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Just-in-Time Weaver for Efficient Java Dynamic AOP Systems

YOSHIKI SATOt and SHIGERU CHIBA*

An aspect-oriented programming (AOP) is a programming technique for modularizing cross-
cutting concerns, cutting across modules such as distribution, synchronization, and logging.
The modularized crosscutting concern is called an aspect. Recently, there has been grow-
ing interests in dynamic AOP systems which can weave an aspect in a program at runtime.
Dynamic AOP systems have several advantages that promote rapid prototyping and enable
us to describe adaptive programs based on runtime information. In this paper, we propose
just-in-time hook insertion technique for efficient dynamic AOP sysytems. Then we present
an aspect weaver called Wool based on this technique. Although there are various existing
techniques for dynamic AOP systems in Java, such as implementing an original VM, using a
debugger, and inserting a hook in all join-point statically, have been proposed, huge perfor-
mance degradation is a problem of these techniques. To reduce performance degradation, the
technique proposed in this paper uses a mechanism for redefining a class at runtime, which
the JPDA of Sun JDK1.4 supports. With this technique, the join-point is intercepted by a
debugger with serious performance penalties only for the first time, but a hook is statically
embedded at that join-point at the same time so that the join-point can be intercepted later
with negligible penalties, and there is no degradation in use of classes without influence from
aspects.
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Fig.1 State of stack in execution.
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}
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1: public class HistoryAspect extends WlAspect {
2: Pointcut record
= Pointcut.methodCall("*","BookShelf","search"
"(Ljava/lang/String;)V");
3: public void weave(Wool wool) throws WeaveException{
4: wool.insert(new WlBeforeAdvice(record) {
5 public void advice(TargetInfo t) {
6: recordBook(t.retValue()); } });
7: }
8: wool.insert(new WlAfterAdvice(record) {
9 public void advice(TargetInfo t) {
10: recordKey (t.args(1)); } 1);
11: }
12: public void initWeave(Wool wool)
13: throws ThreadNotWeavableException {
14: wool.filterClass("~java.*| sun.*", false); }
15: public void beforeWeave(Wool wool)
16: throws ThreadNotWeavableException {

17: if (wool.hasActiveFrame("main")) wool.skip(); }

4 Wool &7 A7 il (HistoryAspect)
Fig.4 An example of aspect for Wool.
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% AfterAdvice % £ D, advice() IZ join-point T
79 2% 5B T 5. advice() 1213, join-point D
RPN L 724 7Y = 7 + O, 518D ERRE
DayTxAMMEREZEML 72 TargetInfo 7Y =
7 E0EING, £, BIERETIZ Wool 1 around
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vhuy oy av T oDy 7R AV Y
vAELTENL, #iisalIhizy 7 AEEAD
TI7RAE, 2Oy 7 2ALTT) LK)l
BHFEITD 7 5 AEHEDBIMNZ IS 5 2 L93T
EBLEZTVD,
4.3 weaver % Gilffl 9 % F0ARk
Wool TP? AR L 70y 7 6%2ERT 5121,
a7 ANERZ, Wool ZEEI¥ %2 —F Ziibkd
LIEL, 7077 LD S, Wool ZiEE)T 5
kLD 2N H 5, BRI FIZRT & )i,
Java 707 7 LA TRBT 2 HLa~vy F 2L vn
ST 250035 %,
NiA 5
WlAspect azpect
=WlAspect.forName ("CertainAspect");
Wool wool
=Wool.connect ("my.domain.com", 5432,
azpect);

wool.weave (azpect) ;

S 5

% wool -weave CertainAspect -address 5432

7a 77 LND S Wool D weaver % B § 2 54,
TARZ b 2RTATY =7 &AL, Wool %%
TATY 2T b, 72 AT L0EEL T % URI
(Uniform Resource Identifiers) &R —F &5, &k
TETARY PP THERT S, 20, HERTHE
507 Wool 47 =7 + @ weave(), unweave () %
fioT7 A7 L OB, YIDEEL 2179, a<wvF
FAvTHlTae A o lEET 2541, avrF I
A58 EL T-weave T 7> a v EGRT 57 AR
b, Y7V AT LDEET S URL LR —FHFEF2E
fHET 5.

Wool 13, BIFFICT AR 707606,
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#£ 1 weaver Z{illflIT 220D XY v F

Table 1 Methods for controlling weaver.

weaver HIHIFAREE | WENn25 407

ERA I FES

weave [E#£DHIHL

BrLv2 7 2% FERT 5 IENT
L w7 2DOHERL 7EHE
7 7 AEHK % LIS R T ER

7 7 AR LR T HE

initWeave ()
beforeWeave ()
afterWeave()

beforeUnweave ()

afterUnweave ()

filtering() T7 A7 b SWET 27 7 A%4G
skip() T7 7 APERNIE 2% v 7
regardActiveFrame() T active 7 L — ANMIGD A % g
skip() T7 7 AMERNIE 2AX v 7

I/O AV —24%ZPL 274 LE O finalize ULBE

B7A4NZYT

weaver % Tl 4 2 e % $21t 9 5. weaver Dl fH
L, TARZ LRI T LABERLEY, YD
SN2 AV TR ERTARLIZDTEILETH
b, ZDOIZ, TARZ 705 LADOHT weaver
DYWL (initWeave D), 7 A7 b DEEDHIHE
(beforeWeave(), afterWeave()), 7 A7 + DY)
DBEEL DRI (beforeUnweave(), afterUnWeave())
TOWNHZGIRT 2 2 EMNTE S, BRI

WlAspect 7 7 ADIA—)L Ny 7 X v F & L THfE
I, weaver Z HilfHlT %7 DHIC Wool FT A7 =
JEBEIND,

3.2 fliT/RL 72 X 912, DAOP IZ##7% AOP Sif
LEST, TARIZ TR T 706K TH9 43
YIBTOT T LDEFICKESELKIET. Ly
L, 702 7 L9806 weaver Z i8I 554, »
D weave T AHDD, WO AT T AMIKMENED
DFESLKAETH S, £/, Efrho7ur I A
D active 7L — AT, TENAZAZFETT20E )
U FETIRERZ b LICRRICE SN R T UE R 5
%\, Lo, Wool ¥, 707 7 LHERICE
HIN25 A4 v 7 2HlHT 2 MANBETD 3.
X 4 © 12~17 fTHIZ weaver Z T2 2 —F % il
WL 72bDTHDY, F1 IS Wool 343 2 A A
v h &2 ITHRER LI OB 2 R8T,

4.4 Java TOIVANAVTAL - Ty IIBS

AP

3ET, BADREL AP YA I A VI AL Ty
7 WD IAR M % Java THEET 2 720 OFM % Fik
ZHHT 5,

REAE Woolld, PY ALV IAL Ty
MO IAR T % Java THEET 57012 JPDA 2 FH
L7, JPDA #ffi9 2 & T, Java DEELFKNTDH
L2 e O TICHET 2 2 ENTHREL 2 5,

A7 9T LT, Just-in-Time (JIT) 2> %
4 7 Hefiz MM 2 FiEDBEZ S50 505, Wool Tl
AL 2\, OpenJIT ™ @ X 9 7 A S K2 JIT
a4 7R MATIUE, FTHRIC JIT OBfE%E %
HEZIEMNTES, TAXZMCkoTay 4L

A—FREET S L) RFER2TE, Pr ALV
FAL 7y 7HOABERBITELLENEZ SN S,
ZOIETIE, AV v FHITY AX7 b L DBRD
Ton 30T, XVELDRRBELT7 v 7 DHDIAS
2R 5N S, JIT Z#fioCTa—Fz2far S uL,
7 v 7 MDA LSATY, active 7 L — ADRIGAL
BIZNETH 5, ARIEDORED & 5Bl FEHTIFER
ML Z2wd, 3645tz B0 2 FikETH L EH
AT 5,

BIEL e 7R INA R T v I DBHIAH  FATRHC T
FANA ATy 0% 75 AERTHDIAR, Z D% T
ELRHEBIEX ¥ %712 JPDA @ HotSwap HRE%
FIFL 72. WoollZ, 70279 4L 7 AT D weave
WHETIE AR, u—FFEAR2 7 22 EHL, K
A ¥+ Ay b CHEE SN join-point 12 H 72 BT
BreakpointEvent Zt v F§ 5, 70/ 7 LADFELT
3 breakpoint ¥ TR E, WU T 0 s F LHNA
bFa—F£HaX b, #LC, ThreadReference 7 7
A®D redefineClass() ZfH->T JVM IZa —F FH
DY 7 AEHREEHT S, redefineClass() 1F, T —
FFEHR T 7 A% ETRICT Ny A OFIfHlo b &L TEH
T 5EERETH 5. F7-, BreakpointEvent b JPDA
TREINE 7 5 ATH %5%, JDK1.4 D JPDA Tl
breakpoint %t v F L T\ T E#7% HotSpot 47
(JIT £ A 27 ) S D7) UL > T b7
b, AREZEEI T THA— "Ny FIHIZEALE W,

active 7L —LAANDOXE Java DETRTH 5
Javafififies VIid Ay vy 7= ThHbH, JPDA Off:
KRIZ XU redefineClass () #1772 Tlx, #HL
(HENZ 7L —LB3HL VW7 7 AEEE ST 223,
ZDEEIL, active THL 7L —LHSMT 27 7 AE
FRIEHIN\, DF D, B redefineClass()
T/ 7 AEHREEHEL TH, 3.2 fiTiwl 727 7 A&
FZoO—HUHN S E VLI FHEIZF-TL £ 9.

3.2 it X7 X 912, Wool 1Z, active 7L — 24
TTRNARZFEGTT 20201, TN AT EHCS,
77 AEREBEMZKIL, TRTDALYF DR
Fy 77V —b2EHL, NEGHECL7L—L%
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Table 2 Execution time of program and time of aspect

weaving.
Aspect] PROSE | Wool join-point filitti
DF M 3
(N) (1) | 8590 7388812 | 19638 1680 + 4057
(N) (2) | 8522 23307 11832 1680 + 806
(M) (1) | 1063 45817 11003 1680 + 4057
(M) (2) | 1003 3833 3993 1680 + 806

HAfZ © [msec]

WRT B, RIZ, ZORXY vy FHORAY Ay b T
87 47 join-point I BreakpointEvent %t v
T2, ZO7L — LTI, HEEND 7 7 AEEHIHE
fT¥3N %78, 7K N4 ZDHEFTIE breakpoint TT
Ny AHFETT S, TRTD active 7L — L0374 <
72 572 5 breakpoint % HIfkT %,

5. %8R E

AFECTRADPIRREL IS Y AN VI AL T )
HOARBMO AR R T2DI1c, FLclk, Wool
D7u I AT REEL, 2 HOTEETIEL
DI FEE % To7. FEBUC H W25 E#IX, Sun
Blade1000 (CPU: UltraSPARC-III 750 MHzx2,
memory: 1GB) T&H %. OS I3 Solaris8, JVM &
L T Sun Java2 SDK v1.4.0 ® HotSpotT™ Client
VM % a7z, EERFEFRIE T 5 Mg D B L CHlE
L, ZOE/MEZEA TV S,

1 OHDHEBETIX, 7 AT b OERAEIZ DD
2 E 70y 7 2D FETRZRET 27201
SPECjvm98 'Y ? jess &> 9 Java TEL7z CLIPS
DIFXANR—F T AF L THFY A=AV (N)
EEVF—NFFIE (M) ZHEL 72, Z2REFUC
KU CIATRRCRD 2 D R2 27 A7 b2 AR
L 7.

(1) TXTD protected XY v F DIEIHIZ null 7 F
NARAEBFATET ARI L, 146 77 AHD
42DV 7 ANETRICHEERIN S,

(2) BEDIIADIEETSE 12D XY v N OIH
WZnull 7 NA RAZFFATET ART b,

weave 37 A4 3770l T LDOFRERKE L
12729, weave FHZEB TR E active 7L — AlE e\,

1 OHOEBFEREZ K 2 1287, 2512 Aspect] D
RO 2, oo, PROSE THRASNTY
BTN BTRTOT R NA A% FETT5FEDH
EL. (1) D7 AR b5 weave T35 XY v F i
734,615 SNV, (2) DEA 1,338 M
ENTVD, FTNRYTBTRTDOARY P %2FETT 2

rursivy Oct. 2003

FHTIX, 7ARY FA3 weave S5 XY v K3l
INZENIAVYTIFAN ALy FRI DTN
BT ENAL ZRIATT 570, et — S~y FH
HTW3, Wool TiE (1), (2) DT AT DA
QLB 5 s > 2 RIS 2 2 5,737 2 U, 2,486
SYBTHD, ZNEEDLRITHBITL2RHD
HREES RS, BT 7 AT F DS weave T 5
AV v F OMHRIEDS R Z 5138, Wool T 7 v 7
a—F fUcHBAETN TV B0, ROEESDIE

2 OHDEFTIE, active 7L — LMD A —N~y
R Z2EH§ 572012, HABOMEZ KD 2HF XY v
F sum() T, 7ARIZ FBERIND & ZFIT active
%7V —LDEEEEPL TVWE, 20LEDFETH
MEMEL 7z, ART 27 A7 ME, sum() DHiE
IZnull 7 F N4 RZEAT S,

2 OHDHEBDOFEREZK 5 12737, Wool 1F active
7L —LEHBHIMT 21ET 5138, MEERHL T
%, active 7L — LB Z B E T R NA A% FETT
27T Ny AMIHBEICHIEAN B 2720, 2Dk
AERDSH, £, BEETIR 7L —A02HET S
7 I AEFRDERINIDE A pE TNy A BEOhIC
Fzv 7570, BLGoTwW5S, b Z I3
CHL D20 FBHTY I AEENESHAONIEL
Th, 20k 180 BFHFFRHL L T, WL »
5 200 AR & ZFiZ, 200D 7L —LTXRTCTT, T
Ny BWF 2y 7T5L)RFRILZ->TwE, 2N
WXL T, ARV 7w Z2ICEIWIFHIE, active
7L — L3, M T RN A2 T 5%
DAY THF AL AA Y FBWAT DT, active 7
L — AEEINE & SIS o T B,

6. ¥ & &

ARETHE, %% DAOP & AT A% EBIT 272
DOFHRELT, PYAMA VI A L7y 7HDIA
AHMiEREL, 2N % Java HICFEL 72 weaver T
B 5 Wool IZDWTiiR7%, Wool I, 7ARZ &
70T LDEED DD T v 7 DA% ARG IR
BES Y, NA P a—FEHTTF A ZAZ2ETT S
7y %7075 MIDIAR, 7T A% FATIRICH
EET S, LIdioT, NR7T vy 7 Lt a—
FE2HDIAFE R, EFD S, TARI P OGHBED
NRT a7 7 bk, EIARCERINABE L7 v
JDIROCHEDa—FIZR>TED, EHICETIN
5L EERAL 72,

Wool i, JPDA ® HotSwap #RETT F /N4 A7 v
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sum (200) DAULFRAFH]

30000

FRYABFSTOT FAL ARFT  +
DA PAVHA DT SRS
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X+
X
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weaveH&IZActive/t 7 L — A D¥K
5 active 7L —AMIDA — N~y F
Fig.5 Overhead of handling active frames.

7 ETRHC 70 7 T AMTHOIAR, active 7L — AL
DAYy R Tlk, TNYATDBTENL A% FETT 3,
HotSwap ¥BE1%, JDK1.3 DAHHICZ 7o b DT
H Y, FEANC & 2 FOFRIE TR LB 7274
V3, active 7L — AITHIET 254, FEETKRE 2k
LR SN, L2 L, Wool IF weaver 7% il
i3 22 HEL, active 7L —ADXIRREKD
FAIv TR, TARY FBFBEHICFRICES TS
DT, 7 AR bBIFEHIFRDUIEL T LD R
BHIRT 5L TE S,

L3, KEEORA Y P Ay MEERA Y RS
7y avidihia & D AOP ikt L CahBikt¥ngz 5
L, oIz EZE 2 TRZHL TV SE
BHbEEZLTVS, BAEWIZIE, §XTDT7v 7%
a—FHEWZ - HESRL 2o L) Bftazt B2
W5, EERETOEER, TEANAL ADOFETBD RN
EFICO—FNER - FHEBVBRMLVRY 7 05720,
FEITRBU D EF 7 PN ZARTHEE T8, H50
BHBCERT 2 L) RREPEZL WEEZ 5,
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