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Abstract

Implicit context is a recentlyintroducedmechanisnfor im-
proving sourcecode structure, making componentsmore
reusableandmakingtheir systemsnoreevolvable. It wor-
riesabouteliminatinglocally-unneede#nowledgeof exter-
nal componentgextraneousembedde#nowled@, or EEK).
Aspect-orientegorogramming/AOP)is a separatiorof con-
cernsmechanismlt worriesaboutseparatingandencapsu-
lating functionality that crosscutdhe component®f a sys-
tem. AspectJs a prototypeAOP language.

Both approachesanbe seento manipulatesoftwareatjoin-
points pointsin the executionor lexical descriptionof that
software. Joinpointsandtherelatedcodeto executeat them
canbe consideredhsan event-basedystem. The exposure
of eventsin AspectJdiffersfrom thatin implicit context—
AspectJconsidergheseeventsasimmediateandlargely in-
dependentyhile implicit context considerghemashistoric
andinterrelatedhroughits call history concept.We give an
exampleof a systemin which limiting the descriptionof the
eventsof interestto thosecurrentlyavailablein AspectJre-
sultsin an errorproneand hard-to-&olve implementation,
but in which the useof call history would lead to a more
reusableandrobustimplementation.We alsobriefly exam-
inetheissueof EEK andits removal within this example.

Keywords: Joinpoint,implicit contet, aspect-orientegro-
gramming AOR AspectJgextraneousgembeddedinowledge,
EEK, event,call history, aspect.

1 Introduction

Many recentseparationof concernsmechanismsnvolve
composingiecesof sourcecode writtenin oneor morelan-
guagesthat describedifferentperspectreson (whatwould
previously have beenconsideredjhe samecomponentsf a
system. Thesepiecesmustbe composedo form the fully
functionalcomponentslesired.

To describehow to composethe different piecesof source

Position papersubmittedto the Workshopon AdvancedSepaation
of Concernsat the23rd InternationalConfeenceon Softwae Engi-
neering 2001.

code,thesemechanismallow the programmeto statically
referto particularlexical pointsin the sourcecodeand/orto

particulardynamicevents;suchpointsin the staticsourceor

dynamicexecutionarecollectively referredto asjoinpointst

Commonnameablgoinpointsincludethesendingof callsto

methodsthereceptiorof suchcalls,theactualexecutionof a
method andthereadingandwriting of fields. Someof these
mechanismgo further by exposingthe state,or execution
contet thatis availableat a givenjoinpoint.

In aspect-orientegprogramming(AOP) [3], certainproper
ties of the system,suchas synchronizatioror distribution,
are seento crosscutthe basicfunctionality AOP hasbeen
partiallyrealizedn aprototypelanguagébuilt ontop of Jasa,
calledAspectJ[2]. AspectJallows a programmeto explic-
itly describecrosscuttingunctionality, or aspectsin local-
izedcodesnippets.

Implicit context [5] is a recently-introducednechanismand
philosophyfor structuringsourcecode, which attemptsto

eliminateextraneousembedded#nowledg (EEK) of the ex-

ternalworld from componentsSourcecodetendsto berid-

dledwith details,while anindividual componenshouldad-
dressa setof core concerns. To get sucha componento

interactwith othersto form a cooperatie whole, thatcom-
ponentendsup expressingknowledge of componentghat
areexternalto it. For example,a componenheedso know

the preciseinterfacesto those external componentghat it

mustcall, suchasthe namesof particularclassesor orders
of parametersthesedetailsarenot inherentin the taskthat
the components designedo accomplishandthusis EEK.

Shouldthe systemrequire alterationsuchthat this knowl-

edgebecomenvalid, thenthe componentvould requirein-

vasive modifications; sucha processis difficult and error
proneataminimum.

Implicit context attemptdo make componentsnorereusable
by allowing themto ignore the details of the ervironment
in which they execute—thg caneachhave their own world
view. Conceptually when messagepassinto and out of
a given component,those messagesan be intercepted,
changedandreroutedas neededo translatebetweenthese

1This termwas coinedby Bill Harrisonat the AOP and Friendswork-
shopat Xerox PARC in October1996. Thefirst written mentionof theterm
appearso bein atechnicalreportfrom Xerox PARC [4].



differentworld views; this processs called contetual dis-
patch andis performedat the boundariesbetweenthe dif-
fering world views. To understandheway in which a given
messag@eeddo be altered,contextual dispatchcanutilize
the call history of the system,to determinewhat messages
have passeetweencomponentgpreviously, andto locate
theparameteandreturnvaluesattachedo thesemessages.

Concerns(in the senseof “features”) and EEK are only

partially-overlapping concepts: EEK often involves very

fine-graineddetails too small to be consideredconcerns,
while a componentcould contain multiple concernsthat

areimportantto it thatwould thereforenot be EEK. Thus,

aspect-orientatiorand implicit context are only partially-

overlappingphilosophiesimplicit contet viewsthecall his-

tory of a systemto be animportant,inherentfeature. AOP

saysnothingaboutcall history, but if crosscuttingconcerns
were more separablehroughits use, it would be a useful

AOP mechanisnaswell. In this paper we examinehow an

AOP approactcanbe improvedthroughthe useof call his-

tory and,to a lesserextent, the removal of EEK. The ques-
tion of how thefull combinationof implicit context andAOP

wouldimprove softwareis left to futurework.

In Section2, we describehow joinpointscanbe viewed as
eventsin the executionof a system,andhow the provision
of relative orderinginformationamongstheseevents,asex-
posedby implicit contet, providesfor more powerful use
of the context of execution. We give a concreteexamplein
Section3 of alocking protocolin which suchcontextual in-
formation makes componentsnore reusableand their sys-
temeasietto evolve. Finally, we describeour conclusionsn
Section4.

2 Joinpointsas Ordered Events

In AspectJaspectareappliedto coresourcecodeby spec-
ifying the joinpointsat which the extra codeshouldoperate.
In a languageutilizing implicit context, one also specifies
joinpointsat which extra codeshouldoperate.

An AspectJjoinpoint with aspectcodeto be attachedo it
caneasilybe seenasan event-basesdystem:whentheevent
describeddy thejoinpoint occurs the specifiedcode(essen-
tially, a callback)is executed.Pointcutsarea meansof de-
scribing higherlevel eventsin termsof primitive ones;we
have describecelsevherehow viewing high-level eventsas
aggrejationsof primitive eventsis possibleand useful [7].
Othershave describechow AspectJs descriptionof point-
cutsis unsatisctoryasa simpleeventmechanisnl].

Considerthe history of callswithin a system:it canberep-

resentedhsa directedtree. The nodesof this treearejoin-

points. Most of AspectJs joinpoint designatorgpermit ac-

cessto nodesof this treein isolation. Someof thesedes-
ignators,e.g.,cf | ow, permitaccesgso a particularancestor
within the currentcall stack. However, theseare forward-

looking: “while a call to methodf oo remainson the stack,
look for joinpointsbar andbaz’

Instead,implicit context (potentially) allows accessto the
full tree, providing an explicit ordering on the primitive
eventstherein. Interestingstatesof the systemcan be de-
scribedin termsof previouseventsandthe orderingof them.
We have describedelsavhere how reasoningaboutevents
that have a relative order can be useful for software engi-
neeringtasks,suchassolving performanceroblemsor ini-
tially becomingfamiliar with the behaviour of a system[6].
Suchorderedeventsprovide a greatemeando discriminate
betweerjoinpointsandto exposesystemstatethanis other
wiseavailable.

3 A ResourceLocking Protocol

The following code exampleis an abstractionof a system
thatcould beusedfor performingremotemethodinvocation
or cachingdisk access.Reader objectscontendfor shared
caches.If acacheis invalid, the Reader is responsibleor
creatinga Tr ansmi ssi onManager thatretrieves dataand
storesit to the cache. Oncea cacheis valid, the Reader
simply retrieves the datain the cacheand continueson to
processt.

cl ass Reader {
private Cache cache;

Reader (Cache cache) {
t hi s. cache = cache;

}

String read() {
if(!cache.isValid())
new Transm ssi onManager ().
downl oadDat a( cache) ;

String data = cache. getData();

/!l Process the data
/1

return data;

}
}

cl ass Transm ssi onManager {
voi d downl oadDat a( Cache cache) {
/!l Get the data and store in cache
/1
}
}

abstract class Cache {
abstract bool ean isValid();
abstract String getData();
/1

}

Lock Requirements
Raceconditionsexist in this system. We want communi-
cationwith the Tr ansni ssi onManager to be minimized,



since that is the purposein caching the data. Two or
more Reader s may have nearsimultaneouslyfailed the
cache.isValid() test,andproceededo requestthat the
samedatabe downloaded. Eachwould then overwrite the
cache.

On the other hand, the cache. i sval i d() testmay have
passedbut beforethe Reader is ableto retrieve the data
from thecachethecachecouldbecoménvalidated(through
someprocessot shavn).

To preventbothraceconditionswe needeachReader toob-
tainalock onthe cachebeforethevalidity testis performed,
andto keepit until the datais actually retrieved from the
cache.Giving up thelock anywherein betweercould allow
the stateof the cacheto be changedn the meantime.

We alsowantto minimize the time thatthe cacheis locked,
sincethis resourceis liable to becomea bottleneckin the
systemotherwise.To permitmaximumparallelismmultiple
readaccesseshouldbe permittedto occurat once,andthe
cacheshouldonly befully (write) lockedif its dataneedso
bealtered.

It would notbe sufficientto defineself-exclusive methodson

the cache(throughthe synchr oni zed keyword, for exam-

ple) or mutually-exclusive setsof methods.A threadneeds
to ensurethatalock is maintainedn atransaction-lile fash-
ion: not until the full taskis completedshouldthe lock be

releasear inconsisteng could otherwiseresult.

We begin by providing a simple Lock aspecthatallows a
threadto obtaineitherareador a read/writelock, to release
thelock completely or to downgradea read/writelock to the
wealer readlock:

abstract aspect Lock {
synchroni zed voi d get ReadLock() {...}
synchroni zed voi d get ReadWiteLock() {...}
synchroni zed voi d rel easeLock() {...}
voi d onl yRel easeWitelLock() {...}

}

Now, we examinehow we canweave this lock into our ex-

amplethroughaminimalisticaspect-orientedpproachthen
demonstraténow a betterAOP approachs achieved by re-

moving someof the EEK presentin the first approachand
finally, presenthow the extensionof the secondapproach
throughthe useof call history will make the systemmore
robust.

A Minimalistic Aspect-Oriented Approach
Two aspectareneededThefirst aspecis usedto associate
auniquelock instancewith every cache.

aspect CachelLock extends Lock
of eachobj ect (i nst anceof (Cache)) {

}

Thesecondaspecenforceghe protocolover eachexecution

of Reader . read() . Threepiecesof adviceachieve this:

e Thebef or e obtainsa readlock beforei sval i d() is
called on the cache. This lock needsto be held until
afterthedatais actuallyreadfrom thecache.

e Theafter releaseshereadlock afterget Dat a() is
calledonthecache.

e The ar ound handlesthe situationwherethe cacheis
invalid, and dataneedsto be downloaded. To accom-
plishthis,awrite lockis neededTo avoid deadlockthe
heldreadlock is releasecanda write lock is obtained.
While waiting for the write lock, the cachemay have
beenmadevalid by anotherthread,so the validity test
is repeatedIf the cacheremainsinvalid, thedatais ac-
tually downloaded.Thewrite lock is thendowngraded
to areadlock.

aspect Reader CacheLocki ng
of eachcfl owr oot ( Reader CachelLocki ng.
entries()) {

poi ntcut entries():
receptions(String Reader.read())

poi ntcut startLock(Cache cache):
cal I s(bool ean cache.isValid());

poi nt cut endLock(Cache cache):
cal I s(bool ean cache. getData());

poi nt cut downl oad(Cache cache):
cal I s(void Transm ssi onManager.
downl oadDat a( cache));

bool ean hasReadLock = fal se
bool ean hasWitelLock = false;

bef or e( Cache cache):
i f(!hasReadLock) {
CacheLock 1 ock =
CachelLock. aspect Of (cache) ;
| ock. get ReadLock();
hasReadLock = true;

startLock(cache) ({

}
}

after (Cache cache):
CacheLock | ock =
CachelLock. aspect O (cache) ;
hasReadLock = fal se
hasWitelLock = fal se;
| ock. rel easeLock();

}

endLock(cache) {

around(Cache cache) returns void:
downl oad( cache) {
if(!'hasWitelLock) {



CachelLock | ock =
Cachelock. aspect O (cache) ;

| ock. rel easeLock();
hasReadLock = fal se;
hasWitelLock = fal se;

| ock. get WitelLock();
hasWitelLock = true;
hasReadLock = true;

if(!cache.isValid())
pr oceed(cache);

| ock. onl yRel easeWitelLock();
hasWitelLock = fal se;

}

el se {
/1 Unh-oh, a recursive wite is bad
t hrow new Runti meException();

}
}
}

Removing Some EEK

While the aspectsjust describedget their immediatejob
done, problemsremain. A CachelLock instancedoesnot
know who possesses; it is thereforeup to eachReader -
CacheLocki ng instanceto ensurethat it actually obtains
and releaseshe appropriatelock. Shouldan engineeral-
terthesystemsuchthatthecaches accesseth otherplaces,
they would needto realizethatthe locking protocolneeded
to beenforcedwithin otheraspectsfailing to createsuchan
aspectwould violate the synchronizatiorconstraintson the
cache.Furthermorejf the engineemgetsandreleasedocks
in the wrong sequencavithin the aspect,the synchroniza-
tion canalsobe easilyviolated. Therefore we wantto alter
theseaspectdo separateut direct enforcementf the syn-
chronizationconstraints,manifestedin the from the has-
ReadLock andhasW it eLock attributes,particularproto-
col needsn the caseof Reader .

To enablethis separationye take advantageof thefactthat
we know thatlocks areheld on a perthreadbasis,andthat
we canalwaysdeterminghe currentthread.We have added
four piecesof adviceto CacheLock: oneensureshataread
lock is heldby the currentthreadbeforeary readoperations
execute pneensureawrite lock is heldbeforearny write op-
erationsxecute andthe othertwo ensurehatalockis actu-
ally heldif anattemptis madeto releaseone” The Reader -
CacheLocki ng aspecis simplified (not shavn) by remov-
ing all mentionof the hasReadLock andhasW it eLock
attributes,alongwith ary statementghatutilize them.

2Any of thesepiecesof advice could throw exceptionsinstead(or in
addition)if sodesired.

aspect CachelLock extends Lock
of eachobj ect (i nstanceof (Cache)) {
poi ntcut read():
receptions(boolean isvalid()) ||
receptions(String getData()) ||
/* other read nethods */;

pointcut wite():
receptions(/* any wite nethods */);

poi ntcut getWiteLock():
receptions(voi d get ReadWitelLock());

poi ntcut rel easeWitelLock():
receptions(void rel easeLock()) ||
receptions(void onl yRel easeWitelLock());

poi ntcut rel easeReadLock():
receptions(void rel easeLock());

poi nt cut get ReadLock():
receptions(void get ReadLock()) ||
get WiteLock();

HashSet readLocks = new HashSet ();
Thread writeLock = null;

around() returns Cbject: read() {
bool ean nust Rel ease = fal se;
Thread thread = Thread. current Thread();

i f(!readLocks. contains(thread)) {
nust Rel ease = true;
get ReadLock();
readLocks. add(t hread);

}
Ooj ect obj = proceed(cache);

i f (nust Rel ease) {
readLocks. renove(thread);
rel easeLock();

}

return obj;

}

around() returns Object: wite() {
bool ean nust Rel ease fal se;
bool ean hadReadLock fal se;

Thread thread

Thread. current Thread();

if(witeLock !
nmust Rel ease

= thread) {

= true;

i f(readLocks. contains(thread)) {
hadReadLock = true;
readLocks. renove(thread);
rel easeLock();



}

get ReadWit eLock();
readLocks. add(t hr ead) ;
writeLock = thread;

}
Chj ect obj = proceed(cache);

i f(nmust Rel ease) {
writeLock = null

i f (hadReadLock)
onl yRel easeWiteLock();
el se {
readLocks. renove(thread);
rel easeLock();

}
}

return obj;

}

around() returns void: rel easeReadLock() {
Thread thread = Thread. current Thread();

i f(readLocks. contains(thread)) {
readLocks. renove(thread);
proceed();

}
}

around() returns void:
rel easeWitelLock() {
Thread thread = Thread. current Thread();

if(witeLock == thread) {
writeLock = null;
proceed();

}
}
}

ThehasReadLock andhasWi t eLock attributesare EEK

within theReader CacheLocki ng aspectlt is notclearthat
one would a priori considerthemto be part of a concern
thatis separatdrom the acquisitionandreleaseof alock on

the cache,which are centralto this aspect. But the philos-
ophy of theidentificationandremoval of EEK do highlight
thesecandidatesor separationgvenwithout an analysisof

the effectsof their presence OtherEEK is presentsuchas
explicitly accessing@theraspecinstancesbut is notremov-

ablethroughAspectJasit currentlyexists.

This solutionis getting a bit ugly, though. The Reader -

CacheLocki ng aspechneeddo explicitly worry abouteach
threadthat hasto accesst andto keeptrack of each:more
EEK! Since the attributes recordingthe locks can be ac-
cessedy multiple threadsat once,the questionof synchro-

nizationwithin the aspectarises—andt is not so obvious
wheresuchsynchronizatiorshouldgo. Finally, which ad-
viceis responsibldor addingandremoving threadsrom the
lock collections?At themomentall do, but this couldeasily
be wrong. Doesadviceapplyto otheradvicein the aspect,
andif so,in what order? The answersthoughlikely to be
defined,aremurky andthereforecausethe behaiour of this
codeto bedifficult to understandUtilizing call history can
helpclearthingsup.

Adding-in Call History

Modifying the CacheLock aspectto utilize call history
would allow us to simplify and clarify the purposeof this
aspect. In the modified aspectbelow, we have positedcall
history constructghat couldfit into the existing framework
of AspectJ;the constructsare basedon thosebeinginvesti-
gatedin ourwork onimplicit context.

Theseconstructgpermitoneto testthe orderof eventsin the
call history. Now, insteadbf checkingto seeif someattribute
containghe currentthread we simply definethatthe current
threadhasa readlock if its lastreadlock releaseoccurred
prior to its lastreadlock ge€ Thepointcutdefinitionsremain
identicalto thosein the previousexample.

aspect CachelLock extends Lock
of eachobj ect (i nstanceof (Cache)) {
poi ntcut read():
receptions(boolean isvValid()) ||
receptions(String getData()) ||
/* other read nmethods */

pointcut wite():
receptions(/* any wite nethods */);

poi ntcut getWitelLock():
receptions(voi d get ReadWitelLock());

poi ntcut releaseWitelLock():
receptions(void rel easeLock()) ||
receptions(voi d onl yRel easeWiteLock());

poi ntcut rel easeReadLock():
receptions(voi d rel easeLock());

poi nt cut get ReadLock():
recepti ons(voi d get ReadLock()) ||
get WiteLock();

condi ti on hasReadLock():
nor eRecent ( get ReadLock(),
rel easeReadLock());

condi tion hasWiteLock():
nor eRecent (get Wit eLock(),
rel easeWitelLock());
around(Cache cache) returns Qbject:

3|f neithercall hashappenediyor eRecent wouldreturnf al se.



read() &&

I hasReadLock() ({

get ReadLock();

hj ect obj = proceed();
rel easeLock();

return obj;

}

around() returns Cbject:
wite() &&
I hasReadLock() ({
get ReadWit eLock();
hj ect obj = proceed();
rel easeLock();
return obj;

}

around() returns Cbject:
wite() &&
hasReadLock() &&
lhasWiteLock() {
rel easeLock();
get ReadWit eLock();
hj ect obj = proceed();
onl yRel easeW it eLock();
return obj;

}

around() returns void:
rel easeReadLock() &&
I hasReadLock() {

}

around() returns void:
rel easeWitelLock() &&
hasWiteLock() {
}
}

We have splittheadviceto beappliedto thewr i t e() point-
cutinto two piecesof advice: one dealswith the condition
when no readlock is possessedand hence,no write lock
either),andthe otherdealswith the conditionwhenonly a
readlock is possessedSucha separatiorcould be foregone
if onedesiredto andif the conditionconstructwere usable
within thebodyof anadvice.

Sincethereis no stateto be maintainedwithin the Cache-
Lock aspect,we do not have to be concernedabout syn-
chronization.The purposeandbehaiour of eachof thefive
piecesof advicearemuchclearernow, aseachappliesto a
well-definedconditionof the system.

4 Conclusions

We have describedhow implicit context’s notionsof EEK
andcall history canmake an aspect-orientegrogrammore
robust. Call history canbe seenasan extensionto the ex-
pressienesf joinpoint specifications.

Applying the philosophyof removing EEK allowedusto en-

force the locking protocol. If the systemutilizing caches
were extended the protocolwould still be followed even if
the extensiondid not performproperly SomeEEK still re-
mainedin this solution,notably astheReader CacheLock-

i ng aspecthadto explicitly retrieve the pertinentCache-
Lock aspectsput removing suchEEK would requiremore
radical additionsto AspectJthat cannotbe describedin
the spaceavailable. Applying call history to the resulting
CachelLock aspectmadeit easierto understandand sub-
tle worriesover orderingof adviceandsynchronizatiorvan-
ished.

Call historyis a mechanisnfrom which AOP would benefit
directly. The otherpartsof implicit contet, suchasworld

views andgreateremoval of EEK, do not likely meshwith

the philosophyof AOP, but the combinationof the two ap-
proacheshouldbeinvestigatedn the future.
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