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The structure type introduced in Java
Ho Suk Lee'

ABSTRACT

Java is considered a general-purpose concurrent object-oriented programming language. Its syntax is similar to C++,
but it omits many of the features of C++. Java is a strongly typed language. The types of the Java language are
divided into two categories : primitive types and reference types. Primitive types are boolean type and integral types.
Integral types are byte, short integer, integer, long integer, single-precision and double-precision floating point numbers.
Reference types are class types, interface types, array types. Java does not explicitly support structure type which
general-purpose programming languages universally support. Instead the class type in itself conceptually incorporates
the structure type. Therefore the programmer has to use class type whenever the structure type is considered to be
more appropriate for the simple structuring of related data types. But the class type and the structure type are
considered to be different data types. So this paper argues that Java must explicitly support the structure type so as to
be necessarily considered as a general-purpose programming language.
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Aok, 2 AL ¥lZ Java T2 doje HxpHQY
Ago2 ke C dololM(6) C++ A2 (7.8.9.
0.11) 283 C++ Aojeld Java A1(1.2,3.5)l
olz aayd dojo HAAAHE A ARY
07| =&t

A EEo] oju] C dojoly C++ Aoz wA
FAd thated e o] dn Y& Hoz g
C++ doj C Yol Tgatxa 9tk C dojdl A
A ME(7.8,12) o] EHHI o] A& classEhe
data typed T3t} FEI Hol C++ dojein &
£ ). Ao C++ Adols C Aojdl nl3lo
¢ Axen A Ade Fag a4 G¥PA
(polymorphism), €Ak F8A 9] (operator overloa-
ding). ©F&4<%(multiple inheritance)® Z& 534
& ¥¥stx it} (7.9,10).

Java T2aq dole C Adogt C++ el
a g T2t a8y C++ dejzt Axa 9l
T B3 dz5E §EA97]l HE EAES Java
Aol Egetn 3lA ot Java gole PRS- C A
o} C++ Aolo Hlstd ulaA ksl keyword
o] AHEE A2 E "ol 9otk Java AolE struc-
ture type, pointer type. template, operator
overloading, multiple class inheritance%2 574
54 7Nz Ydx ¥th(1,2.3,5). diAlel reference
type, graphics, multithread, multimedia hand-
ling. network 71%5%& 73 vk Graphics,
multithread. multimedia handling, network 7%
T2 oy 9FHA s8xeky] Hoke A9 Java Aold
o] WHY 847 =7 & Ak, AT
AAe Hdste Foy o ¥ v)ed x¥Eta ¢l
o}

Adole} 4F84FA AoiE HAN FEH 7@
o] ZEg AYx & A%E #(17.18). @A Java
A& Java 9019 /242 Sun Microsystems®l
FE% A9g wa ok ®¥% opjel IBM &
Lotus, HP, Netscape. Oracle. Apple, Digital
(24,25) 9 7|#o2REx 94 FH Adg ¢
o oltk maEkA Java Aol vlAle AEs] S0l

g & 4 den Lol M2 internet $&F

Java 4ol€ ol§3o FHsen 7] B dS
T2 &8 ZeaPe] B Aot

£ =78 ¢4 Java Aol9] EAES AMig =
2% Adojdy 7 F2§ HEo] data type F-
Ho|t}, Java <¢ol= primitive typed}t reference
types XY@t} Primitive typedl: boolean type
3} numeric typeol it} Numeric typedl:s
character, byte, short integer. integer, long
integer,  single-precision®  double-precision
floating point number?} %3}, Reference type
oli= class type. interface type, array type°] &
gk, zu Java dole YutH o2 genperal-
purpose T2 o7} AYsh= structure type
& AYsHA gt dalY class type©l structure
typed EFsld APde F22 Hol o aHY
class type®} structure typed M2 Aold data
typeoz #o@tt oA Java Aozt WA
general-purpose L2117 Ao|7t H7| H3ANE
WAl structure typed BAIHOE | Y3l= Aol
ulgzlslcin Q. o] =& structure typed
Java ojd XFA7)= AL AR

2. Java ©10{2| B3

21 Java oojg} 2t2Y &F

Java dole AAarE 7M. 9A @k C++
dol= #define. #inculde, #typedef 52| Uz
3 D don olF Az st Aol
A a2Q HAAYZIE /R AW 28y Javaw
#define W &5 dojg ®IME 7HAzZ gloH
#include 94 import 7} AHEEM #typedef
class7t Aoslo| A8dvk 3 A} Java source
codet= C++ source codedl ®lste] WA duAo]
lom 2ol 7HEA(readability)e] &2 Hol
ot o] Java ool C++ <dojoll A
header fileel &A3A et =EE AL
API(Application Programming Interface) class®l
Aoslo] glom classE HE 9 A4 (inheritance) &
Bt ZRaPg PG

Java ole YEF44(multiple inheritance)&



AYaA ged. EAESe 3EE FrE AT
M| 7L A o FHR BAE FEAE A
t}. dddl Java ol interface typed AH3o
dEAse adg dx ok Fzdd (20 3F
Ao fubAl7)e ZAEC] F AEEH ot

Java Aol QXA F3 A9 (operator overloa-
ding)& AYsA gt o] 54L& C++ AN
E dolt Aoz AAXR Ut} 1#Y Java Ao}
£ olg A3 geth olE UdlY Java UoE
C++ gojdl vjste HAdeiFTh

Java dojE function® A 3tA] gttt Java
dole 24 method?HE @l C++ dolde
functiono] o™ ti%o] Java® method®} FYE
member function® classoll Ea%rl. o2 <o
C++ ole MdHez BistA = Javade
function® ZA3Hx ¥ 22 methodtto] EAE
o} 8 Java Aol default argument®= X183
et

Java <ol template class®} template
functiong A ¥slx Fth o] 7ITEL AHEEII7E
ojg$9 o] 71552 olfdd AT YL 9
71% wi$ ol¥th

22 Java ¢0{2| 715X &%

Java ¢lol¥ 7|32 methodE9 ¥HE 3¢
na@t Java <dolE multithread® WY
multithreadel &l  priority, scheduling,
synchronization® AZFo2AM ¥d £3& PP
=3

Java dole TFA4e AgsHA ged. 23y
Java Qo) interface type® E&to] tgd<4at v
£% 7152 A¥st2 Ut Interface typeold &4
(constant)$} abstract methodZ TF4d typeolth.
Abstract method@ T#(implementation)e] 8§
method& @l t}2 classEL o|v] HAE inter-
face® A&¥ € methodS T3 AR +
t}. Interface type 7N'd& objectol thdtd A%
T8L Bgsto ALgds gzelgtn & ¢ Uct
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Java Aol C++ golo] EAlste d=2e A
(free) W#ol A3t gk=th. oidldl garbage
collection® 2|7l YA HoR AMgEA #o
24 t¢ vy #ale g4 F7HIR

23 Java ¢lole| &N &3

Java dolZ A T2aYPL class2W TAHH
t}. = Java ol A9 S AANY ZZ oY
olojojr},

Java ol C++ <oje] FEE FFFE o]
wotr a8y b HE B ¢4 3AE C++
Aol A3 structure TEO| Al C++
Aojo A= structure} friend function EF A
gl a8y Java dololMe structurest friend
function B%7} Aletden oldlel modifierg ol
A 9E - modifier Java 919]9] private, protec-
ted. public access specifierg &|9)&t - classel
)3t friendly accessE 82 2A structure®
class& A Y gle Aol o AL C++
dojgl Java UolE H|R3HE W FEo] A
HoFdtE Qe 2 F£E ot T FHoBE
AaFzxe 7% ZWA 2AHE Wxsn o 2
B0l ulZ class9 structure® B2 9VE &
Edte] AgaA goke Folvh(1,2,5). B =&9 3%
dA o] EAd tae N=EA hFr|2 . s
& friendly access& 3] €3l classe] Aot

class FriendlyData {
int x :
String s

public FriendlyData()
{
X
8
}
public String toString()
{ .
return 'x: " + x + 7 s "+ s

)

0.
new String ( “Hello” ) :

(0l 1) Java class®| friendly access
(example 1) Friendly access of Java class
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5 dA2E= YAHQA pointer 7Mdel AlgRT. o
Ae g FEG @ Yotk Java AoE classel
i3le] referencedd 9@ FZE #0224 pointer ¥
FE A derl =S gt o3E Ahe
graphics data 222 multimedia datag T%7)
A&AXE  referencedl g #Azx7t 7|RFHo| o
AE Java dolol =Y BAANA pointerdl 2@
=9} referenced] % F=22 UFolH e AE
referencedl] Q% FZ=2 FYEH»]) Hsid no A
Zojzln #adth Referencedl &3 2= A7 A
ZE G ot} 7|ES dolox, i EH C A
o}, functionol parameter® A@ste AANA call
-by-reference® parameterg® ¥g¥ + o} 18
U Java AdojslidE class. this pointer. pointer
variable, graphics data, multimedia data &
2= HFAANM class Aol st referenced]
g F2E A $22M referencel o =z st
9] 7 de 2 class, this pointer, pointer variable,
graphics data, multimedia data $& #H3¥
E=E ¥t Class®l H#HAH referenced] 2%
Zze HEAo g Qde Java Pl C++ Aol
Hlate oS 3EdF Ade d3dE A HAo

g F ok

}-&-& Java o2 FAE self-referential class
Nodeol g A9] ofojr},

// self-referential Node declaration  //
class Node (
int data ;
Node next :
Node ( int v ) { data = v : next
null : }
Node ( int v. Node nextNode ) { data
v . next = nextNode : }
int getData( ) { return data : }
Node getNext( ) ( return next : }

(of 2) Java 0{e] x4 &=E class Node M
(example 2) Self-referential class Node declaration of
Java

o) AL A8 class Node: modifier7} ¢l
£ class® Ao Uk o] A friendly
access?t 7F5# classd€ € 4 3tk &, class&
ol&3t] C++ Aol9 structuredt au BJE
function® F&# Zoltt. 181 Nodeol @ 4
A classol HatdME referencedl 9§ #=E 3t
7] W&ol Node nextztz AAF AL ¢ & Ut

UEE C++ AoE o] g3t glolN HHE self-
referential node TZE XA ootk Pointer
variabled tig zlolg & & A& Ao},

// C++ oj& AL4% self-referential Node #}
g7z Ad //
class Node {
private :
int data :
Node *next :
public :
Node ( int d ) { data = d : next =
NULL : }
Node ( int d, Node *n ) { data = d
next = n . }
int getData ( ) { return data : }
Node *getNext () { return next } :

(off 3) C++ 2oi Y A= class Node M
(example 3) Self-referential class Node declaration of
C++

AEHo 2 C++ dojo Wit & F ¥ ¥Ue @
FENE FAFT AR AFAY g E fgel
AE BEE BF gl 8™ Mo] g, = d& 9=
Cu C++ dojol= 4A3| goto &ol EA3I0 AL
g 4 gtk 28y Java dole goto BE AYsiA
%=tt, Javadl gotoZte keyword: ZAEATN A}
452 = g

AAR, Java AoJdME character stringol
C++ dojot= e mgoz Ay, Java dole
character string® 319 class2 mo}sie Ueh)
2 AHZFch o] Held] CuU C++ dojoA o4



library routine® AH&3led character stringg A
gE o =4 5 AD g2y EFE disidn
A, o] &L Java dol7t A9 gAG A=
3 QY-S JehiE shie dzta & 4 Qi

24 Java Runtime Storage

2.4.1 Java Virtual Machine

Java dolx= H¢(protection)® |24 (portabi-
lity) g A 23s7] 9439 virtual machine 7)
3 A3 H3). Java dol2 AAE TzaYe
£33 file format$! object class file formato] %
Al bytecode® WYV} Java virtual machine
class fileg Y02 2lo] X279 & £33t (3)

2.4.2 Java Runtime Data Area

Java dol9] runtime data areat 4 BE08 T
HEtH3). o] 4 BHEL stack area, heap area.
method area, constant pool °[t}.

Java Z27%¢ runtime data area¥® stack
(Java Stack)®& F42=2 FAHY. o] Java stack
< gyt Ax} A (procedural) T AolE 7
g o AME3h= runtime stack (& central
stack) (17,18)% Y& AeE BY. Z thread
£ Java stack® 3ty dEEth 2 Java stack
< frame® AHF¥l o] frame U9HAHQ activa-
tion record(17,18)¢} EYU% AHEEg 7kd Aez v
Qth. o] frame? local variable, partial result,
method invocation 183 return value 5& A%
gt ag3n Java Q9] F 9= o] frameo| heap
o2 FAsjo] ¥FET

Heap area®l® class instance$} arrayso] ¥9
59, heap areat™ concurrentd’d FH=HE =B
threadol 9l3ld F#Ech Heap areadl ¥%d
class instance$} arrayt © o449 #zxs} o]Fo]
Z|2 940w garbage collectord] 213le] 2HFzHo2
848t} o] heap areat concurrent accessE $
& monitor(21,22) &l $AsHA €t

Method areat heap area® ¥ REOZA 94
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concurrentdtAl $8EE threaddl 93t FHdd.
Z} class?} 7FAa 9+ constant, field, method
data, method code® A&},

Constant pool& ¥4+ HHAY e symbol table
3t v]&8 Aol Z classvldt 223 2} interface
it} #@gHe Z2aPqA  HeF constantEH

numeric literalEo] A3€ct.

2.4.3 Frame

Java frame2 4t activation record (17.18)¢}
v]%3lth, Frame? Java stackdl #3=H9 7
frame2 methodolA A& local variable, operand
stack, partial result® ¥ temporary areaS%
A3}, Operand stacke method®l argument®
32 method 38 A return valued HZd
=3

2.4.4 Object Representation
Class instanced] ti@ #=E object handleol
g pointer& &3} o]Fo|zth Object handled
pointere #Ho2A I W& oL g}
. Object handle
. pointer 1
. Object® methodE°l ¥ pointer
. Object?] type& el pointer
. pointer 2
. ObjectZ #33t7] $late] &€ heap
areadll & pointer

. z2a:24Y Aol M structure type2| 4

o] He]M= Pascal, C. Common LISP, C++
AoYoll A o|RA structure typed AdHm YA
AMra, opxeto 2 gtructure types] thd ¥HH
e (formal definition)ol] sl HHEozr Yut
Z2 7 dojollA structure typecl WHEA] WQF
oE e Ay

3.1 Pascal 2019 record data type
Pascal o9l FnER (13)91A record ABTX
o dde v go|] Mdgsim 9ok, PASCAL
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includes a structured type called a record in
which the elements can have different types. A
record has a fixed number of components, and
each component has a name, called the field
identifier. We declare a record structure by
using a type declaration of this form :

TYPE record-identifier = RECORD
field-identifier-1 : data type :
field-identifier-2 : data type :

field-identifier-n : data type :
END :

L4

In this declaration, “record-identifier”
represents the name we are giving to the
entire structure. Each “field-identifier” and
its associated data type is listed between the

reserved identifiers RECORD and END.
Example 1. Inventory information

TYPE INVENTORY = RECORD

PARTNUMBER : INTEGER :
PARTNAME : PACKED ARRAY
(1..20) OF CHAR :
PRICE : REAL
QUANTITY : INTEGER :
END :

ol2|@# record AETZo} e T o o
2 2AHg dyda g oge FnEd (13]44
914% Aolth. "We have seen that an array can
be a useful data structure because it allows us
to form a structure in which all of the items
have the same type. There are times, however,
when we want to deal with a structure that
contains elements of different types. For
example, we might want to maintain inventory
information in the following form.

Part number : 43754
Part name : brake shoe
Price @ 15.75
Quantity : 12

We want to keep track of four different
pieces of information, and there are three
different data types involded :
and char (actually an array of characters).
Multidimensional array will not be helpful in
this case, because the individual objects have

integer, real,

different types.

ol4el dHolA Pascal®] record typed Aol@
data typed] elementE2 FAHE T2E Addsin
g 4271 e 9 AMgse Ag & 9l

32 C 2402 structure data type

C dol9 FnFH (6)9M structure ABT =0
st thest Zol s gltk. "A_structure is
a collection of one or more variables,
possibly of different types grouped together
under a single name for convenient
handling.

283 structured] FHo digdME ta ol
Agsa gltd. "Structures help to organize
complicated data, particularly in large
programs, because in many situations they
permit a group of related variables to be
treated as a unit instead of as separate
entities.”

Structured}

struct date {

int day
int  month :
int  year :

"Keyword struct introduces a structure



declaration, which is a list of declaration
enclosed in braces. An optional name called a
structure tag may follow the word struct(as
with date here). The tag names this kind of
structure, and can be used subsequently as a
shorthand for the detailed declaration.”

C dojdxE 6L 2938 structure types] B
Aol o] dgs o

3.3 Common LISP 1019 structure data type

Common LISP (15]9lM+& structureg o3
o] dwgsln 9ok "All structures are defined
through the defstruct construct

defstruct name-and-options (doc-string)
{slot-descriptions}”

This defines a record-structure data type. A
general call to defstruct looks like the
following example.

(defstruct (name option-1 option-2 ...)
doc-string
slot-description-1
slot~description-2

The name must be a symbol: it becomes
the name of a new data type consisting of
all instances of the structure. The name is
returned as the value of the defstruct form.”

agx g A de o9& 2o

(defstruct ship
x-position 0
y-position 0
x-velocity  nil
y-velocity nil

Java 210401l structure type2l T2 1889

mass 17000.0

)

LISP dol& 34 T=ad™ Ao(functional pro
-gramming language) 24 property list& struct-
uredt Hl&3 2Hoz ARRsgd, a8y HaH 5
A (procedural feature)e] o] E£¥¥ Common LISP
ol structure typeol EA39 I olfE M2 E
data type® Ae3tr] HE Aoleta Mgt Sich.

34 C++ 21019 structure data type

ZEH (7.10)0 C++ A9 structure?} 474
o] gt C++ <dole CE #3437 dojo 53
Aols] FEEQA FHAA structured Fulsld class
€ T3P WM C++olAE structurest class
£ A9 §d5A AHE-E. C++ ool oA str-
ucture$} class® ol thg F74Ad gt} AdA:
structure 7|23 22 (by default) public accessi
-bilityE 7FE ¥ classt 712322 (by default)
private accessibility®& 71t Holth, o &y
£ structure™ dataZ% PAHE @Y classt data
s} function (C++ A& data member®} member
function) 0.2 FAHch= Helt} )

&, C++ ole structure®} classzrel Mgl
apolg A JehlAl @x k. AAZ C++9
reference manual(7)ME ohg3 Zo] 493z
Ath. "A structure is a class declared with the
class-key struct: its members and base classes
are public by default.

gy agdx 8331 C++ ol structure
9} class $71A B5E A¥&a gt o] A& §A
Ho g structure®} classte] o] A& A= A
olgtx & 4 gt}

oAbl A}, Uuk MAN =zl JololA struc-
ture typeg Ao AMg3le ol A2 BHEUE
data type& 3dhhe) @iz T3S Y23 data
typed A7) A% Aozl AL ¢ + Ut

35 Structure data typeoll o 8t formal definition
FE8 (14)90M+E structure data type(F2
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record type)dl ozt ciFal o] YAHor
(formal) A2j3dtn Qic},

. Definition

Records :
Let s, s2. ... sm be distinct
identifiers, and Ty, T2, .... Tm type

identifiers. Then

type T = records s::Ti: s2:Ts:

83:T3: . .. 8m'Tm end
define a new type T. The type T is a set of
m-tuples (x1, X2, ... . Xm) where xi is of type
Ti., for i = 1,
terminology of mathematics, we say that T
is the cartesian product of the sets T,, Ta,
. » Ta. Components of the record-type T
are called fields and the si i = 1, . . ., m)

are called field identifiers. A variable x of type

. m. Employing the usual

T is an m-tuple of variables, where the ith
component variable is of type Ti and is
denoted as x . si. Thus we can manipulate the
whole structured value of x, or select a
particular component of it, and manipulate the
component.

o] el structure”’} cartesian product® A4
] & UeE 1dF3 Qv F, structures ¥4 1
etejol = AolF data typeE9 cartesian
product® 3o ¥glz FolA Jehle Aojrln
FEAL F vk FEE FL o HYE cartesian
product®} BHE operatione THFHT A Gl
Hojr},

a8jB2  structure® cartesian producte]®
structure® FoY =, NEHE cartesian product
9} 28ln #¥E operation7tA A vzl AR
A Ak AL, FAAA 83 #A3Y] A, &
431 BAE BE 99 & v s A=

 Aojlgtn & & g BE nasidel e A4
7} A& cartesian productdl RA$ole M5 F
= dAAR, dutHow qdolo} ste AL F7t
B cartesian productdl 2% a2Z structure®
Aoste AHolA 89 ZE A7t motEA gL
AfdE oEE dBo] EAY 5 vt

3.6 Object-oriented ¢10{e} F7HX| 2jo] =W

FaEd [(23)-%E object-oriented dolol what
o FrH2 onrdg AAED Ak e closure
modelelR ThE 3h} data structure modelolth.
Closure model°]@ functional programmingdA
operation A%e] “side effect’® encapsulates}”]
AA3te] o @F<t AHEE wdoltl Data structure
model®|# datas} operation® A Fold Azst
t 2924 $gy} 43 glE abstract data type2)
A3 vi&attt, A7l F58 JL o] F /1A 2d
B% data®t operation& A HolM nEFd: A
ojck, 283 o] Frhx TR Mg Ay 5l 2
Alsbe Aoz FuE|e] gl

289 classd] AEL TS/ Classt 71823
22 class instance(object)&9] g 9n|Fc}
a3 object-oriented Aole QJuiEdL AwE
W, class type® data structure modelo] 7}7&
RE ¢ F Sk, 2398 classe ol # class
instance® A4A7L UE & Y& 71%5E 71RHe
2 JHm Qojor @t} 3U3 classt datast
operation® ¥4 ¥ & = Aolojof Fr}

23y structures § 3589 olojM d¥ B
$t%o°] cartesian productel®, classs}= @2 23]
2 data®} operation®& A HAY F gl A%
AHgEga 5 gt

37 Java &0iol structure type2l T¢

Java doldlM structure type® AHAlE o] &=
g3 2dn A8 F, class typed} structure
typedl vi&@ 43¢ U 8usd Y43 o=
e, 284 Java AoJlA structure typed
ok thAl class typeol A3 structure type®
dAlg 5+ Aoz #ad QA o2 Az, oA wdg



9. modifier’} £A%E classE friendly classZ
3t structurest & ovj2 A 4 Qlokn Azt
B2 2d gy ojHE "o we 2o
class type %ol structure typed F-z3tA T84
71 AAE B Ao By,

Class& object(class instance)& TA37] $3%
Aelth. Classt data® methodE 374 Hosizm
encapsulatedt] object& A&7 Y& Aot} 2
24} class typeddl structure type$ THAI A
€ class® F7H BAH Z object® Aoals) A%
=243, d¢s BAUE data typed e wgz
T3 M2 data type2 Ad7] 9% oA
FHez AMgdle Aot F, classT:  she
syntactic construct7} F7Hx 2ujg AlLEE Ao
ot o] A& ¥93 class® structure Atolo} THL
g}t o] EFE friendly classagts Ados o
due dou ugsgnes AZEA =g gy
39 object& A7l AR class typedt HE B
AE data typeE& M2 FoJM e M2 S data
typeS Ae3}7] 1% structure typed B93 Az
02 data typeolgta 47s)7] wZolth, Structure
typedl g 4% 2 o= 31N 3.617RA RHA
& duugct waly Java AojolA classe] Al
structure type®] g€ Ealsle structure type
< A Aodte] =9dte Ao) uiga & RAojt}.
&, class type®} structure type2 M2 O data
typeol® class7} structured ¥¥sh= X mAof
e data typeol ot HE ng #gAd gle
data typeoleta & 4 9t}

F. Java <QoldAE modifier® o)A g
classoll ™3t public accessE at& Whie 383
o.24 class?t vbx] £ structurest & YH=Z
AH4E 4 JAEE %Y. a8y} Pascal, Common
Lisp, C. C++ 283 3.58lA structureo] =j¥
B4HQ AdE AWEW structurer 7] g
data typeg Ad o8] dataEL e gz 1A
o] AZE data type2 Folde JEL = AL
& & Qlt}h o] A% structures data29 TAHE
Zo| elgsic) ALt
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4714 class9] 7033 entity(19)8 7ol oisted
AZsle Bz,

(1) Classt data$} method& encapsulatesie]
T4 ol 4714 datast BEE methodol tha}
o Azt B2 927t ARA datas} 2)n #YE
¥ method& FAlo) W&3] B £ Aerl? of A
Tol g e o} class7t 4303 QIgH o
Aot Aoleld method® F4Holn A¢Hos 3
98 + A7} W&, data®t methodE 2 mas
o encapsulatedtd FTHOE classE FAYE 4
A& Fojt}.

A714 classt H<# AQYLE entityshe Ade
A2 & ik o] F A 25 ol gag slad
€ Holth. 18{d I ol Folgln 4 Y=
ClassE AZ4¥ © method® 7 m# P entity
g 4748 dx methodE 7 nald + Y72

(2) 289 entity@ F9271? Entitye dutze
2 AA AAd EAss dde Jkede o Ade
entity/relationship model2 & «3&A U}
EntityS} relationship& ZT2® (19)) 2w #
o] Aols]o] 9t} - entity as a thing which can
be distinctly identified and relationship as an
association among entities. ©] ZA$o] oJEA
entity$} relationship® data® method2 #be}d
T A=71? £4 entity7t AAAA EA4ss ool
7] g 1 £4& J9des FHE= Hol 4A
%ok dSo] AN A= SAdEA gL 4 g
o AZo] Bgo) wel 2@ AFgto] upH wal W
& & gk @AM o] A¢ data®t methodE §H4
encapsulatedte] AMgstga = AL fg vy ¢
AA BE A9 8 A s Aoy Az
o] 55 wa}t 2zln #AY 384 me entityd
&4o] 24 Hetso] method?} BE 4 Y7 W&
o wigAsittn €A ged. ae o ¢
class{¥ #4% encapsulationBTHE structure®
o] 834 entityE UehlE Aol o uigIY Ao
AZdd

Pascal, Common Lisp, C, C++7} AZse
structures HI2 o|H Ao HLso ALY 5 4
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o} Java dojdMe o]d AL-E WA a1y
Ao dEF ojfet Zol structure’t WLH A $
T ®ol EA43ly] dE Java AoldAM class7}
structure®& F73 AL An=Hojol & Aot} Java
A0}9) classE A method7tA EFAIAL stz
S8l wet 47 A&7 o3 ol LAY F
= Y. &, class type¥ structure type2 A=
& data type°l® class’} structure® E3=
EY @A A= data typeel ol M2 B B4
o A+ data typeoldtr & 4 gl 122 %® Java
AojelM classE <8389 structured el =z
# AL 7 Zolgln A3 structure typed thAl
CEYHe @z Ped. oA =dde A¢
structure type2 reference typedl XA|7|& A
o] g¥ Ao},

ojAl ok Al Z2aY (o] 4) (o 5) (A 6)&
AR,

//  C++ program segment
#include (iostream.h)

struct Time {
int hour :
int minute :
int second :

]}

main()

{

Time dinnerTime -

dinnerTime.hour = 18 :
dinnerTime.minute = 30 :
dinnerTime.second = 0

(of 4) C++ Z28 MOHE
(example 4) C+ + program segment

/!

Java program segment

public class Time {

private int hour :
private int minute :
private int second :
public Time( )

{ setTime (0,0, 0) :)
public Time( int h )

{ setTime (h, 0, 0) : )
public Time( int h, int m )

{ setTime (h, m. 0) :}
public Time( int h, int m, int s )

{ setTime (h, m, s ) : }

public void setTime ( int h, int m, int s)
{
hour = ( (h)=0&& h{24)7h

10

minute = ( (m >= 0 && m (60 ) ?
m:0):

second = ((s)>=0&&s{(60)?s
0)

}
public String getTime( )
{

return ( ( ( hour (== 12 || hour

==0) 7?12 : hour %
12 + 7" +

( minute ( 10 2 “0” : ™)
+ minute + ":" +

( second { 10?2 70" : ™)
+ second +

( hour { 12 ?2 " AM" @~
PM") ) :

(0 5) Java T2 MIHE
(example 5) Java program segment



// structure® EHF #99 Java program
segment

public class Time {

struct time {
int hour :
int minute :
int second :

public Time( ) { setTime (0, 0,0) : }
public Time( int h )

( setTime (h, 0.0) :}
public Time( int h, int m )

{ setTime (h, m, 0) : )
public Time( int h, int m, int s )

{ setTime (h, m, s ) :}
public void setTime ( int h, int m, int s)
{

time.hour = ( (h )= 0 && h{ 24)

2h:0):
time.minute = ( (m )= 0 && m (
60)?m:0):
time.second = ( (s )= 0 && s { 60
)?7s8:0):

public time getTime( )
{

return time :

}

(ol 6) Structure® E8t8t AP Java T2 A1

HE
(example 6) Java program segment with structure type

A T2 () 4) (d 5) (d 6)L vlEsld B
A A Z23Y BT time ol ARTZRE dFn
et Time ARFZE AF ¥4 hour, minute, 1

Java 210401l structure type@| =@ 1893

2l second® TAEY. (o 4)& C++ AoE o]
f3td] Z2aPg AP Aol C++  Aojg
structure data type® ©|439 hour, minute, -1
2]2 second 7} 34| Time ©l&= structure® T+
450} Atk (o 5)& dAe Java AoE ol &3y
¢ z2aPelt). Time ABTFEE classE ol
3o Aejstslen A4 M4 hour, minute, 22
second 7} 312 FAE ] 9IX gu AdHes 7
4o} qlet. o€ A4 W4 hour, minute, 1T
second7} M2 A7} ke A& 23] olF Wi
ol§to] Yehn gt ek olE M¥ge) ol§E
EF uEOY o]go] NE BA7} e S WFHE
A& Ao A& AA ZTaaPe] coded AWBA
FIAE oA o o] AL Y =z 7}
=4 (readability) & A&l 29 A} Java ¢
olg ¥ Z2aY9 JEANS YA Yy
= EFE AYLdes 9Ag & dd ¢ o
C++ Adojo] TEE ojo] ugtor} AlRE7) ofn
EZL oAl FES A4 AolglER], <n]g
Ago] vi9 EHF keywordd AHgol@HEA, multi-
ple inheritanced] AHAlZtEAFo] djEHQ Rojth
a2 class typed ©l83lo structure typeg Y
Bjeln As@ozx Z2ae] slEAd dgsle
AGE 2% AL Java dol9) AvtEQ EAsne
o]&2A ¥t Aolgln 474,

47 £ =8 3.1894 358744 1o F
50| structure type general-purpose == 2™
gdojel] glolME AR TR FF ZdolA Wz g
823 data typeoltt.

(el 6)& structure type2 A¥3l= Java ol
A4 Z2adeld, A4 AY A+ ¥ hour,
minute, 123 second’l structure® TFAHo|
timeoleh= ol§o2 MU= 1 Az T2 P9
7HEdol WA FAsten ARTRe THo] A
Bold S ¢ + At 8o method® Y
W% structure timeg AH AMEY 5 U7 HE
z2 e F2E W4 7dsl &L ¢ S QUrh

o) 3.1l 3.44871A4 gyt TgEagY dojd
A structure type® Foale] AMgshe olfol it
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of Amugton| 3.58dM structure typee] #AH
Helo) cistdM= MUt 3.68AM  object-
oriented ¢1ole] oju) & majdo class typed]
A3 structure type®] @& th2rks AL ¥
st 2eln oA Java 9] class typed &
A, class A entity N9l zeojdH, 2z
entity 71d# structure /499 A4 & M3t
gt a8l Java AAE &t structured A
ojste] AREateE dl(e] 6)E Bl structure typed
A A9 Z2aYE A7) Rl T2
a9 F2x YEFAALE Hrt.

olAe] =o]2RE Java Al class type ool
structure type® WEE Ao U= o] Ht
stk dEd =gt

43 &

Java Qdole C++ ol Hlstd ol slido]
2qgz, e, a22gn $Y959 Yot Java 9
o] FEE sz §d=ol dem keywordd] AHE
< Ad2sE Rojr}. Java o9 A4tAH(operator)
S C++ ojol Hlzte] 47t Hom B9sit} Java
z2a# doli= object-orientedness NI& Hd
g M8 dojo|r}, RE ZT2IPL classE TAHE
t}. Class®] FZE C++ <ojo] ulzted desty
class$¥} class& FA3E methodE2 |89 block-
structured 22 Aol9] block?] W& Bol
EpicS

Java® o] 7d(language concept)2 ©] Al
9] graphics, multimedia, internet &%, client/
server $84€ A&HoZ XYY F ARE A
itk 28 ol& §std Java Aol concurrency
T A4z ok olF o8 A $LES HE
API(Application Programming Interface)™ A9
Java ¢lo] Uyt a2 Q4" v AFALYA AHE
4 U=SE JYsn o

a8z Java gole H¢(protection)d oj4A
(portability) & $18le] Java virtual machine W'd
g o] &3l EHacE APAL. Java AolE o)

& 223 AL L C Aot C++ ojo ujst
o 2 zlo]= gley} virtual machined Y22 &
HAF=E P87 did 2] FYde i
7+ Nzto] o 28%¥ 4 9tk 28y Java chipel Al
Axlo] AHEEE o] FA= ddd Roeg JuEn.

Java Qo) JavaScript (16)9} Z& internet
284 98l AAE dolo vjsd Uy & L2
dx Aud £ =2 A=Y v gEkA ¢ Ao
U C++ dolgt o] A48 & vt R
Java doje o Ade AT FYE 2dn &
Qe 8 Zaad g @73 AU st g
2 ZyA A4E g Ao yjgdr.

gy Java AdoloiM structure type# class
type 7HdE FYA 8o structure typed class
type S0l 9As LA 4Fe FRE AZolen
Bt 2804 structure typeel i@ MdEa
class typedl tid dgolM H#EglRe], class
typed} strucutre type class type®l structure
typed Efsh= T BA de Aol opEt, A2
o] dgto] tjay] wWEd ANz 2 #AA U= g
olgt= o) ATt wald Java o7t AAE
general-purpose T2 Aoj7} Hr) HAAME
structure type® class typedlA E&dd AHEA
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