
WOZ'95: INTERNATIONAL WORKSHOP ON OZ PROGRAMMINGTowards HPSG-based Concurrent Machine Translationvia OzLiviu-Virgil CiortuzLIFL, University of Lille I { FranceandUniversity of Iasi { RomaniaAbstract|We introduce CHALLENGER 2, a demonstrat-ive project in the �eld of concurrent Natural Language Pro-cessing/Machine Translation. This paper gives an overviewon the purposed goal for this project, the linguistic model in-volved, its computational support and current state of work.An interpreter and a compiler written in DFKI Oz for DFL{ a very expressive (kernel) language for HPSGs implement-ation, built on top of a feature constraint system [5] usingF-logic semantics [7] { are briey presented and evaluated.1. Introduction: Project PresentationAutomate Machine Translation (MT) is for some of usnot a dream. It is (or it may be) just a task to beaccomplished.1 Doing it simply one have to choose� the suitable linguistic model, and� the supporting programming paradigm and language.The CHALLENGER 2 project has decided respectively for� HPSG { the most used frame-based descriptive theoryof language, and� Oz { the �rst truly multi-paradigm programminglanguage, underlied by a comprehensive theoreticalmodel.2Somehow hidden in between, making in fact the \�x-point" of the current state of work in our project is DFL, aLiviu-Virgil Ciortuz is supported by a doctoral grant from theFrench Ministry of Foreign A�airs. Address: Universit�e de LilleI, LIFL, Bât. M3. 59655, Villeneuve d'Ascq, Cedex. E-mail:ciortuz@li.fr.This is a revised and extended version of the paper "Towards Eng-lish into Romanian Translation via Oz" presented and published at theWOz'95, the �rst International Workshop on Oz Programming, held atMartigny, Switzerland in November, 1995.1The European Community conditions the acceptance of EastEuropean partners like Romania with (among other issues) the de-velopment of competitive MT systems from/into the Communitarylanguages. While a team of Computational Linguistics researchers atthe RomanianAcademy develops such a real project, CHALLENGER2 is a personal demonstrative project focusing on evaluating the bene-�ts of new concurrent constraint-basedmulti-paradigm programmingtechniques in Natural Language Processing. It is the successor ofCHALLENGER 1 reported by [4].2There are a number of Prolog-based systems doing HPSG imple-mentation. The most important are ALE (Attribute Logic Engine) byBob Carpenter and Gerald Penn at Carnegie-Mellon University andHPSG-PL by Fred Popowich, Snadi Kodric and Carl Vogel at SimonFraser University of Canada[11].Now, with the emergence of feature-constraint logic systems, it isinteresting too see how new languages built on top of them, like Ozdeveloped at DFKI - Saarbr�ucken, can support real NLP applica-tions. In a message put on the Oz users list, Gert Smolka wrote: \Idon't know of any grammar formalism that has comparable abstrac-tion power." While he implements as a demo only a particularHPSG,we aim to do a more general work, namely interpreting and compilingHPSGs into Oz.

logic Data Frame-based Language for HPSGs implementa-tion. DFL is built on top of a constraint system remakingthe F-logic operational semantics [7]. It o�ers an expressiveway to reason on frame data structures extending in someparticular respects the A��t-Kaci's  -terms [1] and Smolkaand Treinen' logic records [12]. An interpreter for DFLhas already been written in Oz, and a compiler translat-ing DFL logic programs to Oz is currently implemented atLIFL, France.The second section of this paper presents the linkbetween HPSGs and DFL, while the third one links DFL toOz making (hope) some interesting points with respect tothe above mentioned implementations. The fourth sectiongives a �rst simple example of automate translation fromEnglish into French and Romanian.The purposed goal of this project is to do demonstrat-ive concurrent Machine Translation from English into Ro-manian and French.2. From HPSGs to DFLHead-driven Phrase Structure Grammars [10] deal withsigns, feature-based constructs usually called frames. Theyexpress in a unitary form both linguistic data and rela-tions between these data (\principles"). For instance, thesimple HPSG grammar implemented by one of the DFKIOz demonstrative programs can be visualized as the framein Figure 2.3phrase 2666666664 phon ! *1 + �2doughts ! h 24 subcat ! nilheadDtr ! [phon ! *1]compDtr! [phon ! *2] 3524 subcat ! ( )headDtr ! [phon ! *2]compDtr! [phon ! *1] 35 i 3777777775Fig. 1. A HPSG signOSF was the �rst constraint system conceived to reasonon order-sorted feature constructs [2]. It conceptualizesLIFE, an extension of Prolog with (uni�cation on)  -termsover an apriori given sort hierarchy [1]. Then OSF was fol-lowed by CFT, the base constraint system in Oz [3]. Mak-ing use of the terminology in [7], we can say that while  -3The �n marks are tags, + denotes string concatenation, the <>brackets enclose di�erent values for multiple-valued features, is theanonymous tag, and () enclose (maybe empty) ordered sequences.



WOZ'95: INTERNATIONAL WORKSHOP ON OZ PROGRAMMINGterms have (only) �rst-order typing features, logic recordsin CFT have (only) functional features.4F-logic, a new foundation for frame-based and object-oriented languages [7] introduces F-terms, constructs withboth functional and typing features. The so-called Well-Typing Condition Principle links function values to the cor-responding types, possibly involving other principles likeType Inheritance, Argument Sub-Typing and Range Super-Typing. F-logic allows F-terms to contain multi-valuedfeatures and a higer-order syntax. So, object labels andfeatures (with arguments, values and types) can be rep-resented by Prolog terms.5 F-logic completeness w.r.t. a�rst-order semantics has been proven. We argue that:� F-terms can serve to adequatelly represent HPSGs,and� Reasoning on them could be done quite nice in the func-tional object-oriented concurrent constraint languageOz.For the �rst point, we would consider the simple task towrite a program in F-logic doing parsing on the above givenHPSG grammar. The program in Figure 2 does this worksimilarly to the previously referred DFKI Oz demonstrativeprogram.6 The �rst two clauses, C1 and C1', impose thatrules' application results are phrases (i.e., two signs L andR should always combine within a sign), and then give thesign's feature structure, according to which one, either R orL, is the head of the sign. The next two clauses, C2 and C2',condition building a prase by three principles satisfaction:Subcategorization principle7, Saturated complements8, andHead-feature principle9. Clauses C3 and C4 carry on lexicalrecognition and lounch parsing. The intermediary parsingfunction (parser1, de�ned by C5 and C5') implies applic-ation of grammar rules (by using the move function, seeclauses C6 and C6'). Finally, the clause C7 prepares forintroduction of lexical entries.The second point stated above makes the central subjectof the next section.DFL is a (constraint) logic language doing Prolog-likeinferences on Horn clauses over F-terms. It allows one toreason on a partially known/speci�ed sort hierarchy. Thesort hierarchy can be concurrently completed during goalsolving. A bidirectional suspend and resume mechanismrelates the goal solver to the hierarchy completer. The fea-ture constraint system underlying DFL was presented in [5].4Variables in Oz allow one to reason on features as higher-orderconstructs.5For e�ciency and also su�ciency reasons, we use only Datalogterms.6In this example, the F-logic syntax was enhanced with the well-known selection operator `.' in object-oriented languages. It is as-sumed left-associative. The `j' operator corresponds to list construc-tion, and it is right associative. `j' and `+' have lower priority than`.', and `@' has greater priority than `.'.7Head's subcategory is a `cons' made of 1. the category of the com-plement daughter of the phrase and 2. the phrase subcategory.8The subcategory of the complement daughter of the phrase shouldbe empty.9The phrase category is the category of its head.

C1: L[rule@R =>> phrase].C1': L[rule@R ->> [phon -> L.phon+R.phonsubcat -> nilheadDtr -> RcompDtr -> L],[phon -> L.phon+R.phonsubcat -> ( )headDtr -> LcomDtr -> R]].C2: P:phrase:- P[headDtr -> [subcat -> P.compDtr.cat jP.subcat]compDtr.subcat -> nil].C2': P:phrase[cat -> P.headDtr.cat].C2" P:phrase[gender -> P.headDtr.gender].C3: Phon[parse -> Phon.map@f.parse1].C4: W[f -> F] :- F:word[phon -> (W)].C5: (F)[parse1 -> F].C5': Fs [parse1 -> Fs.move.parse1].C6: FjGjFr[move -> XjFr] :- [F.rule@G ->> X].C6': FjT [move -> FjT.move].C7: W:word[phon -> (P)cat -> Csubcat -> S] :- W[C@P,S].Fig. 2. A F-logic program for HPSG parsing3. From DFL to Oz3.1 Interpreting DFL in OZThe CHALLENGER 2 interpreter for DFL/HPSGs is aconcurrent resolution-based (i.e., Prolog-like) engine. Infact it could work for any pure logic language assumingthat a suitable uni�cation method on its simple expressions{ terms and/or atoms { is rewritten via class derivation.The engine implementation is based mainly on the Procras-tination Principle [9]. Full concurrent execution of a goalcan be achieved by simply using parallel conditional casein the procedure doing clause selection for goal matching.Technically speacking, we have to switch from the lazylist used for goal representation to a lazy tree. But thisis a rather a conceptual changing, since concurrency in Ozmakes it fully transparent to the programmer up to localsubstitution saving for each newly introduced goal sublistin the lazy list/tree.The constraint concurrent capacity of Oz enables theDFL interpreter to work with partially speci�ed (at syn-tax level) sort hierarchies and to complete them in parallelwith goal solving, by applying the Well-Typing Condition-ing principle. Suspension and resumption is synchronizedin conjunction to sort hierarchy completion.New \is-a" sort relationships can be concurrently enteredin the hierarchy by{ reasoning on the DFL program representation, and(possibly){ checking the entailment of corresponding conditions inthe clause bodies.



CIORTUZ: TOWARDS ENGLISH INTO ROMANIAN TRANSLATION VIA OZ(D1) X[happy] :- X:person[friend � > Y].(D2) person[friend => person].(D3) Z[F � > W] :- W[F:symmetric � > Z].(D4) friend:symmetric.(D5) albert:person.(D6) albert[friend � > lucy].Fig. 3. A simple DFL logic programFor example, given the simpleDFL program in the Figure 3,the execution of the goal lucy[happy] will suspend until thecompletion procedure will \close" the program by addingthe clause(D7) lucy:person.due to Type Inheritance and Well-Typing Conditioningbetween the (D2) and (D6) clauses.Order-sorted uni�cation to be implemented in the nearfuture is expected to increase the DFL interpreter e�ciency.It will be possible thus to extend Peter Van Roy's ideafor implementing  -term uni�cation - using �nite domainconstraints [8] - to concurrent speci�cation of domains.The DFL interpreter highly exploits Oz concurrency.Statefull variables acting as unit substitutions were de�nedand then used for uni�cation, thus dis-mounting mono-tonic constraint handling on Oz (stateless) variables. Thereare two versions of stateful variables implemented in theDFL interpreter: one involves object-orientation, the othergenerates variables as concurrent ajents. Sequentializationcontrol in this last version is under study. Frame uni�cationis in progress at the time of writing this paper.The Oz code in Figure 4 is a simpli�ed version of themain function in the DFL interpreter.Full object-oriented capacity of Oz will be highly ad-dressed in the DFL into Oz compiler.3.2 Compiling DFL into OzDue to objective limitations, the strength of this subsec-tion is not on the HPSG/DFL into Oz compiling program.We have chosen instead to show how compiled DFL pro-grams look like when translated into Oz programs. Letus consider for instance the translation of the priorly givenDFL program into Oz, given in �gures 5 and 6.We can set up the following points guiding the compila-tion work:i. Ground terms on identi�cation (a[: : :]) or value/type( [: : : ! v]) position in the DFL program translate intoOz classes. See for example the classes Person and Albertcorresponding respectively to person and albert. They willbe further addressed through message passing. This pointapplies also for Top, the highest class in the is-a hierarchy.ii. Other ground terms which appear only in the (su-per)class position of is-a terms ( : c) translate into Ozatoms. This is the case of symmetric and friend.

funfQuery Prog Goalgcase fToEnd Goalg then TrueelseHG = fCar Goalg FC = fGetFirstCI GoalgAS = fGetSub FCg OS OGin fGoal saveTo(OG)g fAS saveTo(OS)gfForSomeB Progfunf$ ClauseIgfClauseI renewg HC = fFirst fGetClause ClauseIggincase fIUnify HG#(AS.list) HC#(fGetSub ClauseIg.list)gthenNewClauseI = fNew CIinit(fTail fGetClause ClauseIgg fGetSub ClauseIg)gNewGoal = fNew LazyList init(NewClauseI Goal)gin case fQuery Prog NewGoalg then Trueelse fAS restoreFrom(OS)gfGoal restoreFrom(OG)g Falseendelse fAS restoreFrom(OS)g False endendgendend Fig. 4. The engine of the DFL interpreteriii. Is-a relationships in the DFL program correspond(in part) to class derivations in Oz. Top is derived fromUrObject; the other compiled classes are derived from Top.These relationships together with the remaining others (likefriend:symmetric) are stored in the global signature de�nedby the list IsA. The fSubType Xg and fTypeB O Cg functionsreturn respectively the list of all descendents of X, and True(respectively False) ifO is (is not) derived fromCw.r.t. IsA.iv. De�nite ground constraints in DFL translate into Ozfeatures in the case of functional constraints.10 The \trans-lated" features are unary functions. They will be applied toclasses sending messages via a Query&High mechanism.v. Higher-order functional features in DFL translate intohigh methods, one for each class, when required. See forexample the high method in the Top class. A high methodin a class C is a case construct selecting one function foreach second-order DFL feature of the sort C. The higher-order protocol in DFL is "reective" in the sense of [6].The needed occur-check is implemented via the couplecheckIn/checkOut methods in Top.vi. Goal evaluation (or: entailment for existentiallyclosed constraints in DFL) is managed by the Query func-tion. If no homonymous feature can be found (via the inher-itance mechanism of Oz), then explicit access to a higher-order function working for that feature is demanded. Thisis done by invoking the High function.10Typing constraints in the DFL program are object ofprecompilation.



WOZ'95: INTERNATIONAL WORKSHOP ON OZ PROGRAMMINGcreate Top from UrObject% general attr + methodsattr check: nilmeth checkIn(X ?B)case fMemberB X @checkg then<<checkOut(X)>> B = Falseelse check <- Xj@check B = True endendmeth checkOut(X)check <- fFilterB @check fun f$ Yg Xn=Y endgendmeth high(HOF ?F)% speci�c (compiled) methodscase fTypeB HOF symmetricg thenF=fun f$ XgY incase fForSomeB fFilterB fSubType TopgIsInheritableBgfun f$ Wgcase fQuery W HOFg == X thenY = W Trueelse False endendgthen Yelse NoValue endendelse F = NoValue endendendFig. 5. The Top class in the simple DFL program translated into OzDynamic completion of the sort hierarchy is not (yet)supported in the compiler. The compiler design is underfull development.4. Automate Translation:A First ExampleWe resume the program in Figure 2.Before explaining how translation works, let's see the syn-tactic analysis result. Solving the goal11 ?- "the girl is nice"[parse -> Z ]. generates the goal lists in Figure 8. Dueto objective space limitations, this list is selective. Failedsteps are omitted. It should be also understood that uing,for example, the clause C5' is followed by applying C1' andC2. (The las one is demanded by static type checking, seeC1.Note that when solving the G3 goal, the program is get-ting the g(the, girl) as representation12 for "the girl", withthe following sign description:11Here and in the sequel, a string "a b c" will be assimilated withthe list of literals 'a'j'b'j'c'jnil.12The functional symbol g, with arity 2, is automatically associatedby the DF interpreter to the clause C1' to identify { in the sense ofF-logic, through Skolemization { the �rst value of the feature rule.Similarly, h is associated to the second value of the same feature.

create Person from Topfeat happy:fun f$ XgY = fQuery X friendg inif Y n= NoValue then Trueelse False �endendcreate Albert from Personfeat friend: fun f$ Xg Lucy endendcreate Lucy from Personend% the IsA signatureIsA = [Person#Top Albert#Person Lucy#Personsymmetric#Top friend#symmetric]Fig. 6. Classes in the simple DFL program translated into OzNoValue = fNewNamegfun fHigh Object FeaturegF in fObject high(Feature F)g Fendfun fCheckIn Object FeaturegB in fObject checkIn(Feature B)gB == Trueendfun fQuery Object Featuregcase fMemberB FeaturefMap fRecord.toListInd Objectg fun f$ Y# g Y endggthen fObject.Feature ObjectgelseG = fHigh Object Featureg incase G n= NoValue andthen fCheckIn Object Featuregthen fG Objectgelse NoValue endendendFig. 7. The Query&High Protocol for DFL program executiong(the,girl)[ phon -> ('the,'girl')subcat -> nilheadDtr -> girl[ cat -> noungender-> fem]compDtr -> the]Similarly for "is nice", at G5, we obtain:h(is,nice)[ phon -> ('is,'nice')subcat -> ( )headDtr -> is[cat -> verb]compDtr-> nice]The subcat feature of h(is,nice) will be instantiated to(noun), cf. the subcategorization principle, C0, and C1.And �nally, for the whole sentence "the girl is nice", thestructure is:



CIORTUZ: TOWARDS ENGLISH INTO ROMANIAN TRANSLATION VIA OZG0: 'the'j'girl'j'is'j'nice'jnil [parse -> Z].(+C3) G1: 'the'j'girl'j'is'j'nice'jnil [map@f -> Z1],Z1[parse1 -> Z].(+C4) G2: thejgirljisjnicejnil [parse1 -> Z].(+C5') G3: thejgirljisjnicejnil [move -> Z2],Z2[parse1 -> Z].(+C6) G4: g(the,girl)jisjnicejnil [parse1 -> Z].(+C5') G5: g(the,girl)jisjnicejnil [move -> Z3],Z3[parse1 -> Z].(+C6') G6: g(the,girl)jh(is,nice)jnil [parse1 -> Z].(+C5') G7: g(the,girl)jh(is,nice)jnil [move -> Z4],Z4[parse1 -> Z].(+C6) G8: g(g(the,girl),h(is,nice))jnil [parse1 -> Z].(+C5) G9: 2 Fig. 8. Solving parsingg(g(the,girl),h(is,nice))[ phon -> ('the','girl','is,'nice')subcat -> nilheadDtr -> is[ cat -> verbgender-> fem]compDtr -> g(the,girl)]The DF clauses designed to carry on translation are givenin Figure 9. C8 translates sentences, while C9 and C10 do asimilar job for verb phrases and respectively noun phrases.C8: P:phrase[translate@L -> P.compDtr.translate@L +P.headDtr.translate@L] :-P[cat -> verbcompDtr.cat -> noun].C9: P:phrase[translate@L,Gen->P.headDtr.translate@LjP.compDtr.translate@L,Genjnil] :-P[cat -> verbcompDtr.cat -> adjective].C10:P:phrase[translate@L -> P.headDtr.translate@L,det] :-P[cat -> nouncompDtr -> the].Fig. 9. Translation clausesNow, asking for translation?- "the girl is nice"[ translate@fr -> Xtranslate@ro -> Y].the system will resume the precedent goal list, as shown inFigure 10.G9: g(g(the,girl),h(is,nice))jnil [translate@fr -> X].(+C8) G10:g(the,girl)[translate@fr -> X1],h(is,nice)[translate@fr -> X2],X1[append@X2 -> X].(+C10,C9)G11:'la'j'�lle'jnil[append@'est'j'jolie'jnil -> X]....Fig. 10. Solving translationSo, the French translation is X = "la �lle est jolie" and,similarly, the Romanian translation: Y = "fata este fru-moasa" .

5. ConclusionsWe implement a nucleus for a demonstrative NLP/MTsystem. The accent is for now swetched on the computa-tional resource investigation process. Expressivity for botha descriptive language (DFL) for HPSG implementationand the supporting programming environment - Oz - is ofthe �rst interest.In fact, the main interest we set down while starting thisproject is just to be an open-minded guest into the inter-esting land newly created by the Oz language and compu-tational model. Otherwise said:{ try to evaluate from di�erent (language and implement-ation) perspectives the expressivity of its logic records;{ learn to abstract knowledge using its higer-order func-tionality;{ wisely increase constraints on stateless constructs whilehighly inheriting on statefull objects;{ let us come over partial knowledge by concurrently de-manded computations.To achieve all these above mentioned goals in the groundof MT became for us a truly CHALLENGER task!References[1] H. A��t-Kaci, A. Podelski, Towards a meaning of LIFE, Journalof Logic Programming, 1993:16:195-234.[2] H. A��t-Kaci, A. Podelski, G. Smolka, A feature constraint systemfor logic programming with entailment, Theoretical ComputerScience 122, pp 263-283, 1994.[3] R. Backofen, A complete axiomatization of a theory with featureand sort constraints, Journal of Logic Programming 1995:24:37-71.[4] L.V. Ciortuz, A. Ignat, CHALLENGER: The �rst automatetranslation system from English into Romanian. In: Proceedingsof the 2nd Symposium on Developing and Application Systems,Suceava, Romania, 1994, pp. 173-174.[5] L.V. Ciortuz, DF constraint system. In Proceeding of the FirstInternational Workshop on Concurrent Constraint Program-ming, Ph. Codognet (ed.), Venezia, 1995.[6] S. Constantini, G. Lazarone, A metalogic programming ap-proach: language, semantics and applications, Technical Report,Universita di Milano, 1990.[7] M. Kifer, G. Lausen, J. Wu, Logical foundations of object-oriented and frame-based languages, Journal of ACM, Vol. 42,No. 4. July 1995. pp. 741-843.[8] T. M�uller, K. Popow, C. Schulte, J. W�urtz. Constraint Program-ming in Oz.In DFKI Oz documentation series, German ResearchCenter for Arti�cial Intelligence (DFKI), Stuhlsatzenhausweg 3,D-66123, Saarbr�ucken, Germany,1994.[9] D. Maier, D.S. Warren, Computing with Logic, Ben-jamin/Cummings, Menlo Park, CA 1988.[10] C. Pollard, I. Sag, An information-based syntax and semantics,vol. I, CSLI, 1987.[11] F. Popowich, C. Vogel, A logic-based implementation of Head-driven Phrase Structure Grammars. In Natural Language Un-derstanding and Logic Programming, vol. III, C. Brown and G.Koch (eds.), Elsevier Science Publishers B.V., 1991.[12] G. Smolka, R. Treinen, Records for logic programming, Journalof Logic Programming 1994:18:229-258.


