Jlekuus

UcnonHsaeMble pannbl java



Tembl

CTpykTypa class dauvna.

Cpenctea paboThl ¢ class dpannamn.
banT-kopg java.

CTteraHorpadgust n umdpoBbIe BOAAHbIE 3HAKM.

Cnocobbl CKpbITOro BrioXXeHusa nHdopmaumm class
doannsil.



Class daunn

CopepXnt 6anT-koad, KOTOPbIN BbINOMHAETCA Ha
BUPTYyanbHON MalUUHE.

CoaepXnT nHpopmaLunto o Knacce.

[ eHepupyeTca KOMMUNATOPOM U3 NCXOOQHOro
koda (.java)

Jar dpann — npeacraenaeT cobou zip apxmBs
class gpannos.



CTpyKTypa class pavna

class cdbann coctout n3 1,2,4 6anTOBbIX 3HAYEHUN.

BBegem 0603Ha4YeHUs:
ul — byte ( 1 6ant )
u2 —long ( 2 banTa)
u4 —int (4 6aura)



CTpyKTypa class pavna

ClassFile {

ud magic;

u2 minor version;

u2 major version;

uz2 constant pool count;

cp_info constant pool [constant pool count-1];
u2 access flags;

u2 this class;

u2 super class;

u2 interfaces count;

u2 interfaces [interfaces count];
u2 fields count;

field info fields[fields count];

u2 methods count;

method info methods [methods count] ;

u2 attributes count;

attribute info attributes[attributes count];



CTpyKTypa class panna
u4 magic
VigeHTndunkatop dpopmaTta dpanna Knacca.
[lo3BonseT naeHTuduumpoBarth .class dann.

Bcerga npnHumaet 3HadveHne: OXCAFEBABE.



CTpyKTypa class pavna

u2 minor_version
u2 major_version

BcnomoraTtensHaa 1 oCHOBHaa Bepcuu class
doanna.



CTpyKTypa class panna

u2 constant_pool count

Pa3mep maccmBa KOHCTaHT.



CTpyKTypa class panna

cp_info constant_pool[constant_pool count-1]

Flyn KOHCTAHT npenctasjieH B BUWOE MaCCUMBaA
CTPYKTYP B KOTOPbIX COOEPKUTCA.

CTPOKOBbIE KOHCTaHThI, MMeHa Kriaccos,
NHTepdencoB 1 NOnemn ...



cp info {
al tag;
ul infol];

dopmart KaXgoro anemMeHTa nyna KOHCTaHT
onpegensieTcda nepsbiM banTom (tag).
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Constant Type Value
CONSTANT Class 7
CONSTANT Fieldref 9
CONSTANT Methodref 10
CONSTANT_InterfaceMethodref 11
CONSTANT_String 8
CONSTANT Integer 3
CONSTANT_ Float 4
CONSTANT Long 5 o
CONSTANT Double 6
CONSTANT NameAndType 12

CONSTANT_Utfs

CONSTANT MethodHandle 15
CONSTANT MethodType 16
CONSTANT _InvokeDynamic 18

s
PR

CONSTANT Long_info {
_~mul tag;
" ‘u4 high bytes;
u4 low_bytes;

CONSTANT Utf8_info {
~~—3ul tag;

u2 length;

ul bytes[length];

11



CTpyKTypa class panna

u2 access_flags

3Ha4YeHNEe ArneMeHTa ABnAeTCcsa Mackom doraros,
MCNOSb3yEMbIX TAKUM 0Dpa3om, YTOObI
0003Ha4uTbL NpaBa 4oCcTyrna 1 CBOUCTBA 3TOrO
Kracca.
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dnarn gocTyna

Flag Name Value Interpretation

ACC_PUBLIC 0x0001 Declared public; may be accessed from outside its
package.

ACC_FINAL 0x0010 Declared £inal; no subclasses allowed.

ACC_SUPER 0x0020 Treat superclass methods specially when invoked by
the invokespecial mstruction.

ACC_INTERFACE 0x0200 Is an interface, not a class.

ACC_ABSTRACT 0x0400 Declared abstract; must not be instantiated.

ACC_SYNTHETIC 0x1000 Declared synthetic; not present in the source code.

ACC_ANNOTATION 0x2000 Declared as an annotation type.

ACC_ENUM 0x4000 Declared as an enum type.
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CTpyKTypa class panna

u2 this_class
u2 super_class

CcbINnKKN Ha KOHCTaAaHTY C Ha3BaHUEM KIlaCCa U ero
CcynepkKriacca.
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CTpyKTypa class panna

u2 interfaces_count

Pa3mep maccuBa nHTepdencos.
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CTpyKTypa class panna

u2 interfaces|interfaces count]

MaccuB nHtepdoencoB. Kaxxgbi arnemMeHT MmaccmBa
ABNAETCH MHOEKCOM Tabnuubl nyna KOHCTaHT,
rae ykasblBaeTca Mg nHtepdenca.
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CTpyKTypa class panna

u2 fields_count

Pa3mep maccuea nonew.
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CTpyKTypa class panna

field_info fields|[fields count]

MaccuB nonen.

field info {

u2 access flags;

u2 name index;

u2 descriptor index;
u2 attributes count;

attribute info attributes[attributes count];
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CTpyKTypa class panna

u2 methods count

Pasmep maccmBa METOOOB.
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CTpyKTypa class panna

method _info methods[methods count]

MaccuB meToaos.

attribute info ({
u2 attribute name index;

method_info { u4 attribute length;
uz2 access flags; ul infol[attribute_length];
u2 name index; }
u2 descriptor index;
u2 attributes count;

attribute info attributes[attributes count];
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Arttribute

ConstantValues

Code

StackMapTable

Exceptions

InmerClasses

EnclosingMethod

Synthetic

Signature

SourceFile

SourceDebugExtension

LineNumberTable

LocalVariableTable

LocalVariableTypeTable

Deprecated

RuntimeVisiblefinnotations

RuntimeInvisiblefinnotations

RuntimeVisibleParameterfnnotations

RuntimeInvisibleParameterAnnotations

AnnmotationDefault

BootstrapMethods

21



ATpunbyt Code

Code attribute
u2 attribute name index;
u4 attribute length;
u2 max stack;
u2 max locals;
“ua cods_length;
\_ul_codelcode_length] ;>
u2 exception table length;
{ u2 start pc;
u2 end pc;
u2 handler pc;
u2 catch type;
} exception table[exception table length];
u2 attributes count;
attribute info attributes[attributes count];
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CTpyKTypa class panna

u2 attributes_count

Pasmep maccua aTpubyToB.
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CTpyKTypa class panna

attribute_info attributes[attributes count]

Maccus aTpubyToB.

attribute_info ({
u2 attribute name index;
u4 attribute length;
ul info[attribute length];

}
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CTpyKTypa class pavna

ClassFile {

ud magic;

u2 minor version;

u2 major version;

uz2 constant pool count;

cp_info constant pool [constant pool count-1];
u2 access flags;

u2 this class;

u2 super class;

u2 interfaces count;

u2 interfaces [interfaces count];
u2 fields count;

field info fields[fields count];

u2 methods count;

method info methods [methods count] ;

u2 attributes count;

attribute info attributes[attributes count];
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CpeanctBa paboTthl ¢ class-
doannamm
JBE - Java Bytecode Editor — nporpamma,

no3BongdtoLlada npocmaTpmBaTh U
pefakTupoBaTthb class dpannoil.

javap — gekomnunaTtop class gpannos.
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IcxoaHbin Koa

®daun Main.java
public class Main

{

public static void main (String [] args )

{

inta =4;
int b = 5;
Int ¢ = a+b;

}
}

> Javac Main.java

27



‘8 Java Bytecode Editor

o B e |

File| Edit Browse Window Help

Open class file

Open a class file

Revert to original class file

&  JBE webpage

Quit

28



@ Java Bytecode Editor

=]

pXS

File Edit Browse Window Help

W OO B O

&~ Constant Pool
- # Interfaces

..... # Fields

(-}, Methods

- )y Attributes

Minor version:

Major version:
Constant pool count:
Access flags:

This dass:

Super class:
Interfaces count:
Fields count:
Methods count:
Attributes count:

0

51

15
0x0021 [public ]
cp_info #2 <Main>

o info #3 <java/flang/Object>
0

0
2
1
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% Java Bytecode Editor = B
File Edit Browse Window Help

W OO=E O

5 DADocuments\temp\M

- 4 General Information ~Add constant

- Constant type Class name
- 4 [01] Methodref_info: java/lang/Object/<init>(V
- 4 [02] Class_info: Main [das '] I I l l

- 4 [03] Class_info: java/lang/Object
- 4 [04] Utf8_info: <init>
- # [05] Utf8_info: )V | [ Add Constant |
- 4 [06] Utf8_info: Code
- 4 [07] Utf8_info: LineNumberTable
- 4 [08] Utf8_info: main
- 4 [09] Utf8_info: ([Ljavaflang/String;)V
- 4 [10] Utf8_info: SourceFile
- 4 [11] Utf8_info: Main.java
- 4 [12] NameAndType_info: <init>()V
- 4 [13] Utf8_info: Main
- 4 [14] Utf8_info: java/lang/Object
'''' # Interfaces
~~~~~ # Fields
- |, Methods
- Attributes




% Java Bytecode Editor =2

File Edit Browse Window Help

wW| QO A

“ D:\Documents\temp'\} class

- @ General Information Name: o info #4 <<init>>
@~ J, Constant Pool Descriptor:  ¢p info #5 <()v>
‘.. Interfaces Access flags: 0x0001 [public]
i@ Fields [ Delete thisentry |

=}, Methods
ol
[ ) main
-, Attributes




8 Java Bytecode Editor

File Edit Browse Window Help

W oo E O

\
4‘>

~~~~~ # General Information
(- |, Constant Pool

----- # Fields

- L Methods

B <init>

 wl
-}y [0] Code

= ) Attributes

‘.. @ [0] SourceFile

.;Generic in.f‘o:
Attribute name index: co info #6
Attribute length: 29
~Spedific info:

| Bytecode | Exception table | Misc | Code Editor |

Maximum stack depth:
Maximum local variables:
Code length:

E Save method ;
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Sumagpsetio e

| File Edit Browse Window Help

B <init>

&) oEm
- ), main

. @ [0] Code
B Ju Attributes

‘.. @ [0] SourceFile

.'Ge*ﬁthﬁ:

Attribute name index: cp info #6
Attribute length: 29

~Spedific info:
| Bytecode | Exception table | Misc| Code Editor

aload 0
invokespecial java/lang/Object/<init>()V
return
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’ @ Java Bytecode Editor ="
File Edit Browse Window Help

QOO CEO

5 D uments p\Maii

----- # General Information Name: cp info #8 <main>

[}, Constant Pool Descriptor: oo info 8 <([Ljava/lang/String;)V>
,,,, # Interfaces Access flags: 0x0009 [public static]
-4 Fields [ Delete this entry ]
=}, Methods
- <init>
=3
[}, Attributes




% Java Bytecode Editor
File Edit Browse Window Help

5 D\Docu
! AL

ments\temp)\ IVl

LR P (s

----- # General Information

@} Constant Pool
---- # Interfaces
----- # Fields
- Ju Methods
B ) <init>
. @ J) [0] Code
= 44 main
o

G- Ju Attributes

i ~Generic info:

Attribute name index: cp info #6
Attribute length: 45
-~ Spedific info:
| Bytecode | Exception table | Misc | Code Editor |
Maximum stack depth: 2
Maximum local variables: |4
Code length: ]
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File Edit Browse Window Help

Qo0 T/E|O

E .-Genﬂthﬁ:
- j Constant Pool Attribute name index: cp info #6
H Attribute length: 45

- Specific info:
[ Bytecode | Exception table | Misc| Code Editor |

. @) [0] Code
- B main

&

- ), Attributes

iconst 4
istore 1
iconst 5
istore 2
iload 1
iload 2
iadd

istore_3

B e e N = | B T AN R

return

< n J




%) Java Bytecode Editor

File Edit Browse Window Help

WOoO|ZED

ocuments\temp\Main.class

- @ General Information
7 |, Constant Pool
# Interfaces
® Fields
[ |, Methods
=y Attributes

P, [0] SourceFile

T '.—Generic info:
Attribute name index: cp_info 10
Attribute length: 2

-~ Spedific info:

Source file name index: cp _info #11 <Main.java>
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IcxoaHbin Koa

®daun Main.java
public class Main

{

public static void main (String [] args )

{

inta =4;
int b = 5;
Int ¢ = a+b;

}
}

> Javac Main.java
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[TpocmoTp BanT-Koaa

> javap -c Main.class

ompiled from “"Main.java"
public class Main <
public Main();

Code

0: aload_0

1
OuU

invokespecial #1 /7 Method java/lang/0Object.'<init>":

4: return

public static void main{java.lang.Stringl[1);

Code

DN NAWNED

const_4
store_1
const_5
store_2
load_1
load_2
add
store_3
return

i
i
i
i
i
i
i
i
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baunTt-koa Java

banTt-kog Java — Habop MHCTPYKLUUW,
MCNOMNHAEMbIX BUPTyanbHOU MaLLINHOW
Java. Kaxabin ko onepauun bant-koga
NMEET pa3mMep oanH banT.

40



Buabl MHCTPYKLUNIA

3arpyska u coxpaHeHue;

apupmeTnyeckne n nornvyeckme
onepauuu,

npeobpasoBaHmne TUMNOB;

co3faHune u npeobpasoBaHne 0OBLEKTA;
ynpaBreHne CTEKOM;

onepartopbl Nepexoaa;

Bbl30Bbl METOOB 1 BO3BpPAT,;

41



dopmaTt MHCTPYKLUMU

burtsr

s —sfe—s—fe—5—fe—s |
dopmar

1 {Onepanunsg

2 {Onepanns| baiir

3 |Oneparnmsa SHORT

4 |Onepauus| Huzaexc |KoucranTa)

5 |Onepauns Hunexkce P&.chpHOC—fljé
6 |Onepanus Huzaexc ITapametpri 0
7 |Onepanns Hupexc KoHncranra
8 |Oneparmis 32-0UTHOE CMeIeHNe epexo ia




MHCTPYKUMKN 3arpy3Ku

3arpyska tuna int n3 nokanbHou
nepeMeHHOM:

iload <n>
 jload 0= 26 (Ox1a)
* jload 1 =27 (0x1b)
* jload 2 =28 (0x1c)
* jload 3 =29 (0x1d)

He umerom apaymeHmos.
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MHCTPYKUMKN 3arpy3Ku

3arpyska tuna int n3 nokansHou
nepemMeHHOoMN:

iload

index

iload = 21 (0x15)

Vimeem oOuH apaymeHm.
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MHCTPYKUMKN 3arpy3Ku

3azpy3ka u3 rnokanbHoU nepemMeHHoU

iload — onga Tuna int
lload — onga Tuna long
fload — onsa Tuna float
dload — onga tuna double

45



MHCTPYKUUN COXpaHEHUS

CoxpaHeHne rnokarnbHON NepeEMEHHO TUNa
INt:

istore_<n-= ‘
 jstore 0= 59 (0x3b)
 jstore 1 =60 (0x3c)
« jstore 2 =61 (0x3d)
« jstore 3 =62 (0x3e)
He umerom apaymeHmos
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MHCTPYKUUN COXpaHEHUS

CoxpaHeHune nokanbHON NepeMeEHHON TUNa
Int:

istore

index

istore = 54 (0x36)

Vimeem oOuH apaymeHm
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MHCTPYKUMKN 3arpy3Ku

CoxpaHeHue B riokasribHom nepemMeHHOU

istore — onga Tuna int
Istore — ona Tuna long
fstore — nnsa Tuna float
dstore — ang tuna double
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MaTtemaTunyeckme onepanum

ladd = 96 (0x60) — crnoxeHue muna int
ladd = 97 (0x61) — cnoxeHue muna long
fadd = 98 (0x62) — cnoxeHue murnia float
dadd = 99 (0x63) — crnoxeHue murna double

imul = 104 (0x68) — ymHoxxeHue murnia int

49



[lpumepbl Koaa

UcxoaHbIn bant-kop, NcxoaHbIn bant-kop,

Koz, Ko,

inta=0; iconst_0 long a=0; Iconst_0

inthb=1; istore 1 long b = 1; ’ Istore 1

intc=a+ b; iconst 1 long c = a+b; |lconst 1
istore 2 Istore 3
iload 1 lload 1
iload_2 lload 3
iadd ladd
istore_3 Istore 5

50




[lpumepbl Koaa

UcxoaHbIv Ko,

bant-kop,

inta=2;
intb=3;
intc=1;
intd=a*b+¢;

_|'iconst_2

istore_1

liconst 3

istore 2

“iconst 1

istore 3
iload 1
iload 2
imul
iload 3
iadd
istore

4
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Java Virtual Machine

BuptyanbHaga malluHa java peanu3oBaHa B
BMe CTEKOBOU MALLUUHbI.

KomaHabl AensaTtcsa Ha ABa BUaa: apryMeHTbl U
ornepavum.

AprymMeHTbl pacnonoXeHbl nepeq onepaunamu.
AprymeHTbl - 000aBMnAT 3N1EMEHTHI B CTEK.
Onepaunn — n3BneKkarT ANEMEHTLI U3 CTEKA.
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[Ipumep BblYUCIEHUA

NcxoaHbiv Kop, bauTt-Kop,
inta=2;
inth=3; 1) iload 1
intc=1; 2) iload 2
intd=a*b +c; 3) imul

4) iload 3

5) iadd

6) istore 4
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[Ipumep BblYUCIEHUA

NcxoaHbiv Kop, bauTt-Kop,
inta=2;
inth=3; 1) iload 1
intc=1; 2) iload 2
intd=a*b +c; 3) imul

4) iload 3

5) iadd

6) istore 4

1)

2

o4



[Ipumep BblYUCIEHUA

NcxoaHbiv Kop, bauTt-Kop,
inta=2;
intb = 3; 1) iload 1
intc=1; 2) iload 2
intd=a*b +c; 3) imul

4) iload 3

5) iadd

6) istore 4

1)

2

d
2

95



[Ipumep BblYUCIEHUA

NcxoaHbiv Kop, bauTt-Kop,
inta=2;
intb = 3; 1) iload 1
intc=1; 2) iload 2
intd=a*b +c; 3) imul

4) iload 3

5) iadd

6) istore 4

1)

2

d
2
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[Ipumep BblYUCIEHUA

NcxoaHbiv Kop, bauTt-Kop,
inta=2;
intb = 3; 1) iload 1
intc=1; 2) iload 2
intd=a*b +c; 3) imul

4) iload 3

5) iadd

6) istore 4

1)

2

N W

QN | ek

o7



[Ipumep BblYUCIEHUA

NcxoaHbiv Kop, bauTt-Kop,
inta=2;
intb = 3; 1) iload 1
intc=1; 2) iload 2
intd=a*b +c; 3) imul

4) iload 3

5) iadd

6) istore 4

1y

2

N W

QN | pk
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[Ipumep BblYUCIEHUA

NcxoaHbiv Kop, bauTt-Kop,
inta=2; 1) 2
intb = 3; 1) iload 1
intc=1; 2) iload 2 3
intd=a*b +c; 3) imul 2) D)
4) iload 3 |
5) iadd
6) istore 4 3) 6
. 1
416
Sy 7

6) CTeK mMyCT



CTEFTAHOIPA®UA (B wmnpokom cmelicre).
AHI0A3bI4HbIN TepMUH"CKpbITUEe nHgopmaumn” (Information hiding (1H)).

OnpepeneHue. |H - 3T0 cemencTBo MeToO0B, MPU NOMOLLM KOTOPbIX HEKOTOPOE
OOMNOMHUTENBbHOE CBEAEHNE MOrPy>XaeTcsi B OCHOBHOE
(nokpbiBatoee coobuieHune (MNC)) npn coxpaHeHnn xopotdero kadectsa [1C.

I1Be ocHOBHbIe YyacTtu IH:
1. CobCcTBEHHO cTeraHorpadus (cteraHorpadus).
2. Undposble "BogsaHblie 3Hakn" (LUB3).

3adayu cmeaaHoepaguu:
[Morpy3unTb gononHutensHoe coobuieHune B MNC Tak, 4Tobbl cam hakT ero
NPUCYTCTBUS B HEM HeENMb3s 6bINo 6bl 0OOHAPYXNTb HENEMMTUMHBIM NONb30BaTENSAM.

3adaua L|B3:

[Morpy3nTb gononHuTernbHble cBeaeHns (00bIYHO OEHTUMPUKALMOHHLIN KOA
aBTopa) B [1C TaK, 4TobbI ero Henb3s ObI10 Obl yaanuUTb, He YXyALUMB CYLEeCTBEHHO
kadyecTtBo [C.

(PaKT TaKoro BrOXEHUS MOXET U OOHapYXnBaTbCA HENEMMTUMHbBIMU

nonb3oBaTensamm. )
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TuriuyHbie TIC

- HENOABMXXHOE N300paxeHune

- NOABUXHOE n3obpaxkeHne (BUOeO)

- ayaouo dpauvnsl

- peyb

- MeYaTHbI CMbICITOBOWU TEKCT

- UHTEPHET - NPOTOKOIbI

- porpamMmbl Anst KOMMNbOTEPOB(MCNONHAEMbIE
doannsl).
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BrnioxxeHune B class pann

 [TpumeHseTca onsa 3aLUTbl aBTOPCKUX
npas.

* He pormkHoO HapywaTb paboTy
nporpamMmbi.

* He gomkHO ObITb OOHAPYXUMO.
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MeToabl BNOXXeHunsd B
ncnonHaembin class dpann

e Mogudmkaumuna class panna
[lepecmaHoBKa a5ieMeHmMo8 Maccuagos8:

N

s o=

NHTepdencos

[Monewn

MeTonos

ATpnoyToB

Moaundukaumna 6ant-koga

. BcTtaBka onepauuu

3aMeHa KOHCTPYKLUUN Ha 3KBMBANEHTHbIE
[lepecTaHoBKa onepauymu
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KonuyecTtBO 6VIT, KOTOPbiI€ MOXHO BJIOXKUTDb 3a CYHeT
nepectaHOBKN MaCCUBOB.

MimeeTtcs maccuB U3 N a5ieMeHTOB.
KonnyectBo komouHaumm pasHo N!

27— NI
Uncno OuT KoTopble MOXHO BYOET BMNOXUTbL PaBHO

b = [log, (N!)]

N 2 3 4 5 6 7 8

b 1 2 4 6 9 12 15
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daun Main.java
public class Main

{
Integer integer = 4;
String string = "123";
int number = 5;
public static void main (String [] args )
{
}
}

> javac Main.java
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%) Java Bytecode Editor

File Edit Browse Window Help

<X 1d

.
& |, Constant Pool
- Interfaces
= J, Fields
. @ integer
- @ string
: 0 number
- |, Methods
- |, Attributes

Minor version:

Major version:
Constant pool count:
Access flags:

This class:

Super class:
Interfaces count:
Fields count:
Methods count:
Attributes count:

0
51
35
0x0021 [public]
cp_info #7 <Main>
cp _info #8 <javaflang/Object>
0

3
2
1
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8 Java Bytecode Editor pc|e(Sly

File Edit Browse Window Help
wWOO|EO

a0 L oCuUMm

Name: o info #3 <integer>
Descriptor: o info #10 <Ljava/lang/Integer; >
Access flags: 0x0000

[20] Utfa_info: ([Ljavaflang/String;)V
[21] Utfa_info: SourceFile

[22] utfa_info: Main.java

[23] NameAndType_info: <init>()V [ Delete this entry ]
[24] Class_info: java/lang/Integer

[25] NameAndType_info: valueOf(I)Ljav
[26] NameAndType_info: integerLjava/li
[27] Utf8_info: 123

[28] NameAndType_info: stringLjava/flar
[25] NameAndType_info: numberl

[30] Utfa_info: Main —
[31] utfa_info: java/lang/Object

[32] utfa_info: javaflang/Integer

[33] utfa_info: valueOf

[34] utfa_info: (I)Ljava/lang/Integer;
""" # Interfaces

- Ju Fields

=2 Ninteger

- @ string

i @ number

-}, Methods

- ) Attributes

Al 1, i »

ssssscccsssssse

1




[lepecTaHOBKa 311eEMEHTOB
MaCCUBOB MOJ1EN

Konn4yecTBo OUT, KOTOPbIE Mbl MOXEM
BNOXWTb PaBHO

llog, (fields_count!)]

[nsa maccuea nHTepdencos n aTpmdbyToB
BCE aHanorn4Ho.
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[lepecTaHOBKa 311eEMEHTOB
MaCcCMBOB METOOB

®aun Main.java

public class Main

{
public static void main (String [] args )
{
}
void getX()
{}
void getY()
{}
void setZ()
{
}

> javac Main.java
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[lepecTaHOBKaA 311EMEHTOB
MacCMBOB METOO0B

’ ‘5 Java Bytecode Editor

o e

lendits Bowsenidontivg

X ICEIER

e

= D:\Documents\temp\Main.class

o[

3] Constant Pool

i@ Interfaces

.. 4 Fields

Eﬁ\» ., Methods

L@ <init>
(3] main

[+ getX

[+ getY

N setZ

& )| Attributes

Minor version:
Major version:

Constant pool count:

Access flags:
This dass:

Super class:
Interfaces count:
Fields count:
Methods count:
Attributes count:

0
51
18
0x0021 [public ]
cp info #2 <Main>
cp _info #3 <java/lang/Object>
0

= o o
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[lepecTaHOBKaA 311EMEHTOB
MacCMBOB METOO0B

ld
‘8 Java Bytecode Editor

=NR=a X
File Edit Browse Window Help
1 D:\Documents\temp\Main.class =N B

- 4 General Information

[ |, Constant Pool

- @ Interfaces

i 4 Fields

- |, Methods
<init>
main
getX
getY
setZ

Attributes

i‘.;:i. i‘.;:i. i{" H“ H-\

Name: cp_info #4 <<init>>
Descriptor:  cp info #5 <()v>
Access flags: 0x0001 [public]

Delete this entry ]
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[lepecTaHOBKa 311eEMEHTOB
MaCcCMBOB METOOB

®aun Main.java

public class test

{
test()
{
}
void getX()
{}
void getY()
{}
void setZ()
{
}

> javac test.java
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[lepecTaHOBKaA 311EMEHTOB
MacCMBOB METOO0B

= B |

8 Java Bytecode Editor

File Edit Browse Window Help

OO E|O

5 D:\Documents\temp\test.class o | (3
Minor version: 0
3] Constant Pool Major version: 51
# Interfaces Constant pool count: 16
# Fields Access flags: 0x0020 [J
- | Methods This dass: @ info #2 <test>
& Attributes Super dass: co_info #3 <java/flang/Object>
- Interfaces count: 0
Fields count: 0
Methods count: =
Attributes count: 1
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[lepecTaHOBKaA 311EMEHTOB
MacCMBOB METOO0B

‘8 Java Bytecode Editor =NEEN X
File Edit Browse Window Help

COITHE O

1l
I

= D:\Documents\temp\test.class Ii@&
# General Information Name: o _info #4 <<init>>
&~ |, Constant Pool Descriptor: o info 25 <()V>
.. Interfaces Access flags: 0x0000 []
@ Fields | Delete thisentry |
= 1, Methods
3} getX
[} getY
xj& setZ

Attributes

+|




[lepecTaHOBKa 311eEMEHTOB

MaCCVBOB METO0B

« KonnyecTtBo OUT KOTOPbIE MOXHO BIOXUTb
3a CYeT nepecTaHOBKM MacCUBOB METO/OB
pPaBHO:

log, ((methods_count - k)!)]

Ecnu knacc coaepXuT yHKunio main, Tok = 2,
ecrimHeT TO K = 1.
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Konn4yecTtBo BUT KOTOPbIE MOXHO BITOXUTb
3a CYET nepecTtaHOBKM MacCuUBOB B class
doaunne paBHO:

09, (interfaces_count!)] +[log, (fields_count!)] +
09, (attributes_count!)| +[log, ((methods_count — k)!)]

I
I

Ecnun knacc cogepXxut dyHKUMo main, Tok = 2,
ecrim HeT TOo k = 1.
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[lepecTaHOBKa 311eEMEHTOB

MaCCuUBOB MeTOO0OB
* He MeHs10T pasmep NCNonHAEMOoro
doanna.
* OOBbEM BNOXEHUA OrPaHNYEH.
* He oOHapyxunBaeTtcs
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Moaoudukauna 6ant-kopa

1. BcTtaBka onepauumn
2. 3aMeHa KOHCTPYKLUN Ha 3KBUBANEHTHbIE
3. [lepecTaHoBKa onepauunu
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BcTaBka onepauunn

VI cXOOHBIH KO BaHT K01
inta; iconst_2
a=2; istore 1

HcXOoaHBIH KO (H3MEHEHHBIH)

BaHT K01 (H3MEeHEeHHBIH)

inta;

bipush 123
istore 1

sipush 2423
istore 1

sipush 4234
istore 1
iconst 2

istore 1

Pa3mep BnoxeHHOM nHpopmauun 43 = 12 6ant
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BcTaBka onepauunn

* YBENMYMBaEeT pasMep UCNOSTHAEMOro
doanna.

* OBbeEM BNOXEHUA HEOTPAHNYEH.

« OOHapyXunBaeTcs C MNOMOLLIbIO
CTaTUCTUYECKOro aHanmsa.
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3amMeHa KOHCTPYKUWUN Ha
OKBMBAJIEHTHbIE

« 3aMeHa MmaTteMaTUYECKNX onepauunn Ha
9KBMBaNeHTHbIe

« 3aMeHa BETBMNEHNU KOJa B YCITOBUSX
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JaMeHa matemMaTnyeCcKnx
onepalun Ha 3KBMUBareHTHbIE

cat+tb <= a-(-b)
ca-b <= at(-b)
«a*b <= (-a)*(-b)
* a’(-b) <= (-a)(b)
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JaMeHa matemMaTnyeCcKnx
onepalun Ha 3KBMUBareHTHbIE

NcCXoaHbIM KopA, BanTt Kop, BknaabiBaemblit OUT

inta=2; iconst_2 0
istore 1
intb =4; iconst 4
istore 2
intc=a+b; fload 1
iload 2
iadd
istore 3

inta = 2; iconst 2 1
istore 1
intb =4; iconst 4
istore_2
intc=a-(-b); iload 1
iload 2
ineg
isub
istore 3




JaMeHa matemMaTnyeCcKnx
onepalun Ha 3KBMUBareHTHbIE

NcxoaHbIn Kop, BauT Kop, BknagbiBaembin 6UT

iconst 2 0
inta=2; istore_1
iconst 4
inthb = 4; istore 2
iload 1
intc = a-b; iload 2
isub
istore 3

iconst 2 1
inta=2; istore 1
iconst 4
intb = 4; istore 2
iload 1
int ¢ = a+(-b); iload 2
ineg
iadd
istore_3




3aMeHa MmaTeMaTU4eCKUX
onepalun Ha 3KBMUBareHTHbIE

McxoaHbIA KopA, bauT Kop, BknagbiBaembi 6UT

/| iconst_2 0
inta=2; istore 1
iconst 4
intb = 4; istore 2
iload 1
int c =a*b; iload 2
imul
istore 3

iconst_2 1
inta=2; istore_1
iconst 4
intb = 4; istore 2
iload 1
int c = (-a)*(-b); ineg
iload 2
ineg
imul
istore 3




3aMeHa MmaTeMaTU4eCKUX
onepalun Ha 3KBMUBareHTHbIE

McxoaHbIA Kop, BanTt Kop, BknaabiBaembit 6UT

iconst_2 0
inta=2; “|istore 1
iconst 4
intb =4; istore 2
iload 1
int c = a*(-b); iload 2
ineg
imul
istore_3

iconst 2 1
inta=2; istore_1
iconst 4
inthb = 4; istore 2
ifoad 1
int c = (-a)*b; ineg
“|iload 2
imul
| istore_3
return




JaMeHa matemMaTnyeCcKnx
onepalun Ha 3KBMUBareHTHbIE

* MoryT yBennintb 00bEM UCNOSTHAEMOrO
doanna HO He 3Ha4YUTENBbHO.

* OOBbEM BNOXEHUA OrPaHNYEH.

» ODOHapyXeHne 3aBUCUT OT BITOXKEHHOIO
o0bEMa MHGOPMaLnN.
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3amMeHa BeTBNeHnn Koga B

YCI10BUAX
'ECIMa<b | 'ECMa>b |
TOI' A xomMaHabI1 TOI' JA KOMaHIBIZ

HMHAYE xomMaHObI2

____________________________________________

MHAUYE komaHabIl

______________________________________________
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3aMeHa BeTBMeHuUn Koga B

yCNOBUAX

McxoaHbIv Kopa, baunt Kop, BknaabiBaembit 6UT
iffa>h) 4:iload 1 0
{ 5:iload 2
c=0; 6:if icmple 14
} 9:iconst_0
else 10:istore_3
{ 11:goto 16
c=1; 14:iconst 1
} 15:istore 3
16:return
iffa<h) 4:iload 1 3
{ 5:iload 2
c=1; 6:if _icmpge 14
} 9:iconst 1
else ‘|10: istore 3
{ 11: goto 16
c=0; 14:iconst O
} 15:istore 3
16:return
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3aMeHa BeTBMeHuUn Koga B

YyCITOBUAX
* He MeHsaloT pasmep NCNOSTHSEMOTO
doanna.
* OOBbEM BNOXEHUA OrPaHNYEH.

» ODOHapyXeHne 3aBUCUT OT BITOXKEHHOIO
o0bEMa MHGOPMaLnN.
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[lepecTaHOBKa onepauunu

* [lepecTaHOBKa 3NeMeHTOB, Y4aCTBYOLLMX
B onepaumsx.

* VIameHeHne nopsagka npuceanBaHUS
NnepeMeHHbIX.
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[lepecTaHOBKa 3reMeHTOB,

y4acTBYIOLLMX B onepaumsax

* a+b <=> b+a

e at+b+c <=> atctb
* a*b <=> b*a

* a*b*c <=> a*c*b

Mamemamuy4eckue oriepauuu. CnoxeHwue,
YMHOX€EHMe.

Jloauyeckue onepayuu:. AND, OR, XOR
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- G 5o s bl (B

KonunyecTtBo, BKNagbiBaeMbiX OUT PaBHO

[log, (n!)]

I'IpM yCIl10B1 YTO BCe 3J1IEMEHTDLI Pa3HbIE.
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[lepecTaHOBKa 3reMeHTOB,
Y4aCTBYHOLLUX B onepaLunsax

McxoaHbIv Ko, banTt Kop, BknaabiBaembin 6UT
iconst_2 0

inta = 2; istore 1
iconst 4
intb = 4; istore 2
iload 1
intc=a+b; iload_2
iadd
istore_3

iconst 2 1
inta = 2; | istore_1
iconst 4
intb = 4; istore 2
iload_2
intc=b +a; iload_1
iadd
istore 3




NcxoaHbiv Kop,

banTt Kop,

inta=2;
intb =4;
intc=>5;

intd=a*b+c;

iconst 2
istore 1
iconst 4
istore 2
iconst 5
istore 3
iload 1
iload 2
imul »
iload 3%
iadd
istore

4
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NcxoaHbiv Kop,

banTt Kop,

inta=2;
intb =4;
intc=>5;

intd=a*b+c;

iconst 2
istore 1
iconst 4
istore 2
iconst 5
istore_3
iload_1 %
iload 2 ¥
imul
iload 3
iadd
istore

4
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[lepecTaHOBKa 3reMeHTOB,

y4aCTBYHOLLUX B ornepaunsx.
* He MeHs10T pasmep NCNonHAEMOoro
doanna.
* OObEM BIOXEHNSA OrpaHNYEH.

» ODOHapyXeHne 3aBUCUT OT BITOXKEHHOIO
o0bEMa MHGOPMaLnN.
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IameHeHne nopsaka
npucBamBaHUA NEPEMEHHbIX.

McxoaHbIv KopA, BanTt Kop, BknagbiBaemblit 6UT
int b; | iconst 2 0

int a; istore 2

a=2; iconst 3

b=3; istore 1

intb; iconst_3 1

int a; istore_1

b=3; iconst 2

a=2; istore 2

[lepecTaHoOBKa He OOmMKHA MEHATb

pe3yJibTaT BbIHNCI1EHUNA
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IameHeHne nopsaka
npucBamBaHUA NEPEMEHHbIX.

 He MeHAl0T pasmep ucnonHaemoro damna.

* OObEM BNOXEHUA OrpaHUYEH.

« OOHapyXeHune 3aBUCUT OT BINOXEHHOIo 00bEMA
MHOopMaL N,
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NcxoaHbiv Ko,

banTt Kop,

inta=1;
intb=3;
intc;
ifla>b)
{
c=@a*h:
}
else
{
c=b*b;
}

iconst 1
istore 1
iconst_ 3
istore 2 ¥
iload 1
iload 2
if_icmple 16 ./
iload_1 Q?::
iload 2° ) 4
imul *
istore 3

goto 20
iload_2
iload-2

imul

istore 3

Moxxem BroXxuTb Tpn buta
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CpaBHEHME METOOOB BNOXEHUS

Metoa enoxenns Pazmep daiina Oonem Obmapyv:kaMOCTh
B.IOJKeHHSA

[Iepecranoeka He menserca Orpanugen He oOnapvxkueaerca

37IeMEHTOB MaCCHEOEB

Bcraeka onepanuii Veemuaueaerca Heorpauuuen OOnapvkueaercs

3aMeHa KOHCTPVKIUHH Mosxer. yeemuaueaerca | OrpanugeH He obHapyxueaetca (npu
(HO He 3HATUTEIBHO) onpeaeneHHom obbeme

[Iepectanoeka onepanmuii | He Menserca Orpanudgen BNIOMKEHUA)
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