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YT1o Takoe AOIT 1 3a4eM OHO HYXKHO?

AOIl - 3T0 napagmMrma nporpaMmmMmMpoBaHMA, NO3BOAKOLAA
0(POPMMUTb HEKOTOPYIO OOLLYIO CKBO3HYIO
(YHKUMOHANIBHOCTb B BMAE OTAE/IbHOr0 MOAYNA.

BaykHoe CBOMCTBO CKBO3HOM (PYHKLMOHA/IbHOCTM 3TO TO,
YTO OHa C/1abo CBA3aHa C OCHOBHOM JIOrMKOM
NPUNONKEHUA.

AXAMIT




[IlpakTMYeCckoe npMMeHeHue

JlorrmpoBaHue U aygmT
KawupoBaHue
[poBepKa npasB AocTyna

TpaH3akumu

vV v . v v Vv

CTaTUCTMKA BbINOJIHEHMA KO/Ja

AXAMIT




TepmuHbl AOTT

CROSS-CUTTING CONCERN — cKkBO3Has (pyHKUMOHANbHOCTb AJ1 BHEAPEHUA.

ASPECT — knacc, peanmsyowmi CKBO3HYH (pYHKLMOHA/IbHOCTb. ACMEKT M3MEHSET
noBeJeHue OCTasbHOro Koda B 0CO6bIX TOYKaX HasbiBaembix Joint Point,
onpeAenéHHbIX HEKOTOPbIM Cpe3oM MHade Pointcut.

ADVICE — cpeactBo 0hopM/IEHMA KOAA, KOTOPbIM J0JIKEH 6bITb Bbi3BaH A1 TOUYKM
coeMHeHuA. CoBeT MOKeT 6biTb BbINOJIHEH [10, MOC/IE UIM BMECTO TOYKU COEAMHEHMA.

JOINT POINT — 370 noTeHuuaibHasd COeMHEHMA TOYKA B NOTOKE BbIMNOJIHEHUSA
NpOrpamMMmbl, rae MOXKHO NPUMEHUTb Advice, YTOObl MI3MEHMUTL ‘HOPMaJibHOE’
noBegeHMe MpUJIOXKEHUA.

POINTCUT — 3TO COBOKYNHOCTb BCEX TOYEK COEAMHEHUA, YA0BIETBOPAIOLWMX YCJOBUAM
ANA ANnA BHEAPEHUA CKBO3HOM (DYHKLIMOHANIbHOCTM, onpeaesieHHoM B Advice.

WEAVING — nan nHade nepenneteHue, 310 npouecc BHeapeHUs PYyHKUMOHAIbHOCTU B
KoA.
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[ToyeMy AspectJ?

AspectJ — 3TO OTKpbITOE paclumMpeHue AN
a3blKa Java, ynpoLlatwLLlee peanmsaumio

CKBO3HOM (PYHKLMOHANIbHOCTU ANA BaLLEro
MPUNOXKEHMS.

AspectJ — age-daKTo cTtaHAapT peasam3aumm
AOIT ana a3bika Java.

[lepBas Bepcmna — B 2001 roay
AXAMIT




[Ipumep

dAspect

public class MyAspect {

@Pointcut ("execution(* *..ClassA.*(..))") // omnpemejneHme Pointcut
public void allMethodsInClassA () {}

@Around ("allMethodsInClassA()") // omnpemesnenme Around Advice
public Object aroundMethodsInDemoPackage (
ProceedingJoinPoint joinPoint) throws Throwable {

//
String

LOGGER.
Object
LOGGER.

//

return

rom, KOTOpHﬁ MBI XOTVIM BGBIIIOJIHVMITHE IO BBI3SOBa LI&JIeBOIT'O MeTOIIa
methodName = joinPoint.getSignature () .getName ()
info("Before {}", methodName ) ;

result = jointPoint.proceed(); // BHZ20B OPUIMHAJILHOTO MeTOIA
INFO ("After {}", methodName );

romo, KOTOpHﬁ MBI XOTVMM BEIIIOJIHMTE IIOCJI€ BEI3OBaA LIeJIeBOI'O MeTOIla
result;
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CueHapuu: ba3oBbiM

Java Virtual Machine

JAR from Project Sources

Aspect] JAR
Classes required
for LTW
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CueHapum: Co CTOPOHHMM KOAOM

Java Virtual Machine

Third-party JAR JAR from Project Sources

Aspect) JAR
Classes required
for LTW
A
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CueHapuun: Moay/b C aCneKTamu

Java Virtual Machine

Third-party JAR JAR from Project Sources Aspects JAR

Aspect) JAR
Classes required
for LTW
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CueHapumn: 6ubIMoTEKA aCNeEKTOB

Java Virtual Machine

Third-party JAR JAR from Project Sources Aspects Library

Aspect) JAR
Classes required
for LTW

Aspects JAR
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CtaHAapTHaA KOHMUrypaums
KJ1laccnoajepoB B Java

Bootstrap Classloader

AXAMIT




Nepapxma Knaccnoagepon B OSGi

Bootstrap Classloader

OSGi environment classloader
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[Ipo6embl peannsaumm AOIT B OSGi

OSGi Environment

Aspects Library bundle

Aspect) bundle
required for LTW

Aspects bundle
0OSGi-enabled
A 4 Weaver

AXAMIT

Third-party Bundle from Project Sources
bundle




Marpamma 3aBMCMMOCTEN

Aspect) Bundle

org.apache.servicemix.bundles.aspectj

\

Abstract Aspects Library Bundle

Dynamic Import

[
-

Static Import
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MHTepuenTopbl CBA3bIBaHUA
B Apache Felix

@Component

@Provides

public class ProxyBindingInterceptor extends DefaultDependencylnterceptor
implements ServiceBindingInterceptor {

@Override
public <S> S getService (DependencyModel dependency,
ServiceReference<S> reference, S service) {
S proxy = (S) Proxy.newProxyInstance (this.getClass () .getClassLoader ()
new Class|[]{ dependency.getSpecification() },
new DynamicInvocationHandler (service)); // nHam obpaboTumk
deps.put (reference, proxy):;
return proxy;

Y AXAMIT




MHTepuenTopbl CBA3bIBaHUA
B Apache Felix

public class TimingDynamicInvocationHandler implements InvocationHandler {

public TimingDynamicInvocationHandler (Object target) {

@Override
public Object invoke (Object proxy, Method method, Object[] args)
throws Throwable {

long start = System.nanoTime();
Object result = methods.get (method.getName ()) .invoke (target, args);
long elapsed = System.nanoTime() - start;

LOGGER.info ("Executing {} finished in {} ns", method.getName (), elapsed);

return result;
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MHTepuenTopbl CBA3bIBaHUA
B Apache Felix

» He TpebyeTtcsa noAKkayaTb Kakne-1m60o JonoIHUTE/IbHbIE 3aBMCUMMOCTMH.

©

» Wcnonb3oBaHue MHTEpUENTOPOB 3aBA3aHO Ha Apache Felix API

&
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EventHook+FindHook

|
|
| 3arpysKa Knacca npoKcu-
A
-7’1 cepsuca Yepes knaccnoaaep
- |

s /

4 N

|
5 3 Perncrpauma MNpokcu-cepsuca \
|
)

|
|

4 CosfaaHme Npokcu-cepeuca
|

|
Pernctpaupa obbl4HOro cepsurca -~
|

EventHook
. - S |
SerV|Ce Reglstry >3 Mepexsar coBbITUA PErUCTPALMM CEPBUCa
|
|
A A\ /,/1‘ MepexsaT cobbITUA NOWCKa cepsuca
& 7 S
\ \‘790
\ G}
N "305
6 9 o, FindHook
=Y,
7 TNel Thy
3anpoc cepauca :u/ >4 MonydyeHue NpoKcu-cepaica
|
|

dunbtpaums / Yaanexve
06bI4HOrO cepBMca

AXAMIT




EventHook+FindHook

» Wcnonbsyetca ctaHaapTHoe APl OSGi

©

» Bce euwe cnoxHo yrnpaBsaiAaATb T€éM, KakKMe METObl B CEPBUCAX Mbl Mnepeonpejgendaem

©

» Mbl He MOXXeM nepeonpeaenmTb MYHKLUMOHANIbHOCTb B K/lacCax, KOTOpPble He
3KCMNOPTUPYIOTCS M3 6aH//1a Kak CepBMUCHI

® 66
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KpaeyrosbHble KaMHM AOI1 B OSGi

» WHcTpyMeHTMpoBaHMe KnaccoB B OSGi KOHTeUHepe
» /JMHAMMYECKMK UMMOPT 3aBUCMMOCTEMN

» CKaHMpoOBaHME pecypcoB
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Ta-pam, Bctpedante: WeavingHook!

package org.osgi.framework.hooks.weaving;
interface WeavingHook {

void weave (WovenClass wovenClass);
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[MloagkntoveHmne AspectJ

org.apache.servicemix.bundles.aspect]

10T 6aHAN 3TO OSGi 06epTKa 6MONMOTEK aspectjweaver 1 aspectjrt.

aspectjweaver - UCMNONb3yeTCA Ha 3Tane UHCTPYMEHTUPOBAHMSA
aspectjrt - Hy>KeH BO BpeMsa paboTbl NPUNOKEHMUS.
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[Tpo6ema Nel: Kak HaMTU acneKTbl?

MpocKkaHupoBaThb classpath Ha HafMuyMe KNaccoB C aHHOTaUMEN @Aspect Mbl He
MOXEM BBUAY orpaHmyeHum OSGi.

AXAMIT




PeweHue: listResources

public interface BundleWiring extends BundleReference, Wiring ({

Collection<String> listResources (String path, String filePattern,
int options);

path - naker, npeocOpas30OBaHHEM B IIyTh.
filePattern - ‘.class’
options - mapamMeTpE CKaHMPOBAHMUS: CKAHMPOBATH JIM PEKYPCMBHO M BKJIOUATH JIU

PECYPCHE M3 OpyI'mux OaHOJIOB)
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[Ipo61emMa Ne2: nosIHoe CKaHMpPOBaHME
MeZ/IeHHOe 1 He3MPEKTUBHOE

HeT 60/1bLOro cMbiCNia NepedupaTtb BCe 3arpyKeHHble
6aHa/1bl
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PelleHue: ykasbiBaeM CMMCOK 6aHA10B

» CO3/J]laEM KOH(UrypaLmio co CMCKOM 6aH/JI0B C aCNeKTamM

> ecnm 6aH,£l,J'I C aCnekTtamMu eulle He CTapTtoBa/l, NPpUHYANTESIbHO €ro CTapTyeEM,
MHa4Y€ HE CMOXKEM NPOCKaHNPOBATb

> K3WMpYyeM pesysibTaT nomcka acnektos: class URL + bundle id
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[Ipo61iema Ne3: AspectJ weaver
He BUAMT KJ1aCCOB

/10713KHbl 6bITb AOCTYMHbI:
» Knaccnoaaep c ueneBbiM KNacCoOM, KOTOPbIM ByAeT MHCTPYMEHTUPOBATLCSA

» Knaccnoaaep c acnektamMm M aop . xml KOHUrypaumen

» Knaccnoaaep c 6M6AMOTEKOM AaBCTPAKTHbIX aCMEKTOB

AXAMIT




PewweHne

CompositeClassLoader - 06beAMHAET BCE Kaaccaoagepbl B OAMH U YyMeeT
AEeNEernpoBaTb 3arpy3ky KsiaCCoB 3TMUM KJlaCCZ1i0aepamM

AXAMIT




[Ipo6sieMma Ne4: Aspect He HaxoamuT
aop.xml

» META-INF/aop.xml - CTaHJapTHas JioKauus Ans KoHdura

» He nonyumrtcs akcnopTuMpoBaTb M3 6aHANA, TaK KAk NMyTb HE AB/AETCA NaKETOM

aop.xml:

<aspectj>
<weaver options='"-verbose -showWeaveInfo'>
</weaver>
<aspects>
<aspect name="com.axamit.aop.logging.CustomLoggingAspect" />
</aspects>
</aspectj>
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PeweHne: nepemeltaem aop.xml

» [lepemMelllaeM aop . xml B IKCMNOPTUPYEMbIM NAKET, KNAJEM B
/resources/org/aspectj -> org.aspectj

» [lepeonpepenseMm mMetol getDefinitions B IWeavingContext, TaM rae
MPOUCXOIUT NMaAPCHUHI
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[Ipo61iema Ne5: ClassNotFoundException

» He HaxoaAatca Knaccol M3 6aHana AspectJ

» He HaxoaAaTcA KnaccCbl acneKToB MpH1 Bbl30OBE METOJ0B UHCTPYMEHTHNPOBAHHOIO
K/1aCCa
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PeweHue: nenaem aMHaMM4eCKumn
MMMOPT

org.osgil.framework.hooks.weaving.WeavingHook:
public void weave (WovenClass wovenClass) {

byte[] originalClassBytes = wovenClass.getBytes(); // original bytecode

byte[] wovenClassBytes = weavingAdaptor.weaveClass (
wovenClass.getClassName (), originalClassBytes); // enhanced class' bytecode

wovenClass.setBytes (wovenClassBytes); // update class bytecode
List<String> imports = wovenClass.getDynamicImports()

imports.add("aj.org.objectweb.asm"); // add imports
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NpoLLEeHHaa 6J10K-CcxemMa

Crapt 6aHANa 1 perncTpauma BbisoB meTtoga Weave
WeavingHook dpenimsopkom OSGi

3anpalwmnBaem Cnmucok 6aHaI0B ——

v

—Hert EcTb 6aHAN-KaHAMAAT
Co3aaem KOMMO3UTHBbI
Knaccnoagep
AcnekTbl 1 o BbizbiBaem Aspect)
> X
3aBUCMMOCTHU WeavingAdaptor
Het M3meHwunca 6aiTkoa?
[a JiE]
Y Y
Kawwnpyem nmeHa knaccos
Py [o6asnsem Heobxoammble
acrnekTos AMNODTE!
n 1D 6aHgna P
> >
Y 4
3aBepLueHmne aKTMBaLmum BosBpalyaem
6aHana MOAMOULMPOBAHHBIN 6anTKoA,
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TODOs

Peann3oBaTb KOPPEKTHYIO 06paboTKY Npu AeaKTMBaLUMKM M pecTapTe 6aHA/10B
HayunTbcs BOCCTAHOBATb MCXOAHbIM 6ANTKOJ, NpU JeaKTMBaLMM aClEKTOB

BblHECTM BCE HAaCTPOMKKU B KOHMUIypaLmio

vV v v Vv

MpukpyTnTh Java Cache API
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[Tone3Hble CCbIIKU

» https://dzone.com/articles/osgi-service-hook-log-all

» https://www.slideshare.net/mfrancis/bytecode-weaving

» http://www.martinlippert.org/events/WJAX2008-
AspectWeavingOSGi.pdf

» https://www.ibm.com/developerworks/ru/library/i-
aopwork15/index.html
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