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## 5470961321 : MAJOR SOFTWARE ENGINEERING

KEYWORDS : DATABASE REFACTORING / OBJECT-RELATIONAL MAPPING /

DEAD CODE
BORIRAK HATTHA : AN APPROACH FOR IDENTIFYING UNREFERENCED
DATABASE COLUMNS AND TABLES IN PROGRAMS USING OBIJECT-
RELATIONAL MAPPING. ADVISOR : ASSOC. PROF. TARATIP SUWANNASART,

Ph.D., 143 pp.

Programs always have been improved to meet new business requirements, so they may
impact database schema. Lots of existing database’s tables and columns are not referenced by the
programs, but no one can specify correctly which ones can be removed. This thesis proposes a
solution to identify unreferenced tables and columns, by analyzing all programs that use same
database to find which tables and columns are referenced in these programs, and comparing with
database schema information. This thesis proposes only an approach to analyze program using
Object-Relational Mapping (ORM) to communicate with database. The result of unreferenced
tables and columns are removable ones.

We implemented a prototype tool according to our purposed approach. The tool can
analyze Java classes that using JPA and compare with the database to identify which tables and
columns have not been referenced in programs. Then we test the implemented prototype tool
using two programs from a bank in Thailand. The programs we have already know that which
tables and columns have been referenced. The results from the tool are as same as the expected

results, showing that our proposed approach has worked correctly.

Department : Computer Engineering __Student’s Signature

Field of Study : ____Software Engineering ___Advisor’s Signature
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12 @JoinColumn (name= "DEPARTMENT'™)

13 private Department dept;

14 |}

DEPARTMENT EMPLOYEE
PK ID PK | ID
NAME ] NAME
LASTNAME
FK | DEPARTMENT
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MANUIN U 1IDIIANIIIAD “Pro JPA 2: Mastering the Java Persistence APT” [13]
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2.2.2 Taan1 13199 (Dead Code) [17,18]
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2.2.3 103091 HUNTRATIN 1NDI (Dead Method)
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2.2.5 MaUAUTYA (Query Language)

o o A o 9 A 9 =\ I g}J <3 o o A
mdannszmnugIuveya e ldsunsulywieilunseuanuiy swumdudon
Y v 2 A o @ A 9
POy AU (Select) 1110391NAIAUNTA (Insert) 1/AsULa3 (Update) tazaudoya (Delete)
= = o [ o ] 1 dy 1 1 [} 1 9 9 [ o ]
Tunfie azliwsoadmiumaunaiil lasaearingriudunson la lnease auaasdidalu
~ 1y = o & A o w 9 1 ] a fo & A o W
i 2.8 Tag ludesdisumduienszinugiudeyauasdiala mslnszmaaninszin

9 = q ¥ 1o o A Y 9 = A R o Ay AqY
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1 | entityManager.persist (object);
2 | entityManager.merge (object) ;

3 | entityManager.remove (object) ;
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ﬂWWVIZSfYﬁi%ﬂWﬁﬁuﬂiﬂlﬂaﬂuuﬂaiuazaum@ga@nua1ﬂﬂ

2.2.5.1 MBIANAIOA (JPQL : Java Persistence Query Language)
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public List<Person> getPersonByName (String name) {
String jpgl = “SELECT p FROM Person p WHERE ”
+ “p.name :personName”;

Query query = entityManager.createQuery (jpgl):;
Query.setParameter (“personName”, name);
return query.getResultList ()
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2.2.5.2 My ULAAINDA (SQL : Structured Query Language)
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2-3 Wumdeanmyueaniuea ﬁ?ualu‘IJﬁﬁVlﬂﬁ 4  umsmuuamaaguau Llaglﬂuﬂaﬂa1ﬁﬁ

o o o Ay Y A Y} v I 9
%zuﬂmwaam G]NF\I@ﬁW‘ﬁT]hlﬂﬁﬂﬂﬂTW‘ﬂ 2.9 g 2.10 ﬂziwwaaWﬁmmﬂu

public List<Person> getPersonByName (String name) {
String sgl = “SELECT * FROM PERSON WHERE ”
+. “NAME’ = ipersonName”;
Query query = entityManager.createNativeQuery(sql,

Person.class);
Query.setParameter (“personName”, name);
return query.getResultList () ;

O J o U W DN

AR 2.10 MBE1IMITTUAUYOYAR BN B IEAA DD

2.2.5.3 35mslynumasauau

ez ldmddusdurIuaa I UARIIUIIDS (EntityManager) CRELTIRE,

o A Y 19y 1
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1 | entityManager.createQuery (jpql);
entityManager.createNativeNamedQuery(sqgl, class);

3 | entityManager.createNamedQuery (“named”) ;
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o A 9 A o @ A o o A 9

o A 3 ° X
ussnan 3 Wumsldmdedudu TasszuFomdsduau Faxemdeduaululysunsy

Q

VR A o A YA an A A Yy o v @ o
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1ag 8-12 MuaIAY

1| @Entity

2 | @Table (name = “PERSON")

3 | @NamedQueries (

4 @NamedQuery ( name = “listPerson jpgl”,

5 query = “SELECT p FROM Person p”

6 )

7T1)

8 | @NamedNativeQueries (

9 @NamedNativeQuery ( mname = “listPerson sqgl”,
10 query = “SELECT * FROM PERSON”
11 )

12 1)

13 | public class Person implements Serializable {
14 /] ...

15|}

g A

d' g’/ d‘ 9 1 o 9 ad
A 2.12 masye lnunmasauau lunaiaiouna

tﬁ‘ A AAA
2.2.6 'nF03Nd VYOO (Byte Code Engineering Library: BCEL) [22]
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Banwawnsolumse daaavesmmnmaailulnanaeu lndnds 1ueglugives
v o @ . [ A < d 14 Y A
FWAMAA (Instruction Code) ¥IN1HI91 AduaaIlu,mni 2.13 Fuiluweialnnneuiag
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P ~ o ~AY ¥ ' s ~ s Y
AL WA Lazn NN 2.14 uaasiaaidan laanmseiu Iidaaranaoy lnaud)

1 | public static final int fac(int n) {
return (n == 0)?2 1 : n * fac(n - 1);

7NN 2.13 wasa lnanouaou lua [22]
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1|0: 1iload 0

2|1 1: ifne #8

314: dconst 1

4|5: goto #lo6

518: 1iload O

6]19: 1iload 0

7110: iconst 1

8| 11l: isub

9| 12: invokestatic Factorial.fac (I)I (12)
10| 15: imul
11| 16: ireturn
12
13 | LocalVariable(start pc = 0, length = 16, index = 0:int n)

A U

A v o & a A A Y s A s
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2 o Y o & A g v 9 Yo & A A A A
Faduna ldnnmaedudu swzdesgnldanunelamdsinanclunwi 2.11 Tasinseilo

A Y o o o . . = 9o =~
Pxousa 92 1¥INAA1T9 “invokeinterface” 1UNITFEN1FAITIAINAIT AdUaAIIUAIND 2.15

= A
3 NN 2.17

1 | public void testQuery () {
2 String jpgl = "SELECT p FROM Person p";
3 Query query = entityManager.createQuery (jpql) ;
41}
1| 0: 1dc "SELECT p FROM Person p" (2)
2| 2: astore 1
313: aload 0
4 | 4: getfield EM.entityManager
5 Ljavax/persistence/EntityManager; (3)
6 aload 1
7 | 8: invokeinterface javax.persistence.EntityManager.createQuery
8 (Ljava/lang/String;)
9 Ljavax/persistence/Query; (4) 2 0
10 | 13:astore_2
11 | 14:return

v
o

P o v o & A Y Yo Ay ~Aa
ﬂWWVI215ﬁ368133ﬁﬁﬂ1ﬁ0ﬂ81u1ﬂﬂ1ﬂﬂ131%ﬂ1ﬁﬂﬁﬂﬂuﬂ1HHﬂWﬂ3u®ﬁ
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1 | public void testNativeQuery () {
2 String sql = "SELECT * FROM PERSON";
3 Query query = entityManager.createNativeQuery (sql,
4 Person.class);
511

1(0: 1ldc "SELECT * FROM PERSON" (5)

2| 2: astore 1

313: aload 0

4| 4: getfield EM.entityManager

5 Ljavax/persistence/EntityManager; (3)

6| 7: aload 1

718: ldc_ w Person (06)

8 | 11:invokeinterface javax.persistence.EntityManager.

9 createNativeQuery

10 (Ljava/lang/String;Ljava/lang/Class;)

11 Ljavax/persistence/Query; (7) 30

12 | 16:astore 2

13 | 17:return

A 2.16 Megnsamdsien s namsldmddudunsieaiuea

1 | public void testNamedQuery () {
2 Query query = entityManager.createNamedQuery
3 ("listPerson");
411}

0: aload 0

1: getfield EM.entityManager
Ljavax/persistence/EntityManager; (3)

ldc "listPerson" (8)

invokeinterface javax.persistence.EntityManager.
createNamedQuery (Ljava/lang/String,)
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DeadCodeFinder

+findDeadEntityClasses() : List<String=
+findDeadEntityFields() : List<DeadField>

1

TableUtils

+merge(table1 : List<Table>, table2 : List<Table=) : List<Table>
+ findUnReference({dbTable : List<Table=, appTable : List<Table=) : List<Table>
+ findReferenceditable : List<Table=, deadTable : List<Table>) : List<Table>

51

EntityFinder

SchemaViewer

N
i
i
I
i

ApplicationAnalyzer

+ connect() : void
+getTables() : List<Table>

+run(} : void

1

ProgramReferenceFinder

- rootClassFile : File

1

- libFiles : File[]
1.+ | -ignorePackage : Set<String>

- classes : List<Class>

+find() : List<Class>

+ execute() : AnalyseResult

1 1

QueriesFinder

1

+find() : Queries

TableMapping

- entities : List<Class>

WorkSpace

+ getinstance() : WorkSpace

+ newProject{path : File, name : String) : void
+load{path : File) : void

+ save() : void

+addApplication{name : String, rootClassPath : File, result : AnalyseResult) : void
+ addDatabase({connectionString : String, drivers : File[]) : void

+ deleteApplication{name : String) : void
+ deleteDatabase() : void
+ getSelectedApplication() : Application

+ getEntities() : List<Class>
+getTables() : List<Table>
+ getEntityClass(tableName : String) : Class

+ getField{tableName : String, columnName : String) : Field

+ getTable(cls : Class) : List<Table>
+ getColumncls : Class, fieldName : String) : List<Column=>

1

1

1

ProjectFile

1

Database

- username : String
- password String

- projectName : String

1.8

Application

- name : String

- rootClassPath : String

- libraries : List=String=

- ignorePackage : List<String=

- driverClass : String
- catalog : String
- schema:: String

- connectionString : String

- driverFilePath : List<String=

QueryParser
S + parseJpdlijpal : String) : List<Table>
+ parseSql{sql : String) : List<Table>
Column
- name : String
0 -isPK : boolean
- - foreignTo : String

0.

DeadField

- className : String
- fieldName : List<String=

- deadEnrityClass : List=String>

15§ i)
o.% 0.7 Query
Table
- query : String
F—>1 - name String 0 - classPath : String
1 0.7 | -type: String - methodName : String
0 - lang : String
0.*
NamedQuery
- name : String
- query : String
- classPath : String
- lang : String
AnalyseResult

JpaiNamedQuery | | SaiNamedauery | | saiquery | | Jpaiquery
I 1 I 1 [ i E 1

o*
1

0r

(05 0

| Queries |
1

A 9 A A
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% : Controller - WorkSpace : ProjectFile
- User T |

i new project | |
newProject (path, name) |

<< create ==

ZI save ()
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% . Controller “WorkSpace . ProjectFile - Application : Database
- User T T T T

i open | | |
load (file) | |
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<< create =>
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public class Company {
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7 private Date birth; BIRTH
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1 | @Embeddable

2 | public class EmployeeId {

3 private int id;

4 private String country;

51}

1| @Entity

2 | public class Employee { EMPLOYEE
3 @EmbeddedId - PK1 | ID

4 private EmployeeId id; PK2 | COUNTRY
5 private String name; NAME
6|}
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1 | public class EmployeeId {

2 private int id;

3 private String country;

41}

1| @GEntity

2 | @IdClass (EmployeeId.class)

3 | public class Employee { - EMPLOYEE
4 private int id; PK1 | ID

5 private String country; PK2 | COUNTRY
6 private String name; NAME
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1| @Entity

2 | @Table (name="EMP")

3 | @SecondaryTable (name="EMP ADDRESS",

4 pkJoinColumns=@PrimaryKeyJoinColumn (name="EMP ID"))
5 | public class Employee {

6 @Id private int id;

7 private String name;

8 @Column (table="EMP ADDRESS'")

9 private String street;
10 @Column (name="721P CODE", table="EMP ADDRESS')
11 private String zip;
12 |}

EMPLOYEE EMP_ADDRESS
PK | ID '” || PK,FK | EMP_ID
NAME I ~ STREET
ZIP_CODE
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1| @Entity

2 | public class Department {

3 @Id private int 1id; DEPARTMENT
4 private String name; PK | ID

5 @OneToMany (mappedBy="dept") NAME

6 private List<Employee> emp; |

711

1| @Entity -

2 | public class Employee {

3 @Id private int id; EMPLOYEE
4 private String firstname; PK | ID

5 private String lastname; FIRSTNAME
6 @ManyToOne LASTNAME
7 @JoinColumn (name="DEPARTMENT'™) FK | DEPARTMENT
8 private Department dept;
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1| @Entity

2 | public class Employee {

3 @Id private int id; EMPLOYEE
4 private String firstname; PK | ID

5 private String lastname; FIRSTNAME
6 @OneToOne LASTNAME
7 @JoinColumn (name="PSPACE ID") FK PSPACE ID
8 private ParkingSpace space; -

9 ) >

1| @Entity

2 | public class ParkingSpace {

3 @Id private int id; PARKINGSPACE
4 private String location; PK | ID

5 @OneToOne (mappedBy="space') LOCATION
6 private Employee emp;
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1| @Entity

2 | public class Employee {

3 @Id private int id;

4 private String firstname;

5 private String lastname;

6 @ManyToMany

7 @JoinTable (name="EMP PROJ",

8 joinColumns=@JoinColumn (name="EMP ID"),
9 inverseJoinColumns=@JoinColumn (name="PROJ ID")
10 )

11 private List<Project> projects;

12 |}

1| @Entity

2 | public class Project {

3 @Id private int id;

4 private String name;

5 @ManyToMany (mappedBy="projects')

6 private List< Employee> employees;

71}
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sHamas G L)
aaload load onto the stack a reference from an array
aastore store into a reference in an array

aconst_null

push a null reference onto the stack

aload load a reference onto the stack from a local variable #index

aload 0 load a reference onto the stack from local variable 0

aload 1 load a reference onto the stack from local variable 1

aload 2 load a reference onto the stack from local variable 2

aload 3 load a reference onto the stack from local variable 3

anewarray create a new array of references of length count and component type identified
by the class reference index (indexbytel << 8 + indexbyte2) in the constant
pool

areturn return a reference from a method

arraylength get the length of an array

astore store a reference into a local variable #index

astore 0 store a reference into local variable 0

astore 1 store a reference into local variable 1

astore 2 store a reference into local variable 2

astore 3 store a reference into local variable 3

athrow throws an error or exception (notice that the rest of the stack is cleared, leaving

only a reference to the Throwable)
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baload load a byte or Boolean value from an array
bastore store a byte or Boolean value into an array
bipush push a byte onto the stack as an integer value
caload load a char from an array
castore store a char into an array
checkcast checks whether an objectref is of a certain type, the class reference of which is
in the constant pool at index (indexbytel << 8 + indexbyte2)
dadd add two doubles
daload load a double from an array
dastore store a double into an array
dempg compare two doubles
dempl compare two doubles
dconst 0 push the constant 0.0 onto the stack
dconst_1 push the constant 1.0 onto the stack
ddiv divide two doubles
dload load a double value from a local variable #index
dload 0 load a double from local variable 0
dload 1 load a double from local variable 1
dload 2 load a double from local variable 2
dload 3 load a double from local variable 3
dmul multiply two doubles
dneg negate a double
drem get the remainder from a division between two doubles
dreturn return a double from a method
dstore store a double value into a local variable #index
dstore 0 store a double into local variable 0

dstore 1

store a double into local variable 1
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dstore 2 store a double into local variable 2
dstore 3 store a double into local variable 3
dsub subtract a double from another
dup duplicate the value on top of the stack
dup x1 insert a copy of the top value into the stack two values from the top. valuel and

value2 must not be of the type double or long.

dup x2 insert a copy of the top value into the stack two (if value2 is double or long it
takes up the entry of value3, too) or three values (if value2 is neither double nor

long) from the top

dup2 duplicate top two stack words (two values, if valuel is not double nor long; a

single value, if valuel is double or long)

dup2 x1 duplicate two words and insert beneath third word (see explanation above)
dup2 x2 duplicate two words and insert beneath fourth word
fadd add two floats

faload load a float from an array

fastore store a float in an array

fempg compare two floats

fempl compare two floats

fconst 0 push 0.0f on the stack

fconst 1 push 1.0f on the stack

fconst 2 push 2.0f on the stack

fdiv divide two floats

fload load a float value from a local variable #index
fload 0 load a float value from local variable 0

fload 1 load a float value from local variable 1

fload 2 load a float value from local variable 2

fload 3 load a float value from local variable 3
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fmul multiply two floats

fneg negate a float

frem get the remainder from a division between two floats

freturn return a float

fstore store a float value into a local variable #index

fstore 0 store a float value into local variable 0

fstore 1 store a float value into local variable 1

fstore 2 store a float value into local variable 2

fstore 3 store a float value into local variable 3

fsub subtract two floats

getfield get a field value of an object objectref, where the field is identified by field
reference in the constant pool index (index1 << 8 + index2)

getstatic get a static field value of a class, where the field is identified by field reference
in the constant pool index (index1 << 8 + index2)

goto goes to another instruction at branchoffset (signed short constructed from
unsigned bytes branchbytel << 8 + branchbyte2)

goto w goes to another instruction at branchoffset (signed int constructed from
unsigned bytes branchbytel << 24 + branchbyte2 << 16 + branchbyte3 << 8 +
branchbyte4)

12l convert an int into a long

i2f convert an int into a float

i2d convert an int into a double

121 convert a long to a int

12f convert a long to a float

12d convert a long to a double

2i convert a float to an int

21 convert a float to a long

f2d convert a float to a double
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d2i convert a double to an int

d2l convert a double to a long

d2f convert a double to a float

i2b convert an int into a byte

i2¢c convert an int into a character

i2s convert an int into a short

iadd add two ints

iaload load an int from an array

iand perform a bitwise and on two integers

iastore store an int into an array

iconst m1l load the int value -1 onto the stack

iconst 0 load the int value O onto the stack

iconst 1 load the int value 1 onto the stack

iconst 2 load the int value 2 onto the stack

iconst 3 load the int value 3 onto the stack

iconst 4 load the int value 4 onto the stack

iconst 5 load the int value 5 onto the stack

idiv divide two integers

if acmpeq if references are equal, branch to instruction at branchoffset (signed short
constructed from unsigned bytes branchbytel << 8 + branchbyte2)

if acmpne if references are not equal, branch to instruction at branchoffset (signed short
constructed from unsigned bytes branchbytel << 8 + branchbyte2)

if icmpeq if ints are equal, branch to instruction at branchoffset (signed short constructed
from unsigned bytes branchbytel << 8 + branchbyte2)

if icmpne if ints are not equal, branch to instruction at branchoffset (signed short
constructed from unsigned bytes branchbytel << 8 + branchbyte2)

if icmplt if valuel is less than value2, branch to instruction at branchoffset (signed short

constructed from unsigned bytes branchbytel << 8 + branchbyte2)
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if icmpge if valuel is greater than or equal to value2, branch to instruction
at branchoffset(signed short constructed from unsigned bytes branchbytel << 8
+ branchbyte2)

if icmpgt if valuel is greater than value2, branch to instruction at branchoffset (signed
short constructed from unsigned bytes branchbytel << 8 + branchbyte2)

if icmple if valuel is less than or equal to value2, branch to instruction
at branchoffset(signed short constructed from unsigned bytes branchbytel << 8
+ branchbyte2)

ifeq if value is 0, branch to instruction at branchoffset (signed short constructed
from unsigned bytes branchbytel << 8 + branchbyte2)

ifne if value is not 0, branch to instruction at branchoffset (signed short constructed
from unsigned bytes branchbytel << 8 + branchbyte2)

iflt if value is less than 0, branch to instruction at branchoffset (signed short
constructed from unsigned bytes branchbytel << 8 + branchbyte2)

ifge if value is greater than or equal to 0, branch to instruction
at branchoffset(signed short constructed from unsigned bytes branchbytel << 8
+ branchbyte2)

ifgt if value is greater than 0, branch to instruction at branchoffset (signed short
constructed from unsigned bytes branchbytel << 8 + branchbyte2)

ifle if value is less than or equal to 0, branch to instruction at branchoffset (signed
short constructed from unsigned bytes branchbytel << 8 + branchbyte2)

ifnonnull if value is not null, branch to instruction at branchoffset (signed short
constructed from unsigned bytes branchbytel << 8 + branchbyte2)

ifnull if value is null, branch to instruction at branchoffset (signed short constructed
from unsigned bytes branchbytel << 8 + branchbyte2)

iinc increment local variable #index by signed byte const

iload load an int value from a local variable #index

iload 0

load an int value from local variable 0
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iload 1 load an int value from local variable 1
iload 2 load an int value from local variable 2
iload 3 load an int value from local variable 3
imul multiply two integers
ineg negate int
instanceof determines if an object objectref is of a given type, identified by class

referenceindex in constant pool (indexbytel << 8 + indexbyte2)

invokedynamic | invokes a dynamic method identified by method reference index in constant

pool (indexbytel << 8 + indexbyte2)

invokeinterface | invokes an interface method on object objectref, where the interface method is
identified by method reference index in constant pool (indexbytel << 8 +

indexbyte2)

invokespecial invoke instance method on object objectref, where the method is identified by

method reference index in constant pool (indexbytel << 8 + indexbyte2)

invokestatic invoke a static method, where the method is identified by method

referenceindex in constant pool (indexbytel << 8 + indexbyte2)

invokevirtual invoke virtual method on object objectref, where the method is identified by

method reference index in constant pool (indexbytel << 8 + indexbyte2)

ior bitwise int or

irem logical int remainder

ireturn return an integer from a method
ishl int shift left

ishr int arithmetic shift right

istore store int value into variable #index
istore 0 store int value into variable 0
istore 1 store int value into variable 1
istore 2 store int value into variable 2

istore 3 store int value into variable 3
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isub int subtract
iushr int logical shift right
ixor int xor
jsr jump to subroutine at branchoffset (signed short constructed from unsigned

bytes branchbytel << 8 + branchbyte2) and place the return address on the

stack

jsr_ w jump to subroutine at branchoffset (signed int constructed from unsigned
bytesbranchbytel << 24 + branchbyte2 << 16 + branchbyte3 << 8 +

branchbyte4) and place the return address on the stack

ladd add two longs

laload load a long from an array

land bitwise and of two longs

lastore store a long to an array

lemp compare two longs values

Iconst 0 push the long 0 onto the stack

Iconst 1 push the long 1 onto the stack

ldc push a constant #index from a constant pool (String, int or float) onto the stack
ldc w push a constant #index from a constant pool (String, int or float) onto the stack

(wide index is constructed as indexbytel << 8 + indexbyte2)

lde2 w push a constant #index from a constant pool (double or long) onto the stack

(wide index is constructed as indexbytel << 8 + indexbyte2)

1div divide two longs

lload load a long value from a local variable #index
lload 0 load a long value from a local variable 0

lload 1 load a long value from a local variable 1

lload 2 load a long value from a local variable 2

lload 3 load a long value from a local variable 3

Imul multiply two longs
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Ineg negate a long

lookupswitch a target address is looked up from a table using a key and execution continues
from the instruction at that address

lor bitwise or of two longs

Irem remainder of division of two longs

Ireturn return a long value

Ishl bitwise shift left of a long valuel by value2 positions

Ishr bitwise shift right of a long valuel by value2 positions

Istore store a long value in a local variable #index

Istore 0 store a long value in a local variable 0

Istore 1 store a long value in a local variable 1

Istore 2 store a long value in a local variable 2

Istore 3 store a long value in a local variable 3

Isub subtract two longs

lushr bitwise shift right of a long valuel by value2 positions, unsigned

Ixor bitwise exclusive or of two longs

monitorenter enter monitor for object ("grab the lock" - start of synchronized() section)

monitorexit exit monitor for object ("release the lock" - end of synchronized() section)

multianewarray | create a new array of dimensions dimensions with elements of type identified
by class reference in constant pool index (indexbytel << 8 + indexbyte2); the
sizes of each dimension is identified by countl, [count2, etc.]

new create new object of type identified by class reference in constant
pool index(indexbytel << 8 + indexbyte2)

newarray create new array with count elements of primitive type identified by atype

nop perform no operation

pop discard the top value on the stack

pop2 discard the top two values on the stack (or one value, if it is a double or long)
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putfield set field to value in an object objectref, where the field is identified by a field
reference index in constant pool (indexbytel << 8 + indexbyte2)

putstatic set static field to value in a class, where the field is identified by a field
reference index in constant pool (indexbytel << 8 + indexbyte2)

ret continue execution from address taken from a local variable #index (the
asymmetry with jsr is intentional)

return return void from method

saload load short from array

sastore store short to array

sipush push a short onto the stack

swap swaps two top words on the stack (note that valuel and value2 must not be
double or long)

tableswitch continue execution from an address in the table at offset index

wide execute opcode, where opcode is either iload, fload, aload, lload, dload, istore,
fstore, astore, Istore, dstore, or ret, but assume the index is 16 bit; or execute
iinc, where the index is 16 bits and the constant to increment by is a signed 16
bit short| |

breakpoint reserved for breakpoints in Java debuggers; should not appear in any class file

impdepl reserved for implementation-dependent operations within debuggers; should
not appear in any class file

impdep2 reserved for implementation-dependent operations within debuggers; should

not appear in any class file
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‘%’O findParkingByOwner
Name &3 "SELECT p
FROM ParkingArea p
WHERE p.owner.name LIKE

:name"

¥o findProjectByName GRGE
"SELECT p FROM Project p

WHERE p.name LIKE :name"

¥o findAllDepartment RRGE
“SELECT d FROM

Department d"

¥o findAllEmployee RRGE
“SELECT e FROM

Employee e"

%’6 findParkingByOwner
Name F164 "SELECT p
FROM ParkingArea p
WHERE p.owner.name LIKE

:name"

¥o findProjectByName GRGE
"SELECT p FROM Project p

WHERE p.name LIKE :name"

¥o findAllDepartment GRRGE
“SELECT d FROM
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¥o findAllEmployee RRGE
“SELECT e FROM
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“SELECT p FROM
ParkingArea p WHERE

p.location LIKE :location'
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“SELECT p FROM

ParkingArea p"

¥o findAllProject A G

“SELECT p FROM Project p"
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fa9 “SELECT d FROM
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d.name LIKE :name"
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¥® findEmployeeByName
4 “SELECT e FROM
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LIKE :name"
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“SELECT p FROM Project p"
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a9 “SELECT d FROM
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4 “SELECT e FROM
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"SELECT e FROM Employee
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"SELECT e FROM Employee
¢ WHERE e.dept.name LIKE
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"SELECT * FROM
EMPLOYEE AS e WHERE
e.ID IN (SELECT EMP_ID
FROM EMP PROJ WHERE
PROJ ID IN (SELECT ID
FROM PROJECT WHERE

NAME = :projectName))"

"SELECT * FROM PROJECT
AS p WHERE p.ID IN
(SELECT PROJ_ID FROM
EMP_PROJ WHERE
EMP_ID IN (SELECT ID
FROM EMPLOYEE WHERE

NAME LIKE : empName))"

"SELECT * FROM
EMPLOYEE AS e WHERE
e.ID IN (SELECT EMP_ID
FROM EMP_PROJ WHERE
PROJ ID IN (SELECT ID
FROM PROJECT WHERE

NAME = :projectName))"

"SELECT * FROM PROJECT
AS p WHERE p.ID IN
(SELECT PROJ_ID FROM
EMP_PROJ WHERE EMP_ID
IN (SELECT ID FROM
EMPLOYEE WHERE NAME

LIKE : empName))"
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p JOIN p.ref r JOIN p.ref.country c
WHERE p.name=?1 order by
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ADANU country
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location
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1319 Address

ADANU no
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ﬂﬂﬁuﬁ id , name ,
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ADaNY C1[PK]
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Generate DDL | |[DROP TABLE ARAAA: ﬂ
ALTER TABLE ACCOUNT DROP COLUMN ACCT_APPL_ID:
& save.. ALTER TABLE ADDRESS DROP COLUMN ADDR EMAIL:
ALTER TABLE ADDRESS DROP COLUMN ADDR_LINK;
ALTER TABLE ADDRESS DROP COLUMN ADDR_APPL_ID:
DROP TABLE AM DF_AC:
DROP TABLE AN DF_B6;
DROP TABLE AM DF_BA:
DROP TABLE AM DF_BL:
DROP TABLE AM _DF_BS:
DROP TABLE AM_DF_DQ:
DROP TABLE AM _DF_FE;
DROP TABLE AM DF_PRD_PLAN:
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DROP TABLE AM DF_RA:
DROP TABLE AM _DF_RT:
DROP TABLE AM _DF_ZH;
[DROP TABLE AM _ELEMENT: ;I
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query : SELECT s FROM Task s
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ALTER TABLE ACCOUNT DROP COLUMN ACCT_APPL_ID:
ALTER TABLE ADDRESS DROP COLUMN ADDR EMAIL:
ALTER TABLE ADDRESS DROP COLUMN ADDR_LINK;

R TABLE ADDRESS DROP COLUMN ADDR_APPL_ID:
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& save...
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DROP TABLE AM DF_PRD_PLAN:
DROP TABLE AM_DF_PRODUCT;
DROP TABLE AM DF_RA:
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DROP TABLE AM DF_ZM;

% o v d
ﬂaﬂ!ﬁﬂﬂuﬁﬂﬂﬂ1ﬁﬁﬁﬂﬂ1in tasnoaNu

{ o o a ) o v d
NINA .20 TT13!}1i]ﬂllﬁﬂ\i‘ﬂWﬁ\‘l!ﬂﬁ'ﬂ?]l,Lf)a‘lJ"mﬁﬁ"luﬁ"lﬁﬁJa‘U@ﬂiN aznoauu



143

A Y A a a Jd
ﬂiZ’J A HINGTHUNUD

v
v a % =

WeUFSnY Wan1 HaTusi 21 qanau wa. 2530 Adaniangunwuriuns @159

q

@ a v oA a a J a J
ﬂ?iﬁﬂ‘]&l']1‘11!1’?ﬁﬂﬁﬂﬁ?ﬁ')ﬂﬁiﬂﬁ?ﬁﬂiﬂﬂ!m@] T1VNAINTTUADUNIAUADT AUSIAINTIUAITAT

U

t4 a @

A~ = o < v A
PNAINIUNMIIMEIAs Y msAnel 2552 sinmduin@euTdsunsuvoasuinig
a d o w g‘; = =3 v Y =X ] Y] =
Inewdivd S100 umyu Al 2553 audeegiiu waziddninelundangasinemans
PTG a1913AINTTNSONAUIS N1ANDNIIAITIFNT AMLIAINTTUAITAS

4 a (Y] =1 =
PaansaiuyiIneIay Tulnsanyi 2554



	ปกภาษาไทย
	ปกภาษาอังกฤษ
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	สารบัญตาราง
	สารบัญภาพ
	บทที่ 1 บทนำ
	1.1 ความเป็นมาและความสำคัญของปัญหา
	1.2 วัตถุประสงค์ของการวิจัย
	1.3 ขอบเขตของงานวิจัย
	1.4 ขั้นตอนและวิธีการดำเนินการวิจัย
	1.5 ประโยชน์ที่คาดว่าจะได้รับ
	1.6 ลำดับขั้นตอนในการนา เสนองานวิจัย
	1.7 บทความวิชาการที่ได้รับการตีพิมพ์

	บทที่ 2 ทฤษฎีและงานวิจัยที่เกี่ยวข้อง
	2.1 ทฤษฎีที่เกี่ยวข้อง
	2.1.1 การรีแฟคเตอร์ฐานข้อมูล
	2.1.2 การแปลงวัตถุเป็นตารางความสัมพันธ์

	2.2 งานวิจัย และเครื่องมือที่เกี่ยวข้อง
	2.2.1 เจพีเอ
	2.2.2 โค้ดที่เข้าไม่ถึง
	2.2.3 เครื่องมือหาเมธอดที่เข้าไม่ถึง
	2.2.4 การวิเคราะห์ผลกระทบเมื่อเค้าร่างฐานข้อมูลเปลี่ยน
	2.2.5 ภาษาสืบค้นข้อมูล
	2.2.5.1 ภาษาเจพีคิวแอล
	2.2.5.2 ภาษาเอสคิวแอล
	2.2.5.3 วิธีการใช้งานคำสั่งสืบค้น

	2.2.6 เครื่องมือบีซีอีแอล


	บทที่ 3 วิธีการดำเนินงานวิจัย
	3.1 ภาพรวมของงานวิจัย
	3.1.1 ขั้นตอนการหาตาราง และคอลัมน์ที่โปรแกรมอ้างอิง

	3.2 แนวทางการพัฒนาเครื่องมือต้นแบบ
	3.2.1 ภาพรวมขั้นตอนการทำงานของเครื่องมือ
	3.2.2 ฟังก์ชันของเครื่องมือ
	3.2.3 โครงสร้างของเครื่องมือ
	3.2.4 พฤติกรรมของเครื่องมือ


	บทที่ 4 การพัฒนาเครื่องมือ
	4.1 สภาพแวดล้อมที่ใช้ในการพัฒนาเครื่องมือ
	4.2 ส่วนต่อประสานกับผู้ใช้ของเครื่องมือ
	4.3 โครงสร้างไฟล์โครงการสาหรับเก็บข้อมูล

	บทที่ 5 การทดสอบเครื่องมือ
	5.1 สภาพแวดล้อมที่ใช้ในการทดสอบ
	5.2 การทดสอบเครื่องมือ
	5.2.1 ทดสอบเครื่องมือกับกรณีทดสอบ
	5.2.2 ทดสอบเครื่องมือกับองค์กรจริง

	5.3 ผลการทดสอบ
	5.3.1 ผลการทดสอบเครื่องมือกับกรณีทดสอบ
	5.3.2 ผลการทดสอบเครื่องมือกับองค์กรจริง


	บทที่ 6 สรุปผลการวิจัยและข้อเสนอแนะ
	6.1 สรุปผลการวิจัย
	6.2 ข้อจำกัดของวิธีที่ทำเสนอ
	6.3 ข้อจำกัดของเครื่องมือต้นแบบ
	6.4 แนวทางการพัฒนาต่อ

	รายการอ้างอิง
	ภาคผนวก
	ภาคผนวก ก รายละเอียดประเภทการรีแฟคเตอร์ และคำสั่งดำเนินการ
	ภาคผนวก ข วิธีการใช้บรรณนิทัศน์เจพีเอระบุความสัมพันธ์การแปลงวัตถุเป็นตารางความสัมพันธ์
	ภาคผนวก ค รายการรหัสคำสั่งเครื่องของภาษาจาวา
	ภาคผนวก ง คำบรรยายยูสเคส
	ภาคผนวก จ ผลการทดสอบเครื่องมือ
	ภาคผนวก ฉ คู่มือการใช้งานเครื่องมือระบุตาราง และคอลัมน์ที่ไม่ถูกอ้างอิงในโปรแกรม

	ประวัติผู้เขียน



