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1 Introduction

Programmersf Haslell or ML know thatoncetheir programsaresyntacticallycorrect
andgetpastthetypechecler,theprobabilitythatthey arecorrectisusuallyalreadypretty
high. Butwhiletheparsemorthetypecheclerstill complainjt is notalwayseasyto spot
therealproblemwhich maybefarfrom thetroublespotindicatedoy the oftencryptic
errormessage.

Syntax-directeaditing cansolve the problemwith syntaxerrors. But, evenif a
syntax-directeeditorwould be extendedwith online typing, anotherproblemwould
behow to presenthetypinginformationto theuserhugetypeexpressionsvith unclear
relationto theprogramexpressiormayperhapdeof only verylittle help.

Wepresenasystenthatdealsvith bothproblemdy makingtheprogramstructure
and the programs typing structureexplicit and interactively accessiblén the shape
of termgraphs.Thedesignof this systemrelieson recentadvancesn thetheoriesof
untypedandtypedsecond-ordetermgraphs.

TheHigherObjectProgrammingSystemHOPS, which hasbeendevelopedby a
groupledby GuntheiSchmidtsincethemid-eightie§Bayeretal. 1996 Kahl 1994 Kahl
1998, Ziereretal. 1986),is a graphicallyinteractve term graphprogrammingsystem
designedor transformationgbrogramdevelopment.

In HOPS, only syntacticallycorrectandwell-typedprogramsanbe constructed.
Thechoiceof thelanguages only constrainedby certainrestrictionsof thetermgraph
formalismandof thetyping system.An importantingredientof HOPS is thetrans
formationsupport;this favoursreferentiallytransparentanguages— for this reason
mostof our examplesusea languagecloseto typedA-calculiandHaslell. HOPS is
intendedas:

Research tool: New languagesaneasilybeconstructe@ndexperimentedvith viathe
transformatiormechanism.

Programmingtool: HOPS maybeusedasa“betterHaslell editor”,integratingsyntax
directededitingwith strongonlinetyping. Theeditingsafetymorethanweighsup
thetime requiredto getusedto thetermgraphview.

Visualisation and debugging tool: Automaticevaluationsequencekelpto illustrate
theworkingsof, for example purelyfunctionalprogramswith lazy evaluation—
in theabsencef accessiblélaslell dehuggersor tracerghisis especiallyuseful.

Education tool: A hands-onexperienceof term graphs,syntacticstructure typing,
graphreductiongenerakecond-ordetuleapplicatiorandreductiorstratgiescan
begainedeasilythroughtheuseof HOPS.

The currentversion(available via WWW) featuresseveral significantimprovements



over earlierprototypes:

— Thetheorybehindthetermgraphtransformationss now well-understood,

— typing hasbeenintegratedinto theterm graphsboththeoreticallyandin theimple-
mentation,

— HOPS is now anessentiallyanguage-independeftamevork, and

— literateprogrammingdeasaremoreadequatelyntegrated.

All term graphdrawingsin this paperhave beengeneratedrom the latestversionof

HOPS.

2 Principlesof HOPS

HOPS manipulatesirbitrarysecond-ordetermgraphswhereall the structureusually
encodedrzia nameandscopds madeexplicit.

Term graphsin HOPS thereforefeature namelessvariables,explicit variable
binding(todenotenvhichnodebindswhichvariable) explicit variableidentity (todenote
which nodesstandfor the samevariable)andmetavariableswith arbitraryarity.

All the problemsusuallyconnectedvith nameclasheandvariablerenamingare
thereforeavoided.

Considerthe following exampleswheresuccessoedgesare black arrowvs with
their sequencéndicatedby the left-to-right orderof their attachmento their source
node bindingedgesaredrann asthick, usuallycurvedarrovsandanirreflexive kernel
of variableidentityis indicatedby mediumthick simplelines:
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Thefirsttwo correspondo the terms*2 [2 + 2 [2 (1" from arithmeticand“AXAf f X’
from A-calculus— noticethatin thelinear notationthetwo differentboundvariables
needdifferentnames't” and“x” sincethey occurin the samescopewhile in theterm
graphdifferentnodedabeled‘x” alwaysrepresentlifferentbindablevariables.

For the lasttwo term graphsjet usassumehat A andB aremetavariables— in
HOPS, arity is partof themetavariablenodelabel,sothatunaryandzeroary metavari
ablesall aredravnwith thelabelV, butaccordingotheirarity they shouldbeconsidered
asdifferentlabelsV,, V, in theexamples. Thelasttwo termgraphsthencorrespondo
themetaterm$(A x.B[x])A” and“BJ[rec x. B[X]]", respectiely.

At the heartof HOPS usageis term graphtransformationrules arealsogiven
asterm graphs,where an additionalthick long-tippedarrov connectsthe roots of
the left- andright-handsides. As examplesseethe rule “(A x.B[x])A - B[A]" for
B-reductionin A-calculus,the rule “x [y +2) - x Oy +x [ for distributivity of
multiplicationover addition,andarule®(A x. B[X])o(A X.A[X]) - (A X.B[A[X]])]" for
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thecompositiorof two A-abstractiongall shavn with hiddentyping):
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Application of this kind of second-ordeterm graphruleshasbeendefinedby Kahl
(1996). Thekind of homomorphismssedfor matchingevenallowsrulesthatarenot
left-linear;the resultingsecond-ordeterm graphrewriting conceptcorrespondso an
extensionof the CombinatoryReductionSystemsof Klop (1980),alsodescribecby

Klop etal.(1993).

As anexamplehomomorphismve shav a 3-rede, with thethin,darkgrey arrons
indicatingthehomomorphism:
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Applicationof rulesis alwayspossiblewhile editingterm graphsn HOPS; this gives
a usefulflexibility to the codingprocessandevenenhancetheresultingcodingstyle,
sinceit isinexpensveto try severalequivalentformulationbeforecommittingoneself.
Besidesapplicationof singlerules theuseof automatidransformatioomechanismss
alsopossible.Whenall intermediategraphsof anautomatidransformatiorsequence
aredisplayed.a visualisationof programexecutionis achieved, and this featurehas
alreadyprovedusefulfor dehuggingcomplex purelyfunctionalprograms.

Oneof thecurrentresearclobjectivesis to defineanappropriateoncepof proper
“transformatiorprogramming’which will allow to distill theexperienceof interactie
transformationnto stratgiesandtacticalsfor atleastsemi-automaticse.

Termgraphsn HOPS arestronglytyped,andthetyping iskeptonlineall thetime.
The basisare declamtionsor typing elementsi.e., simpleterm graphsthat introduce
anew nodelabeltogethemith its typing schemamnakingexplicit how thetyping of a
nodewith this new labelis relatedto the typing of its successorandboundvariables.
Weprovidesix exampletypingelements$or simply-typedi-calculusandfor arithmetics
— thetyping functionis denotedby thin, light arrovswith tiny headsandthetyping
element$or - andNum, althoughthey donotcontainary typingarrovs,arenecessary
for introducingtheir respectie labelandfor fixing its arity:
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Again,differentnodedabeledwith “T” aredifferenttypevariables.



A termgraphG iswelltypedif for everynodethereisahomomorphisnfrom thetyping
elemenfor thatnodeslabelinto G atthatnode thedetailsof thistypesystenmhavebeen
introducedby Kahl (1998). Sincethis systemrelieson the simultaneougxistenceof
thesehomomorphismw ensuravell-typednessyecallthisdefinitionof well-typedness
a“simultaneoustefinition. Assuchit standsn acertaincontrasto usualtypesystems
thatrequireanessentiallysequentiatlerivationor typeinferenceto ensurevell-typed
ness.Thiskind of typesystemis alsovery appropriatdor aninteractive systemsince
it allowsto operatén averylocal mannerfor mosttermgraphmanipulations.

For graphicallycornveying the ideabehindour definition of well-typednesswe
draw a typedversionof the B-redex examplefrom above onceseparatelythisview is
availabletotheHOPS userjandoncetogethewith two examplehomomorphismiom
thetyping elementdor function applicationand A-abstraction(this admittedlyrather
freightedview is not availableto theHOPS user).

Aslongasthereareonly zero-arnjtype-met&ariableglabeledT ) andnoedgedetween
theprogramandthetypesidesthesetyping systemgorrespondo standargarametric
polymorphism(without! et -polymorphism).If we allow second-ordemetavariables
on the type side, polytypic programmingbecomegossible but this is not yet fully
implementedn HOPS.

Datatypesof the implementationanguagesuchasarbitraryprecisionrational
number®r arbitrarylengthstrings canbemadeavailableto HOPS programshrougha
speciatlasof noddabelsandassociatedules. Thefollowingshavsafew intermediate
stepsof anautomatiacalculationof thefactorialof ten:

factorial if_then_else X X Number: 3628800
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- el Number: 10 Number: 90

Number: 10 Number: 9 Number: 8

3 User Interface

In thespirit of LiterateProgrammindirst describedy Knuth (1984),HOPS modules
areconsideredisdocumentaddresseih thefirst placeto humansandthesedocuments
containprogramfragmentsaddressedlsoto amachine.In HOPS, codefragmentsre

mostlydeclarationsi.e., typing elementsandtransformatiorrules;so codefragments
in HOPS areessentiallyermgraphs.



Theprimaryinterfaceto HOPS moduledocumentss the HOPS module editor,
seethe pictureon the next page,which presentsa quasi-WYSIWYGinterfaceto the
HOPS moduleasa documentn the literate programmingstyle,containingtext with
interspersetientries”. Theseentriesmake upthedifferentpartsof the programproper

andcanbe:
— declamtionscontainingtyping elementdor freshly introducedlanguageelements

andalsospecifyingthe way nodeswith this new labelaredisplayedjncludingwith
specialsymbols(suchas” - " for functiontypes)andcolour;outgoingedgesalso
maybeassignediocumentingdge labels

— transformatiorrules and,experimentally attribution rules that introduceinternal
attributionedgesnto HOPS graphs

— examplegraphswhich sene only for documentatiopurposes

— Haslell attribution definitionsasdescribedn Sect4

— crossreferenceandotherdocumentation-relatezspeciakentries

Thedocumenttself maybestructuredn nestedsectionsandsubmodulesvhich canbe

folded,i.e.,hiddenexceptfor theirtitles.

Documentoutputof HOPS moduless possibleto HTML andto PostScriptvia
Lout (Kingston1998)or LaTeX. HOPS modulesaresavredasXML documentsand
future work will enhancehe structuringpossibilitiesfor text, thusstrengtheninghe
capabilitieof HOPS asa flexible literatetermgraphdocumentatiosystem.

Termgraphinteractiortakesplacein termgraphareaslisplayedirectlyinsidethe
entriescontainingtherespectie termgraphsjnsidethetext display During program
constructionmost notablywhencombinatorsof complex typesareinvolved, typing
informationis usefulfor guidingtheprogramconstruction.ln HOPS, thisis supported
by the possibility to incrementallydisplay typing information,seee.g.the following
threedrawingsof the S-combinatowithout,with someandwith full typing:
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Sinceprogramconstructiorproceedwia instantiationof metavariablesturningevery
constructiorstepntoahomomorphisnthiskind of typingdisplaycanproveveryuseful
for findingoutwhattypesareexpectedatthepresentonstructiorsite. Thisinstantiation
of metavariablesompriseshepossibilitiesof insertingnodeswith userselectedabels,
regrouping eliminatingandsplitting of the metavariablessuccessoedgespastingse
lectedintervals,or replacingthe metavariableby othernodes.

The term graphlayoutis generatecautomaticallybut is alsounderfull manual
control.
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We define the unary pertices, which delivers the list of the vertices of a graph

Now we can use this to build a funetion which extracts a list of edges from the

cmv:at
DECL| edges edges
edges — m.f' vertjces
Graph List ) ¢
v 2

r

duildiZ is the inverse to gdges: It takes a pair of vertices, representing a graph’s
bounds, as its first argument and then builds up a graph from a list of edges.
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4 Term Graph Attribution and Code Gener ation

For deriving stringrepresentatioria arbitrarytargetlanguagefrom termgraphentries
or whole modules,HOPS provides a very powerful term graph attribution mech
anism.

Suchattributionsaredefinedn aspeciakind of entriescalled“Haskell attribution
definition”. EachHaslell attributiondefinitionconsist®f atamgetatwhichit isdirected
andthedefinitiontext proper Thesealefinitiontextstakeontheshapef serieof Haslell
definitionsinterspersedvith “macro calls” written in a metasyntaxsimilar to that of
FunnelWeb, a powerful literate programmingsystemby Williams (1992). However,
Haslell heresenesonly asthemetalanguager attributedefinitionlanguageusedopro-
ducetherealresultvalueswhichwill usuallybestringsor functionsdeliveringstrings,
andthesestringsmaythenbeinterpretedn thetargetlanguage.

In fact,the dependencef this attribution mechanisnon Haslell asits attribute
definitionlanguagés veryweak;only afew predefineanacroemploy asmallfragment
of Haslell syntaxtheonly otherdependenconHaslellisthecalltohugs asevaluation
mechanism.Therefore,adaptingthis mechanismto a different attribute definition
languagevould beextremelyeasy

A firstapplicatiorof thismechanisnsenesto translateHOPS modulego Haslell
modulesthisallowsHOPS to beusedasakind of “betterHaslell editor” with on-line
typecheckingandtransformatiompossibilitiesa secondapplicationwill beseerbelow
in Sect5wherewe generatéda code.

To give a flavour of how this attribution mechanisnis used,we shawv herethe
definitionsof two attributesexpr andpexpr in a simplified Haslell corversionthat
doesnot respecsharingin ary way andtakescareof parenthesisatioim only a rather
crudeway — thevalueof theattributeexpr atanoden is a stringcontaininga Haslell
expressioncorrespondingo the subgraphinducedby the noden, and this Haslell
expressionsnotparenthesiseontheoutsidef easilyavoidablepexpr hasparentheses
addedat leastif thismakesa difference.Thedefinitionfor thecornversionof function
applicationshovshow to usethenaturalnumberingof thenodesof thetypingelement
for referringto theattributesof differentnodes:

HaskellAttrib for (Standar d.@

expr(1) = expr(2) ++ ' : pexpr(3)

pexpr(1) = ' (' : expr(l) ++ ")"
In thedefinitionfor A-abstractiorwe haveto take carewhetherthereisaboundvariable
or not;we choosdo usedifferentcorversiondor thispurpose.Thisisimplementedia
thebuilt-in macrobvar whichtakesfiveaguments:Thefirstagumentefersoanode;
if thisnodehasa boundvariable thenthe call evaluatego the fourth amgumentin an
ervironmentwherethe secondargumentconsiderecasa macronamejs boundto the
resultof applyingthethird algumentotheboundvariable. Otherwiset evaluatesothe



fifth agument.E.qg.,if @ refersoabinderhavingaboundvariablenodewith thebuilt-
in number attributebeing1005, thenthemacrocall “bvar (1,bv ,number," xbv" ,[]1 )’
evaluateso“" x1005"”. If @ howeverrefersoabinderthatdoesotbindary variable
(ase.g.in A x. 3), thenthatmacrocall evaluatego “[ ] ".

Herethisis usedto implementthe distinctionbetweera A-abstractionn Haslell
andan applicationof const — sinceA-abstractionslreadyneedparenthese our
context, we distinguishglobally for expr andpexpr together:

HaskellAttrib for A
bvar (1,bv ,expr,
expr(1) = "(\\ " ++ by ++ " -> " ++ expr(2) ++ )"
pexpr(1) = expr(1)

’
expr(1) = const pexpr(2)
pexpr(1) = (' : expr(I) ++ ")"
)
SinceHOPS and Haslell are quite differentin several respectsthe full corversion

mechanisniasto take carethat
it introducedglistinctvariablenamedor distinctvariablesn thesamescope,

it corvertssharingnsidearule’sright-handsideinto wher e-clause®r, if theshared
subepressiorcontainsa A-boundvariablejnto| et -bindings,

it corvertssharingbetweerthetwo rule sidesinto as-patterng appropriate,

it enforcesthe capitalisationconventionsof Haslell, sincein HOPS thereareno
restrictionson thesyntaxof nodelabels.
The following Haslell codewasautomaticallygeneratedwith manuallyaddedline
breaks)from the declarationsand rules shovn in the module editor picture in the
previoussection:
mapT :: (Vertex -> al -> a3) -> (Table al) -> Table a3
mapT v9 v1l = qTable_a (array (bounds v23)

(map (\ v29 -> (v29, v9 v29 (v23 ! v29))) (indices v23)))
where v23 = gTable_r v11

vertices :: Graph -> [Vertex]
vertices v4 = indices (qTable_r (gGaph_r v4))

edges :: Graph -> [(Vertex, Vertex)]
edges v7 = concat (map (\ v15 ->
map (gqMkpal v15) (qTable_r (qGaph_r v7) ! v1b))
(vertices v7))

It shouldbe notedthatthedetailsof thisconversionof HOPS to Haslell arenot hard-
codedntoHOPS itself,butemploy theattributionmechanismvhichallowsto program
suchcorversions. Thereforeconversionsof differentHOPS languagegasdefinedin
differentsetsof HOPS modules)nto differenttargetlanguagesanbe definedby ary
userof HOPS; we shallseeanexamplefor thisin thenext section.



5 A Language Experiment: The r=Calculusin HOPS

In anearlyprototypeof HOPS, P. Kempfdemonstratetiow to translateahetecalculus
intoaHOPS languag@ndhow totranslate partof thatlanguagéomittingchoice)nto
Adatasks seethe chapters and8 of the HOPS reportby Bayeretal. (1996). In the
currentversionthedefinitionof thetrcalculusasaHOPS languagés now muchmore
directandnaturalandalsothe conversionto Ada profitsfrom the powerful attribution
mechanisnmimplementegresented Sect4.

Thetecalculusemepgedasanadvancedorm of aprocessalculusdescribingea
turesof concurrentomputation.It formalisessynchronousandshakcommunication
overlinks,wherejn contrastoits predecessdECS thecommunicatedaluesarelinks
themseles. A lot of work, theoreticabswell aspractical hasbeeninfluencedby the
Tecalculus. It hasstrongconnectionso formaltheoriesik elinearlogic (Bellin andScott
1994),but moreaser hasbheenshowvn to be a usefultool in the designof concretedis-
tributedsystemgOravaandParrov 1992). Ourformulationis orientedatthealgebraic
form of thetecalculusaspresentedby Milner (1993).

The languageof the m-calculusonly knows two types:Process for processes
andName for link or channehames.Processesanbe built usingthefollowing con
structors:

| —Process  Name send—Process receive—Process v -—Process
N v v
LAY v/v\v \Y K\l/ (Y
+—Process | Process
- ! Name ~>x x—Name
\% \ Vi 0 —Process

0 istheproces®f inaction | is concurrentomposition: is choice and! is replication.
receive is usually called “positive prefixing”andwritten x(y) .P meaningreception
alongchannelx of a symbolwhich is boundto y in the subsequenprocess. send
is “negative prefixing” written Xy.P, meaningthe export of thelink y alongchannel
X. The“restriction”v senesto limit the visibility of channelsy andreceive both can
bind variables.

Therearemary algebraicequalitieghathold in the r-calculusandwhich have to
betranslatednto HOPS rules;we shav only afew:
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However, reductiorviacommunicatioim there-calculusioesnotgiverisetoanequality
andmaythereforenot beappliedat arbitraryplacesn a processerm.

SinceHOPS currentlydoesnot provide ary other meansto implementsucha
restrictionto ruleapplicationywe useatrick to encodeheplacesvherecommunication
is legal: The completeprocesds crovnedwith an EVAL tag,andthe closureof the
reductionwrt. concurrentompositiorandrestrictionisreflectedoy rulesthatpropagte
thattag:



EVAL: v

EVAL> | i y

EV¢AL Process TEVKI}EVAL v EV¢AL
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Thecommunicationuleitself,usuallygivenas
(R+c(x).P) | (S+cd.Q) » P{d/x} | Q,
thenrequiresandpreseresthepresencef thisevaluationtag:

EV¢AL EVlAL
+ I\‘+ /|
S rec}ewe Sen\%&\
chan data

X

For the conversionto Ada, processesre implementedas tasks,and links are task
references— we leave out the detailsof thesetypesandonly shav the definitionsfor
positiveandnegative prefixing(send andreceive). Theproc attributehasvaluesof type
Int -> (String,|nt) wheretheintegersareauxiliary inheritedand synthesised
attributesof theunfoldedtree notof thepotentiallysharedermgraphandtheSt ri ng
isanAdaprogramfragment.

Sendings implementedy a call to thesend entryof thetaskreferredto by the
channelargument,transferringthe dataargumentas argumentto that entry This is
composedequentiallywith theremainingprocess:

HaskellAttrib for [send]
proc(1) n =
(name(2) ++ ".send(" ++ name(3) ++ ";\n" ++ p4da
» p4b)

where (p4a, p4b) = proc(4) n
For receving,we createa new block with alocalvariablea for therecevedlink name,
and call ther ecei ve entry of the channelagument,submittinga asa result para
meter:

HaskellAttrib for [receive
proc(I) n =
("B" ++ show n ++ ":declare\n" ++
a: Name; \ n" ++
begi n\ n" ++
' ++ chan ++ ".receive(" ++ chan ++ ", " ++ bname ++ ");\n"
' ++ p3a ++ "\n" ++
end B" ++ show n ++ ";\n"
» p3b)
where (p3a, p3b) = proc(3) (n+1)
chan = name(2)
bnane = bvar(1,bv,name,bv," xlnumber")



6 Implementation

SinceHOPS isaninteractvesystemresponsésessentialThisalsohadto betakeninto

accounfor thechoiceof theimplementationanguage Work onthecurrentversionof

HOPS wasstartedin CSL (Caml SpecialLight), a reimplementatiorof CamlLight

with improved performanceanda powerful modulesystem.CSL later addedobject-
orientedeaturegwhicharenotyettakenadvantagef in theimplementatiof HOPS)

andchangecameto OCaml;for thegraphicalinterfaceHOPS relieson thetypesafe
interfaceto Tk providedby thelabelisedvariantOLabl.

The choiceof OCaml/OLablfor programmingandof LablTk for the userinter-
facehasfulfilled all theexpectationsvith respecforemosto easeandeleganceof pro-
gramminghut alsoaccesso externaltoolsandevenperformance— onthewhole,the
speedsveryacceptabléor aninteractveprogrammingystemtheonly relatively slow
operationis thecalculationof a new layout;switchingoff intermediatelraving during
automatidransformatiommorethandoubleghespeedto about25transformationper
seconcdn simpleexamplesandon a SunUltra).

The following picturegivesa roughovervien of the way the implementatiorof
HOPS is structured:

Module Administration |« }/ Control
Modules ModuleEditor
N— ]
" | | TermGraphs !
: TermGraphLayout :«—[TermGraphEdltorJ
i | TypedTermGraphs ! 5
--------------------------------------------------------- e D N
XML Parser| | CustomHeap| | Decks| | Utilities ¢{ GUI Utilities
— L S o
. OCaml/OLablStandardandSystenibraries | | LabITk :

The lowestlevel is provided by the implementatiorbasis,i.e., by the OCaml/OLabl
distributions,and hasmainly beenincludedin the drawing for differentiatingmore
clearlybetweerthe“logical” kernelof HOPS (dravntotheleft), whichdoesotrequire
accesso the Tk interfaceLablTk, andthe graphicaluserinterfacecomponent¢dravn
to theright), which do.



Thereforethe kernelcanalsobe usedin stand-aloneapplicationghat canbe linked

withouttheTk libraries. Currentlytherearethreekindsof functionalityof HOPS made

availablevia stand-alon¢oolsin this cateyory:

— moduledocumenbutputgeneratiotior printingmodulesasdocumentsyith optional
call of theback-endLout or LaTeX/dvips)for PostScripgeneration,

— moduledependenggraphgenerationand

— attributedefinitiongeneratiorfor whole moduleswith optionalattribute evaluation
by anexternalinterpreter(hugs).

Themoduleadministation components responsibldor loadingmoduleson demand

and keepinginformation aboutmodules. Sincein the full systemthis information

includespossibleactive module editorsand thereforeGUI componentsthe OLabl

moduleimplementingnoduleadministratioressentiallyprovidesafunctorthataccepts

this additionalinformationasits agument— in the stand-alonautilities mentioned

above atrivial algumentis supplied.

The modulecomponenprovidesthe internaldatastructuresand utilities for the
representatioof HOPS modulesthatis of documentsvith embedde@ntriessuchas
declarationsiules,crossreferencesandattribution definitions.

The innerkernelof HOPS manageshe term graphscontainedn declarations,
rules,andexamplegraphs.An innerlevel allowsconstructionaccesandmanipulation
of all term graphcomponentsncluding binding, variableidentity and typing. This
is wrappedup in anouterlayerthatis responsibldor the consisteng of bindingand
variableidentityandmostnotablyfor well-typednessThisouterlayeralsocontainsall
adwancedconstructiorfunctionsandtherule matchingandapplicationmechanisms.

Graphlayoutis storedin a separat@atastructurethatis keptalongsidets graph
in themodulestructure.Layoutis currentlycalculatedexternallyby dot (Gansneet
al. 1993)from AT&T’ sgraphviz tool suite,but a morespecialisedayoutmechanism
specifically designedfor the needsof HOPS term graphsis being developedin
HOPS.

The nodesof HOPS term graphsneedidentifiersthat can be usedaskeys in
finite mappingdor mary purposesSincereferencegn OCamlareneitherorderednor
hashabileit is not feasibleto usejust referencesor allocationof HOPS nodessowe
hadto introduceour own interfaceto aheapmanagemerthatusesappropriateékeys.

Besidesnary simpleextension®f thestandardibrary, wealsouseadatastructure
of mixeddeckghatareemployedfor managindhetext flow with embedde@ntrieghat
constituteshedirectcontentof HOPS modules.Thisdatastructurds wrappednto a
functorthattakesthemonoidof thetext flow asits agumentandreturnsadouble-ended
doubly-linkedalternatingjueuedatatypethatis parametrién thetypeof theembedded
itemsandwhich makesuseof themonoidcompositione.g.whendeletingentries.

The data structuresof the kernel of HOPS are madeaccessibleghroughthe
correspondingartsof thegraphicaluserinterface.

Thetermgrapheditoris essentiallya Tk carvasassociatedvith atermgraphand
alayoutfor thattermgraphandwith otherinternalstate equippedvith eventbindings
andpop-upmenughatmalke operation®n all thesecomponentaccessible.

The moduleeditor is, asshavn in the picturein Sect.7, a window containinga
text widget in which the module documentis displayed. Entriesare displayedas



embeddedvidgets,andthedisplayof entriesthatcontaintermgraphscontainsa term
grapheditor.

The useraccessibldunctionsof the moduleadministrationsuchas deliberate
loadingof modulesor generatiorof new modulestogethemwith a setof configuration
functionsare accessibldrom a separatecontol window which is the only window
displayedwhenstartingHOPS.

7 Concluding Remarks

Thereis still much ongoingwork on HOPS. SinceHOPS is mainly intendedas
a programdevelopmentervironmentwhere eventually usablecodein more or less
arbitrarylanguageg&anbe generatedthe actualpossibility of Haslell corversioncan
only beconsideredsafirst stepinto thatdirection. Besidegheattributionmechanism
alreadyimplementedthekey ingredientof successfutodegeneratiomwill bepowerful
transformatiorprogrammingcapabilities.

We are also consideringmore powerful type systems,ncluding Haslell type
classesyniquetypes polytypic programmingandexplicit polymorphism(Kahl 1998).

MoreinformationjncludingtheHOPS distributionandmanualsis availablefrom
theHOPS homepageat URL:

http://diogenes.informatik.unibw-muenchen.de:8080/kahl/HOPS/

References

Bayer A., GrobauerB., Kahl, W., Kempf,P., SchmalhoferF., Schmidt,G., Winter, M. (1996):
The HigherObject ProgrammingSystem“HOPS”. Internal Report,Fakultat fur Informatik,
Universitatder BundeswehMiinchen URL http:/inf2-www.informatik.unibw-muenchen.de/
HOPSpaperdHOPSreport-1996.htmR14pp.

Bellin, G., Scott,PJ.(1994):0n the tecalculusandlinearlogic. Theoetical ComputerScience
135(1),11-63.

GansnerE.R., Koutsofios E., North, S.C.,Vo, K. (1993):A Techniquefor Drawing Directed
Graphs.IEEE-TSE

Kahl, W. (1994):Can FunctionalProgrammingBe Liberatedfrom the Applicative Style?. In
Bjarn Pehrson|mre Simon (eds.),Technolagy and FoundationsProceeding®f the IFIP 13th
World ComputerCongressHamhurg, Germany28 August— 2 Septembet 994 Volumel , pages
330-335.1FIP TransactionsNorth-Holland. IFIP.

Kahl,W. (1996)AlgebraischeTermgraphesetzungnit gebundeneivariablen Reihelnformatik.
HerbertUtz Verlag,Miinchen. ISBN 3-931327-60-4zugleichDissertationan der Fakultatfir
Informatik, UniversitatderBundeswehMiinchen.

Kahl, W. (1998): The Higher Object Programming System — User Manual for HOPS,
Fakultat fur Informatik, Universitdt der Bundeswehr Minchen. URL http:/[dio-
genes.informatik.unibw-muenchen.de:86&MMHOPS/

Kahl, W. (1998): Internally Typed Second-OrdeiTerm Graphs. In JurajHromkovic, Ondrej
Sykora(eds.) GraphTheoeticConcept$n ComputerSciencg24thinternational\WorkshopWG
'98, SmoleniceCastle Slovak Republic June1998,Proceedingspagesl49-163.LNCS 1517.
SpringerVerlag.



Kingston,J.H.(1998):A User’s Guideto the Lout DocumentrormattingSystenf\ersion 3.12)
BasseDepartmenbf ComputerSciencelUniversityof Sydng. I1SBN 0867589515. URL
ftp://ftp.cs.su.oz.ajgff/lout.

Klop, J.W. (1980):CombinatoryReductiorSystems MathematicaCentreTracts127,Centrefor
MathematicandComputerScienceAmsterdam.PhDThesis

Klop, J.W, van Oostrom,V., van RaamsdonkF. (1993): Combinatoryreduction systems:
introductionandsuney. Theoetical ComputerSciencel21 (1-2),279-308.

Knuth,D.E.(1984).LiterateProgramming.TheComputerJournal 27 (2),97-111.

Milner, R.(1993):ThePolyadicreCalculusA Tutorial. In F.L. BauerW. BrauerH. Schwichten
bemg (eds.) Logic,Algebra,and Specificationpage203—-246.Vol. 94 of NATO Seriesd—: Com+
puterandSystemsSciences Springer

Orava,F., Parraw, J.(1992):An AlgebraicVerificationof a Mobile TelephonéNetwork. Formal
Aspectof ComputerSciencel, 497-543.

Williams, R.N. (1992): FunnelWb Users Manual. URL http:/Avww.ross.netunnelweb/
introduction.html.Part of the FunnelWbdistribution

Zierer, H., Schmidt,G., BeghammerR. (1986):An Interactve GraphicalManipulationSystem
for Higher ObjectsBasedon RelationalAlgebra. In Proc. 12th International Workshopon
Graph-Theoetic Conceptsin ComputerSciencepages68-81. LNCS 246. SpringefVerlag,
Bernried StarnbegerSee.



