
Reversible Uni�cation Based Machine TranslationGertjan van NoordOTS RUU Trans 103512 JK Utrechtvannoord@hutruu59.BITnetNovember 25, 1994AbstractIn this paper it will be shown how uni�cation grammarscan be used to build a reversible machine translationsystem.Uni�cation grammars are often used to de�ne the re-lation between strings and meaning representations ina declarative way. Such grammars are sometimes usedin a bidirectional way, thus the same grammar is usedfor both parsing and generation. In this paper I willshow how to use bidirectional uni�cation grammars tode�ne reversible relations between language dependentmeaning representations. Furthermore it is shown howto obtain a completely reversible MT system using aseries of (bidirectional) uni�cation grammars.1 IntroductionThe notion of a reversible MT system was �rst ex-pressed by Landsbergen [11]. Such a system will inprinciple produce a set of possible translations, by em-ploying linguistic knowledge only. Choosing the besttranslation from the set of linguistically possible trans-lations will usually require other sources of knowledge,either incorporated in the system or provided (interac-tively) by the user. The relation `possible translation' issymmetric whereas the relation `best translation' is not.Thus an MT system may consist of a reversible core,implementing the symmetric relation `possible transla-tion', and additional components (not necessarily re-versible) to select the best translation.Not only is it possible to build reversible (modules of)MT systems; it has also been claimed that reversiblesystems are preferable. For example Isabelle [6] claimsthat reversible MT systems are to be preferred to oth-ers because in reversible MT systems a better under-standing of the translation relation is achieved; suchsystems will eventually exhibit better practical perfor-mance. Moreover, the arguments in favour of usingbidirectional grammars in NLP, such as those given in[1, 8] carry over to translation as well.Because of the declarative nature of uni�cation- andlogic grammar formalisms grammars written in theseformalisms are increasingly used in a bidirectional way,thus the same grammar is used for both parsing andgeneration. Some recent developments are reported in

[3, 24, 16, 21, 2, 18, 19, 22, 20].In this paper I will show how to use such bidirec-tional uni�cation grammars to build a completely re-versible, multilingual, MT system. For each languagethere is a uni�cation grammar that de�nes a reversiblerelation between strings and language dependent mean-ing representations (logical forms). Moreover, for eachlanguage pair (or set of languages) there is a uni�ca-tion grammar that de�nes a reversible relation betweensuch language dependent logical forms. Translation isthus de�ned by a series of three uni�cation grammars.A speci�c version of the system that is describedhere is implemented as the core of the experimentalMiMo2 translation system [23]. This system aims attranslating international news items on Teletext. Apartfrom uni�cation grammars the system uses a bidirec-tional two-level orthography component. Language de-pendent meanings are represented as simple predicateargument structures with some extra labels indicating`universal' meaning such as tense and aspect. The cur-rent system (November 1989) includes grammars forDutch, Spanish and English.The paper is set up as follows. In section 2, I willgive some examples that show how bidirectional uni-�cation grammars can be used to de�ne relations be-tween logical forms of di�erent languages. In section 3,reversibility is de�ned in terms of symmetry and com-putability. Possible approaches to obtain reversibilityare discussed. In section 4, I will compare the currentapproach with some other approaches in the uni�cationbased translation paradigm and discuss some problemsand future directions.2 Uni�cation-based TransferIn this section I will give some examples of the use ofa uni�cation grammar (in PATR II [17] notation) tode�ne the relation between language dependent logi-cal forms. For illustrative purposes I will assume log-ical forms are represented by feature structures con-sisting of the attributes pred, arg1, arg2 together withsome attributes representing `universal' meanings suchas tense, aspect, number and person; I will not touchupon issues such as quanti�cation and modi�cation.The logical forms of English and Spanish are labeled bythe attributes gb and sp respectively. As an example1



the logical form of `The army opened �re at the civil-ians' is represented as in �gure 1. Such feature struc-Figure 1: An example of a logical form266664 gb = 266664 pred = open fire atarg1 = � pred = armynumber = sg �arg2 = � pred = civiliannumber = pl � 377775 377775tures will often be related in a straightforward way toa Spanish equivalent, except for the value of the predattributes. A very simple rule in PATR II style maylook as in �gure 2. This rule simply states that theFigure 2: A simple rule0 ! 1 2 3h0 gb predi = h1 gbih0 gb arg1i = h2 gbih0 gb arg2i = h3 gbih0 sp predi = h1 spih0 sp arg1i = h2 spih0 sp arg2i = h3 spitranslation of a logical form is composed of the transla-tion of its arguments. If the rule applies to the featurestructure in 1 the three daughters of the rule will beinstantiated as in �gure 3, and the value of sp will bebound to the sp values of these daughters. An exampleFigure 3: Three instantiations� gb = open fire at �� gb = � pred = civiliannumber = pl � �� gb = � pred = armynumber = sg � �
of the rule for the �rst daughter will be a lexical entryand looks as in �gure 4. The simple English expression`army' has to be translated as a complex expression inSpanish: `fuerza militar'. The rule will look as in 5where it is assumed that the construction is analyzedin Spanish as an ordinary noun-adjective construction,and where the logical form of the adjective takes thelogical form of the noun as its argument. The transla-tion for `civilian' is de�ned in a similar rule (althoughthe translation of `number' is di�erent). Note that thisexample of complex transfer is similar to the famous`schimmel - grey horse' cases. As a result of the ruleapplications the feature structure in �gure 1 will get

Figure 4: A lexical entry0 !h0 gbi = open fire ath0 spi = romper el fuego aFigure 5: A rule for `fuerza militar'0 !h0 gb predi = armyh0 sp pred predi = militarh0 sp arg1 predi = fuerzah0 sp arg1 numberi = h0 gb numberiinstantiated to the feature structure in 6, from whichthe generator generates the string `La fuerza militarrompio el fuego a la poblacion civil'.Figure 6: The feature structure after transfer26666666666666664
gb = 2664 pred = open fire atarg1 = h pred = armynumber = sg iarg2 = h pred = civiliannumber = pl i 3775sp = 266666664 pred = romper el fuego aarg1 = " pred = � pred = militar �arg1 = h pred = fuerzanumber = sg i #arg2 = " pred = � pred = civil �arg1 = h pred = poblacionnumber = sg i # 377777775

37777777777777775In the foregoing examples the relation between logi-cal forms is rather straightforward. Note however thatthe full power of a uni�cation grammar can be used tosettle more di�cult translation cases, because di�erentattributes can be used to represent the `translationalsyntax'. For instance we can build a tree as value ofthe attribute tree to represent the derivational historyof the translation process. Or we can `thread' informa-tion through di�erent nodes to be able to make transla-tions dependent on each other. Translation parameterssuch as style and subject �eld can be percolated as at-tributes of nodes to obtain consistent translations; butthese attributes themselves need not be translated.3 Reversible Uni�cationGrammarsA uni�cation grammar de�ned in formalisms such asPATR II and DCG [12] usually de�nes a relation be-tween a string of words and a logical form. In sign-based approaches such as UCG [26] and HPSG [14] thisstring of words is not assigned a privileged status butis the value of one of the attributes of a feature struc-ture. I will assume a formalism similar to PATR II,but without the context-free base; the string is repre-sented as the value of one of the attributes of a feature2



structure. Thus more generally, uni�cation grammarsde�ne relations between the values of two (or more1)attributes - for example the relation between the valueof the attributes string and lf , or between the value ofthe attributes sp and gb; these relations are all relationsbetween feature structures.3.1 ReversibilityI will call a binary relation reversible if the relation issymmetric and computable. Both symmetry and com-putability will be explained in the following subsec-tions. A grammar G is reversible for a relation R i� Ris reversible and de�ned byG. For example, a grammarthat relates strings to logical forms is reversible if boththe parsing and generation problem is computable, andthe relation between strings and logical forms is sym-metric; the parsing problem is computable if for a givenstring all corresponding logical forms can be enumer-ated by some terminating procedure; such a procedureshould halt if the given string does not have a corre-sponding logical form. Thus: reversible = symmetric +computable. Note that reversibility as de�ned here isdi�erent from bidirectionality. The latter merely saysthat grammars are to be used in two directions, butdoes not state how the two directions relate.It is easy to see that a composition of reversible re-lations is a a reversible relation too; i.e. if some fea-ture structure f1 is related to some feature structurefn via the reversible relations Ri(fi; fi+1), each de-�ned by some reversible grammar Gi, then R0(f1; fn)is reversible. Thus an MT system that de�nes a rela-tion R(ss; st) via the relations R1(ss; ls), R2(ls; lt) andR3(lt; st) is reversible if R1;2;3 are reversible.3.1.1 SymmetryA relation R � A� B is symmetric i� R(a; b) impliesR(b; a0) where a and a0 are equivalent. For an MT sys-tem we want to de�ne `equivalence' in such a way thatthe translation relation is a symmetric relation betweenstrings. However, strings are feature structures thus wemust de�ne equivalence for feature structures to obtainthis e�ect.Uni�cation grammars as they are commonly usedimplement a rather weak notion of equivalence betweenfeature structures: feature structures a and b are equiv-alent if they can unify:De�nition 1 (Weak equivalence)Two feature structures f1; f2 are weakly equivalent i�f1 t f2 exists.If feature structures are taken to stand for all theirground instances this yields an acceptable versionof symmetry. Moreover, under the assumption thatfeature structures which represent strings are always1Note that it is possible to de�ne a uni�cation grammarthat relates several language dependent logical forms; in thisapproach a multilingual transfer system consists of only onetransfer grammar.

ground (i.e. these feature structures cannot be ex-tended), this results in a symmetric relation between(feature structures that represent) strings.It is also possible to de�ne a `strong' notion of equiv-alence for feature structures that does not rely on thisassumption.De�nition 2 (Strong equivalence) Two featurestructures f1; f2 are strongly equivalent (f1 � f2) i�f2 v f1 and f1 v f2.A grammar that de�nes a computable relation betweentwo attributes under the strong de�nition of equiva-lence might be called strongly reversible. Similarly aweakly reversible grammar is reversible under a weakde�nition of equivalence. Again these results can begeneralized to a series of uni�cation grammars. Thestrong version of equivalence can be motivated on theground that it may be easier to obtain computability;this is the topic of the next subsection. In section 3.2I will discuss possible relaxations of the strong versionof equivalence to obtain `mildly' reversible grammars.3.1.2 ComputabilityA relation R � A � B is computable i� for a givena 2 A the set fb 2 BjR(a; b)g can be enumerated bysome terminating procedure. To discuss computabil-ity it is useful to look a bit more careful at the re-lations we are interested in. These relations are allbinary relations between feature structures. However,in the case of the relation between strings and logicalforms, strings will always be related to logical forms andlogical forms will be related to strings. Similarly forthe relation between Dutch and Spanish logical forms.Clearly, the domain and range of the relation is struc-tured and can be partioned into two sets A and B,for example the set of feature structures representingstrings and the set of feature structures representinglogical forms. The relation R � A [B �A [B can bepartitioned similarly into the relations r � A� B andits inverse, r�1 � B � A. The problem to compute Ris now replaced by two problems: the computation ofr and r�1. For example the problem to compute therelation between logical forms and strings consists ofthe parsing- and generation problem. It is now possi-ble to incorporate the notion of equivalence, to obtaina de�nition of a parser, generator and translator. Forexample, an algorithm that computes the foregoing re-lation r will enumerate for a given features structuref1 all feature structures f2, such that r(f3; f2) and f1and f3 are equivalent. In the case of strong equivalencethis implies that f1 v f3 (completeness), and f3 v f1(coherence). In other words, the input should not beextended (coherence) and should completely be derived(completeness). This usage of the terms completenessand coherence was introduced in [24]. In the followingI will discuss ways to obtain computability of one suchpartition.It is well known that relations de�ned by unrestricteduni�cation grammars are not computable in general assuch grammars have Turing power [13]; it is thus not3



decidable whether the relation is de�ned for some giveninput. Usually some constraint on grammars is de�nedto remedy this. For example the o�-line-parsabilityconstraint [13, 5] ensures that the recognition problemis solvable. Moreover this constraint also implies thatthe parsing problem as de�ned here is computable; i.e.the proof procedure will always terminate (because theconstraint implies that there is a limit to the depth ofpossible parse trees for all strings of a given length).However the o�-line-parsability constraint assumesa context-free base of the formalism. A generalizationof the o�-line-parsability constraint for any binary re-lation de�ned by uni�cation grammars will consist ofthree parts; the �rst and third of these parts are usuallyimplicit in the case of parsing.First, the value of the input must be built in a well-behaved compositional way. For example in the case ofparsing: each daughter of a rule dominates part of thestring dominated by the mother of that rule. Similarlyfor transfer and generation: each daughter of a rulehas a value for lf that is part of the value of lf of themother.Second, a special condition is de�ned for rules wherethe input value of the mother is the same as the in-put value of one of the daughters. For parsing suchrules have exactly one daughter. A chain of applica-tions of such rules is disallowed by some constraint orother; this is the core of most de�nitions of the o�-line parsability constraint. For example in [13] such achain is disallowed as the principal functor of a termmay only occur once in a chain. For a slightly moregeneral de�nition, cf. [5]. For generation and transfera similar constraint can be de�ned. In the terminologyof [18, 19] the `head' of a rule is a daughter with thesame logical form as its mother. A chain of these headsmust be disallowed.Third, the input should not get extended during theproof procedure. In the case of parsing this is achievedeasily because the input is ground 2. For generationand transfer this is not necessarily the case. This is thepoint where the usefulness of the coherence conditioncomes in; the coherence requirement explicitly statesthat extension of the input is not allowed. For thisreason strong reversiblity may be easier to obtain thanweak reversibility. In the next subsection I will discusstwo relaxations of strong symmetry that will not a�ectthe computability properties discussed here.Generalizing the terminology introduced by [13] aproof procedure is strongly stable i� it always termi-nates for grammars that adhere to a generalized o�-lineparsability constraint. In [15] a general proof procedurefor DCG based on head-driven generation [18, 19, 22]is de�ned that is strongly stable for a speci�c instanti-ation of the generalized o�-line parsability constraint.2Note that this is the reason that most DCG parsersexpect that the input value of the string has an atomictail, i.e. parse([john;kisses;mary]; []) will work �ne, butparse([john;kisses;maryjX]; X) will cause problems.

3.2 Possible relaxationsIt is easy to see that the completeness and coherencerequirements make life hard for the rulewriter as she/heneeds to know exactly what the possible values of in-puts are for some component. It is possible to relax thecompleteness and coherence requirement in two waysthat will not a�ect the reversibility properties betweenstrings. The usefulness of these relaxations depends onthe analyses a user wishes to de�ne.3.2.1 Cyclic and non-cyclic attributesThe �rst relaxation assumes that there is a sort sys-tem de�ned for feature structures that makes it pos-sible to make a distinction between cyclic and non-cyclic attributes (cf. [5]). For the moment a non-cyclic attribute may be de�ned as an attribute witha �nite number of possible values (i.e. it is not recur-sive). For example the attributes arg1 and arg2 willbe cyclic whereas number will be non-cyclic. The com-pleteness and coherence condition is restricted to cyclicattributes. As the proof procedure can only further in-stantiate non-cyclic attributes no termination problemsoccur because there are only a �nite number of possi-bilities to do this. The de�nition of `equivalence' forfeature structures is now slightly changed. To de�nethis properly it is necessary to de�ne the notion non-cyclic extension. A non-cyclic extension of a featurestructure only instantiates non-cyclic attributes. Thisresults in the following de�nition of equivalence:De�nition 3 (Non-cyclic equivalent) Two featurestructures f1; f2 are non-cyclic equivalent i� f 01 � f 02where f 0n are non-cyclic extensions of fn.It will be clear that the usefulness of this de�nitiondepends heavily on the style of grammar writing thatis used. Note that it is of course also possible to declarefor each non-cyclic attribute whether the completenessand coherence requirements hold.3.2.2 ReentranciesThe second relaxation is not without rami�cations forthe organization of a transfer grammar. This relax-ation has to do with reentrancies in feature structures.Some constructions such as control verbs and relativeclauses may be represented using reentrancies; for ex-ample `the soldiers tried to shoot the president' maybe represented by a feature structure where the �rstargument of `try' is reentrant with the �rst argumentof `shoot', cf. �gure 7. The translation of such logicalforms to Dutch equivalents can be de�ned as in rule 8.In this rule the reentrancy is explicitly mentioned fortwo reasons. The �rst reason is simply that in thecase of di�erent possible translations of arg1 we wantthe same translation for both arg1 and the embeddedarg1. Note that the translation of `soldier' into Dutchcan be both `soldaat' or `militair'. If the reentrancy isnot mentioned the system has to try to generate fromfour di�erent Dutch logical forms, two of which withoutmatching arg1's.4



Figure 7: A logical form containing reentrancy26666664 gb = 26666664 pred = tryarg1 = 1 h pred = soldiernumber = pl iarg2 = 24 pred = shootarg1 = 1arg2 = h pred = presidentnumber = sg i 35 37777775 37777775Figure 8: Translating subject control0 ! 1 2 3h0 gb predi = h1 gbih0 nl predi = h1 spih0 gb arg1i = h0 gb arg2 arg1ih0 nl arg1i = h0 nl arg2 arg1ih0 gb arg1i = h2 gbih0 nl arg1i = h2 spih0 gb arg2i = h3 gbih0 nl arg2i = h3 spiThe reentrancy is also mentioned because this is re-quired by the completeness condition. It is possible torelax the completeness and coherence condition withrespect to these reentrancies, again without a�ectingthe reversibility properties of the system by slightlychanging the de�nition of equivalence. There is a trade-o� between simplicity of the transfer grammar (in thepresence of this relaxation) and the e�ciency of thesystem. In the case of this relaxation the system willeventually �nd the good translations, but it may take awhile. On the other hand, if we are to mention all (pos-sibly unbounded) reentrancies explicitly then the trans-fer grammar will have to be complicated by a threadingmechanism to derive such reentrancies. Again, the spe-ci�c use of reentrancies in the logical forms that are de-�ned will determine whether this relaxation is desiredor not.4 Final remarksThe objective to build a reversible MT system usinga series of uni�cation grammars is similar to the ob-jective of the CRITTER system as expressed in [3, 7],and the work of Zajac in [25]. Instead of using uni�ca-tion grammars CRITTER uses logic grammars; Zajacuses a type system including an inheritance mechanismto de�ne transfer-like rules. In these two approachesless attention is being paid to an exact de�nition of re-versibility; although our work may be compatible withthese approaches.A somewhat di�erent approach is advocated in [9].In that approach a system is described where an LFGgrammar for some source language is augmented withequations that de�ne (part of) the target level repre-sentations. A generator derives from this partial de-scription a string according to some LFG grammar ofthe target language. Instead of a series of three gram-

mars this architecture thus assumes two grammars, oneof which both de�nes the source language and the rela-tion with the target language. The translation relationis not only de�ned between logical forms but may relateall levels of representation ( c-structure, f-structure,�-structure). Although in this approach monolingualgrammars may be used in a bidirectional way it is un-clear whether the translation equations can be usedbidirectionally 3.An important problem for the approach advocatedhere is the problem of logical form equivalence. Shieber[16] noted that uni�cation grammars usually de�nea relation between strings and some canonical logicalform. Depending on the nature of logical forms thatare being used, several representations of a logical formmay have the same `meaning'; just as in �rst orderpredicate calculus the formulas p_ q and q _ p are logi-cally equivalent; a uni�cation grammar will not know ofthese equivalences and, consequently, all equivalenceshave to be de�ned separately (if such equivalents arethought of as being translational equivalents); for ex-ample in a transfer grammar two rules may be de�nedto translate p _ q into both p0 _ q0 and q0 _ p0 if theseformulas are thought of as being equivalent. Of coursethis technique can only be applied if the number ofequivalences is �nite. It is not possible to de�ne that pis equivalent with : : : ::p for any even number of :'s.The approach discussed so far can be extended justas uni�cation grammars for parsing and generationhave been extended. Apart from equational constraintsit will be useful to add others such as disjunction andnegation. Moreover it seems useful to allow some ver-sion of universal constraints or some inheritance mech-anism to be able to express generalizations and excep-tions more easily.AcknowledgementsI want to thank Joke Dorrepaal, Pim van der Eijk,Maria Florenza, Dirk Heylen, Steven Krauwer, JanLandsbergen, Michael Moortgat, Herbert Ruessink andLouis des Tombe. I was supported by the Euro-pean Community and the NBBI through the Eurotraproject.References[1] Douglas E. Appelt. Bidirectional grammars and thedesign of natural language generation systems. In The-oretical Issues in Natural Language Processing 3, 1987.[2] Jonathan Calder, Mike Reape, and Henk Zeevat. Analgorithm for generation in uni�cation categorial gram-mar. In Fourth Conference of the European Chapter ofthe Association for Computational Linguistics, 1989.[3] Marc Dymetman and Pierre Isabelle. Reversible logicgrammars for machine translation. In Proceedings ofthe Second International Conference on Theoretical3Although parsing of LFG's is decidable no such resultis available for generation; note furthermore that accordingto [9] extension is allowed during generation.5
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