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ABSTRACT

Resource Management is a principlé role of computer system for the best quality service and
corresponding to user’s requirement. Concept of evaluating amount of resources can be used for
resource management because the system can use information from this in decision support and can
help system’s resource management for the most efficiency. There were related works that focused on
evaluation at runtime that cause many problems. Therefore, this research proposes an approach for
solving theses problems by evaluating resources before runtime and the evaluation focus on heap and
stack (local variable and operand stack) of Java object. The approach proposes Java’s Object
Resource Evaluation Framework (JREF) which can be devided into 2 phases; compilation and
evaluation. The compilation phase uses bytecode instructions from class file for instructions analysis
which use heap and stack resources. Then create heap and stack expressions for all methods .All
information from compilation phase will be kept in RDF file. The evaluation phase evaluates all
expressions from RDF and get actual amount of resources. The result will show the maximum values
in methods .The experimental results of both heap and stack are the same as results from runtime
evaluation which excluding system memory . Therefore, the system can use this result for basic

information of resource management and use this concept for further work.
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1. Load and Store Instruction : 1Dufidanldd@msumslauasfan1ain Stack tag Local
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v ]

4. Object Creation and Manipulation : Wumdanlddmsumsatha Object LLlAZ Array l"]-}i‘d
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void whileInt(){
inti=0;
while(i < 100){

i++;

:
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Method void whilelnt()
0 iconst 0
1 istore 1
2 goto 8
5 idincll
8 iload 1
9 bipush 100

11 if icmplt 5

14 return
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3.3.1 Resource Object Attribute

' v ] ' ¥ v ¥

1iea91n9n Inseadreveens14Aufves Java Object HAa1INdad U sznoUdNLNRUg L 3
1 =
I D

1. Methodarea

2. Heaparea

3. Stackarea

o n’: = o o Y . o A =

AUTININMMUATH Attribute 3 @2 fie Methodarea , Heaparea LID% Stackarea 1y Attribute

di.’ o o o

wugmdmsunuams ldmineInsves Filed 1ag Method 91 ) #2989 Object 1A8 Methodarea 114
daufiaaduin1dTnonsa0in Class File fariulusuisoiiss Focus W 2 dau e Heaparea i1ag
Stackarea 995 ADIMINSAMIUNTTAY Attribute ¥DQ Resource Object YszNOURIL 5 A9 AD
1. Genlnfo
2. JVMlInfo
3. ClassInfo
4. InsInfo
5. PrimResource
TavudazaIu9z152n0UA7 attribute 714 9 ool
1. Genlnfo iuduiifiuswaz@ean q TiRearu Class tazs Atuibute fo
- classname . ‘fa‘um Class 189 Object
- magicnumber : fi1 Magicnumber U84 Class
- majorversion : f Majorversion U84 Class
- minorversion : fi1 Minorversion U949 Class
- modifier : 1 Modifier aziiudonfednslunmsdnld Class 7
- superclassname : “f)’l'ﬂ‘tlm Class ﬁr‘i‘lu Direct Super Class Y94 Class ‘fl:
- interface* : #0904 Interface i Implement 1A8 Class i d9e1mil ldnanom
2. IVMInfo iiudmiifiusieazBeavesmsldfuiinitsnnuiwossazidoams 4 U049 Class
Iﬂﬂﬂlﬁiﬂiﬁﬂ%‘lﬂﬁﬁgﬂﬁ 2 9206 11d91Y0 Methodarea 91/58n0URW Attribute 19 9 A0
- typenamesize : Li‘luﬁuﬁﬁwtﬁu?mm Class
- supertypenamesize : Lﬂuﬁuﬁﬁwxﬁu‘?mm Superclass U84 Class
- modifiersize : Li'fluﬁfuﬁﬁ‘l%lﬁu Modifier

=] o a ::%’
- sunum : 1WUIIUIUVO Interface N9N Implement 1y Class 1
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L. 4 ddgug & o &
- superinsize Sfluiunn i vdeves Interface YN Implement oo class H
- v
- constantpoolsize : Huiuiives Constant Pool U84 Class
3 v
- pcsize : Lﬂuﬁu‘ﬁmm Program Counter
¥ '
- reftoclassClasssize : Lﬂuﬁuﬁmm Reference 1184 Class Class
4 ]
- reftoclassClassLoadersize - Hununves Reference 1184 Class ClassLoader
¥ ' v
Tay Attribute ianuans1ng ludauvesGenlnfo iag JVMinfo 1Hlum1fins 1auns991n Class File
1 a o £y s Shg < i e
3. ClassInfo ﬁ’]umu51ua::!,ﬂumqmuwmﬂumﬂ‘mumm Field 11ag Method 4849 Class N
a VoA 1 = 9 A . 4 e d ‘ﬂ L 4 '
L'WENﬂ'I!.ﬂU’)Lh.I’J'] Class 92UN199319 Instance  HI® Object  AATINATY (L uwuﬂ”lumwm
£ ¥
Methodarea) #9152nOUAIWY
3 =4 = i v : ' A
3.1 Field tnUsW0aZI00AUDY Field llﬁxﬂﬁzﬂﬂ‘ﬁﬂ'}ﬂ Attribute 898 A9
- fname : ¥OUDI Field
- ftype : FUAVOY Field

- fmodifier : Modifier Y94 Field

]
=

- fnamesize : ﬁuwﬁﬂl‘%’tﬁu‘?wm Field

2

3 i |
- ftypesize : Aunn gy Type ¥949 Field

3
- fmodsize : WUNN 19191 Modifier ¥4 Field

e

e

& e
FIA1U04 Attribute NIMUAT19UUZ 1R910N1569910 Class File
. dld X ] 2
- PrimResource N Attribute 8808 A
3 '
- methodarea : ﬁuﬁ‘um Methodarea
3 ]
- heaparea : v Heaparea
3 [
- stackarea : ﬁuﬁ“dm Stackarea
P 'i‘l ) e 4 aw A
U Attribute ﬂmwuﬂmﬂumm%u
o 1
3.2 Method INUS10021D8AYDY Method LAZ1T2NOVAIY Attribute 408 AD
A
- mname : ¥OUDI Method
. A ddawa 4
- mnamsize : NUNN1WAVFOUDI Method
. 4 ddqua
- mreturnparasize : WUNN1HAY Parameter
L (]

. ] :
- mmodsize : WU 190D Modifier

. A ddgqwa .
- meodesize : WUNA BN Byte Code Instruction

3 '

. A A
- exceptsize : WHUN

I,

=4 = .
1#1n510azIB8AvD Exception

=2

g 0 Ay w .
L‘Lluﬂ’lﬂvlﬂi]’!ﬂﬂ']ﬁﬂﬂinﬂ Class File
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- PrimResource : Y52noudiy
- methodarea : ﬁuﬁﬁlﬂd Methodarea
- heaparea : 'ﬁuﬁﬂlm Heaparea
- stackarea : ﬁuﬁﬂma Stackarea
4. Tnsinfo iiudruiiAuswasBonves Field 1as Method TumsldAufimissanui lunsaiis
58319 Instance 1A Instance 1TUTNIITU B9aziims 1FAuTives Heaparea 11a% Stackarea 1A
szneualy
4.1 Field 1NV 10az1B0Av04 Field 4azlssnouday Attribute H0u fi
- fname : %amm Field
- ftype : ¥1Aued Field
- fmodifier : Modifier 4894 Field
A 18910373990 Class File
- PrimResource : } Attribute 8§98 7D
- methodarea : ﬁuﬁﬂjm Methodarea
- heaparea : "ﬁuﬁm @4 Heaparea
- stackarea : ﬁuﬁmm Stackarea
4.2 Method 1A US1002180AYBY Method 1azl53NOUAIY Attribute 508 D
- mname : ‘T}EI'UEN Method
S 1891nM 579919 Class File
- mmaxstack : f11999 Operand Stack ﬁ“lﬁ'mﬂm‘sﬁwmfu
- mmaxlocal : 109 Local Variable ﬁ“lﬁ'mﬂm‘iﬁm'am
- PrimResource : 3 Attribute 888 D
- methodarea : ﬁuﬁ'mm Methodarea
- heaparea : ﬁ’(uﬁmm Heaparea
- stackarea : ﬁ‘;’uﬁmaq Stackarea
5. Overall iR U MYBIM S 19N TNENTVDY Object Farlsznoudt
- methodarea : ﬁfuﬁmm Methodarea
- heaparea : ﬁuﬁmm Heaparea

3 '
- stackarea : ﬁ'uﬂmm Stackarea
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3.3.2 51822108AYDY Class U943 Resource Object
o a 1 A o v @ A [ ‘3
1T Class 7149 9 ‘VW]101“53Nﬂuﬂﬂ5$ﬂﬂﬂﬂuﬂlulﬂu RO ‘Dgtﬂu]lﬂﬁ'lﬂiﬂﬁﬂ'ﬁ'%’"l\i‘llﬂw‘l Resource
. . Aé I g s A:i
Object Attributte %33 1A598519010 UML #3317 3.11
A o ' o ) =] Yt ) 9
mﬂgﬂwuﬁm UML 404 Class 71919713915y Resource Object winu Al Insada
iUy RO Attributes A9i1 lanauudathedu Taviiswazidua Ao
1. Class Resource : Lﬂu Class t?ué’fmmsﬁmm%’n Instance NANUA 5 A7 7D
- gen {1 Instance Y4 Class Genlnfo
- jvm (11 Instance ¥4 Class JVMInfo
- cclass r'f]u Instance Y849 Class ClassInfo
- instance ﬁju Instance Y84 Class Instancelnfo
- overall Lﬂu Instance 184 Class PrimResource
ezl Method A0
é a
- Resource() maﬂu Method Constructor 394 Class ¥
2. Class Genlnfo Dy Class N11l52nouA2e Filed Naonanandfiy Attribute mlsngludiuves
Genlnfo 11 RO 1agil Method A9
2 ~d 'y
- GenInfo() 1Y Method Constructor Y84 Class
o 54 > P o [ s = U
3. Class JVMInfo (iU Class #i1l52noudae Filed idoandndfny Atribute 11510y uduves
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4. Class ClassInfo
1Ag Class 9215319 Array Y94 Instance U949 2 Class 71D
- fieldclist FuTu Array 483 Class RCField ANULIAMIRU 117U Field 494 Class ¥84 RO
- methodclist #1111 Array 484 Class RCMethod #15¥U1AI¥FU$ 14U Method 494 Class Y94
RO
118zl Method fi®
- ClassInfo() c‘&ﬁmﬂu Method Constructor U84 Class ﬁy
5. Class InsInfo
@b Class 923158319 Array U949 Instance Y84 2 Class 710
- fieldlist éqﬁju Array U949 Class RField ﬁﬁmmmﬁﬁm’im’m Field 494 Class 999 RO
- methodlist 4415114 Array 994 Class RMethod ATUAITU$ 19U Method U84 Class U84
RO
1Azl Method f1®
A v
- InsInfo() @311 Method Constructor 499 Class
6. Class PrimResource éﬂgﬂ’ﬁ’%ﬁlﬂu Object ﬁf‘t‘lj'lu Tawalsznouaa Field
- methodarea
- heaparea
- stackarea
7. Class RCField 1§11 Class #11/33n0uda0 Field fiilusiuazidunyes Field Y84 Class File Tay
Filed 92@0ANADIAM RO Attribute 11891 494 Field 484 ClassInfo 4asiinsa314 Instance Ao
- fcresource “ﬁ»‘lﬁ% 14919 Class PrimResource
1821 Method f1®
- RCField() fﬁwﬂu Method Constructor U84 Class ﬁy
8. Class RCMethod u‘f]u Class ‘ﬁﬂ‘izﬂﬂﬁﬁ)ﬂ Field ﬁlﬂﬂﬁ‘]ﬂﬁ%ﬁﬂﬂﬂﬂﬂ Method 494 Class File
1A Filed 970ANADINIY RO Attribute 14&71 499 Method Y84 ClassInfo iazlim 3314 Instance Ain
- mcresource éﬂﬁ 31997 Class PrimResource
1azil Method fi®

& iy
- RCMethod() mandJu Method Constructor U84 Class Y
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9. Class RField iilu Class 1/s¥noudi Field fiilusvaziBuavea Field ¥94 Class tipinsasig
Instance Uazn330n1% Field & Tav Filed 12a0AN30IAM RO Attribute 11d2Y V4 Field 494
Instancelnfo HALMTA3149 Instance AD

- fresource G‘i’?\‘lﬁ‘%’Niﬂﬂ Class PrimResource
1azil Method A
- RField() éuﬂu Method Constructor U84 Class ﬁ”

10. Class RMethod 11]1 Class #11/5¥n0ude Field Hidus10021809489 Method 404 Class 105
M38319 Instance 1AM 330014 Method 11 16 Filed 92d0ARRDIAIN RO Attribute Tudan ves
Method 484 Instancelnfo Haziin13a314 Instance 19

- mresource ﬁ%ﬂﬁ’ ¥ 1910 Class PrimResource

- mcode éaﬁju Array Y94 Class RCode 'ﬁlﬁl!‘i G GLGURE Bytecode Instruction Y99 Method
- mre si‘lu Array U84 Class recursive ‘ﬁlﬁ‘ﬂﬂﬂﬁztﬁﬂﬂ‘ﬂﬂdﬂﬁ Recursive U84 Method

1Az Method f®

- RMethod() céﬁqvﬂu Method Constructor U949 Class 1{

11.  Class RCode 11 Class ﬁﬁmwamﬁumm Bytecode Instruction 199 Method 1A

Vszneud Field fado i
- offset 1A Bytecode 1 9 10171910 Bytecode Lsn 484 Method
-mne  11/UA1 Mnemonic U9 Bytecode
- codename Lﬂu%mm Eytecode
-arg L"ﬂ‘u Array Y94 Integer éa%sﬁmmamvﬁﬁu Argument Y84 Bytecode ﬁt"l‘!
- len 1UAMUE1IVBA Bytecode (Razia ($11491 Byte it Bytecode 1‘??11)
- lastj WuA MM IgATI0 YD Bytecode Aaufingniini Bytecode i
1zl Method A®
- RCode() :iﬁﬁ!‘ﬂu Method Constructor U949 Class ﬁy
12. Class recursive rﬂu Class ﬁlﬁﬂjﬂ{lﬁa‘:ﬁﬂﬂﬂjmmi Recursive U89 Method 15$ADUAE Field
- stopar fip Argument ﬁﬂ:“l%mlumsmmms Recursive
- stopvalue fip A1fiag 19115 MYAMT Recursive

A . dqu A .
- stopfunce A9 function N 141iioMs Recursive nya



30

uagd) Method 7D
2 a2
- recursive() mﬁ‘]u Method Constructor Y94 Class 1

o & > i &4 g ;
Class MHUAUICYNAINIUU Instance weoruaaulsznouniolu Resource Object

3.4 Resource Description File (RDF)
N . . o L 3 9 3 o
Resorce Description File 14 File HAAND591nN1T Compile %‘1%3lﬂﬂﬁlﬂgﬂﬂ?ﬂ‘lﬂﬂiﬂﬂ’lﬂﬂlﬂﬁ
¥ i ¥ ]
Object 1D H Object 12 lidoad1gnszuIuN5YBINT Compile NAATI (lUN3diA Class File laifims
. ¥ ¥ 1
n/aeuuilag) uazludunoUYDINT Evaluate 99789 Load RDF yuuitel#doyain RoF lums
a J o = 3 & . i
Yszillusmslimswensuag RDF sediTassadianin Insaad1aues Resource Object Attributes (317
{ o v
3.10) Tagdoyandulu RDF ujuilu 2 szinn fe
' Y A = -
1. mnsndailumfannnsefanlnunss91n Class File
i 4 a1 o ¥ Y 3 & ' 9 o a P
2. Expression Feaan1eis uazazdeaninnmg Evaluate IWOMIAINTG 1FNSNOINTITIVD Object
Y A 7 .. a
Haz91n IATIA519904 Resource Object Attributes 9 T1U1TOE 79 Resource Description File(RDF)

NaeandonyIassaied1ady Tas RDF 92@onaqs XML

3.4.1 Document Type Definiton 493 RDF
= a 4 = & de y
921151002198AN 1015005018820 DTD( Document Type Definition) U un1 AR M
° a o A ' & At
fmuang nAN1HAY Element , Attribute 102 Entity iog luumasdoyavos XML eluiifl DTD vos

- w ar d"w ::
RDF szilnnyaizaaliaegili 3.12
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<?xml version="1.0" encoding="windows-874" 7>

<IDOCTYPE Object[

<IELEMENT Object(GenlInfo,JVMInfo,ClassInfo,Instancelnfo,Overall)>

<!IELEMENT Genlnfo
(classname,magicnumber,majorversion,minorversion,modifier,superclassname,interface*)>

<IELEMENT classname (#PCDATA)>

<IELEMENT magicnumber (#PCDATA)>

<!ELEMENT majorversion (#PCDATA)>

<!ELEMENT minorversion (#PCDATA)>

<!IELEMENT modifier (#PCDATA)>

<IELEMENT superclassname (#PCDATA)>

<!ELEMENT interface (#PCDATA)>

<IELEMENT JVMInfo
(typenamesize,supertypenamesize,modifiersize,superinsize,constpoolsize,pesize,ref )>

<IELEMENT typenamesize (#PCDATA)>

<IELEMENT supertypenamesize (#PCDATA)>

<IELEMENT modifiersize ({PCDATA)>

<IELEMENT superinsize (#PCDATA)>

<IELEMENT constpoolsize (}PCDATA)>

<IELEMENT pcsize (#PCDATA)>

<IELEMENT ref (#PCDATA)>

<IELEMENT ClassInfo (RCField, RCMethod)>

<IELEMENT RCField
(fnumber,fname, ftype,fmodifier,fnamesize, ftypesize,fmodsize,PrimResource)>

<IELEMENT fnumber (#PCDATA)>

<IELEMENT fname (#PCDATA)>

<IELEMENT ftype (#PCDATA)>

<IELEMENT fmodifier (#PCDATA)>

<IELEMENT fnamesize (#PCDATA)>
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<IELEMENT ftypesize (#PCDATA)>

<!IELEMENT fmodsize (#PCDATA)>

<!ELEMENT PrimResource (methodarea,heaparea,stackarea)>

<I[ELEMENT RCMethod
(mname,mretumparasize,mmodsize,mcodesize,exceptsize,PrimResource)>

<IELEMENT mname (#PCDATA)>

<IELEMENT mreturnparasize (#PCDATA)>

<!IELEMENT mmodsize (#PCDATA)>

<!ELEMENT mcodesize (#PCDATA)>

<IELEMENT exceptsize (#PCDATA)>

<!ELEMENT PrimResource (methodarea,heaparea,stackarea)>

<IELEMENT Inslnfo (fieldsum,RField,RMethod)>

<!ELEMENT fieldsum(#PCDATA)

<!IELEMENT RField (fname,ftype,fmodifier,PrimResource)>

<IELEMENT fname (#PCDATA)>

<IELEMENT ftype (#{PCDATA)>

<!ELEMENT fmodifier (fPCDATA)>

<!ELEMENT PrimResource (methodarea,heaparea,stackarea)>

<IELEMENT RMethod
(mname,mparameter,mtype,maxstack,maxlocal,modiﬁer,PrirnResource)>

<IELEMENT mname (#PCDATA)>

<ELEMENT mparameter(#PCDATA)>

<ELEMENT mtype(#PCDATA)>

<!ELEMENT maxstack (#PCDATA)>

<IELEMENT maxlocal (#PCDATA)>

<IELEMENT modifier #PCDATA)>

<!ELEMENT PrimResource (methodarea,heaparea,stackarea)>

1=

gﬂﬁ 3.12 Tn599319904 Resource Description File(RDF)
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3.4.2 mnilsinglu RDF
A9 9 Nozisinglu RDF e 18iily 2 Uszinn fe
' a P <2 3 . oA . ﬂ v 2
1. f1Aaiie1e 9 Aeu5aAiIN1asns99n Class File 19U 3004 Class File 1Tudu Favgilsing

1 RDF vaadldilu

<classname>test</classname>

]
a 1

= & ' o o 3 o
2. Expression ¥9vzoglugdivuhniinisAanivesdins 13 Teodulniudosaeandesiu

{ " & ] ar | P . ‘4
Tnsead19ve9 RO uae RDF fina1iundhsdudaozagludnuas 19 Attribute Heaparea Y94 Object

Q

UsngTu RDF uaaa ldiu

<heaparea> (classname).instance.method1().mresource.heaparea + 10</ heaparea>

TntTu Expression 921/5gnaudaudidig do'lait (714 Format 11[19])

1. operator: +, -, *,/, *, %, cos, sin, tan, acos, asin, atan, sqrt, sqr, log, min, max, ceil, floor, abs, neg,
md

2. AR 0-9

3. fulsdaazoglugyiinoandoafu Tnssa1aues RO tAg RDF W

(classname)..instance.method1().mresource.heaparea

343 gﬂnmumm Expression U84 Stackarea 1ta2 Heaparea
3.4.3.1 Stackarea Expression
d9vz151ng 1y Stackarea Function 493 Method 181/52nevuday

T { 3 A L]
- 11 Stackarea Y99 Method 11 Method 1114 Invoke dog1ug i

(classname).instance.methodname(type of parameter : value of parameter).mresource.stackarea

A70814 (java/io/PrintStream).instance.println(I:5];).mresource.stackarea
f179819U09 Stackarea Expression

max((java/io/PrintStream).instance.println(l:lﬁint[invoke19.xI] ;).mresource.stackarea) + 2 + 2
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3.4.3.2 Heaparea Expression
#an921/51ng 11 Heaparea Expression 499 Method 1/52nouaay

' 4 Fr 2
1. 1 Heaparea U949 Method Y Method U4 Invoke maagiugﬂuuv

(classname).instance.methodname(type of parameter : value of parameter).mresource.heaparea

A (java/io/PrintStream).instance.printIn(I:1_int[invoke19.xI];).mresource.heaparea

- ey A 1
2. Array 1 4@ d9ag ugiuy

[arraytype[arraylength]

A19814 [1[5]

Qe l& L}
3. Array naoiia gaaglugiuyy

[[...arraytype[arraylength of dimension 1][arraylength of dimension 2]...

@201 [[1[5][6]

Tay Arraytype IA1IUHNIAIAITI

M15149 3.1 Type U89 Array 1113510911t Expression

Arraytype Mean

Z Boolean type
B Byte type
C Character type
S Short type
1 Integer type
F Float type
L Long type
D Double type

Loyis Reference type




.Vd »

P a & '
4. Variable fieldsum 994 Class 1 Method HUN1589514 Instance mag'lugﬂuuu

(classname).instance.fieldsum

AL (Invokel9).instance.fieldsum

AU Heaparea Expression

(invokeﬁ).instance.ﬁelclsum+(invoke6).instance.init(:).mresource.heaparea

Taufv04 value of parameter , arraylength 321352nUAY
o
1. AN
o [~
- VS UIMIAY
- RUNA Y
- String

4 o & & .
2. Argument Ha 9913189 Method W deoglugiluuy

argument[index]

A0 argument[0]
3. A7910 Local Variable

1 Eé 1
4. M197A Method 99z IugUuLY

(classname).instance.methodname(type of parameter : value of parameter).value

A208719 (invokel9).instance.getA(I:5).value
1 4 é L l=‘
5. A1ANUYIINN Array 51«! WQ%ﬁLﬂUﬂTﬂQW

3
6. Class Variable %98¢ 1u31/u11

classname.fieldnamefiledtype

A19819 invokel9.xI

35
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7. Instance Variable #30glugiuuu

Lclassname(parametertype:parametervalue).fieldnamefiledtype

A9819 Ltann2(:).xI;)

' & 1
8. AN Array 308 lugiluny

aload_index of array_index of data

129019 aload 0 0

AIDUI9UDI Resource Description File(RDF) Llﬁﬂﬂulﬁﬁﬁg 1)

I o - |

= s g e O T T T

<2xml version="1.0" encoding="150-5859-1" 7>
- <obj>

+ <geninfo>

+ <jvminfos F 4

+ <classes> A

+ <instance> :

& <overall>

</obj>

, zl
S T e

g‘llﬁ 3.13 MWIINUYDN Resource Description File
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<7¥ml version="1.0" encoding="1S0-8859-1" 7>

<obj>

- <genInfo>
<classname>IntegerTest1</classname>
<magicnumber:>-889275714</magicnumber>
<majorversion>45</majorversion>
<minorversion>3</minorversion>
<modifier>32«</modifier>
<superclassname>java.lang.Object </superclassname>

</geninfo>

3 <jvminfo>
<typenamesize>2</typenamesize>
<supertypenamesize>2</supertypenamesize>
<modifiersize>2</modifiersize>
<superinsize>2</superinsizes
<constpoolsize>44</constpoolsize>
<pcsize>4</pesize>
<ref>B</ref>

</jvminfoz

+ <classes>

+ <instance>

+ <overall>

</obj>

L

T C\demo\lntegesTest] rdi

Je ta —

[Addent @) CrdomointegaiT esttiar

«7aml version="1.0" encoding="1SC-B859-1" 7>
- <obj>

+ <geninfo>

+ <jvminfo>

B «<classes>

~ <mathodclist>

<mnamesinit</mnamax
<mreturnparasize>2</mreturnparasize>
<mmodsize>2</mmodsize>
<mcodesize>29</mcodesize>
<axceptsizesDe/exceptsize:

- <mcresource>
<mathodarea>33</methodareax
<heaparea>0«/heapareas
<stackarea>D</stackareas

</merasources

</methodchst>

- <methodclist>
<mnamasmain«</mnama>
<mreturnparasize>2</mreturnparasize>
<mmodsize>2</mmodsize>
<mcodesize>97</mcodesizes
<exceptsizes0</exceptsize>

- <mcresource:
<methodareas> 101</methodarea>
<heaparea>»0</heaparea»
«stachareas0</stackareas

</mcresource>

</methadclists>

</classes>
+ <instance>
« <averall>
</obj>

=l

B S S s e R e A R R s [T = Wy Compum
Astan|| L0 & 3 > | Ao | [ Meronch Evcel- Ros2] ) chapted - Micioach .| [E]Mictosoh PovsPor .

I-éic;u.u\rmmt... BAED

314 3.15 Resource Description File luauun9510a280av04 Class
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A C:\demo\lIntegesTest1 idt

| B E®! Yiow ! Favestes Tods Heb S .
|k = QD) ] Dsewch [EFavo i i : e e P TG
—— — 1
| Adress [ 8] C:rsemoriegerT sttt o I e
|
wiiml yarsion="1.0" encoding="[SC-EEES-1° 75
= w0bjs
+ «<ganinfo>
+ ¢jvminfo>
+ <classes>
- <instance>

<flieldsum>(java.lang.0Object).instance.fieldsum</fieldsum>
+ <mathodlist>
- <methodlist>
cmname>main</mname>
«mparameter>[Ljava.lang.String;: /mparameter:
cmtype>0e</mtypes
wmaxstack>3</manstack>
<maxlocal>10</maxlocal>
<modifier>9</modifier>
f <recursivecondition>
= cmrasource>
<methodarea>0</methodareas
<heaparea>(java.lang.Integer).instance.fieldsum+(java.lang.Integer).Instance.init
(1:123456;).mresource.heaparea+(java.lang.Integer).Instance.byteValue(:).mresource.heaparea+
(_juvu.Inng.lnteger).lnstancn.shnﬂ\fulun(:).mresourc..hnnpnmn+(]ava.lang.ln!-gnr).Instam:u.lnl\lulun
(:).mr-murw.huparea+(java.Iang.]ntsgnr).tnstuncu.1ung\n'n|un(:).mmsourcn.hiapamcn
(java.lhng.lrllegir).Instnncﬂ.ﬂcnt\fuluﬂ(.').mrusuun:l.hiuparnu4-(jdva.lung.1ntngar).lr!slanm.duubla\'alun
(:).mresource.heaparesa</haaparea>
<stackarea>max((Java.lang.Integer).instance.init(1:123456;) . mrasourca.stackarea,
(jova.lang.Intngnr).lnstnnm.hytavalue(:).mrnsnurcn.s!anknrnn,(jnvn.lang.[nlagur).instunm.shannIue

(:).mmsourc-.stad:nmn,(juva.Iang.lntag-r).Instanm.lnlanus(:).mrusoun:..stackama,
(java.lang.Integer).instance.longValue(: stackarea,(java.lang.Integer).instance.floatValue

(:).mresource.stackarea,(java.lang.Int Volue(:).mresource.stackarea) + 3 + 10</stackarea>

«/mresource>
«smethodhst>
wAnstances>
+ wovaralls

(:).mr
eger).instanca.double

</obj)>
e o [ K My Com
\domotIntoger VL& G4 114 C

;ﬂ‘ﬁ 3.16 Resource Description File ludauvesswaziduaveq nstance

3.5 MSIAMMSIINSNEINS
9 3
Tuduiisznandimsnwsnueamsmisins 1S weinsng Heaparea g Stackarea

3.5.1 Heaparea
@113 Heaparea 92111813 Attribute heaparea 11/5109 14 RO 18z RDF 15znouday

= o O | &4
1. Heaparea 904 Instance 92U 15 14W1UN 3 d2u Ao

¥

A A g
- ‘wuﬂumsm‘u Reference Y94 Instance
9 (] < i
- WU lUMIIAY Reference 1184 Class vo4 Object
{4 4 g . . § 4 ; ;
- WUNYDA Instance ¥INAB Non-Static Variable Y84 Class 1taz AU Y99 Non-Static Variable U8

Super Class (faf‘lﬁ)

sh; d. - W
Tums 1917 Heaparea 483 Object axiidnymizAagalii 2.2

vinguaziiu1dd7 Object vz lF AT 2 dau Ao dauvee Heaparea t1ag Methodarea Taoluduy

< @ V) 3 b
UDJ Heaparea 92101 Reference 113 Instance Data , Reference 184 Class Data vo4 Object UH LnE
¥ £ v 1 v
Instance Data %94 Object A9HUIINF V510101501 IWUNVDY Heap 71 Object usiazaa lanail Ao
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4 v
Wuh heaparea Y94 object =  ro +rc + fieldsum

3 1

4 o g 3
(1o ro L‘ﬂ‘u WUNNY Reference Y04 Instance(Object)
& Y A d o .
re Wi WU lumsIny Reference 1184 Class v04 Object

filedsum 13y HATINUBINU NV Field N'1UT Modifier 13lu Static (Instance Variable)

2. Heaparea 484 Array aauaia 1@y
- Array Y94 Primitive Type 1% Array Y04 Int, Long seilsznoudauifives
1. Reference YD Array
2. Auoa Element 392 1801nmsasavaousilnues Array ¥+ length
- Array Y94 Reference Type 15U Array U949 Class ﬂzﬂszﬂeuﬁ?uﬁuﬁmm

1. Reference Y94 Array
4 A e % as
2. NUNINY Element Y99 Array mily Reference 1169 Class Instance = 4 * length Y2I4A

14

P ' @ A o a e {4 {
3. NUNv09 Instance udazAMiuITUENTNVDS Array B99TUNUT Heaparea 194 Class i
v

vhwnarauiu Amay Object 151

g 1 5}3 = E \ A o ar =

A20819M15 19N Heaparea U949 Array int{][] ar = new int{2][2] s¢ildnumgaagi 2.3

o 1 = 1 o [ o o a
MNgUIAUT Array v2iims l9nisgnwudiludauues Heaparea dmsuifiudoyaves Amay

1 - "
1A Reference 11JGaliAdY 9 , Reference Taldis Class Data ﬁuﬁlﬁummmﬂmmazﬁﬁﬂjm Array

o e o o o o °
ATHUNUNYOY Heaprea NFd SR udoynues Amay arnsofiuaaldain
1. Al Array 1 )

¥ '
ANMNTOMUIUMINUNUY Array 14108

E 4 1
= o

- 3 4 g L |
WUND9 array = WNuTIved reference + Huidmsuifudoyaniu type uazanuu

U3 array

¥
= s 1 QAJ
2. N9 Array Agua 2 Taau 11

)

AMNTOMUIUNINUNUDY array 14 LaY

ke

o Ll
ARATENEY
n 1iuiidves aray

[~ 1 an
I - 1, Wuanuenluunaziidves aray
¥ ¥ '

UUNUNVDI Array d£TAUNIAY

[
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{ i 3 A 4 and 4 & aad
coo T WUNUBIUAN 0 — 1 + NUNVDIUAN n

-
Hiv

4 A

WUNVDY array type reference MUANNYIIUDY | +
k4 [

(WUTY0A array type reference AMUAIWEIIVDI L, * 1) +... +
3 ]

(‘ﬁ'umm array type reference AMUANNGNIVDIL , * 1, L
Y ' ¥

(WUNUDY array type Y99 array HUATHANIN1IVOA | L W

ag 4:; 1 aon Y v - o 3 d:i =y
TﬂEJ‘W‘LJ‘YI“U'ENLLﬂﬂ&'i]ﬁﬁ’lllﬂmulﬂﬂ?ﬂﬂﬂﬁﬂ"IW‘H‘YI‘UQQ Array 1 U@

3.5.2 Stackarea
4 § A 5 4
Stackarea Bt UNUN 1UN5RI9TUU09 Method T1)52nBUE 8

4 00 » ( & g
1. Operand Stack T uNUN1UNITHINVBY Bytecode Instruction Tawaeiivunafiiuiazan

¥ £ 4 4 [l 4 ] ]

ARBALINT (AW Bytecode Instruction 111) A3 lumsdanislsfiufiszilumsianuiigagafiniad
b4 " ] 3

Method 19214 Taunsinu-aaR 1994 Operand Stack (gnisiAsuntlasvesusagdeniunianuan

& ° = 3 4 A
n) A9 TUMTNINUYEL IVM 98in3 Allocate WUTVBI Operand Stack Tiloiin13 Invoke Method[3][8]

2. Local Variable fiﬁuﬂuﬁuﬁmad
1. Argument Y93 Method
2. Local Variable 484 Method
uazlumsiaues JVM 92iims Allocate fiufiveddauiiitosins tnvoke Method[3](8]

FUIRDINY Operand Stack
0 3 ¥
1HD9919MININUYB Java Stack 2919710 TunUIBUDe Word srariunssalunssiiiseiasiu

Y28 Word
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3.6 Algorithm lumsuseiiuaimslaninenns
Tuitisznandslaousnilu 2 g1 fie Compile 1A% Evaluate
3.6.1 M3 Compile
Concept Y99N13 Compile
1. rfJunﬁmﬁtm:s%tmms“lﬂi’f heap LI0g stack YDINN method VDY class file
A Y ‘ 1 A A .
2. mnlannms Compile mmﬂumﬂmma Expression
3. 11 Method 1102 Method 9199251581984 Object/Class duvhIddeslimsdamluziuuuves

Expression gou

'
o a

i a 4 ° { o 4
4. 1Ay Expression in910N1511 Bytecode Milumdanydinamsld Heap uaz Stack Hevd)

suuuuau RDF

Algorithm Y8905 Compile

static Resource obj;

public static void main(String args[]){
obj = new Resource();
File file = new File(args[0]);BCClass classFile = new BCClass(file);
ClassFile cl = getCP(args[0]);
getGenlnfo(classFile);getTVMInfo(classFile,obj.geninfo.interfaces.length);

getClass(classFile);gctinstance(classFile,cl);

getOverall();createRDF(obj , args[0]);

}
getInstance(classFile.c |
getMethod();
for i =1ton {//nis number of method
getBytecode();

StringBuffer heapexpression = new StringBuffer();
StringBuffer stackexpression = new StringBuffer();
int begin = 0,

getExpression(bytecode,heapexpression.stackexpression,begin)

gﬂﬁ 3.17 Algorithm ¥8390115 Compile
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Concept Y23013%1 Expression Y84 Heaparea
1. 5 Stringbuffer “ln.lgumlﬁ"’r) Append Expression 60
2. W1 Bytecode 928in5 14 Heaparea #a1)s2nouda0
- new
- newarray , anewarray,multianewarray
- invokevirtual,invokestatic,invokespecial,invokeinterface
3. &2 Append 51092190A4 Stringbuffer
4. Tunsdinumadeny Target YosnEORTIY 143 Append “max” 94 Stringbuffer 1o 1911n13
aSsuiioulundagniudon udam Bytecode lUaumisiaen

Algorithm Y24N15%1 Expression Y89 Heaparea

getExpression(bytecode,heapexpression,stackexpression,begin) {
for i =begin to n{

if(bytecode[i] = new) then
getlnstanceDescription(),
heapexpression.append(instance expression);

else if(bytecodeli] = newarray or anewarray or multianewarray) then
getArrayDescription();
heapexpression.append(array expression);

else if(bytecode[i] = invokevirtual or invokestatic or invokespecial or
invokeinterface) then
getMethodDescription();
heapexpression.append(method expression);

else if(bytecodel[i] is branch instruction) then
int x = GetInstructiontarget();
heapexpression.append(“max’)
getExpression(bytecode,heapexpression.stackexpression,x);
inty=i-1;

getExpression(bytecode,heapexpression.stackexpression,y);

gll‘ﬁ 3.18 Algorithm U®IN1311 Expression U84 Heaparea



AIDUINVBINTITN Expression U949 Heaparea

AUNAL class

Class Test{
public static void main(Sting args([]){
int a = Integer.parselnt(args[0]);
ifla<10){
int[] x = new int[5];
telse{

tmethod();

}
static void tmethod(){

Type a=new Type();

31 3.19 A29819 Class 11311 Expression

£ =
%99&W Bytecode Hu

“'<MS-D0OS Prompt

Method void main(java:lang.String[])

aload_0

iconst_0

aaload

inuckestatic #2 <Method int parseInt(java.lang.String)>
istore_1 :

iload_1

bipush 10

if_icmpge 20

iconst_5

newarray int

astore_2

goto 23

invokestatic #3 <Method void tmethod()>
return

—
WOWIOWN=0O

1

—_
L2l

NN =
W o -

Method woid tmethod()
0 new #4 <Class Type>
3 dup
inuokespecial #5 <Method Type()>
astore_0
return

311 3.20 Bytecode Instruction Y94/308749 Class 11411511 Expression
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uazazld Expression 494 Heaparea Y99 Method main L@1¥ tmethod Ao

main :
<heaparea>(java.lang.Integer).instance.parselnt(Ljava.lang.String;:aload_0_0;).mresource.heaparea+

max(((Test).instance.tmethod(:).mresource.heaparea),([1[5]))</heaparea>

tmethod :

<heaparea>(Type).instance.fieldsum+(Type).instance.init(:).mresource. heaparea</heaparea>

Concept UY9301311 Expression U84 Stackarea

ﬁ‘l‘l’i%‘l_lmiﬂ%’n Function Y94 Stackarea ﬁ‘]umsm’iﬂu Method ﬁﬁms Invoke Vlﬂgﬁ Method DU
¥ & T A A a e ' A
m»mi'a"lmum*nmmsmaumi Invoke Method 2¥UMN15 Allocate WHNNIT8N I Stack Frame mmi‘lu

1
=

3
. 2o :
HUNTUNTH19TUUBI Method 11U 9 #91/58n0UAIY Operand Stack , Local Variable tazazinisau

L

¥ v v

¥ b Ed v 3!
WUNETBNTN9IMYD Method W Fugaas dariuaziilumsiadi Method fign Invoke vianualu
Ed ] 9 v ¥y ]
Method U3 Method 'lwuﬁi%ﬁuﬁqaqmwﬁuﬁumm Operand Stack 1LY Local Variable U84
Method 99111

Algorithm Y8305 Expression Y94 Stackarea

stackexpression.append(‘“‘max”);
getExpression(bytecode,heapexpression.stackexpression,begin){
H “luumxﬁﬁmim expression 92UNI5HT maxstack 1AY maxlocal of method ﬂwﬂ'ﬂﬂﬁ'au
fori=1ton {
if(bytecode[i] = invoke method instruction) then
getMethodDescription();
stackexpression.append(method expression);
endif
}
stackexpression.append(*“+”);stackexpression.append(maxstack);

stackexpression.append(*+””);stackexpression.append(maxlocal);

31]‘?} 3.21 Algorithm ¥D4013¥1 Expression Y84 Stackarea
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Concept U9IN1311 Maxstack Y99 Method

(11N1511 Operand Stack Fufuiuilumsiauves Bytecode Instruction &9 JVM 3zsi191m1u
ANYUEUDY Stack Oriented 1ABN1S Push Liag Pull A1910 Oprand Stack Famsarzilumsmaiud
D9 Operand Stack g4gA# Bytecode Instruction Y89 Method Wdhufuilumsia uNABY 19 NYA
U9 Bytecode

iload 0 : i§uMA9A M5 load #1970 local variable Aumiei 0 ¢ Operand Stack Fevzvh1 ¥4
Y99 Operand Stack L‘ﬁll:l!;‘u 1 word

iload 1: rﬂuﬁﬁ?ﬂﬁm%’u load f1191f) local variable ﬁ'llm'lhﬁ 0 ’sI Operand Stack céﬁwxﬁﬂﬁwm
U949 Operand Stack Lﬁlf“?;‘u 1 word

iadd : ifusidadmunans 2 Mitegungaves Operand Stack 1911 1¥¥UIAYEI Operand
Stack aRad 1 word

istore_2 : ifusidfadmuisiloguugauos Operand Stack Tifiu1u local variable fumiiaft 2
Fa9z 1 un1Av09 Operand Stack anad 1 word

& = g/ ar
¥99$1N15 1% Operand Stack $1931)

after after after after
iload 0 iload_0 iload 1 istore_2
N
98 98 198
Operand Stack
P > 100

l-'.; a T yd” :i
31N 3.22 19619715 19WUNVDI Operand Stack

td 3 '
1AZINAIDE19H LN S 19NNV Operand Stack (maxstack) F97A A 2 word



Algorithm 499N13%1 Maxstack

int maxstack =0, m=0
fori=1ton{// nis bytecode instruction’s number
if(bytecode[i] is invoking method bytecode) then
int a = getParameterNumber();int b = getReturnNumber();
m=m-a+b;
else
int stackchange = getBytecodeStack();
m = m + stack change;
endif
if{lm>maxstack) then
maxstack = m;

end if

317 3.23 Algorithm 4941171 Maxstack

AIDYNITN Maxstack 9104AVD4 Bytecode

Method void main(java.lang.String[])
0 iconst_5 m=m+l =1 maxstack = 1
1 istore 1 m=m-1=20 maxstack = 1
2 iload_1 m=m+tl =1 maxstack = 1
3 bipush 10 m=m+l=2 maxstack = 2
5if_icmpge 15 m=m-2=_ maxstack =2
8 iconst_5 m=mtl=] maxstack = 2
9 newarray int m=m+0=1 maxstack =2
11 astore 2 m=m-1=0 maxstack = 2
12 goto 18 m=m+0=0 maxstack = 2
15 invokestatic #2 <Method void tmethod()> m=m-0+0=0 maxstack = 2
18 return m=m-0=0 maxstack = 2

51N 3.24 §2961971511 Maxstack

G

4 ;
F¥902 TAA1U09 Maxstack = 2 word

46
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Concept Y8401311 Maxlocal Y949 Method

o s 5 g A o Y -] . 3 & a

A1 IU Local Variable *ﬂm‘fluﬁuwmmunmﬂu Local Variable 4949 Method HU S9NAVN
HASINUDY IUIU Argument  NQAAIHIUIYINITS Method 14 314U Local Varible Nrivualu

' Y 4. o d .

Method Iﬂﬂlﬁ'ﬂﬁmﬁ Invoke Method 923015 Allocate NUNAIMTUIAD Argument (L01¥ Local Variable
o s n’: ¢§ df :: (] ;:'l =\ 9 =2 9 s
A1 IU Method uumwum:og?ugﬂuuwm array UAZINDUNITDINONED19A 1Y Index VD3 Array #1N

31

index 1 2 3 4 5

nt int | float| double ref

31N 3.25 @2et19m3 19AUNYBY Local Variable

¥ v
Tagluau3vuiin1ues Maxlocal 119101381989 Array 489 Local Variable 1] Index 97a 11 Method

Algorithm ¥89015%1A1 Maxlocal ¥83 Method

int maxlocal = 0
fori=1tondo // nisbytecode’s number
if(bytecode[i] is local variable instruction) then
int index = getBytecodelndex();
if(index > maxlocal) then
maxlocal = index;
endif
endif
}

maxlocal = maxlocal + 1 //index of array begin with 0

31/ 3.26 Algorithm ¥9n1511 Maxlocal
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AIDUNNITMIAIVEY Maxlocal 1INYAVDI Bytecode

Method void main(java.lang.String[])
0 iconst_5
Listore_1 index = 1 maxlocal = 1
2 iload_1 index =1 maxlocal = 1
3 bipush 10
5if _icmpge 15
8 iconst_5
9 newarray int
11 astore_2 index =2 maxlocal = 2
12 goto 18

15 invokestatic #2 <Method void tmethod()>

18 return

511 3.27 A9819M3M1A1 Maxlocal

A 1]
#4992 1AA1U89 Maxlocal = 2 +1 = 3 words

LA¥INADE14 Class U317 3.19 92 1AA1UBY Expression ¥D3 Stackarea V84 Method main Uag

tmethod L'ldju

main :
<stackarea>max((java.lang.Integer).instance.parselnt(Ljava.lang.String;:aload 0 _0;).

mresource.stackarea,(Test).instance.tmethod(:).mresource.stackarea) + 2 + 3</stackarea>

tmethod :

<stackarea>max((Type).instance.init(:).mresource.stackarea) + 2 + 1</stackarea>
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3.6.2 113 Evaluate

Concept 984015 Evaluate

1. Wumsmainn Expression Y94 Heaparea L0¥ Stackarea Y949 Method

2. Tﬂuiuﬁf‘:ﬂméu Evaluate 911 Method main

3. #11u Expression 1ufimsgnai Class/Object ©uADa4111 Evaluate Expression figndaitaves
Class/Object 1;'?14

Algorithm U84n13 Evaluate

public static void main(String args[]){
Resource obj = readXML(args[0],0bj);
for i =1 to n{ // nis number of method
if(methodnameli]="main”){
evaluateHeap(heaparea expression);

evaluateStack(stackarea expression);

31 3.28 Algorithm 494015 Evaluate

wadnih 14z1uHa9IMT Evaluate RDF file i}
Concept d1%5UM3 Evaluate Heaparea Expression laz Stackarea Expression
1. M1 Expression gouianyaly Expression Yp4 Heapatea 130 Stackarea 114 Fa1l5znoudan
- Array Expression 1% [I[10] ,[D[argument[0]] %aﬂmﬂu Expression 89811 Heaparea
Expression
- Instance Expression 194 (class).instance. fieldsum :jﬁx‘i wiily Expression o UaluHeaparea
Expression
- Method Expression 1% (class).instance.a(I:5).mresource.heaparea
2. 1 Parameter agﬂugﬂuuu Expressi()n 92¢1049 Evaluate Parameter 1o}
3. Evaluate Expression JosLARA?
4. § W3 Heaparea M1 Iaifuvine Byte

5. §1M5V Stackarea A0 1810 UNLIG Word



Algorithm U94015 Evaluate Expression

evaluate(expression){
changeExpression(expression);
getArgument();
MathEvaluator mh = new MathEvaluater(expression);
while(length of expression > 0){
if(found array expression) then
evaluateArrayLength();
double da = getArray Value();
mh.addVariable(arrayexpression,di);
else if(found instance expression) then
getlnstanceDescription();
Resource obj2 = readXML(obj2class,obj2);
getInstanceValue();
double di = getInstanceFunction ();
mh.addVariable(instanceexpression,di);
else if(found method expression) then
double dm = getMethodValue(methodexpression);
endif
substringexpression();
¥
double result = mh.getValue();
}
double getMethodValue(methodexpression){
getParameterValue();
Resource obj3 = read XML(obj3class,obj3);
String s = getMethodInvoked();
double dmi = evaluate(s);

return dmi;

g‘ﬂﬁ 3. 29 Algorithm 9894013 Evaluate Expression

50
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uNAIBLIAUTY Heaparea Expression
max(([I[argument[0]+1]+
(heaprecursive).instance.hr(l:argument[0]-1;).mresource.heaparea),(0))
F91/52NBVAY Expression 688 2 §17 fip

v

& - o
- [1[argument[0]+1] %411N15 Evaluate 3ziidunou Ao

Y
A

1. Evaluate A71M017909 Array $91ufififie argument[0]+1 uazanui 1y argument[0] i 9 Fart
AUY1IVDY Array f?sﬂu 10
2. Evaluate 984 Array #9ilu ¥iia Integer Sn2708719 91180 10 Fa9z 1dariy 56
- (heaprecursive).instance.hr(I:argument[0]-1;).mresource.heaparea) céﬁﬂumi Evaluate ilzﬁ‘lfuﬁﬂu f
1. Evaluate 71904 Parameter “Aﬁﬂuﬁﬁy o argument[0] -1 Hazee 1AmMINY 8
2, " “]3';8 Class U949 Expression "ﬁ“?ﬂ Ao heaprecursive
3. @1 class 1?1411”‘11" Class i]m;ﬁu Read RDF 904 Class heaprecursive yudulu RO
4. W91 Heaparea 494 Method hr 1008 Parameter figndaidh Method 11 8
5. 1 Heaparea a;ﬂugﬂtmmm Expression Evaluate "o
6. AUNANING 5
ﬁufuﬂ::"lﬁ'fiwm Heaparea Expresstion 1{Hﬁﬁmﬂ Evaluate 1187 19 56 + 5= 61
UAZIINAUNAY Stackarea Expression

max((heaprecursive).instance.hr(I:argument[0]-1;).mresource.stackarea) + 2 + 2

& ad A
FAUVUADUUDINTT Evaluate A9

¥
A A

1. Evaluate A1909 Parameter céﬁﬂuwu f® argument[0]-1 wazaz Taminy 8
2. " ‘T}E} Class Y94 Expression f:’“&ﬁﬂ fo heaprecursive
3. 81 Class 1419 Class ‘T]%igﬁu Read RDF 184 Class heaprecursive yuivlu RO
4. W19 Stackarea 499 Method hr 1A8% Parameter ﬁgﬂf}:wﬁ”l Method 11111 8
5. 1 Stackarea ag'clugﬂl.mwm Expression Evaluate Ao
6. AUNAMINY 5
ﬁ’aﬁmz“lﬁfiwm Stackarea Function "I?:Hﬁuﬁmﬂ Evaluate 1132 fiD 5+2+2 = 9 word
nnauudgmiindandiedy §55018Mms Implement Framework i Algorithm viueii

1 = = r
LLT;W%$ﬂﬁ11ﬂﬂﬂﬁﬂ1iﬂﬂﬁﬂﬂiuﬂﬂﬂ o ﬂ'f)ll‘].]



UNN 4

MINATOUNIIY Heap 1ag Stack U949 Java Objects

mAsuifumsiaue3imsiams 19minensues Java Object Tasn1s19dayann
Java Class File @11 Framework 1182 Alogorithm Minauanaziiman ldumageumuilszian
YDINTHYINTVDINITIA

Tﬂﬂﬂiiﬂﬂﬁﬂdﬁi% Compiler D Java 2 SDK Standard Edition (jdk1.3.0 02) tla2 Run YU
JAVA 2 Runtime Environment U432U11§1idMs Windows lasmsnaassvzisznouaie

1. m3naaesit 1 Wumsnanesmsian Heaparea 489 Object LAY Array

2. ﬂ’]i‘lf‘iﬂﬂﬂdﬁ 2 ﬁ‘lumsmammsﬂl‘j’fﬁuﬁ Heaparea 94839113117 Invoke Method

3. ﬂﬁﬂﬂﬁﬁ)dﬁ % Li‘Jumimammﬂ%ﬁuﬁmm Operand Stack 110¢ Local Variable

4. m‘iﬂﬂﬁﬂﬂ‘ﬁ 4 L‘ﬂumiﬂﬂaﬂx‘lﬂ‘l‘ﬂ% Stack 1HAITAIGIUIUY Recursive

5. mInaanan 5 1Wumsnaanams1a1lums Compile tag Evaluate

4.1 M5SNAALAN 1
d’z = = L7 A &
HumsnaaouiafintiangAnssuuesnsld Heaparea Y99 Object LAz Array 11184970
¥
319 Heaparea 1An91n 3 eause 117l Av
1. M3a519 Object
2. MIAIN Array
[ d'i 4 n’; = :v:?’ = q’: 1 c:y
3. 19 Invoke 1§39 Method 89U &9 Method WU8199%1i015 1dHuNU0IN 3 AUl
o Y] 1 Ady yér Ad'
dmsuminaassluduiadiunsneaosmsldiuniues  Object waz Aray I

¥
AHUANITNAADIAIT

¥ 1

4.1.1 MINARBIMSITHUN Heaparea Ud4 Object
v v ¥
¥ Object 910 Class N1} Variable i Type A4 ) N9 9 ¥1A (Class 8 Type) UASINY
e v
37U Variable 15982 1 Variable 1Agfi11UA Class A9l
Declare Variable 1Wanyae
<Type> var],var2,var3,...,var
4
e
3 : & v
Type Wy Type UD3 Variable %31/52NOUAIY Boolean , Byte , Short , Char , Int , Float
Long , Double it Reference

uae n 15U IUIU Variable = 100
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AU Class
class Test{

intil,i2,i3;

HATNATDUNAAY Runtime Tool Y99 Viadimir Roubtsov (“Java Tip 130 : Do you know your
data size” , http :// www javaworld.com/javaworld/javatips/jw-javatip130.html) M IUNIANUIN U
Tucode 1 Sazumsini objet udnzdrveldiuiiduniing Ineld Method
freememory Y84 Class java.lang. Runtime Lﬁi’)ﬁ‘l Freememory NBULAZHAINITE19 Object iag

° ' ' v Y . s & Y YA
mmmmmmmwmmﬂ‘ﬁ Memory °1ummsw Object HU "]NHﬁ“u"lllﬂ 1o

1000
800
o
g d
> e o
3 600 o
[} &
O
% data 3,4
o 400
©
©
Ny
data 1,2
200 -
0 ~I'.‘I“IEIIIIIHIIHHIIIIIIIIIIJHIIIIIITIIIIIIIIII]IIIHHFIHIIlIIIlIIlIIITIIIHHI|IHIIIIIHHiIIII]
& (o] P, © ot © =
= ™ <r (e} I~ D
number of variable

31 4.1 n3luanan1s 19 Heaparea 494 Object

lae

data 1 : HAAWDIN Runtime Approach Y84 Object Y94 Class NdsenouVariable Type

boolean , byte , short , char ,int , float L18% reference
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data 2 : HABWEIN Propose Approach U89 Object Y94 Class 17%‘]]5 £NOUAIY Variable Type
boolean , byte , short , char ,int , float L% reference
Fawan1snanesss nadnT iasady

data 3 : WAAWF 9N Runtime Approach Y99 Object Y93 Class ﬁﬂﬁzﬂauﬁ'au Variable Type
long LD double

data 4 : HAANWEIN Propose Approach U84 Object Y9 Class ﬁﬂi:ﬂﬂﬂﬁ’lﬂ Variable Type
long 118 double
Fawansnanens lAadnsia sy

vnnsmnuiudednsaiag Object 11 Class FIfMUA Variable Husiatas §11Ius1
7 o314

1. 3 Overhead ﬁ'uﬁ'u 8 Bytes

2. M3 Allocate 9 UAAHMUE 8-Bytes Block 9 92 Allocate ﬂ%ﬂaz 8 Bytes 8908791 Variable
v L Tviawhiy 8 Bytes AR

3. M3 Allocate § 1351 Variable 1) Primitive Type Houna 8 22191 2 Variable #o 8
Byte au Type Long 1101¢ Double 92 Allocate muﬁmiuﬁﬁmi Declare 959

4. M3IANEIAMMIE Variable i 13 Modifier 191 Static 174 (Fainm1g Tnstance
Variable #4995 #048iM15 Allocate v"‘iyuﬁ’lﬁ’nﬂﬂ%ﬁﬁ%’w Instance Y84 Class)

5. WAaWE9InN I MITMitaUATIAUMS 1% Runtime Tool

5 T
4.1.2 M3INAABINIITNUN Heaparea Y93 Array
¥ " ¥
1. @319 Array 9119 1 5@ Type 19 9 1A LAZINNAINO1IATIAS 1

2. @379 Array na10iif Iaofmua Type uazdmauiiaeg

=1 = a = o o . ' w 3
Ll'ﬁﬂ‘lrﬁ!UUL‘YIU‘UN'ﬂ‘VIvlﬁ'ﬂ]"lﬂ’)%ﬂ’]ﬁﬂu'llﬂuﬂﬂﬂ Runtime Tool L‘]fulﬁﬁl'lﬂ“lJﬂ'l‘iTlﬂ'ﬁﬂ\‘lﬂ'licl‘h'
E ]

& o [ ana T P
WNUNUDI Object FINAMINANDIAMITY Array 1 HAnadwEh Iduanslugi 4.2
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1000
Ca
800 ey
— .ﬁ'"{.
3 ..-'""...
2 600 = -
2 o~
g data7,8 f.,.-
% 400 — .-______..--
2 “_.-‘"' Dala56 -
,f' Data3.4
200 -~ e _ o
,a“"r p—
.-,.f i o 2
e Data1,2
O TR IR RN IR R AR R R R R RERIRIRIRIRER IR R RN R R R R RR 1AL R R a1
- [to] o)) © r~ — To) @
- 1Y < (75} ™~ =} »
array length

U 4.2 n5Muanen5 1% Heaparea 499 Array 1 i@

oy
data 1 : WA@WF91M Runtime Approach U89 Array Type boolean Ua® byte
data 2 : HAAWE 1N Propose Approach Y849 Array Type boolean L0 byte
& 9 @ a
‘H\?Nﬁﬂ'ﬁﬂﬂ'ﬁﬂﬂﬂzviﬂﬂﬂﬁwﬁﬂﬁﬂﬂu

o d
data 3 : WAAWEHY11 Runtime Approach Y84 Array Type short 181% char

w d
data 4 : HOAWEY10 Propose Approach Y83 Array Type short L8 char
E 9/ v o
“HQNﬁﬂTiﬂﬂﬁﬂQ%SqﬂNﬁﬁWﬁﬂ‘iQﬂ‘u
data 5 : HAAWTVIN Runtime Approach U949 Array Type int, float LA ref
data 6 : HAAWTIN Propose Approach U84 Array Type int , float Q% ref
& 3 w o
FINAMINANDIVL AWATHTATIAY
data 7 : HAAWE1N Runtime Approach Y94 Array Type long 1L0i¥ double
data 8 : HAANTIN Propose Approach Y94 Array Type long L101i¢ double
é 9 @ o w
mwammﬂam%:"lﬂwaawmimu
MNNIIHNUTLLBTMIT319 Array FiALAZAMLEA 9 agd 1A
1. 3 Overhead (AT 16 Bytes

3

2. 13 Allocate deHANY YL 8-Bytes Block 9 12 Allocate A59AY 8 Bytes faudin Type

¥
@ ' =3 1w a =} [ W
Y99 Array Huvz 1 1dNU11AmAY 8 Bytes AfY 131ABIR Y Object
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» ) 14 [
3. MA9970 Allocate 8 Bytes HaioiN151Y Element 92 14N UNA9119009 Primitive

Type
4. HAANTINITMS M NaUenI U319 Runtime Tool

13 ¥ v
317 4.1 M31FNuRUD Array Type 613 9

Array Type Type Size

Z Boolean 1 byte
B Byte 1 byte
C Char 2 bytes
S Short 2 bytes
| Int 4 bytes

: ] Long 8 bytes
E Float 4 bytes
D Double 8 bytes
LE reference 4 bytes

1%U Array Type 111 Char 183N Allocate 8 Bytes (t4293ADUHY Element 8 3 Element
(2*4=8 ) 391¢ Allocate B 8 Bytes (U

WAN1SNAABINIS 1% Heaparea Y04 Array a0l

Runtime

7] Propose

heap uses(bytes)

array number

31N 4.3 n3ludnsms 19 Heaparea 489 Array nawiia

& @ o ad \ o Y i
%’x‘lN'ﬁﬁ‘W‘n‘i)'lﬂ’Jﬁﬂ'liﬂu’lmuB%’ﬂ‘Nﬂ“]J Runtime Tool
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4.2 MSNAADBIN 2

a e

dmiumsldiufives Heaparea @351 Method duilumsinauelua’ oRzIms
nARBTAYNTSAMUA Class SuaUAzTAT1 Method iiag Method 1uiints1duidumihls
Tnomsnaasseziiswazidoadail

1. Samsldiuive Heaparea Y84 Method

2. ieAnIRsdnyazms 19T Heaparea 11015 Invoke Method (131910 main)

3. Method 713811423 20 Method

4. a0 laoiimsisonuaaz Method $1471 20 ﬂ%@

5. Wisuifvurannisasmhiaueiunannms e RuRTIAAINMS Run 939 Taons
1% Method freememory U84 Class java.lang.Runtime Lﬁﬂﬂﬂﬁﬂn’j‘] freememory NBDULAL
99703 Invoke Method Hufinamunna1siiediels (ACode i 2 AnIMAKWIN ¥ )

‘§ o
#3992 [AHANINARBINIS Invoke Method Aan3IN

7000
6000

5000

4000
3000
2000

heap uses(bytes)

1000

1 2%3, 495 6.7 8 9 %0_1142 13 14 46 16 17 18 19 20

|
ATIN
method1 method2 method3 — method4 method5 method6 method?
method8 — method9 method10 method11 method12 — method13 ~——  method14
— methad15 method16 method17 method18 method19 - method20

3UM 4.4 n5muanems 1A UNV9 Heaparea 11015 Invoke Method
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3
TauMInAaea9iiiunI3s Invoke Method 1A Method $1UU 20 A5 20 Method 21051
a3 [l o’/’ A = 1 o =
vziiu 18 TlumsiSonnsausnazll Overhead F90199AAINATZVIUMITABUNITTIINLISS
v ¥ '
Y99 Method U N15 Load Class ©39 115 Initialize Class HANANITNADDIAUAATIN 2 Li‘lué’\’u

Talag Taaamdu
vy 4

Y ' ¥
aaiudoiams ldmunlumsiiauees Method ASouiouiimsituaueunanin

3
o A

& z i é ¥ [ ° ' ' " -
A3 Run 9339@auansan 2 Wudu'll Fadumsidiuilunsviiaiuues Method 71 ldifsafy
o - a o
N15%1974UD9 System) 3 IAHATWT
n’: 1 =1 =1 o o ad dl ° s - 9 9
msnaaosluduas lidlumsnSoufovradninnisnsfduauesunadildanms 14
v v '
freeMemory Tunsah 2 Taw Method Nldmaaevilsznoudiy
1. Method NUANYMLMIAADN 91171 31 Method
={ = = o & 9/
2. Method 7 l1ilanuEMIAADN $14IU 134 Method F992 I@Nan1snaAaDa

WNANIINAADINTA Method HNINUADN

m319fi 4.2 HamInaasanmsle Heaparea 489 Method filanyaiznaiion
method Runtime  |Propose| A2IMUANAIY | %A2IMUANAT
I 72 72 0 0
2 112 112 0 0
3 32 32 0 0
4 /N’ 1} 112 0 0
5 72 72 0 0
6 216 288 72 33.33
7 160 160 0 0
8 32 32 0 0
9 112 112 0 0
10 32 32 0 0
11 32 32 0 0
12 480 480 0 0
13 336 336 0 0
14 32 56 24 75
15 112 112 0 0
16 0 0 0 0
17 56 56 0 0
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AN 4.2 (D)

method Runtime Propose| AITNLANATS %AIULUANATY
18 0 0 0 0
19 72 72 0 0
20 32 32 0 0
21 48 48 0 0
22 32 32 0 0
23 176 176 0 0
24 32 32 0 0
25 208 208 0 0
26 32 32 0 0
27 64 64 0 0
28 32 32 0 0
29 64 64 0 0
30 32 64 32 100
31 32 32 0 0

& = Y o a0 oo ¥ et i o ] § 4
m%zmu'lmmmq Method ‘ﬂﬂﬂlvlﬂﬁl']ﬂ’lﬁﬂ'l‘ﬁm'llﬁuﬂﬂ'Nil'lﬂNﬂ‘\Tlﬂ Runtime 43710150

aslanudanaialdnimsa

o

:i s 4 a ar 9 e
M3 4.3 WosuannuAanan 1uN15IAN15 19 Heaparea 499 Method NiANY MY

A
N[N

114U method

%ANUAANAIA

31

6.72

LaZNaNIINARRIELTaLEAd IAAINT N
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600

500

400

300

200

heap uses(bytes)

= Runtime

M Propose

v 3 [ 1
71 4.5 nauaraents 1w unues Heaparea T3 Invoke Method fifimaiden

2 =1
FNNWAMINARIAINIsDagLma lansil

1. Tunsdin ldnadns livhiufasnmadenfifins 14 Heaparea qagailonSouifivyly

NANMUADNUDI Method

d'. = 1 a 1 ¥ a 3
2. 1ilpNAABY Run 1unnsdivz liinua) Maximum 1114

HAN1INAADINTAl Method luiiniaden

l b4 % v
mM319N 4.4 agumanugnaelumsIams 1iui Heaparea 99 Method 71 laiiimadon

au A3 Tuass % ANYNADA
METHOD
nagoy
Heaparea 132 132 0 100%

HAZHAANT VDI Method $1U2U 25 Method lagens v
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10000
. 8000
(%)
=
£ 6000 Runtime
&
o 4000 M Propose
o
=
_ 2000
0
— o " w _
~ — N
method

" b4 H ]
3UN 4.6 N3 LaAIN3 19 NUAYBS Heaparea T3 Invoke Method #i liifimaifion

¥
TaonmsnananestiifumsnAase invoke Method main 493 Class 913 Class §20819 11

MANUIN A

4.3 MINAavIN 3

J
s

@MU Operand ~ Stack 1ag Local Variable 3gnaaseizmsiinauanumsld fids
javap —v éqrﬂuﬁwﬁﬁﬂla’flmmw’faym}mnﬁ 1% Operand Stack t121¥ Local Variable 494 Class
uNAIBENI
% javap —v heaprecursive
vz 1Arafiuane Ao
Compiled from heaprecursive.java
class heaprecursive extends java.lang.Object
heaprecursive();
/* Stack=1, Locals=1, Args_size=1 */
public static void main(java.lang.String[]);
/* Stack=1, Locals=2, Args_size=1 */
public static int hr(int);
/* Stack=2, Locals=2, Args_size=1 */

4 .
FaHamInaaeeny Id dan1519 4.5 uazgal 4.7 oz 4.8
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words

method

i

e
f

|

|

|
|
| ’
|

M propose

31N 4.7 n31luan swans3n operand stack Y093 FMsMinaueiums 1y javap —v

words

Local Variable

2 g
method

~

3

ﬂ

(3]
<

O javap-v

M propose

314 4.8 n3luerasnans I local variable Y993 8MsMinaueiums 14 javap —v

$mu A5 Tunss % AINQNABA
METHOD
naaoy
Operand stack 364 364 0 100%
Local variable 364 364 0 100%
Operand Stack
; N
4 O javap-v
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4.4 M3NaaoIN 4

o s Y ¥ H 4 = 4

dmsunmsnaasstivziumsnaaesms1FRufives Java Method Stack Ie3nsI=HnA
IUIUTDVVDINININIUYDY Method NUANHUE Recursive NAIA119271911' 1891035015
o ] & Y .
HanoSunsuAUAYLIAYBY default stack FUMITY 400 kilobytes Tnumsnaanvs1d

° oo o as - =)
ri'flumsmﬂuﬂ Class wnﬂ15m~ﬂu1uaﬂ‘ymz Recursive A9

class testforfact{
public static void main(String args[]){
int x = Integer.parselnt(args[0]);
x = fae(x);
}
public static int fac(int x){
iftx==0){
return 0;
telse{
return fac(x+1);
}
}
}

311 4.9 Class N5 lunisnaaoadi 4

waziifn1uoe Operand Stack U2 Local Variable (1

"2 MS-DOS Prompt
C:\java>javap -v testforfact
Compiled from testforfac. JuUa
class testforfact extends jauva.lang.Object [
tes tForFuct()
Stack=1, Locals=1, Args_size=1 x/
static void main(java.lang.String[]):
¢ Stack=2, Locals=2, Args_size=1 x/
publlc static int fac(int);
/% Stack=2, Locals=1, Args_size=1 %/
}

C:\java>,

g‘llﬁ 4.10 Bytecode Instruction Y99 Class Al lumsnaanah 4

1% Expression Y84 Stackarea U949 Method fac o
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<stackarea>max((testforfact).instance.fac(I:argument[0]+1;).mresource.stackarea) + 2

+ 1</stackarea>

Tavmsnanossziloumdlsiionts Recursive uaz ius s lUidon 9 AN

‘b o
StackOverflow #492 ldwan1snaassfazll

Default stack size 2 (depth = 34132)

112640
102400
92160 Y
81920 -
71680
61440 -
51200~
40960 -
30720 -
20480 -
10240

words

0 LIATIT Y T T TS NREPRCSRSROTST AV L N L T Lk 1 T T V=i [T

.2 ©w oo [{e} ~ (s} bB,
" - (aV] o~ [32]

depth (*1000) 1(depth = 18028)
J

o

31]# 411 n3ianen13 19 Stack Y09 Class laNYAIE Recursive

vingUifunsmuansmsld stack 409 Class AdNYAY Recursive Tasnisnaasavziiy
msufSouidiouiiie1dmsinean Algoritm Miave Tavazilumsuansives Operand
Stack 1@ Local Variable MU91UIUYDINIG Recursive (Lﬁmi]‘lﬂ Invoke Llﬁiﬁzﬂgﬁﬂxﬁmi
Allocate WUABY Stack Frame) TAuf1 Default voufiudl Stack #aunsald1dde 400
kilobyte[16] ﬁ’difusﬁﬂal‘%’ Algorithm mnﬁﬁuﬁumzwuiwxmmm Recursive nlﬁlflﬂ depth
iy 34132 (gadafi 2) Tuvmedins Run amlnfey Recursive T81R09 depth a1y 18028
iy (9¢iafl 1) fazifin StackOverflow sziiuldiuileanin stack Im3lFdnves Data

‘é 1 Qs =y o/ dy (-] s 1] s
Frame(¥4 11 1830 Tua11390i)) Favi1ldmadws luaseniu
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a
4.5 MInaasdn s
dy‘i.j A'l 1 P g A 1A ar
msnaassiitlumsnaasunen1mn1slums Compile iags Evaluate ivon11iiilode
9 'A-l l £ . 7
lathenlnason1s1$a1luns Compile 11ag Evaluate Tnun1snanessznaasafi Class Las
1 9 ] " yq
Method N15lumsnaassil 2 uaz 3 uaznanldnnmasesiifasinnisianaivesszuy
9/ - . . . o
Tavl¥ Method currentTimeMillis 910 Class java.lang.System tazmsilSeumsuany

1 Hy v ' @ . w
HANANYBIIAN IANINADULATHAINS Compile (10 Evaluate ?Ng‘ﬂ

long start = System.currentTimeMillis();
Compile / Evaluate;
long stop = System.currentTimeMillis();

time = stop — start;

31 4.2 mslddmdauneninarluns Compile taz Evaluate

4.5.1 M3 Compile
) B2
msnaasuionIalums Compile Class A4 9 92NAADINY Class NIHUA 132 Class
¥ 1 ¥
UAIHBININNADE Class HANHMULMIMNIUAAAUIINAIS U byteode A1efu Fariulu

1 y (-] A dl e
AUINHIZIVUHANTINAADIUDY Class $1UIN 10 Class Fanah 18ean1514

M3 4.6 HANISNAADINTT 191981 1UM3 Compile ¥4 Class 10 Class

Class 1M U $mi UM 1UIU new
(milli second) bytecode invokemethod array bytecode bytecode
bytecode
1 500 26 0 0 0
2 500 30 0 0 0
3 680 25 8 0 0
4 520 29 2 0 0
5 510 22 3 0 0
6 520 22 4 0 4
7 530 23 2 0 2
8 520 28 3 2 3
9 540 24 6 1 1
10 510 59 0 0 0
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VINATNILWUIULD91UIU Bytecode 1nAABIAU( Class 1 — 9 ) 92NUIULID Class i
g . . .

Bytecode #1N&INUMT Invoke v2iims 1danlumsiiaumudvedeadany  daumsle
Mdadmiunsade Object ay Array sefinadons 14iaar luanniin iiies91n Algorithm u
113 Compile AinuauoIlolnITWY Bytecode #1Tun15 Invokemethod , N15a319 object taz

v Y - o 4 o o o & 4 .
MIAIN Array IEADIUMTNINUNDINITIYALIDIAUDIATTIUUIND Append aslu Expression

. - o 4 i . & 3
Y094 Heap 11 Stack TUUnEH Class 11, 2 uaz 10 Fuilu Class 71 1uTin1s 198 1das7e 3
Uszinniliflolimsmiudmiuves Bytecode 3z Tnanonis1dnaideudiaton

Fd o ¥ i
aviulunisnanesludunoude ldvzidlunisnaassms 14d1davee Bytecode 14 3
Uszinnuazisziandu o ieniddinansznudenmslsiaarlunis Compile 861915 Taolu
4 L g ' &

msnaaeuumsadia Class  U1u1 1 Class LAZIAL$ MU Bytecode THusazszinnay
& 4 ¥
1390 9 FI9zUsTNOUAIWY

1. ilumsnaaoslaoiinsuanuns Bytecode Yszinndn o

2. L‘ﬂuﬂﬁ NAaD Tt 1UINYDY Bytecode Invoke Method

3. 1flumananes lnoiiu$ 11LYe4 Bytecode new

4. Wlumsnaasslaomiusuanues Bytecode array

4 g A
cmﬂamimaﬂmﬂumgﬂw 4,13 ,4.14,4.15 a2 4.16

millisecond

number of bytecode(*100)

31N 4.13 nsmlueraans 1919a1lums Compile iarind1uau Bytecode 117 1)



millisecond

number of invoke method bytecode(*10)

31 4.14 s muanens 1919a11uns Compile iniU$11I Bytecode Invokemethod

400 55

millisecond

200 -

number of new bytecode(*20)

317 4.15 nswluaasmsIdam lums Compile ifioiu$1147U Bytecode New

millisecond

number of array bytecode(*20)

310 4.16 namluaasnisldaanTums Compile ifoins$ 119U Bytecode Newarray
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Ed
A asoagUwaldadl
q o a & . 4 4

1. 1931194 Bytecode iinvuaziinms 14ianlums Compile Class iiiuii

2. WOINN$IUIUYES Bytecode MIifiuafuns Invokemethod 92in1514198114n15 Compile
R T, L 4 44 o ¥ } =
iuaueg AN Tuvagiidelin1siivy Bytecode MRfUA1Te319 Object 110z Array 933
HOAONTS 1919211198n 31713 Invokemethod

v = 4 a oA
3. mﬂ‘]mmmmm ilxlﬂuﬂ‘l‘immmnuluﬂm

4.5.2 7113 Evaluate
M3NAABINT 1¥1Ia1dMSUNIS Evaluate 1aNaa09f Method $1491 5 Method (e

= 4 ¥ o
L‘LEU‘UWIEI‘UNﬁ mﬁhlﬂwﬁﬂ'liﬂﬂﬂﬂﬂﬂﬁﬂﬁ'lﬁ

M3 4.7 Wan1INaaIns 14a11un15 Evaluate ¥99 Method 5 Method

Method M 31U NUMY U UM
(milli second) Expression Expression Expression Expression
uoy invokemethod newobject array
1 1210 0 0 0 0
2 1530 1 1 0 0
3 1980 1 0 1 0
i 1270 1 0 0 1
5 2150 3 1 1 1

' & nd Af o, . 4 A
1NMINNYINIR1F1UN15 Evaluate uagiy Expression 94 Heap Lag Stack Fa1iio
' ] A ora . ' Y Y ) A
A11u Expression (JuA1nIA( 103 Expression #96) 93191901 1un15 Evaluate osninlunsdin

1 A -] 4 1 1 P ] n’:
Expression 3] Expression 82¥ ¥998ADININT Evaluate (oY IR U0LAAL Expression 888HU

1 a o _ ' 4 3/

msnaassae lvziunmaaslasmsiud1uIUv9 Expression dooiieniuua Ty

4 o
4043 191901 TuMs Evaluate Hananisnaasuanadagl
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2000
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123 4567 89 1011 1213 14 15 16 17 18 19 20

number of sub -expression

31 4.17 nslueraens 14arlums Evaluate iorins$ 119w Expression 800

Aadao

¥
- ' Ve o o
uamnnu“luﬂmwnmmumm Expression §28N1AU il'l‘l‘l']uﬂ'i’lllﬁﬂ‘tlﬂﬂﬂ’ﬁ Evaluate ﬂ‘ﬁzfl

1 4 4 A ar
WARBN15 Evaluate 1§10 Method 173 Evaluate Anasliisos 9 dsnanisnaasandaalddagl

12000
10000
8000

6000

millisecond

4000

2000

1

2 345 67 8 9101112131415 16 17 18 19 20

depth

31/ 4.18 nsmluaasns e lums Evaluate idioiinsuiuanuinluns Evaluate
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nnnamsnaaeagy1ad
[ ¥
3k 1o
1. amlFlums Evaluate ﬂuagﬂ‘u Expression Y94 Heap LIi¥ Stack Expression
A o o ] a 3’ LY = J
2. WJ93IUIU Expression gounuuYe 1919a11un15 Evaluate tiuu

A'! o = ﬂ‘- 43‘ ) ta' J
3. eduauanuanluns Evaluate tivauaz 1419a11un15 Evaluate iiuay

a g
4.6 WAIZHHANINAADI
4.6.1 Heaparea
PINHANITNANDIVENU N
v 4 Y ' - ¥ 9
1. M31¥NUNYDY Heaparea 921/53n0UA8 3 d2 Av M5a319 Object M5A319 Array
4 2 g e B o
1az M3 Invoke Method(¥911 Method 191992152 N0 UAWMA 3 duTiimuhu)
3/ 1 = SM: P o -~
2. Tumsa31a Object 1oy Array 9¢5in319WuAvUBY Heaparea M1 Type uag $14UMs0
A2UE1IVDY Array
¥ 3 ¥
3. Tumsiausiuifielinis Invoke Method 1183 Class D192 A095M5 Initialize Class iy
° a o A ooy’ w - 4 a ' § 4
39 17IAA Overhead $1aunils daumssSaludtvzdunmsialaslusunsidnufives
19 Initialize
1l 3 '
4. wadwsn 1annmaiams 14 Heaparea 199 Method (Taeavinms Run afait 2 udy
) Tudauves Method Aldnualy Branch 9z 1wah lugndes 100% uiduiiu Method 71T

AN¥Me Branch 92 1¥KAdWT NgnAna 100%

4.6.2 Stackarea
4
VInHamInAnedsznU e unIsTaluaauues Operand Stack 11a¢ Local Variable 910
a A o s 4 [ o o . =
Fmshiuaueldnadniinssiufumsld Mdsjavap < Fuilumsgdoyaves Method

& " g SR 8
Moy Class #aTun13%197114959 TVM 92 Allocate HURALIND 1H UM TH191UYD9 Method

4.6.3 M319172114n5 Compile a2 Evaluate
1 .; T o .
NHANITNARDINTNU I TunS Compile 3$YUDYNVITUIU Bytecode UD4 Class File
& v 4 o : .2
¥ Compile UH 1182N13 Evaluate 9 YUBDYNU Expression Y09 Heap 1A Stack Expression 91U
4 4 ' { A o @ o w1 o @ i
ﬂ'li“V'Iﬂﬁﬂdﬂ']5LWHUN%$1NL{]HLLﬁUﬂQﬁLﬁBQ5]’lﬂﬂ'ld'luﬂ‘ljﬂ']ﬁ\‘luﬂﬂ&’ﬂ'lﬂﬂﬂ'ﬁ]%3575]@&%8@‘?]
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a d
InTzHazagilwa

3
a Y o

el I iaue3sms lumsdauazszidiuains 19m§wensves Java Object Tudan
84 Heaparea g Stackarea tiouAilymiifianinnisanis19mimerns luvne Runtime Tns
uvanszuaumslums el 2 Sunoundn de

1. M5 Compile Lﬁaiﬁ“lﬁ’ Resource Description File(RDF) Y94 Class File Lﬁﬂﬂ‘l‘i’fﬂy‘ﬁ‘ﬁqﬁ
91015 RDF 114 lunsiasins lanswonnsede'ly

2. M5 Evaluate ifhumsirdoyadi 18010 RDF wushdnszuaumsiie 18l unadwily

9w
15 1 ¥NTNINT

g

A ad { ] ]
¥99INITMsMINaUeLazHanITNaaesasnasl Iand

a d = s
5.1 ANNTHHANTIVY
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Type Mnemonic Opcode Description Argument Stack Stackchange
Before After
Instruction that | aconst_null 1(0x01) Push null object reference - Null +1
push a constant | iconst_ml 2(0x02) Push int constant ~1 - -1 +1]
onto the stack iconst 0 3(0x03) Push int constant 0 - 0 +1
iconst_1 4(0x04) Push int constant 1 - 1 +1
iconst 2 5(0x05) Push int constant 2 - 2 +1
iconst 3 6(0x06) Push int constant 3 3 3 +1
iconst 4 7(0x07) Push int constant 4 - 4 +1
iconst_5 8(0x08) Push int constant 5 2 5 +1
lconst 0 9(0x09) Push long constant 0 - <0>-word1,<0>-word2 +2
lconst_1 10(0x0a) Push long constant 1 - <I>-word1,<1>-word2 +2
fconst 0 11(0x0b) Push float constant 0.0 = <0.0> +1
feconst 1 12(0x0c) Push float constant 1.0 - <1.0> +1
fconst 2 13(0x0d) Push float constant 2.0 - <2.0> +1
dconst 0 14(0x0e) Push double constant 0.0 - <0.0>-word1,<0.0>-word2 +2
dconst_1 15(0x01) Push double constant 1.0 . <1.0>-word1,<1.0>-word2 +2
bipush 16(0x10) Push 8-bit signed integer : value +1
sipush 17(0x11) | Push 16-bit signed integer o value +1

LL



Type Mnemonic Opcode Description Argument Stack Stackchange
Before After
Idc 18(0x12) Push item form constant pool . item +1
Idew 19(0x13) Push item from constant - item +1
pool(wide)
lde2_w 20(0x14) Push long or double from constant - item.word1,item.word2 +2
pool
Instruction that | iload 21(0x15) Load int from local variable - value +1
load a local lload 22(0x16) Load long from local variable E value.word1,value.word2 +2
variable onto fload 23(0x17) | Load float from local variable 3 value +1
stack dload 24(0x18) Load double from local variable - value.word1,value.word2 +2
aload 25(0x19) Load reference from local variable - value +1
iload_0 26(0x1a) Load int from local variable 0 - value +1
iload_1 27(0x1b) Load int from local variable 1 5 value +1
iload_2 28(0x1c) Load int from local variable 2 - value +1
iload_3 29(0x1d) Load int from local variable 3 N value +1
lload 0 30(0x1e) Load long from local variable 0 = value.word1,value. word2 +2
lload_1 31(0x11) Load long from local variable 1 - value.wordl,value.word2 +2

8L



Type Mnemonic Opcode Description Argument Stack Stackchange
Before After

lload_2 32(0x20) Load long from local variable 2 - value.word]l,value.word2 +2
lload 3 33(0x21) Load long from local variable 3 7 value.wordl,value.word2 +2
fload 0 34(0x22) Load float from local variable 0 < value +1
fload_1 35(0x23) Load float from local variable 1 - value +1
fload_2 36(0x24) Load float from local variable 2 F value +1
fload 3 37(0x25) Load float from local variable 3 - value +1
dload_0 38(0x26) Load double from local variable 0 2 value.word],value.word2 +2
dload 1 39(0x27) Load double from local variable 1 - value.word1,value.word2 +2
dload_2 40(0x28) Load double from local variable 2 - value.wordl,value.word2 +2
dload_3 41(0x2a) Load double from local variable 3 £ value.word1,value.word2 +2
aload 0 42(0x2b) Load referane from local variable 0 - value +1
aload 1 43(0x2b) Load referane from local variable 1 - value +1
aload 2 44(0x2c) Load referane from local variable 2 C value +1
aload_3 45(0x2d) Load referane from local variable 3 - value +1
iaload 46(0x2e) Load int from array - arrayref,index value -1

laload 47(0x21) Load long from array . arrayref,index value.word1,value.word2 0

faload 48(0x30) Load float from array = arrayref,index value -1

daload 49(0x31) Load double from array : arrayref,index value.word],value.word2 0

6L



Type Mnemonic Opcode Description Argument Stack Stackchange
Before After

aaload 50(0x32) Load reference from array - arrayref,index value -1

baload 51(0x33) Load byte or boolean from array 7 arrayref,index value =1

caload 52(0x34) Load character from array < arrayref,index value -1

saload 53(0x35) Load short from aray - arrayref,index value -1

Instruction that istore 54(0x36) Store int into local variable 1 value -1

store a value Istore 55(0x37) Store long into local variable ¥ value.word1, -2
from the stack value.word2

into a local fstore 56(0x38) Store float into local variable 1 value -1

variable dstore 57(0x39) Store double into local variable 1 value.wordl, -2
value.word2

astore 58(0x3a) Store referenc into local variable 1 value -1

istore_0 59(0x3b) Store int info local variable 0 F value -1

istore_1 60(0x3c) Store int into local variable 1 E value =]

istore 2 61(0x3d) Store int into local variable 2 - value -1

istore 3 62(0x3e) Store int into local variable 3 - value -1

Istore_0 63(0x3f) Store long into local variable 0 - value.wordl, -2

value.word2

08



Type Mnemonic Opcode Description Argument Stack Stackchange
Before After

Istore 1 64(0x40) Store long into local variable 1 - value.wordl, -2
value.word2

Istore_2 65(0x41) Store long into local variable 2 - value.wordl, -2
value.word2

Istore_3 66(0x42) Store long into local variable 3 - value.wordl, -2
value.word2

fstore 0 67(0x43) Store float into local variable 0 - value -1

fstore_1 68(0x44) Store float into local variable 1 Y value -1

fstore 2 69(0x45) Store float into local variable 2 - value -1

fstore_3 70(0x46) Store flaot into local variable 3 2 value -1

dstore 0 71(0x47) Store double into local variable 0 - value.wordl, -2
value.word2

dstore_1 72(0x48) Store double into local variable 1 - value.wordl, 2
value.word2

dstore 2 73(0x49) Store double into local variable 2 - ; value.wordl, -2
value.word2

dstore_3 74(0x4a) Store double into local variable 3 - value.word1, -2

value.word2

18



Type Mnemonic Opcode Description Argument Stack Stackchange
Before After
astore 0 75(0x4b) Store reference or retutn address into - value -1
local variable
astore_1 76(0x4c) Store reference or retutn address into - value -1
local variable 1
astore_2 77(0x4d) Store reference or retutn address into - value -1
local variable 2
astore_3 78(0x4e) Store reference or retutn address into B value -1
local variable 3
iastore 79(0x41) Store into int array - arrayref,index, -3
value
lastore 80(0x50) Store into long array - arrayref,index, -4
value.wordl,
value.word2
fastore 81(0x51) Store into float array - arrayref,index, -3
value
dastore 82(0x52) Store into double array - arrayref,index, -4
value.wordl,
value.word2

z8



Type Mnemonic Opcode Description Argument Stack Stackchange
Before After
aastore 83(0x53) Store into reference array - arrayref,index, -3
value
bastore 84(0x54) Store into byte or boolean array = arrayrefiindex, -3
value
castore 85(0x55) Store into character array N arrayref,index, -3
value
sastore 86(0x56) Store into short array = arrayref,index, -3
value
Wide instruction | wide 196(0xc4) | Extend a local variable index with -
additional bytes
Generic stack nop 0(0x00) Do nothing > 0
operation pop 87(0x57) Pop top stack word K word -1
pop2 88(0x58) Pop top two stack word : word]1,word2 -2
dup 89(0x59) Duplicate top stack word - word word,word +1
dup_x1 90(0x5a) Duplicate top stack word and put two - word2,word1 word1,word2,word1 +1
down
dup_x2 91(0x5b) Duplicate top stack word and put three - word3,word2, word1,word3,word2, +1

down

word]

word]

£8



Type Mnemonic Opcode Description Argument Stack Stackchange
Before After
dup2 92(0x5c) Duplicate top two stack words & word2,word] word2,word1,word2, +2
word]
dup2 x1 "93(0x5d) Duplicate top two stack werds and put z word3,word2, word2,word1,word3, +2
two down wordl word2,wordl
dup2_x2 94(0x5e) Duplicate top two stack words and put 3 word4,word3, word2,word1,word4, +2
three down word2,wordl word3,word2,word1
swap 95(0x51) Swap top two stack words - word1,word2 word2,word1 0
Integer arithmetic | iadd 96(0x60) Add ints - Valuel,value2 result -1
ladd 97(0x61) Add longs - vaiuel.wordl . result.wordl,2 -2
valuel.word2,
value2.wordl,
value2.word2
isub 100(0x64) | Subtract ints g valuel,value2 result -1
Isub 101(0x65) | Subtract longs - valuel.word], result.wordl1,2 -2
valuel.word2,
value2.word1,
value2.word2
imul 104(0x68) | Multiply ints B Valuel,value2 result -1

¥8



Type

Mnemonic

Opcode

Description

Argument

Stack

Before

After

Stackchange

Imul

105(0x69)

Multiply longs

valuel.wordl,
valuel.word2,
value2.wordl,

value2.word2

result.w_ord] 2

idiv

108(0x6c)

Divide ints

Valuel,value2

result

Idiv

109(0x6d)

Divide longs

valuel.wordl,
valuel.word2,
value2.wordl,

value2.word2

result.wordl1,2

irem

112(0x70)

Calculate remainder of division of ints

Valuel,value2

result

Irem

113(0x71)

Calculate remainder of division of longs

valuel.wordl,
valuel.word2,
value2.wordl,

value2.word2

result.wordl,2

ineg

116(0x74)

Negate int

value

Value

Ineg

117(0x75)

Negete long

value.word]1,

value.word2

value.wordl,value.word2

S8



Type Mnemonic Opcode Description Argument Stack Stackchange
Before After
iinc 132(0x84) | Increment int local variable by constant 2 0
Floating-point fadd 98(0x62) Add floats - Valuel,value2 result -1
arithmetic dadd 99(0x63) Add doubles - valuel.wordl, result.word1,2 -2
valuel.word2,
value2.wordl,
value2.word2
fsub 102(0x66) | Subtract floats - Valuel,value2 result -1
dsub 103(0x67) | Subtract doubles - valuel.word]1, result.word1,2 -2
valuel.word2,
value2.wordl,
value2.word2
fmul 106(0x69) | Multiply floats - Valuel,value2 result -1
dmul 107(0x6a) | Multiply doubles < valuel.wordl, result.wordl1,2 -2
valuel.word2,
value2.wordl,
value2.word2
fdiv 110(0x6e) | Divide floats - Valuel,value2 result -1

98



Type Mnemonic Opcode Description Argument Stack Stackchange
" Before After
ddiv 111(0x6f) Divide doubles - valuel.word], result.wordl1,2 -2
valuel.word2,
value2.wordl,
value2.word?2
frem 114(0x72) | Calculate remainder of division of floats - valuel,value2 result -1
drem 115(0x73) | Calculate remainder of division of - valuel.wordl, result.wordl1,2 -2
doubles valuel.word2,
value2.wordl,
value2.word2
fneg 118(0x76) | Negate floats - value value 0
dneg 119(0x77) | Negete doubles - value.word], value.wordl,value.word2 0
value.word2
Logic shift ishl 120(0x78) | Perform left shift on int - valuel,value2 result -1
operation Ishl 121(0x79) | Perform left shift on long - valuel.wordl, result.word1,result, word2 =1
valuel.word2,
value2
ishr 122(0x7a) | Perform arithmetic right shift on int - valuel,value2 result -1

L8



Type Mnemonic Opcode Description Argument Stack Stackchange
. Before After
Ishr 123(0x7b) | Perform arithmetic right shift on long - valuel.wordl, result.word],result.word2 -1
valuel .word2,
value2
iushr 124(0x7c) | Perform logical right shift on int - valuel,value2 result =1
lushr 125(0x7d) | Perform logical right shift on long - valuel.word], result.wordl,result.word2 -1
valuel.word2,
value2.wordl,
value2.word2
Bitwise boolean iand 126(0x7e) | Perform boolean and on ints - valuel,value2 result -1
operation land 127(0x71) Perform boolean and on longs 5 valuel.wordl, result.word]1,result.word2 -2
valuel.word2,
value2.wordl,
value2.word2
ior 128(0x80) | Perform boolean or on ints ™ valuel,value2 result -1
lor 129(0x81) | Perform boolean or on longs B valuel.wordl, result.wordl,result.word2 -2

valuel.word2,
value2.wordl,

value2.word2
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Type Mnemonic Opcode Description Argument Stack Stackchange
Before After
ixor 130(0x82) | Perform boolean xor on ints - valuel,value2 result -1
Ixor 131(0x83) | Perform boolean xor on longs - valuel.wordl, result.word],result.word2 -2
valuel.word2,
value2.wordl,
value2.word2
Type conversion | i2l 133(0x85) | Convert int to long % value result.word],result.word2 +1
i2f 134(0x86) | Convert int to float - value result 0
i2d 135(0x87) | Convert int to double - value result.word],result.word2 +1
12i 136(0x88) Convért long to int - valuel.word], result -1
valuel.word2
12f 137(0x89) | Convert long to ﬂoét - valuel.wordl, result -1
valuel.word2
12d 138(0x8a) | Convert long to double - valuel.wordl, result.word],result.word2 0
valuel.word2
f2i 139(0x8b) | Convert float to int - value result 0
21 140(0x8c) | Convert float to long = value result.word1,result.word2 +1
f2d 141(0x8d) | Convert float to double - value result.word],result.word2 +1
d2i 142(0x8¢) | Convert double to int - valuel.wordl, result -1

valuel.word2
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Type Mnemonic Opcode Description Argument Stack Stackchange
Before After

dai 143(0x8f) | Convert double to long - valuel.wordl, result.word1,2 0
valuel.word2

d2f 144(0x90) | Convert double to float - valuel . word], result -1
valuel.word2

i2b 145(0x91) | Convert int to byte . value result 0

i2c 146(0x92) | Convertint to char & value result 0

i2s 147(0x93) | Convert int to short . value result 0

Comparison lemp 148(0x94) | Conpare longs 1 valuel.wordl, result 3
instructions valuel.word2,
value2.wordl,
value2.word2

fempl 149(0x95) | Compare floats(-1 on NaN) - valuel,value2 result -1

fempg 150(0x96) | Conpare floats(1 on NaN) - valuel,value2 result -1

dempl 151(0x97) | Compare doubles(-1 in NaN) - valuel.wordl, result -3

valuel.word2,
value2.wordl,

value2.word2

06



Type Mnemonic Opcode Description Argument Stack Stackchange
Before After

dempg 152(0x98) | Compare doubles(1 on NaN) - valuel.wordl, result -3

valuel.word2,

value2.wordl,

value2.word2
Control flow ifeg 153(0x99) | Branch if equal to 0 2 value -1
instruction ifne 154(0x9a) | Branch if not equal to 0 2 7 value -1
iflt 155(0x9b) | Branch if less than 0 2 value -1
ifge 156(0x9¢c) | Branch if greater than or equal to 0 2 value -1
ifge 157(0x9d) | Branch if greater than 0 3 value -1
ifle 158(0x9¢) | Branch if less than or equal to 0 2 value -1
if_icmpeg 159(0x9f) | Branch if ints equal 2 valuel,value2 -2
if_icmpne 160(0xa0) | Branch if ints not equal 2 valuel,value2 2
if_icmplt 161(0xal) | Branch if int less than other int ?) valuel,value2 -2
if_icmpge 162(0xa2) | Branch if int greater than or equal to 2 valuel,value2 -2

other int

if_icmpgt 163(0xa3) | Branch if int greater than other int 2 valuel,value2 -2
if_icmple 164(0xa4) | Branch if int less than or equal to other 2 valuel,value2 -2

int

[6



Type Mnemonic Opcode Description Argument Stack Stackchange
Before After
if acmpeg 165(0xa5) | Branch if object reference are equal 2 valuel,value2 -2
if acmpne 166(0xa6) | Branc if object reference not equal 2 valuel,value2 -2
[fnull 198(0xc6) | Branch if null 2 value -1
ifnonnull 199(0xc7) | Branch if not null 2 value -1
goto 167(0xa7) | Branch always 2 0
goto_ w 200(0xc8) | Branch always (wide) 4 0
tableswitch 170(0xaa) | Access jump table by index and jump zal) index -1
lookup 171(0xab) | Access jump table by key match and >12 key -1
switch jump
Method return ireturn 172(0xac) | Returnint from method - value [empty] -1
instruction Ireturn 173(0xad) | Return long from method = value.wordl, [empty] -2
value.word?2
freturn 174(0xae) Return float from method - value [empty] -1
dreturn 175(0xaf) Return double from method - value.wordl, [empty] -2
value.word2
areturn 176(0xb0) | Return reference form method . value [empty] -1
return 177(0xbl) | Return from method s [empty] 0

6



Type Mnemonic Opcode Description Argument Stack Stackchange
Before After

Finally clause jsr 168(0xa8) | Jump to subroutine 2 address +1
jsr_w 201(0xc9) | Jump to subroutine(wide) 4 address +1
ret 169(0xa9) | Return from subroutine 1 0

Method Invokevirtual | 182(0xb6) | Invoke instance method 2 objectref, -(number of arg.+1)

invocation [argl,arg2,...]

instruction invoke 183(0xb7) 2 objectref, -(number of arg.+1)
special [argl,arg2,...]
invokestatic 184(0xb8) | Invoke a class(static) method 2 [argl,arg2,...] -(number of arg.)
invoke 185(0xb9) | Invoke interface method < objectref, -(number of arg.+1)
interface [argl,arg2,...]

Objects and array | new 187(0xbb) | Create new object 2 objectref +1

object checkcast 192(0xc0) Make sure object is of given type 2 objectref objectref 0
getfield 180(0xb4) | Fetch field from object 2 objectref value or +1 or+2

value.wordl,value.word2

putfield 181(0xb5) | Set field in object 2 objectref,value or -2 0r-3

objectref,
value.word],

value.word?2

€6



Type Mnemonic Opcode Description Argument Stack Stackchange
Before After
getstatic 178(0xb2) | Fetch static field from class 2 value or +1 or +2
value.word1,value.word2
putstatic 179(0xb3) | Set static filed in class 2 value or -lor-2
value.wordl,
value.word2
instanceof 193(0xcl) | Determine whether an object is of given 3 objectref result 0
type
newarray 188(0xbc) | Allocate new array of primitive type 1 count arrayref 0
components
anewarray 189(0xbd) | Allocate new array of reference type 2 counf arrayref 0
components
arraylength 190(0xbe) | Get length of array - arrayref length 0
multi 197(0xc5) | Allocate a new mutidimensional array 3 count, arrayref
anewarray [count2,...]
Thread monitorenter | 194(0xc2) | Enter and acquire object monitor . objectref -1
Synchroni- monitorexit 195(0xc3) | Release and exit object monitor - objectref -1
zation
Exception athrow 191(0xbf) | Throw exception or error . objectref objectref 0

¥6
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www.javaworld.com/javaworld/javatips/jw-javatip 1 30.html)
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//Sizeof.java for evaluate size of object
public class Sizeof{
public static void main (String [] args) throws Exception{
// Warm up all classes/methods we will use
runGC ();
usedMemory ();
/I Array to keep strong references to allocated objects
final int count = 10000;

Object [] objects = new Object [count];

long heapl = 0;

I/ Allocate count+1 objects, discard the first one
for (inti=-1; 1 < count; ++ 1){

Object object = null;

object = new test();

if (1>=0)

objects [i] = object;

else{

object =null; // Discarcl the warm up object

runGC ();

heapl = usedMemory (); // Take a before heapsnapshot
}
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runGC ();

long heap2 = usedMemory (); // Take an after heap snapshot:

final int size = Math.round (((float)(heap2 - heap1))/count);
System.out.println ("'before’ heap: " + heapl + ", 'after' heap: " + heap2)
System.out.println ("heap delta: " + (heap2 - heap1) + ", {" + objects

[0].getClass () + "} size =" + size + " bytes");

for (int i = 0; i < count; ++ i) objects [i] = null;

objects = null;

private static void runGC () throws Exception {
// 1t helps to call Runtime.gc()
/{ using several method calls:

for (intr=0; r<4; ++r) runGC ();

private static void _runGC () throws Exception {
long usedMem] = usedMemory (), usedMem?2 = Long. MAX VALUE;
for (int i = 0; (usedMem1 < usedMem2) && (i < 500); ++ i){
s_runtime.runFinalization ();
s_runtime.gc ();
Thread.currentThread ().yield ();
usedMem?2 = usedMem1;

usedMem1 = usedMemory ();

]
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private static long usedMemory (){

return s_runtime.totalMemory () - s_runtime.freeMemory ();

private static final Runtime s_runtime = Runtime.getRuntime ();

} // End of class
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class GeTest{
public static final Runtime r = Runtime.getRuntime();
public static void main(String args[])throws Exception {

final int count = 10;

long hl = 0;
long h2 = 0;
long size = 0;

long Sumsize = 0;
long Result = 0;

for(int 1 = Oji<count;i++){

if(i==0){
runGC();
telse{
r.ge();
}

hl = r.freeMemory();
test z = new test();
h2 = r.freeMemory();
System.out.println(" freememory at " + i + " : "+h2);
size = h1-h2;
System.out.println("size at " + i+ " : "+size);
Sumsize = Sumsize + size;
System.out.println("sumsize at " +i+"  : "+Sumsize);
System.out.println();

}

Result = Sumsize/count;

System.out.println("size : "+Result);

r.ge();
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private static void runGC () throws Exception{
for (intr=0;r<4; ++r) runGC ();
}
private static void _runGC () throws Exception {
long usedMem1 = usedMemory (), usedMem?2 = Long. MAX_VALUE;
for (int i = 0; (usedMeml < usedMem2) && (i < 500); ++ i){
r.runFinalization ();
r.ge ();
Thread.currentThread ().yield ();
usedMem?2 = usedMem1;

usedMem1 = usedMemory ();

}
private static long usedMemory (){

return r.totalMemory () - r.freeMemory ();
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class IntegerConstant{

public static void main(String args(]) {

System.out.printin(Byte. MAX_VALUE);
System.out.printin(Byte. MIN_VALUE);
System.out.printin(Short. MAX_VALUE);
System.out.println(Short. MIN_VALUE);
System.out.printin(Integer MAX_VALUE);
System.out.printin(Integer. MIN_VALUE);
System.out.printin(Long. MAX_VALUE);
System.out.printin(Long.MIN_VALUE);

class AriAssOp/{

public static void main(String args[]) {

intx =k

x += 1;System.out.printIn(x);
x *= 2;Systermn.out.println(x);
x -= 3;System.out.printin(x);
x /= 4;System.out.printin(x);
float y = If;

y += 1;System.out.printin(y);
y *= 2;System.out.printin(y);
y-== 3;System.out.printIn(y);
y /= 4;System.out.printin(y);

class IntegerBit{

public static void main(String args[]){

Binary.print(-2 , 32);
Binary.print(-1, 32);
Binary.print(0 , 32);
Binary.print(1 , 32);
Binary.print(2 , 32);

class Test20{

public static void main(String args(]){

int A = 1234, B = 9876;
System.out.print("A=");Binary.print(A , 32);
System.out.print("B=");Binary.print(B , 32);
System.out.print("A|B=");Binary.print(A|B , 32);
Systern.out.print("A*B=");Binary.print(A*B , 32);
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class CondOp{
public static void main(String args(]){
int a = Integer.parselnt(args[0]);
int b = Integer.parselnt(args[11]);

System.out.printin((a > b)? a : b);

class Cast {
public static void main(String args[)){
double d = 257.234;
inti = (int) d;
System.out.printIn(i);
byte b = (byte) i;

System.out.printin(b);

class Test24{
public static void main(String args[]){
int s = Integer.parselnt(args[0]);
charg= (s>=85)2'A":
(s>=75)7"B":
(s>=65)7'C':

(§>=55)2'D":'F;

System.out.println(g);

class UnaryPromotion
public static void main(String args[]){
byte b= 10;
char ¢ ="u0001";

int a[] = new int[b];

a[0]=-1;
ale]=1;

af2] = -c;
a[3]=~b;

a[4] =b <<dL;
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class BinaryPromotion {
public static void main(String args[}){

int i;
charc=12;
long 1=3L;
float f = 1.5f;
i=(int)c+1*f-3);
System.out.println((c + | * f- 3));

System.out.println(i);

class SwitchBlock {
public static void main(String args[]) {
intx=1;
switch(x){
case0: int a;
System.out.println(0);
break;
case | : int b;
System.out.printin(1);
break;

default : System.out.printin(2);

class Test30{

public static void main(String args[]){

here : {
System.out.printin("Hello");
he: {
System.out.printin("Hi");
}
}
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class If1{
public static void main(String args[]){
int a = Integer.parselnt("1");
int b = Integer.parselnt("2");
if(b == 0N
System.out.printin("Error:dividebyzero!");
System.exit(0);
}
System.out.printin(a/b);
}
}
class [f3{

public static void main(String args([]) {
int 5 = Integer.parselnt(args[0]);
if{s >= 85)
System.out.printin('A’);
elseif{s >=75)
System.out.printin('B");
else if(s >= 65)
System.out.printin('C";
else if(s >=55)
System.out.printin('D");
else

System.out.printin('F');

class Switch3{
public static void main(String args[]) {
char g = args[0].charAt(0);
switch(g){
case 'A':
case'B':
case 'C' : System.out.printIn("Passed");
break;
case'D":
case 'F' : System.out.printIn("Fails");
break;

default : System.out printin("Invalid");




class Continue| {
public static void main(String args[]){
for(int i = 0;i < 5; i++){
ii==3)
continue;
System.out.println(i);
}

System.out.printIn("End");

class MyVar{
static int x = 1;
)
class StaticVar{
public static void main(String args[]) {
for(int i = 1; i < 5;i++)

System.out.printin(MyVar.x ++);

}
1
class MyVar2{

public intx = 1;
}

class MemberVar {
public static void main(String args[]){
for(inti=07;i<3 ;i++){
MyVar2 m = new MyVar2();

System.out.println{m.x++);

}
}
H
class MyVar3{
int pO{
intx =0;
return x++;
}

}
class LocalVar{
public static void main(String args[]){
MyVar3 v = new MyVar3();
for(int i = 0;i < 3;i+4){

System.out.printin(v.p());

106



107

class Test32{

public static void main(String args[]){
int n = Integer.parselnt(args[0]);
switch(n%8){

case 0 : System.out.printIn("0");

break;

case 7: System.out.printin("7");
break;

case 6 : System.out.println("6");
break;

case 5 : System.out.printIn("5");

break;

case 4 : System.out.printin("4");
break;

case 3 : System.out.printin("3");
break;

case 2 ; System.out.printIn("2");
break;

case 1. System.out.println(*1");

class Overloa

df
static int sq(int n){return n*n;}
static double sq(float n){return (double)n*n;}
static double sq(double n){return n*n;}
public static void main(String args(]){

int x = sq(10);

double y = sq(11.0);

class StaticDynamic{

static int x = 1;
static void print() {

System.out.println(x);

}

public static void main(String args[]){
intx=2;
print();
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class Student2 {
private int id;
private String name;
Student2() {id = 0;name = null;}
Student2(int i,String n){id = i;name = n;}
Student2(Student2 s) {id = s.id;name = s.name;}
public void setld(int i){id = 1;}
public int getld() {return id;}
public void setName(String n) {name = n;}

public String getName() {retum name;}

class StudentTest2 {
public static void main(String args[]) {

Student2 x = new Student2();

Student2 y= new Student2(123 , "JohnRambo");

Student2 z = new Student2(y);

class Mylnteger{
private int i;
Mylnteger (int x){i=x;}
public void inc() {i++;)
public int getI() {return i;}
H
class ParaPass{
static void flint n) {n++;}
static void g(MyInteger n){n.inc();}
public static void main(String args[]){
inta=0;
fla);
System.out.printin(a);
MylInteger b = new Mylnteger(0);
g(b);
System.out.printin(b.get1());

class MyMath{

static public double sq{double x){return x*x;}
H
class StaticMethod {

public static void main(String args[1){

System.out.printin(MyMath.sq(4.0));
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class MyClass{
private int x;
MyClass (int x){this.x = x;}
public int getX() {retumn x;}
}
class LoadClass {
public static void main(String args[]){
MyClass a = new MyClass(1);
MyClass b = new MyClass(2);

class MyClass2 {
static public intn =0;
private int x;
MyClass2(int x){this.x = x;n++;}
}
class StaticData {
public static void main(String args[]){
MyClass2 a = new MyClass2(1);
MyClass2 b = new MyClass2(2);

class MyClass4 {

static{
System.out.printin("Hello");
}
static{
System.out.printin("Hello , again");
H
}
class Test9{
public static void main(String args([]){
new MyClass4();
}
4

class AA{inta = 1;}
class BB extends AA{intb=2;}
final class CC extends BB{int ¢ = 3;}
class Inherit2 {
public static void main(String args[]){
CC z = new CC();

System.out.print(z.a + z.b + z.c);
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class ArraylInit{
public static void main(String args[]){

intil]=1{1,2,3,5,7, 7+4};

charc[l= {"H','","I',"I', '0'};

String m[] = {"how" , "do" , "you" , "do" , "?"};

Student2 s[] = { new Student2(123 , "JohnRambo") ,
new Student2(555 , "MikeTyson") ,
new Student2(666 , "JackRipper")};

}
}
class A {

void printA() {System.out.println('A");}
}

class B extends A {
void printB() {System.out.println('B"):}
}
class Inherit1 {
public static void main(String args[]){
A x=new A();
x.printAQ;
By =new B();
y.printAQ);
y.printB();

class A{int x = 1;}

class B extends A {int y =2;}

class Inherit3 {

public static void main(String args[]) {

Aa=new A();
System.out.printin(a.x);
B b=newB();
bx—;
a=b;

System.out.printin(a.x);

class A {void print() {System.out.printin('A"; } }
class B extends A {void print() {System.out.printin('B'); }}
class DynamicBinding {
static void test(A a) {a.print();}
public static void main(String args[]){
test(new AQ);

test(new B());
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class A {
int a;
void print(){System.out.printIn(a);}
}
class B extends A {
int a;
B(int x, int y) {super.a = x;this.a = y;}
void print(){
super,print();

System.out.printin(a);

}
class Superl {
public static void main(String args[]){
B b =new B(1,2);
b.printQ;

class BB extends A {
void print(){

System.out.print(a);

H
class C extends BB{
int a;
C(int x,int y) {super.a = x; this.a=vy;}
void print() {
super.print();

System.out.print(a);

}
class Super2 {
public static void main(String args[]){
C c=new C(1,2);

c.print(y;

class A {public int x = 2;}
class B extends A { public int x = 2; }
class StaticBinding {
static void test(A aM
System.out.printin(a.x);
H
public static void main(String args[]){
test(new A());

test(new B());
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class Figure{
double width , height;
String name;
Figure(double x , double y , String n){
width = x; height = y; name = n;
H
String getName() {return name;}
double getArea() {return 0.0;}
)

class Rectangle extends Figure{

Rectangle (double w , double h){super(w,h,"rectangle");}

double getArea() { return width * height;}
}
class Triangle extends Figure{
Triangle(double w , double h) {super (w,h,"triangle™); }
double getArea(){return 0.5 * width * height; }
H
class PolyEx{
static void compute(Figure x){
System.out.printin(x.getName());
System.out.printin(x.getArea());
}
public static void main(String args[]) {
compute(new Figure(1,1,"undefined"));
/fcompute(new Triangle(1,1));

H/compute(new Rectangle(1,1));

abstract class One{
abstract void greet1();
abstract void greet2();
H
abstract class Two extends One {
void greet1() {System.out.printin("Hello");}
)
class Three extends Two{
void greet2() {System.out.printIn("Hi");}
)
class Abstract3 {
static public void main(String args[]){
Three t = new Three();
t.greet1();
t.greet2();




interface Greeting {
static final String s = "Hello";
abstract void greet(int s);
H
class Hello implements Greeting {
public void greet(){System.out.printin(s);}
}
class Interfacel {
public static void main(String args[]){

new Hello().greet();

fluse interface greeting from Greeting
/luse class Hello from Interfacel
class Hi implements Greeting {

public void greet() {System.out.printin("Hi"); }

void moreGreet(){System.out.printIn("Hoe do you do?");}
}
class Interface2 {

static void test(Greeting g){g.greet();}

public static void main(String args[]){

test(new Hello());

test(new Hi());

interface Greeting {void greet();}
interface Farewell {void bye();}
class MyClass implements Greeting , Farewell{
public void greetQ{ System.out.printin{"Hello");}
public void bye() {System.out.printin("Goodbye");}
}
class MullInterface {
static void test1(Greeting g) {g.greet();}
static void test2(Farewell ) {f.bye();}
public static void main(String args[]){
MyClass s = new MyClass();
test1(s);

test2(s);
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interface Greeting {
void hi();
void hello();
1
abstract class NotYesGreet implements Greeting {
public void hi() {System.out.printIn("Hi");}
}
class Greet extends NotYesGreet{
public void hello(){System.out.printin("Hello"); }
H
class PartInterface {
public static void main(String args[]){
Greet g = new Greet();
g hi0;
g.hello(Q);

interface Greeting {void hi();}
interface MoreGreeting extends Greeting{void hello();}
class Greet implements MoreGreeting {
public void hi() { System.out.printIn("Hi");}
public void hello() {System.out.printin("Hello");}
}
class Extlnterface {
public static void main(String args[]){
Greet g = new Greet();
g-hiQ);
g.hello();

interface MyConstants {
int YES=1;
double PI = 3.1415;
String GREET = "Hello";
}
class Conslnterface implements MyConstants {
public static void main(String args[]){
System.out.printin(YES);
System.out.println(PI);

System.out.printin(GREET);
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class Printer{
protected int ¢ =0;
public int getCount({return c;}
public void print(){
cH;

System.out.printin("Printer");

}
class MyApplication {
Printer p;
void setPrinter(Printer p){this.p = p}
void printOut() {p.print();}
}
class MyApplicationTest{
public static void main(String args(]){

MyApplication a = new MyApplication();

a.setPrinter(new XPrinter());
a.printOut();
}
H
class A{
static class B{
void print(){
System.out.printin(*B");
H
}
void print(Q{
System.out.println("A");
H
}

class NestedClassTest1{
public static void main(String args[]){
A a=new A();
a.print();
A.B b =new A.B();

b.print();
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class A{
int w;
static private int v = 0;
static int x = 1;
static class B{
inty=2;
staticint z = 3;
void print(){
System.out.printin(x);
}
}
}

class NestedClassTest3 {
public static void main(String args[]) {
System.out.printin(A.B.z);

new A.BQ.print();

class testotherlength {

static int w;

public static void main(String args[]) {
inta=3;
inth=2;
intc=a+b;
it £= new ttQ);
System.out.printin(f.x);

int y[] = new int[f.x];

}
}
class tt{
int x;
void ttt({
x=35
i
)

class testcompile 1 {
public static void main(String args[]){

for(int i = 0;i < 3;i++){

for(int j = 0;j <2;j++){
int x[] = new int[7];

}
int w[] = new int[4];

}

int y[] = new int[3];
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class testdeep{
public static void main(String args[]){
intx=35;
inty=3;

int z = a(x,y);

}
static int a(int r,int p){
ints;
s =b(rH+b(p);
return s;
}
static int b(int m){
m = t.o(m);
return m;
}
}
class t{
static int o(int c){
return. ¢;
H
}

class testtest ] {
public static void main(String args[]) {
inty=8;

int ¢[] = new int[8];

ifly < 8){
cal();
telse{
testtest t = new testtest();
)
}
public static void cal(}{
intx=9;
}
}
class testadd6 {

public static void main(String args([]) {
int x(] = new int[10];
testadd6 c = new testadd6();
c.cal(x);

)

void cal(int[] s){

char ¢[] = new char[s.length];
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class testloop22 {

int x;

public static void main(String args([]){
inta=3;
inth=35;
testloop22 v = new testloop22();
v.cal(a);

}

void cal(int a){
for(int i = 0;i < aji++){

System.out.printin{i);

class invoke18{
public static void main(String args[]) {
intn=5;

int x = fac(n);

}
public static int fac(int n){
ifln==0){
System.out.println(n);
return n;
Jelse{
System.out.println(n);
n=n-1;
return fac(n);
}
H

class invoke2 {

public static void main(String args(]){
inta=0;
intb=1;
invoke2 f= new invoke2();
int ¢ = f.getA(a,b);
getB(c);

H

public int getA(int a,int b){
return a +b;

}

public static void getB(int c){

'
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class invoke22 {
public static void main(String args[1){
intx =35;
int d = getLength(4,x);
H
public static int getLength(int y , int x){
intz=0;
switch(x) {
case0:z=0;
System.out.printin(z);
break;
case | : z=:3
System.out.printin(z);
break;
case2; z=2;
System.out.printin(z);
break;
case 3: z = getLength(4,x-1);
break;
case 4 z = getLength(4,x-1);
break;
case 5 : z = getLength(3,x-2);
break;
}

return z;

class invoketest4 {
public static void main(String args[]){
Student x = new Student();
x.id =123;
x.setName("JohnRambo");
IIx.setGpa(4.00);
test4 y = new test4();

y.print("John");

}
class testd {
int x;
void print(String g){

System.out.printin(g);
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class Test8 {
public static void main(String args[]){

String a = "Hello how do you?";
System.out.printin(a.indexOf('0));
System.out.printin(a.lastIndexOf('0'));
System.out.printin(a.indexOf("do™));
System.out.printin(a.lastIndexOf("do"));
System.out.printin(a.indexOf('0",5));
System.out.printin(a.lastIndexOf('0", 15));
System.out.printin(a.indexOf("do",11));

System.out.println(a.lastIndexOf("do",11));

class Replace{
public static void main(String args(]){

String a = "Hello";
String b = areplace('l',L");
String ¢ = atoLowerCase();
String d = a.toUpperCase();
System.out.printin(a);
System.out.printin(b);
System.out.printin(c);

System.out.printin(d);

}
class Greet {
void sayHello(String s){
if(s.equals("John"))
System.exit(0);
System.out.println(s);
)
}

class ExitTest1{
public static void main(String args[]) {
Greet g = new Greet();
g.sayHello(args[0]);
System.out.printIn(args[0]);
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import java.io.*;
class PrintStreamTest{
public static void main(String args[])throws IOException{

PrintStream pout = new PrintStream(System,out);
pout.printin(12345);
pout.printIn(true);
pout.printIn((short)65);
pout.printin('A");
pout.printin("Hello");

class SoundTrack {

static public float track_time[] = {3.24£,3.28f,2.58£,4.01f,3.171,3.59f,2.24£,3.22):
static float getLongTrack() {

float max = 0.0f;

for(int i =0;i<8;i++)

iflmax<track_time[i])
max = track_timel[i);

return max;
}
public static void main(String args[]) {

System.out.print(getLong Track());

public class stackDepth5 {
static int depth;
public static void main(String args[]){
try {
double d1 =0.0;
double d2 = 0.0;
double d3 = 0.0;
double d4 = 0.0;
double d5 = 0.0;
depth = 0;
test2(args);
} catch (StackOverflowError err) {
System.out.printin(err);
}
System.out.printin("depth : "+depth);




class Flight {

String captain_name;

int qty_hostess,qty_seat;

void Flight Team(String n,int h,int s){
captain_name =n;
qty_hostess = h;
qty_seat =s;

}

void FlightTeam(String n){
captain_name = n;

}

void FlightTeam(int s,int h,String n){

captain_name = n;

qty_hostess = h;
qty_seat =s;

}

void printInfo(){

System.out.printin(captain_name);
System.out.printIn(qty_seat);

System.out.printin(qty_hostess);

}
class AirLine{
public static void main(String args[]){
Flight] £1 = new Flight10);
Flightl £2 = new Flight1();
Flight1 {3 = new Flight10;
f1.FlightTeam("PeterAnderson",5,50);

f2.FlightTeam("SompongN.Lumpang");

3.FlightTeam(120,10,"AlenTangee");
fl.printinfo();
12.printInfo();

f3.printInfo();

122
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class Baby {

String name;

char gender;

void setName(String n){
name = n;

}

String getName() {
returmn name;

}

void setGender(char g){
gender = g;

} 4

char getGender(){

return gender;

class MyBaby {

public static void main(String args[]){
Baby Kid = new Baby();
Kid.setName(args[0]);
Kid.setGender(args[1].charAt(0));
iflKid.getGender()=='M")
System.out.print("MySonis");
clse
System.out.print("MyDaughteris");

System.out.print(Kid.getName());
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/IScrollbarDemo.java
import java.awt.*;
public class ScrollbarDemo extends Frame/{
Image image;
Scrollbar horiz = new Scrollbar(Scrollbar, HORIZONTAL,0,400,0,500);
Scrollbar vert = new Scrollbar(Scrollbar. VERTICAL,0,400,0,500);
public static void main(String args[]){
ScrollbarDemo win = new ScrollbarDemo();
H
public ScrollbarDemo() {
super("Scrollbar");
addMenus();
loadimage();
add("South" horiz);
add("East",vert);
pack();
resize(400,400);
show();
}
void addMenus() {
MenuBar menubar = new MenuBar();
Menu file = new Menu("File");
file.add("Quit");
menubar.add(file);
setMenuBar(menubar);
H
void loadImage(){
Toolkit toolkit = getToolkit();
image = toolkit.getimage("A3041477-11.gif");
MediaTracker tracker = new MediaTracker(this);
tracker.addImage(image, 7);
try {
tracker.waitForID(7);
}catch(InterruptedException ex){
}
H
public void paint(Graphics g){

g.drawImage(image,0-horiz.getValue(),0-vert.getValue(), this);

(rD)
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(#9)
public boolean handleEvent(Event event){
iflevent.id = Event. WINDOW_DESTROY){
System.exit(0);
return true;
jelse iflevent.id == Event. ACTION_EVENT& &event.target instanceof Menultem) {
if{"Quit".equals(event.arg)) {
System.exit(0);
Jelse{
return false;
}
Jelse if{event.target instanceof Scrollbar){
repaint();
return true;
}else

return false;




import java,text.DecimalFormat;

public class Complex 1 {
private double real;

private double imaginary;

public Complex1(){
this(0.0, 0.0);
H
public Complex 1(double real, dnub!e imaginary){
this.real = real;
this.imaginary = imaginary;
}
public double get_real(){
return this.real;
H
public double get_imaginary(){
return this.imaginary;
}
public void ¢_add(double add_real, double add_imaginary){
this.real  +=add_real;
this.imaginary += add_imaginary;
H
public void ¢_sub(double sub_real, double sub_imaginary){
this.real  -= sub_real;
this.imaginary -= sub_imaginary;
}
public void ¢_mul(double mul_real, double mul_imaginary){

double real, imaginary;

real = this.real * mul_real - this.imaginary * mul_imaginary;
imaginary = this.real * mul_imaginary + this.imaginary * mul_real;
this.real = real;
this.imaginary = imaginary;
}
public void ¢_display(){
DecimalFormat fmt = new DecimalFormat("+#,##0.0;-#,##0,0");
String result ="";
/* Use this if you are not using the DecimalFormat object above.
result += this.real;
if (this.imaginary >= 0)
result += "+ ",
result += this.imaginary + "i";

¥
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}

result += fmt.format(this.real);

result += fmt.format(this.imaginary);

result +="i";

System.out.printIn(result);

public class complex1_example {

public static void main(String s[]){

int SIZE = 5;

if (s.length == 1)

SIZE = Integer.parselnt(s[0]);

Complex1 C[] = new Complex1[SIZE];

for (int i=0; i<SIZE; i++) {
C[i] = new Complex 1(i+1,i+1);

Clil.c_display();

Complexl sum = new Complex 1(C[0].get_real(), C[0].get_imaginary();
Complex1 diff =new Complex1(C[0].get_real(), C[D].get_irn_a.gina.ry());
Complex| product = new Complex1(C[0].get_real(), C[0].get_imaginary());

for (int i=1; i<SIZE; i++) {
sum.c_add(Cli].get_real(), Clil.get_imaginary());
diff.c_sub(C[i].get_real(), C[i).get_imaginary();
product.c_mul(Cli].get_real(), C[i).get_imaginary());

Systern.out.printin("The results are: ");
System.out.print(" sum - =");
sum.c_display(;

System.out.print(" diff =");
diff.c_displayQ);

System.out.print(" product = ");

product.c_display();

for (int i=0; i<SIZE; i++)
Clil.c_display(;

System.exit(0);

}
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Abstract

Resource management is a principle role of computer
system. Evaiuating amount of resources is a concept that can be used by
the system for basic information of resource management. The previous
works have focused on re;s;)urce evaluation at runtime which can cause
many problems. This paper proposes a framework for resource
evaluation by evaluating resource before runtime and focus on Java
objects. This paper also present a basic algorithm and experimental
result of fixed evaluating of fixed heap area for Java objects. The
algorithm use information that correspond to resource usage from class
fite und experimentation prove that the result from algorithm has the
same as result from runtime tool.
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heaparea = heaparea + 8

3131 3 Algorithm 3@ heap Fm3uNUTa1AVD1 object

¥
-

2. WUTU8 amay WANININANNON , DA uaz wud

UBA primitive type Y04 amay (A13194 1) 1 overhead (8 bytes)

check dimension . lenyth and primitive type of 2rmay

heaparea = 0

for i =1 to ndo .~ n1s number of dimention of armay*/
x = calculate area of pnmitive and length “2rea of each dimension®/
heaparea = heaparea = x

endfor

heaparea =heaparea - §

3131 4 Algorithm 38 heap @15V UTa3A01 array

-
~

A15190 1 HUKV03 primitive type[2]

Type Size
Boolean i bit
Byte 1 bvie
Char 2 Svies
Short Zbytes
Int 4 dvies
Long S Dyvies
E Float + 'l"_\'ICS
? Double ¥ hvtes
i i
] reference 4 byvtes

4. MINaaed
NI5NAABUDDIALIZHILAITI S U OUAIINTHOINS

133100715 1% Tool HIaMs 1M neInsv2 s runtime [8) 11% method

3N package Java.lang.Runtime AU aizonthm Winaus  Iaons

= A = -
NAae N3 run Java objest VU LD K 1.3.0_02 Fadunisialu

133

ANVUEAIN (Fixed) A AaA11AUATININ class file 1AZNINTT evaluate

(laohidoaiignizuaunis compile) Tnslumsiaszlsznoudio

I. object 1ENAABITADAIIUA class  UDINY field Biia

713 9 11U class U@z a3 4 object 110 class

2. ammay nAagalauadie amy ¥DY type AN 9 HRLHY

» .
- b -
element 3902 1 clement  wazaz lAnan1snaaes daglii s uaz 6

=0
10
150
120 /
LW
£ 0
w0
N - -~ a S
0 4 ::::u—n—u—*—’*"‘—,"*‘
P R N NN N R aataiait ]
o
P2 3 8 6 T @ S0 12 13 HIs e 17w oo
Numbet of ekl
Runiime vf Sowiian - - @ = Puncicofsoakean
Runtime of 2a1¢ — - M= Prete ofbye
Runtime of char and dhon — - @ o = Profeee of char and e
——F——— Runums ol i = —me = Progaec of i
Runtime of fong and touble = @ 5 = Prope ol keg and doudle
Runtirme of St amd pelaaence — = =b = — P of et and refaemie

a | - ¥ ) - = -
sUR 5 nsvinfSouiiounmslgheap d5umMya2av03 object

150

Byies

o T T —

T T T R O N T F ST A U E I L A L i

Numher of clements

T Anz e bakan = & = Fgveoihoka
3 .n e vl by — ;M= Pl

R 3 e o Wt and e —_—- o — e ottt and OneT
A ozc ot e dand e T T = Pagaee ot s an el Teme
T 3y e ol g and dheunle = P ot heag and desble

304 6 ns S ouiioums 14 heap Ansuinudoyavos amay

msUszyudinmsmaiaanssulir n3aR 26 (EECON-26) 6-7 AN Iou 2546 D




vinns i azamsoas 1Al
1. object (Instance YD1 class)
3 1j overhead :éuﬁu 8 bytes
- n17 allocate VENANYUL 8-bytes block
- 113 allocate @13V field ﬁ‘ﬁ primitive type Yoy
18 a2 THNUN 2 fields A | byte
2. array
- 1} overhead t?uﬁ’uﬁi 16 bytes
: N5 allocate X UANYUE §-bytes block A0 12
allocate 330z § bytes 131171 field vz 145
YUY 8 bytes DA 1HURUITY Object
- 139970 allocate 8 bytes ué’agﬁaﬁnmﬁ;u element
srl¥Ruinuvuaves primitive type
FNFLIMITY algorithm T a0ARZ0ITUROING 310 Runtime Tool 32

p
18 alyonthm aalUii

heaparea =0

count =
sum =0
for i =1 to ndo/*n is number of fields of class */

iflmudifier of field is not “static™) then
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Abstract

Resource management is a principle role of computer
system. The system must use management sirategies which
can make the best quality of services. Evaluating amount of
resources is a concepr that can be used by the system for
basic information of resource management. The system can
use such information to make decision support. Previous
works have focused on resource cvaluation at runiime
which may cause many problems. This paper proposes a
framework for resource evaluation by evaluating resource
before runtime for Java objects. This approach s
analvzing of Java class file and evaluating resource that
will be used on the Java Virtual Machine (JVM). The
system can use resource information result for the
efficiency of resource management.

1. Introduction

Recently, technology of computers and network systens
has widely developed for new architeciures and structures.
Consequently the user’s requirements have changed. The
system must choose management strategies which
appropriate to system’s architecture and correspond to
user’s requirement. From this, many researchers have
proposed many approaches and techniques which suitable
for the variety of architectures and technologies. Those
techniques have tried to solve problems of resource
management for the best quality of services. But the
resources have limitations and the requirement has
dramatically increasing and changed to new
methodologies. So, it is difficult 10 make the most
appropriate strategy. The basic concept which make
resource management more efficienc. is evaluation of
resources before they are used. This concept mean that if
the system know the amount of resources will be used by
current application, the system czn make resource
management work in appropriate way. For example, it can
make decision that the system will accept an application or
not because of the application will usz resources succeed
system available resources. Beside that the system can use
information from evaluation to wark in the way that
correspond to user’s requirement for trz whole efficiency.

There are many previous works have studied and
proposed approaches and techniques for resource
cvaluation. For example, Jres[7] , J-SEAL{8] ,
J-sprint[12]. These works have proposed approaches for
evaluating resources at runtime by specifying the
limitation of resources that can be used by system, keep
current rescurces that 1s in used and evaluate resources of
the current application .Then use evaluation results to
compare with current resources and recognize the
application will use resource succeed the limitation or not
and make deciston that the system will or will not accept
that application. These approaches evaluate resources
while the application is running. Although runtime
resource evaluating can get amount of resources that
really use in any given time but it continue encounter
many problems such as :

1. System must cvaluate resources every time that

the same apphication enters to the system.
2. While evaiuating resource the systemn will use 2

tvpes of resources ;

2.1 resouices fortasks of current application
2.2 resources for evaluation
These may  cause  succeeding of resource
limitation
3. When sysienr  recognize that  the  current

application will use too large amount of
resources It may decided to disclaim such
apphication and cause the system fail from
continuing task.

From discuss above, this paper proposes a new approach
for evaluating resource by evaluating resource before
runtime of Java’s object. Because Java has many
properties which apnropriate with several work areas. For
example, Intemet technology which uses Java in
technology of Web Applet, Servlet, mobile object, active
network. etc. This work will evaluate resources of Java's
object that will be used on Java Virtual Machine (JVM).
The evaluation will be made by analyzing Java class file
for retrieving information to create Resource Description
File (RDF) and Resource Object (RO) of evaluated
object. Then use that RO and RDF for evaluating
resources. The main idea i1s while evaluating resource
object which being evaluated is not necessary 1o run.
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Figurel. Java’s object resource evaluation framework

The rest of the paper will be structured as following. In the
next section we propose a framework of Java's object
resource evaluation. This is followed by structure of
Resource Objects and Resource Deseription File (RDF).
The last section summarizes paper and future work.

2. Design Strategy

This secuon will propose a framework of Java’s object
rescurce  evaluaton in details, resource classification
according to structure of Resource Object (RO) , object
coordination and Resource Description File (RDF).

2.1 A Framework of Java’s
evaluation

object resource

This framework has been designed for evaluating any kinds
of resources of Java's object (figure 1) and the results from
our approach will be compared to the results from Runtime
Resource Evaluation Teol. Our framework has 2 main
phases :

Phase 1

Resource Compilation

o

The class file from Java compiler will work on
Java Virtual Machine (JVM) and contain of
many useful information, especially byte code
instructions of every methods which tell us
what behaviors of object that will occur at
runtime.

We can use theses byte code instructions for
prediction of what kind of the object will do or
what kind of resource that will be used. In this
phase, we use class file as input of resource
compilation process which are:

The system must check if current object has
RDF or not. It the object already has RDF
and RDF is the current version of class file
it is not has to compile for RDF, otherwise
do next.

Resource Compiler creates Resource Object
and Resource Description File (RDF) that
keep information of class file according to
the structure of Resource Object. Class file
will be compiled in form of resource
expression for further evaluation step.
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Figure2. Resource information classificatior:

Phase2. Resource Evaluation
This step use information from RDF and work
together with Resource Qbject by retrieving
information from RDF which contain resource
expressions.
Such expressions will be evaluated by Resecurce
Evaluator. The process will use data (variables)
from conditional RDF and other RDF which
referenced by object as inputs. That is while
evaluating the class files are not need to run and Object.
the running is Resource Object.
These 2 phases will be controlled by User Interface which class
make decision that the system will compile or evaluate (in
case of object already has RDF) and create conditional
RDF for evaluating process.

Object.

Resource
Object

Resource
Compiler
Object

Objzet

Ul Object

2.2 Resource Objects(RO) user

Resource is a companion of object being evaluated and will
work together with resource evaluator process. The

resource  compilation process will use RO to make

Resource Description File (RDF) and resource evaluation Figure 3 Object coordination
process wiil load RDF and work with RO of that RDF
(figure3)
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The RO can be structured according to the classification of
any kind of resources.
'n this propose we can classify resource as following
(figure 2):
1. Computing Resource: resource that will be
used for computing process e.g. processor.
2. Storage Resource: used for store information
e.g. memory
3. Communication Resource: used for transition
information e.g. network interface, links.

We can creatc Resource Object which has structure
corresponding to resource classification .This mean that
every Resource Object will have the deepest object as
structured.

In evaluation process, Resource Object may reference to
other Resource Object (as well as object reference to other
objects) to retrieve information for final results of
evaluating.

2.3 Resource Description File(RDF)

Resource  Description  File' is the result file from
compilation that keep details of object’s resource that
object not has to take into resource compilation process
cvery times it enter to system . RDF may include of
information in 2 formats:

. Constants which directly get from class tile .For
example, name of ¢lass file.

2. Resource expressions: in this work all resource
that will be evaluated is in form of expression
which has variables and will be construct as
conditions which detected by Resource Compiler.
The variables will be in form which can be
referenced. For example. <object>x which mean
variable x of object. The resource expressions are
created during resource compilation and evaluated
in evaluation process.

RDFE will be written on XML and has structure as same us
structure of Resource Object (se2 Fivured).

<?xml version="1.0" encoding="windows-§74"7>
<Objzct>
<Genlafo>
<classname>.. < classname>

< Genlnfo>

<JVMlInfo>
<constanipool>.. < constantpool>

< I\ Minfo>

140

<ClassInfo>
<Ficld>
<PrimResource>
<computing>...<\compuling>
<storage>...<\storage>
<communicate>...<\communicate>
<\PrimResource>
<\Field>
<Method>
<PrimRcsource>
<computing>...<\computing>
<storage>...<\slorage>
<communicate>. .. <\communicate>
<\PrimResource>
<\Method>
<\ClassInfo>

<Instancclnfo>

<Instancelnfo>
<.Object>

Figure 4. RDF example

3. Concilusions and future work

Resource munagement is principle role of computer
system. The system must choose strategy that appropriate
with system’s architecture. The concept of evaluation
resource. can make resource management work more
efficiency. That is system will use information from
evaluation to determine that it will accept object or not.
This result will make appropriate use of resources. This
paper proposes a framework of Java's object resource
evaluation which contain of 2 main phases: resource
compilation and resource evaluation. Resource Object
and Resource Description File are principle components
of this framewark. The future, we will work according to
the framework proposed which can evaluate any styles of
object and wiil focus on heap area and stack area of Java
object and get the result to compare with the result from
runtime tool to improve algorithm for the correctness of
results.
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