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FE1E 5|5

1.1 T,

BUFAPHT. TR BATR P R R AR I ROBR, T4V 2 R PR T A

FER M, BEAT RE 2 [ 5 B R 40 AT (syntaxic parsing) , tHA] B8 A& 58 B 1918 Lo
Hr  (sematic analysis) , "] TEHLMNHETHEEE bug. KA H2IH AR
XA Sl e TRE, 455,

AR, fEdRmERTH. XERFHRMOFE LR RIS, EEFEHT 0T
WITH) stub Zmik#sEl skeleton Huikds, LK JIT (RO Zwidds, 5%
T, HTFRALEIRE (obfuscate) F2£/7. [H] M TR H 48 N\ VR B B 1 e HE A%
65, F T 7 R s, 5.

i X R E AR SR ROHE S, X TARES, HEHRESEE TR A
FiAE. X T Java 1B, EATTHT Java JEAEEG RGN Java K. TEMH S BT,
HiFsbz — BARRA T B . R, R4 n] FH TAEF N AR, REEAE IR 2 AR,
WAL B DN AR . (S CmiER 5 — N Fab2, Gl RefEisiTh, 7859 Bt I me 3
Java [ERINLZ BT, XPSHAT M. AR REE e (FEIS 47 B A ORI 2 PRUR ARG m] DL, (HH PR
18, 1M HFE A EEEN) Java JiiEas) o HIFALR, W0 stub Jnifds BT 190 R4 55 T H X H P
B RE o

HTREF T AR MBAR B AL, U SN2 B S L F 2 T8, &
A HAE P TR, XEIE S Pl 4E Java f£H. ASM His2y Java IS WIFMTARZ—, M
FRATBATHR (HRBALED REREHS., T2, AMIRIET ASMYE, AFamadmiE 1
Java JKo XAERBOIHEH AT REORFFPOE AL . X FAREAEISAT I (] ASM #EAT 303
A U K IR R, AT RESR R R IS AT R B R B, KRR AT APRAE IR 25
M BEFREEARTRELZ . mRRE ASM ER/NMUMEBIEREE, —JmeEnN T ENFE
BRI e, 5—J5im, oy 7@ R R ASM /NN AR PP B 1 K %

ASM FFEASEME— T AR BRSO 2 1% Java R0 T H, (HERHEH. AW LTHEZ—, A
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(ASM4 fEH4ErE)Y — 5 1 & 515

BB APL, &5 E. AT E.
SORFE A, A —MEKH Eclipse fdifF.
XFFRGHT Java hfiRAR——TJava 7.
AN JEE TSR
AR P AR X, w] B HE P iR S
o WEVWFRIFG JUFRVESER

1.2 §LiA
1.2.1 JuH

ASM FER)H R ARG B4 o3 b DL B R OR B © 9 1 Java 28 CEATFEREEL T 1047 i A0
£ Java REAUMLHAIINEAR R ATZ A 8 B30 o vk, ASM #Rft 7T —8T A, fiflmT ¥
TG AW R R X b A, XSRS O B B TAT R Java ARIRFT. Java
KA Java REMITR, F. TER, ASM FEMEE ARG TRME. B Bt A
kUG, RATINEGE AU 1 Ve B 2 A

1.2.2 fEA

ASM FEAR AL T PIAS A ORI 0 O PRSI APT, — MO APL IR TFAERIE X
KFRE, H—MEMN APL DT X R AKERE.

FER M E T HARBREAN, 2 — R HARERN, BNEFRR RN,
e ARk MR ATNERYL KRS, S ETEHEMN APL EX T4
FIRE FAF, DAOROX A A AUEAE R A, ARG T AR, BT R A
A FE, RN RE NG, I EE AR R G 2K

MAERHEE T R, KA - DM RRERR, BN REREH 5, LA s,
TR AT %R S, S, BOXNREE 5, BRI Rs ARSI SR, &
TX G APL $24E 7 —Fh ik, W LSRR — AR E AT 5 oy R oR [F — A R 2R, W
LU R, B GRS TS 52, BRTWRE AP TR T HAMN
APl 2 I,

XFA API ATLLYS “HF XML K8 API”  (Simple API for XML, SAX) AT XML
RS SO RT R AR (Document Object Model, DOM) API” #HECE:: T HA:H API 2RULT
SAX, THE:T X R API KELT DOM. H:TXf R API M@ EHE T HAF 1) APL 2 £, KT
DOM HJ7E SAX () L2381k

ASM Z FlT ANEFRBEPAS APL, 2 RUNEA WA APL & fE . SEfr b, BN APIHAEHCD
BRI e
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T HMAK APL ZHRTHETXRE APL, i ZHNFRELD, BIVEATEAEN
Frf QIR T2RREMN R (SAX 5 DOM Z A FFEMZES) .
(EAEAE B TR APL I, SREEH A SCBL T Re 2B — 4, DN R RS 2
Zl, KPR AAE—ATTRAME (BHUE S LA SEA R TTE) - e AT
R APL I, W] LAFEA A7 SRIGEEAN K,

R, XPAS APL #ORAREFIN R4 — A3, W B2 T AR, haueid, efifhad
PHRKIRBARRE L, WARRA A 2| S, ARSI IX LSRR B BOv =4 i P 47 5T 58
o

1.2.3 KR

ASM BIHIRR P — MRS 0 REH T Caspect) . H5E b, A TR T I AP
SRR BRI (AT . B KBNS AMEFHUE LS 2
HERI, AEC— SR P AT LATRAFE 52 S R3S (PR B FGE 5. TR, JX— API HOfE

FIS A5 3

KA Bt TR AR B AR L T REAR AR IR R A5 4,
SRR RS FEAE A, AT A R el e

FETRRI APL B —/MARETHITH: SKPr b, I BRARSM S8 s B e 41
i R BV K, e 18 I BERARR L He B i Y -

SE A ASM BFIFE R P IR 2 B AR R SR AR AR R BT B, (HIE R T LR S — R T 4
THIRIIERAR RGN, K RIEEkFORER T E . BAGE g L RIEEAT (2 T F el T
XREESE, ERBNETIEMAE, #ATRESAERE T ST X RN R R Z 6 BEAT e e

- K

CR /

1.3 2AZB /25

ASM ERI 73 LA, BULAS jar SCAFRIEREAT 70 -
org.objectweb.asm fl org.objectweb.asm.signature & X /T HAN

APL, JRERBE TR E TN HM . ENEELE asm jar AR50
org.objectweb.asm.util fl, fi T asm-util.jar FRCHFH, FRAKEFET



0 APL L H, W RAEFF AAI ASM N R R 7S A o
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(Asma fiRfEF) — 5 1 & 915
org.objectweb.asm.commons M [ JLNMRA H M TUE CRFE# A, E1KR
%z BETZO APL ). XMEEE asm-commons. jar AR CHH .
org.objectweb.asm.tree fl, fiT asm-tree.jar AR CfFr, & X THETX

R APL, JRRAL T —8eTH, HTERE TSR T R RIS ITVE Z [ AT Fe e
org.objectweb.asm. tree.analysis &ML [ — AN HTHEGLR LA TE L) 2K

SRR, EATTRA APT AdERl. XS /E asm-analysis. jar AR

ARG NIRRTy o H—ER N A% API, Bl asm. asm-util Fl asm-commons {7443
. O NEW API, Bl asm-tree 1 asm-analysis At . ®HD> 2/ E1Z API
HEMRM—FNE. 1Z API 5ITEMKHK—ENE. % API 57k, ZASMKH — BN,
T E AR AN AR O AR TR S PiE SCAAE. B B RS ET AT DAL ASM. 3k 3R
5.

X PR L A T8 P i A RS, (HA I 5 2 [E — A4 ASM 2RI 450 8
2 UL B, BRI A SO . AKX ASM APL K922 T, 1M Javadoc.

ELRIZ 5

ST BRE TH0EE. GREE: P — RSOy MELE )
Bo 1 P T L

ML B PP SRR A TR

ok

I

ARMAE 98 7 TR os bric A GRS A2

1.4 B

It Frangois Horn fEf{EA ORI RIFE ML MR 5L 0E, IXLERMMARIIRT 1 A SRS )
GERE RO TT A
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4 %0 API

B2E X

AT YL AT A% 0 ASM APL RASRAF it 9 B (0 Java 8. ERNHACHFER, A
JE R AR BRG], AR T A RO D SRR, ASM. $510 . AMFAI TR J5ik.
ERAZ AT RAEZ G & E .

2.1 454
2.1.1 ik

Cfi BRI SRS AR . Sebr b, SEAEMENAEF AR, oMt RE 17 kA
BACRS IS E BA VPR 5. Hsk b, CRmFERTPEEIT &M

BT, BIAKNEN (i public A private) . &5, W, EIIA
R

KRB EA TR . WA A TR . 47 KRR,
Kot P G BRI B B Y R AR, BT iR
IR SHR VERE . EIEDL Java FUREHE A MBI, BA TN E4
E L

EAEPR ST L 1SR TRl 2 — LB 2 52

— O BRI — A, T ANE S AT LS LA B, — AN SO
BT A, BPNRNE-ADRIE, BN TR R FK
AN ERE D B, FRXPaE NSRS A, & T NETTE
MHNZE K EglH, glmHERRT7:.
CmBFER P URANEEFER (comment) , HAJUAEHK, FB. HiEAREEMNE, 77 2L
P IX L J P ARG 2R KRB 2 5 5 . Java 5 5] NATH T [ — H BIERE
(annotaion) VL5, EBMHCELBHEEMHLAHL T,

R AEE package Ml import #i4;, UL, R84 F#R 0 AU €2 B E 1



AR EE R A 2 e O IRR TP A &l (constant pool) #8747, X AMtE—
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AN, R s TR I S TR AR R R BN IR
gy HE K AR UM AR S, ARSI b i AT 5 M . 24, ASM

B 7SR EMA RN, FrARAAHENERRO 7. B 2.0 Fidd
KIRAR S50 HHAVIZHIAE (Java BINRTE) 25 4 5hfiik.

T4 B

BURF. A7, E3 D
W HUE. PR
TS (Alig)
ESE SISV
PERE
Ja
IS S ZHK
FR* (AN N
TR
Ja
7 i B %5 IRIEIEE S SRR
TERE*
J&
9 B S IR AR

2-1 SREFRNEELSE RIS THZT)

FANEBER R Java R O ERMPCAF R TR A 5T LS R e

1 £ Lo R RS -
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2.1.2 WNEE4

EFZEOLT, —MRR R AR REdE R, filan, —NRAEEZE. H— RSl
H, o B B — N7 i 8 AN e R R e R B A 2R A, R S e L R, ek
MEC wIFRPHANRBLTFRR. —DEBONELRSX MR TR ES, LS HR
A E. Hlu, string N4 N java/lang/String.

2.1.3 ZBERIFRST

W44 REEF TR ez AL, Frf Hofh Java 88, LLanBERA, 7EC MR A2 M
RARIAT RN (B 2.2) S

Java 78 KRBT

boolean

char
byte

short

int
float
long
double
Object Ljava/lang/Object;
int[] [I

Olgd|H | |W|Q|N

Object[][] [[Ljava/lang/Object;

B 2-2 —L Java FKAFIEAHART

FHITRM MR TF RN FFF: 2 RN boolean, C ¥/~ char, B ¥/n byte, S /i
short, I ¥/~ int, F £/& float, J X/~ long, D ¥/~ double. —/NREMMHIARF
RIXAKK NEA, A BT Lo, BHERA N5 B, string HISRMHIAR N
Ljava/lang/String;. I— MM FIRFTE — N5 #6555 HERA 25 T = BB HE
RFF

2.1.4 JiVERERTT

THERR TR — N REMIRITIIR, EH— DT R — N IENSHCER R PR Ty
AR USG50k, Ra RS KRR, Rakk—MafES, T REZREEZE R
RAHGRTF, WHZIT %R E void, NE v iEHRFH AL E T IEN4FHS L) .
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S o 17 7 TR

void m(int i, float f£f) (IF)V
int m(Object o) (Ljava/lang/Object;)I
int[] m(int i, String s)| (ILjava/lang/String;)[I

Object m(int[] i) ([I)Ljava/lang/Object;

23 JRESATTEB)
— HNIE 7R AT AR, AR R B A 5 1. BN, (T) T fiR—
%, BEEZ A int RMESE, BB int. B 23 G T U ITERR R R ] .

2.2 OMEH

2.2.1 N4

A A2 e EL 90152511 ASM APL £t ClassVisitor #HIZREH (WHE 24) . X
A KA TR BT F A BRSO S Ry (L 2.1 o AT R — ANk R
AiEe Uik, XA EARE void, HBHHNA TIXLE MM R, AL KN ER LUA R
ERKE. AERERE, XS a DU — ML AR D 1), 3 [l —N 5 B i U5 0] 2
J. visitAnnotation. visitField Ml visitMethod JJik#i/&iX i, w14 HlIR
[l AnnotationVisitor. FieldVisitor H MethodVisitor

public abstract class ClassVisitor
{ public ClassVisitor (int api);
public ClassVisitor (int api, ClassVisitor cv);
public void wvisit(int version, int access, String name, String
signature, String superName, String[] interfaces);
public void wvisitSource (String source, String debug);
public wvoid wvisitOuterClass (String owner, String name, String
desc); AnnotationVisitor wvisitAnnotation (String desc, boolean
visible); public void wvisitAttribute (Attribute attr);
public void wvisitInnerClass (String name, String outerName,
String innerName, int access);
public FieldVisitor wvisitField(int access, String name, String
desc, String signature, Object value);
public MethodVisitor visitMethod(int access, String name,
String desc,
String signature, String[] exceptions);
void wvisitEnd () ;

}
& 2.4 ClassVisitor %
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(ASM4 ffFIfamEY — 2 2 & 2K

Bt I S B 2R VS FH AR R S . i, Fieldvisitor ST HIEA 1L (A
2.5) XTRLT RSSO F 454, visitAnnotation iR [Fl—/MfB)) AnnotationVisitor,
FPE ClassVisitor H1—Ff. IXUEHBIUF & RAEN @A H MG JL= P @R s2br b,
K BENIRT RFE classVisitor B Lk HE ML) o] & o) /i,

public abstract class FieldVisitor

{ public FieldVisitor (int api);

public FieldVisitor (int api, FieldVisitor fv);

public AnnotationVisitor wvisitAnnotation (String desc,
boolean visible);

public void wvisitAttribute (Attribute attr);

public void wvisitEnd() ;

}
25 FieldVisitor Z£

ClassVisitor B EUZHZ L R IAH (EXANEN) Javadoc HHLE) -

visit visitSource? visitOuterClass? ( visitAnnotation
| visitAttribute )*
( visitInnerClass | visitField |

visitMethod )* visitEnd

XEWREDLAE LA visit, A5 EX visitSource MEHZEZ —MAH, T REXS
visitOuterClass &% — 1AM , AR ZIEZINFX visitAnnotation
visitAttribute FIEEZANUIR , #HFRKREWTIZAEEITX visitInnerClass .
visitField Ml visitMethod MERZ MMM, &G~ visitEnd LK.

ASM #HE T =A KT classVisitor APL RO, I TAE BURIAE KK

ClassReader EHTU T AL RNA N EOHEFES, HEXNAHEL accept HiE
ZH AN ClassVisitor SEf], VHHAHRIM visitxxx k. XAPEATLE
YE—A5 A2

ClassWriter K& ClassVisitor MZREM—A 1K, & HEHIELLZIHHIE ALK
Gn VEEMZE. BT HE R ANR L, HPAy TOHEE, WTUH
toByteArray JjiERIEHL. XKW LLE/E— DA LS.

ClassVisitor ZFMEUE|IMFTA LA ZICS 5 —1 ClassVisitor .
ZA KA LLEAE— D H AR 2

T ORI AR L2 LA 3= 1 SR 3 W D i 7 PRk S 21 PR A pl A e kS

2.2.2 Sk

R — N EEFERIZRE, HE—UFHHHM 2 classReader M. iLFATH—MHIT K
Vil B EITE— R ARE, EFER T javap TE. FH—P~%S ClassVisitor
R —NFLE, STENER RPZERPMHEFER . THL Mg sed 7, EFSiE TR T :

public class ClassPrinter extends ClassVisitor {
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public ClassPrinter ()
{ super (ASM4) ;
}

public void wvisit (int version, int access, String name,
String signature, String superName, String[] interfaces) {
System.out.println(name + " extends " + superName + " {");

}

public void wvisitSource(String source, String debug) {

}

public void visitOuterClass (String owner, String name, String desc)

{
}

public AnnotationVisitor visitAnnotation(String desc,
boolean visible) {
return null;

t
public void visitAttribute (Attribute attr) {

}

public void visitInnerClass (String name, String outerName,
String innerName, int access) {

}

public FieldVisitor visitField(int access, String name,

String desc,
String signature, Object value) {

System.out.println(" " + desc + " " + name);
return null;

}

public MethodVisitor visitMethod(int access, String name,
String desc, String signature, String[] exceptions) {
System.out.println(" " + name + desc);
return null;

}
public void visitEnd() {

System.out.println("}");

}
}

5B KIX A classPrinter 55— ClassReader HMF&IFAE—iL, fi
ClassReader FZAEMFEFHIANIN ClassPrinter fiif:

ClassPrinter cp = new ClassPrinter();
ClassReader cr = new ClassReader ("java.lang.Runnable");

cr.accept(cp, 0);
¥ AT6IE T — ClassReader, PL4r#T Runnable 5. #Ef)a — 1T accept 7

58T Runnable KFHi0L, JEXt cp AHAHRN ClassVisitor Jiik. 4R NP FHit:
java/lang/Runnable extends java/lang/Object

{ run()Vv
}
EE, i classReader SEfli77 A4 Tl WAL AT MR BTl —FEH & 7R E
W onf BL g B % 4 B0 InputStream — #f H fH K 48 ¥ . H H ClassLoader ]
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getResourceAsStream Jji%, W LIS —MEBECEARRAMAR, .

cl.getResourceAsStream (classname.replace (' .", '/’) + ".class");

2.2.3 ARk

NAER—AK, MHE—DBFJFMAMZE classWriter HfF. EFRATH AT RIEAT U
FRELL T

package pkg;
public interface Comparable extends Mesurable
{ int LESS = -1;
int EQUAL = 0;
int GREATER = 1;
int compareTo (Object o) ;

}
ATLAX) classVisitor HHAT/SIRJTEAIRAKE
ClassWriter cw = new ClassWriter (0);

cw.visit(Vl 5, ACC_PUBLIC + ACC ABSTRACT + ACC_INTERFACE,
"pkg/Comparable™, null, "java/lang/Object",
new String[] { "pkg/Mesurable" });

cw.visitField (ACC PUBLIC + ACC FINAL + ACC_STATIC, "LESS",

"I", null, new Integer(-1)).visitEnd();

cw.visitField (ACC PUBLIC + ACC_FINAL + ACC_STATIC, "EQUAL",
"I", null, new Integer(0)).visitEnd();

cw.visitField (ACC_PUBLIC + ACC_FINAL + ACC STATIC, "GREATER",
"I", null, new Integer(l)).visitEnd();

cw.visitMethod (ACC_ PUBLIC + ACC ABSTRACT, "compareTo",
"(Ljava/lang/Object;)I", null, null).visitEnd();

cw.visitEnd () ;

byte[] b = cw.toByteArray () ;

AT T — ClassWriter SUfi], ESibr R EIERKF AR R (WiEHRSH
TET — SR .

X visit JVEMEAE XL T ERMRk. v1_5 SHE—AEE, 5rAHEM ASM HEE—,
£ ASM Opcodes # HH15E . E4RY] [ RMMA——Java 1.5. ACC_XXX H & &5 Java &M £7Xf
MEFRE . X BEEE MR-, MHER public Al abstract [ (FUNEARE
BB o FASHEUARIEAME T ERMET (W 212 1D o BiZ—F, SRFEEALE
Package fl Import iB4);, Kb, FrfaRA#MLIRETELEREM. F—NMSHENTFZE (I
4.179) o ERMNPFTFH, XNSEGE null, FONIXANEOIEEA R & 1TS54,
B IASHENEIEARER EOKEXYkAKH object) . e —1MSHe — M4, K
v TR, XN TR E .

FERRX visitField =AM ZRLUN, HTEX=AEOFER. B84
Fri&, XTRT Java BMifF. X EMEXLEFEZ public. final fl static M. FHE /NS
RTERNAT, SEaEAEEREREA. BN SER T BREE, RABEBERFEL. X
B, XErB2 int FB, EAMHERTE 1. FUANASENFZR, RN+, ©2&
null, PRIYREFERBEAMHZY. & NMSERTFBNEEH: XIS H0 1
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HTHEIEMEEFE, WHlZ final static FE. W THAMFEE, €840~ null. BT
AL WAHEER, FrUOLRNAM PR EI Fieldvisitor [ visitEnd /v,  RIXFH
visitAnnotation il visitAttribute JJVERAIEMIHA.

visitMethod WM T % X compareTo ik, [FFE, BHB—NMSEE—HAXMNNT Java Eif
bR d. HoASHRITES, SHEBFERRETRE R . E=NSHETENRHRRT. 5 WU
MNSENNTEZA . ERAPEFH, & null, FAXNMTEEAEEHEZR. 55— 2
—ANEH, HrP SR HZ R R, X R E HE AN AR EEXEN null,
RN IEAN T 1A AT 7% - visitMethod 77721k [H] MethodVisitor (UL 3.4) , WA
TE SOZTPER R ENE, REER RN INERAS ., XH, BT RAER, mHEXATT
% AR, FrUARAISLEN A ik [l ) MethodVisitor [f) visitEnd J7i%.

X visitEnd MG — MR NTIEA cw: XPMECELER, X toByteArray FIEH
T A B A R I E .

1. A RS

B B 7 A 7] A E— 1 Comparable.class 4+, fitCUEfEH. 8, WAl LA
Ffl ClassLoader #&ENMIE . —M7ikZE L —" ClassLoader T3, BN defineClass
TERNER:

class MyClassLoader extends ClassLoader {

public Class defineClass (String name, byte[] b)
{ return defineClass(name, b, 0, b.length);

}
}

SRJe AT LU T A AS B B A i 2% -

Class ¢ = myClassLoader.defineClass ("pkg.Comparable", Db);
F—FOME O A IR R VAR RE TR IS I — L, TRk € L — ClassLoader T3, ©
ff) £indClass JjVEWET, DMEISATEERE A i R IM2kE:
class StubClassLoader extends ClassLoader
{ QOverride
protected Class findClass (String name)
throws ClassNotFoundException {

if (name.endsWith (" Stub"))
{ ClassWriter cw = new ClassWriter (0);

byte[] b = cw.toByteArray();
return defineClass (name, b, 0, b.length);

}

return super.findClass (name) ;

}
}

H b, AR T ABGRT ER, XE&a 7 ASM APL BTGl WRARIE
T 'S gmieds, MRA RO R H— M GOEER RS, XAMEER AR S PR,
R SRE B B i RARIEAE I S B B AR il as BT T 2388, R 2 LK Fif
IR 77 X fFH—1 ClassLoader.
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2.2.4 ik

FIH AT AL, ClassReader fl ClassWriter ZHM#0/E M. IXEHEH4E “ANT”
P, JFHHH classWriter HEEAMTH, sl 52 0FiH, EAf1H ClassReader /"4, #AJ5
CNT AR, b RdEE XK ClassVisitor SEHUEH] . 4iXueH{F—FME K, FHHEIT 4
TREEAEEKR. H—P R ClassReader AN FHH4, ClassWriter. HERE,

B TICE % Y Al e s g I UE AP

bytel[] bl = ...;

ClassWriter cw = new ClassWriter (0);

ClassReader cr = new ClassReader (bl);

cr.accept(cw, 0);

byte[] b2 = cw.toByteArray(); // b2 #= bl £TRE—4%

ARG IFRA AR IERE S GO HAth 58 8 510 7775 7T LR i — 1 sl D
R4 s, T RARFIUSMAS A B2 A5 A/ ClassVisitor:

byte[] bl = ...;

ClassWriter cw = new ClassWriter (0);

/] cv ¥R EHERL cw

ClassVisitor cv = new ClassVisitor (ASM4, cw) { };

ClassReader cr = new ClassReader (bl);

cr.accept (ev, 0);

byte[] b2 = cw.toByteArray(); // b2 5 bl £TRE—41%

2.6 g3thh 75 _EIRACRIARRT NI R R A5 A, AP IAE RN ER R, FERE AR (L
o 3 B () 2k SRR B ) o

e ELRE IS A

v \vv
Y \V‘F

2.6 FeifhgE

A FIFRA S, BN ClassVisitor FHAFVE A MILETARVE. (HIFE, N T #HE
g — A2k, WREE -WIE, e —SLfi b en 7. Fla, EE K classVisitor
T

public class ChangeVersionAdapter extends ClassVisitor

{ public ChangeVersionAdapter (ClassVisitor cv) {
super (ASM4, cv);
}

@Override
public void visit (int version, int access, String name, String
signature, String superName, String[] interfaces) {
cv.visit(V1_5, access, name, signature, superName, interfaces);

}
}

EANFMUESE T ClassVisitor KHI—Nik. 4R, FrE HAAEA NS %R 21k
BAERERRPIRYT R v, RAX visit FERIRHBRSS, EERER, JERASHIT TE
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2. MRIIFEFFIEIER 2.7 Fgsih.

._.l'
:ClassReaderx :ChangeVersionAdapter :ClassWriter
T T

accept
L_v;sLLfU; 5) _

-
-

—wisit (version)

vigitEnd

toByteArray

Y

< -
B
]
-
t
=
J
[# 3

2.7 ChangeVersionAdapter HI2FE

WIS BH visit AR HARSE, W] LU Al A 4, T AMUAURAB SRR . Bilan,
AT AR S DA R I — AN . B R AR R A o, (AT IR R R T R A ) A 2
2182, AHRNE visit J7VEK name 281 . SEfr b, KL TR UHIE — DO
KWV ZAFMTT, EHRIELIRMERL, BABSCEH I AR SR A T,

2. itk

T A A e B T RIS 27 . (H2, R B mARSE, B4 b1 BT, JF
FIFHAR RN (A K MK T b2, XM R AR & WK bl AN B
BEHIE b2 b, AXTHT, WAESAMEN RS, KEFERSSEE . ASM B3N TE
PATIX— i1k

7t ClassReader U1} accept J7iEZH T {4iX | ClassVisitor , IR

ClassReader %X 4 ClassVisitor jR[Fff] MethodVisitor ¥ H —1|

ClassWriter, XEMEXNTIEMNFA S S, FLl, NSHAEFEERS
ERHHNE.
EXMIEHL T, ClassReader HFASIITIXANTTIEN NG, Ao N HE 4,

H ZEH| classWriter PRIRNXNHIERFETEA.
R classReader fl ClassWriter HM-HIEX X HHISIH, WHEM#ITZMMI,
AIREEWR:

byte[] bl = ...

ClassReader cr = new ClassReader (bl);

ClassWriter cw = new ClassWriter(cr, 0);
ChangeVersionAdapter ca = new ChangeVersionAdapter (cw) ;

cr.accept(ca, 0);
14/101
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byte[] b2 = cw.toByteArray();

PATIX—ML )5, BT ChangeVersionAdapter ¥ A FH# T 51k, FrbACL EAREDH]
TR DUA B 2 BIARRS IR o X T3 3030 40 BA 0 7 VA B DL 4, X — i FERRTHIR P nT BR 2L /)
—b, EHARRIRATAR . SEPR_EAE 10%3] 20%F0 & 2% . SRS, XM Zok E 4
E X T B S B G e . TR N B . EBR S R, X — A
FGIE] R, AE6 IR G SR B Bl A A4 VE 22 SRR I ok, X — AR R BEE ST R TR R
1 BIESL . BRI, ERCEORT “BE Nt R B IX — A

3. A A K

W EANTATIA, S b2 nf LA EREEL -, B B ClassLoader fN#. {H{E
ClassLoader HHUTHIZEHEH ARl XA Fa @S ma 2. wilam B prg 28,
I IRAE ClassFileTransformer Wi, W java.lang.instrument fUHFE X (F
ZHNT, ESREANRAER )

public static void premain (String agentArgs, Instrumentation inst)
{ inst.addTransformer (new ClassFileTransformer () {
public byte[] transform(ClassLoader 1, String name, Class c,
ProtectionDomain d, bytel[] b)
throws IllegalClassFormatException
{ ClassReader cr = new ClassReader (b);
ClassWriter cw = new ClassWriter(cr, 0);
ClassVisitor cv = new ChangeVersionAdapter (cw);
cr.accept(cv, 0);
return cw.toByteArray();
}
}) i
}

2.2.5 FEERISH R

b= H TR A T E MR T ClassVisitor RWHAL %, Fla, @ik
M % visitField fll visitMethod Jji%i[f] access il name Z%i, nfLAfAE—MFE
B ERBTEREG T . AAh, B TERRWITE ARSI s 8 s, &
AFDLERR AR R o H R LR AR KT = FE B

B, R fSRIER AR A RIMBIE KN ERAE R, IEMER T NS T,
LA FH G B IX AN SRS (TR B 1SRO8 BT i Thme, DR O B 13X 28 70 2 A 1
WO HED o X BRI A 2 BT 17 7V AN AT AT A T SE I

public class RemoveDebugAdapter extends ClassVisitor
{ public RemoveDebugAdapter (ClassVisitor cv) {
super (ASM4, cv);
}
@Override
public void visitSource (String source, String debug) {

}

@Override
public void visitOuterClass (String owner, String name, String desc) {

}

@Override
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public void visitInnerClass (String name, String outerName,
String innerName, int access) {

}
}

X—RREX TP B R TR, BN visitField fl visitMethod J5 iR [Al—
ANEER . ERRTFBREOE, AMIERINERA, JEIEHEIRE null. a0, N sKER
WHER T ATk, INER AT AR RY] (U 2 AR DARIR— AT, By —A
KA REEHE TN BRAARSENE LT -

public class RemoveMethodAdapter extends ClassVisitor

{ private String mName;
private String mDesc; public
RemoveMethodAdapter (
ClassVisitor cv, String mName, String mDesc)
{ super (ASM4, cv);
this.mName = mName;

this.mDesc = mDesc;
}
@Override
public MethodVisitor visitMethod(int access, String name,
String desc, String signature, String[] exceptions) {
if (name.equals (mName) && desc.equals (mDesc)) {
/]! REERET NGRS -> ZIHFEFASRZT
% return null;

}

return cv.visitMethod (access, name, desc, signature, exceptions);

}
}

2.2.6 IEhNERk

IR R D R — B B A, RATERTUAZ “Ek 7 —Eeyi i, i & TE A
B2 TUEIMAA, FRSCREEE N 7R . B iR A T DA AR R VA TR 2 T AL A
REOESF R visitXxx DAUEYE I AT RIAT (A 2.2.1 95 .

B, WRE AN — DT, BOTE R E R Z AR visitField [)—
AR, T H 2 AURX AN ET R SR IE BL AR 1 — Uy Rl 7. betnn, AREFE visit 7k R
Xl RNIXFEA e F N visitField W AH Z J5 R A visitSource .
visitOuterClass. visitAnnotation Bl visitAttribute, X2 . HTFRHERIE
B, AHERH XA H i H M /E visitSource. visitOuterClass. visitAnnotation I
visitAttribute 4 VEH . A MWAHEfAL B & visitInnerClass . visitField .
visitMethod B{ visitEnd #ik.

WA XA H A TE visitEnd J7iEH, XA FBOR S S (RAERmE A%
BUAXAN LB PR A R TME visitField 5 visitMethod 1, ¥ &UMIJLAF
B RPN TR ITESH — MM T . X R RO e RN EH s B
R TR TR B, B LM — a7 B AT R — A R o, ]
LA TTER I — AN, T 50 vk SRS 7 ik 0 R B 3
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IR BXLE, M-EEERNBROREE visitEnd HEPHNEZER, RIFMAR. Knt,

—PEPAEESEEMR, BHRE-THFHARBEENR, E—HEMBRESHBEBMART
tt, RBEE visitEnd DAPINE SHEXENRGT REFTMIX— T, XIPHEARBLZREIN.

KD, FREFRINKIEFANERD, e _counter$s_4B7F_ i HMEUBREENRT,
HABRRENVANE visitEnd B, IR, A£F -SRI, N APl REX—RE: JUAER
NZBERXT™ APl BEERDORIIF .

N7 ABIEA LSS, THg AN IEERS, BTN TR BRARRA TR
O fFAE

public class AddFieldAdapter extends ClassVisitor
{ private int fAcc;
private String fName;
private String fDesc;
private boolean isFieldPresent;
public AddFieldAdapter (ClassVisitor cv, int fAcc, String fName,
String fDesc) {
super (ASM4, cv);
this.fAcc = fAcc;
this.fName = fName;
this.fDesc = fDesc;
}
@Override
public FieldVisitor visitField(int access, String name, String desc,
String signature, Object value) {
if (name.equals (fName))
{ isFieldPresent = true;
}
return cv.visitField(access, name, desc, signature, value);
}
@Override
public void visitEnd()
{ if ('isFieldPresent)
{
FieldVisitor fv = cv.visitField(fAcc, fName, fDesc, null, null);
if (£v '= null) {
fv.visitEnd() ;
}
}

cv.visitEnd () ;
}
}

XA F BRI visitEnd /LT . visitField kAR ES BN CHE 7B
b —ATB, RN — TG ERME 7R LS CAffE. 1A visitEnd J7EPEN
Fl £v.visitEnd() Z Bi ) £v '= null &0 XZKEA— DA 80 DLE
visitField Wik [A] null, £ E—WELHFIIX 5.

2.2.7 FfhEE

FIHAT NI, BAIICELER—L% classReader. RiEHL2E M ClassWriter ZH (& &
Al RN DMEH SO R s, B LA SRR B . L E R A B R —
A2, BRI CAAE LA 2R, LSRR E e, IR BER, A —E g, A
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A PAgiS5 — ClassVisitor, WEUEIM A 7L A FRIR ¥ K45 )L ClassVisitor:

public class MultiClassAdapter extends ClassVisitor
{ protected ClassVisitor[] cvs;
public MultiClassAdapter (ClassVisitor[] cvs)
{ super (ASM4) ;
this.cvs = cvs;

}
@Override public void visit (int version, int access, String name,
String signature, String superName, String[] interfaces) {

for (ClassVisitor cv : cvs) {
cv.visit(version, access, name, signature, superName, interfaces);

}
}

-

adsk, JINKER SR LIRIEEF— ClassVisitor (X FERE LR M, R bt
W visit M visitEnd £%iX ClassVisitor AIFNHEAH—) - Bk, &K 2.8 fr
TR IR FE— AN 3 Bl 2 52 A AT Y

CR

CR \ Cy

CR

2.8 —NERER

23TH

F: T ClassVisitor AKX ClassReader. ClassWriter {24, ASM iffE
org.objectweb.asm.util B HFHRME TN THE, XETAEIERE RS BEER SN T 3F
WA, BAEBITMATEEN. ASM B34t 7 —/NSeHZE, HTESITHAEAE A K
R R T ERARRF . AL T EAGAE TN

2.3.1 Type

ERTJLTEAES], ASM APL AJF Java KU 2 EAE St b B E,
AU, AE NN RR R . AT DL IR EA IR AR T 2R A e, AR (3
T B, (HIXFE T B4 ClassReader Fl ClassWriter THIFIF R RIERZ HHHT KRG
e, MMIETEREFEAR. Xt R T4 ASM WA 7 B K 33044 AR iR FF i 45 0 e A 15
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RIS . (HEREE T Type 25, AJLAfE LN AT F3) .

— Type WRER—Fh Java K8, BErJ DR RFHRGWIE, WALl Cclass MR-
Type FOOM&RRIITCFMMF AL E. Hlll, Type.INT TYPE Z%/R int KA1 Type X

Ko

getInternalName /7 7% & [l — 4~ Type W1 W # % . # W ,
Type.getType (String.class) . getInternalName ()% String KN E4, B
"java/lang/String". X —J7ik R AEX REEE RAUE A .

getDescriptor FiLR[FI—/ Type MHIASFT. than ,  FEARRSH AT BLIAE A
"Ljava/lang/String;" , il & fif H Type.getType(String.class).
getDescriptor (). ¥, WUAMEH I, MZ2fH Type.INT TYPE.getDescriptor().

Type M RIERAFIRTTIEFM . XM REE AT LN — A J7 kiR /i ki, e LAl Method
X R M @ . getDescriptor 7 ¥k & [l 5 X — K B X N OB 7 % OB o
It 4+ , getArgumentTypes # getReturnType 75k H T3R5 — kS A
R[EIZEA AR N Type X% . #lll, Type.getArgumentTypes (" (I)V")iR[E—AMMYH—A4
JL#E Type.INT TYPE [W#(4l. S5l , A Type.getReturnType (" (I)V") iR
Type.VOID TYPE X%,

2.3.2 TraceClassVisitor

BRI BT A B B S B R SR T, ClassWriter [ RFEAH IF A H A EIE
AL, BB NSRRI WA AR REL, BEHERRESZ 1. XKIER
TraceClassVisitor KM AR, NZFLLEH, XANEY BT CclassVisitor
kK, FERITUIRRR AR R i, ATAZH classWwriter RAEME, TAMH
TraceClassVisitor, PASRAFICT SEBRTA A 20— N AT sephads . FL 22 m) DL R A X
F, KPR, BT HEATNZAN, TraceClassVisitor SEPr bidn] LK X H J7
% MITERHZEES 55— Ui EE, Wl classWriter:

ClassWriter cw = new ClassWriter (0);

TraceClassVisitor cv = new TraceClassVisitor(cw, printWriter);
cv.visit(...);

cv.visitEnd () ;
byte b[] = cw.toByteArray();

X—RALEIE T — TraceClassVisitor, ¥ HCOCEWRIIMA HHHEILSE cw, R
o B X e ) — 3 CAR R RATEN S printWriter. #lln, WIRAE 2.2.3 A5HIH1 118
TraceClassVisitor, B<EH:

/) EMAEF 49.0 (49)

// FREARE 1537

public abstract interface pkg/Comparable implements pkg/Mesurable
{ // wRRE 25
public final static I LESS = -1
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[/ REARE 25

public final static I EQUAL =

0 //FFARE 25

public final static I GREATER =

1 //%FARE 1025

public abstract compareTo (Ljava/lang/Object;)I
}

VR, AT RAEA R B s R R AL B TraceClassVisitor, A& {EE+ X
— BEKERAETHA, FE—EEBIFE classWriter ZHIMEH. BEER, H 7 IX/MER S
B IR SRR IRIERN, AIREIREMH A String.equals () SRXF LN,

2.3.3 CheckClassAdapter

ClassWriter FIFALAZION HINVER AT 251824, DUASHGREAM. Kk, f
R £ Java RERLLSOUE B TERCK. o T /R T BEBEAT KB 9 S, o7
PLff /| CheckClassAdapter 2¢. Fl TraceClassVisitor X fl, XA WP ET
ClassVisitor 25, JF¥ X H 7k pra WA H ZE3 5 — 4 classVisitor, il —+4
TraceClassVisitor #{— ClassWriter. {H/&, X PRIFASITEDHTV AR SCAR KR,
MR XS AR I 2 E s, SHRBGAM, R4 2Ewa T idE. Sk
ORI, &Mt IllegalStateException I IllegalArgumentException.

NEEXF =2, ATEIRAN R AT REN, AR NP EAR R, R4
AT ARES

ClassWriter cw = new ClassWriter (0);

TraceClassVisitor tcv = new TraceClassVisitor (cw, printWriter);
CheckClassAdapter cv = new CheckClassAdapter (tcv);
cv.visit(...);

cv.visitEnd() ;
byte b[] = cw.toByteArray();

TEE, WR DA RIS 43X L2805 ) SR BEAE kS, B EATHRAT AOHRAT A LAAS R 52 1 o
Blan, FMACLUIARY, XN TARRAE L 2 J5 34T -

ClassWriter cw = new ClassWriter (0);
CheckClassAdapter cca = new CheckClassAdapter (cw) ;
TraceClassVisitor cv = new TraceClassVisitor(cca, printWriter);

F{EH TraceClassVisitor Bf—#Ff, W A]PATE—/NA pld Bl % 55 AT = A B A H

CheckClassAdapter, USEHEZEHTIX—m, MA—E R ZIEHIE ClassWriter ZHi
.

2.3.4 ASMifier

XN TraceClassVisitor LHIEE /—MEMN )G GZ T EAAEBINEN 6

Textifier Ja¥m, ERW EFTRBEIMEL) . XN ff TraceClassVisitor RIFATT
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VAR FTENH TR E R Java . #lil, HH visitEnd () FVEKFTE ev.visitEnd () ;o
He R, ¥—/HA AsMifier )Gl TraceClassVisitor Vill#siil— AN, &3
BV ASM A BOX AN EEIIEACHS . A SR IX AU 1] 88 R U5 7] — D CAFAERSE, X — 2 Ra
ME . B0, WRARAFEEN A ASM ARG O ik, T SN IR, H javac
GPEE, JFH AsMifier RijMIXNIFEEHIZE. KGR CHIEELR ASM K5 !
AsMifier FMALMEMAATHEM. B, AL Nm4,

java -classpath asm.jar:asm-util.jar

\ org.objectweb.asm.util.ASMifier
\ java.lang.Runnable

BN, i gEitfs, XA a0 R

package asm.java.lang;
import org.objectweb.asm.*;
public class RunnableDump implements Opcodes
{ public static byte[] dump() throws Exception {
ClassWriter cw = new ClassWriter (0);
FieldVisitor fv;
MethodVisitor mv;
AnnotationVisitor av0;
cw.visit (vl 5, ACC PUBLIC + ACC ABSTRACT + ACC_ INTERFACE,
"Java/lang/Runnable", null, "java/lang/Object", null);
{
mv = cw.visitMethod (ACC PUBLIC + ACC ABSTRACT, "run", "()V",
null, null); B B
mv.visitEnd () ;
}
cw.visitEnd () ;
return cw.toByteArray();
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FI3E AL

KRB SRR AZ L ASM APL AE ORI 3 L 9m % 7. BN AR T, REN
4 H T A A EATRAR. ASM #:0 AR THR, FEes RS U TR

3.1 4544

FEGRERIIANER, JTVARIARS A7 — RPN FATEIR % o N EMRME 0SS, BARA KL
& E T RS, JFRUREATR I TR . AR X SR ST R TEIR, XN AL
LIJT 464 5 fa] B R 2R A il S e e A . AR 72 382 3, L4 B3 Java ESNLALE.

3.1.1 AT

ENBFHRITFR LA, HBEERNA Java BIUNPATEAL . FLATEE, Java RHT
7 AELRREAEHATI. RENERREEA B CRSATH, R R DWER R — AN IE R
BERORMH—ADIHER, 28— DR TR NPT . HUER B, B R IR
B, B REEYSFEIRE, SRR WAPAT R B, AT IR K R 7 A 4k st
17 GXANTT IREWEAEAL TR T ) .

T—WEERE D — N RIRERS M DN ERIEERRET > . 2 AR A B S AT RYE R
51 CABBNUB U5 17 (A .l A 7 T UG, 3R RO AR 02—V, e sy T 1 ARy
R MFERAEESUNE. XEWE XM IE R REL I “ TR A ” T Ui . AZRERIEL
AL FERIPATHARIR I SATA P IR — Wi S A SRS

Jy R AL Bt 3 S 4R A BRI 3 (K NIRRT ORI A o X KN R I T, JF
B IR & — AR TR IER T KL, XX RT3 g @ A R P i, R
AR B B R RO KN RS, BT R AR A I, 3K — KN AT REAN A

Frame 1 Frame 2 Frame 3

L

LO| L1 |L2 LO|L1 LO|L1|L2|I

o
=

02 00|02 00|02
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3.1 —MEF 3 MeRITHK
B Frame, N

B 3.1 gt 7 — AN EAA 3 MR GIHATR . Wi S 3 ANeiA s, HaR RO s E
J4, Hrh S HAME. EomEE 2 MR E, BERERP A WAME. BERSE =ML 7
T PATHRM TR, A 4 AR R AN RS

FEQNEE— AW, 2 G, SR —A R, FFHBERXN R this G THEEHEST;
%) RITERN S ECRYIE A L R . B, WAHTI a.equals (b) #AI#E—, ©f
—ANE B, BTN R R WIENN a M b GLAR)R AR ERPEILE) .

J AR B A AR AE BB 2 BB (slot) AT LUfRAEFR long Fl double AFfE 2 4k
] /E& Java {. long il double A& FHEM /MY, XffmEHARMNEHEHEIE:
w, 50N HESBEA— SRR i B Flw, WA Math.max (1L, 2L) & —
At 1L EA. TIPS R EAE Y, (H 2L fFREES =AM DY RE .

3.1.2 FHILiE4S

FAARS At — bR iR dE S R (RS AT E 2 1 S AR

BARM R — R 5 i E—— RIS 44, mBNERT ShniR. i, #AE 0 A
B 0755 NOP R, X MLFAMMARMTIRIEHITE S .

SHCEHSE, TE THRARIELSIT 8. BNERAEREMZ 54 M. i coTo #r
L /A CHBRIEMEKEDS 167) BL— MW T — 2% fR AT IR 2 AR/ 8 2 Hobs
e AE KIELSUERSRIFLERGE: SEERFBFS ORI, fFEEREE N
ARG, i BRARRUEDR RIS, A BB T A fERIE

FHRIDFR P LA AP —/NHIRS, Wik HRAE R B AR E ROk < B
i — e g A T ERAE RO EATMAR Rt — 2, WX — SR, I e R R
W

ILOAD, LLOAD, FLOAD, DLOAD fll ALOAD f54 AN REHAR, G ENEERIE EHkt.
TSR DI RHEREMRS i. ILoAD Al TINE —1 boolean. byte. char. short I
int /&#A & . LLOAD. FLOAD Ml DLOAD # %Il FIM# long. float 5k double
fi. (LLOAD F1 DLOAD S:PRMM#LM/NME i F1 i+1) . /5, ALOAD H TMm#EFE A%t
B, Bpxt SMEA5 H. 525N, ISTORE. LSTORE. FSTORE. DSTORE fl ASTORE if
L MERVEEOR it —ME, JRREFAMEER LR | IREREEET.

ALLE #|, xLOAD Hll xSTORE i #MAAN /KM (FHL b, FTHKEEH, JLFAEHESL
KT 7R o EHTWRASPATIEERS . Khr b, B MEFEMERSZED, RE H
PIAFEZER M e, &4EEEm. #lin, ISTORE 1 ALOAD 1 /FAl2IRiE——18 RFEH—1 1+
BN B RTAEE 1P, IPBXA RS T 25 Y (H2, R\ —ANmEA
A —ME, TXMERRRAFE T Z RS AU AE, DM2eeaEN. KRk
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A REA KR, RV 5 AR B AR KSR AT DU VA AT 18] R A AR

bHczuid, Froa A S T #R OO BRAE BT 2. e AT LRI S BUR 2R5) CL
BHE AL -

US4 AL L RO(E: PoP SLULETABAM, DUR AT A — R,

SWAP HHINAME, JHEEFENEN], F5%.

HE  IXUIEAERIESR N — AN E{H: ACONST NULL JEA null, ICONST 0 /EA
int fi 0, FCONST 0 /A 0f, DCONST 0 kA 0d, BIPUSH b KN 1i{i b, SIPUSH
s JEX short {f s, LDC cst JEAfFE int. float. long. double. String E{ class”

Wi est,

HARLZH XS NEESRREEUE, &Iel], RS RENY . eNBE T
%%, xADD. xSUB. xMUL. xDIV fll xREM XN T+, -, *, /fisiz&, Ht x K 1.
L. F 8{ D Z—. B, i&F MR T<<. >>. >>>. | &M zH K84, HT
WP int M long fH.

KRR XS WA P —AME, BN 2R, RIS R BN . e
NT Java TR R AT, I2F, F2D, L2D W E0ME i —FhBUE R A 4oy b —Fh
KA, CHECKCAST ¢ ¥ 5l FEEH R ¢,

W% XA HTAIEN S BUE el RIEATRE, S5 B, NEW ppe TR
—A type RARH A R EAFF (A ype Z—PHEZ) .

FB XERLSTNE N FENE. GETFIELD owner name desc #H— W25 H, If
BRI name FEPFHIE. PUTFIELD owner name desc 3 —/MEM— PN %5 H, I
BIXAMEAEET ) name B . EXPMIEIT, 25 REDLTIE owner KA, B
IF BN desc 257, GETSTATIC Ml PUTSTATIC R4, HATHETE.

FiE XSRS AN R A IE RS . e TR A AN B T H RSN B0 1
(HTFTEWX%) , HERERHFIS S ., INVOKEVIRTUAL owner name desc i FH7E
2 owner W& XH] name Fik, HAEREIATTN desc. INVOKESTATIC FT#AH L,
INVOKESPECIAL M TA A JjiEAyi&s%, INVOKEINTERFACE T4 dvE Ly
%o Ba, XT Java7 2%, INVOKEDYNAMIC T #ishAS 7kl LG .

B XEIRASH TS HATHE. xALOAD 1B H — ARSI M— N4, FEALE
Sl EA TR N{E . ¥xASTORE f8 2 H—ME. — MR M— N H, B XAMER
EEIZEA X — &5 4. X x AJPs2 I. L. F. D 3¢ A, &7 L2 B. ¢ 5 S,

PhiE X IR A T AR — A N B B B M E RS BT T4 if.
for. do. while. break fl continue #§%. #lil, IFEQ label MARHFFAH—A
int {8, WHERXAMEAN 0, MBEEIIHXA label fREWIESL (BN, EHEH#ATT—

84 . EUZHALBETE 4, bl IFNE B{ IFGE. f%)5, TABLESWITCH Al

© Wi T identifier.class Java EV%.
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LOOKUPSWITCH X T switch Java $8%.
z[H )5, xRETURN 1 RETURN f84 H TZ&1L— N kpi#iar, e dHgs Bk 125 1

A #. RETURN ] TiR[ void )5k, xRETURN T HAh /71,

3.1.3 =

EBATE AR, BAR S —FAAUER S 2 W0 TR . R T bean 3K:

package pkg; public
class Bean {
private int f;
public int getF () {
return this.f;
}
public void setF (int £f)
{ this.f = £;
}
}

getter 77 EEH 7 AL S -

ALOAD O
GETFIELD pkg/Bean f I
IRETURN

FkIRL BB EACE 0 CENXANINEMQIEWIE g this) , JFRIA
EEANREE . 28 RS MR X AME, Bl this, JRREX DR £ FERIEAK,
Bl this.f. &)oL MEPHMIXAME, JPRHERREISMHME. B 3.2 ol 74T
PATIRIFFEIRES -

this this this
this this.f
(a) (b) {c)

3.2 getF EHUSENURT: a) BT, b) £ ALOAD 0 /5, ¢) £ GETFIELD Zf§

setter AR FIIANG:

ALOAD O

ILOAD 1
PUTFIELD pkg/Bean f I
RETURN

MZH—H, H—%iE4H this IMABRIELM. B KBS RMER 1, F£RNEANTT
FRAEEWE, DL £ SHPGIZARRE . BRI PIME, PR int (EAFEERY
SIAXTRE £ 7B, HIFMEE this. £ . &n—FIRLERAM R EAXK, HEHFS
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ARG p 20 B 1, BB ATHAT I, JRREHAA & . XA T ERAT IR ZORS W E 3.3 By
INo

this| £ this| f this| f thig| £
this this| £
{a) {b) {c) (d)

3.3 setF J3AOURERTS: a) ¥IARTS, b) & ALOAD 0 /G, off ILOAD 1 /5, d) 7

PUTFIELD 2[5

Bean KA —PMBUAMAAIIEGERS, BTREFZBAHE CRAMMEDS, Irile2 gk
AR XN A FIEREERN Bean() { super(); }o X/MWIEARIFITRY
LI

ALOAD 0

INVOKESPECIAL java/lang/Object <init> ()V
RETURN

FFEK this [EAREHR . 28 %3RS MR X /ME, JFHAE Object Xf
FE X <init>iEk. XXM T super () I, WilEXTHE object MiEEFATA .
FEIX A AR F, 7E O PEMPEZE PR i 8 1) ar 24 R AR fEg R, EA 1S 2t
% A<init>, MAEERERS, EMIMLF5E CENfKRS . &E—%EL2REHEH.

IMAELERATEE— M N E R — A setter Jiik:

public void checkAndSetF (int f)
{ 1f (£ >= 0) {
this.f =
f; } else {
throw new IllegalArgumentException();
}
}

EANH setter JEMI T AT

ILOAD 1
IFLT label
ALOAD O
ILOAD 1
PUTFIELD pkg/Bean f
I GOTO end
label.
NEW java/lang/IllegalArgumentException
DUP
INVOKESPECIAL java/lang/IllegalArgumentException <init> ()V
ATHROW
end:
RETURN

Fo KRRty £ MEHAE 1 ARELH. IFLT B9 MRPFHHXAME, TR
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©S5 0 #HTHE. WRENT (L) 0, MBEZIH label Arid4REMIES, & MAMAEFTH
5, SEPAT P %L PR =%IKLE setF ki MllFE. coTo #8544k 1Bk
end FRICIREMIES, tHEi/e RETURN 154 . label Ml end Fric 2 IA] K454 G A H — A
R H: NEW HEAMIE—NREXNR, R EENEELER T . Dup EATEM R EEIXAME.
INVOKESPECIAL fRA ¥ X/ NEIA L —, JEHIAH MG, &5, ATHROW 54 3#iH
T RIEIA, e R EE (DA SEPIT T KBS

3.1.4 FEAbFREs

AR TP E TR TR — D IHER 7 A5 — A 57 A LR 5 RO
I, XAFIRME TR TET 4 W P SR R L AT AR . R AL B RL T try
catch Ht: A MEM, MHZE5 try (CHBAFMXNE—MELFH, E&F b B
&, WNT cateh HPEINE. ZXAVEH B —MEERCH — DR ISR E, AESH—

AN EIAPRICTE o Hoan N T A YEA AL

public static void sleep(long d)
{ try {
Thread.sleep(d) ;
} catch (InterruptedException e)
{ e.printStackTrace();
}
}

DT oY

TRYCATCHBLOCK try catch catch
java/lang/InterruptedException fry:
LLOAD 0

INVOKESTATIC java/lang/Thread sleep (J)V
RETURN
catch:
INVOKEVIRTUAL java/lang/InterruptedException printStackTrace ()V
RETURN

Try 1 catch fRicZ AIFMRISS N T try 3R, 1M catch trid 2 GRS N T catch.
TRYCATCHBLOCK 1THRE | — MR, B | try M catch Fridz MIMEH, H—"MF 4
T catch MRICHALEERE, FTACEE L8R, XUEREEZ InterruptedException
M. XEWE, WRE try M catch Z[EHH TIXFE—NRE, HREWHIGET, REH
JEN EATT, PATEREE cateh Ab4R%E.

3.1.5 1

B 7 A IE 2 24, H Java 6 B ARG BRSSP IS B S — AU I, TN bR
Java KEFIHLAP SR UL AR IR L o AR MRS T2 H — D7 i B BAT AR AT R A o 2 — I AR
Ao HHERUL, E TAERUERAT R RE TR S 20T, R RS A AR 1R A
Bt a2 R R R,
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B, nRERE LK getF ik, A LLE X =AML, 4h H AT e BB PR AT
ALOAD. HI¥# 4T GETFIELD FIHII4HAAT IRETURN 2 FifPIRES . X = AMERBL i B T & 3.2
HH B RSN, AR, HAP S AT S R SR N T R AR R, A SR X T

TR
I AR Z AT PR AT IR A

[pkg/Bean] ]
[pkg/Bean] [pkg/Bean]
[pkg/Bean] [I]

A L% checkAndSetF 77147 AH [EI1#RAE:

TR AAS Z AT FIPRAT IOIRES
[pkg/Bean I][][pkg/Bean
I][1][pkg/Bean I][]
[pkg/Bean I][pkg/Bean]

[pkg/Bean I][pkg/Bean I]
[pkg/Bean I][]

[pkg/Bean I][]

[pkg/Bean I][]

[pkg/Bean I][A#IEH (FFT) ]

[pkg/Bean I][Uninitialized(label)
Uninitialized(label)]

[pkg/Bean I]
[Java/lang/IllegalArgumentException]
[pkg/Bean I][]

[Pkg/Bean I][]

%7 Uninitialized(label)Zs#M 2 4t,

B A
ALOAD 0

GETFIELD
IRETURN

B A

ILOAD 1

IFLT label
ALOAD O

ILOAD 1
PUTFIELD

GOTO end

label :

NEW

DUP
INVOKESPECIAL

ATHROW

end :
RETURN

B AT A EIZRAN . IR — Al AR AR S it

AR, EHRE T — IR, CANHDE T WA, HIEERA A AES. S50

E T BB RAGHR S . X TIRAKMKE,

g e I i A 3 — R A DA — S S PR 2R

WH—FI7i%, R mEes. wmiRHen, &
XH & IllegalArgumentException. F&ik

St it A ff P = Rh A4 725 . UNINITIALIZED THIS £G4 FRmMA R 0 Myihk M,

TOP XM T — A KE XHIME, 1 NULL XN F null.

gz, M Java6 JFG, Br 17T AMSZAN, CHERPIEEE T AARB .
”ﬁé SIS =y prae i S SNRE i = Rl T U/ R £ S PR /S =30 As o S R 2E1
%ﬁ&@%&ﬂ‘]?’éé\ B BRAE TR e 18 & 2 IR 2B i, st b, mrblgtn, tRidit b

TX LG HE T At it o

7t checkAndSetF LG =H, XREWREMAHEHIM: —MHT NEW 54, BN
‘Bs& IFLT {821 E, EFRANERETLRHE coTo 425, %—1 M T RETURN
84, BN & coTo $RA M HAR, EFNEIRAE “Tk T ATHROW 1842 5.

NHTEE L6, X WESEEAT R4 e ST — WU 20, TR AA AR A A A
fit, WTLURIAHLE SR AHE S /S . /£ checkAndSetF J7iZ, bZAF il I i A2 AH
F),  #ETRIEMW, P UG A Rl B F_SAME BIidfFRoR. nJRIEHIXL

AR ORI 7 A CRS 1 & 2 A4S HE X LT

Xl 7 F_SAME AR A T A
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ILOAD 1
IFLT label
ALOAD O
ILOAD 1
PUTFIELD pkg/Bean f
I GOTO end
label.
F_SAME
NEW java/lang/IllegalArgumentException
DUP
INVOKESPECIAL java/lang/IllegalArgumentException <init> ()V
ATHROW
end:
F_SAME
RETURN

3.2 EO5HKE

3.2.1 N4

T A O 9w 775 ASM API &% T MethodvVisitor %M (WK 3.4) , & H
ClassVisitor [ visitMethod JikiR[Al. [& 7T —S5FRBMFAE BH RN FIEZ I (X
BOVRE N — R , ENENEN TR SN E X T — ik, HAREH 2 X8RS 7
SEABNZEA G FEAEX N T 3.1.2 A BERZEND » XEHFEWIHZ L NIRFRA (7
MethodVisitor # ] Javadoc iEHIE T HAL—LZ R &M .

visitAnnotationDefault?
(visitAnnotation|visitParameterAnnotation|visitAttribute )*
(visitCode
(visitTryCatchBlock|visitLabel |visitFrame |visitXxxInsn |
visitLocalVariable | visitLineNumber )*
visitMaxs )?

visitEnd

XELERRE, N TAEME VR, WRAEFEREAEENE, DAE LR El], REE1%
ORI TR . X FIX ek, HARR AR N i ), AL T visitCode MIRA
HAVE —MAH) 5% visitMaxs WA CHHACE — AR 2.

abstract class MethodVisitor { // public accessors

ommited MethodVisitor (int api);

MethodVisitor (int api, MethodVisitor mv);

AnnotationVisitor visitAnnotationDefault () ;

AnnotationVisitor visitAnnotation (String desc, boolean visible);
AnnotationVisitor visitParameterAnnotation (int parameter,

String desc, boolean visible);

vold visitAttribute (Attribute attr);

void wisitCode () ;

void wvisitFrame (int type, int nLocal, Object[] local, int nStack,
Object[] stack);

void visitInsn (int opcode);

void visitIntInsn (int opcode, int operand);

void visitVarInsn(int opcode, int var);

void visitTypelInsn (int opcode, String desc);

void visitFieldInsn(int opc, String owner, String name, String desc);
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void wvisitMethodInsn (int opc, String owner, String name, String desc);
void visitInvokeDynamicInsn (String name, String desc, Handle bsm,
Object... bsmArgs);

void visitJumpInsn (int opcode, Label label);

void wvisitLabel (Label label);

void wvisitLdcInsn (Object cst);

void wvisitIincInsn (int var, int increment);

void visitTableSwitchInsn(int min, int max, Label dflt, Label[] labels);
void visitLookupSwitchInsn (Label dflt, int[] keys, Label[] labels);
void visitMultiANewArrayInsn (String desc, int dims);

void wisitTryCatchBlock (Label start, Label end, Label handler,
String type);

void visitLocalVariable (String name, String desc, String signature,
Label start, Label end, int index);

void visitLineNumber (int line, Label start):;

void wvisitMaxs (int maxStack, int maxLocals);

void wvisitEnd () ;

}

3.4 MethodVisitor Z£

T2, visitCode Ml visitMaxs 77920 H THRMNZ 71007 RS — N7 51
Hia545H . MERENR—F, visitEnd FVAMUAESEWHA, HTRN—NEE—1 %
42 51 )

A L% ClassVisitor 1 MethodVisitor K&, ApisgiEfr2k.:

ClassVisitor cv = ...;

cv.visit(...);

MethodVisitor mvl = cv.visitMethod (..., "ml"™, ...);
mvl.visitCode () ;

mvl.visitInsn(...);

mvl.visitMaxs(...);
mvl.visitEnd() ;

MethodVisitor mv2 = cv.visitMethod (..., "m2", ...);
mv2.visitCode () ;

mv2.visitInsn(...);

mv2.visitMaxs(...);

mv2.visitEnd () ;

cv.visitEnd() ;
EE, A BB AT NINEZ G A BRI GV R 55— 77k, $5E F, MethodVisitor
AP SE AL, AR RIT A (AZER A ev.visitEnd()) :

ClassVisitor cv = ...;

cv.visit(...);

MethodVisitor mvl = cv.visitMethod (..., "ml", ...);
mvl.visitCode();

mvl.visitInsn(...);

MethodVisitor mv2 = cv.visitMethod (..., "m2", ...);
mv2.visitCode () ;

mv2.visitInsn(...);

mvl.visitMaxs(...);

mvl.visitEnd() ;

mv2.visitMaxs(...);
mv2.visitEnd() ;
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cv.visitEnd() ;

ASM 24t 7 =4 T MethodVisitor API %048, FHT A A EE e 514

ClassReader RMridmiFHiEMING , TfEH accept HIAMSEH1LE T
ClassVisitor , ClassReader X ¥ # X X — ClassVisitor ik [o
[f] MethodVisitor X% il AR /%,

ClassWriter [ visitMethod //7£iR[F| MethodVisitor #IHH—/sE8l, BH
FEUL kT A B C g PR T
MethodVisitor S &R A L AHZEEL 51— MethodVisitor J7
%o WK EEE—DFAImILES.

1. ClassWriter JE T

1E 3.1.5 WEEER, N—ANIETHEARNSMHFANEIEFE R Z: BDIAHEFAW, HRE5
ke B ARAR TR AT, BCE B T S B AL 2 SR i, S R AT R, S bR, N — ANk
W H R SEBERGRR I RANER 5 —, HEKRERN EERES.
SEF ASM BENTRMIERIE —iE . 0] ClassWriter I, ]IS E N0 E BT E L
A
7EffH new ClassWriter (0)i, A HITFEAAT AR, LAIEATIFEM. &0
A m S5EERRER RN
fEff /] new ClassWriter(ClassWriter.COMPUTE MAXS)Kf, Y AfRitH AL &
SEAEEREE IR IR visitMaxs, HUUEREMSE. 1T

BUEIFEFE . IR, R0 [ AT THRX L
ff new ClassWriter (ClassWriter.COMPUTE FRAMES)H, —VJ#Z2HZNITHE. A

HEEMAH visitFrame, (HJALIIHE visitMaxs (SHCKHE 208 IF B8
5 .

X LS I AE AR 7 8, {2 — MU : COMPUTE MAXS &I ClassWriter [/
ik 10%, TfiH COMPUTE FRAMES &Ml Fep#AK—2F . AT S AT E AT TH SIS PITke 2% (1 i
BT LR fEFFE BT, W SAE St ASM FTHBEERERYS .. BUEmHE %, H
ASM i I O SIE I AT RE S AL BRI A A5 0L o

HE, WHREEAATIIAEIXEN, TPk ClassWriter NIRPUTEAELIER. ik, R
W= EH visitFrame (F_NEW, nLocals, locals, nStack, stack) ViR R E4gmi, H
1) nLocals Ml nStack /RN MEARIESALII RN, locals Ml stack £
TN MEHH (HZ415E 2% Javadoe) -

WEFER, NTEHNTED, AN FETERADNGERN AL BIAMELT,
ClassWriter X% 7f getCommonSuperClass A HHTX —1HHE, E&KHAIMER]
JVM 1, JEE St APT. WRIRATTIEAE AR B LM BT - E, TR AT R S 30a @, vk 51 H
FIZRA]BE MR ATE. TEXHEM T, "LAETS getCommonSuperClass J7 ik RKfRkIX—IH

18
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3.2.2 ERCHE

W mv /& — MethodVisitor, Nl 3.1.3 i X getF ik F Al AR LR 7
VR FH A R

mv.visitCode () ;

mv.visitVarInsn (ALOAD, O0);

mv.visitFieldInsn (GETFIELD, "pkg/Bean", "f", "I");
mv.visitInsn (IRETURN) ;

mv.visitMaxs (1, 1);

mv.visitEnd () ;

BoAWH RS AR ERGERE. REREAREA, AR TIERN =4S (TR
H, TS5 ASM APL Z[RIFBU ARSI o X visitMaxs (WML AE LTI T A
KSR JEIAT . EH TN TERI AT WOE SR B AR B AR AR S 0K 4E 3.1.3 Y
UG, XSRS 1 A, fea — OO AR A SR VA I A G A

setF JjiE A& &% 1) 7 AR A DA — Rl U7 iR E . — DA E XA R Bl

checkAndSetF Hi%:

mv.visitCode () ;

mv.visitVarInsn (ILOAD, 1);

Label label = new Label();

mv.visitJumpInsn (IFLT, label);

mv.visitVarInsn (ALOAD, O0);

mv.visitVarInsn (ILOAD, 1);

mv.visitFieldInsn (PUTFIELD, "pkg/Bean", "f", "I");
Label end = new Label ()

mv.visitJumpInsn (GOTO, end);

mv.visitLabel (label); mv.visitFrame (F_SAME,

0, null, 0, null);

mv.visitTypelInsn (NEW, "java/lang/IllegalArgumentException");
mv.visitInsn (DUP) ;

mv.visitMethodInsn (INVOKESPECIAL,
"java/lang/IllegalArgumentException", "<init>", "()V");
mv.visitInsn (ATHROW) ;

mv.visitLabel (end) ;

mv.visitFrame (F_SAME, 0, null, 0, null);

mv.visitInsn (RETURN) ;

mv.visitMaxs (2, 2);

mv.visitEnd () ;

f£ visitCode Ml visitEnd VWHZI[H, 7JLLEZMEEFBUN 2] 3.1.5 FTREHRZ AR
JERM: BFEA e simi s mAE SR (GRS E 1abel Al end Label X %17
MFgIE)
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STE: Label SWE2HE SIEMX—HRCH visitLabel 2GHES, Hl, end #E S RETURN 155,

MAZHEES L2HENM, BNEAR—FES. BIIXIFCIEER—ESRTEEEN, B—11rc Ree

IBBIEE—RIBS. BB, BIEMRNTIFRCYY visitLabel MTESBER, B—KESHHN —Mr
NG visitLabel IBAE—R. RE—FAURE, mCAERZ, 8TMHEHELIUEE
B 8R1c.

3.2.3 Bk

PRIUAE R 25 R, THET MR — R AT Fedt, mte (8 H — N InEE i 41 e ez
IRERRE R, JFAT 2. BRSBTS Bk e % AR IR #
MER— 26464 ARSI Z R AR, R nH i< . MethodVisitor RiZft
TR ARG AR MRS, B R R R BN PTA Jiik,  ARMAE T H AL S

N1 EAE AT AT D 0E R Ay, AEIRATE A ARR T R RS ROy, MIBRJTVAH ) Nop
184 (FAEMIABATET N, B LA BR e AT A AR A i D

public class RemoveNopAdapter extends MethodVisitor
{ public RemoveNopAdapter (MethodVisitor mv) {
super (ASM4, mv);
}
@Override
public void visitInsn(int opcode)
{ if (opcode '!'= NOP) ({
mv.visitInsn (opcode) ;
}
}
}

RANERC ] DMAE — ARG HO s B, R s

public class RemoveNopClassAdapter extends ClassVisitor
{ public RemoveNopClassAdapter (ClassVisitor cv) {
super (ASM4, cv);
}

@Override
public MethodVisitor visitMethod(int access, String name,

String desc, String signature, String[] exceptions) {

MethodVisitor mv;
mv = cv.visitMethod (access, name, desc, signature, exceptions);

if (mv != null) {
mv = new RemoveNopAdapter (mv) ;

}

return mv;

}
}

BB, RERHR A RME—NIER R CEEREE TR N AR W 8RB R IVET 28D
IR BIXAMERC . HACRBUZEIE T — DR R A g A SR a8 (WA 3.5 &
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i i i
] :MethodVizsitor

:RemovelopClasshdaptar 1ClazsVisitor
f T 1
llf I
1
Y [
1
1
1

vizitMethed

vigitMethed

H
new 1

‘:Remnvaxﬁuidauzar

H
new !

visitInsn

LJU;:;LZE:K

3.5 RemoveNopAdapter HiEEE

EVER, XA MR RE ) 584 A AT REMIE — D 5 RIE R A BE A AR LI 5 & Pl 23 i
TP OTERE BIE A A — AR R E R A 5. 0, RGNS T DU U R v ) Nop,
M ASFE B AL 3 A5 HH )i AR 2 o A DASAT 0 R

mv = cv.visitMethod(access, name, desc, signature, exceptions);

if (mv != null && 'name.equals("<init>")) {

mv = new RemoveNopAdapter (mv) ;

}

TEXFIEOLR, MGG R~ Sk, MWiGERR GRS EEHR T DI K —u,
£ visitMethod WHfEIEEJLAMEEIEAE — R HNERCES . FiEIE R A8 5 140 a5 1 FE = HR ] LA
FFAEM . i, KSR SRR, 7SR 8% B a5 3

public MethodVisitor visitMethod(int access, String name,

String desc, String signature, String[] exceptions) {
MethodVisitor mvl, mv2;
mvl = cv.visitMethod (access, name, desc, signature, exceptions);
mv2 = cv.visitMethod(access, " " + name, desc, signature, exceptions);

return new MultiMethodAdapter (mvl, mv2);
}

WAECA A T W EE RS, B el &IFE— N ER A N, I KEE W
il 523l — b RemoveNopAdapter A & Y [F&E R 25

3.2.4 TIRSH

BB BAT 7 ZE B — AL AP AR P AE 2, (I R o AT/ ZEAEREAS i — s it
8% 7B I fREDRX AN R P RN DR AT I T R I 23S 8% 5 Bob .. Bea)ifiil, X
FE—13%

public class C {
public void m() throws Exception
{ Thread.sleep(100);
}
}
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AR ER B

public class C {
public static long timer;
public void m() throws Exception
{ timer -= System.currentTimeMillis() ;
Thread.sleep(100);
timer += System.currentTimeMillis() ;
}
}

NT TP ATAE ASM HRsEEE, AT PAZmBRIR NS, HRERXT X AN RROA EEAR
TraceClassVisitor H#i (EFH (AN Textifier J5un, HEZ{HF] ASMifier
Jabin) o BN EuET, B3 IR ER A (PUHARR) -

GETSTATIC C.timer : J

INVOKESTATIC java/lang/System.currentTimeMillis()J
LSUB

PUTSTATIC C.timer : J

LDC 100

INVOKESTATIC java/lang/Thread.sleep(J)V

GETSTATIC C.timer : J

INVOKESTATIC java/lang/System.currentTimeMillis()J
LADD

PUTSTATIC C.timer : J

RETURN

MAXSTACK = 4

MAXLOCALS =1

AR, SATLIETHENIT LGN 6484, RG-S ZATAmI & Al 5 4. bF =
SO BRI R KRS o BTHEABE T L0 ] visitCode Jiikviin. Bk, wLUEE
HEG I RER A HIX T, BINETI s 4E 2

public void wvisitCode ()
{ mv.visitCode () ;
mv.visitFieldInsn (GETSTATIC, owner, "timer", "J");
mv.visitMethodInsn (INVOKESTATIC, "java/lang/System",
"currentTimeMillis", " ()J");
mv.visitInsn (LSUB) ;
mv.visitFieldInsn (PUTSTATIC, owner, "timer", "J");
}

Hh ) owner WM ENTHMEN LT . WIENMIETE RETURN < B inE Al Py 4
g4, INEIE/T{] xRETURN B{, ATHROW Z HIRIN, EATE R L ILiZ iEPATEREMES . XLk
BAEAEEMSE, HEAE visitInsn FiEFUiR. T52&, ATLAESX—JE, DEmiE4:

public void visitInsn (int opcode) {

if ((opcode >= IRETURN && opcode <= RETURN) || opcode == ATHROW)
{ mv.visitFieldInsn (GETSTATIC, owner, "timer", "J");
mv.visitMethodInsn (INVOKESTATIC, "java/lang/System",

"currentTimeMillis", " ()J");

mv.visitInsn (LADD) ;
mv.visitFieldInsn (PUTSTATIC, owner, "timer", "J");

}

mv.visitInsn (opcode) ;

}
e, A F R BRI EROR /AN e BATAH TR L EAPIA Llong fH, FIHTHEEIEH
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Berb Ul . FERL TR Sk, BRAEEOR I v, BT AR T A& E T LI I VY 2648 & FR 22 —
MK 4 BB IEHENE T AN RIS A 2 SR B FPIRES (RO e 3 i E R H 5% H
FHED o B, RFEARRS T E D RANN s B, IS 17 TR s KRN max(4,
s)o WHRRYRZ, FATEAERBIFEAFIHARIN 7% 4, WATIFAFIE BRIELR G EPATIX 48 4
ZHTER RN REE e/ N TEET so Bk, FATHBE, EREIFESZATRMMAE T 5 2K
BAEBRR RN B s+do X FPRREE SE SRR AR R A A Wom R4, RETURN

Z AT R E RO A B Bk BE, B, BRRANERZ A 0 1 8L 2. (HUnRA B A Irg nT REfh
5, RMFEELERMEES. "UHES visitMaxs JIEMT:

public void visitMaxs (int maxStack, int maxLocals)

{ mv.visitMaxs (maxStack + 4, maxLocals);

}

R, WA DAA TR E A KRR/ NMEL, TR COMPUTE MAXS JETT, UIt4h, ©<it
HORE, mARREE S IME. (EX TIXME RS, DN TEH maxStack AR
PR WRZHE .

BUAE R B — MR RO R R RS UE ARENE ? SRR AN B S AR, Fe it m A0St
B, ERGRDUOBATHA R B R E AR IE BRI ? S ARG O T e AU e 7 2 5
RETER, RO DI BRI ST SR B, 2) AR e & Bk e %, 3) i
RSBk & (BE E IR, RIEHIRED RA B X EWRE s R A2,
HATZIHB AR A8 it FT LU 46 I (0 Bt B A A R 284

WAL LUK BT e &R — EIAAR SRR ClassVisitor Al MethodVisitor F-Z8H:

public class AddTimerAdapter extends ClassVisitor
{ private String owner;
private boolean isInterface;
public AddTimerAdapter (ClassVisitor cv)
{ super (ASM4, cv);
}
@Override public void visit (int version, int access, String name,
String signature, String superName, String[] interfaces) {
cv.visit(version, access, name, signature, superName, interfaces);
owner = name;
isInterface = (access & ACC_INTERFACE) != 0;
}
@Override public MethodVisitor visitMethod(int access, String name,
String desc, String signature, String[] exceptions) {

MethodVisitor mv = cv.visitMethod(access, name, desc, signature,
exceptions);

if (!'isInterface && mv !'= null && !'name.equals("<init>"))
{ mv = new AddTimerMethodAdapter (mv) ;

}

return mv;
}
@Override public void visitEnd()
{ if ('isInterface) {
FieldVisitor fv = cv.visitField(ACC_PUBLIC + ACC_STATIC, "timer",
"J", null, null);
if (fv != null) {

UOSRENF, R A R R E B R . AT RESE AT TR T B T X AR R, RAFIX R T AR
POAZLRERATH LT
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fv.visitEnd() ;

}
}
cv.visitEnd() ;
}
class AddTimerMethodAdapter extends MethodVisitor
{ public AddTimerMethodAdapter (MethodVisitor mv) {
super (ASM4, mv);
}
@Override public void visitCode ()
{ mv.visitCode () ;

mv.visitFieldInsn (GETSTATIC, owner, "timer", "J");
mv.visitMethodInsn (INVOKESTATIC, "java/lang/System",
"currentTimeMillis", " ()J");

mv.visitInsn (LSUB) ;
mv.visitFieldInsn (PUTSTATIC, owner, "timer", "J");
}

@Override public void visitInsn(int opcode) {

if ((opcode >= IRETURN && opcode <= RETURN) || opcode == ATHROW)
{ mv.visitFieldInsn (GETSTATIC, owner, "timer", "J");
mv.visitMethodInsn (INVOKESTATIC, "java/lang/System",
"currentTimeMillis", " ()J");
mv.visitInsn (LADD) ;
mv.visitFieldInsn (PUTSTATIC, owner, "timer", "J");

}

mv.visitInsn (opcode) ;

}

@Override public void visitMaxs (int maxStack, int maxLocals)
{ mv.visitMaxs (maxStack +4, maxLocals);
}

}
}

RAJCERC S T LB iRE R ds IEERERAL) M TH T 887 B IFR i e
RIS I 4 T A AL — AN FT LA b 75 V2@ C 28 07 17 - B

3.2.5 AIRAH

EE B AL R, AN OB TR AT S ATV R RS AT I A AC
S FRMER, HSSEE, X TERSD RETURN 84 2 AT IR 2 it . X Fhds
Bk TS eI SEIURE 8, B R A R R AR R A X

SR MG M T EACALAE AT 2 AT S U R4 & BPIRES . #ilan, B RIXRE— AN, e M
FRETA L) ICONST_O0 IADD J74l, XANFAIMEAEMZMA 0, BAHALRBR. AR,
fEVi i —%& IADD fa4 i, WA E—%uUiRM484 2 ICONST 0 I, A UifHERiZis4 .

X ER A VI RCAS PAEAEIRES . Ik, X PP gl O BIR S e H

AETATEAL U 7 — FIX A . fEVii ICONST_0 i, WA T —%3K4 /2 1aDD Hf
AT IR . S, N AR IR AR . BRI R SRR e e HER B R
— kfE%: MR T 484/ 1ADD, MIMIBRMIFKIES, &0, K ICONST_0 HMIY4HiHE4 .

B — S H R BB I —FR P S e 4, BT %2 51 A—1> MethodVisitor
T, EM visitXxx Insn HEHAH—NAHM visitInsn() J7ik:
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public abstract class PatternMethodAdapter extends MethodVisitor
{ protected final static int SEEN NOTHING = 0;
protected int state;
public PatternMethodAdapter (int api, MethodVisitor mv)
{ super (api, mv);
}
@Overrid public void visitInsn (int opcode)
{ visitInsn()
mv.visitInsn (opcode) ;

}

@Override public void visitIntInsn(int opcode, int operand)
{ visitInsn()
mv.visitIntInsn (opcode, operand);

}

protected abstract void wvisitInsn();

}
W, EIRE AT ST

public class RemoveAddZeroAdapter extends PatternMethodAdapter
{ private static int SEEN ICONST 0 = 1;
public RemoveAddZeroAdapter (MethodVisitor mv)
{ super (ASM4, mv);
}

@Override public void visitInsn (int opcode)

{ if (state == SEEN ICONST 0) {
if (opcode == IADD)
{ state = SEEN NOTHING;
return;
}
}
visitInsn () ;
if (opcode == ICONST 0)
{ state = SEEN ICONST O;
return;

}

mv.visitInsn (opcode) ;
}
@Override protected void visitInsn()
{ if (state == SEEN_ICONST 0) {
mv.visitInsn (ICONST O0);

}
state = SEEN NOTHING;

}
}

visitInsn (int) FiEE BT OB Z T EXMER T, EEHYmEHL
state, JFIZEPIRME], HAARBEMEREZTS . EHMBRT, ESAHAMHM visitInsn 77
%, WA ICONST_0 fw/a —kUinFsl, EMakizinsd. T2, WRSHTHL S

ICONST_0, EXIC(ERNHFLIFIRM, SRR T X —RSHPE. EPTAHMEL T, Ml
DM R BT — Vi &

1. Fric A

FERTLT B B, XS5 218 R EATAR SR & Z ATt AT . Behidit, REE 11
ZIKEH‘-’FI%TE/%, EEATRE S 154 R 32 2075 ) . iixﬂﬁﬁvﬂﬂ%‘é&ﬁﬁﬂﬂ@i&ﬁ%ﬁ%ﬁﬂﬁ, {E!
—ROMASERR L AL st b, R MR KR 4 —ARBEAR S I B AR, 2 REHA
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THEHLE? W R —48 4 BEBkHL $] ICONST 0, XEMRER —MEEX—fLMbrid. 7EM kR
TJX_%/T\TE J&, IXAMRICK R A R EE R MER IADD 2 R HU4ES, X IER AT EM . Hin
RIE—IBL ek 2] 1ADD, WATHABEMBRXANESITH] CRREFIRERX —BHEZHT, ©
ZéT&¢EAT~4 0) . 4, fEXFMIEN T, ICONST 0 Al IADD X [ 4RE — M
i, AT DMRARFA HIAS I 3]

X AP RS T AN R — R ARG A T P AR & I8 0 — MR i, AR AN

EMIBREAT] . EALBXPRAIG O, AT LK AR i MU 1R 2 AR DL SR 4 4 i;“IE*TkXYA
PatternMethodAdapter H5E (JEE, visitMaxs WS FAHAHM visitInsn Hik; B

T ARG T TrVARIAR R A2 2 A U Fr 8 (11— AN RT D

public abstract class PatternMethodAdapter extends MethodVisitor {

@Override public void visitFrame (int type, int nLocal, Object[] local,
int nStack, Object[] stack) {
visitInsn() ;
mv.visitFrame (type, nLocal, local, nStack, stack);

}
@Override public void visitLabel (Label label)

{ visitInsn();
mv.visitLabel (label);
}

@Override public void visitMaxs (int maxStack, int maxLocals)
{ visitInsn()
mv.visitMaxs (maxStack, maxLocals);

}
}

T BB, WiE)ENIHET A REE & A REHT SIE R, i TR,
KX—f5EM visitLineNumber JiiAUil, BEMS5HEAFMNERA. HE, £ MELFIIN
HIE S AT 5, TR s BR 1248 2 BT BEVEAS S P AR AR AT o i D5 VR AE AR VL e S
Hh 7 4 B EA

2. AEERNYT

T AT DR R A B R AR R A B, RN, e S MR T

B T HRIRE M ERAE, XMEEEY SFABENE R, i £ = £;, slFLEFTHRE
', ALOAD 0 ALOAD 0 GETFIELD f PUTFIELD f. 7FSCHLIX —3 ¥ Bi, mIFZEIRE

LB NRER X —F5 (LK 3.6) .

PUTFIELD

ALOAD O

ﬁm\n
(W ALonD 0 /S_l\ ALOAD 0 \/S \jn__;-i;_'_) /;3'\'
v/ Scaesd o/ Yoot

[ ! ALOAD O
ALOAD 0

! GETFIELD && ! ALOAD 0
ALOAD 0 ALOAD 0

! PUTFIELD
ALOAD 0 ALOAD 0 GETFIELD




39/101



(AsM4 fFHfEREY — 26 3 T ik

& 3.6 ALOAD 0 ALOAD O GETFIELD f PUTFIELD £ AURSH

BN AR A — 2R CHAMR L IED M—DRIE (RAURHIHEL 7S, DR o f

., WREEIR S A2 ALOAD 0, NI s1 Feie®| so. fEXFIELT, SPEOENK REM
ALOAD 0 Hf#ffcih. VERM s2 BIHF M. ERIM == ENES: ALOAD 0 & K
IO, AR, KA LY ALOAD 0 HPIRAEH, kM = ALOAD

0. FKEPRENLZ G, MNITFERA g St s 1. (8 Fh Switch 55X N T B 1) 8 B

class RemoveGetFieldPutFieldAdapter extends PatternMethodAdapter
{ private final static int SEEN ALOAD 0 = 1;
private final static int SEEN ALOAD OALOAD 0 = 2;
private final static int SEEN ALOAD OALOAD OGETFIELD = 3;
private String fieldOwner;
private String fieldName;
private String fieldDesc;
public RemoveGetFieldPutFieldAdapter (MethodVisitor mv)
{ super (mv) ;
}
@Override
public void visitVarInsn (int opcode, int var)
{ switch (state) {
case SEEN NOTHING: // SO -> Sl

if (opcode == ALOAD && var == 0)
{ state = SEEN ALOAD 0;
return;

}

break;

case SEEN ALOAD 0: // S1 -> S2

if (opcode == ALOAD && var == 0)
{ state = SEEN_ALOAD OALOAD 0;
return;

}
case SEEN_ALOAD OALOAD 0: // S2 ->

S2 if (opcode == ALOAD && var == 0)
{ mv.visitVarInsn (ALOAD, O0);
return;
}
break;

}

visitInsn();

mv.visitVarInsn (opcode, var);
}
@Override
public void visitFieldInsn(int opcode, String owner, String name,
String desc) {
switch (state) {
case SEEN ALOAD OALOAD 0: // S2 ->

S3 if (opcode == GETFIELD) {
state = SEEN ALOAD OALOAD OGETFIELD;
fieldOwner = owner;
fieldName = name;
fieldDesc = desc;
return;
}
break;
case SEEN ALOAD OALOAD OGETFIELD: // S3 -> SO
if (opcode == PUTFIELD && name.equals (fieldName))
{ state = SEEN NOTHING;
return;

}
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break;

}
visitInsn () ;
mv.visitFieldInsn (opcode, owner, name, desc);
}
@Override protected void visitInsn()
{ switch (state) {
case SEEN ALOAD 0: // S1 ->
SO0 mv.visitVarInsn (ALOAD, O0);
break;
case SEEN_ALOAD OALOAD 0: // S2 ->
SO0 mv.visitVarInsn (ALOAD, 0);
mv.visitVarInsn (ALOAD, 0);
break;
case SEEN ALOAD OALOAD OGETFIELD: // S3 ->
SO0 mv.visitVarInsn (ALOAD, 0);
mv.visitVarInsn (ALOAD, O0);
mv.visitFieldInsn (GETFIELD, fieldOwner, fieldName, fieldDesc)
break;

}
state = SEEN NOTHING;

}
}

HR, T 324 75 AddTimerAdapter [FIFERYJEI, A4 HIAIRESHHRBATE
PR W SRR RS VR R BN R BEA R RS A B AR b e,
BIAER, AREFHIFA R TR EE G S PSR e VF 2 HAb SRR e 2 RS
1o bban, N AR iR A T A R

3.31LH

org.objectweb.asm.commons WH L [ —LLTiE LT AERL S, AT XFRAT H
CHER A . X— TN AEL PR =AY, JFH 3.2.4 971 AddTimerAdapter st B anfa[ i
MEAT. JATEW B, anfg A b — 5 20 TR R 1 77 15 A2 B 4t .

3.3.1 #EHATH

2.3 A AWM T 5%,
1. Type

Y27 454, bl xLOAD. xADD E{ xRETURN KT K eMINH THiMEA, Type
FKIHE T —A getOpcode J7ik, AIH T NIXLLHE LIRS — 245 @ B AXT B 1A ID . 1X— 7
ERZHGE—A int FAMERIEN, SO0 OEA A0 ZOTVE, MR ENZR AR R E RS . )
Ul t.getOpcode (IMUL), #7 t % T Type.FLOAT TYPE, Jlix[7] FMUL.

2. TraceClassVisitor

AR E—BORNHN, EITHERUFESER AR, BIERNITEN AR R, H
TRARFERBT R BRI Bk, wTLCRE S OREREAE — AN Fe i i AR B A P A il ek
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P BTk A . Bildn

java -classpath asm.jar:asm-util.jar \
org.objectweb.asm.util.TraceClassVisitor

\ java.lang.Void
ekt -

// class version 49.0 (49)
// access flags 49
public final class java/lang/Void {
// access flags 25
// signature Ljava/lang/Class<Ljava/lang/Void;>;
// declaration: java.lang.Class<java.lang.Void>
public final static Ljava/lang/Class; TYPE
// access flags 2
private <init>()V
ALOAD O
INVOKESPECIAL java/lang/Object.<init> ()V
RETURN
MAXSTACK = 1
MAXLOCALS = 1 //
access flags 8
static <clinit>()V
LDC "wvoid"
INVOKESTATIC java/lang/Class.getPrimitiveClass (...)...
PUTSTATIC java/lang/Void.TYPE : Ljava/lang/Class;

RETURN
MAXSTACK = 1
MAXLOCALS = 0

}

CULIR AT A B — AN ER S statie { ... }, HEiREA<clinit>)iiE (AT Class

INITializer) . VE&, WURMBEIREERE — N I7EaEsE b3 — RN, AR R
Bt A%, ATLLH] TraceMethodVisitor 1% TraceClassVisitor (fEIXFFIENLT,
e FRE ;. XHEMH T —4 Textifier) :

public MethodVisitor visitMethod(int access, String name,
String desc, String signature, String[] exceptions) {

MethodVisitor mv = cv.visitMethod (access, name, desc, signature,
exceptions) ;
if (debug && mv != null && ...) { // JeRLIARIZHT

% Printer p = new Textifier (ASM4) {
@Override public void visitMethodEnd ()
{ print (aPrintWriter) ; // #&EA% 56 4 h

=

(a1
}
}i
mv = new TraceMethodVisitor (mv, p);

}
return new MyMethodAdapter (mv) ;

}
X — %% 1% 7154 MyMethodAdapter ##iid Jo 45 R .

3. CheckClassAdapter
XANRBERE L —FNHL, ERE ClassVisitor HERIHANF R EEY, S5

THM A T/ES Methodvisitor J7iEAfF. Kk, WA THE MethodVisitor API
E— MNP E RS 2B IEHR . f1 TraceMethodvVisitor KM, W ULH
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CheckMethodAdapter FRF&—ANJ7k, WA R E EHIEADRK:

public MethodVisitor visitMethod(int access, String name,
String desc, String signature, String[] exceptions) {

MethodVisitor mv = cv.visitMethod(access, name, desc, signature,
exceptions);
if (debug && mv != null && ...) { // WwRLAEEEIANT

#% mv = new CheckMethodAdapter (mv) ;
}
return new MyMethodAdapter (mv) ;
}

X — RIS L E MyMethodAdapter IEffitifif ] T Methodvisitor API. {HEFE, X—
&G AR A Wk = AR R B i, e ARNE ISTORE 1 ALOAD 1 =2 L. sk
br b, WwRfE checkMethodAdapter MM hiai&E#s (. Javadoc) , FH HAE visitMaxs
HIRHEE X1 maxStack 1 maxLocals S8, ARIXFhE R v DAAAS I H KA .

4. ASMifier

EANKCOEE E—sadl, WHTRETEMNE. R, fTRLAGEMMAAH ASM AR
—Ee G AR HFREM Java REMENEEAN, B javac HiFrE, AJ5H AsMifier 1
XA ARS1SE] ASM ARRY,  DLAE RS P54 RS A X B2 = ARG

3.3.2 AnalyzerAdapter

XA TGRS visitFrame TRl O THEAESRRR & AT AR M. S2br b,
3.1.5 AR, visitFrame {UY/EJ/iEH 10— LAs e E & RTAA, —JHRATHE=N, 5
— PR B HAd T DL RA PR X S SR 7 o X R X ASE AT L. 2
IR, BN IREL AL S v AR I ) A AL, AR T Java 6 BUE ERRA A BRI A R (B &
H—Aif] COMPUTE_FRAMES i£Ni[¥] ASM G TIERE] Java 6) .

FERATH) AddTimerAdapter /i, XANEN 3 7T FH T 3R45 #/E S5 £ RETURN
B4 ZAMK/AN, MIRYFN visitMaxs H[1) maxStack M8 — MM CHF#RE (F
Sk, A KBTI T, AERBCRERCT H COMPUTE MAXS) :

class AddTimerMethodAdapter?2 extends AnalyzerAdapter
{ private int maxStack;
public AddTimerMethodAdapter2 (String owner, int access,
String name, String desc, MethodVisitor mv) {

super (ASM4, owner, access, name, desc, mv);

}

@Override public void visitCode ()
{ super.visitCode () ;
mv.visitFieldInsn (GETSTATIC, owner, "timer", "J");
mv.visitMethodInsn (INVOKESTATIC, "java/lang/System",

"currentTimeMillis", "()J");
mv.visitInsn (LSUB) ;
mv.visitFieldInsn (PUTSTATIC, owner, "timer", "J");

maxStack = 4;

}
@Override public void visitInsn(int opcode) {
if ((opcode >= IRETURN && opcode <= RETURN) || opcode == ATHROW) {
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mv.visitFieldInsn (GETSTATIC, owner, "timer", "J");

mv.visitMethodInsn (INVOKESTATIC, "java/lang/System",
"currentTimeMillis", "()J");

mv.visitInsn (LADD) ;

mv.visitFieldInsn (PUTSTATIC, owner, "timer", "J");

maxStack = Math.max (maxStack, stack.size() + 4);

}

super.visitInsn (opcode) ;

}

@Override public void visitMaxs (int maxStack, int maxLocals)
{ super.visitMaxs (Math.max (this.maxStack, maxStack), maxLocals);

}
}

stack FEB{f AnalyzerAdapter K E X, BEEELRF LA . HHEmH i,
fE— A visitXxx Insn 1, HEWMBEESWIECH, B8 HEAESHRIEFEX KR
LZHH ORE. EE, LDAFHABEESWITE, [ stack TERBIEMEH (Fik, H
super UEPHAE FH) mv) .

g, W Dol AR SR TR AR 2 HOT VR 1K LR A IR TR E
AnalyzerAdapter 115, HTXMEMHSHRIEEIHMIMKER visitMaxs HIS4L, AT
DIRATA TR E H SR EFEA:

class AddTimerMethodAdapter3 extends AnalyzerAdapter
{ public AddTimerMethodAdapter3(String owner, int access,
String name, String desc, MethodVisitor mv)
{ super (ASM4, owner, access, name, desc, mv);

}
@Override public void visitCode ()
{ super.visitCode();
super.visitFieldInsn (GETSTATIC, owner, "timer", "J");
super.visitMethodInsn (INVOKESTATIC, "java/lang/System",
"currentTimeMillis"™, " ()J"); super.visitInsn (LSUB);
super.visitFieldInsn (PUTSTATIC, owner, "timer", "J");

}
@Override public void visitInsn(int opcode) {
if ((opcode >= IRETURN && opcode <= RETURN) || opcode == ATHROW)
{ super.visitFieldInsn (GETSTATIC, owner, "timer", "J");
super.visitMethodInsn (INVOKESTATIC, "java/lang/System",
"currentTimeMillis"™, " ()Jd");

super.visitInsn (LADD) ;
super.visitFieldInsn (PUTSTATIC, owner, "timer", "J");

}

super.visitInsn (opcode) ;

}
}

3.3.3 LocalVariablesSorter

XA TIEIE ARG — AR T A ) R B AL e B E AT R I AN 7 ik (0 B SR REAT
T B, £ MNEWADNSEITTET, B MRS A LRI TEET 3 NEHEE
(BT =R EX N T this KANTHESEL RIASKAERN) IR TG 3, MR
TRG 4, IS, ER—DINET RGBT R AR RN, XA ERSRAE M. BoAXAER
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&% LA BT O R AR Z R I R A, HEHRAE, /£ visitMaxs F1, HEH
FITNEMARRBAL T REFNIEIX LR AL B K 5 -
UL B P IR ANIE G &% BUE HATA B — AN R E AR ERSCH AddTimerAdapter:

public class C {
public static long timer;
public void m() throws Exception { long
t = System.currentTimeMillis() ;
Thread.sleep(100);
timer += System.currentTimeMillis() - t;
}
}

X—ERESME: RFEVJE LocalvariablesSorter , JHEHX/ e LK)

newlLocal Hi%.

class AddTimerMethodAdapter4 extends LocalVariablesSorter
{ private int time;
public AddTimerMethodAdapter4 (int access, String desc,
MethodVisitor mv) {
super (ASM4, access, desc, mv);
}
@Override public void visitCode ()
{ super.visitCode();
mv.visitMethodInsn (INVOKESTATIC, "java/lang/System",
"currentTimeMillis"™, " ()J");
time = newLocal (Type.LONG_TYPE) ;
mv.visitVarInsn (LSTORE, time);

}

@Override public void visitInsn(int opcode) {

if ((opcode >= IRETURN && opcode <= RETURN) || opcode == ATHROW)

{ mv.visitMethodInsn (INVOKESTATIC, "java/lang/System",
"currentTimeMillis", "()ya";

mv.visitVarInsn (LLOAD, time) ;

mv.visitInsn (LSUB) ;

mv.visitFieldInsn (GETSTATIC, owner, "timer", "J");

mv.visitInsn (LADD) ;

mv.visitFieldInsn (PUTSTATIC, owner, "timer", "J");

}

super.visitInsn (opcode) ;

}

@Override public void visitMaxs (int maxStack, int maxLocals)
{ super.visitMaxs (maxStack + 4, maxLocals);

}

}

R, X R EERRS G, 5% FEMERBR RN N TERL, AR R A 55
AU T o FUF, ISR ] RE G KBRS Le ). ST b, FEAAELE L S I SO B 1
mit,  RFEX U R AR R N AT E Y, AR OTEIRIE O ¢ 2 T T,
LocalVariablesSorter & HAITTT5EM. WIHIE FFE AR 120G BC AR 54T 1 B A% Bkt 5 o
SET, AT LA IXAS R AR ARS HR 1S R

A G 2 il XKW FERAPAAER T RS R T maxStack AR M, £ Liinl B
FH, R ESAERIFARBERX A WA 2EH AnalyzerAdapter fEULIXANA, BT
LocalVariablesSorter 4, WAUEIIZEHE(EHIXLEALES, A LT A (KN
ANTTREAFAEZ DR -
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class AddTimerMethodAdapter5 extends MethodVisitor
{ public LocalVariablesSorter 1lvs;
public AnalyzerAdapter aa;
private int time;
private int maxStack;
public AddTimerMethodAdapter5 (MethodVisitor mv)
{ super (ASM4, mv);
}
@Override public void visitCode ()
{ mv.visitCode () ;
mv.visitMethodInsn (INVOKESTATIC, "java/lang/System",
"currentTimeMillis"™, " ()J");
time = lvs.newLocal (Type.LONG_TYPE) ;
mv.visitVarInsn (LSTORE, time);
maxStack = 4;
}

@Override public void visitInsn(int opcode) {

if ((opcode >= IRETURN && opcode <= RETURN) || opcode == ATHROW)

{ mv.visitMethodInsn (INVOKESTATIC, "java/lang/System",
"currentTimeMillis", "()yam";

mv.visitVarInsn (LLOAD, time) ;

mv.visitInsn (LSUB) ;

mv.visitFieldInsn (GETSTATIC, owner, "timer", "J");

mv.visitInsn (LADD) ;

mv.visitFieldInsn (PUTSTATIC, owner, "timer", "J");

maxStack = Math.max(aa.stack.size() + 4, maxStack);

}

mv.visitInsn (opcode) ;
}
@Override public void visitMaxs (int maxStack, int maxLocals)
{ mv.visitMaxs (Math.max (this.maxStack, maxStack), maxLocals);
}
}

KoM H X NN E RS, LAk — A
LocalVariablesSorter % #% 3 — 4
AnalyzerAdapter, FPiTH SIEEBRIERCA: H—MEHCE BT R EHET, FEAHEM
MO B HT I, A ATIERCES S T A R AT, Rt R SR AN ER S TP S E S, R
B IE B 28 AT LA )3 S8 5B 4 S K b R, X ANBERETT DAFE visitMethod FHIEIR:

mv = cv.visitMethod (access, name, desc, signature, exceptions); if

(!isInterface && mv != null && !name.equals ("<init>")) {
AddTimerMethodAdapter5 at = new AddTimerMethodAdapter5 (mv) ;
at.aa = new AnalyzerAdapter (owner, access, name, desc, at);
at.lvs = new LocalVariablesSorter (access, desc, at.aa); return
at.lvs;

3.3.4 AdviceAdapter

ARG A2 — MR, T TE N IIER IR LS fE/F & RETURN B ATHROW
a4 ZHTAEANARD o B E BRI X TG AR A N, AEMESR T, AR AT IS L
ANBIRIE RISk, i dE e A SR 2 5. st b, XANER SR 2B 1]
FH TR 06 1 A A s R T A

AN TT 3.2.4 FTHH AddTJ.merAdapter k¥ ~EF, AddTimerMethodAdapter A
— R AR THIERS . IX—1EIER 2 M AdviceAdapter 4/ MR, W LAXT H AT I
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B, DMEX TGS EREA 20 (JF7=, AdviceAdapter #/KH LocalVariablesSorter,
Fr A AT UM — AN R AR &) -
class AddTimerMethodAdapter6 extends AdviceAdapter ({

public AddTimerMethodAdapter6 (int access, String name, String desc,
MethodVisitor mv) {
super (ASM4, mv, access, name, desc);

}
@Override protected void onMethodEnter ()

{ mv.visitFieldInsn (GETSTATIC, owner, "timer", "J");
mv.visitMethodInsn (INVOKESTATIC, "java/lang/System",
"currentTimeMillis"™, " ()J");
mv.visitInsn (LSUB) ;
mv.visitFieldInsn (PUTSTATIC, owner, "timer", "J");
}
@Override protected void onMethodExit (int opcode)
{ mv.visitFieldInsn (GETSTATIC, owner, "timer", "J");
mv.visitMethodInsn (INVOKESTATIC, "java/lang/System",
"currentTimeMillis", "()J");
mv.visitInsn (LADD) ;
mv.visitFieldInsn (PUTSTATIC, owner, "timer", "J");
}
@Override public void visitMaxs (int maxStack, int maxLocals)
{ super.visitMaxs (maxStack + 4, maxLocals);

}
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F 4 5 Joa

I

AR F BT FIAZ O APT ARV gm B S5 1 Java ZRocBUlE, HLlmiEke. &—WHE BN
P—Re M, SR T X S BRI AR, ASM 10, AT A, 4
H— L B PR IR A

4128

W List<E>ZRHIZAN, DURMEHENIn, B8 raRelms s flrz i &
Bo BAFEARB TSR SAEBTHAEM, HrNEE SR APL Uil ik n] DL %
SR, DAEAT 2 B .

4.1.1 4EH

5 FARA RN, AR RS A AR B AR A CEATR e SGx 7T
Java 5 FXHZ RAIGIND  TRRAFAEFKNRAL . TR ML R E . 28 Kz BT,
B T IRAT A, XY MAAAEEIS FROANUNER I GZ RS20 )59 10 7 1A -
G EAIPAT ISR S, (H e B HUR 5 N A ML, iR X L A AR —#
BEATHRIE)

HRMMIPERMBIT AR, RMBELREE R E:, RO NZ MRS AR FUERR (—
BT LR 5 — 2 BE RS H——n, FJE List<List<E>>) . HiBEHU RN F
FIX LN e A, 1S5 (Java EBIHLLIED O -

TypeSignature: Z | C | B | S |1| F | J | D | FieldTypeSignature
FieldTypeSignature: ClassTypeSignature | | TypeSignature | TypeVar
ClassTypeSignature: L Id (/ 1d )* TypeArgs? (. Id TypeArgs? )* ;
TypeArgs: < TypeArg+ >

TypeArg: * | (+|-)? FieldTypeSignature

TypeVar: T Id

F NN, RS BE RN TTRAHASF, BiE R B A
FRIUPRE — A BB RS AL 58 SO — DR . BRI A B B . 3 = SR Sk
KA ENTRIESRARIRAT, £ RA 2 )5l WSk A 2 Ja RIS Al Reni 1 R S 4
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(BARONRTERD o HARBINGE X T RS HAR AR, R, —PDRESHITRE ek
) FERRMES, WHEACKRMSE. Wik, RUELATRETER (LE 4D .

Java JERURIAH N ISR TLLE 4

List<E>
Ljava/util/List<TE;>;

List<?>
Ljava/util/List<*>;

List<? extends Number>
Ljava/util/List<+Ljava/lang/Number;>;

List<? super Integer>
Ljava/util/List<-Ljava/lang/Integer;>;

List<List<String>[]>
Ljava/util/List<[Ljava/util/List<Ljava/lang/String;>;>;

HashMap<K, V>.HashIterator<K>
Ljava/util/HashMap<TK; TV;>.HashIterator<TK;>;

4.1 HERFZZP
TIEREAY e T OTIERIRET, WERMELY R VR TR MIE 7 ITESHN
KRR RILIR PRI 254 . 5T FNZ, BietE 7kl 2 W 4,
R T A AT, I8 7] DLERSE S Z (8] B & Ak I R T S 4
MethodTypeSignature:
TypeParams? ( TypeSignature* ) ( TypeSignature | V') Exception*®
Exception: *ClassTypeSignature | “"TypeVar

TypeParams: < TypeParam+ >
TypeParam: Id : FieldTypeSignature? ( : FieldTypeSignature )*

tan UL R Mg S TER 554, EUREAE T AZHL:

static <T> Class<? extends T> m (int n)

ERE AN IERE A

<T:Ljava/lang/Object;>(I)Ljava/lang/Class<+TT;>;

BJn BURRREA, AR E SRSV MRGE, o SOVEBRIRAE Y, o
PRAT T SEPE SRR 44, LTI T RS

ClassSignature: TypeParams? ClassTypeSignature ClassTypeSignature*

Bl o, — A % B W N C<E> extends List<E> [ K 1) K & & it =2

<E:Ljava/lang/Object;>Ljava/util/List<TE;>;.

4.1.2 FEH5HM

AR RE N —FE, W TAHRREERER (L 2.3.1 15) , ASM API AFELERS
EATEmFERP AR (4L FEBIE ClassVisitor Z5[) visit. visitField
M visitMethod /i, ralfENTIESR. RS TEELSHD o EiFEdRE
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org.objectweb.asm.signature fUH#Eft | —2ILT SignatureVisitor MR

H, MFAEfmigszs (LK 4.2)

public abstract class SignatureVisitor
{ public final static char EXTENDS = '+';
public final static char SUPER = '-';
public final static char INSTANCEOF = ’'=’;
public SignatureVisitor (int api);
public void visitFormalTypeParameter (String name);
public SignatureVisitor visitClassBound() ;
public SignatureVisitor visitInterfaceBound() ;
public SignatureVisitor visitSuperclass();
public SignatureVisitor visitInterface(); public
SignatureVisitor visitParameterType(); public
SignatureVisitor visitReturnType (); public
SignatureVisitor visitExceptionType(); public
void visitBaseType (char descriptor); public
void visitTypeVariable (String name); public
SignatureVisitor visitArrayType(); public void
visitClassType (String name);
public void visitInnerClassType (String name) ;
public void visitTypeArgument () ;
public SignatureVisitor visitTypeArgument (char wildcard);
public void visitEnd/()

}

4.2 SignatureVisitor

EANMGE TV MBI RS A MBS . T RMEA NI E UK SR, DO #%
PLURIBF A, B 7 T BRI GEE, HAP AN RE T SignatureVisitor: X
SR N R AL 24 13 V5 R BURD -

visitBaseType | visitArrayType | visitTypeVariable
| (visitClassType visitTypeArgument*
(visitInnerClassType visitTypeArgument®)* visitEnd))

T V5 R JRERE 2 I THEITT

(visitFormalTypeParameter visitClassBound? visitInterfaceBound* )*

visitParameterType* visitReturnType visitExceptionType*
wJa, TR R4 B TEN:

(visitFormalTypeParameter visitClassBound?

visitInterfaceBound® )* visitSuperClass visitInterface*

XULT71 KL iR [Fl—/ SignatureVisitor: ERMESHRITHRMELT. HE, &
[ + ClassVisitor iZ [f] [] MethodVisitors , SignatureVisitor & [A] [
SignatureVisitors A3 null, MHWITFAAA: FL b, EEEUn—MRESHA
Z T, ANFYT ALY 8] # AT T

ARG —FE, ASM API 2 FiX/™ API #ft T W A414: signatureReader 1
AT — AL, FHE AN AR U5 I A8 U & 4 BT 0 )77 SignatureWriter 4
PET BEREININE AR — A4 .
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FIHSRMT7 AR R R B, XA T A2 44 . B, B e A4 L 78
ML A AT A 4. X RCR LU LU R 4B RS 5, B visitClassType fl
visitInnerClassType J7i£2 4, ©¥H ORI R FTA H AL T2 EA IS b in b ek

(IXBRKE sv HFiEBAZIR[E this, SignatureWriter HiE TIXMIEFMN) -
public class RenameSignatureAdapter extends SignatureVisitor
{ private SignatureVisitor sv;
private Map<String, String> renaming;
private String oldName;
public RenameSignatureAdapter (SignatureVisitor sv,
Map<String, String> renaming)
{ super (ASM4) ;
this.sv = sv;
this.renaming = renaming;
}
public void visitFormalTypeParameter (String name)
{ sv.visitFormalTypeParameter (name) ;
}
public SignatureVisitor visitClassBound ()
{ sv.visitClassBound() ;
return this;
}
public SignatureVisitor visitInterfaceBound ()
{ sv.visitInterfaceBound() ;
return this;

}

public void visitClassType (String name)
{ oldName = name;
String newName = renaming.get (oldName) ;
sv.visitClassType (newName == null ? name : newName) ;
}
public void visitInnerClassType (String name)
{ oldName = oldName + "." + name;
String newName = renaming.get (oldName) ;
sv.visitInnerClassType (newName == null ? name : newName) ;
}
public void visitTypeArgument ()
{ sv.visitTypeArgument () ;
}
public SignatureVisitor visitTypeArgument (char wildcard)
{ sv.visitTypeArgument (wildcard) ;
return this;
}
public void visitEnd()
{ sv.visitEnd();
}
}

Rk, DL 45 BN "LA<TK ; TV ;> . B<TK;>; ":

String s = "Ljava/util/HashMap<TK;TV;>.HashIterator<TK;>;";
Map<String, String> renaming = new HashMap<String, String>();
renaming.put ("java/util/HashMap", "A");

renaming.put ("java/util/HashMap.HashIterator", "B");
SignatureWriter sw = new SignatureWriter();

SignatureVisitor sa = new RenameSignatureAdapter (sw, renaming);
SignatureReader sr = new SignatureReader (s); sr.acceptType(sa);
sw.toString () ;
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413 T H

2.3 W4 H K TraceClassVisitor fll ASMifier XU HNEERITENZR L F RS 4. F
HEefl, bl bl A AERHE S —ME R AN RAES: W5 —NEERE 2R Java
kK, wiFET, HHXLEMAST THRIR B X M4 .

4.2 8

K. FEL NENTESBER:, tbilleDeprecated H@Override, REEAIHIIRE K
i A& RetentionPolicy.SOURCE, EA Ml S#fAEEmMBFEEIIEY . X—(EEAREIE
7 TR, (A2, MR 5% & RetentionPolicy.RUNTIME, JIji Ll
B AT API ViRE . Bk ] DU A .

421 4EH

WA F W ERTMAREA %M AR KX, W W eDeprecated .
@Retention (RetentionPolicy.CLASS) &Y @Task (desc="refactor", id=1l) . H7E N
i, BT AR E R AR, B — AR — 2 A RRAE R R, A R BB AR T
N ILFp

6, String B{ Class {4
M2 A
A
FRE R E A

EE, —MERTP AT DS HAER, HEUEES RS, Fik, ERRARE E %,

4.2.2 I HHLM

FHT A A Bt ASM APL &5 T AnnotationVisitor #1% M (WK 4.3) .

public abstract class AnnotationVisitor
{ public AnnotationVisitor (int api);
public AnnotationVisitor (int api, AnnotationVisitor av);
public void wvisit(String name, Object wvalue);
public void visitEnum(String name, String desc, String value);
public AnnotationVisitor visitAnnotation (String name, String desc);
public AnnotationVisitor wvisitArray (String name);
public void wvisitEnd() ;

}
4.3 AnnotationVisitor =

RANRIITEN T —NER R A FRMER GERSERAED WX — R 5 Jr A, AP
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visitAnnotation J7V%) . H—AVEH TG, String Ml Class fH (J5#H Type XI
FFE N, HAWTTER TR FERAEHE . o] IR ET R EAT, visitEnd FRAM:

(visit|visitEnum|visitAnnotation|visitArray)* visitEnd
HE, WA LR AnnotationVisitor: IXJER AEFREA DL & HARAERE. Rk, 5

ClassVisitor JR[H|[f] MethodVisitor ANF, XA J71EIREI] AnnotationVisitors
ARG . SEsE b, FESEAEVIR— ANMREER AT, ANEER A UT 7 8% AL AR 7 v

WEER, visitArray 4 7£IR[Fl—/ AnnotationVisitor, PAUGTMEHIITHE. H
&, HTHRAM TR R A, Kk, name ZH# visitArray R [0 HV5 A 25 1 7L 2
%, AILL WEN null,

1. W TSRS 0 R

HEBMEMER—F, TLUEEE visitAnnotation JiAHIRE] null SRMIBRIERE:

public class RemoveAnnotationAdapter extends ClassVisitor
{ private String annDesc;
public RemoveAnnotationAdapter (ClassVisitor cv, String annDesc)
{ super (ASM4, cv);
this.annDesc = annDesc;
}
@Override
public AnnotationVisitor visitAnnotation (String desc, boolean vis)
{ if (desc.equals(annDesc)) {
return null;
}
return cv.visitAnnotation (desc, vis);
}
}

RV VR BT A — 2, [ A7 7 — B PR6 & PF . AU ClassVisitor 2007
Pio Sz b, FrA T PAIRYE visitAnnotation ZJEMHIAVEARLAES, PRI 4 BHE D
Zyila T IrAER (BN visitCode JIEMIRDK, JNZERHITSINESR 5 —1LL) .

public class AddAnnotationAdapter extends ClassVisitor

{ private String annotationDesc;
private boolean isAnnotationPresent;
public AddAnnotationAdapter (ClassVisitor cv, String annotationDesc)
{ super (ASM4, cv);
this.annotationDesc = annotationDesc;
}
@Override public void visit(int version, int access, String name,
String signature, String superName, String[] interfaces)
{ cv.visit (v, access, name, signature, superName, interfaces);
}
@Override public AnnotationVisitor visitAnnotation(String desc,
boolean visible) {
if (visible && desc.equals (annotationDesc))
{ isAnnotationPresent = true;
}
return cv.visitAnnotation (desc, visible);
}
@Override public void visitInnerClass (String name, String outerName,
String innerName, int access) {

addAnnotation() ;
cv.visitInnerClass (name, outerName, innerName, access);
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}

@Override
public FieldVisitor visitField(int access, String name, String desc,
String signature, Object value) {
addAnnotation() ;
return cv.visitField(access, name, desc, signature, value);
}
@Override
public MethodVisitor visitMethod(int access, String name,
String desc, String signature, String[] exceptions) {
addAnnotation() ;
return cv.visitMethod (access, name, desc, signature, exceptions);

}
@Override public void visitEnd()
{ addAnnotation() ;
cv.visitEnd () ;
}
private void addAnnotation()
{ if ('isAnnotationPresent) {
AnnotationVisitor av = cv.visitAnnotation (annotationDesc, true);
if (av !'= null) {
av.visitEnd() ;

}

isAnnotationPresent = true;

}

}
}

R, MARARRAMT 1.5, XNERSBEEH R ZRA . ZKRNE, KO TR
/ﬂi‘i ﬂ: 15 E/J I JVM K‘\—AE% EPE‘J?I%%O

TERRAE 2SR T B 38 R 1R i e — PP S A 7, P RS i LI N I 57, B DAV RE S IR
B SEL . B, RAT e T IRt B A5 @Persistent VEB TR B VI F], A%
T LI @Log JEREMI AR IICTARED, Wb SE%E . Frf ik B 5 FH 17 S50 T DUR B2 0 1
S, PRUORTERE R AU Se i R K Db AE 7 BRI vk i U7 ) R, AR 2 T Uy I 7
ERSEERE . i, RSB PR e — AMr &, RS EE s b, Bt

1% B 7H isAnnotationPresent I T HIE 1.

423 TH

2.3 Fi/r48l) TraceClassVisitor, CheckClassAdapter fll ASMifier T FriFR

CH B X 7T Jh ¥ — ¥ , & W f¢ ff M TraceAnnotationVisitor I
CheckAnnotationAdapter, fE& MIRMILN TAE, MARERI TIE o BN HT &
BT A AR E TR . Fln, A LR AR

java -classpath asm.jar:asm-util.jar

\1 org.objectweb.asm.util.ASMifier
\ java.lang.Deprecated

et i an S A (R RUNER)

package asm.java.lang;
import org.objectweb.asm.*;
public class DeprecatedDump implements Opcodes {
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public static byte[] dump () throws Exception
{ ClassWriter cw = new ClassWriter(0);
AnnotationVisitor av;
cw.visit(Vl_S, ACC PUBLIC + ACC_ANNOTATION +
ACC_ABSTRACT + ACC_INTERFACE, "java/lang/Deprecated",
null, "java/lang/Object",
new String[] { "java/lang/annotation/Annotation" });

av = cw.visitAnnotation("Ljava/lang/annotation/Documented;",
true) ;
av.visitEnd() ;

av = cw.visitAnnotation("Ljava/lang/annotation/Retention;", true);
av.visitEnum("value", "Ljava/lang/annotation/RetentionPolicy;",
"RUNTIME") ;

av.visitEnd() ;
}
cw.visitEnd () ;
return cw.toByteArray();
t
}

UEACHS 3Bl an T - ACC_ANNOTATION #p G # — /MAREE,  FF U6 B dnfa 1 2 A K0
B, —MREME, —NEAMEME. FEEBRMSEGER T UCKAH Methodvisitor K
Y H] visitAnnotation fll visitParameterAnnotation /7Ll A5k,

4.3 ik

Pl javac -g Zi¥MEhEE 7 HBESCHERN A T AT 95 5 7SR & Z A
W A R R AR RS S T AL T R AR A L B M . SRS BT R, &
FEY TS TS AR P A R AT

43.1 4EH

— AN RIPA LA — DL TR R 2 (L 2.1) o

FEARIBAT o5 57 1RS84 Z RIS A7 66— A (line number, label) %4 I 5%
o, RAE TR B g ARSI . i, G 11, 12 A0 13 SRR B =AM es i, R
TH] 5% <

(nl, II)
(n2, 12)
(n3, [3)

BEWRE 1A 12 ZAFEASKEAT nl, 2 M 13 ZIETEA KA n2, 13 ZEHTE4A KA n3.
HEE, —NEET S VHIE LT . XD, ST HIE —MNEAREAT R R, K 7E
TR P AR A8 A AT BEN AR IE SN . BIan, f£ox (init; cond; incr) statement; I & 1% LA T
L & 136 1) <
init statement incr cond
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PEARHS o Ry AR B AL 5 AR b R AR AR B BB, L (name, type descriptor, type
signature, start, end, index)5F % JLHFNR T RAFEAE 1% E R CgiFRIE T . XE—N2Z 04 1)
B SR TEPINRRIC start T end 217), W index YRR N TIRAE A FEHEE, H
HTMBRHZ AN = e m A . AR, PR nT U AR 8] ) = 32 B AR A7 i B A
A FEVERVEE AN FER R A . R, [E— IS JR) B A8 f W] Re g 16— S BAT AR 4L
YER YaHE R REAS S, B, A ] BeAFEE— MRl N i 5t

11:

X EAGAE 1 B8 B E

12:

R EAGAE 1 8,8 B ERE

13:

LR R BREA BT

end:

LIS EIRAEVSE

("i", "I", null, I, 12, 1)
("3, "I", null, 2, 13, 1)
("i", "I", null, I3, end, 1)

4.3.2 FIORIHAE

ifEEH classvVisitor fl Methodvisitor ZEXII=AJ5EVi:

m\m

W\m

W\m

VA4 classVisitor K visitSource J5ikiiiml;

PARIBAT S 57 RUS 184 2 M LSS H MethodVisitor J5f) visitLineNumber
TIEVII), R A — X
JEARRY Hh R 3L & A4 5 AT ARRS Hh R AR A ) 1 S ) MethodVisitor K
visitLocalVariable JHikijjinl, RRRVIH—A2 04,
visitLineNumber J5i%UWZ{ECAV) N JAEASEALERRCZ FHAT M. RS,
FURAE VT H X — AR G LB A &, T AT BAAREH 25 5 MU RTE — AN T 05 18] g8 Hh 24 TR 2 1R
(CTy
public class MyAdapter extends MethodVisitor
{ int currentline;
public MyAdapter (MethodVisitor mv)
{ super (ASM4, mv);
}
@Override
public void visitLineNumber (int line, Label start)
{ mv.visitLineNumber (line, start);

currentLine = line;

}
_—_
K, visitLocalVariable VLA AE &V T E NS UL LN R EZ )57
o TS~k fERE, eI NT E— 4 A ExX /2 o
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visitLineNumber (nl, [I);
visitLineNumber (n2, [2);
visitLineNumber (n3, [3);

visitLocalVariable ("i", "I", null, I, 12, 1);
visitLocalVariable("5", "I", null, 2, I3, 1);
visitLocalVariable ("i", "I", null, [3, end, 1);

1. ZAiAEE

RNT VAT SR R4, ClassReader KA[FEFEGIAN “ AN Label X%,
oYL, BEERRSIEATRE T, RN TR RARRGEE. XS EEn 3.2.5 TAH
PTG S SRR, EE s, BT — Label MR — Bk HIR,
Rl (X — 7 Z1 A5 B

ik X AR A, FILAfE ClassReader.accept J7iA T ffH SKIP DEBUG i&Wi. f |
X ik, RS AS VIR RRGER, A NERIEANRIE. B, WEEE SN
b, Bk, RAEAS AN R G R0 B A fefd X — ik 1

7FR: ClassReader I s HM—L¥EN], thal: SKIP_CODE, FFHINEHmFLBVHD W R

RE|ESENSE, IBXMENEREMN) ; SKIP_FRAMES, AT BGUMKILEIN; EXPAND FRAMES,
TR R 48X L.

433 T.H

MM EFERIE = —F, "TLMEH TraceClassVisitor. CheckClassAdapter

AsMifier JOR T MILLE LS.
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6 5 E 7R

}

3

515|5

L e@mE RPN THRICR, RRIEFRLEHNF TR (B, TR,
Java RMEGIERE, 555) o 2 ASM 3.x, AR — KA A 2 B ASM APL i e 3] AN 42
1, EARMFFERG. NEJOXLLRE, ASM 4.0 FEE5IN T —FFbLE . B EPZFRR K
Fifi ASM [RAESK 5 2 AT E 2] ASM 4.0 BRI CRER 5 ez, B m 2R ek b gl N T
BTy ReRT R IR FFIX AR M A ME . KB, M 4.0 JFEE, N—A ASM WRAY S B B
ST AR BRGNS, KT DUEEAR AR ASM RCAH R . (B2, fXEE ASM H & AR R
X VE R TR S P AR G S AR IR RS — LU B I . AR E A H AR AN X AN, JF
KBS HA—T ASM %0 APL TR OR 5 1] 3 AP 6 Y BB HLE .

F R OASMA0O P S| A G H F BN A E KK ClassVisitor . FieldVisitor .

MethodVisitor ZFHEOTRMBSRE, BE—TL ASM RARNSHHEIESS. WRIFHREBIEN ASM 3x

KB, TLUREFARZE ASM 4.0: BRI ERRPH implements B extends i, HETIINWG

EESPIBE— ASM RRAS, IIt9h, ClassAdapter F] MethodAdapter IfEEFH T

ClassVisitor %] MethodVisitor o, BHREE , REA ClassVisitor F

ClassAdapter, /i MethodVisitor {{% MethodAdapter. B34, WREN TEENHK

FieldAdapter 3§ AnnotationAdapter £ , I & O Bl A FieldVisitor #0

AnnotationVisitor {Et{l.

5.1.1 JFIRAEL)E

FEZS S LA DR 5 TSR VR U 2 AT, 5By “ R RIS RS HERf 2 Lo

B, BRI RSSO RF AR A TR M CRS A s M ARG O A R AR A . At 2
Yo FEASARAT SEHUR B )3 o R, 5N IR ESHRAE 2 T B IO R AR Es . b ARk
ERCAEHTR BN R R BAN? #e5Z, WA MESI XL IR Z ATt it i)
P, BRI T B RN, SR A Sl R M, ISR I R AR OR A A2
HU b, RAERNA . TR O I A 52 B R 2 AN [ £

RARARA ST EATA AT R — ] S ARAS A ACRS 3K A il ) SRAE R OR
JVM ARG R, A TVM 7€ 15 1) — I .



KoM as T REZ BN, WATREAZ M. B, A —BH T 0 AR 2 f AR,
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BN Javad GTHH), EHRIFREBIEHAAIE Javas 3K, RE Javas5 FEINTIE
Feo (0 A —BARS A FIRE R EE Java 7 28, BRUNEAEEZNEH 804U R4
KT A5 AT R BIREME , AT REANSZ M o FEACKL I B L B AN R 0 51 NE R 1 32 3]
oM, HEEAXZIHNSS MRS KM . H 5, X RETRE AT e AR
RRG MR NIEHAT Hean A TR .

XRW], BRSSP RRE AT RE 26 AT 1SR 73 M 4 B O 4% 7 AR AN R HI A RE M . RHT
) RPN, R SIS — S MriE e e, X MRS O AT LA, A
PR RRRR, RS A RER, AR, WA UEAT, APER IR, HEIS IR
Ry MAE SRR, ATRES AT IR R 5 AR SR R B, POV E R
P ASFIGE B DL T SR 7 i s B 38 L, AT S B AR Buge MR IX — ]
A, BATN NI ANERWE R, T2 R EAE A e B e h @ BUORFIS e, R — 2%
g, XMEHRAKH G5 XADEEHTVFRE IR A, WVEARRE, BRI YRS & LA T
BARNG S, JFEL BN AT .

P EIR ARSI TR FFEAPEL)E fUn R 5E X

ASM A X A NIRA SR T /NET x () Java B G HI. EARREAERRA S y>x 1135, W
RA1E ClassReader.accept W', DLl—/MHAS KT x BIZRIENHIN, BRI,
X1 ASM X %5 HIENE 7 UUT Tk g iARS, M AR AR x, X T
ASM FRAEBE KT X BIBRA Y, ZARSERREA IS S 1B & TAE.

XITN ASM X 9w 5 HIBEAE 7 LA iR B0 4RSS AR A IRy, {HAX
i THEABTRA x JoE XThae, WAEMH ASMY BiUff SR RIMCAE, %A
fRERE ASINAE bR = T Ak .

XN ASM X 95 HIENE 7 LA FTiR SN ARRS, MR TERA S N y>x
(1) e CRIDIRERS, X T ASM X BUE S H A AR IR A, AR R 201K L

EE, BR=R5RERASTTR, BNEBH MmN

5.1.2 —/Ml+

DUt BRI G PR A T ORE S A e A R A ASML L, AR FEBGEH F] Java 8 KRR
IPRAS B BGAE I, — N TAAERIESE, D—MHE TSR] SRR 8
P ASM 5.0 HiEid classVisitor WIBMNHTHIEAT, —2d:

void visitLicense (String license);

MT Ui drnr, ifF—1 2 visitSource HIHTHRA, HIT7EVS i A4 AR (5 B 1 [F
(R FE A

@Deprecated void visitSource (String source, String debug);

v Hae b, AIEEAIN—/ visitLicense (String author, String license) J5i%, FIABM—/NI7iE



BB —ANIHEEE A, WNFR. ZKERHEE A Z TR E .
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VEZ AR BT ATk, BIX) visitLicense [WAAIFIEMEHIN, £— visitSource

AT, author H[fEE null.

5.2 |

ARATE H— L], fEAFH ASM APL B, ZEAEHRIRIAISIERT A AR ASM A
FH B (KB ERZ %) , Hil JUE X L.,

B, WRRE —NRAERS, BAFEEEEMAHN . Fan, RIEEN ASM 4.0 %
5 —ADRAERSE, BERES —NELT visitSource (mySource, myDebug) Hii M,
MR AEX visitLicense WA . WERANMEMHAH ASM 5.0 2178, R <IHHE
B/ H) visitSource Jj £ , {H ASM 5.0 ClassWriter ¥ & £ W #f ¥ © = &
] %] visitSource(null, mySource, myDebug), A MATHIREMLE R ((HH K LR
KT EE BREAFONHHXA ) « A, /0% visitLicense M ASIE
Rl B CHrAdE I RAR A A A, ATFA B ERXMRAR R 2F — N EH) .

A, MRS AR WrEBSEERCSs, WU, WHRES ClassVisitor 2K (F(
AT HABZRBIAZS, kil Fieldvisitor 5 MethodvVisitor) , FUOAZUENE—LeRIN, 40
TRk .

5.2.1 FEAHI

XEERE-ANEEE RGN BEY B classVisitor CIFig R NG HoAth 1 1] #5 2%
# ORAEER; EEETFRAERE T —WHI) « EXMEHENT, RE—50N.

BN 1: FEHN ASM X ZWE— ClassVisitor T2, @i PMRAS NZE, HH
ClassVisitor Mi&#s, XA N ClassVisitor KM, 4} /ANEE 'S o id FH 3 H K
7k (BB Z JFRRARGI N

X AL . EBRATFERFIE SR (L 512 1) , N ASM 4.0 4’5 FIZE R8s U AU R
LTI R Frs

class MyClassAdapter extends ClassVisitor
{ public MyClassAdapter (ClassVisitor cv) {
super (ASM4, cv);
}

public void visitSource (String source, String debug) { // optional

super.visitSource (source, debug); // optional
}
}

—HEX ASM5.0 A2 J5, Wik visitSource (String, String), XMEFEE
KT T 40T Fros

class MyClassAdapter extends ClassVisitor {
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public MyClassAdapter (ClassVisitor cv)
{ super (ASM5, cv);
}

public void visitSource (String author,
String source, String debug) { // optional

super.visitSource (author, source, debug); // optional

}

public void visitLicense(String license) { // optional

super.visitLicense (license); // optional
}
}

o TAERIE? £ ASM 4.0 ', ClassVisitor FJNEESZIUTT:

public abstract class ClassVisitor
{ int api;
ClassVisitor cv;
public ClassVisitor (int api, ClassVisitor cv)
{ this.api = api;
this.cv = cv;

}

public void visitSource (String source, String debug)
{ if (cv != null) cv.visitSource (source, debug);
}
}

£ ASM 5.0 H1, X—ARHEAZ

public abstract class ClassVisitor {

public void visitSource (String source, String debug)
{ if (api < ASMS5) {
if (cv != null) cv.visitSource (source,
debug); } else {
visitSource (null, source, debug);
}
}
public void visitSource (Sring author, String source, String debug)
{ 1f (api < ASM5) {

if (author == null)
{ visitSource (source, debug);
} else {

throw new RuntimeException();
}
} else {
if (cv != null) cv.visitSource (author, source, debug);
}
}
public void visitLicense (String license) {
if (api < ASM5) throw new RuntimeException(); if
(cv !'= null) cv.visitSource (source, debug);
}
}

R MyClassAdapter 4.0 7 /8 T ClassVisitor 4.0, #H—YJERK W HHIF —FIEH T 1E.
WMRFAF] ASM 5.0, HEFBEMIS, MyClassAdapter 4.0 /KT E ClassVisitor 5.0. 1H
api T Z AsM4 <asM5, K HEH, ERXMIEMT, fEiH/H visitSource (String,
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String) i}, ClassVisitor 5.0 AT HNFFHEZEMLLT ClassVisitor 4.0. M4h, WHRA—
A null /EE—TVIMHETE visitSource ik, ZIMAKHEERZRIBRA. f&E, WHRAE
BINZE FHEREBAE null (FEEVEA], PATERB SR, 524 e —8 (BE 2 ER
ff] visitSource J7iEH', EiEEfE visitLicense 1) .

WERFAZF] ASM 5.0 , FFRINFAHARY, MERKMEYT B T ClassVisitor 5.0 1
MyClassAdapter 5.0. api FH I {E/&2 ASM5, visitLicense FIH[] visitSource
J7iE BAT N B AHEES T A UiR#E ev. M4, I visitSource J7VEITE
KR E EMZEHT visitSource ik, XFERTLAMACR: WIRIEHEEEF, ERITE K
FKERCAR 2 B T — N HEREH S, 0 MyClassAdapter 5.0 A& X ANvsm H4E.

ClassReader &S 2 HBANUIRTVER B RA. Kk, WHRE ASM 4.0 f#H]
MyClassAdapter 4.0, Bk ASM 5.0 ffHH MyClassAdapter 5.0, A&/~ EHEEN. H
HTEhE ASM 5.0 ¥ MyClassAdapter 4.0 i, 4 &7E ClassVisitor T RAHEE (F
¥ visitSource JVEMIEE 3 17) . ik, REIHAMARH ASM RAHIEEIERFH, H
B BT NS L, R GO RN APL KR R .

5.2.2 4k AFNN

EIRHNT T classVisitor B HAMEPISEK B RN 7o X T a1k,
oA, WREXT —A¥Y B classvisitor M T al, MEAH NH a2 ¥
R, e EAE Yl an ¥R, MMBIUAFR— ASM [RAYGES A Xs13, FHlk, f£—
Mg ARBEFRIEHMAR MAKSSHEANESHEH - FEOILDRA, W
visitSource (String,String) F! visitSource (String,String,String), B
ITAREAR, FEERBATTHNE 4558, mEXERFSRIEAR, AR M
K. HMORAR, IJLPATRELRIEX — M Ji. IXHE5] H 5 2.

M 2. AZER TR S 4K, EMA RSt (V7RIS « —Ridriiiieit
PR V5 ) G SRAEERIAIE L final I, DARAORIX —H5PE.

L b, XA A4

WIERRERE e At Ok R EE, FF RN R AT ZIRGE- TR ATE S, At nT LU 15 1)
kK . HDL AR Z IR T A KR R — ASM WA 5. R EAk
2 IRGERIIH 2 final 1.

WERRR TR AL, B HARKRE SRR 7 (i, R RN TSI ERTT
WETMAE ClassVisitor AR ARG R S8 BEH 1 a1 28D, skl DLEEFE “ U5 i) 88 7 1 4%
Ao AMREALE IR MBI 282 final B (BRAEEANTHREAE B SEM U] J7iE: X
THEOLR, RN ASM RAS NS ERGIE RS, 128 n] AR & TAT T2 MRS R A 2
1D .
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55 H8ar B API

BOE R

AREMBEMATH] ASM B APL SRAEMAMEAHRIS . HHoANHW APL A5, SRR AT IR L
APLRARE . T I7 ERAMZ A BKIR APLIER S & =09,

6.1 EOFZAH

6.1.1 N4

T4 3 O 9% Java 250 ASM # API 23T ClassNode 250 (LK 6.1) .

public class ClassNode ...

{ public int version;

public int access; public

String name; public

String signature; public

String superName;

public List<String> interfaces;

public String sourceFile; public

String sourceDebug; public

String outerClass; public String

outerMethod; public String

outerMethodDesc;

public List<AnnotationNode> visibleAnnotations;
public List<AnnotationNode> invisibleAnnotations;
public List<Attribute> attrs;

public List<InnerClassNode> innerClasses;
public List<FieldNode> fields;

public List<MethodNode> methods;

}

6.1 ClassNode £ ({X4EH 3T FER)

ATLEH, EARMAILFES N TR 2.1 PRSI y . XEERINESZ O
API M[F. #lil, name &E—ANWEHAT, signature &KL (W 212 WA 4.1 ) .
—Ee T B oA XxxNode 2K: IXULISKAENE S & HIFAMNH, CAMHE —FhSBUR L5,
B I — e B, XN TR ) T8y . B, FieldNode KA MKEXFEM:

public class FieldNode ... {



63/101



(ASM4 {HFHFRRE) — %5 5 = 2%

public int access; public

String name; public

String desc; public

String signature; public

Object wvalue;

public FieldNode (int access, String name, String desc,
String signature, Object value) {

}
MethodNode J5/& KLU :

public class MethodNode
{ public int access;
public String name;
public String desc;
public String signature;
public List<String> exceptions;

public MethodNode (int access, String name, String desc,
String signature, String[] exceptions)

{
}

6.1.2 ARk

Ak APL A4 BCRRS FEm 2 : 68—/ ClassNode X%, WM E T, Fitn,
2.2.3 i Comarable MW FuN FAUIEA N (HARLEE RAKS 2.2.3 FHED -

ClassNode cn = new ClassNode () ;

cn.version V1 5;

cn.access = ACC PUBLIC + ACC ABSTRACT + ACC_INTERFACE;

cn.name = "pkg/Comparable";

cn.superName = "Jjava/lang/Object";

cn.interfaces.add ("pkg/Mesurable") ;

cn.fields.add(new FieldNode (ACC_PUBLIC + ACC FINAL + ACC_STATIC,
"LESS", "I", null, new Integer(-1)));

cn.fields.add(new FieldNode (ACC_PUBLIC + ACC FINAL + ACC_STATIC,
"EQUAL", "I", null, new Integer(0)));

cn.fields.add(new FieldNode (ACC_PUBLIC + ACC FINAL + ACC_STATIC,
"GREATER", "I", null, new Integer(l)));

cn.methods.add (new MethodNode (ACC PUBLIC + ACC ABSTRACT,

"compareTo", " (Ljava/lang/Object;)I", null, null));
R APT AR, THELZIEHR KL 30%METE (LR A, SHBANGFHET
R %0 APL. HA] DUZAE S AE R o R, IXAE— 28 0L T AT REAEH 7 i .

6.1.3 s INATIIBR 2 Al R

IINAIIH R 2 2 7E ClassNode ST4 (] fields B methods FIFE T HRINELMIRITER. #
W, RS THXHEE X T ClassTransformer 25, UMEREWS NS B SR 52.
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public class ClassTransformer
{ protected ClassTransformer ct;
public ClassTransformer (ClassTransformer ct)
{ this.ct = ct;
}

public void transform(ClassNode cn)
{ 1f (ct != null) {
ct.transform(cn) ;
}
}
}

M 2.2.5 95 H ] RemoveMethodAdapter HSZHLUIF:

public class RemoveMethodTransformer extends ClassTransformer

{ private String methodName;

private String methodDesc;
public RemoveMethodTransformer (ClassTransformer ct,

String methodName, String methodDesc) {
super (ct) ;
this.methodName = methodName;
this.methodDesc = methodDesc;

}
void transform(ClassNode cn) {

@Override public
Iterator<MethodNode> i = cn.methods.iterator();

while (i.hasNext()) {
MethodNode mn = i.next();
if (methodName.equals (mn.name) && methodDesc.equals (mn.desc))

{ i.remove()
}
}
super.transform(cn) ;

}
}

LA H, E5&0 APT EBEX R FHEENRIE 7k, maEMHZ S APT B2 A FRE
XFE OX—TAESTE ClassReader HNMRIERD) o L b, X—XHXFILFHrE 2T #H
LR AT R . Bk, EFHA APT S2B 2.2.6 i) AddFieldAdapter I, EibFHE 4

AR
public class AddFieldTransformer extends ClassTransformer
{ private int fieldAccess;
private String fieldName;

private String fieldDesc;
public AddFieldTransformer (ClassTransformer ct, int fieldAccess,

String fieldName, String fieldDesc) {
super (ct) ;
this.fieldAccess = fieldAccess;
this.fieldName = fieldName;
this.fieldDesc = fieldDesc;

}

@Override public void transform(ClassNode cn)
{ boolean isPresent = false;
for (FieldNode fn cn.fields) { if
(fieldName.equals (fn.name)) {
isPresent = true;
break;
}
}

if (!isPresent) {
cn.fields.add (new FieldNode (fieldAccess, fieldName, fieldDesc,
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null, null));
}

super.transform(cn) ;
}
}

MAE RIS 5 — 8, AR APL B33y, Frid ok O A 5 I N AF 22 2 TR O
API [JIHE . (EATHIR APL A Al REfE — 2o B (S N 5 o Ll — Mg de, Em—/> K
WINER, ASHANENHRTFES, ET LS. EEHZ0 APL B, HAEVN T
BANRZ GA R HE TS, XN FRINE & ANERERROREE 7, BB U
Wb AL TR A ZHT . TR APL B, IXANWGEETE R T, BRI ASAEAE S A R .

Heoz b, AAlREAM% 0 APl SZFl AddDigitialSignature /|, (HFEG, 4050 HiiEFk
B AR, B, HEH— classReader (JXf ClassWriter) KijRix/P2%, LR 5
KINERITER TR . (£ ik, EEFHFE—1 classReader XKMATH—XIiN, X
—IKZ&H— ClassWriter ¥ J%— AddAnnotationAdapter. il X—igiAiLFE, K
I LB, Fst b, (RS DA Z O APL SRSEEE, R SRR RN 7 JUEE . H Xk
MR E VA R R A, EORAE &R AAAERES GXFORES T REAER B %, FHE—1 BEW
WIERIR! D, T HX—ANKIAT 2 IR AR, b F5 X — A 5 Mg it A
ClassNode HIMAHEAT HLEL .

ghipst: WOAPI B H TSR BE h %0 APT — UCSEILIN FE 4 . (H YR AFAE B b o il
—MRESRAREHRZ L APL —iESEHL, OIS Jo (e JR A4 PR RNRIE Ja 44 7 RS 1 52 8 1Y
WIS Z )5, A RTRERHR, T AW R 3L 5 20 fir A St AT oo (E APT tBAE —A
GF Mg R TT 56 ONE T BRI AR RN RS RAFAE A R o FERXFPEOLT, Sl W
%0 APL: — I TR R A SIRE R SR IBRGE (—ADMEEBEIR, EF 20
WAF LD T A B BN R0 Sy T ARYEIX — R R e k.

6.2 A& R

FIEAE NI, BATRRFER T W[ a4 @EFEH classNode X%, (HIBEAFE Il hH—4
R FTHAEFT R KMIE— ClassNode, ¥ xiT>K, H ClassNode #iiX 71544,
FH b, X—IThEER LUEE S iz 0 APT FIR APT A RFERL, AT RMEX —HNE.

6.2.1 N4

BT 6.1 FianF B 24, ClassNode ¥ Jg | ClassVisitor &, &#flt 7 —4
accept 4i%, BLL—A ClassVisitor NZ#{. Accept /it T ClassNode T BU{HAERK
FF, M classVisitor JjiAHATI#RAME, RIARYEELZINHE/TE CclassNode T FX:

public class ClassNode extends ClassVisitor {

public void wvisit(int version, int access, String name,
String signature, String superName, String[] interfaces|[])

{ this.version = version;
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this.access = access;
this.name = name;
this.signature = signature;

}

public void accept(ClassVisitor cv)
{ cv.visit (version, access, name, signature, ...);

}
}

FEHFHHANE classNode, MLV E S ClassReader &7 i, fff ClassReader
LR E T classNode A, MMV HFE (H RS IEH) -

ClassNode cn = new ClassNode () ;
ClassReader cr = new ClassReader(...);

cr.accept(cn, 0);

gk, "L ClassNode #¥fi HHFTHMAEX R, AFEHES ClassWriter &1E
—jd Binr, MIfifE classNode HJ accept FiEAMHIFHM At classWriter fiiH:

ClassWriter cw = new ClassWriter (0);
cn.accept (cw) ;
byte[] b = cw.toByteArray();

6.2.2 PR

ZAR APL B, mDURFIX S8 70 5E — k.

ClassNode cn = new ClassNode (ASM4) ;
ClassReader cr = new ClassReader(...);
cr.accept(cn, 0);

[/ TTAERX AR T B4 cn
ClassWriter cw = new ClassWriter (0);
cn.accept (cw) ;
byte[] b = cw.toByteArray();

EATRE S %L APT — A 2L T IR &%, HLAnSIEPCAs . A A o LA ST T ik
P St SR — iR A F 4K -

public class MyClassAdapter extends ClassNode
{ public MyClassAdapter (ClassVisitor cv) {
super (ASM4) ;
this.cv = cv;
}
@Override public void visitEnd() {
// put your transformation code
here accept(cv) ;
}
}

IS FGERC 48 A — DA L R BRI«

ClassWriter cw = new ClassWriter (0);
ClassVisitor ca = new MyClassAdapter (cw);
ClassReader cr = new ClassReader(...);
cr.accept(ca, 0);
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byte[] b = cw.toByteArray();

cr AR FEMME classNode ca M, MIMHIMEHX DRI TFE. &5, £fFH visitEnd
RS, ca PUATEM:, @AM accept 77k, ARG HTHEM T MBI EM, AEH cw
. WRERE ca U TIHRRA, NWAHNEEFEWE 6.2 Fimx.

:ClassReader ‘:NvCLasstapter
]
i

| s
— visit (version)

:ClassWriter

visitEnd

e -
ac CI('!_E"..

visit {1 .3)

1
i
visitEnd

L
| T

1
|toByteArray
T

6.2 MyClassAdapter HiEHE

LK 2.7 # ChangeVersionAdapter W27 E#fTxIl, WTLAEH, ca Ml ew Z[AIH)5H
PERAELE er M ca ZRIMHEMAZIE, MARBKIETEKELHE RN HT. FHELE, N THA
BT AR at,  [RIBS IS RS 1 oA A BTS2 B PR ) 2D T T A 1 A

S AT T DR P RS M R A5 2R e IR RAT AR kK -

public class MyClassAdapter extends ClassVisitor
{ ClassVisitor next;
public MyClassAdapter (ClassVisitor cv)
{ super (ASM4, new ClassNode()) ;
next = cvy;
}

@Override public void visitEnd()
{ ClassNode cn = (ClassNode) cv;
/] FEEHBRA AR
cn.accept (next) ;
}
}

KB A AR —A, ERTET G258 MBS SRSt T
Fi&—1 ClassNode, EM#eH, JHERWE &G —MEME, &Rl —METHARERR.

X AR S FCVE 3 T SR HOE C A8 oK 2 5 8 T B RE 4% B AT TR T TR 3 T Y
TR AR HEAE— &, HA RN FEASHE TGRS, X AEREMRTT R XN
T, fEM#EW ClassTransformer (2R 23 it G fE PR IR Z IAIBEAT AN 06 B (1 e 81 .
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BI1E L

KRR ASM B APL ZERRANEH T 5. B APL A5, 45— L Bk
Al RE U G APL 5. HTZBANERMR APL /£ — &N 4.

7.1 3EOFBH

7.1.1 48

FF A AL 77127 ASM # APT #&2#E T MethodNode X (WL 7.1) .

public class MethodNode
{ public int access;
public String name;
public String desc;
public String signature;
public List<String> exceptions;
public List<AnnotationNode> visibleAnnotations;
public List<AnnotationNode> invisibleAnnotations;
public List<Attribute> attrs;
public Object annotationDefault;
public List<AnnotationNode>[] visibleParameterAnnotations;
public List<AnnotationNode>[] invisibleParameterAnnotations;
public InsnList instructions;
public List<TryCatchBlockNode> tryCatchBlocks;
public List<LocalVariableNode> localVariables;
public int maxStack;
public int maxLocals;

}
7.1 MethodNode # ((RAHZES)

AR R L B FBEH KL T classNode XN FE. HEENZM instructions
T BRI REJLD. XA instructions TR E—MEAL VIR, H— InsnList X%
EH, EMAIL API @R

public class InsnList { // public accessors
omitted int size();
AbstractInsnNode getFirst();
AbstractInsnNode getLast () ;
AbstractInsnNode get (int index);
boolean contains (AbstractInsnNode insn);
int indexOf (AbstractInsnNode insn);
void accept (MethodVisitor mv) ;
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ListIterator iterator();

ListIterator iterator (int index);

AbstractInsnNode[] toArray();

void set (AbstractInsnNode location, AbstractInsnNode insn);
void add (AbstractInsnNode insn);

void add(InsnlList insns);

void insert (AbstractInsnNode insn);

void insert (InsnList insns);

void insert (AbstractInsnNode location, AbstractInsnNode insn);
void insert (AbstractInsnNode location, InsnList insns);

void insertBefore (AbstractInsnNode location, AbstractInsnNode insn);
void insertBefore (AbstractInsnNode location, InsnList insns);
void remove (AbstractInsnNode insn);

void clear():;

}
InsnList &/ MHIELSHERMIXVEER, BN EFMETE AbstractInsnNode 4

ARG, I RO, OB T AU A F 4R 4 X RN 2 SR K7 A V2 50 -

—/) AbstractInsnNode Xf RAE—NMEL K P HE HI K.
—/]> AbstractInsnNode X ZAfEFINJE T 2N 1E4F1%K.

— Mg I — AbstractInsnNode & T AR, R ERINEH—FIE,
WIS H ISR B 2 MR o

A—EERR: B ADVIRP I A GRS — N yEY, BB TE IR

AbstractInsnNode KEF/RFTRIBIELSIRIEZE. EAIL API 40

public abstract class AbstractInsnNode
{ public int getOpcode();
public int getType();
public AbstractInsnNode getPrevious();
public AbstractInsnNode getNext () ;
public void accept (MethodVisitor cv);
public AbstractInsnNode clone (Map labels);

}
T2 Xxx InsnNode 25, XM T MethodVisitor ] visitXxx Insn Jj
v, A HME TR eME. #li0, varInsnNode ZEX N T wvisitVarInsn ik, H

HAUT 45H:

public class VarInsnNode extends AbstractInsnNode
{ public int var;
public VarInsnNode (int opcode, int var)
{ super (opcode) ;
this.var = var;

}

}

Fric 5w, HITS, REENIFARZIES, HMHH AbstractInsnNode K1 HKK
/~, Bl LabelNode. FrameNode Al LineNumberNode 5. XAEHL RV EAIE G FIR
O R SR A 21T, Hi% APL H—H#F (FER%0 APL ", 216 fEAH B4R 4 Z BTV i) A
AW o Fik, R 5 HH AbstractInsnNode KRN getNext J7ikfkFIBHEIE A H
br: XEHEWBRILZEE M REIEFE2 AbstractInsnNode. 75— N45RE: HiZ0 API
—FE, REARICRFFAZE, MERTE 2 IFA SRR 4
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7.1.

2 R

M APL A l—ANT5 4G 814 —1 MethodNode, WJIAMLH 7B . BEZAE /2
77 ERISHI ARG Eein, 3.1.5 1if) checkAndSetF J7iknl A RN T

MethodNode mn = new MethodNode (...);
InsnlList il = mn.instructions;

il

.add (new VarInsnNode (ILOAD, 1));

LabelNode label = new LabelNode();

il
il
il
il

.add (new JumpInsnNode (IFLT, label));

.add (new VarInsnNode (ALOAD, 0));

.add (new VarInsnNode (ILOAD, 1));

.add (new FieldInsnNode (PUTFIELD, "pkg/Bean", "f", "I"));

LabelNode end = new LabelNode() ;

il

il.
il.
il.
il.
il.

il.
il.
il.
il.

mn

mn

il

.add (new JumpInsnNode (GOTO, end));

add (label) ;

add (new FrameNode (F SAME, 0O, null, 0, null));

add (new TypeInsnNode (NEW, "java/lang/IllegalArgumentException"));
add (new InsnNode (DUP)) ;

add (new MethodInsnNode (INVOKESPECIAL,

"Java/lang/IllegalArgumentException", "<init>", "()V"));

add (new InsnNode (ATHROW) ) ;

add (end) ;

add (new FrameNode (F _SAME, 0, null, 0, null));

add (new InsnNode (RETURN)) ;
.maxStack = 2;
.maxLocals = 2;
KR, AN APL RAE K ITIER, BT AIH A 5 H B AR 2 T %O

APIL ({500, (HAT DAL AR BT R AL A . BAAORUE, X8 a2 AR U7 sUE R, X

fE— it
kb

fHOL T ARG
., HBEAEGER A B, EMEREX erte, HEKIE e1 BIREL, RERE e

FIARES, ARG K& B X ANMEA ARG . (HUR e1 1 ex ANRF—IEIERA, BIHETE el
A 12 JEdi N — e, 1B7E ex MAIBZ G —A . (HET0 5 Kk H TR e % e A
BT e1 F ep FUZEAL

)

fE, WARFRIE IR R A ik O AU A7 iR IR B, RAE A % APL A&

ff AfE— D8 AFECERE T e ZIFABABELIRE e1 2RISR, HXNOLK

e T, BUOARRAMIASREAE Z AT U5 I (K4 & 2 3 AR 4. “7EMEFIR APT B RAE7EIX — ) L.

B, —Fh ATREME M A LW FHFT7RE compile J7ik:
public Type compile (InsnList output)
{ InsnList 111 = new InsnList();
InsnlList 112 = new InsnList();
Type tl = el.compile(ill);
Type t2 = e2.compile(il2);

Type t = ...; // & t1 f= t2 BN EHER
A output.addAll (ill); // &% Z8E A TR
output.add(...); // W tl 2| t 89 #HES
output.addall (i12); // &% A AT &

output.add(...); // ¥ t2 2| t 63454

U RUTT R PR A A TR R AR AR AR, IR RS R
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output.add (new InsnNode (t.getOpcode (IADD)));
return t;

}

7.1.3 7k

R AP #4077k H 24500 —4 MethodNode %M F B, %5Jl/2 instructions %l
Lo RERXRNPNRTCEAAEET B0, (B kS dids ek, #sck, 58H
ListIterator ZIEA[E, InsnList R[] ListIterator CIF¥FZIFRAIEBS". Fk
F, ATPMEH] InsnList A MIBRAHFE LRI CRENK —SZ DR, MBRT MR ER —
WEZMTER (W, PREMYSITTRZENITER, MaTFH—MTRZENITR)
EHEEYM TR EEH ZFMA—SZ N u R REBEUCH EIERLE T, BIET
— JLEZEmEAN EWERD MR eSS EE R (EARERD .

WEARTEA—DIIRIIES | ZJEFAJLFIRS, I —MEEER 2 FIR N E W2 R
KPR A DRI AR FIR N, FBAE AP BRI I 51 R 46 2 15 £ -

InsnlList i1l = new InsnList();
il.add(...);

il.add(...);

mn.instructions.insert (i, 1il);

BEATANIG SR TATH, EEARE R, F Y SHE R IR R A R

7.1.4 TOIRGEFE BN IRGS 4 #i

EIRATH — SR R HARE B A A API #6407k, N T H O APL FIB API 2

e

m X B, HEH OF s B 3.24 % ) AddTimerAdapter sk il Al 325 1
RemoveGetFieldPutFieldAdapter s&f & XIW. THAT RG] SEELAN T

public class AddTimerTransformer extends ClassTransformer
{ public AddTimerTransformer (ClassTransformer ct) {
super (ct) ;
}
@Override public void transform(ClassNode cn) {
for (MethodNode mn : (List<MethodNode>) cn.methods) {
if ("<init>".equals(mn.name) || "<clinit>".equals (mn.name))
{ continue;

}

InsnList insns = mn.instructions;
if (insns.size() == 0) {
continue;
}
Iterator<AbstractInsnNode> j = insns.iterator():;
while (j.hasNext()) {
AbstractInsnNode in = j.next();
int op = in.getOpcode();
if ((op >= IRETURN && op <= RETURN) || op == ATHROW) {

UOEL, XEEEG X Tterator.next HYEFISCHE . BERFIFREAZ RN
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InsnList i1l = new InsnList();

il.add (new FieldInsnNode (GETSTATIC, cn.name, "timer", "J"));

il.add (new MethodInsnNode (INVOKESTATIC, "java/lang/System",
"currentTimeMillis", " ()Jd"));

il.add (new InsnNode (LADD)) ;
il.add(new FieldInsnNode (PUTSTATIC, cn.name, "timer", "J"));
insns.insert (in.getPrevious (), il);
}
}

InsnlList il = new InsnList();
il.add (new FieldInsnNode (GETSTATIC, cn.name, "timer", "J"));
il.add (new MethodInanode(INVOKESTATIC, "java/lang/System",

)JI")) i

"

"currentTimeMillis", (
il.add (new InsnNode (LSUB)) ;
il.add(new FieldInsnNode (PUTSTATIC, cn.name, "timer", "J"));

insns.insert(il) ;
mn.maxStack += 4;

}
int acc = ACC PUBLIC + ACC_STATIC;

cn.fields.add?new FieldNode (acc, "timer", "J", null, null));
super.transform(cn) ;

}

R Bl U E— e i TR 251K i N B T4 2 i, 5 B
B FNK . XNRBIERE, HRTREEIER— ML RMIE R LI5S 2 iliEANTE L. T,
TEAE #Z 0 APL AR API B, SEILIX —I&E AL 28 T 7 2 i AR £ AR AH [H] o

(5% MethodTransformer T F—# ] MethodTransformer 25, ) MI%

T B EERBRERN AER RS (L 3.2.5 ) "SR

public class RemoveGetFieldPutFieldTransformer

extends MethodTransformer
public RemoveGetFieldPutFieldTransformer (MethodTransformer mt)

{ super (mt) ;

}

@Override public void transform(MethodNode mn) {
InsnlList insns = mn.instructions;
Iterator<AbstractInsnNode> i = insns.iterator();
while (i.hasNext()) {

AbstractInsnNode il = i.next();
if (isALOADO (i1l)) {
AbstractInsnNode 12 = getNext (il);

if (i2 != null && isALOADO (i2)) {
AbstractInsnNode i3 = getNext (i2);
if (i3 != null && i3.getOpcode () == GETFIELD)
{ AbstractInsnNode i4 = getNext (i3);
if (i4 !'= null && id4.getOpcode () == PUTFIELD)
{ if (sameField (i3, i4)) {
while (i.next() '= i4) {

}

insns.remove (il) ;
insns.remove (i2) ;
insns.remove (i3) ;
insns.remove (i4) ;
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super.transform(mn) ;

}

private static AbstractInsnNode getNext (AbstractInsnNode insn)

{ do {
insn = insn.getNext() ;
if (insn '= null && ! (insn instanceof LineNumberNode))
{ break;
}
} while (insn !'= null);
return insn;
Lrivate static boolean isALOADO (AbstractInsnNode i) {
return i.getOpcode () == ALOAD && ((VarInsnNode) 1i).var == 0;

}
private static boolean sameField(AbstractInsnNode i,
AbstractInsnNode j) {

return ((FieldInsnNode) 1) .name.equals(((FieldInsnNode) 3j) .name);

}
}

FEX BLR R B, A W] REAERS — MR BB AR WP IR 15 4. HEHER while
(i.next() '= i4)7EX: AU IBAE LA R 4R 2 2 (DY AN TT REMNIERAG 72 2
B Z T2 o BT U5 i) &8 AN T AR SEBLAR TT LALE RGN 3 21 v s 00 21 A i Aot
MEBLN, AEMERE . HEZKFIPRTS (W getNext Jii%) , (AT WK APL i

RIS R 2 T Z 0 APL (TG, B2, XPASEIl 2 A 2 X2 K API
I, ATRERENL. Rl f =ABE 2N ES: ALOAD 0 FRAHIRHRNG 5t CERAEZWZH)

AR T

M LRSI, —FKEGERLARESWER LN, X2 N while TEM PR, i2,
i3 M i4 WATRERAER B HESE (ERRIENTESEEREND - FLL, A —

FEE RSB, fERERAR S R WAER —IX:

public class RemoveGetFieldPutFieldTransformer?2
extends MethodTransformer

@Override public void transform(MethodNode mn)

{ InsnList insns = mn.instructions;
Iterator i = insns.iterator();
while (i.hasNext()) {
AbstractInsnNode 11 = (AbstractInsnNode) i.next();

if (isALOADO (il)) {
AbstractInsnNode 12 = getNext (i);
if (i2 !'= null && 1sALOADO (i2)) {
AbstractInsnNode i3 = getNext (i);
while (i3 != null && isALOADO (i3)) {

il = i2;
i2 = i3;
i3 = getNext(i);
}
if (i3 != null && i3.getOpcode () == GETFIELD)
{ AbstractInsnNode i4 = getNext (i) ;
if (i4 !'= null && i4.getOpcode () == PUTFIELD)

{ 1f (sameField (i3, 1i4)) {
insns.remove (11
insns.remove (i2
insns.remove (13

(14

insns.remove

) ;
);
)i
);
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}
}
}
}

super.transform(mn) ;
}
private static AbstractInsnNode getNext (Iterator 1)
{ while (i.hasNext()) {
AbstractInsnNode in = (AbstractInsnNode) 1.next ()
if (! (in instanceof LineNumberNode)) {
return in;
}
}

return null;
}
-
5 E—ASEIMMXAET getNext Jiik, ©ILTERN FIREACIRIATEAE . 27 514 H 5
ORI, BB TERER, TUAHTE while (i.next() '= i4)fEH. HIXHE F
LT A EZ A ES: ALOAD 0 R HIRFATENL (W while (i3 != null)fE¥F) .

7.1.5 &R

FIHAT L, BAVEBINPTA AR R R, EEARESH RS L, g <R/
7 AR, KIS | MERMEURT S @ AREEEERES . (HISfFE e R, X
it Befferf, $54 0 BREHATRERUR T @ AIERIE TGS . W TR, W API AR
AR,  WEURU, FHZO APL SEIEA SRR SRR 2 4.

N R e XA I label MIBEEEARE M GOTO label R4 HIBEY:, ARG
F—4~ RETURN 54 fCE{EIAIX/> RETURN #8584/ GOTO. sZfrr, — A BhFEHES M HIRS5I1X4%
oA MEE B T RENT R, FIREEC HIRTHE, WaRefE 2 5. X — DLyl an .

public class OptimizeJumpTransformer extends MethodTransformer
{ public OptimizeJumpTransformer (MethodTransformer mt) {
super (mt) ;
}
@Override public void transform(MethodNode mn)
{ InsnlList insns = mn.instructions;
Iterator<AbstractInsnNode> i = insns.iterator();
while (i.hasNext()) {
AbstractInsnNode in i.next(); if
(in instanceof JumpInsnNode) {
LabelNode label = ((JumpInsnNode) in).label;
AbstractInsnNode target;
// % target == goto 1, A 1 K#*
label while (true) {
target = label;
while (target != null && target.getOpcode() < 0)
{ target = target.getNext();
}

if (target != null && target.getOpcode () == GOTO)
{ label = ((JumpInsnNode) target) .label;
} else {
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break;
}
}
// A BIR
((JumpInsnNode) in) .label = label;
// EFTRAES, A BARAEA KA k4

if (in.getOpcode () == GOTO && target != null)
{ int op = target.getOpcode() ;
if ((op >= IRETURN && op <= RETURN) || op == ATHROW)

{ // replace "in’ with clone of ’target’
insns.set (in, target.clone(null));

}
}
}
}

super.transform(mn) ;

}
}

ARSI TAE SRR A R 43R 3 — Bk 1E S in I, BN B AFMEAE label H. A
J5 HEANZER while (A EH B Mrd /G HIKTES ( AMURSEFRIESH
AbstractInsnNode X%, [l FrameNode 5l LabelNode, H “#AEfE” ANf) . HEX% 5
£ GoTo, BMHIXFKIRLH HMME label, RFHE LRPIR. K5, HIXANEH/EK label fH
KARE in WHBL, WHR in AHRE— coTo, FHFHHEFH/FMHIrZE —% RETURN
84, W in AHXMREFELSHEERIANE (BE—T, —MEANRE—NTRLFIRP AR
HIL—K L LD o

BT 3.1.5 F5E X checkAndSetF ik, X —4E#af R

// ZAT S
ILOAD 1 ILOAD 1
IFLT label IFLT label
ALOAD O ALOAD O
ILOAD 1 ILOAD 1
PUTFIELD ... PUTFIELD ...
GOTO end RETURN

label: label:

F_SAME F_SAME
NEW ... NEW ...

DUP DUP
INVOKESPECIAL ... INVOKESPECIAL ...
ATHROW ATHROW

end: end:

F SAME F SAME
RETURN RETURN

R, RERXNEISE TS CEIEAMI, ROUR TEHRED  (HEATEE R
JHERIWE. L b, ERZRIRAL, FATMRPIRESRRFAAL, T H b3 5 AR Bk 3 A,
PR VIFAST Z5 R . (HA2, wrag s h A& 220 oL BlineE BT, % #H
JEAT##E end Frid, EJGMIN F_SAME Wil RETURN fii &R nit. 347, Uyt
DRTECER A GTEN, AP RS R AR (RSB EAR] RACRS) 2 5.
R, FIRT7 V0@ B2 R, R AT AT o, R SR AR AT
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7.2 AHERK

FNHAT AL, BAMCE ST TG E % #: MethodNode X%, HILEAHFH 5 KM T
HAHFORHATHE . MR 5 — R, X — BRI R Il 1 & %0 APL IR APL 24458 B%
0, AT R BT RS

7.2.1 448

BT 7.1 BRI BZ AL, MethodNode K4 € 7 MethodVisitor 2, #2414
accept /7%, 'BLA—4 MethodVisitor I{—/> ClassVisitor ANZ#$. accept HiLIET
MethodNode 7 EHEMF M, i MethodVisitor HiAHATIHHEME, RUARYERICEI 3
% % MethodNode .

7.2.2 BER

ARME R4, GRS AP ] — TR IR Heds, i — I ianeds .
T 2R P A S B B T OE R A R, TR e A 2T 4R i i F

public class MyMethodAdapter extends MethodNode {

public MyMethodAdapter (int access, String name, String desc,
String signature, String[] exceptions, MethodVisitor mv) {

super (ASM4, access, name, desc, signature, exceptions);
this.mv = mv;

}

@Override public void visitEnd() {
/] AR ey R A X
JL accept (mv) ;

}

}

112+ AL

public class MyMethodAdapter extends MethodVisitor
{ MethodVisitor next;
public MyMethodAdapter (int access, String name, String desc,
String signature, String[] exceptions, MethodVisitor mv) {
super (ASM4,
new MethodNode (access, name, desc, signature, exceptions));
next = mv;
}
@Override public void visitEnd()
{ MethodNode mn = (MethodNode) mv;
/ /B AR 6 5 e X AD 2 A K
JU mn.accept (next) ;
}
}

B M) — PP AR AL BAETE ClassAdapter [ visitMethod W5 —ANE 4 N ES
H—ikefd
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public MethodVisitor visitMethod(int access, String name,
String desc, String signature, String[] exceptions) {
return new MethodNode (ASM4, access, name, desc, signature, exceptions)
{
@Override public void visitEnd() {
/¥ AR 4 3 KA A S
JL accept(cv) ;
}
b
}

REERARY], AT APL AU TI505, Rkt AP I TR, fESEEk P28 (AKX — 5K
% o
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£ 8E HiEnHT

KENBHT 0714805 ASM APL, E&ETH AP K. BB EE,
R JE LL— S8R B FAH N ) ASM AP

8.1 T4

RGBT — MR KM E R, FAEVF 2RS0T 5k . FRATAS T BETE X B A 21 BT A7 X S 57k,
W TASCEE . F5 b, XM EM R REIE ASM FEHER. T —FEm =
UFA2H, ATDATER R M F R4k 3] . B2 N ORI LT A GRS S e AR 1 W A~ B L2,
1B e el M sy

BRI EFE: N T — DA ZES, ITEHPATIPRES . X—RE 5K

—Fh 2 G e R T SORER R . B, S RE AT RER —ME KRR, WUV —
AME, ATPAE {null, 3F null, A4 null}ES5HH=AATEEERR, 5%,
FEHIR AT AT — A R, X AN B AT AT B R A A
B4, WRES j ATVEIRTE @ Z5PUT, MIERA e st 4 i—j.

Kb HE V2 4\
8.1.1 HFHEIRHT
A R BRI BT AT LBAT
ER RS TREERS, RIEPATWIESIATIHIE S Z BIFPIRES, T E AT WX
— 82 JEHIIRSS .
I =R T84S, RIEHATWIAEIAT IS S Z ERPIRE, THE AT WEIX
— 8L Z AT HPIRSS .
EREER DT PITEN T— DN IENEDNFZ RIS, SRUE £ HPAT W E AT,
A

M 5 A,
HIHEN, 4
RIEARE



RE R w2 R AT B Java MU FN, EFK L, gR%EaAFN, FOARLA
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bR TR A AT RE B S HUE, B — IR E TR R ITA T REPAT B AR, AR R — R E
THEZBAA T R E I — AT R . — D aERat i, XN T304, WA EERAE AL (i
K PRI REA I SRR SEPR 2R AFE, DU — 2 SCHAT)

F AR, AR (E S bR B W RE VBRI A . XSRS AT REART R, B P AR
REME” , “PrABH” , “PrAWREXNER” 8#F “Pram el string WR”7 , ERXERFLT, "L
FeeA R o, AT AT REHE R, teln “Ppra IR . “PraA T 0 2 10 ZEpE 7,
B “PTAAAN null MAEEXN SR o ERIIES @ AT, stR2 T HEERIUESES T iTf
Hewal, kil @ WA RESIRE. B, WOREHH LT =AEGER: p= “IE¥ e null” ,
N= “HUEHEL null” , A= “PrA BT, EEH 1ADD 154, MUEREUPINMERE B9y p ik
P, UPANRIEHIIHN N BHRE N, fEFTA HARR O TR E A,

wJa — M a R B ERERIFE: G, 5@ 2 el : e2) MMATRELER el K
FREE S e2 MITTREERIIFE. B —Mud, & H3shli & amiE sk HA H— H i
R, R ER . £ R T, BEH=EE PN A A FOR, WRURE S
THEH XA RN ES IR BRI ESG S, BIUAZ A

8.1.2 I

FEHIL M I SRt D IR R R . 25017, 3.1.3 77 checkAndSetF Jj ikl
Wl Sl (RS IPRIC R T SERrE L) -

ILOAD 1

IFLT label
; 1

ALOAD O label:

I11.0AD 1 NEW IllegalArgumentException
| |

PUTFIELD £ oUP
| }

GOTO end INVOKESPECIAL <init>
4

end: ATRHOW
I

RETURN

XA K AT LA R DA AR CAnE T R ), — DA R XA — RS
Bl BREJa — %650, BRI AE — ek, T HERE %5, A H Al s #AZ B
i H bR

8.2 O 5HKE

T4 8T ASM APl 7E org.objectweb.asm. tree.analysis 4. HEKHZ T
ALVEH, BEREETH API 1. FSL b, XAMESREE T — AT IR AR L BT R AE LS
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N T RENS UMERR A — I BUEREAT S A BRI oA, B M A A e —Fh
SEN, HAEZRERAE, J— AL, WA R A, SR

BB T R R S BORE E R R R [ AR P AR S A SE I — I, T
Analyzer fl Frame K [IIFTH AN
B IHMERAETAT FAEEIFRIMES B E XK Interpreter Al Value fli5 KM
TR ROt TILABUE LT, T LR T S 4
JUEHELRI) T2 B IR SATEAE R T, (H Analyzer Rt nI#4id BT o0 7 ikt 4l K.
AN, AJLLE SIX 24 newControlFlowEdge f newControlFlowExceptionEdge /7%,
EAERATE O T AT F G . H 45T T #4732 7

8.2.1 FHARE IRt

Interpreter REHEI AT XN Interpreter KX —. EAF|HE BasicvValue
b E SCR-EAME SRR 71 AU 4 & IR -
UNINITIALIZED_ VALUE fif “Jrfialfaef” -

INT VALUE 1§ “Jiff int. short. byte. boolean Il char
f” . FLOAT_VALUE 1§ “Fiff float fH” .
LONG_VALUE 1§ “Jifi long fH” -
DOUBLE_VALUE fi “fIfi double fi” -
REFERENCE _VALUE 5 “JrfXf RAEAE" .
RETURNADDRESS_VALUE M TF#IfE (WK A2)

ENRBESAGARIEEAH riEhith et rx—FE8, mHENEH—I 3.1.5
), HEAUHAE— “Z1)” Interpreter £, DIHE— Analyzer. X NOHrasn]
TR 7 A ] A s b, BRI E BRSP4k 703, AT RERIATRLEA fe
M — KL EEMARE. HERE: o2 )E, LM 4K Interpreter SLHL, H
Analyzer.getFrames J57iAIR[FEIMTHEM, X TAREIAKNTE LM ZE null, X—FpEnTHT
e B HSZH — 1 RemoveDeadCodeAdapter 2K GAH ST &M 7L, HEANFH B
HRAMEHBEZ) .

public class RemoveDeadCodeAdapter extends MethodVisitor
{ String owner;
MethodVisitor next;
public RemoveDeadCodeAdapter (String owner, int access, String name,
String desc, MethodVisitor mv) {
super (ASM4, new MethodNode (access, name, desc, null, null));
this.owner = owner;
next = mv;
t
@Override public void visitEnd()
{ MethodNode mn = (MethodNode) mv;
Analyzer<BasicValue> a =
new Analyzer<BasicValue> (new BasicInterpreter()) ;
try {
a.analyze (owner, mn) ;
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Frame<BasicValue>|[] frames = a.getFrames() ;

AbstractInsnNode[] insns = mn.instructions.toArray();
for (int 1 = 0; i < frames.length; ++1i) {
if (frames[i] == null && ! (insns[i] instanceof LabelNode))

{ mn.instructions.remove (insns[i]) ;

}
}

} catch (AnalyzerException ignored) {

}

mn.accept (next) ;

}
}

Zt4 7.1.5 1) OptimizeJumpAdapter, HIBLFEILILES 5] NIZEARIS B BR. 1l U0,
X} checkAndSetF %M HIXANE LA K 245 H :

// & Optimizedump ZJG // #& RemoveDeadCode ZJ&
ILOAD 1 ILOAD 1
IFLT label IFLT label
ALOAD O ALOAD O
ILOAD 1 ILOAD 1
PUTFIELD ... PUTFIELD ...
RETURN RETURN

label: label:

F_SAME F_SAME
NEW ... NEW ...
DUP DUP
INVOKESPECIAL ... INVOKESPECIAL
ATHROW ATHROW

end: end:

F SAME
RETURN

R, JEFRC KRR X EMGER: BEhr BB R R LANS, (HEE R — AN
N A RAHEBETEL N LocalVariableNode 15| HHIFRIC.

8.2.2 FEAKIEMIGILEAS

BasicVerifier ¥ J& BasicInterpreter ZK. CfHHMFEEME, (EAFRT
BasicInterpreter HJ/E, ELWIUFXTRA MM ETIER. Fll, ©2KIE IADD 54 #
Y%’y INTEGER VALUE {f (i BasicInterpreter I Zik[Z5, ] INTEGER VALUE) .
AR R I8 A A% 5O B 2 AT A, W 3.3 TR, i, XSS DU I
ISTORE 1 ALOAD 1 FHI2T M. ©r V&R N HEAE NS T RER ST (R
i, fiifl CheckMethodAdapter I H [ H—uL, W LUK HACE N H BasicVerifier) :

public class BasicVerifierAdapter extends MethodVisitor
{ String owner;
MethodVisitor next;
public BasicVerifierAdapter (String owner, int access, String name,
String desc, MethodVisitor mv) {
super (ASM4, new MethodNode (access, name, desc, null, null));

this.owner = owner;
next = mv;
}
@Override public void visitEnd() {
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MethodNode mn = (MethodNode) mv;
Analyzer<BasicValue> a =

new Analyzer<BasicValue (new BasicVerifier())
try {

a.analyze (owner, mn) ;
} catch (AnalyzerException e) {

throw new RuntimeException (e.getMessage()) ;
}

mn.accept (next) ;

8.2.3 fal HHIBIH UL AR
SimpleVerifier ¥ J& | BasicVerifier K. Effi ¥ £ FIEAREL FZIILTE S

BT st b, BAREBET HCWESGRR, ENMEEGRR TREANEMATE TR S Kk,
ER LRI 2 AR, i N — AW RIATRAEDY “FTH Thread RMINER” ,
HX XA R HE string e LT

AR Java A APL DAHAT 5RBREEWA RIIEMTHR . A5, B0
%O HRZEmER gvM . X — BTN AT DOl # B XA K 2 AR T VE R R .

Hl BasicVerifier —#f, XMW DATES KA At UG RC A (], DU SRR fA M 4%
tH Bug. (AW LAHTHALE 1. FHEEADFEHG L —A0T, EoMBRITEh AN BB T
o MEX AT A K CHECKCAST to fRAMERAIEHRZ “Frf from HRAMXR” %L, W

R to /& from M— M, J CHECKCAST 54 ml @AM, wLINRR. X A% sl
LIS

public class RemoveUnusedCastTransformer extends MethodTransformer
{ String owner;
public RemoveUnusedCastTransformer (String owner,
MethodTransformer mt) {
super (mt) ;
this.owner = owner;
}
@Override public MethodNode transform(MethodNode mn) {
Analyzer<BasicValue> a =
new Analyzer<BasicValue>(new SimpleVerifier()):;
try {
a.analyze (owner, mn) ;
Frame<BasicValue>[] frames = a.getFrames() ;

AbstractInsnNode[] insns = mn.instructions.toArray();
for (int 1 = 0; i1 < insns.length; ++1i) {
AbstractInsnNode insn = insns[i];
if (insn.getOpcode() == CHECKCAST) ({
Frame f = frames([i];
if (f !'= null && f.getStackSize() > 0) {
Object operand = f.getStack(f.getStackSize() - 1);
Class<?> to = getClass (((TypeInsnNode) insn) .desc);

Class<?> from = getClass(((BasicValue) operand) .getType());
if (to.isAssignableFrom(from)) {
mn.instructions.remove (insn) ;
}
t
}
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}

} catch (AnalyzerException ignored) {

}

return mt == null ? mn : mt.transform(mn);

}

private static Class<?> getClass(String desc)

{ try {

return Class.forName (desc.replace(’'/’, ".")); }
catch (ClassNotFoundException e) {

throw new RuntimeException(e.toString());

}

}
private static Class<?> getClass (Type t)

{ if (t.getSort() == Type.OBJECT) {
return getClass (t.getInternalName()) ;
}
return getClass (t.getDescriptor());
}
}

fEXI T Java 6 2K (8% H COMPUTE FRAMES 23| Java6 f128) , A AnalyzerAdapter

PAZ APL SREHIX — RS B A — L8, MAREEHZ.
public class RemoveUnusedCastAdapter extends MethodVisitor
{ public AnalyzerAdapter aa;
public RemoveUnusedCastAdapter (MethodVisitor mv)
{ super (ASM4, mv);
}

@Override public void visitTypeInsn(int opcode, String desc)
{ if (opcode == CHECKCAST) {
Class<?> to = getClass(desc);
if (aa.stack != null && aa.stack.size() > 0) {
Object operand = aa.stack.get(aa.stack.size() - 1);
if (operand instanceof String) {
Class<?> from = getClass((String) operand);
if (to.isAssignableFrom(from)) {
return;
}
}
}
}
mv.visitTypeInsn (opcode, desc);
}
private static Class getClass (String desc)
{ try {
return Class.forName (desc.replace('/’, ".")); }
catch (ClassNotFoundException e) {
throw new RuntimeException (e.toString());
}
}
}

8.2.4 M X I HEIR 3 HT

B2 B 1A SBAS N ) — L7 By M M VE T B0 R AT REZ nuld, BCANAE R I AGIEACRS BL h
(Hrr, 5—ATP ik — 2w %4510 Bug, HMEFRESPOMME—A “o ATHREMARMIIGIL” £

w)
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Object o = null;
while (...) {
o= ...;

}
o.m(...); // %% NullPointerException!

TREMFLE—DEIRR T, ERedIRIRAT, EX N T 55 —17H INVOKEVIRTUAL f§ 4
b, 5 o XTRIFEKHARME T REN null. Ak, ATFERGIAEX S =A4EE: B8 null
) NULL 4, &3 null 5/ HEK NONNULL £, LI E&FE 5 {4 MAYBENULL
. TR, BATATFE#E ACONST NULL 4 NULL B NEAES, WA HARER bk
A5l FMEM TR 2% BN NONNULL £ (#ef)ifiul, A1 EAR R 7B in 8L 07 8 F 1 45
#HARZ null, WRAXNET A RETRRIN, BHATRAREGNER) . AERR
NULL 1 NONNULL #MJJf4E, MAYBENULL & 20750,

IR AZIE— AN HE X Interpreter TRHSEIl. 5E&n AMCKSEIE, (HBAT L
Wity & BasicInterpreter FRSI'E, M HRXMBIEERSSL . FL L, WHRIEA HE&
BasicValue.REFERENCE_VALUE X[ T NONNULL %, N E 54 ACONST NULL
PATIT 7, (FEiR Al NULL, A HFEIFEER T

class IsNullInterpreter extends BasicInterpreter ({

public final static BasicValue NULL = new BasicValue (null);
public final static BasicValue MAYBENULL = new BasicValue (null);
public IsNulllInterpreter() {

super (ASM4) ;
}

@Override public BasicValue newOperation (AbstractInsnNode insn)
{ if (insn.getOpcode() == ACONST NULL) {
return NULL;
}
return super.newOperation (insn);
}
@Override public BasicValue merge (BasicValue v, BasicValue w)
{ 1if (isRef(v) && isRef(w) && v !'= w) {
return MAYBENULL;
}
return super.merge (v, w);
}
private boolean isRef (Value v) {
return v == REFERENCE_VALUE || v == NULL || v == MAYBENULL;
}
}

T, WTLMRAESMAIHIX) IsNullnterpreter KAGMIALLLn] it SHUEE null fREFF
CAEERE

public class NullDereferenceAnalyzer {

public List<AbstractInsnNode> findNullDereferences (String owner,
MethodNode mn) throws AnalyzerException {
List<AbstractInsnNode> result = new ArrayList<AbstractInsnNode> () ;
Analyzer<BasicValue> a =
new Analyzer<BasicValue>(new IsNullInterpreter());
a.analyze (owner, mn) ;

Frame<BasicValue>[] frames = a.getFrames();
AbstractInsnNode[] insns = mn.instructions.toArray/();
for (int 1 = 0; i < insns.length; ++i) {

AbstractInsnNode insn = insns[i];
if (frames[i] != null) {
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Value v = getTarget(insn, frames[i]);
if (v == NULL || v == MAYBENULL) {
result.add(insn) ;

}
}

}

return result;
}
private static BasicValue getTarget (AbstractInsnNode insn,
Frame<BasicValue> f) {
switch (insn.getOpcode())
{ case GETFIELD:
case ARRAYLENGTH:
case MONITORENTER:
case MONITOREXIT:
return getStackValue (f, 0);
case PUTFIELD:
return getStackValue (f, 1);
case INVOKEVIRTUAL:
case INVOKESPECIAL:
case INVOKEINTERFACE:
String desc = ((MethodInsnNode) insn) .desc;
return getStackValue (f, Type.getArgumentTypes (desc).length);
}

return null;

}

private static BasicValue getStackValue (Frame<BasicValue> f,

int index) {

int top = f.getStackSize() - 1;
return index <= top ? f.getStack(top - index) : null;

}

}

findNullDereferences /i —/ IsNullInterpreter #ITAEHIET H. R)E,
TR IR S, AT S B S (I RARIIE) MITT RS2 A2 NULL 45 NONNULL 4.
g, MEXFARLWRESE D null f84HRH, BERNBILSIRL ALY, %R B —
T3 A

getTarget J7ikifEMmil £ FIR[AS insn X REAELBAHX K] Value, WIH insn A X
Z BRAEHG MERP) null. B3 EARS R T FOXAMEADS T HR Ao i A A% &, X — 0
BT 2R A,

8.2.5 &l T

BRI LA Z N — AR REE R T R OTER CRIERET o X EEE
S A L B 2T A s, Bk 2. 0, checkAndSetF 2k 4% il A K
8.1.2 Wfr %, BMBENEN 11-1242=1. ENEEMRGHEML T —DITIER “ERE”

(EERXNM TS 75K bug B AAFAE—FRED « Bibg il 723 “IEf” Wl—07
R E RV T SEE .

M EX—ER&EIET U ASM - HriEZE RS2l GEA T 0 APL 15 = 30772,
RECNFERSHEZ R o B PRmaEEiaE. RIEARTEFLYS U, s =
5 Analyzer X[f] newControlFlowEdge /75 Kiid. X/NHKGH RN N Frame X4,
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AR AT BRI BB AR LR R, IR 2 Frame 2K:

class Node<V extends Value> extends Frame<V> {
Set< Node<V> > successors = new HashSet< Node<V> >();
public Node (int nLocals, int nStack) {
super (nLocals, nStack);
t
public Node (Frame<? extends V> src)
{ super(src):;
}
}

Bi)e, ATLARfE—A Analyzer 13K, ADRMIEIZHIGA, JFHEmMa R FIL%. 45
AL RETH MR

public class CyclomaticComplexity {
public int getCyclomaticComplexity (String owner, MethodNode mn)
throws AnalyzerException {
Analyzer<BasicValue> a =
new Analyzer<BasicValue>(new BasicInterpreter()) ({
protected Frame<BasicValue> newFrame (int nLocals, int nStack)
{ return new Node<BasicValue>(nLocals, nStack);

}

protected Frame<BasicValue> newFrame ( Frame<?
extends BasicValue> src) {
return new Node<BasicValue>(src) ;
}
protected void newControlFlowEdge (int src, int dst)
{ Node<BasicValue> s = (Node<BasicValue>) getFrames () [src];
s.successors.add ( (Node<BasicValue>) getFrames () [dst]);

}
}i
a.analyze (owner, mn) ;
Frame<BasicValue>[] frames = a.getFrames();
int edges = 0;
int nodes = 0;
for (int i = 0; 1 < frames.length; ++1i)
{ if (frames[i] !'= null) {
edges += ((Node<BasicValue>) frames[i]) .successors.size();
nodes += 1;
}
}
return edges - nodes + 2;
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50

1l
\
W
)
IH

V=
2

ARENPRTHFE Java Foudls (HLAERS BOR APL. AFARH A, PIOXLuid
O LS 4 SNgd T, MHAE T T HEMNKZL APL 2, B AP BtRfE$ 1.

0.1 ;&Y

B AP 3 A P 2 R AR S hF ! FH b, EHEARRZA, X— 850 API 11—
FE, HEEAHEHLE SignatureVisitor XN [f] SignatureNode 2K, REXMEMHEN (F
Sk, BRI Node FRX KM, TIEMEBL 2RI .

9.2 %%

R API #8% T AnnotationNode 25, EMIAIL API WF:

public class AnnotationNode extends AnnotationVisitor
{ public String desc;
public List<Object> values;
public AnnotationNode (String desc);
public AnnotationNode (int api, String desc);
. // AnnotationVisitor # vk
public void accept (AnnotationVisitor av);

}

desc FEEE VHEREEA, 1M values FEEE T AMMEXT, Hroh&EA 45 )5 1 # R
A REREME (ERIFRRTE Javadoc HHHIA) o

AfLLIEH, AnnotationNode ¥ & | AnnotationVisitor ¥, #2ft |—1 accept
Tk, BEU—ANXMEREN R NS, RGN RMITEED R KK ClassNod H
MethodNode 2£. AT CAE FIH THRATTE B AW 0] H T-6 b BB R0 5 API
Hff. filtn, XTETHAMELR (W 722 99, M7 “ELNEE” 86K, FHEHTE
B, it re

public AnnotationVisitor visitAnnotation (String desc, boolean visible)
{ return new AnnotationNode (ASM4, desc) {
@Override public void visitEnd() {
/] AR RRA A T
accept (cv.visitAnnotation (desc, visible));
}
b
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0.3 izt

1E N 2 PR R IR YR L 7% E ClassNode W) sourceFile FEH. =T IFAMAMAT
S5 BFE/E LineNumberNode X%, T If)2K4%/KH AbstractInsnNode. 7E#%l» API
B, RTATSHMERESHEARENZVR R, S52%l, LineNumberNode Xf% /&+f54 %1%

K —# 0. &Ja, FRRBERERNL RG] MethodNode [ localVariables 7
B, T LocalvariableNode £ [(—4 %3,
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% 105 j5[A]
P

10.1 1148

5zt apr HIER—FF, 7£ ASM 4.0 KW APT HHOAFIAN T —FHLE, HTHLRA K

ASM [N JG AR . HZEFRGRIE, [5E ASM H B ARRIEX — M. © 2R P ERS AR
Py S — L] SN o A F B H AR AR A I LR, IR A4 AsM B APT P T
DR Ja [ 32 0 A BB ATLA o

10.2

AN LR, FEAEH asM A APT W, EARBHIRIRIVAELAE A AR AsM A
#iR FREAR (LR 5.1.1 99 XAE) , b ZUE R LE R .

o, WMARMEHR APT 9’5 —ANA A, AT EEIEH 4 M (A% APL —#F) .
AT PARME S iE 2R 013 classNode FIHANIGE, W LA AKX LL R TR 712

H—O7H, WHRERR APL SR ECER s, Mg, WRfEH classNode
oy HAth Bk HeIE L classReader.accept () H AL, B W & 5 L]
A, 2R T TH 5 R .

10.2.1 A H |

1. BN

X FE—FRE R, BA1EE#— ClassNode, it —" ClassReader H#ATE, A5
g MrEEE e, mERIET EA CclassWriter HHER (X — i FAH N FAEE A T
HoAl 45 50255 T HMANAQER ClassNode, HAMHralF#Hs/e F— 10 18) o EXMBN
™, A



BN 3. ZH AsM WA X IR APT 45K i ds sl il ds, AEH LUIX —H DIRCA
ZH WG4 ClassNode (IMAZMHEASHMEIMIIES) -
AP H 2@ d— classReader 7 ClassNode Hf, WIHEBRAFHE, N
H— MR RIS R FEATEL EE X o« WRAENEX — N, ELUSERRMIT RN, IR
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7 B B B AR AT RE 2 2R, VR RERS RN IE AT, (HAID B BIGIX LR F1TC R M 45 Hh
R MEZ, WRAEERX M, FTRETCIEPRIELE 1 e Ja — TRk

WA EIE? ASM 4.0 WX ClassNode MJSEIIINT CGXEEEMEM 5.1.2 FHRHD -

public class ClassNode extends ClassVisitor
{ public ClassNode () {
super (ASM4, null);

}
public ClassNode (int api)

{ super (api, null);

}

public void visitSource (String source, String debug)
{ // ¥ source #= debug HHEEBIRFHEF ...
}
}

£ ASM 5.0 W, X—AUIBAE .

public class ClassNode extends ClassVisitor {

public void visitSource (String source, String debug)
{ if (api < ASM5) {
// ¥ source #= debug HHEAEBILFHEF...
} else {
visitSource (null, source, debug);
}
}

public void visitSource (Sring author, String source, String debug)
{ if (api < ASM5) {

if (author == null)
visitSource (source, debug);
else
throw new RuntimeException();
} else {

// ¥ author. source #= debug HHEEBILFHEF ...

}
}

public void visitLicense (String license) {
if (api < ASM5) throw new RuntimeException() ;

// ¥ license HHERIFHT
}
}

WER{EH AsM 4.0, QI classNode (ASM4) At A %5l b, HURFZ %] AsM 5.0,
EAELRIG, Bk HE—1 ClassNode 5.0, BN api FE¥ N AsMA < AsM5. T BAESE
H, WRMALAS —1E null (EFBFATENE, FiEid ClassReader JAFE ClassNode K142
KW, WL R E Lo WRIETHRARIARED, K api FEIUCH ASM5, Jf
THEFRI RS, WX LR R % & E N, IR A AR I A 2 4t R 13%

VEE, ClassNode 5.0 fRALIEHRMWIT CclassVisitor 5.0 Ui, XEH T HLRTEE X
ClassNode M) T-2KINREBHMNA EMIE L (KULT ClassVisitor MITHK——NW 1022 1) .

2. fEHIBA FANS
SR ARIKISE 53 17 o BOE C 2 1 20 ) N B ClassNode, JRRERANGE H i€ 1 B & I A& 1%
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HHMERT ASM A . MR EITIE api 7B, (HURRIZAIA & TIRSCRRIRCA,
FHEAR LXK R R RAF 1o FHL b, XK AT RA W EARMRFRE. S — T, IR
ANREAS A e I AFAEARFRRIE (FERATHI RIS Serb, 758 ASM 4.0 4w S ARSI, JRUNFTHIMTIR 1
ClassNode M AfA{ERAIN license TEWE? FIAMRAEIX BILAKIE R KSR IMIEFE—A F
B . TR T ClassNode.check () ik kXA m @, Xgisl 17 AN

N 4: ZH ASM RA X BIM APL 9’5 — K trassid@ fio 45, 8 H 7l AN G2 1)
ClassNode, 7T fEHIXA ClassNode ZHl, #HBELLXMNHVIMA S NS,
H ‘BEf] check () Hi%.

HEMSHN 3 MHE: W RARIEIX — N, W] RETCIERIEL E W5 — B k. anfrfig
B e XMEE VA ASM 4.0 WESHISEELA R

public class ClassNode extends ClassVisitor {

public void check (int api) {
/] TRAEATE
}
}

£ ASM 5.0 1, X—AUIBAE .

public class ClassNode extends ClassVisitor {

public void check (int api) {
if (api < ASM5 && (author != null || license != null))
{ throw new RuntimeException();
}
}
}

WRARKACHEZ N ASM 4.0 5K, M HWMESE— ClassNode 4.0, BN api
FB ¥N AsM4, XFEALSH M, check W AMATL M FHAE . (H W RAIRMEH — A
ClassNode 5.0, 1 RXANHHEEFs A% T9F null author Bl license, a2,
EAET ASM4.0 HORE BIHTRE, T check (AsM4) J7VEHS 2RI

AR WRIRBCEIE CclassNode, tHOLUFMIX—#MN. MARZZEBAN 3, HRIRIE, FRBE
ClassNode 315281800 ASM hRA, X—1ERE check JEPIETT ({BTLIEF ClassNode [N, X
FMERME IR T EZBIRTRE)

10.2.2 4k

R A EIRME ClassNode 1) FREE HAMMINT 28, MM 1 A1 2 #ZEH M.
R, fE— MethodNode E# THRM— A HHEHIIF, visitEnd () HiEHES:

class MyClassVisitor extends ClassVisitor {

public MethodVisitor visitMethod(...) {
final MethodVisitor mv = super.visitMethod(...);
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if (mv != null) {
return new MethodNode (ASM4)
{ public void wvisitEnd() {
// perform a
transformation accept (mv) ;
}
}
}

return mv;
t
}

Mt @G AN 2 (BELRARWES, REREGHHKE SN £final ) . RAFE
B RN 3, tHEt&lt, £ MehtodNode Mi&E#iHH i ASM MRA (S EBEIFHN 4,
WARETEHAT 2l check (ASM4)) .

10.2.3 HAh 4

asm.util 1 asm.commons HHIZRESA NG RELER: —NH ASM WAZH, —
A

W R EA %% asm.util Fff) ASMifier. Textifier I CheckXxx Adapter
B0¥ asm.commons GHMAERELK—FE, MULGHLFINAH, Al LHKA ASM RAZE
RIER SRSEEI e, AT LUMEHAA ASM RAS GRS, 8o A 0 B HE IxX 1
AR TR M ASM A (i ES Bk s il 2 TAE U “EH &K ASM hit
K7D o RN A H ASM IRAZSH IG5 N protected.

A, WRAEES asm.util Hf] ASMifier. Textifier 5l CheckXxx Adapter
Ku# asm.commons HHHMEEIE, MEHAM 1 A 2. BARKUL, IR IE & 250 AR
HH HESER ASM AR IHH super(..) -

w)E, MRAHEMHNES asm.tree.analysis H[f] Interpreter a3,
WA R FEIRER X Gy . BB, AT, G1#—1 MethodNode Hi# MJjjl
Jﬁ@iﬁmgl,%E%ﬁ#ﬁ@%ﬁ%Imﬂymrzmﬁﬁﬁﬁﬂw3$ﬂ%
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A1

FRLES

A. MisR

ARATR AT ARADHE S BT LR . WF MR, S0 Java BTG,
Z]%: a Al b ¥/~ int, float, long X double fH (tbin, ‘©f1%F IADD 7/~ int, M

XfT LADD M/ long) , o Ml p FARXRIIH, v XRfERME (83, X THiEs, £
RAR/N N1 HIME) . w R/8 long Bl double, i. j Al n F£/x int fH.

R B

54 Z AT R Z B0

ILOAD, LLOAD, FLOAD, c.. , A

DLOAD var

ALOAD var , O

ISTORE, LSTORE, T a

FSTORE, DSTORE var

ASTORE var , O

IINC var incr

%

POP e 4,V

POP2 ee. , vl v2
.., W

DUP ce. 4,V , V. , V

DUP2 ve. , vl v2 ve. , v, v2, vl , v2
.., W , W, W

SWAP ee. , vl v2 .. , v2 , vl

DUP X1 ... , vl v2 .., v2 , vl , v2

DUP X2 .. , vl v2 , v3 .. , v3 , vl, v2 , v3
.., W,V , VvV , W ,V

DUP2 X1 .. , vl v2 , v3 .. ,v2 , v3, vl , v2 , v3
..,V , W , W,V , W

DUP2 X2 ... , vl v2 , v3 , v4 ... ,v3 ,vd , vl , v2 , v , v

, w , vl , v2 ee. , vl , v2, w , vl , v2
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, vl , v2 , w e W , vl , v2 , w
, wl , w2 ... ,W2 , wl , w2
A~ B
Ty B
ICONST n (-1 n 5) , n
LCONST n (O n 1) , nL
FCONST n (0 n 2) , nF
DCONST n (O n 1) , nD
BIPUSH b, -128 b < 127 , b
SIPUSH s, —-32768 s < 32767 , S
LDC cst (int, float, long, double, String B Type) , cst
ACONST NULL , null

HWAREHIZHE

IADD, LADD, FADD, DADD ... ,a,b ,a+b

ISUB, LSUB, FSUB, DSUB ... ,a, b ,a-b

IMUL, LMUL, FMUL, DMUL ... ,a, b , a*b

IDIV, LDIV, FDIV, DDIV ... ,a, b ,alb

IREM, LREM, FREM, DREM | ... , a , b ,a % Db

INEG, LNEG, FNEG, DNEG ..., a , -a

ISHL , LSHL ... ,a,n , a<<n

ISHR, LSHR ... ,a, n ,a>>n

IUSHR, LUSHR ... ,a, n , a>>>n

IAND, LAND ... ,a, b ,a &b

IOR, LOR ... ,a, b , al|b

IXOR, LXOR ... ,a,b ,a’b

LCMP ... ,a, b , a==b?0:(a<b?-1:1)

FCMPL , FCMPG ... ,a, b , a=b?0:(a<b?-1:1)

DCMPL, DCMPG ... ,a, b , a==b?0:(a<b?-1:1)
> I
KAV H

12B R | , (byte) i

12C ce. o, i , (char) i

128 co.o, 1 , (short) i

L2I, F2I, D21 ..., a , (int) a

12L, F2L, D2L .., a , (long) a

12F, L2F, D2F ..., a , (float) a

12D, L2D, F2D ..., a , (double) a

CHECKCAST class ... , O , (class) o

N5 FEATTIE

FN‘EW_CTESS ‘...,new—cTEss
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GETFIELD c f t o , o.f
PUTFIELD c f t o, Vv
GETSTATIC c f t , c.f
PUTSTATIC c f t v
INVOKEVIRTUAL c m t o, vl , , vn , o.m(vl, vn)
INVOKESPECIAL cm t o, vl , , vn , o.m(vl, vn)
INVOKESTATIC cm t vl , ... , vn , c.m(vl, vn)
INVOKEINTERFACE ¢ m t o, vl , , vn , o.m(vl, vn)
INVOKEDYNAMIC m t bsm o, vl , , vn , o.m(vl, vn)
INSTANCEOF class o , O instanceof
class
MONITORENTER o
MONITOREXIT o
ML
K4
NEWARRAY type (A T14£ n , new typel[n]
BATEAD
ANEWARRAY class n , hew class[n]
MULTIANEWARRAY [...[t i1, , in , new
n t[il]...[in]...
BALOAD, CALOAD, SALOAD o, i , o[i]
IALOAD, LALOAD, o, i , o[i]
FALOAD, DALOAD
AALOAD o, i , o[i]
BASTORE, CASTORE, o, 1,3
SASTORE
IASTORE, LASTORE, o, i, a
FASTORE, DASTORE
AASTORE o, 1 ,p
ARRAYLENGTH o , o.length
Bk
IFEQ i i == 0 W3k
IFNE i i 1= 0 W3k
IFLT i i < 0 WFskdr
IFGE i i >= 0 BFskés
IFGT i i > 0 Bfskit
IFLE i i <= 0 K34
IF ICMPEQ i, J i == j BFskst
IF ICMPNE i, j i '= 3§ BFskdE
IF ICMPLT i, 3 i < j BFBkaE
IF ICMPGE i, 3 i >= j nfskét
IF ICMPGT i, J3 i > § BBksE
IF ICMPLE i, j i <= j BFskdE
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IF ACMPEQ ... , 0, P ... o == p B¥k%
IF ACMPNE ... , 0, P ... o !'= p BkiE
IFNULL ... , 0 o == null A3k
IFNONNULL ... , 0 ... o !'= null fF3kiz
GOTO ... ... BAMEE
TABLESWITCH ., i ... BAMEE
LOOKUPSWITCH R | ... BRI BkAE

»

i [A]
IRETURN, LRETURN, FRETURN, ... , a
DRETURN
ARETURN , O
RETURN
ATHROW , ©

A.2 FHIFE

b7 B AR A, R ST EEE T vi_5 MZRIEnT DL JsR Al RET 15
4, HFTFHIFE (ISR F /8 Jump to SubRoutine, B k% &= F#IF£, RET ¥/~ RETurn from
subroutine,, B -THIFZRED o AR FTE%ET vi_6 FEARASIXEIES (BRENEN
T Java 6 O NFIHIRIESAE REM: FOVEAIAR ™ML HER, A Remrein .

JSR TR LA—MRid NS, TR 2 IXMhrid . (HAEBKE: 21T, B ERlESk®
B A=A REHYE, ERERAE ISR ZERIRAIERS . XA R E bR R GEHE W POP.
DUP il SWAP ZZK[Wtk1i4 . ASTORE {541 RET #544bFE,

RET {84 U— MR EERIIASE . ©MEE & XA R Bk, 0% 4 Bki%
BAPFE A . BT IR EHbE AT DA LN TREME, BTEL RET 84 0] DUR [H B J LA W] REFE 4.

EBATH — 7R U] 5 RE LA AR :

JSR sub

JSR sub

RETURN
sub:

ASTORE 1

IINC 0 1
RET 1

B kAR TR MR SIE VIR I AR, JFBkELE] ASTORE R4, XMRE 4
Rk IR AR R 1 e e, REARRE 0 8 1. )5, RET fRLBRALERIALE 1
PRERR AL, JFBEE RIS, RIS kIR L.

XA RS R ISR 152 BHE =KLMW ERSMENR B E NS, JFBkE: 2
ASTORE 154 . MK EA RET 154N, REHBEBIANS N T RETURN 84, FrbAHiTiLE
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Pk F)iIX /> RETURN, &1k,

sub ARICZJEHITR 2 L T —MNIrEM 7 BIE. Ef 8B “I5E7 , BN —AIERTTE
M ANFEMTT “RM o £ Java6 ZHI, THIFEH TS Java Y finally B, (HFES
£, 7O R AT B L, A ATREF AN T O M B ACRACE S JSR 4. X
FINEAERR T EREARRS, HEMERT JsrR M RET 84 . T RHAIGITF, 4585 F 5.

IINC 0 1

IINC 0 1
RETURN

ASM 1t org.objectweb.asm.commons I H {2t | —/> JSRInlinerAdapter £, &1 L\
HAPATX — 4. LU ERME gsrR il RET 154, DARILACES 04T, B3 1.5 B
FARMA 4N 1.6 BUE B A

A3 B

2,11 FE AR, A REER B OCIRRIE . TR ETI NBRRYER, X AT
T RYLHI Ty R AEwm A . B, coS AT B %, DSCRERE. 2
AL B ISE. X—HLRE T A PR, AR ZHE Sun AFRMEH, (HEME Javas
SINE BZE, RSB AE SR 2. Wl d, WRRENTEMH A CENE,
BE U EE RN E L HERRAEE M, WTLAE ASM ] Attribute ZK5EK.

BRI R, classReader Ko NEHKINMEGMrEREIECQIE— Attribute S, Jf
PLX /NS Z 40, A visitAttribute /7% (2T /& ClassVisitor. FieldVisitor,
/& MethodVisitor Z8[1% 777, MHGRT L R3O o ZASEF RS T EEMEG NS, HER
FFAE AR . ARV X AR A EVER, classWriter BB KHIX AN R4 T 1 B H kI B e
R X BTN AETEMA 2.2.4 FAHERRIAE AR 220 (B TiRmERRS, X
AR —EED o BAEX G, FEASTRES 5K RS SOIEMHE sl —
#;, I FEEECAFEARIA .

BRAEOL N, dEbniE B S VB E LR T RE  E 6, BN AEX ASM FIH Pk
RTEAFEWNR . MRFEY X —NE, LDAELE L~ Attribute T35, REEXENE
HEAT RS I B B gmts . IEDAZ0FE ClassReader.accept JikHEIEIX AN — AR AL, i
AKX — KA @ . iEFRATH— Mo oR UL IX — i NIRRT Tigfr— ik 48
M) TR RRtE, ERRIENA R — short fH, SIHAFEERE EMHH—A UTF8 F4FH:

class CommentAttribute extends Attribute

{ private String comment;

public CommentAttribute (final String comment)
{ super ("Comment") ;
this.comment = comment;

}

public String getComment ()
{ return comment;

}

@Override

public boolean isUnknown () {
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return false;

}
@Override
protected Attribute read(ClassReader cr, int off, int len,
char[] buf, int codeOff, Label[] labels) {
return new CommentAttribute (cr.readUTF8 (off, buf));

}
@Override
protected ByteVector write(ClassWriter cw, byte[] code, int len,
int maxStack, int maxLocals) {
return new ByteVector () .putShort (cw.newUTF8 (comment)) ;

}
}

REEN TR read Hl write Jj¥E. read JyiEXHX —Z5RUW) B I N0 R IG N B30T A,
write FVEPATIHEE. ER, read iEWAZGR Bl —ANEIREMSLE] . N T FEERE — NSRS
T P PR, A2 F

ClassReader cr = ...;
ClassVisitor cv = ...;
cr.accept(cv, new Attribute[] { new CommentAttribute("") }, 0);

XA “ERT BHEEORA, AT AN EEE — 1 CommentAttribute 3E
Bl G RFEIEA S Attribute SEHIFER) .

A4 Fn

BULE U2 — T B RIR AR RS RE S 1) ASM AR AR5 S 1) S 28 14 11 0 20038495 1) R 1)
(W, 28 5 BAIEE 10 &) .

M 1: BH ASM X %m5—4> ClassVisitor 128, mtLAXAMRAST NZSE, A
ClassVisitor Mi&#, fEXMEAMN ClassVisitor 5+, 4t ANE 5 5 sl i FH o 72 HI 10
ik (BB Z GRS N T2 .

RN 2. ABAEHDT ARk K, MEMHZESE (YR8 o —FiFpfakgit
PR BV ] S SRAEBRNIE LN N final [, DABERIX —HEIE

R 3: EIH ASM JA X BB APL 9w 53 Hras sli& B as, WA LR —#i I R4
ZH MG EE classNode (IMAZMHEESHIIBINGIEGES) -

W 4: ZH ASM A X IR APL 95 — AR ds BUE R A%, A Q1 i
ClassNode, fELMEMTHAfFHIX) ClassNode i, #SZELLXMAVIRAS ASH,
M B check () /%,

BN 1 A1 2 BEAM T classNode. MethodNode % ] T35, asm.tree.analysis

Interpreter KH TFEM T, asm.util F' ASMifier. Texifier I{ CheckXxx Adapter

KM1K, asm.commons LR T, &, M 2 HPAHISH:

IR RENE SE A il B PRI A R EE . JF R AT R IR G R B B A 28, A8 aT LA 5 1)
AR ARG U ORI IR G R B T A RAR AN A— ASM IR G S5 1. 59821k
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JEIREE R 202 final (.

WURER TR AN, A SR E Sy in) 75k (Biln, R R 2R TSN R T
IETMTE ClassVisitor MIEAKY; R MR 1 HRIZE) , Ain] LMER “ Vi &%”
M4k . AIRELLE E RG22 final 1) (BRAFEATEE A ESEM VI % 18
KRGO, AL ASM WA NS EI MG S, 1 280] LR E BATTE A
KIgEHD .

A5 T%gE

TRIZGHZ O E5W APL. ClassWriter MWLM HTHEZHIARXS PERE GERUADERER) -

TiEmg || 47 | S8 |100
B o e
BRI L

T A
Y/ le ik
2

67 63 120

TSR
I 2
H 5

132

125

107

COMPUTE_MAX

152

COMPUTE FRAME

194

BasicInterpreter

SimpleVerifier

SIS E 100 %R F BHE5 2] ClassWriter HJ ClassReader. “HIiIAS#%” F1 “HBx
&7 A% N T AddTimerAdapter 1 RemoveGetFieldPutFieldAdapter (#/AF/R fii
224 FETReAL, HARRERAM APD o AR E N =N Kb CF) .
KA CRIED FERMEAN (B o X TR, WEEHE T BRAEAN—AF 3
B P SRR, AR MREALIN B IR AT RS IVM il ER AR SN . N
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RAFIR gL B, KRNI T JDK 7 rt.jar LB 18600 £4NKIEAT 10 Kk, R &AHE
ITI RIS RE -
POE B — N IX Ee 55 R
90% %% 45 ik 18] FH T 2R /0 B FL S N o
CEHIE R TR 15-20%.

BT BB IR T U i 2308 K4 25%.
COMPUTE_MAXS IEIIAZFERT K% .

COMPUTE_FRAMES &IJAEM ) 2 =LA 1 B Wi s R .
T BT L AR R A e !
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