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ABSTRACT

Web-based applications development using object technology is a promising
method to significantly improve the systems development productivity. However, its
touted benefits have not been fully realized due to the lack of conceptual object
modeling semantics in object-oriented programming languages such as Java and an
impedance mismatch between programming languages and database languages. We
propose a set of meta-classes in Java to support the conceptual object modeling
semantics and to provide standard user interfaces in HTML. A system developer
can efficiently build platform- independent object-oriented web applications by

re-using these classes.
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WA Z2A 20 JgEe Aol ofdel, ALEal A Fo]2Y nE gojd BE
Moz gwr] MBI Eg oA AAAY Aetde] £RH FgL

7 3

2 0
e o o

il
s

A D FHANS FHR2E ABEAE oo 2oiA Aot AR 4B
88 29 99 WA FEAA oI g ARsols FRelHY LAY
=3

offl FAEE a7l H B AFAME JavaE o] &3] UML(Unified
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A G Aoi7t AGH M wde ofn & Az AYsA R EA
£ #Asy] sl Marche} Rho[1996, 19981 "2 A A Y ZzaeY <do)& o
£33 Ad3 delyg 2d T3 @i d7(A Semantic Object-Oriented Data
Access System, SOODAS)'el A E-R W&z AY +&2 Ao doj& Adst
= de} FWA AFS Attt SOODASE AA 2d £ dolg 249
9] 2 #X, JdEY FAA A B4 sioldeld 238 3T A9 A
Z210% AY@nh =g ofd Ao darsos FIFE F A dA A
= Aol ¢lo}E A F3rh FA T SOODASE D7k ATHL 74z e,
Ao G AA4L Smalltalkr}y vl=ge o EFhe H, 581 49F 4
Aoldeox FHARANETGE A Folth
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JIDBCY J/SQLE ol & & Java 7Ik ¢ oiEHA )M AdaA Aiats
SQL3} Java RF& Lofoldt vk ofuz), Zzbe] ool ofEA |
ole}7} o LA EEH ook Al AR &aobrt ghri{Javasoft, 1998].
olgd FAEL | ZA37 8 Javasofix FAY dlojebule]l 22 wlojete] W&
3= Java AHEF AF o AAFE JavaBlendE ASEF I Y
JavaBlend 3 29 7T ek AT AL ZAES A= RIAth
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1. Object System

2y 194 BgAE A3 o] Object Systeme UML @28 = 937
Az 4789 Aut FdlA —ObjectBase, PermanentObject,  DomainObject,
Relationship—=. 7/3¥°] St} o] FH2E9 HFHA REE javalang Object
o]™, ObjectBase} PermanentObjects o] & Ap<£%it)

ObjectBaser= A AE B, HA ALPAE XYY @4 748 A

s

2eox BE AHEL collections[Lea, 1997] 47| #1¢] RBMap Fef~9 A
H22 {25 a2, PSE for Java[ObjectDesign, 199819 = A¥ o).

PermanentObject= Z47te] Aol F£4E F @t BF A A2W2E
F7h =3, 248 F e 7]% —Addinstance(PermanentObject e),
Instances(String className), FindInstance (String className, String anID),
DeleteInstance(PermanentObject e)—= #| T 3t} o] W AEE5 L ObjectBased )
A2EE o] g3t AAEr) PermanentObject’= FH2Eo] E-R WHE 9B
AEAE AYHES dOE F¥ N2 P o] HiEE AHE 7
¥ 23¢ FAsE H g

UML % &9 type o]i} classel]l sl@ste ZE Fe2(dS S Employee
L} Department)= DomainObject2] A B F e Aot DomainObject=
PermanentObjectZ 58 FHAH S 459 =5 AN BEE RelationshipS) 2~

HXAE $93lE Relationships(String className)S A & 3t}
Relationship& PermanentObject2] AP E# 2 E UML BIHE 9 Associationg

A Y&}, Association2 o] Fa29 AdAvl~g Aol g} March and Rho, 1996,
1998]. z} Association o] &(name), FH g Z 7 2(classl, class2), Multiplicity A
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o|(minl, min2, maxl, max2), ¥ & o] &(Namel, rName2), FEy el~El o] %
(instancesl, instances2)2. 2 4 ¥ T} Relationship& A2l AAwl~E A4 s} 7]
9% AWARZ AFF £ EE Association HolERel AleFx & FAIFTH
w| A~ = checkRef(il, i2, rName2), checkMax(il, i2, rName2), checkMin(il, i2,
rName2)= zbzt 27 R4 27, Hol sidQed 24, AL s g £
& g

2. Interface System

[

-

Interface System& SIAE 22 dgkz #HE AT HEE 7153 %

N

Haol2g ATk, 4719 Java Servlet F el 2—DomainObjectinterface,
DomainObjectAdd, DomainObjectList, DomainObjectDetail & FAHAHEE  2)
Interface System®] E& FdAc Jjavax.serviet HipServier®) A B.3 e = olt}. Java
Serviete @A A FHoz zE" £ U MuAel= ARt

{Javasoft, 1997].

DomainObjectinterface’= A && 7H5 ¢ Himl & 2o FAHAYAEAY
greg A4 9E, 3, AAE 98 48 T $HHE ATEH
DomainObjectinterface: DomainObjectAdd, DomainObjectList, DomainQObjectDetail 2]
3 F ot

DomainObjectAdd’= DomainObjectinterface 258 &% v Add(String
className, PrintWriter out)Z o] £&ta] Q2EBIAE F715l7] ¢ 3 HTML A
9l 7)1%-8 A|Fect. DomainObjectList~ DomainObjectinterface Z5-E] 3& ¢ d

= List (String className, PrintWriter out)& o] f3ld dAElA AME I~
e3tn, A4 ez Zorir] 9% HAE A & sttt DomainObjectDetail &

DomainObjectinterface 2 %€ *3£% v 4= Detail(String className, PrintWriter
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out)z ol &5t A2TAE 4, AAE7] g HIML EA%G 7152 #3%
.

IV. A2l 7E o

= UML 9P Eo] M 9 type/class& DomainObject?] X B e ~=,
associationg Relationship®] A~ A2 Ao I N 44 ZTEEEQ (prototype)
= T8% = 9ok =3  Interface System2] e 2 (DomianObjectAdd,
DomianObjectList, DomianObjectDetail)E 414312 2% HTML HolE3 Z 34
o BF A8 AdHHIAE THE 5 Utk o)¥l Ao M= Object System}
Interface Systemo] o]|® Ao g 7 39 A 2d o2 ) fZ Ao o

2 Fdslcd AF2HERNE BY Ao}
1. UML W £9 A9

1.1. Type/Class, $]% 21¥z}

Type/class= DomainObject2] AP g 22, HA& A2E A wig 1y
gk o5 Aude g Fdae) d2ys fasd d2 FegozN T
ek Fes 48 AW W52 7YY 0y 39 mplopee= o7 2
ol olftt. okl oA Employeec] 1% ¥zt encol 1, id()i= eno2) g
SH =S Ao Ak id(Q7t PermanentObject?] F4 W) ATo|7] wi o,

& Feat 0T A2HA Wasz wEa gefdol @k

public class Employee extends DomainObject {
I/l instance variables

public String eno;
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public String ename;

/! instance methods

public String id() {

return eno;
}
/! class variables
public static double FitPerExemption;
public static double FitRate;
}

1.2. Association

Association2 Relationship2] 912®122 FE Pt AAYg A4 o3 2
< F FH BAAE T o)F4AA "ok = role nameo] F A A o
Ae Aol AEEHA, b Fus role namee] FolFd Gl ARR-drh
Employee®} Department Alo] 2l association2 T}8-31 Zro] Helwrh AWA &&
o] F o] Reportel, E el Emplovee®t Department Abo] 2] A 28 association2- A
A, Zdl~ o] 5<%l "Emplovee"#} "Department”= role name2. 2% A& 3o}
Employee2] Z o] multiplicity, &4 multiplicity= 7zt 03} 1000°)=, Department
o] ] mukliplicity, A multiplicity+= Z}2} 13} 10|t}

Relationship r1 = new Relationship("Report", Employee, 0, 1000, Department, 1, 1);

Relationship r2 = new Relationship("Manage”, Department, "DeptlnCharge”, 0, 1,

Employee, "Manager”, 0, 1);
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Association A A A (recursive)d = At} ol#l] ool A OrgStructure:= A #
# associationo]t}. ¥ Department % 3}it}i= ChildUnit(3t9] H-A)e] =38 3w,

o2 Fue ParentUnit(d 9] FA)e] 9d& gt

Relationship r5 = new Relationship("OrgStructure”, Department, "ChildUnit", 0, 1000,
Department, "ParentUnit", 0, 1);

Association?] Aol & A A7) YMME DomainObjectd) t}E AAE A9
ul 7} A 2 Relationshipo] WA= AddInstance(PermanentObject e)7} H. | zjoL
.

Relationship.AddInstance(r1);

T A" A~F Aeld associationo] wit A:237) YEAA S Relationshipd
Z#d2 uwWi= Connect{PermanentObject il, PermanentObject i2, String
rName2) 7} B jzio} ). ol oA AHA ZA$L= Emplovee Q2FX el
3 Department Q1 2¥ 2 d3E A A=, o) d39] role name "Department”7}
g, FUA ASE Department Q¥ A d13 Employee Q224 e5E AA3)
=d], ol e5¢ role name2 "Manager"7} HUl AMWH A= Department ol X~
B d13 28 AAFH #AZ2 42, old) d2¢] Role Name2 "ParentUnit”
7} g}, o] o Relationship& 3z FA4 A3 AW, A multiplicity 238
AP

Relationship.Connect(e1, d3, "Department”);
Relationship.Connect(d1, e5, "Manager"};

Relationship.Connect(d1, d2, "ParentUnit");
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1.3. Generalization

Generalization® M EE}QIS  Suede]  AnZdrz  gosim,
getSubclasses()& +Heqle] Qav~ WLED Fogozn FAAG. AnE
Y FHEYLERE BE ¥5g fasg A&530 o) o MEESd 16
& WFE ARZdads A5, £780s 2 S0z AFae An
B vane £HEYY Hans Qv o] S(override)dtAl ®rh MEEY
Ateld] #A7t partitiond A obdXE HoFr] AME FHEIY] FYx
A 4= Partition®] #t& AT olel vl Employeest X BE+%) HourlyEmployee

o} SalariedEmployee ThS-3} o) Aot}

public class Employee extends DomainObject {
// define a method to answer Subclasses
public Class[] getSubclasses() {
Class[] subclasses = HourlyEmployee.class, SalariedEmployee.class :
return subclasses;
}
/f instance variables
/I class variables
/I constructor
Employee() {
Partition = true;
}

!/ instance methods

public class HourlyEmployee extends Employee {
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public class SalariedEmployee extends Employee {

2. AR Qe H ol 29 By

3 FH2g AAHAEY od A& QHH | AYE  DomainObjectList,
DomainObjectAdd, DomainObjectDetail € A&3to g AAgg., A9
A2g 25 FHEH2Y g2 E F3 #HAgdd A& E9
HourlyEmployee®l SalariedEmployee Q25L&  Employeelisi, EmployeeAdd,
EmployeeDetail 31 E F-8 2" & Urh

2.1 A 4 gde A4

e

Employee A%~

'
=,
[
e
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[>
r«O
[>
i
[»
i

F7tat7] 9% 71E Holg
AE Y (Employeeddd) the 3 7ol DomainObjectdddE 4O 2 MW A9
Hoh(2d 4) ARZY2E 7HAE Ao 2d2E AYE 9, o4 g
o A2H2E A AIAE AEss AL A FHIE 5).

public class EmployeeAdd extends DomainObjectAdd {

public void doGet(HttpServietRequest req, HttpServietResponse res)
throws ServietException, |OException {
PrintWriter out = new PrintWriter{res.getOutputStream(),true);

this.InitContent("Employee”, out, req, res);

public void doPost(HttpServietRequest req, HttpServietResponse res)
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throws ServietException, I0Exception {
PrintWriter out = new PrintWriter(res.getOutputStreamy(),.true);

this.Content("Employee”, out, req, res),

doGet(HitpServletRequest req, HttpServletResponse res) o 4=
o] GETY 7% ZZdrvl doPost(HttpServietRequest req, HttpServletResponse

res) M= AEH4 o] POSTY o &

22. A3 Pd2E shdol AA
RE Employee A2-H2E 712 2| 2=E 3} (Employeelist)E Tt}

-3t 7o) DomainObjectLists 5302

i

Folg). MA gae Hde ofd
3l

Zosoh HEZgas 2 Q LA gA BWoR Eol

7te 4328 A FH (T 6)

public class Employeelist extends DomainObjectlist {
public void doGet(HttpServietRequest req, HttpServietResponse res)

throws ServietException, IOException {
PrintWriter out = new PrintWriter(res.getOutputStream(),true);

this.Content("Employee”, out, req, res);

23 A A FgHe AA

Employee 1 2~®R A& 4, 2A8t7] A5 718

AHA &3 (EmploveeDetail)<
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n} 27 R 2 DomainObjectDetail-s &30 2% zvzh Aol Ach(1d 7).

public class EmployeeDetail extends DomainObjectDetail {

public void doGet(HttpServietRequest req, HitpServietResponse res)
throws ServletException, IOException {
PrintWriter out = new PrintWriter(res.getOutputStream(),true);

this.InitContent("Employee”, out, req, res);

public void doPost(HttpServietRequest req, HttpServietResponse res)
throws ServletException, IOException {
PrintWriter out = new PrintWriter(res.getOutputStreamy() true);

this.Content("Employee”, out, req, res);

V. 893} o] % Ay W

BoAde A% 9 AEAANY AEEe 057 A% Java 2o
£ A%E AGss. Object System® UML WHEL olfatal AAF Ao,

T, H22 F d' F2Y 715 e AFD). Interface System Java Serviet
ol-&3steo] A el FW AR AP B AFE SOODASY $842 A
gdstir, ¢ dfE= Al ML Y BFoz AFsY

ey B AT A2de B b ABHE A3 e, oAl ofF
AT ware Ygol @ Aotk A, WA AP Aol dojg AT @
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=1}, OQL[Cattell, 1995]7} Z 3& AV} SOODASS} #42 2ol Heo] o7 7Y
drxjolol ik A, FA A~ MA WE{Rho and March, 1997]& 2 &t
2 et 2 Hwe velFd s AL Ss FdstE = Aok o A

Al <] v)(update semantics)® A et A Heo] xAsolop & Aotk
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i javaJang.Object
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I

: ObjectBase PermanentObject
LFiIes ] ]
¢ LoadData id
i SaveData File
. File Instances
| NewFile FileName
I AddInstance AddInstance
| Findinstance Einldlnistance
eletelnstance
| Delescinstance AddClassVariables
DomainObject Relationship
Partition name
SR classl
Attributes Namel
ClassAttributes minl
Relationships max|
getSubclasses instances|
class2
rName2
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max2
instances2
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Connect
className Disconnect
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java.lang.Object

javax.servlet.HttpServlet

DomainObjectInterface

Header
Footer
List
Add
Detail
MsgBox

A

DomainObjectAdd DomainObjectDetail DomainObjectList

Content Content Content
InitContent InitContent

AddlInstance Updatelnstance

Deletelnstance

229 2. Interface System®] Ee#j& ASTZE
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