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1 Introduction
Programmersof Haskell or ML know thatoncetheirprogramsaresyntacticallycorrect
andgetpastthetypechecker,theprobabilitythattheyarecorrectisusuallyalreadypretty
high. Butwhiletheparseror thetypecheckerstill complain,it isnotalwayseasytospot
therealproblem,whichmaybefar from thetroublespotindicatedby theoftencryptic
errormessage.

Syntax-directededitingcansolve theproblemwith syntaxerrors. But, evenif a
syntax-directededitorwould beextendedwith onlinetyping,anotherproblemwould
behow topresentthetypinginformationto theuser;hugetypeexpressionswith unclear
relationto theprogramexpressionmayperhapsbeof only very little help.

Wepresentasystemthatdealswith bothproblemsbymakingtheprogramstructure
and the program’s typing structureexplicit and interactively accessiblein the shape
of termgraphs.Thedesignof thissystemrelieson recentadvancesin thetheoriesof
untypedandtypedsecond-ordertermgraphs.

TheHigherObjectProgrammingSystemHOPS, whichhasbeendevelopedby a
groupledbyGuntherSchmidtsincethemid-eighties(Bayeretal.1996,Kahl1994,Kahl
1998,Ziereret al. 1986),is a graphicallyinteractive termgraphprogrammingsystem
designedfor transformationalprogramdevelopment.

In HOPS, only syntacticallycorrectandwell-typedprogramscanbeconstructed.
Thechoiceof thelanguageisonly constrainedby certainrestrictionsof thetermgraph
formalismandof the typing system.An importantingredientof HOPS is the trans-
formationsupport;this favoursreferentiallytransparentlanguages— for this reason
mostof our examplesusea languagecloseto typedλ-calculi andHaskell. HOPS is
intendedas:
Research tool:New languagescaneasilybeconstructedandexperimentedwith via the

transformationmechanism.
Programming tool:HOPS maybeusedasa“betterHaskell editor”,integratingsyntax

directededitingwith strongonlinetyping. Theeditingsafetymorethanweighsup
thetimerequiredto getusedto thetermgraphview.

Visualisation and debugging tool: Automaticevaluationsequenceshelpto illustrate
theworkingsof, for example,purelyfunctionalprogramswith lazyevaluation—
in theabsenceof accessibleHaskell debuggersor tracersthisis especiallyuseful.

Education tool: A hands-onexperienceof term graphs,syntacticstructure,typing,
graphreduction,generalsecond-orderruleapplicationandreductionstrategiescan
begainedeasilythroughtheuseof HOPS.

The currentversion(availablevia WWW) featuresseveral significantimprovements



overearlierprototypes:
– Thetheorybehindthetermgraphtransformationsis now well-understood,
– typing hasbeenintegratedinto thetermgraphsboththeoreticallyandin theimple-

mentation,
– HOPS is now anessentiallylanguage-independentframework,and
– literateprogrammingideasaremoreadequatelyintegrated.
All termgraphdrawingsin this paperhave beengeneratedfrom the latestversionof
HOPS.

2 Principles of HOPS
HOPS manipulatesarbitrarysecond-ordertermgraphs,whereall thestructureusually
encodedvia nameandscopeis madeexplicit.

Term graphsin HOPS thereforefeaturenamelessvariables,explicit variable
binding(todenotewhichnodebindswhichvariable),explicit variableidentity(todenote
whichnodesstandfor thesamevariable)andmetavariableswith arbitraryarity.

All theproblemsusuallyconnectedwith nameclashesandvariablerenamingare
thereforeavoided.

Considerthe following examples,wheresuccessoredgesareblack arrows with
their sequenceindicatedby the left-to-right orderof their attachmentto their source
node;bindingedgesaredrawn asthick,usuallycurvedarrowsandanirreflexivekernel
of variableidentity is indicatedby mediumthick simplelines:
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Thefirst two correspondto the terms“2 ⋅ 2 + 2 ⋅ 2 ⋅ 1” from arithmeticand“λx.λf .f x”
from λ-calculus— noticethat in thelinearnotationthetwo differentboundvariables
needdifferentnames“f ” and“x” sincethey occurin thesamescope,while in theterm
graphdifferentnodeslabeled“x” alwaysrepresentdifferentbindablevariables.

For the last two termgraphs,let usassumethatA andB aremetavariables— in
HOPS, arity ispartof themetavariablenodelabel,sothatunaryandzero-arymetavari-
ablesall aredrawnwith thelabelV,butaccordingtotheiraritythey shouldbeconsidered
asdifferentlabelsV0, V1 in theexamples.Thelasttwo termgraphsthencorrespondto
themetaterms“(λ x.B[x])A” and“B[rec x.B[x]]”, respectively.

At the heartof HOPS usageis term graphtransformation;rules arealsogiven
as term graphs,wherean additional thick long-tippedarrow connectsthe roots of
the left- andright-handsides. As examplesseethe rule “(λ x.B[x])A → B[A]” for
β-reductionin λ-calculus,the rule “x ⋅ (y + z) → x ⋅ y + x ⋅ z” for distributivity of
multiplicationoveraddition,andarule“(λ x.B[x])°(λ x.A[x]) → (λ x.B[A[x]])]” for



thecompositionof two λ-abstractions(all shown with hiddentyping):
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Applicationof this kind of second-orderterm graphruleshasbeendefinedby Kahl
(1996). Thekind of homomorphismsusedfor matchingevenallowsrulesthatarenot
left-linear;theresultingsecond-ordertermgraphrewriting conceptcorrespondsto an
extensionof the CombinatoryReductionSystemsof Klop (1980),alsodescribedby
Klop etal.(1993).

Asanexamplehomomorphismweshow aβ-redex,with thethin,darkgrey arrows
indicatingthehomomorphism:
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Applicationof rulesis alwayspossiblewhile editingtermgraphsin HOPS; thisgives
a usefulflexibility to thecodingprocessandevenenhancestheresultingcodingstyle,
sinceit is inexpensiveto try severalequivalentformulationbeforecommittingoneself.
Besidesapplicationof singlerules,theuseof automatictransformationmechanismsis
alsopossible.Whenall intermediategraphsof anautomatictransformationsequence
aredisplayed,a visualisationof programexecutionis achieved,and this featurehas
alreadyprovedusefulfor debuggingcomplex purelyfunctionalprograms.

Oneof thecurrentresearchobjectivesistodefineanappropriateconceptof proper
“transformationprogramming”whichwill allow to distill theexperienceof interactive
transformationinto strategiesandtacticalsfor at leastsemi-automaticuse.

Termgraphsin HOPS arestronglytyped,andthetyping iskeptonlineall thetime.
Thebasisaredeclarationsor typingelements, i.e., simpleterm graphsthat introduce
a new nodelabeltogetherwith its typingschemamakingexplicit how thetyping of a
nodewith thisnew labelis relatedto thetypingof its successorsandboundvariables.
Weprovidesixexampletypingelementsfor simply-typedλ-calculusandfor arithmetics
— thetyping functionis denotedby thin, light arrowswith tiny heads,andthetyping
elementsfor → andNum,althoughthey donotcontainany typingarrows,arenecessary
for introducingtheir respectivelabelandfor fixing its arity:
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Again,differentnodeslabeledwith “T ” aredifferenttypevariables.



A termgraphG iswell-typedif for everynodethereisahomomorphismfromthetyping
elementfor thatnode’slabelintoGatthatnode;thedetailsof thistypesystemhavebeen
introducedby Kahl (1998). Sincethis systemrelieson thesimultaneousexistenceof
thesehomomorphismstoensurewell-typedness,wecallthisdefinitionof well-typedness
a“simultaneous”definition. Assuchit standsin acertaincontrasttousualtypesystems
thatrequireanessentiallysequentialderivationor typeinferenceto ensurewell-typed-
ness.Thiskind of typesystemis alsoveryappropriatefor aninteractivesystemsince
it allowsto operatein avery localmannerfor mosttermgraphmanipulations.

For graphicallyconveying the ideabehindour definition of well-typedness,we
draw a typedversionof theβ-redex examplefrom above onceseparately(thisview is
availabletotheHOPS user)andoncetogetherwith twoexamplehomomorphismsfrom
the typing elementsfor functionapplicationandλ-abstraction(this admittedlyrather
freightedview is notavailableto theHOPS user).
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Aslongasthereareonlyzero-arytype-metavariables(labeledT ) andnoedgesbetween
theprogramandthetypesides,thesetypingsystemscorrespondto standardparametric
polymorphism(withoutlet-polymorphism).If weallow second-ordermetavariables
on the type side,polytypic programmingbecomespossible,but this is not yet fully
implementedin HOPS.

Data typesof the implementationlanguage,suchasarbitrary-precisionrational
numbersorarbitrary-lengthstrings,canbemadeavailabletoHOPSprogramsthrougha
specialclassof nodelabelsandassociatedrules.Thefollowingshowsafewintermediate
stepsof anautomaticcalculationof thefactorialof ten:
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3 User Interface
In thespirit of LiterateProgrammingfirst describedby Knuth(1984),HOPS modules
areconsideredasdocumentsaddressedin thefirstplacetohumans,andthesedocuments
containprogramfragmentsaddressedalsoto amachine.In HOPS, codefragmentsare
mostlydeclarations,i.e.,typingelements,andtransformationrules;socodefragments
in HOPS areessentiallytermgraphs.



Theprimaryinterfaceto HOPS moduledocumentsis theHOPS module editor,
seethepictureon the next page,which presentsa quasi-WYSIWYGinterfaceto the
HOPS moduleasa documentin the literateprogrammingstyle,containingtext with
interspersed“entries”. Theseentriesmakeupthedifferentpartsof theprogramproper
andcanbe:
– declarationscontainingtyping elementsfor freshly introducedlanguageelements

andalsospecifyingthewaynodeswith thisnew labelaredisplayed,includingwith
specialsymbols(suchas“ → ” for functiontypes)andcolour;outgoingedgesalso
maybeassigneddocumentingedgelabels

– transformationrules, and,experimentally, attribution rules that introduceinternal
attributionedgesinto HOPS graphs

– examplegraphswhichserveonly for documentationpurposes
– Haskell attributiondefinitionsasdescribedin Sect.4
– crossreferencesandotherdocumentation-relatedspecialentries
Thedocumentitself maybestructuredin nestedsectionsandsubmoduleswhichcanbe
folded,i.e.,hiddenexceptfor their titles.

Documentoutputof HOPS modulesis possibleto HTML andto PostScriptvia
Lout (Kingston1998)or LaTeX. HOPS modulesaresavedasXML documents,and
future work will enhancethe structuringpossibilitiesfor text, thusstrengtheningthe
capabilitiesof HOPS asaflexible literatetermgraphdocumentationsystem.

Termgraphinteractiontakesplacein termgraphareasdisplayeddirectlyinsidethe
entriescontainingtherespectivetermgraphs,insidethetext display. Duringprogram
construction,mostnotablywhencombinatorsof complex typesareinvolved,typing
informationisusefulfor guidingtheprogramconstruction.In HOPS, thisissupported
by the possibility to incrementallydisplaytyping information,seee.g.the following
threedrawingsof theS-combinatorwithout,with some,andwith full typing:
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λ f .λ g.λ x. (f x) (g x) : (A → (B → C)) → ((A → B) → (A → C))
Sinceprogramconstructionproceedsvia instantiationof metavariables,turningevery
constructionstepintoahomomorphism,thiskindof typingdisplaycanproveveryuseful
for findingoutwhattypesareexpectedatthepresentconstructionsite. Thisinstantiation
of metavariablescomprisesthepossibilitiesof insertingnodeswith user-selectedlabels,
regrouping,eliminatingandsplittingof themetavariable’ssuccessoredges,pastingse-
lectedintervals,or replacingthemetavariableby othernodes.

The term graphlayout is generatedautomatically, but is alsounderfull manual
control.





4 Term Graph Attribution and Code Generation
For derivingstringrepresentationsin arbitrarytargetlanguagesfrom termgraphentries
or whole modules,HOPS provides a very powerful term graph attribution mech-
anism.

Suchattributionsaredefinedin aspecialkind of entriescalled“Haskell attribution
definition”. EachHaskell attributiondefinitionconsistsof atargetatwhichit isdirected
andthedefinitiontext proper. Thesedefinitiontextstakeontheshapeof seriesof Haskell
definitionsinterspersedwith “macrocalls” written in a meta-syntaxsimilar to thatof
FunnelWeb,a powerful literateprogrammingsystemby Williams (1992). However,
Haskellhereservesonlyasthemetalanguageorattributedefinitionlanguageusedtopro-
ducetherealresultvalues,whichwill usuallybestringsor functionsdeliveringstrings,
andthesestringsmaythenbeinterpretedin thetargetlanguage.

In fact,the dependenceof this attribution mechanismon Haskell asits attribute
definitionlanguageisveryweak;onlyafew predefinedmacrosemploy asmallfragment
of Haskell syntax;theonlyotherdependency onHaskell isthecall tohugs asevaluation
mechanism.Therefore,adaptingthis mechanismto a different attribute definition
languagewouldbeextremelyeasy.

A firstapplicationof thismechanismservestotranslateHOPS modulestoHaskell
modules;thisallowsHOPS to beusedasakind of “betterHaskell editor”with on-line
typecheckingandtransformationpossibilities;asecondapplicationwill beseenbelow
in Sect.5wherewegenerateAdacode.

To give a flavour of how this attribution mechanismis used,we show herethe
definitionsof two attributes ������ and��������� in a simplified Haskell conversionthat
doesnot respectsharingin any wayandtakescareof parenthesisationin only a rather
crudeway— thevalueof theattribute ������ atanoden is astringcontainingaHaskell
expressioncorrespondingto the subgraphinducedby the noden, and this Haskell
expressionisnotparenthesisedontheoutsideif easilyavoidable;��������� hasparentheses
addedat leastif thismakesa difference.Thedefinitionfor theconversionof function
applicationshowshow to usethenaturalnumberingof thenodesof thetypingelement
for referringto theattributesof differentnodes:

HaskellAttrib for Standard.@������������� = �������� ��� ++ ’ ’ : ����������� !��
��������"���#� = ’(’ : ������������� ++ ")"

In thedefinitionfor λ-abstraction,wehavetotakecarewhetherthereisaboundvariable
or not;wechoosetousedifferentconversionsfor thispurpose.Thisis implementedvia
thebuilt-in macro$&%(' � whichtakesfivearguments:Thefirst argumentreferstoanode;
if this nodehasa boundvariable,thenthecall evaluatesto thefourth argumentin an
environmentwherethesecondargument,consideredasa macroname,is boundto the
resultof applyingthethirdargumenttotheboundvariable.Otherwiseit evaluatestothe



fifth argument.E.g.,if @1 referstoabinderhavingaboundvariablenodewith thebuilt-
in )&*,+.- ��� attributebeing1005, thenthemacrocall “ /103254�687:9 bv 9<;>=>?@/�A"4B9 "x /10 " 9 [] C ”
evaluatesto“"x1005"”. If @1 howeverreferstoabinderthatdoesnotbindany variable
(ase.g.in λ x.3), thenthatmacrocall evaluatesto “[]”.

Herethis is usedto implementthedistinctionbetweena λ-abstractionin Haskell
andanapplicationof const — sinceλ-abstractionsalreadyneedparenthesesin our
context, wedistinguishgloballyfor ������ and��������� together:

HaskellAttrib for λ
-BD8E ������F bv FG�������F
������������� = "(\\ " ++ -BD ++ " -> " ++ �������� ��� ++ ")"��������"���#� = �������������
F
������������� = const ����������� ���
��������"���#� = ’(’ : ������������� ++ ")"�

SinceHOPS and Haskell arequite different in several respects,the full conversion
mechanismhasto takecarethat
– it introducesdistinctvariablenamesfor distinctvariablesin thesamescope,
– it convertssharinginsidearule’sright-handsideintowhere-clausesor, if theshared

subexpressioncontainsa λ-boundvariable,intolet-bindings,
– it convertssharingbetweenthetwo rulesidesinto as-patternsif appropriate,
– it enforcesthe capitalisationconventionsof Haskell, sincein HOPS thereareno

restrictionsonthesyntaxof nodelabels.
The following Haskell codewasautomaticallygenerated(with manuallyaddedline
breaks)from the declarationsand rules shown in the moduleeditor picture in the
previoussection:

mapT :: (Vertex -> a1 -> a3) -> (Table a1) -> Table a3

mapT v9 v11 = qTable_a (array (bounds v23)

  (map (\ v29 -> (v29, v9 v29 (v23 ! v29))) (indices v23)))

 where v23 = qTable_r v11

vertices :: Graph -> [Vertex]

vertices v4 = indices (qTable_r (qGraph_r v4))

edges :: Graph -> [(Vertex, Vertex)]

edges v7 = concat (map (\ v15 ->

    map (qMkpa1 v15) (qTable_r (qGraph_r v7) ! v15))

                       (vertices v7))

It shouldbenotedthatthedetailsof thisconversionof HOPS to Haskell arenot hard-
codedintoHOPS itself,butemploy theattributionmechanismwhichallowstoprogram
suchconversions.Thereforeconversionsof differentHOPS languages(asdefinedin
differentsetsof HOPS modules)into differenttargetlanguagescanbedefinedby any
userof HOPS; weshallseeanexamplefor thisin thenext section.



5 A Language Experiment: The π-Calculus in HOPS
In anearlyprototypeof HOPS, P. Kempfdemonstratedhow to translatetheπ-calculus
intoaHOPS languageandhow totranslateapartof thatlanguage(omittingchoice)into
Ada tasks,seethechapters7 and8 of theHOPS reportby Bayeret al. (1996). In the
currentversion,thedefinitionof theπ-calculusasaHOPS languageisnow muchmore
directandnatural,andalsotheconversionto Ada profitsfrom thepowerful attribution
mechanismimplementedpresentedin Sect.4.

Theπ-calculusemergedasanadvancedform of aprocess-calculusdescribingfea-
turesof concurrentcomputation.It formalisessynchronoushandshakecommunication
over links,where,in contrastto itspredecessorCCS,thecommunicatedvaluesarelinks
themselves. A lot of work, theoreticalaswell aspractical,hasbeeninfluencedby the
π-calculus.It hasstrongconnectionstoformaltheorieslikelinearlogic(Bellin andScott
1994),but moreover hasbeenshown to bea usefultool in thedesignof concretedis-
tributedsystems(OravaandParrow 1992). Ourformulationisorientedat thealgebraic
form of theπ-calculusaspresentedby Milner (1993).

The languageof the π-calculusonly knows two types:Process for processes
andName for link or channelnames.Processescanbebuilt usingthefollowing con-
structors:

|H ProcessI
VJ VJ

+K ProcessI
VJ VJ

send ProcessI
V

Name
V V

!L ProcessI
VJ 0M ProcessI

receiveN ProcessI

xName

VJ V

νO ProcessI

xP NameQ
VJ

0 is theprocessof inaction; | is concurrentcomposition;+ is choice,and! is replication.
receive is usuallycalled “positive prefixing”andwritten x ( y ) .P meaningreception
alongchannelx of a symbolwhich is boundto y in thesubsequentprocessP. send
is “negative prefixing” written −xy.P, meaningthe export of the link y alongchannel
x. The“restriction” ν servesto limit thevisibility of channels;ν andreceive bothcan
bindvariables.

Therearemany algebraicequalitiesthathold in theπ-calculusandwhichhave to
betranslatedinto HOPS rules;weshow only a few:
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However,reductionviacommunicationin theπ-calculusdoesnotgiverisetoanequality,
andmaythereforenotbeappliedatarbitraryplacesin aprocessterm.

SinceHOPS currentlydoesnot provide any othermeansto implementsucha
restrictionto ruleapplication,weuseatrick toencodetheplaceswherecommunication
is legal: The completeprocessis crownedwith an EVAL tag,andthe closureof the
reductionwrt.concurrentcompositionandrestrictionisreflectedbyrulesthatpropagate
thattag:



EVAL ProcessI
VJ

|H
EVALT

VJ
EVAL

VJ

EVAL

|H
νO

x

EVAL

VJ

EVALT
νO

x

VJ

Thecommunicationrule itself,usuallygivenas

(R + c(x).P) | (S + −cd.Q) → P{d/ x} | Q,

thenrequiresandpreservesthepresenceof thisevaluationtag:

EVAL

|H
PR

dataU QS

EVALT
|H

+K
SV receiveN

xPchanU P

+K
R sendW

For the conversionto Ada, processesare implementedas tasks,and links are task
references— we leaveout thedetailsof thesetypesandonly show thedefinitionsfor
positiveandnegativeprefixing(send andreceive). The���BX1Y attributehasvaluesof type
Int -> (String,Int) wherethe integersareauxiliary inheritedandsynthesised
attributesof theunfoldedtree, notof thepotentiallysharedtermgraph,andtheString
is anAdaprogramfragment.

Sendingis implementedby a call to thesend entryof thetaskreferredto by the
channelargument,transferringthe dataargumentasargumentto that entry. This is
composedsequentiallywith theremainingprocess:

HaskellAttrib for send���Z\[]���#� n =

()"E^+ �]� ��� ++ ".send(" ++ )�E^+ �]� !�� ++ ";\n" ++ p4a

,p4b)

where (p4a,p4b) = ���Z\[]� _>� n

For receiving,wecreateanew blockwith a localvariablea for thereceivedlink name,
andcall the receive entry of the channelargument,submittinga asa resultpara-
meter:

HaskellAttrib for receive���Z\[]���#� n =

("B" ++ show n ++ ":declare\n" ++

" a:Name;\n" ++

" begin\n" ++

" " ++ chan ++ ".receive(" ++ chan ++ ", " ++ bname ++ ");\n"

" " ++ p3a ++ "\n" ++

" end B" ++ show n ++ ";\n"

,p3b)

where (p3a,p3b) = ���Z\[]� !�� (n+1)

chan = )"E^+ �]� ���
bname = -BD8E ������F bv F )�E^+ �]F -BD F "x̀ )a*,+.- �� " �



6 Implementation
SinceHOPS isaninteractivesystem,responseisessential.Thisalsohadtobetakeninto
accountfor thechoiceof theimplementationlanguage.Work onthecurrentversionof
HOPS wasstartedin CSL (CamlSpecialLight), a re-implementationof Caml-Light
with improvedperformanceanda powerful modulesystem.CSL lateraddedobject-
orientedfeatures(whicharenotyettakenadvantageof in theimplementationof HOPS)
andchangednameto OCaml;for thegraphicalinterfaceHOPS relieson thetype-safe
interfaceto Tk providedby thelabelisedvariantOLabl.

Thechoiceof OCaml/OLablfor programmingandof LablTk for theuserinter-
facehasfulfilled all theexpectationswith respectforemostto easeandeleganceof pro-
gramming,but alsoaccessto externaltoolsandevenperformance— onthewhole,the
speedisveryacceptablefor aninteractiveprogrammingsystem:theonly relativelyslow
operationis thecalculationof anew layout;switchingoff intermediatedrawing during
automatictransformationmorethandoublesthespeed(to about25transformationsper
secondonsimpleexamplesandonaSunUltra).

Thefollowing picturegivesa roughoverview of theway the implementationof
HOPS is structured:

ModuleAdministration Control

Modules ModuleEditor

TermGraphs

TypedTermGraphs

TermGraphLayout TermGraphEditor

XML Parser CustomHeap Decks Utilities GUI Utilities

OCaml/OLablStandardandSystemLibraries LablTk

The lowest level is provided by the implementationbasis,i.e., by the OCaml/OLabl
distributions,and hasmainly beenincludedin the drawing for differentiatingmore
clearlybetweenthe“logical” kernelof HOPS (drawntotheleft),whichdoesnotrequire
accessto theTk interfaceLablTk,andthegraphicaluserinterfacecomponents(drawn
to theright),whichdo.



Therefore,the kernelcanalsobe usedin stand-aloneapplicationsthat canbe linked
withouttheTk libraries.Currentlytherearethreekindsof functionalityof HOPSmade
availablevia stand-alonetoolsin thiscategory:
– moduledocumentoutputgenerationfor printingmodulesasdocuments,with optional

call of theback-end(Lout or LaTeX/dvips)for PostScriptgeneration,
– moduledependency graphgeneration,and
– attributedefinitiongenerationfor wholemodules,with optionalattributeevaluation

by anexternalinterpreter(hugs).
Themoduleadministrationcomponentis responsiblefor loadingmoduleson demand
and keepinginformation aboutmodules. Since in the full systemthis information
includespossibleactive moduleeditorsand thereforeGUI components,the OLabl
moduleimplementingmoduleadministrationessentiallyprovidesafunctorthataccepts
this additionalinformationasits argument— in the stand-aloneutilities mentioned
abovea trivial argumentis supplied.

Themodulecomponentprovidesthe internaldatastructuresandutilities for the
representationof HOPS modules,thatis of documentswith embeddedentriessuchas
declarations,rules,crossreferences,andattributiondefinitions.

The inner kernelof HOPS managesthe term graphscontainedin declarations,
rules,andexamplegraphs.An innerlevelallowsconstruction,accessandmanipulation
of all term graphcomponentsincluding binding,variableidentity and typing. This
is wrappedup in anouterlayer that is responsiblefor theconsistency of bindingand
variableidentityandmostnotablyfor well-typedness.Thisouterlayeralsocontainsall
advancedconstructionfunctionsandtherulematchingandapplicationmechanisms.

Graphlayout is storedin a separatedatastructurethatis keptalongsideits graph
in themodulestructure.Layout is currentlycalculatedexternallyby dot (Gansneret
al. 1993)from AT&T’ sgraphviz tool suite,but a morespecialisedlayoutmechanism
specifically designedfor the needsof HOPS term graphsis being developed in
HOPS.

The nodesof HOPS term graphsneedidentifiersthat can be usedaskeys in
finite mappingsfor many purposes.Sincereferencesin OCamlareneitherorderednor
hashable,it is not feasibleto usejust referencesfor allocationof HOPS nodes,sowe
hadto introduceourown interfaceto aheapmanagementthatusesappropriatekeys.

Besidesmany simpleextensionsof thestandardlibrary,wealsouseadatastructure
of mixeddecksthatareemployedfor managingthetext flow with embeddedentriesthat
constitutesthedirectcontentsof HOPS modules.Thisdatastructureiswrappedintoa
functorthattakesthemonoidof thetext flow asitsargumentandreturnsadouble-ended
doubly-linkedalternatingqueuedatatypethatisparametricin thetypeof theembedded
itemsandwhichmakesuseof themonoidcompositione.g.whendeletingentries.

The data structuresof the kernel of HOPS are madeaccessiblethrough the
correspondingpartsof thegraphicaluserinterface.

Thetermgrapheditor is essentiallyaTk canvasassociatedwith a termgraphand
a layoutfor thattermgraphandwith otherinternalstate,equippedwith eventbindings
andpop-upmenusthatmakeoperationsonall thesecomponentsaccessible.

Themoduleeditor is, asshown in thepicturein Sect.7, a window containinga
text widget in which the module documentis displayed. Entriesare displayedas



embeddedwidgets,andthedisplayof entriesthatcontaintermgraphscontainsa term
grapheditor.

The useraccessiblefunctionsof the moduleadministration,suchasdeliberate
loadingof modulesor generationof new modules,togetherwith asetof configuration
functionsareaccessiblefrom a separatecontrol window, which is the only window
displayedwhenstartingHOPS.

7 Concluding Remarks
There is still much ongoingwork on HOPS. SinceHOPS is mainly intendedas
a programdevelopmentenvironmentwhereeventuallyusablecodein more or less
arbitrarylanguagescanbegenerated,theactualpossibilityof Haskell conversioncan
only beconsideredasafirst stepinto thatdirection. Besidestheattributionmechanism
alreadyimplemented,thekey ingredientof successfulcodegenerationwill bepowerful
transformationprogrammingcapabilities.

We are also consideringmore powerful type systems,including Haskell type
classes,uniquetypes,polytypicprogrammingandexplicit polymorphism(Kahl 1998).

Moreinformation,includingtheHOPSdistributionandmanuals,isavailablefrom
theHOPS homepageatURL:

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