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Abstract

Giventhe denotationasemanticof a programminganguagewe
describea generalmethodto extendthe languagen a way thatit
supportsa form of superimposition— justin the senseof aspect-
orientedprogramming.In the extendedanguagethe programmer
cansuperimposadditionalor alternatve functionality (akaadvice)
onto pointsalongthe executionof a program. Adding superimpo-
sition to a languagesemanticcomesdown to threesteps: (i) the
semantidunctionsareelaboratedo carry advice;(ii) the semantic
equationsare turnedinto ‘reflective’ style so thatthey canbe al-
teredat will; (iii) a constructfor binding adviceis integrated. We
illustratethe approactby representingemanticslefinitionsasin-
terpretersn Haslell.

1 Intr oduction

Onemight saythatthe essencef anaspect-orientegrogramming
(AOP)languagdik e AspectJis thatit is anamal@amatedanguage
in thefollowing senseBesidesrdinaryobject-orientedxpressve-
nessonecanalsowrite codethatsuperimposeadviceonto points
alongthe executionof object-orientedunctionality. An important
classof join pointsare methodcalls. Onecangive a precisedefi-
nition of this sort of AOP on the basisof a formal semanticq8].
(There are further modelsof AOR e.g., the Hyper/J-like model,
which we will notaddressn this paper)

Question:Cantheperceptiorof ‘superimposition’be capturedn a

language-parametrimanneythatis, without talking aboutmethod
calls, or other constructs without commitmentto a specificlan-

guage?Therehasbeenwork on studyingsomeforms of superim-
position(say AOP) at a fundamentalevel [3, 6, 1, 4] on the basis
of specificcomputationamodels. However, we seekan approach
thatappliesimmediatelyto actualprogramminganguages.

In this extendedabstractwe describea generalmethodto addsu-
perimpositionto the denotationalsemanticsof a language. The
overall approachis describedin Sec.2. An illustrative example
is developedin full detailin Sec.3. The designspacefor our form
of superimpositioris briefly scannedn Sec.4. Relatedwork is
discussedn Sec.5, andthe paperis concludedn Sec.6.

2 The overall approach

Supposeve considera semantidunction of thefollowing type:
[-1:S — D

Here,S is asyntacticadomain,andD; is theassociatedomainof
semantianeaningssaydenotations Semantidunctionsarespeci-

fied usingcasediscriminationon § while themeaningof asyntacti-
calform is expressedn termsof the meaningof its subtermgaka
compositionality). Let us considera specific semanticequation.
Without loss of generality we pick up an equationfor a construct
with onesubconstruct:

[Cx]=f[X]

Here,C xisthesyntacticapatternathand,andf is anoperatiorthat
turnsthedenotatiorof x into the denotatiorof C x. (We usecurried
functionapplication.)Adding superimpositioris now performedn
threesteps:

1. Thesemantidunctionsareelaboratedo carryadvice.
2. Denotationsaremade'reflective’ sothatthey canbealtered.
3. A constructfor bindingadviceis integrated.

Thetypeof theabore semantidunctionis adaptedasfollows:
[-1 : S—RD;

Here,Ris adomainconstructoto addaregistry with superimposed
adviceto domainsof ordinarydenotationsThereareafew options
for theactualtype of theregistry. In essencetheregistryis atrans-
former for reflective denotations.To obtaina modularsemantics,
we assumethat R is a monad. Dependingon the binding policy
andotherlanguage-desigdecisions,R could be the ervironment
monad the statemonad,or acombinationof both.

The semantiequationfrom above is adaptedasfollows:
[CX] = (Cx) :-([X] == AX.return(f X))

The occurrence®f “>=" andreturn point to monadicstyle. (We
usethe commoncorvention that the monadoperatoy which lifts

valuesto computationsijs denotedby return, whereashe monad
operatoy which appliesa value consumerto a computation,is
denotedby “>=".) The semanticequationscan be turnedinto

monadicstyle by a systematidransformationlt is avoidableto in-

troducemonadicstyleif we fix the binding policy for advice,e.g.,
by explicitly passingaroundanenvironmentfor theregistry.

The occurrenceof the infix operator* :- ” in the abose equation
pointsto reflective style. Both the operator” :- " andthis useof

theterm ‘reflective style’ areinventionsof the presentpaper The
operator” :- " shapeshe reflective denotationasfollows. If d is

the original denotationfor atermt, anddy, is d in monadicstyle,
thenthe reflectve denotationis of theformt :- dy. This is read
as'by default,att dody’. Thereareafew optionsfor the precise
definitionof “ :- ”. In essencethe operatordoesnothingbut appli-
cationof denotatiortransformersasprovided by the registry. That



is, giventheregistry r, thetermt, andthe denotationd, the opera-
tiont :- d appliesr tot andd. Sobasically eachsemanticequation
canberevisedvia theregistryr.

It remaingto performthethird stepfrom above, thatis, theintegra-
tion of a constructfor bindingadvice. This comesdown to adding
one equationfor [[-]. Therearea few optionsdependingon the
favouredbinding policy andotherlanguage-desigdecisions.One
option is to hold superimposeadvicein an ervironmentwith a
bindingscopethatis local to a givenprogramfragment.Thatis:

[hadaptst] =Ah.[t]h

We call h andh’ hooks The old hook IV is replacedby the new
hook h. We saythat h adaptsthe programfragmentt. The de-
notationtransformersaccomplishedy h will transformthe deno-
tationsdeterminedor t andits subconstructs(We try not to use
the AOP term ‘advice’ for h becausén accomplishedoth the ad-
vice codeandthedefinitionof join pointsor pointcuts.)Hooksand
registriesareof the sametype: a family of denotatiortransformers
indexed by the syntacticaldomains. For example,the denotation
transformerfor § is of typeS§ — RD; — R D;. Thefirst agu-
mentof type § emphasisethatreflective denotatiorntransformers
canlook atthe programtext to make a decision.

Ourmethodworks,in principle,for all possibldanguagesemantics
(suchasimperatie languagesdifferentobject-orientedanguages,
functionallanguagesetc.). However, language-specifiproperties
andobligationsoccurin this process.Thosehave to be studiedto
arrive ata usefulnotion of language-parametrguperimposition.

In thepresenpaperwewill only dealwith dynamicsemanticsit is
desirableo couplethe adaptatiorof dynamicandstaticsemantics.
In the ideal situation, type safetyof programsthat involve super
impositionshouldhold by construction We might actuallywantto
amal@matestaticand dynamicsemanticdo be ableto formulate
certainkinds of pointcutsfor superimpositiorthatdealwith types.

From hereon, we will represensemanticadefinitionsin Haslell.
Thisimmediatelyallows usto run thesedefinitionsasinterpreters.

3 An example

We will now illustratehow to make the semanticof a very simple

expressionanguagsit for superimpositionandhow to make use
of superimposition.The languagecomprehendgxpressionforms

for integer constantsyariables,andbinary arithmeticexpressions.
Superimpositiowill beusedin away to catchdivision by zero.

In Fig. 1, thesemantic®f the expressiorlanguages definedin the
denotationastyle. We defineatype of denotationgor eachsyntac-
tical categgory, namelyDexpr for Expr, andDbinopfor Binop. The
type Dexpr expresseshat the meaningof an expressionis a map-
ping from environmentsto values.The ervironmentmapsvariable
identifiers(i.e., strings)to values. The type Dbinop expresseshat
themeaningof a binary operatoiis afunctionthatmapstwo values
to asinglevalue.We defineonemeaningunctionfor eachsyntacti-
cal catgory using casediscriminationaccordingto the syntactical
forms. The definitionis compositionalthatis, the meaningof a
constructis definedin termsof the meaningsof its subconstructs
only, but notthe subconstructthemseles.

We will now addsuperimpositiorio the semanticaccordingto the
threestepslisted in Sec.2. The first stepis to elaboratethe se-

Expressiorsyntax

dataExpr = Constint| Var String| Bin BinOpExpr Expr
dataBinOp = Div]|---

Denotations
type Dexpr = Env— Val

type Dbinop = Val — Val — Val

Variableenvironments
typeErnv = String— Val

Valuesincl. anerrorvalue
type Val = Maybelnt

Expressiorevaluation
expr:: Expr— Dexpr
expr (Constint)p = Justint
expr (Varid) p = pid
expr (Binoele2) p = bhinopo (exprelp) (expre2p)

Interpretatiorof binaryoperators
binop:: BinOp— Dbinop
binopDiv (Justx) (Justy)
binop...
binop_ _ _ =

Just(x‘div' y)

i\ibthing

Figure 1. Denotational semanticsof a simple expressionlan-
guage. Becauseit is a Haskell program it can be viewed asan
interpreter aswell.

Evaluationfunction
expr :» Monadm=- Expr — mDexpr
expr (Constint) = return(Ap — Justint)
expr (Var id) return(Ap — pid)

expr (Binoele2) dodel«— exprel
de2+ expre2
dop+« binopo

return(Ap — dop(delp) (de2p))

Interpretatiorof binary operators

binop Monadm=- BinOp— m Dbinop
binopDiv. = return(Avlv2—
case(vl,v2) of
(Justx, Justy) — Just(x‘div' y)
—— Nothing
binop ... =

Figure 2. The inter preter in monadic style

manticfunctionsto carry advice.Oneway to realisethis stepis to
perform‘monadintroduction’,thatis, to migrateto monadicstyle.
This stepis independentf thefactthatwe dealwith semanticend
superimpositionin principle,ary family of recursve functiondef-
initions canbe turnedinto monadicstyle. In [7], we definesuch
a transformation. So the denotationtypesin the typesof the se-
manticfunctionshave to be wrappedby a monad.In the semantic
equationsall compounddenotationsare sequentialisedand they
arerecomposedy “>=". Withoutlossof generalitywe assumex
call-by-valueorder Theresultof this stepis shavn in Fig. 2. No-
tice the elaboratedypesof the semantidunctions,whichinvolve a
monadm. Also noticethe monadicdo-sequencéor the compound
meaningof a binary expressionandseveral occurrencesf return
Instantiatingthe monadm by the identity monad,and B-reducing
away sequentialitywe would obtainthe original interpreter



Expressiorevaluation;adapted

expr, expr (Superimposable Expr Dexpr,
Superimposablen BinOpDbinop)
Expr — mDexpr

return(Ap — Justint)
return(Ap — pid)
dodel« exprel
de2— expre2
dop+ binopo
return(Ap — dop(delp) (de2p))
e:- expre

4

expr (Constint) =
expr (Var id)
expr (Binoele2)

epre =

Interpretatiorof binary operatorsadapted

binop binop Superimposable BinOpDbinop
= BinOp— mDbinop
binopDiv. = return(Avlv2—
case(vl,v2) of

(Justx, Justy) — Just(x‘div' y)

—— Nothing
binop... = ...
binopo = 0:- binopo

Figure 3. The inter preter with reflective denotations

The secondstepin our procedurefor addingsuperimpositiorto a
semanticss to turn the semanticequationdnto reflective style by

invoking the“ :- ” operatorprior to casediscrimination. For each
semantidunction,we defineanoverlinedversionthataddsthe ap-
plicationof “ :- ”, e.g.,expr complement®xpr. (Alternatively, we
could adaptall existing equationgo invoke “ :- " asdescribedn

Sec.2.) In thesemantieequationsall referenceso the original se-
manticfunctionsarereplacedby referencedo the overlinedones.
Theresultof this stepis shavn in Fig. 3. Noticethenew definitions
of expr andbinop. Also noticethereferenceso expr andbinopin

the semantieequationdor expr.

Recallthatthe operator” :- " modelstransformationof reflectve

denotations Sincea languagenormally comprehendseveral syn-
tacticaldomainsand correspondingienotationtypes,the operator
“ :- " needgo be overloadedor all couplesof syntacticaldomains
and associatedlenotationtypes. So a registry is actually a tuple
of denotationtransformers— onefor eachdenotationtype. For

a given denotationtype, the operatoris meantto look up the cor

respondingdenotationtransformerfrom the registry tuple and to

apply it to the term andthe denotationat hand. This canbe con-
venientlyrepresentedéh Haslell usinga classfor overloading. So
we placethe operator” :- " in a classSuperimposablevhich sub-
classeshe standaratlassMonadasfollows:

classMonadm=- Superimposablmsd
where
(:-):s—md—md

Therearethreeparametersm is the type constructorof the monad
for theregistry, sis asyntacticadomain d is thetypeof denotations
for s. Wewill seein asecondhattheinstance®f the Superimpos-
ableclassfollow a simplescheme.

Thethird stepin our procedurdor addingsuperimpositiorio a se-
manticsis to integratea construcfor bindingadvice.Thisincludes
the obligation to opt for a specificinstanceof a Superimposable
monad.We will now provide a generalrealisationof the third step
including its illustration for the simple expressionlanguage. As

Theregistry domainconstructor
type R= ReadeHook

Typesof hooksfor superimposition
data Hook= Hook (Hexpr, Hbinop)
type Hexpr = Expr — R Dexpr — R Dexpr
type Hbinop= BinOp — R Dbinop— R Dbinop

Theidentity Hook
idHook= Hook (Ae ce— ce Ao co— co)

Runareflectve denotation
run::Rd—d
rund = runReaded idHook

Instance®f Superimposablelass

instanceSuperimposabléReadeHook) Expr Dexpr where
t:- d =ask>=A(Hook(h,_)) — htd

instanceSuperimposabléReadeHook) BinOpDbinopwhere
t:- d =ask>==A(Hook(_,h)) — htd

Figure 4. Uniform definition of registry

Syntaxof the superimpositiorconstruct
data Expr=... | AdaptsHook Expr

Semantic®f the superimpositiorconstruct
&xpr (Adaptsh e) = local (consth) (expr e)

Figure5. Uniform integration of a superimposition construct

alwayswith our method,the languagedesignemight bypassthe
language-parametr@pproachif a morelanguage-specifitorm of
superimpositions favoured.

In Fig. 4, we defineaspecificmonadR thatmodelsaregistry for su-
perimpositionin our example. In fact, we choosethe ervironment
monad(akaReaderin Haslell).! ThetypeHookis a productwith
two componentspne for eachdenotationtype. Eachsuchhook
componenis a denotatiortransformer The receved denotations
the normaldenotationwhereaghe computeddenotationis there-
vised, ultimate denotation.The typesmalke clearthata denotation
transformerlsorecevesa syntacticalentity, which cancontritute
to the decisionwhetherto replaceor to presere the normaldeno-
tation. In thefigure, we alsodefineanidentity hook (i.e.,idHooK),
which modelsthatthe normaldenotatioris preseredregardlessof
the ‘join point’ (i.e., the syntacticalform at hand). Runninga re-
flective denotatioris lik e ‘running’ the Reademonadwith idHook
asinitial registry; seerun. Thelastfew linesin Fig. 4 instantiate
the Superimposablelassfor our examplesemanticsThatis, “ :- "
is definedby looking up the denotatiortransformergrom the ervi-
ronmentandby applyingtherelevanttransformeto theingredients
of thegivenreflective denotation.

In Fig. 5, we completethe extensionof the samplesemanticsy
addingaspecificcaseto thesemantidunctionfor expressionsThis
new equationprovidesthe mostsimpleanduniform kind of a su-
perimpositiorconstruct.Themeaningf Adaptsh eis thatthehook
h adaptshe denotatiorfor the expressiore andall denotationgor

1We recallthe operationof the Reademonad:
ask @ mr -- readervironment
local : (r—r)—mx—mx --locallyadaptervironment



noDivByZeo = Hook (Aed — d, noDivByZeo')
where
noDivByZeo' :: BinOp— R Dbinop— R Dbinop
noDivByZeo' Divd =
dod —d
return(Avlv2 — case(vl, v2) of

(,Just0) — Nothing
_—dvlv2

Figure 6. A hook for superimpositionto catch division-by-zero

subconstructef e. Theuseof thelocal operatomalesit asclearas
crystalthatthe hookh is only usedfor theinterpretatiorof e. The
useof constmakesclearthatpreviousbindingswill bereplacedy
thenew hook. We will investigatealternatiesin the next section.

In Fig. 6, we definea hook for catchingdivision-by-zerofor any
interpretationof Div. To this end, the secondargumentof the de-
notationis checledto be“0”, andif thisis the casethentheerror
valueNothingis returned.Otherwise the original denotationis re-
tained. Sofinally, we candemonstratesuperimpositiorin action.
To this end,let us considerthe following programtogethemwith an
ervironmentfor the usedvariables:

myexp = Bin Div (Const42) (Var "nyvar")
myew = Aid — if id =" nyvar" then Just0 elseNothing

Usingthe original denotationabemanticasan interpreterfor this
program,we will obviously encountem division-by-zerorun-time
error. Using the aspect-orienteéhterpretey we cancatchdivision
by zero.Thefollowing programexecutionreturnsNothing

run (expr (AdaptsnoDivByZeo myep)) myew

4 Designspaceexploration

We will now walk througha few locationsin the designspacefor
alanguagesemanticsvith superimposition.This will furthersub-
stantiatethe generalityof our method,andit will clarify how it can
be customisedor a specificlanguageat hand.

Binding policies We will first discussdifferentbinding policies
for advice. The policy that we have seenabove employs an en-
vironmentto carry advice. Herethe affectedprogramfragmentis
explicitly partof the binding construct. Also, we favouredthe re-
placemenbf previous bindingsby the new binding. Both design
decisionscan be altered. We will first discusscumulatize advice
bindingasopposedo replacemensemanticdefore.We will then
discusshe useof a statefor the registry asopposedo anerviron-
mentbefore.

In Fig. 7, we provide a new definition of the Adaptsconstruct;see
Fig. 5 for the original definition. We chain the previous binding

andthe new binding (cf. “0"). The new binding getsinto control

but if it wantedto resortto the standarddenotationjt actuallyac-
cesseghe denotationas processedy the previous binding. It is

now not too difficult to think of further binding policies. For ex-

ample,we could favour denotationtransformerswith yet another
denotatiorargumentfor the standarddenotatiorprior to ary adap-
tationby previoushindings.This way, newly installedhookscould

abandorpreviously installedhooks.

Syntaxof the superimpositiorconstruct
data Expr=... | AdaptsHook Expr

Semantic®f the superimpositiorconstruct
&xpr (Adapts(Hook (he ho)) e) = local chain (expr e)
where
chain (Hook (h€,hd')) = Hook(Ae — heeoh€ e,
Ao — hooohd 0)

Figure 7. Superimpositionwith cumulative advicebinding

Registry-avarecomputations
type R = StateHook

Valuesincl. \Woid for puresideeffects
dataVal =... | \Void

Syntaxof the superimpositiorconstruct
data Expr=... | HookUpHook

Semantic®f the superimpositiorconstruct
a&xpr (HookUph) = puth>=A() — return(return\boid)

Figure 8. Superimpositionwith a statefor advicebinding

In Fig. 8, we usethe Statemonadasopposedo the Readermmonad
for theregistry; seeFig. 4 for the original definition? Herewe as-
sumethat the languagesemanticsat hand provides a notion of a
purely side-efective computation.Hence thereis a designatede-
sultvalue\oid. Theconstructfor superimpositiomow alsotakesa
differentform becauseve donotlist theaffectedprogramfragment,
but we simply registeradvicealongthe executionof the program.
Sothe constructfor binding adviceis of the form HookUph with

theintendedsemanticshatthe hookh asinstalledasregistry atthe
time whenthe HookUpexpressions executed.As onecansee the
expressiorevaluatego Void. A problemwith this approachis that
thebasesemanticandthedo-sequencefor theintroducedregistry
monadmightaccidentallydisagre@ntheorderof computation We
will comebackto this problemin aminute.

Effect composition Sowe have seenthatbothanenvironmentand
a statemalke sensefor carrying advice. Capturingthis variation
point in a monadparameteiis a good idea becausehe superim-
position level might even deal with further effects than just car
ried advice.For example,we might wantto maintaindynamicjoin
pointinformation[13], or we might wantto reflecton the success
andfailure of denotationtransformation.Regardlessof the choice
monadic-stylesemanticys. hard-wiredeffects,a discussiorof the
relationshipbetweerthesuperimpositiortevel andthe baseseman-
ticsisin place.

By default, we assumehat the semanticds madefit for carrying
advicewithout looking at the denotatiortypes. For example,even
if the original semanticds alreadyin monadicstyle, we canper
form monadintroduction. This will resultin nestednonadicstyle.
In Fig. 9, this is illustratedfor a variationon our expressionlan-
guage.Thevariationprovidesan Assignstatementhe semanticof
whichreliesonthe Statemonadfor thevariablesn aprogram.The
reflectve denotatiorfor an Assignexpressions a nestedmnonadic
computation At thetop level, thecomputationgor enablingsuper

2\We recallthe operationf the Statemonad:
get @ ms -- readstate
set i@ s—m() --writestate



Syntaxextensionfor assignments
dataExpr = ...|AssignStringExpr

Revision of expressiordenotations
type Dexpr = StateEnv \al

Semanticef assignments
expr (Assignid ¢) = do de «— &xpr €
return(do p < get

V—déd

put (Aid’ — if id = id’
thenv
elsepid’)

returnv)

Figure 9. The Superimposable monad on top of a basemonad

impositionarearrangedn a do-sequenceTheinnerdo-sequence
directly modelsthe semanticof assignment.Thatis, the stateis
looked up with get, the right-handside of the assignments eval-
uatedto v, the stateis updatedn the point for the variableid, the
updatedstateis ‘put back’, andthe right-handside valuev is re-
turnedasthevalueof theassignment.

Thesenesteddo-sequencepinpointa problem.Supposewe usea
statefor theregistry; recallFig. 8. A subexpressione; mighthook
up anothersubepressione; while e, would be normally executed
beforee;. Thatis, the nesteddo-sequencesould disagreeon the
orderof computation.Note thatthe inner sequenceepresentshe
basesemanticsvhereaghe outersequencevasestablishedby sys-
tematicmonadntroduction.To enforceacommonorder we should
transformthe monadin the basesemanticgo integratethe registry
or ary othersuperimpositioreffect aswell. We could even elabo-
ratean existing effect in the basesemanticse.g.,an ervironment
or a state,sothatit accomplisheshe registry aswell. If the base
semanticss notin monadicstyle, thenit is not really preparedor
suchan amalgmationof effect spaces.in the view of theseprob-
lems,our earlierchoiceof anervironmentmonadfor theregistryis
morefavourable.Theorderingproblemis hereanon-issuéecause
advicebindingis local with respecto agiventerm.

Inter cepting invocations Our approachallows usto interceptany
point of the programexecutionin the senseof syntacticalfrag-
ments. It is at the heartof AOP to interceptinvocationsof meth-
odsor otherprocedurahbstractionsSowe wantto briefly examine
how thislookslikein our setting.In Fig. 10, we furtherextendour
expressionlanguageto accomplisha form of namedfunction ap-
plication. Thesemantieequatiorfor functionapplicationis already
preparedo carryadvice.(We again usenestedmnonadicstyle.) We
usea helperfunction apply to apply a function-typevalue to an
argument. For brevity, we do not defineary expressionform for

functionabstractior{i.e., A-abstraction)but we assumehattheen-
vironmentcanhold functions,e.g.,afunction” div' . At thebottom
of Fig. 10, we definea hook noDivByZeo, which interceptsappli-

cationsof the" div" functionto catchdivision by zero. Notice the
plain useof patternmatchingfor filtering out the relevant (nested)
function application. The constructeddenotationreturnsError if

the secondamgumentof " div' is “0”, andotherwiseit appliesthe
original bindingof " div'. This hooklooksa bit verbosebecausét

reconstructshe normaldenotatiorto a large extent. This couldbe
capturedby a reusableoperatorfor ‘function-applicationintercep-
tion'.

Syntaxextensionfor functionapplications
dataExpr = ... | ApplyExprExpr

Functionsevaluateto functions
dataVal = ...|Fun(Val — Val)

Adaptedsemantic®f functionapplication
expr (Applyele2) = dodel— exprel
de2« expre2
return(dovl«— del
v2«+— de2
return(applyv1v2)

Helperfor functionapplication
apply:: Val — Val — Val
apply(Funf) val=f val
apply_ _ = Error

Anotherdivision-by-zerocatcher
noDivByZeo:: Expr — R Dexpr — RDexpr
noDivByZeo (Apply (Apply (Var "di v") el) e2) d =
dodel— exprel
de2« expre2
return(do p — get
vl del
v2+— de2
casev2 of
Int 0 — returnError
_—return(apply(apply(p"di v") vl) v2)

)
noDivByZeo _d =d

Figure 10. Inter cepting a function application

5 Relatedwork

For distributedsystemgof communicatingprocesses}hereexists
anotionof superimpositiofi3, 6, 10] whichis (likeaspectén AOP)
orthogonalto the usualbreakdovn of modules.This sortof super
impositioncontributesto the theoreticabasisof AOR Anotherab-
stract formalmodelof AOPis providedin [4]. It is basednexecu-
tion monitorsfor the eventsthatcorrespondo the pointsof interest
alongthe programexecution. Anotherformal semanticof AOPis
basedn CSPwith CSPsynchronisatiorsetsasjoin points[1]. All
thiswork differsfrom oursin thatwe startfrom anordinarydenota-
tionalsemanticsandmalkeit fit for superimpositiorin asystematic
manner Thatis, we do notresortto ary designatedormal model,
but we just stayin the denotationaketting.

Our approacho reflecton the syntacticalpatternsalong program
interpretationis inspiredby the eventgrammarsn [2]. Auguston
suggestdo formalisethe executionof a programin a languagen
termsof aneventgrammar Sucha behaioural modelcanthenbe
usedto superimposéunctionalityon the eventtracesof a program,
e.g.,to checkassertionsor to performdelugging. This approach
hasbeenusedin the developmentof several dehuggingtools. Our
notion of ‘reflective denotationsis a semantidranspositioranda
stronggeneralisatiomf atwealedmonadic-styleof functionalpro-
grammingproposedy Meuterin [9]. In this style,theprogrammer
informs a non-standaranonadicbind combinatoraboutthe names
of functionsthat areappliedto intermediateresults. Thesenames
canbe viewed as (explicit) join points. By contrast,we preparea



semanticsn away thata ‘superimposablemonadcanrevisedeno-
tationsfor syntacticapatterns Ourmethods basednasystematic
transformatiorasopposedo anencodingstyle.

Thereis anenormousamountof relatedwork onreflection[11, 12,

5]; its relevancefor AOPis generallyacknavledged. We have not

seeragenericmethodto systematicallyelaborateadenotationate-
manticsfor AOP-like reflectionin the availableliterature. There-

flection literatureis normally concernedvith somekind of staged
interpretatiorasopposedo theprovision of a superimpositiorton-

struct.However, it seemghatour approactcouldtake greatadvan-

tageof thereflective theoryfor the purposeof formal reasoningon

aspect-orienteghrograms. Also, ideason ‘full computationare-

flection’ areof useto furthergeneraliseur approach.

6 Concluding remarks

The describednethoddefineshow to extendan ordinarylanguage
semanticsso that one obtainsan aspect-orientethnguageseman-
tics. We call this achiezement' superimpositiorfor freg€. Techni-

cally, it is basedn a ‘reflective denotatiorstyle’. Accidentally the

approachalso suggests normatie style of aspect-orientedunc-

tional programming but this hasto be discussedtlsavhere. The

aspect-orienteggrogrammingtermsare instantiatedfor ‘superim-

positionfor free’ languagessfollows:

Staticjoin point
Dynamicjoin point

Syntacticapattern
Computatioron syntacticalpattern

Pointcut Patternmatchingpredicate
Advice Denotationtransformer
Programexecution Monadicdo-sequence
Aspect Hook for superimposition

Dynamicweaving
Staticweaving

Registry update
Partial evaluation

We contendthatthisis arathersimple,uniform,andgeneralayto
defineaspect-orientethnguagesemantics.We arealsowilling to
saythatourapproacttanbeseerasanothedefinitionof reflection.

Theto-dolist for anexhaustve treatmenbf the subjectis long:

e Transposéhemethodto staticsemantics.

e Coverthestandardormsof dynamicjoin points.
e Make eventhedenotatiortransformerseflective.
e Reco/er compositionalityin someway.

e Cover SOSin additionto denotationasemantics.
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