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//1) Before advice
before() : fib () {

// write some action here

//2) After advice
after () : fib() {

// write some action here

//3) After-return advice
after () returning (Object o): fib () {

// write some action here

//4) Around advice
Object around() : fib () {
// write some action here

return proceed() ;

(3 1 (3 o
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public static java.lang.invoke.CallSite bootstrap (
MethodHandles.Lookup caller,
String name,
MethodType type) throws ...{
String[] names = name.split(":");
MethodHandle target =
mh[Integer.valueOf (names[0]) ]

return new ConstantCallSite (target);

A:; (Z 1 2 9
ETJ‘VI 2.4 ADYNIUTOALTNAY

2.2.2 fAa1a MethodHandle
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Aa1a MethodHandle ¥1vivniluaa91984 ldduuseavsensuansanes
2 o . . { v 4
Tasass TuuSunvesmds invokedynamic Hi1Nvedna1d MethodHandle 1f3ev lanunaeines
d’dﬁ Y] A @ P 9 = 9 a o 9 Y] Jd A
17 llduusearienouansameiNdoansison lyanusse Iagsnnmsaumasuansameivise
A v Y a =2 & Y ' ~ ]
IWTOANABINITHINDIDIHFINITAUMIAINIToNUIeeNA 1N sLInNveansiFenlyaulae
[ = 1 < o o . . . [ g
wanmsutasvesnisisenuaazuuy 1 umas invokedynamic (Kaewkasi, 2010) fiatl
. Yo v 9 A g a .
1) 1WF0A findStatic 1FFMTVAUKINTOANYIULLUADAY (Static method)
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3) 11599 findConstructor 1¥aMTUAUMIABUTASAADS
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public static void mhCreator () throws Throwable {
mh = new MethodHandle[METHOD HANDLE MAX];
mh[0] = MethodHandles.lookup () .findStatic (
SUT.class,
"student",
MethodType.methodType (
void.class,
int.class)
) ;
mh[1] =MethodHandles.lookup () .findVirtual (
SUT.class,
"println",
MethodType.methodType (
void.class,
String.class)
) ;
mh[2] = MethodHandles.lookup () .findConstructor (
SUT.class,
MethodType.methodType (void.class)) ;

@ 1
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public class SUT {

public SUT (String idNumber) ({
System.out.println (idNumber) ;

}

public static void student (int number) {
System.out.println (number) ;

}

public static void main(String args[]) {
SUT n = new SUT ("B55xxxxx") ;
student (200) ;
System.out.println ("SURANAREE") ;

' o ' 4 Jd
311 2.6 uaasieg 1 T1sunTunH191M %0 1Wad1 SUT java
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public static void main(java.lang.Stringl]);
flags: ACC PUBLIC, ACC STATIC

Code:
stack=3, locals=2, args size=l
0: new #1 // class sut/jdynmic/SUT
3: dup
4: 1ldc #36 // String B55xxxxx
6: invokespecial #38 // Method
"<init>":(Ljava/lang/String;)V
9: astore 1
10: sipush 200
13: invokestatic #40 // Method student: (I)V
16: getstatic #11 // Field
java/lang/System.out:Ljava/io/PrintStream;
19: 1dc #42 // String SURANAREE

21: invokevirtual #17 // Method
java/io/PrintStream.println:
(Ljava/lang/String; )V

24: return

LineNumberTable:

line 11: O

line 12: 10

line 13: 16

line 14: 24

LocalVariableTable:

Start Length Slot Name Signature
0 25 0 args [Ljava/lang/String;
10 15 1 n Lsut/jdynmic/SUT;

'
[
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QU

2.3 STULBIADHMY

FTUMTIANEUL AD T2UUNUUD1MANNITV0IMT TUsunsurId sz s lunis

y
X [ q 9

o 1 Y a a A o Aa 2 ~Aa 4
WGMUWE&‘U‘UTﬂﬂﬂ@GlflfiLﬂﬂﬂi$’(3f‘l/]‘ﬁi‘ﬂWﬁl,uﬂﬁi]ﬂﬂﬁi$ﬂﬂ1/lﬂ"lluc§\1nj GJJU1ﬂﬁGU’ENLﬂ%’ENﬁ6‘V] Y

Y
TumswannszsuuFansazasao i

231  STUUEBENHAEIUUADA
. I o Y a o
Aspect] (Kiczales et al., 2001) ilumswimunlvms ldsunsudeanvazainse

a I d o y v :
T893 uazitlualse Temingaunamsg Aspectd simuuie l¥un U191 Feaunso

v =}

D) y Ao v P Yo o 9 Y o oy yr X
Gl“]f\‘]'luﬂﬂﬁg‘ﬂ‘ﬂtﬂll@gllaﬁlW@LWNIMﬂaiﬁﬂUigﬂﬂ 1/]']11’7ﬂqiﬂﬂﬂjiﬂllaﬁgﬂﬂtﬂjqﬂﬁ']ﬂmu



17

8} Java - paotsrc/sut/jdynmic/SUT java - Echipse N = — 35 ]
P [y ¥ p:

File Edit Refoctor Source Navigate Search Project Run Window Help

fmi BE M- GIN SO NG ®E Y DA S e s Quick Access |t | @)
. M SUTjava 52 % = O fBytecode 2 a0&E =0
" package sut.jdynmic; - sut/jelynmic/SUT

LINENUMBER 3 L1 =

= public class SUT { SeruRn

Ju : s

public SUT(String idNumber) { LOCALVARIABLE number int L0 120
System.out.println(idiumber); 1 MAXSTACK = 2 2

MAXLOCALS = 1
public static void student(int number){

: . access flags 03
System.out.println(number); ot in(Sting(])  veid
Lo
E public static void main(String args[1){ LINENUMBER 11 L0
& SUT n = new SUT("BSSxxxxx"); NEW SUT
student(208); pup
; B .y, LDC *B55i0000"
System.out.println("SURANAREE™); INVOKESPECIAL SUT <init>(String) : void
¥ ASTOREL
u
} LINENUMBER 12 L1

SIPUSH 200
INVOKESTATIC SUT.student(int) : void

b}

LINENUMBER 13 L2

GETSTATIC System.out : PrintStream

LDC "SURANAREE"

INVOKEVIRTUAL PrintStream. printin(String) : void

5]

LINENUMBER 14 13 =
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xxxxxxxx A
200
SURANAREE =

4 4
51U 2.8 drvg1anandlilsunsy Bytecode Outline NA1N13D

Tdauansz lud 1aa 180 T sunsu Eclipse

1 < o v A9Y o w 1 ~ 1 o [ a
@ﬂ?\iuliﬂ@]'lilﬂ'lﬁvnx‘]'lu‘ll@\i Aspect] g3NUDIINADYATIN Aspect] thﬁTJﬂiﬂVﬂﬂWi‘]Jﬁ‘Ul‘]Jﬁﬂu

A o v o nm v A~ o o g =) 1
uﬁ'”leuizuﬂummsmzuumawmmag"lﬂ Tagszuunumsmauluanyazilezisonin szuy

. ) A

a o a 4 a 1 [ o [

IFIANHUSHUUTDAY ‘%\ﬁ]gLﬂﬂﬂ’J”IllQQ&TﬂﬂUQﬂLLﬂi%UULM@@%}@QVI”Iﬂ”liﬂi‘Uﬂ?x‘]LLfﬂlmlleiZ‘UU
9 a a o 1 Z’, g}/ [y

ms1zaeslavazidanisinuvesszuy Inunsvua UiﬂﬂixﬂlﬁgEJ$L’JZ11ﬂ1§‘1Ji‘1J‘1J§Qi$U‘U@1§]

1 1 H a g.’/ =t o d o
s lldrealdaenengydslidrszvuvesgsnaiuiinnuiniudesvihniuaasanal

232 STUUTIaNHMZHULNAIN
[ 1 o Aa o a d o a Aa o
1nlYrIAINa 1IN ITNUTEIIEanEaz L Udag¥ 1dinan1519e
o ' Ed A 1 a o 9 o o Y1
uaznaareeatu laomuliannuansounszundeanyug Tnamnsahmsdudgud ly

=3

' v v
szun1d & namszuuhdshaued TasszuunimshanluanyuzainaniBeni szuu

'
a @ (% =2

Fadnazuuunaia #alnsisonayianniuniededeiiiesTasauisofineade ol
Sado i

103l 2001 18510358 Fainaueunanofuiififed1 AspectS (Hirschfeld,
2001) Fufludruvereves Smallalk Tae1y Smalltalk 3 Meta-object protocols 136 MOP §1131
awnuTaseerdavesing Aspects I@raanmadounifiogly smalltalk Waunsaldanu
szpuEFdnyazuuuwasa’ld Taserdoivieudenveansen (Block method wrapper) $4%70

dmsuaudmusiuFiansazuaazlssanimuzauan il dmsvdszansnimnsiau



18

] 1 I I @ a
409 AspectS i lagnnann1d TuunanudwiiesmaauoanuduldIdlumsiaunszuusa
ANYULUVUNAIANY Smalltalk

13RIy Pawlak uazany Td@uonsaVNIUFe JAC (Pawlak et al., 2001) ¥4
< o @ 9 a o @ AN Y o L4
Wunsevnudmsulsaums Tdsunsuddnsuzauamionmi lawannauhonssives

' { < 1 <

N1H19171 Tag JAC 19910 Aspect] AsaN Aspect] 19U class-based ua JAC 1Ju object-based
o [ o I @ 1% A o Y @
dwmsvanvuzlu Jac Whuwavesinganvazidwisoih ) IdaunuiagueTsunsy

£4 v
v adl v A axa

14 { o o i @ ' I
1Us2gna (Application) Niawihnuegla Tasmsadwanvmzutsoanilu 3 3543l 359 1 Ao

. add’ A Qdd‘ A . é 9 a
wrapping methods 151 2 f1® role methods AL ITN 3 AD exception handlers ¥ JAC Tguunna
o 1 4 @ o I~ J
VONAINIVAUNITHO (wrapping controller) el nudnyuzazdaunaiiuii Aspect] zaula
{ @ [ ] Y] v A 4
Tdimsadnisdaagadlenivlul daugaaulaves Jac fumswannldhnoiined
HUVANYDINIEININ
. . <3| S Aq Yo @
PROSE (PROgrammable extenSions of sErvices) Wuunaanesunlsdivsy
aduszumBeanyazuuunaia (Popovieiet al,, 2002) PROSE aiuayumslsulasunis
Wuwesszuuldinnudangulagaunsaaiunas liaudnugdnFdnvas lugiana
o v o ' : v { o
Tdsunsumasiianuegld Fesanpuznlelu PROSE Wouladienizain Tasdszgnanin
. 2 & 4 4 = [ Aa A ) A FY
Debugger interface 41114097152 n0 YD1 IB T BIaUUTU ualszdnTammsihauila

1 = o Ay
WU PROSE UNITNINIUNIK

{ 1as S~

a5z aNnTA1MU09 PROSE IMI 1 UNFI@I5nN15909 PROSE N3
o o [ <3 o o 1 @ 1
sz Teanilunswannae Tas Sato tazams lamiuilse Tertiaanainde lanannaoson lagly
[ o 1 A ¢ A o é@' dy 1 = 9
nanmsaanal luFounanosunuau1vuII1 Wool (Sato et al., 2003) @419 Java Platform
o I o { [ [ . . I
Debugger Architecture #1350 JPDA d115UUNTNANGT (Hook) 11J§39a%n (Breakpoint) aa1iu
an A v ~ o 1 = A oA 1 A
FWiunsnIaauuuaei lgimngaisu Wool innuawnsaimilonan PROSE AoA1NeIw1T

[
adl AA 1

lumssaaeddtnalenulagsiinisidenis Nauaz g auveuaazyasmigadeiina In

v ]
2 = 4 o H

9
M39UAH Fuusnaerinsuninauned lldagaiinkiunig IPDA 8n35ezsiimsaii
TdsunsulungednnergndaI3nunisSenldusen udriinmssuduTdsunsulds
14 ~ 1 é’, é’, Qddal L)) 4 = A @ Y
mesraunFuluidnais neaedis i lidesnisvnmesmanuduninsdiulgeld
o [ 9 1 [ o [ 4 = Y
mgandmiums IFaunaediala Tasauisaiaunuanessaunduuiasgiula
an o 1 dy = = o ~ = o U Y a A
Tagase A5aananilazuanasanisuninaaunedn luanus iy dawalifdszanininues
[ ya 1
Wool 1119114'18152071 PROSE
1 o [ a [ ' a3
Ao JAsCo (Suvée et al., 2003) 1A 1msdSulseniunssdanyug Fuiu

7 & o s o 7 2 \
'E'NﬂﬂﬁgﬂﬂﬂWUﬁ’luﬂlﬂQﬂ’lﬁW@Mﬂ’l“ﬁﬂV\lﬁLni L!ﬁgf]\iﬂﬂigﬂﬂﬂ"ll@\i Java Beans IﬂﬂlﬂW’]g"UuTﬂﬂJ



19

% 1 o a o . 3 4 a A o
TagdnyaLNAUTUNITAINIT JAsCo Waran Tumaguiluesnlsznauriialuuniiuan

v W = & v o A o ' Y 0o v o w A o W Y
ndganuduilunuaniamisansziinmaa q 1dlaemsihaandyanuidingusiu i

fa
Yy o A v 9 ) o qY 1 a3 A g o
ﬂ?ﬂﬂulwlﬂclﬁﬁ']ll']ﬁﬂclsﬁﬂ'luaﬂymgllﬂﬂwajﬁllﬂ fJfJ’Nllﬁﬂﬁ'luﬂ?'luﬁ']u']ﬁﬂﬂ!ﬂuuﬂﬂWa’)ﬁ

v ¥ Ayy ¥ 2 o v ¥ a a o )
tazANUFUFouN 1au191nm3 19911 JAsCo Hndudpauanalslszansmnasiiaungias
o . . . = I
113l 2004 185 n 150 a1l aq Jikes Research Virtual Machine (RVM) a5 913 u
A [ A 9 [ av A o A A AA ! .
N5099NSIENOUAIMSUNAA I UNIIVUNONAUATBINONFDI Steamloom (Bockisch et al.,
2004) Tag ldinauensnadounsaagauuunaia (Dynamic pointeut) Fervuaou lunis
% v A A o d’ d' 1 A [ I'4 [
AnArDIAIARIANI o NEA azirualou lui luaunsonuwsearnsonoudainmed luaiu
voa1Usunsue3eld o vazgranar Inaa ldsunsunsosraaindalusunsy uaaza1u1so
v A o A Y Y, ' o @ o '
AUNBZNDINTOANI DADUTATAINDS NABINT 1A Tupe T sunsumainuey Taswanis
a a 1 A o o [ Y 9
NAAdUUTEANTANUAAII Steamloom NHAL Iasri1n1Taanlas RVM lviaunso sy
a o { o Aa A o ] g’; < 1 [
szuuEFdnazidalszaninmueimsdagauuunaiaudninianuGiniimsdagauuy
o A 9 o 3’_, = = [ d' [ A
Wadan ¥ Aspecty 19U UR RVM e lulinsaaudas tazuuinseasnsiaiiouved Sun
. dy%w 1 Y1 v AY A Ao a &2 a 13 Y <
Microsystems 14911g398na17 13ndadideranarandunaudnuin uanudasliiiuany
I % a o @
AT 18 umssiannss T nyazuuIna 9
1 = Y o é d‘ A
aou1113) 2012 1ainsviuaue JooFlux (Ponge and Mouel, 2012) 5tAT0IUD
dgrnsvaiiaszunFednyausnuunainlael¥A 1949 invokedynamic 1ael¥iusoa
< . . P
filterArguments 1aZLUT0 filterReturnValue 1UUAALAD java.lang.invoke 14n155211ud 1Aa
o) [ (Y o v % ) [ 1 I a (Y )
dusumsadiedanuzitneutazdanuziivdaua luanuiluasadrdanuziinueanis
1 9y
TdsunsuFeaanuazund JooFluk A3 WIUNITWAIINNUI8Y09A UM AIRNADEGINTIZIN

o

v o o A 9 1 Y 1 A A o 9 1
ﬂ'J'UJﬁ'UJ']ﬁﬂlef’JQ@l'J!Lugu']WﬁQ'ﬂllﬂﬂa’]'Jll']Llﬁ'Jllllﬁ’llniﬂVl’lﬂ']ilﬂaﬂuuﬂﬁﬂﬂ’]ﬂuﬂﬁﬂulﬂ 1334]

[

= J Qdd’ Y o 1 Y v o d' A v
ANMIANHINDIITN JooFlux l¥dmsvaiauuzihvasdsaunsoasunlasmaunau

9 dy 1 3 o 1 A F é’ Yy o ! [ [
]’lﬂ wonv i luaiuvesauuziiinoun JooFlux d#31NUU AIvenuNdsoUsumsinauluy

Y Y [l ]
i ldianuEvuldseeznande U luuni 3

9 Y
o o 9 9 =

[ a A A Yo = [
A1 IUVNUD ‘t’J‘I/]LﬂEJ’J"lI’EN‘VNﬂllﬂuﬁ1h1iﬂﬁ§ﬂvl@@\mﬁ1\ﬁ/l 2.1 Iﬂﬂ‘ﬂ1ﬂﬁﬁ§ﬂ

[ v

Y ' [
10 3 HToNANAIL W9 1 ANUAILITOVDINT IFIUFIINTUUIAINANNETINTD 16

Y
v A

AU mmmﬁl%’qmﬁummmm mmmﬁl%’qmﬁmuzﬁwﬁau mmmﬁl%’qmﬁmuzﬁmﬁ’ﬂ
Y o o [ A 1 Y ( o v Y A o =2 A
mmmﬁlﬁmmmuuwmaqmiﬂum mmiﬂhmumuuzmmau HIUON 2 NITNANUIHEIN
= v 9 ] [ dy [ 9 [ A Aa A
J1Y0SIDYAYIIVDYDIAIU mawmuﬂmhmmmm fﬂiWﬁNu1IﬂﬂLWMﬂi$ﬁﬂﬁﬂ1W"UfJ\1i$1J°]J

A o o o 4 o o
weanyazuuunada msnau el lensainmslFauaiy Aspectd Mmswaui Iagyiinig



20

[ [

Y] I Y v Y A a o A v Y dya A a A
ﬂllﬂa\‘]ll‘ﬂﬁiﬂﬂ HazHIUeN 3 YBUIUANITIVY IAsliiITogeadil Iaonadoulssansnm

'
v A

a a @ ' o [
WoriorauoLulAa Lazitegesgamens Unslizynd IFnUgANAAoLIIATTIW

v Y [

A = a A A = Y
ATNN 2.1 ﬁ?ﬂlﬂdﬁt’mmﬂﬂﬂu’l ‘EJ“I/ILﬂEJ’JGUfNﬂ‘UﬂﬁL‘IEEJ‘UL“I/]EJ‘]JﬂﬂiJﬁnﬂﬁﬂﬂluﬂﬁcl‘N?u

FTULBIANHUSUUDNAIN

Aa v d‘d 9J
. NUININEITVOI*
ATLUIUMITNINY
1 2 3 4 5 6 7 8 19
ANNANITOVDINY
1150 15 UAUAIBIN v v v |V v |V
o lFnuduuziineu ARAR4 VARVERVARVE RS
a0 lFnuduzimg vVivi|v NVARARA v
o lFnuduuzimdimsaum v v
o lFnuduuziinsou ARAR4 v |v v
MSNBN
wannTasldn 1y Vivivi|y v IV

waru Iaeiulssansannsniau

V935201 T5UNTUFIR AV USHUUNAIN

waru Tae 190 Tensainis 1Fauau

v|v v v

Aspect]

Wann Tasihmsaauilaslidlfa v VAR AR4 VARA RS
VDUIUAVDINITIVY

Seoriionaaolszaniam v VARARARARE R

SeoriioauenuIna AR AR AR4 VARAR AR

imalszgndl¥iuyganageoumasgu | v ARZ v v

suisefineteszneudie

1 = Kiczales, G. tlagAMe (2001) 5= Sato, Y. kagaue (2003)

2 = Hirschfeld, R. (2001) 6 = Suvée, D. LlazAUs (2003)

3 = Pawlak, R. tlazAus (2001) 7 = Bockisch, C. tlazame (2004)

4 = Popovici, A. azAM (2002) 8 = Ponge, J. 1182 Mouél, Le F. (2012)

o A w @ "
9= ﬂ'l'ﬁ?d’fﬂ‘}ﬂWLLQZEJ’E)ﬂL!UUﬂ'J']iJﬂiJ']EJ"UENﬂ'lillu%u'll?b'\?ﬁﬂﬂmgiﬂﬂi%}ﬁﬂiﬂuqﬂﬁiﬁ}@



UNA 3

A UUUNTIVY

Awv o [

dy 1 =R Aax a o 4 0o A w g}/ é
Tuuntiazna1nneIsnsIve uazednlsenouveINIsIVEA M UNTTIIVENIHUAT

A [

9 v
Uszppumetuasum e oslodmsuldaduszvuFdnvazuuunainlasldiida
Y Y
invokedynamic U84 Java™ Platform Standard Edition 7 TaglaauvuaeumsanyIaail
= o a % =) ] 1 d'
1. AnEIMIMAuveans Ilsunsuiadnyay (eazooag luaiui 2.1)
2. ANBINTZUIUMSTNIUYOIAIAT invokedynamic (11waziBenog ludiui 2.2)
3. MmsesnuuusTuUmanyazuuunain laeldmds invokedynamic (318821880
agludIum 3.1)
o J o [ 9 o J @ A 9 A A
4. hmseenuuu hensald U3 19@IdIUNIANIANENT 1991UIAT 0910
d o % ] [ H
Tagiiou Tensainumsisznmamaangalu Aspectd (31vazideasgludiui 3.2)
o 9 a o [ Yo o . Ay ¥
5. msadeszuudeansasununainlasldf1de invokedynamic A 117 14
) ~ = l U ~
panuuyluTuneun 3 (Ivazidgned luaIun 3.3)
6. FAETINIATEINAIMTUMIAI AT NAA VTS VLTSN BN T Tag1d
v H Y v
A4 invokedynamic ANaYY (iwamaﬂﬂagiumuw 4.1)
7. mmsesnuuumiialszaniamusszuumdnvazuuunaialagldnalns

\J ES 1 1 1
MUV9IAN invokedynamic WAL (1waziDonog ludiui 4.2)

Y
A o =2

8. MmIsnaaoulszaninnvedszuuFdnyazuuunatanwannvulasldnaln
MIMNUVDIMETY invokedynamic (51802D8ADY 1UTIUN 4.3)

v T
1 Y =

o [ t'ﬂ a v Y d' dy = 1
dmsuludiuvunoun 3 — 5 ¥eeiureluiiven 3.1 - 3.3 vesunil lagsivazDoaua

(Y] [y Y o Q'J
3.1 fn§’Oﬂﬂ!!‘]J‘].l'i$1J‘]J!%Qﬁﬂ‘]elﬂ!ﬂ!ﬂﬂﬂﬂ')ﬂiﬂﬂi‘]fﬂ]ﬁﬁ invokedynamic
Y v
msoonuuuludiniiitlumsiternalnnisiiauuesiids invokedynamic ¥1Ap80A
Iesoldnuszuudidnyazuuunaia'ld Falswazdeanisoenuuu IagsIuuednis

o A g dﬁf A o dy
ﬂWQWHi%UUﬂﬁTiW\?G{lullﬁ@ﬁiugﬂ‘ﬂ 3.1 AU



22

4 1 % o {
T34 class voa aruTsunsuueaainuziinneg
Tsunsumuiam e T T sunsunimam
1
1
Y
AABC
A 1
I 1
1 1
1 Y
@ o
dutlasludlda DelegateBM
L) :
1 |
1 )
A g
UTOATUAY
A :
H 1
Tdsunsumuiani ! Y
Usznoudlremdd | v ¢
, , " dagnoalad
invokedynamic

{ o 4 9 a o @
gﬂﬁ 3.1 LLW‘Llﬂ'I‘Wﬂ15°|/]'l\1']1ﬁ]'€]\‘1lﬂ%'0\1ﬁ'€]ﬂ15ﬁ51\1§$ﬂlll“]5ﬁaﬂ‘]slmgllﬂﬂv\lﬁﬂﬁ

Taeldmda invokedynamic

Y =

Fuduaronsii e class naaz Tdaungaualasludldamewsounsdmsuldan

v A (2

a o @ o 9y o Ix Y Aq Yo J A

sruuEanyuzuuunada laginsaummadlua laanlddmsuisonneudainmeivse
o ' dal v o o . . o & . . o & .

wroa laglud Idamartioglugilve ey invokestatic M4 invokevirtual A4 invokeinterface

o & . L 0 o &0 Ay @ o & ) 0
1Hag e invokespecial Fevzrimsutasdmduvaril lhiluses invokedynamic H®NIINITN

[

Y H
mauasludIfauda ludniidssuaaveulumsnaalud danidlussddlszneudAgydimsy

P4
=

o ' v o @ . o a o ! A
MIMUTINAUAIFS invokedynamic Tagazsinnisnan lud Inaluaiuveauusenisuauiy
A 9 A ] A o & . ~ g ¥ &
INTIZITOAUANIZ YN TFNeMTY invokedynamic gniTonitluasansn dnelumson

2 o o & 5 { g s 5w o &
Gudurzgimimsadmdddudldaniuesalseneudidnfodideiion1¥91u Delegate
Bootstrap Method 11301509 DelegateBM d15unsisonldaiudanssaiunisangalagaz

ATIAR AU ANLTAV IR N UINAIAT invokedynamic gnizonIFaunassnuteulvvesns

o A " Y o Vo A o A 9o s do E
ﬂﬂﬂﬁi@]lll ﬂT@]"ILLWu\‘]ﬂQﬂarl@“lﬁ\‘]ﬁn\llx‘]@ullﬁllﬁllaﬂﬂ"ﬁ@lﬂi]ﬂﬂ@Wﬁlu?%ﬂﬂﬁlwﬁﬂTﬂuﬂﬂIUﬂﬂg
=

o % o o . Y 2 2q ol
mmsanlud 1aa Tasl¥@2590 lud 189 (Bytecode combinator) &4 Tuaiuinwamnvuil 143




23

Aspect-aware Bytecode Combinators #3® AABC Tumisauszninamuzimaaziszinnign

v
o o =

Weu 3 lunand aspect AUINTOANAINS invokedynamic #oamsisenlyau Tasaznszsinnslu
=

o ' 3 A o'd'dy o o ] a o o
gﬂ?@]f}ﬂl@ﬁﬂﬁWﬁ MethodHandle mgﬂummuwaamm‘nﬂﬂmmgmumiq €] VBNAILUS U

v
[ o

o 1A . . < < Y
nag@nUINA1d9 invokedynamic A09n15i5en 1910 1aSaudainezdeinguesnaid
{ @ 4 o o ) o
MethodHandle #1 laknud14nuna1d ConstantCallSite 1o ldingaoa lodvonindrmsnldau
VA invokedynamic taziiio 150NN UAIGS invokedynamic Tudumiuaudn
< @ ] o 2 1
assnaunsaiionlfanuiagaealedla laoaselasludewin luinuluwseaisududn uad
=\ % (J o Aa o 3 9 o A 2 Y A 2 A o
umsdsvlyednugtiusianyas lnunzuhnunuseasuaudnasuned Sl ey

aunlaudludr dwmsudasulud Idauaazdseinnazesuieludiuda 11

d o v v
32 mseenuuuhmnsaminiuadedanesaaumsaaga
sdupulse Tendldauasuns Aspect] dmsuldaulunmsadumsdaga’laoiuie
Y A J = Y 1 A o @ [ é’ o
nifazANunIgveduaazlIauad luaiui 2.2 dmsuluaiulagiinisesnuuy
heonsaidmSuaiudussdumidaga luniseenuuuszordogduuumsieuivelFaue

nuzihuaazlszinnlu Aspects Tagmsldauasawesdasdiunsaagaaziinnldlumson

1]
v A

A g A o 1Y o s  Jq 9 0 A 9 a

Fuduiiod1ureanuazanundia s a5 1damsaiinsdenyadandoanis lnoll
Y
J1eazReandno 1l

J @ 1 (% Y o o =1 =\

Tensalvesdanasdrunisanga laiinisiau Tasfeuglunumsdounay

[ Aa o Y] . I

ANVHUNIIAINNANNITVRINT TUSUNTUBIAAB UL A Aspect] (Kiczales et al., 2001) H913u

H Y
i‘ITHTVIWGJJ‘LH%‘L!T@ﬂmWWZ’@?THTU{1“1911\1WHGIHJ’I’TﬁﬂfﬂielJENfﬂiIﬂiLLﬂiML%Qﬁﬂ‘Hﬂ!%ﬂUﬂﬂsﬂiﬂ’N

9
[

TagnToellod 1S uldad19d19dUN1TANYAVD99TUIToiAD ANTLR (Parr, 2010) %9
[ o [ @ [ @ ~ A o 3
HUVBEN (Pattern) A5 UAMIIdINMIAAYAnandlugU 3.2 uaz honsainhnmsad iy
o ~ I a AnAaR A ) @ A Ay 3‘.:
asaasluzd 3.3 Wumsiewnguosidazailutou ludrmsumsidongaideants msaa
Joulvvesnmsaagaanior @ lashidaumaenulaely tag (&&) vio (|) uaziA3oanane
Aa A A o = o Y = A A y
s (1) Tumamiuiteu lvvesmsaagagazyi Iinms@euTdsunsuaunsaifengandenis
o o 1 Y é’ % 1 Y d' Y é’ o 1 [ Y
auanuziiuaazlszian ldiern Tasaauasgrumsanganad197uzihnusWAuaI5IY
IS 9 = o @ 1 @ dy = 9 1
ludTaa AABC Fanszurumsinauvesdmssdiunsaagativzgnisonldnuludiuves
d' % 1 % dal % = 1 AAA
1599 DelegateBM m1u31/7 3.1 Tagdamasaiunisaagativzaiuayiiioan nd1uveaida

Z R Y 1A A . VY S
Nanualu Aspect] 1MUY 1@1n WA call NEA execution LALHTA withincode



24

PCD

Pattern

Y

Package Classname Method

3UN 3.2 uRUMMAALUVRERIA NS VAIIAIUNTAAYA

// part 1/3

unit
expression EOF
;
expression
VIroM (! expression 1Y)
| ‘(' expression ')’
| expression ‘&&’ expression
| expression ‘||’ expression
I pcd
| VIYoped
;
pcd
call
| execution

| withincode




25
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public class Aspect{

//************(l) . for Before adVice *********************//
@Before ("call (* *(..)) &&
'withincode (public static void main())")
public static void before (Context ct)
{

// write some action here

//************ (2) . for After advice *********************//
@After ("call(* *(..))&&
!'withincode (public static void main())")
public static void after (Context ct, Object
returnValue) {
// write some action here

//************ (3) . for After_return adVice **************//
@AfterReturn ("call (* *(..))&&
'withincode (public static void main())")
public static Object afterReturn (Object returnValue)
{
// write some action here
return returnvValue;

//************ (4) T for Around adVice ********************//
@QAround ("call (¥ *(..)) &&
'withincode(public static void main())")
public static Object around(Context ct)
throws Throwable({
// write some action here
return ct.proceed.invokeWithArguments (ct.argument) ;

(2 1

5107 3.4 1081 9MsAsUAMUZIITIa N yuzuaazlssnndmsulFuny

U

v Y
FLULFBIHULUUUWATANWALNUYU
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public aspect Aspect{

//************(l) . for Before adVice *********************//
before() : call(* *(..)) &&

'withincode (public static void main()) {

//write some action here

//************ (2) . for After adVice *********************//
after () : call(* *(..)) &&

'withincode (public static void main()) {

write some action here

//************ (3) . for After—return advice **************//
after () returning (Object o): call(* *(..)) &&

'withincode (public static void main()) {

write some action here

//************ (4) . fOr ArOund adVice ********************//
Object around() : call(* *(..)) &&

'withincode (public static void main()) {
write some action here

return proceed() ;
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if (declare.annotationType () .toString() .
endsWith ("Before"))
{
1f(
check (
new ANTLRInputStream (
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Before.class
) .value ()
)I
info, tp, callfromMethod,
access, tpcallfromMethod
) '=null
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mhCombine =
CallBeforeAdvice.beforeAd
aopAdvice,
mhCombine,
type.parameterCount ()
) -.asType (type) ;
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elseif (declare.annotationType () .toString() .
endsWith ("After"))
{
if(
check (
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else if (declare.annotationType () .toString() .
endsWith ("AfterReturn"))
{
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else if (declare.annotationType () .toString() .
endsWith ("Around"))
{
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1) ct.proceed.invokeWithArguments (ct.arqg);

2) ct.proceed.invokeWithArguments (ct.arg[0]);
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Abstract— This paper presents a weaving implementation
named Aspect-Aware Bytecode Combinators (AABC) to help
optimization of the dynamic AOP using invokedynamic, which
has been included in the JVM since Java 7. The main
contribution of this paper is to demonstrate how a dynamic AOP
system could be developed with invokedynamic. This paper
discusses 4 common kinds of advice, which are supported by
AABC. They are before, after, around and after-return advice.
This paper argues that filterArguments and
filterReturnValue natively supported by the JVM are not
suitable to use as the weaving mechanism as they have incorrect
semantic to implement AOP advice. It is also found that they
have some performance overheads to serve as the weaving
mechanism. Thus, this paper presents a new set of bytecode
combinators, named AABC, which are carefully designed to
match the semantic of the pointcut-advice model of AspectJ. The
experimental results showed that performance of AABC in the
before advice experiment is faster than the standard bytecode
combinators. In addition, the paper demonstrated that the
around advice can be successfully implemented using
MethodHandle supported in Java 7.

Keywords—dynamic AOP; runtime;
invokedynamic;

weaving mechanism;

L. INTRODUCTION

An ability to modify a system during runtime is a vital
requirement for business applications that must run all the
time. For this reason, there are several efforts to solve this
problem. It has gained attention by several research works
[15], [14], [2], [16] as one of the important software
engineering properties for the middleware. One of these
concepts is hot swapping. Hot swapping is supported by
several dynamic languages such as Lisp, Erlang, Pike and
Smalltalk. In Java, this ability has been found in the JVM Tool
Interface [18]. It can replace system components during
runtime without interruption or shutting the system down.

For decades, middleware systems have been implemented
using object-oriented programming (OOP) because it has been
proven to be wuseful for software maintenance and
modification. However, there are some concerns that cut
across the system and cannot be separated into modules using
OOP. These problems can be solved by aspect-oriented
programming (AOP) [10] with modular units that encapsulate

Chanwit Kaewkasi

School of Computer Engineering
Suranaree University of Technology
Nakhon Ratchasima, Thailand 30000
chanwit@sut.ac.th

crosscutting concerns. One of the most well-known
programming languages in the AOP area undeniably is
Aspect] [11], an AOP extension for the Java programming
language. AOP copes with crosscutting concerns by allowing
separation of similar sets of behavior out of a system’s points,
called join points, into a module. These join point locations
are expressed by pointcut designators, and the module is
called an aspect. Later, the system can be recomposed the
aspect back to the system. This mechanism is called weaving.
In Aspect], the weaving process is usually done at the
compile-time or the load-time. It is categorized as static AOP,
whereas static AOP cannot weave during runtime. It is
difficult for administrators to maintain system during runtime.
Thus, how aspects are woven during runtime has been
investigated. One of popular mechanism to build dynamic
AOP is hot swapping which had been contributed by several
research works such as PROSE [15, 14], Steamloom [2], Wool
[19], IBossAQP [7], AspectWerkz [22], JAsCo [21], HotWave
[23] etc. These systems are categorized as dynamic AOP
systems. However, the performance of dynamic AOP is slow
when compared to static AOP. This limitation has motivated
several research works to speeding the weaving mechanism
up.
Recently, the Java Development Kit (JDK) has introduced a
new feature to support dynamically typed language by
including the invokedynamic instruction into the JVM
[17]. The mechanism of invokedynamic which will be
discussed in Section II (4) can be implemented to build
dynamic AOP to help optimization of the dynamic AOP.

There is a previous work that has investigated techniques to
translate method invocations to invokedynamic [8].
Surprisingly, this notion to build dynamic AOP by
invokedynamic has also been implemented independently
in JooFlux [16] but some semantics of AOP advice are
incorrect and incomplete which will be discussed in Section II
(C). Hence, this paper aims to present new combinators, that
are preferable to build dynamic AOP advice, named Aspect-
Aware Bytecode Combinators (AABC).

This paper is organized as follows. An overview of AABC
is discussed in Section II. Section III describes the
experimental design and experimental results. Section IV
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discusses related work in the area of dynamic AOP. The paper
ends with conclusion and future work in Section V.

II.  ASPECT-AWARE BYTECODE COMBINATOR

This Section describes Aspect-Aware Bytecode Combinator
(AABC) and its related components. AABC is the main
contribution of this paper to demonstrate how a dynamic AOP
system could be developed with invokedynamic. The
block diagram of AABC is shown in Fig. 1. In Fig. I, the
diagram consists of a set of JVM instructions as the input.
They are .class files which will be 1) programs running in the
dynamic AOP system will be transformed by the bytecode
transformer to change invoke instructions from other kinds to
invokedynamic and 2) advice codes to be woven into the
programs. The transformation rules that use with the
Invocation Transformer are adopted from [8]. The overall
system that uses AABC must be comprised from the following
components.

A. invokedynamic

Java SE 7 has been extended to support other languages
beside the Java programming language. To this end, a new
instruction, invokedynamic, has been added into the JVM
[17]. The role of invokedynamic in a dynamic AOP system
is that it allows altering semantics of method invocations
during runtime. The Invocation Transformer component in Fig.
1 performs replacing method invocations, such as,
invokestatic, invokevirtual, invokeinterface
and invokespecial to invokedynamic as discussed in
[8]. After transformation of method invocations is completed,
Invocation Transformer will generate a bootstrap method,
which is responsible for creating a MethodHandle for each
invocation. After an invokedynamic instruction is
dispatched for the first time, its associated bootstrap method
will be called once. An instance of MethodHandle will be
created and assigned to a CallSite object, which is returned
from the bootstrap method to the JVM. A MethodHandle
here can be combined from standard bytecode combinators, or
AABC proposed in this paper to support the features of AOP.
Obviously, in this category of dynamic AOP systems, the
pointcut matching and the dynamic weaving process are
designed to perform inside the bootstrap method.

Fig. 4 shows an example of a bootstrap method for weaving
(a) a before advice, (b) an around advice, (c) an after-return
advice and (d) an after advice to the MethodHandle “target”
using AABC. The overview structure of advice declaration will
be discussed next, in Section II (B).

B. Advice codes

AOP is a paradigm to manage crosscutting concerns to
make a system has better modularity. In the pointcut-advice
model, an aspect contains a set of pointcut expressions for
quantifying join points, which can be method calls or
constructor calls, for example. After selecting, these join
points can be advised by new behaviors, so called advice
codes. There are several kinds of advice in AOP. Although,
the advice model supported by AABC is designed to follow
Aspect], they are slightly different due to the limitation of
bytecode combinators in Java 7.

Advice codes to-be-woven
into the Java programs

Java programs in
class form

AABC
A 4
HE 4
Invocation
Transformer Bootstrap
Method

v : A 4 h 4

Java programs with
invokedynamic

- CallSite Object

Fig 1. The concept of a dynamic AOP system with AABC.

This paper discusses 4 common kinds of advice, which are
supported by AABC. They are before, after, around
and after-return advice. Firstly, a before advice is an
advice code that will be woven to the pre-processing position
of the join points. At this position, the advice code can observe
values of parameters or performing some actions before that of
the join point. Secondly, an after advice is an advice code
that will be woven to the post-processing position of the join
points. Similar to a before advice, it can observe values of
parameters, and performing some actions after the action of
the join point is taken. Thirdly, an after-return advice
acts similarly to an after advice except that this kind of
advice allows modification of the return value of the joint
point. Finally, an around advice is an advice that can modify
or change the semantic of the original join points. An around
advice can perform the action of the original join point by
invoking “proceed™ In a dynamic AOP system supported
by AABC the semantic of “proceed” is implemented using
a MethodHandle as motivated by [1]. Advice codes to be
woven into the programs are shown in Fig. 3. Their
corresponding advice codes written in Aspect] are shown in
Fig. 2.2.

Fig. 2.1 shows an example of a pointcut expression
written in Aspect]. It is used by the Fibonacci benchmark in
the experimental Section. The pointcut expression select
calls to every method, call (* * (..)), within class Fib,
within (Fib), except calls inside the method main,
!lwithincode (public static void main()). This
pointcut expression has an equivalent semantic to the
bootstrap method illustrated in Fig. 4. MethodHandle
“target” inside the bootstrap method is the current join
point, prepared by the Invocation Transformer and stored
inside array “mh”. Of course, this excludes method main, as it
is not used to measure in the experiments. Next, a
Methodhandle of an advice code will be looked up. In the
example, (a) a before advice, (b) an around advice, (c) an
after-return advice and (d) an after advice will be
used. Both current join point target and the
MethodHandle of method before advice will be passed
into class CallBeforeAdvice, AroundAdvice,
CallAfterReturnAdvice and CallAfterAdvice
in sequence to weave there. Each class is responsible for
creating AABC that returns a woven method handle, “mha”.
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(b) around advice

Table . EXPERIMENTAL RESULT OF BEFORE ADVICE.

Exec. Plat. Mean (s) Overhead (%)
Fib FFT LU Fib | FFT | 1U
aj -server 0.53 1.34E-04 1.04E-02 100 100 100
sbc -serve 291 1.59E-04 1.06E-02 553 118 102
aabc -server 1.98 1.41E-04 1.06E-02 376 105 102
aj -client 0.53 1.34E-04 1.04E-02 100 100 | 100
sbe -client 291 1.58E-04 1.05E-02 553 118 101
aabc -client 1.98 1.41E-04 1.05E-02 376 105 101

Table II. EXPERIMENTAL RESULT OF AROUND ADVICE.

Exec. Plat. Mean (s) Overhead (%)
Fib FFL U Fib | FFT | LU
aj -server 0382 1.44E-04 1.04E-02_| 100 | 100 | 100
aabc -server 4.34 1.57E-04 1.06E-02 553 118 101
aj -client 0.2 1.44E-04 1.06E-02_| 376 | 105 | 10l
aabe client 131 157604 1.04E-02_| 100 | 100 | 100
transformed from an original invocation instruction is

formatted as below.

INVOKESTATIC
th/ac/sut/Scimark2/LU.new _copy ([I)I[I

is transformed to

INVOKEDYNAMIC
l:th/ac/sut/scimark2/LU:new_copy ([I)[I

The format uses colons as delimiters. The name and type
information is split as the array names in Fig. 4. Element

Fig 5. Bar charts illustrating performance results for each kind of AOP advice (lower is better).

(d) after advice

Table III. EXPERIMENTAL RESULT OF AFTER-RETURN

ADVICE.

Exec. Plat. Mean (s) Overhead ~%)
Fib FFT LU Fib | FFT | LU
aj -server 0.52 1.34E-04 1.05E-02 100 | 100 | 100
sbeZ-server 114 1.36E-04 1.06E-02 219 102 101
aabc -server 115 1.36E-04 1.06E-02 219 102 101
aj -c _ient 0.53 1.33E-04 1.06E-02 100 100 100
sbc -client 1.15 1.36E-04 1.05E-02 218 102 99
aabce -client 114 1.36E-04 1.06E-02 217 102 100

Table IV. EXPERIMENTAL RESULT OF AFTER ADVICE.

Exec. Plat. Mean (s) Overhead (%)
Fib FFT LU Fib | FFT | 1U
aj -server 0.52 1.34E-04 1.05E-02 100 | 100 | 100
aabc -server 1.98 1.41E-04 1.05E-02 383 105 100
aj -client 0.52 1.35E-04 1.07E-02 100 | 100 | 100
aabc -client 1.98 1.41E-04 1.09E-02 379 104 102

names[0], “1” in this example, is the index of the array of
Methodhandle that point to the target method of this call
site. Element names[1], “th/ac/sut/scimark2/LU”,
is the owner class name. Element names [2] is the method
name of this call site, in this example “new_copy™.

AABC supports four common kinds of advice. The
implementation is shown in Fig. 4. Its have the following
components.

e Class CallBeforeAdvice in Fig 4 (a) is used for

weaving the before advice code in the Fig. 3 (a). It
combines two MethodHandles, the MethodHandle
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of method beforeAdvice with a MethodHandle of
target method. It is also optimized to remove some
addition overheads found in the standard bytecode
combinators, mentioned above.

Class AroundAdvice in Fig 4 (b) is used for weaving
the around advice code in the Fig. 3 (b). It combines two
MethodHandles between the MethodHandle of
method aroundAdvice with a MethodHandle of
target method. It supports invocation of the original
join point via an efficient use of MethodHandle as the
proceed statement.

Class CallAfterReturnAdvice in Fig 4 (c) is used
for weaving the after-return advice code in the Fig. 3 (c).
It combines two MethodHandles, the
MethodHandle of method afterReturnAdvice
and the MethodHandle of target.

And class CallAfterAdvice in Fig 4 (d) is used for
weaving the after advice code in the Fig. 3 (d). It
combines two MethodHandles between the
MethodHandle of method afterroundAdvice
with a MethodHandle of target method.

AABC supports Context to supplement each advice to help
pass the arguments of target to an advice code.

III. EXPERIMENT

To evaluate the performance of the newly developed set of
AABC, the experiments have been conducted on an Acer
ASPIRE laptop 4830G, CPU Intel Core i5-2410M at 2.3 GHz,
RAM 8 GB running Windows 7 Ultimate 64-bit. The Java
Development Kit 1.7.0_09 for 64 bit has been used as the
JVM in these experiments. The Invocation Transformer is
implemented using ASM 4.0 [4] as this version supports the
invokedynamic instruction.

There are 4 experiments of before, after, around and
after-return advice, according to the common kinds of
supported advice in Aspect]. Benchmarks of each experiment
running on Aspect] version 1.7.1 were used as the
performance baseline. These AOP advice codes can be written
in plain Java, as shown in Fig. 4. Method bodies of all advice
codes are empty, except the around advice code that contains
only a simple statement to call proceed.

Each experiment employed 4 benchmarks from SciMark
2.0 [20], i.e. Fibonacci, Fast Fouier Transformations (FFT),
and LU matrix factorization (LU). In case of before advice and
after-return advice, Aspect] (aj), standard bytecode
combinators (sbc) and AABC (aabc) were compared. The scb
implementation is derived from the implementation of JooF lux
[16]. Other two experiments, namely around advice and
after advice, does not contain results from the scb
implementation because JooFlux simply does not support
them. Each implementation was running on both server and
client VM configurations, and bb.util.Benchmark was
used as the measurement tool [3].

Fig. 5 shows the experimental results that consist of (a)
before advice, (b) around advice, (c) after-return advice and
(d) after advice. Table 1 show to 4 numerical Fig.5 from the
experiments. Note that, CI is the 95% confidence interval
values. Not surprisingly, the experimental results indicated
that performance of the dynamic AOP system is slower than
the static AOP implementation. However, the result also
indicated that AABC is faster than the standard bytecode
combinators in Java 7 because the current set of bytecode
combinators were not designed to support AOP.

In the case of Fibonacci, it is much more slower than FFT
and LU because the overhead occurred from recursive calls. It

is obvious that there are still rooms of optimization for the
invokedynamic subsystem in the JTVM.

IV. RELATED WORK

This paper explores a feasibility to develop a dynamic AOP
system using invokedynamic by introducing a new set of
bytecode combinators. There are several research works that
focused on exploring dynamic AOP Systems, such as PROSE
[15, 14], Steamloom [2], AspectS [5], HotWave [23], Wool
[19], JAsCo [21], DJAsCo [13], DandyJ [6], Groovy AOP [9]
and JooFlux [16].

PROSE is one of the first known works to create a dynamic
AOP, it explored a possibility of modification of JVM
application codes at runtime.

Steamloom is the work seeking on how to hot weaving
aspects and unweaving aspects out of the system. Weaving
mechanism in Steamloom is done by dynamically subclassing
and overriding target methods.

AspectS took another approach to build a dynamic AOP
using meta-object protocol (MOP), which is a mechanism that
shares the same concept of invokedynamic. Callsite
dispatching in MOP is much slower than invokedynamic
implementation in a virtual machine. The performance
problems one of the main motivations that drove the
implementation of invokedynamic in Java 7.
Implementation of a dynamic AOP over MOP is done by
intercepting method calls and weave an AOP advice into the
layer of MOP.

Groovy AOP is a work to develop a dynamic AOP for the
Groovy language. Beside MOP implementation, Groovy AOP
supports Groovy JIT which allows recompilation of the woven
code into bytecodes.

Recently, JooFlux has illustrated how to develop a basic
dynamic AOP system with invokedynamic using the
standard bytecode combinators of Java 7. JooFlux has a
bytecode transformation agent to convert invocation
instructions into invokedynamic before perform weaving. It
supports two kinds of advice, namely before and after.
However, the after advice of JooFlux actually implements
after-return advice of the poincut-advice model of Aspect]. In
addition, JooFlux lacks of around advice which is presented in
this paper.

V. CONCLUSION AND FUTURE WORK

This paper has presented a new set of bytecode
combinators, AABC, for invokedynamic. Motivated by in
other previous work [8], this paper also showed that it is
possible to develop a dynamic AOP system by utilizing the
invokedynamic instructions in Java 7. The work presented
in this paper took several concepts from the class
MethodHandle in package Jjava.lang.invoke,
standard bytecode combinators, filterArguments and
filterReturnvValue, to develop AABC. AABC has been
designed to have the close semantics to the advice model in
Aspect].

The experimental results showed that performance of
AABC in the before advice experiment is faster than the
standard bytecode combinators, as illustrated in Fig. 5 (a). In
addition, the paper demonstrated that the around advice can be
successfully implemented using MethodHandle supported
in Java 7.
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pointcut fin() : call(* *(..))

&& within(Fib) &&
! withincode (public static void main()):

Fig 2.1. A simple pointcut declaration written in Aspectl.

(a). before advice
before() : fin() ¢

]

(b). around advice
Object around() : fib() {
return proceed():

1

(c). after-return advice
after() returning (Object o): fib() {

]

(d). after advice

after() : fib() {

)

Fig 2.2. Examples of AOP advice declaration written in Aspect].

Weaving mechanism inside each classes will be discussed
next in Section II (C). Finally the woven method handle is
assigned to the call site. Fig. 4 lists all weavable advice,
written in Java, supported by AABC.

C. Bytecode Combinator

From the study of JooFlux [16], the author suggested that
an AOP advice can be developed using the concept of
bytecode combinator from the class MethodHandles in
package java.lang. invoke. To develop a mechanism to
weave  before  advice, the  combinator  named
filterArguments is used. In the similar way, a
mechanism to weave after advice can be done using the
combinator named filterReturnValue.

In addition, this technique is generalized to support
arguments of any type and size by applying asSpreader
and asCollector. Combinator asSpreader is responsible
for making a MethodHandle to accept parameters in the
form of a single Object []. For example, MethodHandle
with signature (String, String) : void will be converted
to a new one as (Object[]):void. In contrast,
Combinator asCollector is responsible for converting a
MethodHandle with the parameter type of Object [] into
a specific set of types.

JooFlux uses asSpreader inconjuction  with
filterArguments to achieve the behavior of before
advice. It also uses asCollector and
filterReturnValue to implement after advice. It is
important to note that after advice mentioned in JooFlux
actually contains the semantic of after-return advice as
it allows to alter the return value of the join point.

This paper argues that filterArguments and
filterReturnvValue natively supported by the JVM are
not suitable to use as the weaving mechanism as they have
incorrect semantic to implement AOP advice. It is also found
that they have some performance overheads to serve as the
weaving mechanism. Thus, this paper presents AABC, which
are carefully designed to match the semantic of the pointcut-
advice model of Aspect].

Used by code listings shown in Fig. 4, the name and type
information used by an invokedynamic instruction

(a). before advice

public static void before(Context ct){
// write some action here
)

(b). around advice

public static Object around(Context ct,MethodHandle proceed)
throws Throwable{
/ write some action here
return procesd.invokeExact():

(c). after-return advice

public static Object afterReturn(Context ct, Object returnValue){
// write some action here
return returnValue:

(d). after advice

public static void after(Context ct, Object returnValue){
/ write some action here

Fig 3. Example of AOP advices use with AABC.

(a). Bootstrap method for weaving a before advice.
public static CallSite bootstrap(MethodHandles.Lookup caller,
String name, MethodType type)throws...{
String[] names = name.split(":"):
MethodHandle target = mh[Integer.valueOf (names[0])]:
MethodHandle beforeAdvice = MethodHandles.lookup().findStatic(
FFTBefore.class, "befors",
MethodType .methodType (void.class, Context.class)):
MethodHandle mha = CallBeforeAdvice.beforeAd(
beforsAdvice, et.asType (target.type() .generic(}),
names({1], name 1,type.parameterCount(}).asType (type):
return new ConstantCallSite(rmha):

]

(b). Bootstrap method for weaving an around advice.
public static CallSite bootstrap(MethodHandles.Lookup caller,
String name, MethodType type)throws...i{
String[] names = name.split(":"):
MethodHand: rget = mh[Integer.valueOf (names[0])]:
MethodHandle aroundAdvice = MethodHandles.lookup().findStatic(
FibonacAround.class, "around",
MethodType .methodType (Object.class,
Context.class, MethodHandle.class)):

MethodHandle rha = AroundAdvice.aroundid(
targst.asType (target.type().generic(}), aroundidvice,
type.paramesterCount(}).asType (type):

return new ConstantCallSite (mha);

)

(c). Bootstrap method for weaving an after-return advice.

public static CallSite bootstrap(MethodHandles.Lookup caller,

String name, MethodType type)throws...{

String[] names = name.split("

MethodHandle target = mh[Integ

MethodHandle afterReturnAdvice =
findStatic(After
MethodType .method’
Object.class}):

MethodHandle asObject = target.asType(
type.changeReturnType (Object.class)):

MethodHandle wha =

CallAfterReturnAdvice.afterAd(afterReturnidvice,
asObject) :

return new ConstantCallSite(mha.asType(type)):

)
(d). Bootstrap method for weaving an after advice.

public static CallSite bootstrap(MethodHandles.Lookup caller,

String name, MethodT: ype)throws...{

String[] names i

MethodHandle .valusOf (names[0]}];

MethodHandle afterAdvice = MethodHandles.lookup().findStatic(
FFTAfter.class, "after”, MethodType.methodType(void.class
Context.class, Object.class)):

MethodHandle rha = Calld

valu=Of (names[0]}];
ethodHandles.lookup () .
rn.class, "after”,
pe(Object.class, Context.class,

ivice.afterRd(afterAdvice,
targst.asType(target.t c()),names(1], names(2]
type.parameterCount(}) .asType (type):

return new ConstantCallSite(mha):

Fig, 4. Bootstrap methods for weaving each kind of AOP advice used by
AABC.
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From the work presented in this paper, it is interesting to
find that implementation of filterArguments is slower
than filterReturnValue. This investigation of how
filterReturnValue is implemented should be studied in
details. Of course, another optimization that can boost the
current weaving mechanism will be investigated.

Although the performance of AABC-based dynamic AOP
is slower than a static AOP system such as Aspect], the
AABC approach still provides an important property, which
allows the system’s behaviour to be altered without shutting or
restarting the system. This is an advantage provided by the use
of the new invokedynamic instruction of java SE 7.
AABC is the work-in-progress, so it is not that easy to use at
the moment. Proper pointcut matching facilities are being
implemented. Also, the Invocation Transformer part used in
this paper is still limited. It is being improved for generality.
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public aspect Aspect|

1) before() : call(* *(..)) &&
!withincode (public static void main()){
write some action here
]

2) after() : call(* *(..)) &&
!withincode (public static void main()){
write some action here

}

3) after() returning (Object o): call{* *(..)) &&
!withincode (public static void main()) {
write some action here
}

4) Object around() : call(* *{..)) &&
!withincode (public static void main()){
write some action here
return proceed();
l

el - ' &
UM 3. adenisathy Aspect D3 AspectJ

public class Aspect{

1) @Before("call(* *(..)) &&
!withincode (public static void main())")
public static void before(Context ct})(
write some action here

)

2) @After("call(**(..)) &&
'withincode (public static void main())")
public static void after(Object returnTarget,
Context ct){
write some action here

)

3) @AfterReturn("call(* *(..)) &&
'withincode(public static void main())")
public static Object afterReturn(
Object returnTarget) {
write some action here
return returnTarget;

]

4) @Around("call(**(..)) &&
'withincode (public static void main())")
public static Object around(Context ct)
throws Throwable(
write some action here

return ct.proceed.invokeWithArguments (
ct.arqg);
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ct.proceed.invokeWithArguments (ct.arg[0]);
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