test cases again and
detecting faults. The results of experiment are shown in
Table IlI.
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