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Metadata and Reflection
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Abstract: The change of base program structure in aspect-oriented software will lead to the accidental join point miss. The
reason is that the definition of the join point is tightly dependent on the base program’s structure. Such a close coupling hinders the
evolution of the aspect-oriented software heavily. This paper proposes an approach to aspect-oriented software evolution based on
metadata and reflection. A conceptual level is added between the join point definition and the base program’s structure in order to
achieve decoupling. The conceptual model is used to describe the logical information, physical information, as well as the relation-
ship between the two kinds of information. The structure of base program is annotated by logical information based on Java annota-
tion metadata. Simultaneously, join points are also defined by the logical information. The base program is transformed based on the
defined metadata and meta objects are generated automatically.On the basis of reflection, the join points can be matched correctly
after the evolution of base program. Transformation algorithms for method and constructor are described in detail. This approach

solves the accidental join point miss problem effectively, and can be helpful to construct adaptable aspect-oriented software.
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HelloWorld. java ( 3 fili 2 /5 ) Fil MyAspect. java ( Aspect) [
FE SRR FRAEIAT HelloWorld H ) greet () BREL 1)
B 47 9 S A5 E “ before greeting. . A after greet-

ng. ..

F2F1  HelloWorld 2471 MyAspect 72 X
public class HelloWorld |
public void greet(String str)
System. out . println(str) ;
f
f

aspect MyAspect {
pointcut atgreet( ) :
execution(void HelloWorld. greet( * ) ) ;
before( ) : atgreet( ) {
System. out . printn("before greeting=--"); |
after() : atgreet () {
1

System. out . println( " after greeting'++"); |

|

LA ERRF TP R SE UG , IR BEH BT HelloWorld Z84F
TR AB L SRR greet() 1 BR KL 44 72 B4 new _ greet () ,
(B HINREAAL , BIEHARAT 1 J5 20501 St 24 H3 “ before
greeting: 7 F0“ after greeting:** 7 G BY HelloWorld 240
FEIF 2 i

BF2 BUSEH HelloWorld 28

public class HelloWorld 1
public void new _ greet(String str) {

System. out . printIn(str) ; |

}

HelloWorld 28 (45 ¥ {5 BB UG , iR A B BT A
FUBIE S, MR R AT B 25 SR AN U A 45 R 2 22501«
new _ greet( ) PR BB PR T T IS ,ﬁ/ﬁﬁﬁ%']%‘iﬂj FAF
“before greeting:--” F1“ after greeting---" . FLJF R & t F i
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<! ELEMENT class ( method ) > F1 #iRBIEE 2R Java Annotation
< ! ATTLIST class name NMTOKEN JHJREQUIRED > FRTE Y E 3 ik &M
< | ELEMENT classes ( class ) > @ interface 7R A 3 bR EUT X B 1Y
<! ELEMENT method ( physicallnfo, logicallnfo ) > LOgichCOHSM;iN 0 iﬁiﬁ &;j:gg}%gzz Mk
. . String modifier( ) ; FHIESFN 4 1 PR N
| PR
<! ELEMENT physicallnfo (' modifier, returntype, name, String name() B A A B 8 PR
paras ) > String[ | paramtype() ; | FAE e
< ! ELEMENT logicallnfo ( modifier, returntype , name, paras @ interface T —
) > LogicalMethodInfo | Fz': L% i E}; ﬁ sl ;
| e . . . 5o PR Al o
< ! ELEMENT modifier ( # PCDATA ) > zrfng m?dlﬁ[er( )(,) . ST B R B A i ; ﬁ
<! ELEMENT name ( # PCDATA ) > . 11.ng re “m(??e 5 R A (R B
<! ELEMENT para EMPTY > ring namet s SRR SR
Stnng[ ] paramtype( ) ; |
< ! ATTLIST para paratype NMTOKEN # REQUIRED >
| ELEMENT ( ) @ interface GetMethodInfo | TR get BREMGE
<: paras { para+ ) > String modifier() ; B ARER RS |
< | ELEMENT returntype ( # PCDATA ) > String retumtype() ; et B 5K 0 1 5 73 I AR HE
<! ELEMENT variable ( modifier, type, vname ) > String name() ; | (EEINTE
< ! ELEMENT type ( #PCDATA ) > @ interface SetMethodInfo | FoRAZ B set BRBUE
< ! ELEMENT vname ( # PCDATA ) > String modifier( ) ; ISR IREN ) G a Tl E=PiN L
TBIF 3 e — AR B TR TRRF 2 }5)]" String name( ) ; set. BRI 18 1 4 | B E -
N HelloWorld H Y BRZEX new _ greet( YWYHER, String| | paramtype(): | 4 BHIN.
Xif L i A .
B R R B4 A EEREN T
public class HelloWorld {
RRF3 I XML i L @lLogicalMethodInfo(
< classes > modifier = "public”,
< class name = ”HelloWorld” > retumtype = "void”,
< method > name = " greet”,
< physicallnfo > paramtype = {”String” | )
< modifier > public < /modifier > public void new _ greet(String str) 1
< returntype > void < /returntype > System. out.. println(str) ; |
< name > new _ greet < /name > |
< paras > < para paratype = ~String”/ > < /paras > |:| R
< /physicallnfo > 3.3 %*&ﬁ l£
EE?LIZE& Ty 35 R BS99 1 XA AR T

< logicallnfo >
< modifier > public < /modifier >
< returntype > void < /returntype >
< name > greel < /name >
< paras > < para paratype = ~String”/ > < /paras >
< /logicallnfo >
< /method > < /class >

< /classes >

R TS BLELAR R Y B A, DL SRR R AR T Y A 3
55 B 5 MBI I RN (5 B Z B 8 3h B,
FATME A Java Annotation TCEUHE FR T Ty 1 X FEAli 7 e i
VAR .32 1 R FRATE L Tl iR 2 4845 B i bR
.
FEFREY 3 ML SRR ZR 1 AR TEE S, FRATTAT
PAXIFRFF 2 B92% HelloWorld H Y B8 %L new _ greet () BRIl
PR AnFEF 4 Fis

T 53 AT EAT T 40 LA T I

R T SR A AR R ) e e Sk AT 4R
T X

EX1 WAKE C,E XL sub( C) HHFEK.

EX 2 BWHAZE XERE X, E X name( X))l X
24 FR.

EX 3 ®EXFE CWHE R Cis, K FST KST MST.
H K £R2E ¢ AR FST £R 2K € W m k.
KST F/R28 € M5 pREAE . MST /R 28 € I MRELEE .

EX 4 E X annotation( X) S X 5L KL X HIFR
HAE.

EXS @S fX) N X SR X A5 iR
3.3.1 B

J 55} BK 51 {8 FH @ LogicalMethodInfo 7 13 . #2412 /¥
HbRE B RS SRR S e e, 2R AR )T P A S
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FB AR A S — B0 eR B (PR R B 58 R B0 , DAORUF 7% 82 AR A i BB EH T @ Logical ConsInfo A1 , FoFE

A IERRVE B . 73 50, BT E SCIAT 1 S R R fil
FCEHL , S BU02 5 pR Z ) B Sl . b T T2
BRI E S, IFA YT RUE SCRERS W IE AR DT FE . I
K3 s .

=¥ lP!EfﬁELEé’- . {]{’-r’;ﬁ’?%ﬂ\ Foo

Foo —f1) Foo_ F00—F00) ey
|+j(|m::mt] +fl(inx:int) :HE::;::S “n.\\
0{ AN

MetaObject mo=MctaOdject,gctMetaObjeet();

Vector params=new Vector();

params.add(...);

Class[] parameterTypes=new Class[1];

parameterTypes[0]=...;

Method baseMethod=this.getClass().getDeclaredMethod(*f",paramer Types);
mo.metaCall(this,baseMethod,params);

B3 BRI
JEXF 4 MetaObject £ & DA T JE 20 1% B8 2L metaCall
(), SE U HE AR 1 v 32 8 ek R0 I8 P . TR ROREE A
XFGRAIR IR A 1 n MR, Bl TO0 G 4b 31
A RS R R A
public Vector metaCall ( Object baseObject, Method
baseMethod, Vector params ) {

baseMethod . invoke( baseObject , oparams) ; |

FRATTR FH g 13 5 49 ( compile-time reflection ) [12] 52
BSOS SFHIL R A Y Tl B . R A SR S5 eR R R
DU ARHL: (1) Fh 2 AT 322 5 o K00 T 1 592 B 2 30N

SRR SR AL A ) BAA AL (reification) DI RE 5

(2) A5 T % MetaObject; (3) WA FH JC X 5 i pR B
metaCall( ) , 52 B X 12 45 bR B0 8 5 (4) AJA A metaCall
O) eRE AR [ A IR 3 [T, 523052 S ML o 1 e
SroRE

PRIRSURE 4 ) BEVE N AR 1 s .

EEL KBNS
1. A& €(C is, K FST KST MST) H HUAS B 1 2 4k kg M =
{ M1 MEMST H. annotation( M) = @LogicalMethodInfo| .
2. For each m in M
2.1 08 G PR LA name (M) B 44 Oy 32 4 oR
MethodInfo. name( ) .
2.2 FEFA 2R BT S S R
fo) = ¢
C' isy K FST KST MST'
MST = { M1 ME MST| (
{ mIname(m) = @LogicalMethodInfo. name( ) |
2.3 FEHUHE A ST BB, AR — AL R
IR TEXT S MetaObject ;
EHRERITSEG
A FTCA 5 Y BR AL metaCall() 5
3B [ TTXF G I 3R [
EndFor

3.3.2 HMERHESR
AR TR R e v A S e A I P R R

4% @ Logical-

Jr AN 4 R R — S LB R A 44 T
TEF- 2R 1 RS0 I8 T AL S8 (048 325 pR B (] I, 7
RHFR Y i 28 Foo 2E MU NewFoo 11 52471 72 )7 e 4
J& SR DA S8 SO TG B, W B 1 1 DG Jc A4) 1 R 2L
e A

Fa it e BE 44 By

Foo (Foo—NewFoo) NewFoo e
+Foo(inx:int)| +NewFoo(inx:int)|

Foo(int x){ T
super(x) 5 |._ Foo
} ~~.[+Foo(inx:int)

B4 HiE BR BU B e T7 1k
Fag 3t o KU e A A QAR 2 s

HiR2 Wk R BN R AL

1.7% C(C is, K FST KST MST) H1#6; 5 J&:
BRTE AL T B AL

2,004, WK € PHRAR T A T L ARG iR =
KST H. annotation( M) = @LoglralCon@Info[

3.8 XK C By T2 sub(C), H name(sub( C)) = @LogicalConsInfo.

name() .

NewFoo
+NewFoo(inx:int)

7

4 B @1LogicalConslnfo

fMImMe

4. For each m in M
AR 32 R M X N7 A LA L FE sub (€)W g U i
BRI, 1A FHAC S AL i R K
EndFor
3.3.3 LTELTEREFER
S5 7% 1 i @ GetMethodInfo F1 @ GetMethodInfo
T AR AL I UIA R E LAY set T get M4 257
E%%.&ﬂ]%ﬁﬁ*ﬂ@%ﬁﬁfﬁ%’é@ﬂ@%ﬁ%,iﬁiﬁ/}fdiﬂ’ﬁ get
1 set BRERYTIR) AR 5, SE X 38 51 (advice ) 1R FH . S 848
T fFH Java PREFERE T get Al set BREAUZIRAE B, FEHA T
TR AT, QRS i B XY set T get BRIER, DU 5 3

He DG set F get BRAN . 3407 N 5 s

ZREA Foo
Foo (x—x1) Foo BIFHS [ ant

-x:int -xl:int +getX():int

" |+setX(inx:int)
get XO{
return xl;
}

set 1X(i.nt x){
N xl=x; B‘
Es5 ZEAZENEERTE
A 44 70 SN (AR P B SRR NGk 3 T

HE3 R R
1.2% C(C is, K FST KST MST) " K 2% J&: 15 & 5 B @ GetMethodInfo
7l @SetMethodInfo FRid: Y245 5
2,004, WM C© *W%FEE%E%#FH@XE V ={VIVE FST
H. annotation( V) = @GetMethodInfo 11 @SetMethodInfo ! .
3. for each v in V
3.1 KA € PR EA Fl@ GetMethodInfo ) J& o4 (H — B
PRI, QAT I3E fn .
3.2. 84852 € HREH M@ SetMethodInfo 1Y & M {H—E 1 R
B, AT NGB
EndFor
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3.4 — AN ERBEBRBGTF
DIFETY 4 PR B9 AR T J5 1Y Java B2 )7 R ). 48
SRR Y e A JE BRI IR 5 B AR 1 —
AR KA, [F B BB LT new_ greet () BRIEK . new
greet() BRESE MO XS R 1Y BRI AT S H0 B TR
e SR SIS
TEFS  HAUS 1) HelloWorld 28

public class HelloWorld 1
public void new _ greet (String s) {

try
MetaObject mo = MetaObject . getMetaObject( ) ;
Vector params = new Vector() ;
params. add( s ) ;
Class| ] parameterTypes = new Class[1];
parameterTypes[0] = String. class;
Method baseMethod = this. getClass() .
getDeclaredMethod (" greet” , parameterTypes ) ;
mo. metaCall( this, baseMethod , params) ;
f catch(Exception e) { e. printStackTrace(); | |
public void greet(String str) {System. out. println(str) ; |

4 itig

AT T 38 P A P L R B A &4
DL RN 5 0 L A 5 D T A TR
4.1 HEMEBERME

AR SCHRE M T o0 B SR ) THT ) TR I
AT AR S B SR AT 2 AR HE Y 7 5 AR &, &
FRERL A B A R v 45 A8 15 2 B0 T S5 AR 02 R
BTz IRIE S L 3 — 5 T, SO SR Y 2 G
PRI ST, BV 2ok 5 AR 1) A 46 S B S D RE , X 4 AR
TH S A FRIREOR . DA X S S LR IR T 5 vk Y ]
PE.

4.2 FAEHBERE

AL I SUE LR G T IA AOP iR
BT U S SCRAZ R 4T, BRI 2 T Kk it
RN T 22 [, R 38 00 0 22 8 oK BORT J08 8 Y R
555 BRIBBCHT 2 Xof R 1) S B TSR T B A, AR AIE T XS
AOP 1 & H 5] A (introducetion ) H1L 1 19 57+ .

9 T BAETT 2 B A RO, RATTAE Eclipse & EIF
BT ARSI AR (4 14, 78 T HA P T = AN 4%
L, 53 301 56 BUFR P P A6 ARE A B2 30 B il 82 I 110 2
R LR B AR e 8 ML S B ) ) G A 1R R A
SEINRE, WA 6 B . 45 R R BRI Iy 2 A AT AT
.

4.3 (AR &4
et FH A B 25 B4 LA WGy I

(1) 1ERl =2, R ek s G2 s B4 LA K
AR set F1 get BRI AL AP0 EL A ME—PE, DLARIEFE
J B 48 A8 TE A 1

(2) FERHAR ¥ v S S A8 5t B V5 ) T 8 38 2o A8 5 1Y
set Il get PRIEL 58 B, DA AR IEAR 5 44 & A 0% Jig % i A
(advice) FIERR VR A .

@ Java - myplugin/ste/HelloWorld java - Eclipse SDK

g jevs - myp! SR
File Edit Source Refactor MNavigate Search Project myspace Run Window

public class HelloWorld {

= = myplugin
= @ src
= & (default package) |
m [ Helloworld. jav |
= i LogicalMethod
w mk JRE System Library 144

ProgicalMethodInfo ( modifier="publ
reLurnLypesTyoid”,
name="greez",
paratype={"String™}

WA A, BAU_BR ARl )
E6 IHTANE
4.4 FMEEAEHLE

FISCHRL8 1A 77 1L oL, FATT A I vkt 2 A JE it
T R0 2 1 S (ALY AR 22, DA S B 7 5 1) A
{HSEPIRN T TR AL — BB AR T ) X 5] -

(1) FRATH 7L HE T AR o SB35 8
P BEAE I8 S L 2 2 () Y e 5 O 22 % it R iR AT A
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