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Abstract. In this paperwe proposetwo new forms of Adaptive Programming.
The �rst approach,AP-P, is an imperative approachthat addsa programming
constructcalled,interpositionvariables,thatreduceboilerplatecodein computa-
tionsoverrecursivedatastructures.Ourcurrentimplementationof AP-Pis called
DemeterPandis providedasa standardJava annotationprocessorthatgenerates
AspectJcode.Thesecondapproach,AP-F, is a functionalapproachthatparam-
eterizesa generictraversalwith threesetsof functions.Thesefunctionscanbe
combinedto modify traversalbehavior to producevariousfunctionaltransforma-
tions andfolds. Our currentimplementationof AP-F is calledDemeterFandis
providedasa Java library that relieson re�ection. We describethe ideasbehind
the two approaches,discusstheir implementations,andusethemto solve some
typicalprogramminglanguagerelatedproblems.

1 Intr oduction

Thecornerstoneof ObjectOrientedProgramming(OOP)is thenotionof objectcom-
municationviamessagepassing.Collaborationsbetweenobjectsarethebuildingblocks
usedby programmersto provide desiredprogramfunctionality. Oneof themostcom-
moncollaborationpatternsusedis recursivetraversal [1–3]— givenan object,recur-
sively traverseits �elds, performingnecessarycomputation;recursionterminateswhen
an objectwithout �elds is reached.Thevisitor designpattern[4] givesan abstraction
thatcanbecustomizedto implementoperationsoveradatastructure,but programmers
arestill left with thefollowing questions:

– how shouldthedatastructurebetraversed,
– whichobjectsareresponsiblefor thetraversalimplementation,and
– whereandhow shouldinformationbemadeavailableduringtraversal.

Adaptive Programming(AP) emerged as an extensionto OOP with the goal of
abstractingand separatingtraversaland computationfrom object structures.In AP,
traversalcodeis automaticallygeneratedfrom a descriptionof the datastructureand
a traversalstrategy— a speci�cationof whereandhow deepthe traversalshouldgo.
Computationis de�ned separatelyin a specializedvisitor, with methodsexecutedbe-
fore andafter reachinganobjectof a speci�c type.Valuesarecommunicatedbetween
visitor methodsby mutatingvisitor instancevariables.



In this paperwe introducetwo re�nementsof AP: AP-PandAP-F. AP-Pusesan-
notationsto de�ne interpositionvariables[5,6] within visitors. Thesevariablesare
only availableduring traversalandcanbe usedto communicateinformationbetween
differentexecutionsof visitor methods.AP-F is a functional formulationof AP that
decomposestraversalcomputationinto threesetsof functions:transformers, builders,
andaugmentors. AP-F employs a methoddispatchmechanismduringtraversal,allow-
ing communicationto occur throughfunction argumentsand returnvalues.Both re-
�nementsenhancecommunicationduringtraversal,maintainingtraversalseparationby
decreasingdependenciesbetweentraversalandcomputation.

As an illustrative exampleconsiderthe classhierarchyin Figure1 that describes
Item s; an item is eithera singleElement with a weight,or a Container with a
maximumcapacityanda list of items . Givenan item, we want to checkrecursively
for containerviolations, i.e., containerobjectswhosetotal weight is greaterthantheir
capacity.
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Fig.1. ContainersUML ClassDiagram

Figure2 givesafunctional,objectorientedsolutionto thecontainerproblemin Java.We
de�ne ahelperclass,Pair , to holdthenumberof violationsandthetotalweightof the
currentitem(s).We introducethemethodcheck() into eachclass,which responsible
for calculatingtheitem'sweightandnestedviolations.

In thepureobjectorientedsolutionwriting traversalcodeis tedious,but straightfor-
ward: for eachobjecttype,recursethroughits immediate�elds until we reachanEl-
ement , which containsno aggregate�elds1. The traversalalsohard-codesthenames
andlayoutwithin theobjectstructures.As a resultany modi�cation of namesor struc-
turerequiresa numberof disjoint changesto theimplementation;thesechangesareto
“boilerplatecode”thatis uninterestingto developandmaintain.

Figure3 shows anAP Visitor solutionto thecontainerproblemin DJ [7]. Thecre-
ationof a ClassGraph instanceextractsa representationof therelatedclassesusing
re�ection. Themethodtraverse() traversesits �rst argument,usingthesecondas
a strategy andits third asthevisitor to beexecutedduringtraversal.In AP, aswith the

1 Wedonotusuallyattemptto traversebasetypessuchasInteger , thoughthey mayactually
have �elds
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// Pair of Ints , <weight , violations >
class Pair{

int w, v;
Pair ( int ww, int vv){ ... }
static Pair make( int ww, int vv) {

return new Pair (ww,vv);
}
Pair add( int ww, int vv){

return Pair.make (w+ww, v+vv);
}

}

// In class Item
abstract Pair check ();

// In class Element
Pair check (){

return Pair .make (weight,0) ;
}

// In class Container
Pair check(){

Pair p = items .check ();
return p.add (0, (p. w > capacity )?1:0) ;

}

// In class ItemList
Pair check(){

return Pair .make(0, 0);
}

// In class ItemCons
Pair check(){

Pair f = first .check (),
r = rest .check ();

return f.add (r.w, r .v);
}

Fig.2. Java implementationof theContainerproblem.

class CheckAP extends Visitor {
Stack <Integer > weightStk = new Stack <Integer >();
int weight = 0, violations = 0;

void after (Element e) { weight += e.weight ; }
void before (Container c){

weightStk . push(weight );
weight = 0;

}
void after (Container c){

if (weight > c.capacity ) violations ++;
weight += weightStk .pop() ;

}
static int check (Item i){

CheckAP v = new CheckAP() ;
new ClassGraph ( true , false ).traverse (i, "from Item to *", v);
return v.violations ;

}
}

Fig.3. AP Visitor Implementationof theContainerproblem.
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visitor pattern,communicationis provided by local mutationto visitor instancevari-
ables.We usea Stack to mimic therecursive callsof theJava solution,pushingand
poppingthepreviouscontainer's runningweightwhentraversinga nestedcontainer2.

AP-Pwasdesignedwith this typeof calculationin mind, encapsulatingoperations
andnestedstatewithin visitors.Figure4 shows the containersolutionwritten in our
AP-P implementation,DemeterP. The Java annotationassociatesan Integer vari-
able,namedweight , with eachContainer instance.Eachweight is initialized
to 0 andavailableonly during traversal,within the the scopeof the visitor CheckP.
Using thenameweight within thevisitor methodsaccessesthecurrentvalueof the
enclosingcontainer's weight.The specialsyntax($ipvs.weight.val ) references
thelastvisitedcontainer'sweight,i.e., theweightassociatedwith theargumentto after.
Upontraversalentryof a container, thecorrespondinginterpositionvariableis initial-
izedandbecomesactive; afterexiting eachcontainer, theenclosingcontainer'sweight
is updatedandthevariableis discarded(similar to thepushandpopoperationsin our
AP solution).

class CheckP extends InterpositionVisitor {
@Interposition (classes ={Container . class }, initializer ="0")

Integer weight ;
int violations = 0;

void after (Element e) { weight += e.weight ; }
void after (Container c){

int currWeight = $ipvs .weight .val ;
violations += ((c. capacity < currWeight )?1:0) ;
weight += currWeight ;

}
static int check (Item i){

CheckP v = new CheckP();
new ClassGraph ( true , false ).traverse (i, "from Item to *", v);
return v.violations ;

}
}

Fig.4. DemeterPImplementationof theContainerproblem

AP-F extendsAP using a functional traversal in the style of our Java container
solution.Communicationbetweenfunctionsis providedthroughargumentsandreturn
values,with amethoddispatchbaseonall argumenttypes.Figure5 showsthecontainer
solutionwritten in our AP-F implementation,calledDemeterF. We write combine()
methodscorrespondingto eachof the check() methodsin the Java solution—the
�rst argumentto themethodsis theobjectbeingtraversed.Thedispatchmechanismse-
lectsthemostspeci�c applicablemethodbasedonthetypesignature.Themethodwith
argumenttype Element executeswhen we reachan Element , while the method
with argumenttypesItemCons , Pair , andPair executeswhenwe reachan ob-
ject of type ItemCons , after processingits �elds: first andrest . The traversal

2 Thestackis neededbecauseweareperforminganon-tail-recursivecomputation.For example,
a singlevariableis suf�cient to countthetotalnumberof elementsin a givencontainer
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of these�elds yields objectsof type Pair , which arepassedasthesecondandthird
arguments.The separationof functionsin this way allows for a morefunctionalstyle
traversal,leadingto straightforwardtraversalparallelizationandsimplerimplementa-
tionsof transformations.

class CheckF extends IDb{
Pair combine ( Element e){ return Pair .make(e. weight, 0); }
Pair combine ( Container c, Integer cap , Pair p)

{ return p.add (0, (p .w > cap )?1:0); }
Pair combine ( ItemList il){ return Pair .make(0, 0); }
Pair combine ( ItemCons ic, Pair f, Pair r){ return f .add(r.w , r.v); }

static Pair check (Item i)
{ return new Traversal ( new CheckF() ).traverse (i); }

}

Fig.5. DemeterFImplementationof theContainerproblem

AP-PandAP-Fallow for betterabstractionsfor traversalrelatedcomputations.AP-
P encapsulatesvisitor stateandoperationson this state,providescontext sensitive ac-
cessto visitor stateandboilerplatecodefor updatingvisitor statein the presenceof
recursive objectstructures.AP-F providesa new decompositionof computationdur-
ing traversalinto transformer, builder, andaugmentorfunctionsalongwith an extend
methoddispatchmechanism.Communicationandstatepassingoccursthroughargu-
mentsandreturnvaluesleadingto functionalstylesolutions.

Both approachesenhanceaspectsof communicationfound in AP andremove the
needfor boilerplatecode;computationalongrecursivetraversalsbecomessuccinct,eas-
ier to maintain,andreusable.To supportour claimswe introduceour runningexample
in thenext sectionandfollow our discussionwith a moredetailedexplanationof AP-P
in section3 andAP-F in section4. We discussrelatedwork in section5 andconclude
in section6.

2 Running Examples

For theremainderof thepaperweintroduceasmalllanguageandprovidesolutionsfor
evaluation,typecheckingandcompilation.All threephasesare�rst implementedusing
AP-PandthenAP-F explainingour approachto programdesignunderbothAP exten-
sions.We introducea small languageof integers andstringstogetherwith castsand
polymorphicaddition. We de�ne classesof our abstractsyntaxtreefor this language
usinga Demeterstyle ClassDictionary (CD) that mixesconcretesyntax(terminals)
with abstractsyntax(datatypede�nitions).

Figure6 showsourCD for thesimplelanguageanddatastructures.In thisnotation,
':' de�nes anabstractclass(a sumor union type),and'=' de�nes a concreteclass(or
product type). Field namesaregiven in < � > followed by their type. Concretesyntax
is given asstring literals in-placeandeachde�nition is terminatedby a period ('.').
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Exp: IntExp | StrExp | StrCast | PlusExp .

IntExp = <val> Integer .
StrExp = <val> String .
StrCast = "(string )" <exp > Exp.

PlusExp = "(" <lhs > Exp <op> Plus <rhs> Exp ")".
Plus = "+" .

Fig.6. Mixedconcreteandabstractsyntaxfor Examples

From this descriptionit is easyto seehow we would generateboth Java classde�ni-
tions anda generalparserfor the datatypes3. In this simplelanguage,theexpression
("5"+(string)4) wouldberepresentedby thefollowing Javaexpression:

new PlusExp ( new StrExp ("5"), new Plus (),
new StrCast ( new IntExp (4) ));

2.1 Example: Evaluation

For our �rst examplewith this languagewe will produceevaluatorsbasedon a sim-
ple, intuitive semantics.We usethenotation ����� and �	�
� to denotethe representation
of the integer � and the string � respectively. Valuesin our languageconsistof �
� ,
constantsthatrepresentintegers,and ��� , constantsthatrepresentstrings.For our imple-
mentationsbothrepresentationscorrespondto theJavaclassesInteger andString
respectively.Thelanguagehasanoverloadedoperator� , which,giventwo stringvalues
returnsa stringvaluerepresentingtheirconcatenation,andgiventwo integervaluesre-
turnsanintegervaluerepresentingtheir sum.If givena stringandaninteger, � throws
an error. We denoteconcatenationof two string representationswith � and integer
additionwith +.

�	��������� ���������
� (string) ���������

�������
����� �

(string) ���!�����

����� + ��"#���$�&%'�

(

�
�)�*�
+�,-����.

�&���/�0��12������3��

(

���4�5�
6�,-���
7

2.2 Example: TypeChecking

Our secondexampleinvolvestype checkingexpressionsbasedon the obvious typing
judgmentsdescribedbelow. Thereis no typeenvironment;thetypesof expressionsare
basedsolelyonthetypesof theirsub-expressions.Here8:9<;=1 meansweassignthetype

1 to theexpression9 . Str sandInt sareof typeStrType andIntType respectively.
Any well typedexpressioncanbecastto astring,assigningit theresulttypeStrType ,
while PlusExp is assignedthetypeof its sub-expressions.

3 WeuseDemeterJ[8]to generateJava classesandinput for thejavacc[9]parsergenerator
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8>�&���:;'?A@CBCD'E'FHG 8I�����);KJ�LC@CDCE'FHG

8:9:;M1

8 (string) 9<;A?A@'BCDCE'FHG

8:9=NO;=1 8P9
QR;M1

8

(

9=N-�*9
Q�,�;=1

To representtypesin our typechecker implementationswe introducethefollowing
Java classeswith static �elds. The �elds representsingletontypes;they will only be
usedastagsduringtypechecking.

class Type {
static Type Int = new IntType (),

Str = new StrType (),
Plus = new PlusType (),
Err = new ErrType ();

}
class IntType extends Type {}
class StrType extends Type {}
class PlusType extends Type {}
class ErrType extends Type {}

2.3 Example: Compilation

As a�nal example,wewill reuseour typecheckingsolutionsto createacompilerfrom
our examplelanguageto a simpleassemblylanguagefor an abstractstackmachine.
The semanticsof our assemblylanguageare describedbelow. In this notationeach
instructiontransformsthestack; an instructionis a functionof type

(

��1TSC��%U�V��1TSC��%K, .
Thestackis a list of valuesseparatedby commaswith the top of thestackto the left.
pushs andpushi instructionsare straightforward, pushingvaluesonto the stack.
casts replacesan integervalueon thetop of thestackwith thecorrespondingstring
value;acastof a stringvaluehasnoeffect.

FCW�X
Y0XZ�[; ��1�%\� �
��]

��1�%

FCW�X�Y_^P�`; ��1�%\� �
��]

��1�%
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]

��1�%\� ���
]

��1�% �������&�=��� �

���
]
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]

��1�%
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+
]

���
]

��1�%\� �
�=fg+
]

��1�%

aMh

L

aMb

@i;Z�j6
]

���
]

��1�%\� ���lk 6
]

��1�%

Thetwo formsof Plus aregivenby theadd andconcat instructions,addingor
concatenatingthetoptwo valuesonthestack.Notethattheargumentsareplacedonthe
stackin order, left to right, sothe top of thestackis actuallythe right mostargument.
We introducea functionallist class,OpList , with anoverloadedmethodappend()
thatacceptsanOpcode— theabstractbaseclassof theabovede�nitions— or another
OpList , returningtheupdatedOpList . Theusageis madeobviousin thefollowing
sections.
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3 AP-P

AP-Pis concernedwith achieving structure-shycommunicationamongdifferentpoints
during traversal,limiting the amountof boilerplatecodethat needsto be written. In
a functional style traversal,as in Figure 2, different functionscommunicatethrough
argumentpassingandreturnvalues.Typically, only onereturnvalueis allowedandar-
gumentsarepassedonly to immediatefunctioncalls.This form of communicationis
notstructure-shybecausevaluesarecommunicatedthroughpossiblyunrelated/uninter-
estingportionsof thedatastructure.

In anAP style traversal,a visit methodacceptsa singleparameter, thecurrentob-
ject beingtraversed,andreturnsvoid. Communicationbetweenvisit methodsis done
throughmutationof sharedstate—the�elds of thevisitor instance.Theapproachpro-
posedby AP-P for structuringcommunicationis to have �elds in the visitor, called
interpositionvariables[5,6], which storeinformationrelatedto instancesof speci�c
typesbeingvisited.While traversing,differentvisit methodscancommunicatethrough
the�elds associatedwith a giveninstance.

In thecaseof non-tailrecursivetraversals,thestateof eachpieceof traversaladvice
needsto bekeptduringtheexecutionof nestedvisit methodscalls.Thestatecanbekept
asa mappingfrom thehostobjectto anotherobjectencapsulatingthestateof traversal
advice.In caseof recursive datastructures(e.g., a composite[4] as in Figure1), the
depthof recursive calls is not known in advanceA stackcanalsobeusedaswe did in
3. Maintenanceof themappingstructureresultsin undesirableboilerplatecode.

3.1 Inter position Variables

An interpositionvariableis acontext sensitivevariable.Its context is de�nedby thestate
of the traversal.As a part of its de�nition, an interpositionvariablegetsa setof host
types. During traversal,we signala context entrybeforevisiting a hosttype's children
nodes– its �elds. We signalacontext exit aftervisiting a hosttype'schildren.

Statically, an interpositionvariableof type 1nm over a hosttype 1no introducesa new
�eld in 1�o of type 1Tm . At runtime,during traversal,for eachcontext de�ned by each
instanceof 1

o we associatea new instanceof 1
m . We refer to this runtimeassociation

betweeninterpositionvariablesinstancesto host type instancesas incarnationof an
interpositionvariable.Whenthe visitor is visiting an instanceof oneof a host types,
the interpositionvariablestill refersto the innermostenclosingincarnation. On the
otherhand,the objectwhich is beingvisitedalsohasa correspondinginstanceof the
interpositionvariable.This instancecanalsobereferredto usinga specialJava enum
whoseconstantsdenoteall interpositionvariablesde�ned in thecurrentvisitor. Before
thevisitor hits the �rst instanceof any hostclass,thereareno enclosingincarnations.
Therefore,the interpositionvariablerefersto an emptyincarnation,the root incarna-
tion. This root incarnationholdstheresultof theentirecomputation.

Our implementationof interpositionvariables,DemeterP, savesthedevelopersthe
mentalburdenof identifying thosecontrol �o w pointswheretheinterpositionvariable
context changes.It alsosavesthe developerthe effort of writing the boilerplatecode
requiredto adaptinterpositionvariablesto their context.
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3.2 Polymorphic Inter position Variables

Thetraditionalinterpositionvariablesdescribedabovearemonomorphic; regardlessof
the typeof thehostclassthey areattachedto, all instantiationshave thesametype.A
monomorphicinterpositionvariableis suitablefor implementingtypeunifying traver-
sals[10]. A polymorphicinterpositionvariablecanhave differenttypesbasedon the
type of thehostclassit is attachedto. Therefore,polymorphicinterpositionvariables
aresuitablefor implementingtypepreservingtraversals[10], i.e., deepcloninganob-
ject structure.

Using Java's subtypemechanism,polymorphicinterpositionvariablescanbe de-
claredto be of type Object . The interpositionvariable's initialization expressionis
executedin an environmentwherethe variablehost is boundto the currentobject
aboutto betraversed.Initializationexpressionscancheckfor thetypeof thehostusing
host.getClass() andinitialize the interpositionvariableto an appropriatetype.
Piecesof traversaladviceneedto down castthepolymorphicinterpositionvariableto
theappropriatetypebeforeusingit.

3.3 Syntaxof Inter position Variables

An interpositionannotationconsistsof threeoptionalparts:anarrayof classes,anini-
tializer, anda�ag to controltheinitializationof theroot incarnation.Figure7 showsthe
abstractsyntaxof interpositionvariables.An emptyarrayof classesmeansall classes
in thetraversal.A true initialization �ag meansthattheinitializer is alsousedfor the
root incarnation. This initializesthevisitor �eld.

Eachparthasa default value.Thedefault valueof theclasslist is anemptyarray.
Thedefaultvalueof the�ag is true.Figure8 showstheJavaannotationtype.An initial-
izerwhichusesthetypeof theprede�nedvariablehost resultsin a truly polymorphic
interpositionvariable.On theotherhand,an initializer which doesnot usethe typeof
theprede�nedvariablehost resultsin a monomorphicinterpositionvariable.

VisitorField : NormalVariable | InterpositionVariable .
NormalVariable = <type> Type <name> Ident [<initializer > JavaExpr ].
InterpositionVariable = [ IPClasses ] [IPInitializer ] [IPInitVisitor ].

IPClasses : ProperClassList | EmptyClassList .
ProperClassList = List(ClassName ).
EmptyClassList = .
IPInitializer = JavaExpr .
IPInitVisitor = Boolean .

ClassName = Ident .
List (x) ˜ {x}.

Fig.7. AbstractSyntaxfor InterpositionVariables
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@Documented
@Retention (value= RetentionPolicy .SOURCE)
@Target (value =ElementType .FIELD)
@interface Interposition {

Class <?>[] classes () default {};
String initializer () default "";
boolean initVisitorVar () default true ;

}

Fig.8. InterpositionAnnotation

3.4 DemeterPImplementation

DemeterP[11] is implementedasastandardJavaannotationprocessor[12]. Ouranno-
tationprocessorgeneratesaspectsin theAspectJ[13] Language.ThegeneratedAspect
is responsiblefor:

– Identifying thepointsat which thecontext of aninterpositionvariablechanges.
– Introducinginterpositionvariablesat their hosttypes.
– Initializing theroot incarnationof theinterpositionvariable.
– Adaptinginterpositionvariablesto their context.

In AP, visitorshave two typesof visit methodsbefore andafter. A before method
is executedat a hostobjectbeforeany of its childrenarevisited.An after methodis
executedat a hostobjectafterall of its childrenarevisited.

In our implementation,wetraptheexecutionof thesemethodsusingpointcutsgen-
eratedfrom the templatesshown in Figure9. Interpositionvariableswith incarnations
at everyvisitedobjecthavea slightly differenttemplate,Figure9.

Pointcutsalonearenot enough;theprocessedvisitor containsonly a before(..
host) without a correspondingafter(.. host) or the reversecaseof an after
without a correspondingbefore. In thesecases,our generatorintroducesappropriate
methods.That is why we needto have the <AspectType> inside the within()
clausein ourpointcuts,capturingexecutionof our generatedvisitor methods.

Interpositionvariablesare introducedat their host typesusing AspectJ's private
introduction. Thismakestheintroduced�elds inaccessibleoutsidetheaspect[13]. Root
incarnationsof interpositionvariablesareinitializedby advisingvisitor constructor(s).

For everyvisitor beingprocessed,our processorgeneratesa Java enumwhosecon-
stantsdenotethe interpositionvariablesde�ned in the visitor. This enumis usedto
accessthe incarnationsof interpositionvariablesat thecurrentobjectbeingtraversed,
in casethatobjectis aninstanceof oneof thehosttypes.

Interpositionvariablesareadaptedto theircontext usingthreepiecesof advice.The
�rst is executedbeforeenteringto a hostclass.It setsthe appropriateenumconstant
enumto a new incarnationof theinterpositionvariableusingtheappropriateinitializer
if one exists. The secondis executedafter a before methodterminates.It storesthe
interpositionvariable(in thevisitor) at thehostobjectandsetstheinterpositionvariable
to thenew incarnationfrom theenum. Thethird pieceof adviceis executedbeforean
after methodbeginsandrestoresincarnationsto their original state– thestatebefore
executingour secondadvice.
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ContextChangePointcut :=
pointcut <method ><HostTypeName ><VisitorTypeName >

(< VisitorType > v, <HostType > c): target( v)&& args (c)&&
execution (public void before (<HostType >) )&&
within (<VisitorType >||<AspectType >);

EverywhereContextChangePointcut :=
pointcut <method >Object <VisitorTypeName >(<VisitorType > v, Object c) :

target (v) && args( c)&&
execution (public void before (..) )&&
within (<VisitorType >||<AspectType >);

Enumeration := enum <VisitorTypeName >$IPVS {
<InterpositionVariables ( VisitorType )>;
public Object val ;

}

where:
– methodis either”before” or ”after”.
– HostType/VisitorTypeis thefully quali�ed classnameof thehost/visitor.
– HostTypeName/VisitorTypeNameis theHostType/VisitorTypewith

every ”.” replacedwith ” ”.
– AspectTypeis thenameof theaspect.
– InterpositionVariables(VisitorType)is a functionthattakesa

VisitorTypeandreturnsa commaseparatedlist of all interposition
variablesde�ned in thegive VisitorType.

Fig.9. CodeGenerationTemplates

3.5 ExampleSolutions

Figure10showsaninterpreterfor theexamplelanguagewritten in DemeterP. An inter-
positionvariableis associatedwith everyclassthatrepresentsanoperation,i.e., Str-
Cast andPlusExp . Theinterpositionvariableholdstheresultsof evaluatingthesub-
term(s)of the expression.After traversinga StrCast we addthe newly castvalue
to the innermostincarnationof vals . We do thesamefor PlusExp , dispatchingon
thetypeof the �rst result,relying on dynamiccastsfor errorchecking.After traversal
completestheroot incarnationcontainstheevaluationresultof theentireexpression.

Figure 11 shows a type checker for the examplelanguagewritten in DemeterP.
Thestructureof thetypecheckerresemblesthatof theinterpreter, but our interposition
variablestoresthe typesof any sub-expressions.Thesetypesareusedto choosethe
correctresultfor compoundexpressions;beingcarefulto propagateany typeerrorsup
throughtheinterpositionvariables.

Figure12 shows a compiler for the examplelanguagewritten in DemeterP. The
compileris implementedasanextensionto thetypechecker. This way, thetranslation
canusethetypesto choosetheappropriateOpcode for PlusExp . Thetypechecking
code is reusedand compilationis performedin a single traversal.The static com-
pile() function runsthe traversal,checksfor a valid returntype,andproducesthe
resultingOpList . Not thatwithin theCompilerVisitor weuseasingleOpList ,
not an interpositionvariable,to storethe Opcodes . This is becausethe orderof op-
erationsmatchesthede�ned traversalorderin DemeterP;eachOpcode cansafelybe
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class EvalVisitor extends Visitor {
@Interposition (classes ={StrCast . class ,PlusExp . class },

initializer =" new Vector <Object >()")
Vector <Object > vals ;

void after (Integer i) { vals. add(i); }
void after (String s){ vals.add (s); }
void after (StrCast e) {

Object val = $ipvs .vals.val .elementAt (0);
vals .add(" "+val);

}
void after (PlusExp e) {

Object val1 = $ipvs .vals. val.elementAt (0) ;
Object val2 = $ipvs .vals. val.elementAt (1) ;
vals .add(( val1 instanceof Integer )?

( Integer) val1+(Integer )val2 :
( String)val1 +(String )val2 );

}
}

Fig.10.ExampleLanguageEvaluationin DemeterP

class TypeCheckerVisitor extends Visitor {
@Interposition (classes ={StrCast . class ,PlusExp . class },

initializer =" new Vector <Type>() ")
Vector <Type > types ;

void after (IntExp e){ types. add(Type .Int); }
void after (StrExp e){ types. add(StrType .Str) ; }
void after (StrCast e) {

Type opT = $ipvs.types .val .elementAt (0);
types .add(( opT == Type.Err )?Type. Err:Type .Str);

}
void after (PlusExp e) { types .add(plusType (e) ); }
Type plusType (PlusExp e){

Type op1T = $ipvs. types.val .elementAt (0);
Type op2T = $ipvs. types.val .elementAt (1);
return (op1T == op2T && op1T != Type .Err) ?op1T:Type .Err;

}
Type getType() { return types .elementAt (0); }

}

Fig.11.ExampleLanguageTypeChecker in DemeterP
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addedto theendof thelist, in order. We alsouseanappend() methodto localizelist
mutation,sinceits implementationis immutable.

class CompileVisitor extends TypeCheckerVisitor {
OpList trans = new OpList ();
void append(Opcode op){ trans = trans .append (op); }

void after (StrExp s){
super . after (s);
append ( new PushS(s .val));

}
void after (IntExp i){

super . after (i);
append ( new PushI(i .val));

}
void after (PlusExp e) {

super . after (e);
Type plusType = plusType ( e);
append ((plusType ==Type.Int )? new Add(): new Concat ());

}
void after (StrCast e) {

super . after (e);
append ( new CastS() );

}

static OpList compile (Exp e) {
CompileVisitor comp = new CompileVisitor () ;
new ClassGraph ( true , false ).traverse (e, "from Exp to *", comp);
if (comp.getType () == Type .Err)

throw new TypeException (comp.getType () );
return comp.trans;

}
}

Fig.12.ExampleLanguageCompilerin DemeterP

4 Functional AP

AP-F wasconceived to merge ideasprevalent in functionalprogrammingwith those
alreadyfoundin AP. Recursive traversalsin functionallanguagesarewritten in anele-
gantway, but usuallyrepeatcommonstructure.Becausemany programmingsolutions
involve traversals,andrewriting thesebecomestedious,we canfactorout thegeneric
traversalcode,leaving only theinterestingpartsof theprogram.

This haslong beendonethroughtheuseof generalAP— separatingvisitors from
traversals—but the completeseparationof traversalsmakesmutationthe only form
of communicationandcomputation.Mutation works �ne whenwe want to compute
a few valuesfrom a given datastructure,becauseside-effectsarerestrictedto a visi-
tor's instancevariables.For problemswhich requireupdatesto thedatastructurebeing
traversed(e.g., rewrites andtransformations),we are forcedto mutatewhat could be
globallysharedstate.

This mayseemreasonablein a singlethreadedenvironment(thoughchangesseen
throughreferencesmaycauseproblems),but whenattemptingto parallelizeour solu-
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tions,asis now oftenthecase,we arerequiredto addlocksandsynchronizationwhich
aredif�cult (if not impossible)to getright for non-trivial programs.With theseideasin
mind,we designedAP-F to allow communicationthroughoutthetraversalusingargu-
mentsandreturnvalues,ratherthanmutation4.

4.1 AP-F Traversals

An AP-F programis roughly de�ned by threesetsof functions,which we call trans-
formers, builders, andaugmentors. Thesesetsof functionsadaptthebehavior of apre-
de�ned recursivetraversalwith thehelpof amultipledispatchfunction,whichchooses
thebestfunctionfrom a givenset5. Thetraversalfunction, pgq�r sKr t , andrelatedabstrac-
tionsaredescribedin Figure13. Thetraversalis divided into two cases:BuiltIn types
(e.g., int , boolean ), anduserde�ned types;representedabstractlyasa sequenceof
�elds. Thetraversalacceptsanextraargument,uKv in the�gure, whichis updatedduring
traversal.
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Fig.13.AP-F TraversalFunctionDe�nition

Thetraversaladapterfunctionsetsrepresentthreeaspectsof hand-codedtraversals
that onemight write. To make the traversaladaptationsuf�ciently general,we de�ne
thethreesetsof functionsas:

¢

: Generaltransformations;run ateachnodeof thedatastructure
£

: Reconstructionor foldsusingtransformeddatafrom sub-traversals
¤ : Modi�cation or replacementof traversalarguments.

4 In mostplausibleimplementationlanguages,Java in particular, mutationis still availableso
theusercanmix theimplementationlanguage's features.

5 Thenotionof bestfunctionis basedon staticattributesof functions:thenumberof argument
acceptedandformalparametertypes.
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Whentraversingadatatype,we �rst chooseanaugmentor, in ¤ , to updatethetraversal
argumentbeforetraversingthe�elds of theobject;thisallows informationto bepassed
downduringtraversal.We thentraverseeach�eld of theobject,passingthenew argu-
ment.Onceall �elds havebeentraversed,wedispatchto abuilder, in

£

, whichcombines
thesevalues;thendispatchto a transformer, in

¢

, allowing a �nal modi�cation to the
valuebeforereturningto thecaller.

The way we have formulatedthe traversalfunction minimizesdatadependencies
betweenindividualvaluesmakingit simpleto parallelize.Eachcalculationof uK¥

m

canbe
donein separatethreads,implicitly synchronizingon thedispatchto

£

. Separatingthe
traversaladaptationinto threesetsof functionsalsoincreasesopportunitiesfor reuse;
allowinganAP-Fimplementationto providesuitabledefaultsfor commondevelopment
scenarios.Figure14 describesthedefault functionswe have found usefulin practice.
The ¦2uCq and¦ŒuCt functionsarestraightforward,but thebuilders¦ŒuAs and

£0§

aresomewhat
special.We chosethe behavior of ¦Œu

s to be error to help with debuggingprograms,
beforeour static type checker wascompleted.The constructingbuilder,

£
§

, attempts
to call the constructorof type ¨ , the type of © , passingthe traversalresultsasnew
�elds. We canthenuse

£
§

to do functionalupdatesto a datastructureby implementing
a transformer.
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Fig.14.AP-F Default FunctionDe�nitions

Thecontainercheckingsolutionin Figure5 is de�ned asa functionobject,which
extends¦Œu

s ; coveringall casessothereis nevera call to thedefault, 9�3
3
·
3 . To createa
traversalusingtheCheckF functionobjectwe implicitly usethedefault function, ¦Œu

q ,
andignoreany traversalarguments6, asshown in thestaticcheck() method.

4.2 Implementation: DemeterF

Our implementationof AP-F conceptsis calledDemeterF[14].It is a generictraversal
and function library written in pure Java that usesre�ection for both datastructure
traversalandargumentmatchingdispatch.Thelibrary providesthetraversalfunction(a
simpleJava translationof pgq�r sHr t from Figure13), thedispatchfunction, ¸ , andvarious
combinationsof thedefault functionsde�ned in Figure14(describedin Figure15).

Weusefunction objects to representsetsof functions,whichallowsusersto
overrideandoverloadmethodsto completelyadaptthegenerictraversal.To differenti-
atethethreetypesof functionswithin objectsweuseadifferentmethodnamefor each.

6 Traversalargumentsareoptionalin DemeterF .
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Thevarioussetsof functions
¢

,
£

, and ¤ areimplementedby writing apply() , com-
bine() , andupdate() methodsrespectively. This allows us to assemblefunction
objectsthatimplementa numberof methodsof any kind.

Traversal Genericre�ective traversalfunctionover all datatypes

IDf Java implementationof
ª €Ax

IDb Java implementationof
ª €=z

Bc Java implementationof
—C°

IDa Java implementationof
ª € {

ID Java implementationof
| ª €Ax”¹ ª € z/¹ ª € { ƒ

IDfa Java implementationof
| ª €Ax”¹ ª €

{

ƒ

IDba Java implementationof
| ª €=z¡¹ ª € { ƒ

Fig.15.DemeterFProvidedClassesandFunctionObjects

Figure15describestheprovidedclassnamesandtheimplementationof thetraver-
salrelatedfunctions.Most of thedefault implementationsareassimpleas:

class IDfa{
Object apply (Object D, Object da) { return D; }
Object update (Object D, Object da){ return da; }

}

ProgrammerscanthenuseJava inheritanceto overload/overridemethods,implement-
ing desiredfunctionalityover the traversal.Figure16 describesa few of theprovided
Traversal constructorsanddefault functionchoicesfor eachcase.This shows the
ability to combinefunctionsetsinto a singlefunctionobject,eliminatingsomedetails
andproviding extra �e xibility whencreatingtraversalsolutions.

Traversal(IDf f)
†

Traversal(f, Bc, IDa)

Traversal(IDfa fa)
†

Traversal(fa, Bc, fa)

Traversal(IDb b)
†

Traversal(IDf, b, IDa)

Traversal(ID fba)
†

Traversal(fba, fba, fba)

Fig.16.DemeterFDefault TraversalConstructions

4.3 Dispatch: Function Selection

The last portionof AP-F to explain is our dispatchfunction, ¸ , which selectsthebest
(mostspeci�c) functionfrom aset,basedonthetypesof actualargumentsduringtraver-
sal.
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Fig.17.AP-FDispatchFunctionDe�nition

Figure17describesour algorithmfor functiondispatchwhere æ is thetraditionaltran-
sitive,antisymmetricsubtyperelationand ç is its re�exiveextension.To selecta func-
tion we �rst �lter theset,leaving only thoseapplicableto sub-sequencesof thegiven
argumenttypes.We canthensort thefunctionsin èÝ¥ basedon thede�ned comparison
functionlessthan; applyingtheleastfunction, é , to the�rst " argumentsprovided.

The�lter andimplementationsof lessthanandmoreSpeci�carechosento allow the
lastfew argumentsto beoptional.Placingfunctionswith moreargumentsat thefront of
thelist is a consequenceof allowing optionalarguments:we considermorearguments
to bemoreinformation.Thisalsoallowsfunctionswith alargernumberof moregeneral
argumentsto beselectedaheadof thosewith fewerbut morespeci�c arguments.Avoid-
ing thealgorithmiccomplexity of comparingfunctiontypeswith differentnumbersof
arguments.

The function moreSpeci�c comparesequal length sequencesof argumenttypes,
stoppingat the �rst inequality. This ensuresthat argumentsat the front of the signa-
ture aregiven priority in function selection.It alsocomplimentsthe inclusionof the
original dataelementbeing traversedas the �rst argument—the most importantar-
gumentfor structuringadaptive codeis alsothe mostimportantin function dispatch.
Thesefunctions( ¸ , lessthan, andmoreSpeci�c) are implementedfor DemeterFusing
Java re�ection andtype lists built from functionobjectsthatareusedwhencreatinga
traversal.We simply comparethe re�ective typesof traversalresultswith the setsof
functionsde�ned at thecorrectpoint in thetraversalfunction.

4.4 TypeChecking Traversals

Another bene�t of this functional traversalorganizationis the ability to type check
traversals.Herea type error is de�ned asthecasewhenthe �lter stepof thedispatch
algorithmreturnstheemptyset.Becauseof thewayourdefault functionshavebeende-
�ned this canonly occurwhendispatchingto userprovidedbuilders. Not surprisingly,
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this kind of errorcanbecaughtwith staticinformationaboutthedatastructuresto be
traversedandthefunctionsto bedispatched.
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Fig.18.AP-F TraversalTypingRules

Ignoringaugmentors for simplicity, Figure18showsour threetyping rulesfor AP-
F traversals.We reusea modi�ed form of theDemeterJClassDictionary(CD) syntax
to differentiatebetweentypede�nitions. Sum(or union) typesarerepresentedwith ':',
using' ô ' to separatevariants.Product(or record) typesarerepresentedwith '=' using
' õ•�‹ö ' for �eld de�nitions followedby their type.The judgment 8à÷ q�r s

(�ø

,Ý;�� means
traversinganvalueof type

ø

returnsanvalueof type � , while thetypedispatchfunction,
ù

, followstheselectionalgorithmdescribedearlier, but producesthereturntypeof the
chosenfunctioninstead.

Thoughslightly informal7, this descriptionhasbeenusedto producea statictype
checker for DemeterF, written in DemeterF. Theonly dif�cult portionsof thealgorithm
are the recursionfrom two of the rules and the uni�cation of subtypesin the third
rule.Usingthis typechecker we canrule out thepossibilityof traversalerrorswithout
needinganinstanceof a datastructure.

4.5 ExampleSolutions

Thesolutionsto theexampleproblemsin DemeterFusetheargumentmatchingto im-
plementcasesfrom our languagedescriptions.For mostof theseproblemswechoseto
extendIDb becausereconstruction(

£_§

) of thedatastructureis notneeded.For eachof
theproblemswe will discussany issuesanddesigndecisionsinvolved.

Figure19 shows our evaluationfunction for theexamplelanguage.Eachcombine
methodis a translationof a rule from theexamplelanguagesemanticswith theexcep-
tion of combine(Plus) , whichis implementedfor completeness.Becauserightmost
argumentsareoptional in DemeterF, the �rst two combines(IntExp andStrExp )
could insteadtake only oneargument,looking insidee for the result.Becausewe use
the default transformer, ¦Œu

q , the returntypesof our combine methodsarethe result

7 Completeformalizationandproof of typesafetyareitemsof futurework.
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class Eval extends IDb{
Integer combine (IntExp e, Integer i) { return i; }
String combine (StrExp e, String s){ return s; }
String combine (StrCast c, String s) { return s; }
String combine (StrCast c, Integer i ){ return ""+i; }
Integer combine (PlusExp p, Integer l , Plus op, Integer r){ return l +r; }
String combine (PlusExp p, String l, Plus op, String r){ return l+r ; }
Plus combine (Plus op){ return op; }

}

Fig.19.ExampleLanguageEvaluationin DemeterF

typesof the traversalfunction.Theargumentsof eachmethodcorrespondto theorig-
inal objectandthe resultsof traversingany of its �elds. For PlusExp therearetwo
valid cases;we treateachof them,relying on the IDb default (error) for any runtime
typeerrors.

class TypeCheck extends IDb {
Type combine ( IntExp i ){ return Type. Int; }
Type combine ( StrExp s){ return Type. Str; }
Type combine ( Plus p){ return Type.Plus ; }

Type combine ( PlusExp p, IntType l, Type op, IntType r){ return Type .Int; }
Type combine ( PlusExp p, StrType l, Type op, StrType r){ return Type .Str; }
Type combine ( PlusExp p){ return Type .Err; }

Type combine ( StrCast c){ return Type .Str; }
Type combine ( StrCast c, ErrType t){ return t ; }

}

Fig.20.ExampleLanguageTypeChecker in DemeterF

Figure 20 shows our DemeterFtype checker for the examplelanguage.Here in
the �rst two combine methodswe ignorethesecondargument(presumablyInte-
ger andString respectively) becauseit is not neededin the typing judgment.The
�rst two casesfor PlusExp aresimilar to evaluation,but we adda lessspeci�c case,
combine(PlusExp) , to catchany invalid cases.Similarly for StrCast , we adda
morespeci�c methodto catchtypeerrorsin sub-terms,leaving themoregeneralcase
to returnType.Str .

Our compiler for the example language,in Figures21 and 22, is slightly more
complicatedbecausewe needto selectdifferentOpcodes for additionandconcate-
nation.To demonstrateoneof thestrengthsof AP-F we do this usinga simplerewrite
pass,whichtransformsPlus operators.Weintroducetwo new variants,PlusInt and
PlusStr , to representadditionandconcatenation.Thefunctionobject,TypeTrans ,
whichextendsIDfa , updatesthetraversalargumentto betheType of theouterPlu-
sExp 8. Whenreachinga Plus operator, the traversalwill eventuallydispatchto one

8 Calling thetypechecktraversaleachtime is inef�cient; we arecurrentlyworking on waysof
composingtraversalsto eliminatethis typeof situation.
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of our apply() methods—assumingtheoriginal expressiontypechecks.Onceap-
ply() hasbeencalled,theparentsarethenreconstructedby thebuilder Bc (implicit
in thetraversalconstruction),producinganexpressionwherePlus is replacedby the
typecorrectvariant.

class TypeTrans extends IDfa {
// Pass the Type as a Traversal Argument
Type update (PlusExp p, Object o)

{ return new Traversal ( new TypeCheck ()).traverse (p ); }

Plus apply (Plus pl, IntType i){ return new PlusInt () ; }
Plus apply (Plus pl, StrType i){ return new PlusStr () ; }

}
class PlusInt extends Plus {}
class PlusStr extends Plus {}

Fig.21.TypedTranslationof PlususingDemeterF

OncepolymorphicPlus is removedfrom theexpression,our compilationstepbe-
comessimpler. TheCompiler functionobjectextendsIDb , following a similar for-
matto our evaluator. IntExp sandStrExp sproducepushinstructions—aswith our
typechecker, thesecombinemethodsignoretheresultsof traversingtheir �elds. When
traversingournew plusoperatorsweproduceAdd andConcat instructions;ataStr-
Cast weexpectanOpList from traversingthesub-expression,append ingaCastS
instructionto thelist.

class Compiler extends IDb {
OpList single (Opcode o){ return new OpList() .append (o); }

OpList combine (IntExp i){ return single ( new PushI(i .val)); }
OpList combine (StrExp s){ return single ( new PushS(s .val)); }
Opcode combine (PlusInt pl){ return new Add() ; }
Opcode combine (PlusStr pl){ return new Concat (); }

OpList combine (PlusExp p, OpList l, Opcode op, OpList r)
{ return l.append (r) .append (op); }

OpList combine (StrCast c, OpList l){ return l.append ( new CastS ()); }

static OpList compile (Exp e) {
Type t = new Traversal ( new TypeCheck ()).traverse (e);
if (t == Type .Err)

throw new TypeException (t);
Exp newe = ( new Traversal ( new TypeTrans () ).traverse (e, Type .Err) );
return ( new Traversal ( new Compiler ()).traverse (newe ));

}
}

Fig.22.ExampleLanguageCompilerin DemeterF
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The combinemethodfor PlusExp is morecomplicated:we expectan OpList
from eachof the sub-expressions,and an Opcode from the operator, PlusInt or
PlusStr . The result OpList is simply a concatenationof theselists in the right
order. Thestaticcompile() methodcallsthetypecheckertraversal.If theexpression
typechecks,thenwe cansafelytransformplusoperators.Thereturnvalueis theresult
of traversingis a list of Opcode, translatedusinganinstanceof ourCompilerfunction
object.

5 RelatedWork

ThethreeDemetertoolsprovidedifferentimplementationsfor AP relatedideas.Deme-
terJ[8] is a sourcemanipulationtool andimplementsDemetervisitors usingthe vis-
itor designpatternandstatic traversalcodegeneration.DJ [7] usesJava re�ection to
traverseobjects,removing the needfor accept() methodde�nitions withing host
classes.DAJ [15] usesAspectOrientedTechniques[16,17] to introducethenecessary
traversalmethods.In eachof thetools,traversalcontrol is de�ned usingstrategies,al-
lowingcertainchanges[18] to adatastructurewithoutaffectingtheprogram'smeaning.
In all threetoolscommunicationduringtraversalis encodedin thetraditionmanner—
via visitor �elds. Our AP-Psolutionis anadditionto thesetoolsthatremovestheneed
for boilerplatecodein somerecursivecomputations.DemeterPusesDJ for implement-
ing its dynamictraversals,aswell asAspectJfor its implementationof interposition
variables.AP-F is a moredrasticextensionin that it changesthe way computationis
decomposedalonga traversal.Thenew decompositionallows communicationthrough
argumentsandreturnvaluesleadingto purelyfunctionalcomputations.Functionalstyle
traversalsareeasierto parallelizeandcompose[19], thoughwe haven't fully explored
boththoseareas9. Our DemeterFimplementationhasbeenseamlesslydeployedalong
sidethesetoolswithout any extramodi�cations.

EnvironmentalAcquisition [20,21] is somewhat relatedto the contexts of AP-P's
interpositionvariables.With environmentalacquisition,informationis acquiredthrough
thecontainmentstructureusingexplicit declarations.Interpositionvariablesareimplic-
itly availablethroughoutthetraversalwithin agivencontext andcanbeusedto provide
reverselinks within compositestructures.

OvlingerandWand[3] proposeadomainspeci�c languageasameansto specifyre-
cursivetraversalsfor usewith thevisitor pattern[4]. Thelanguagesupportstheaddition
of traversalarguments,calling of arbitrary functionsduring traversal,and functional
stylecombinationof intermediateresults.Thelanguageprovidestraversal�e xibility at
a higherlevel thanhand-codedtraversals,but is not robustwith respectto datastruc-
turechanges.AP-PandAP-F areimmuneto someformsof structuralchanges,simply
becausetraversalandcomputationareseparate;thetraversalcanbeadaptedto changes
in thedatastructureseparately, leaving computationsunchanged.The�e xibility of the
traversallanguageis suchthat it couldbeusedto specifythetraversalsfor thevarious
incarnationsof AP, includingAP-PandAP-F.

9 We have developeda working,parallelversionof DemeterF, but arestill working on traversal
compositions
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In [22] a functionalvisitor implementationof DJ [7] is presentedthat introduces
around() visitor methodswith theability to control traversal.A secondmethodar-
gumentof typeSubtraversal capturesthecurrenttraversalcontext, which canbe
ignoredor continued.A genericcombine() methodacceptsan Object arrayand
is usedto provide default behavior for around . The valuesreturnedfrom visitors
andsub-traversalsareuncheckedandtypically becomeObject , decreasingstatictype
checkingandsafety, ultimatelyforcing runtimechecksandmany programmerinserted
casts.Thoughthe ideasare similar to AP-F, our traversalorganizationand dispatch
functionsrelieve the programmerof castingandprovide staticguarantiesof traversal
resulttypes.

Strategic Programming(SP)hasits roots in term rewriting [23,24], but hasbeen
usedin otherparadigmsincludingObjectOrientatedProgramming[25]. In SP, traversal
computationsaresynthesizedby passinga functionto anappropriatetraversalschema.
Programmerde�nable schemasarecompositionsof traversalprimitiveswhich areap-
plied to a nodesimmediatechildren(or �elds). The OOPincarnationof SPis imple-
mentedthrougha generalizedvisitor pattern,in which objectstructuresimplementa
prede�nedJava interface.Visitor methodsalwaysreturnanobjectof thevisitableinter-
face;traversalprimitivesandcompositionsareachievedthroughparametrizedconstruc-
tors.AlthoughSPis more�e xible with regardsto traversalspeci�cation(e.g., top-down
or bottom-up[26]) the type limitations force programmersinto heavy useof casting.
Theuseof genericscouldremovetheneedfor castingalthoughit is notclearif it could
be removed completely. AP-F doesnot imposeany extra type restrictions,while the
extendedmethoddispatchmechanismcanbe usedto implementlimited form of the
traversalprimitivesfoundin SP.

Thegoalof ScrapYourBoilerplate(SYB) [27–29]is to automaticallytraversesdata
structures,usingdeveloperprovided functionsthat performtransformations.Generic
traversalfunctionstake a combinatorandspecifywhat nodesin the datastructurea
functionshouldbeappliedto. Thetraversalcombinator's argumentis itself a function
thattransformsdatatypesof interested,actinglike id for others.SYB providestransfor-
mationsthatcanbetype-unifying(TU), wereeachrecursive traversalreturnsthesame
type,or type-preserving(TP),whereeachreturnsthesametypeasits input type.AP-F
abstractstheseideasa bit more,separatingtraversal,transformation,andconstruction
sointermediatefunctionscanreturnany type.TU andTPtransformationsthenbecome
specialcases.In addition,AP-F doesnot restricttheuseof mutation,while mutationin
SYB mustto encapsulatedinsidemonads,thoughthis hasmoreto do with the imple-
mentationlanguages,ratherthantheconcepts.

6 Conclusion

We presentedtwo re�nementsto AP: AP-P andAP-F. AP-P introducesinterposition
variables; visitor variablesthatareonly availableduring traversalandcanbe usedto
communicateinformationbetweendifferentexecutionsof visitor methodswithin the
sametraversalcontext. Interpositionvariablecomewith implicit updatesthatmimic the
recursive traversal's structure,alleviating programmersfrom writing boilerplatecode.
AP-F is a functional formulation of AP that decomposestraversalcomputationinto
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threesetsof functions.An extendedmethoddispatchmechanismduring traversalal-
lows communicationto occurthroughfunctionargumentsandreturnvaluesleadingto
purely functional computations.The traversaldecompositionallows programmersto
easilybuild transformationsthat,dueto their functionalnature,lendthemselvesto easy
parallelism.
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24. Lämmel,R.: TypedGenericTraversalWith TermRewriting Strategies.Journalof Logic and
AlgebraicProgramming54(2003)Also availableasarXiv technicalreportcs.PL/0205018.

25. Visser, J.: Visitor combinationandtraversalcontrol. In: OOPSLA'01: Proceedingsof the
16thACM SIGPLANconferenceonObjectorientedprogramming,systems,languages,and
applications,New York, NY, USA, ACM (2001)270–282
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