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A very advanced and wide-spread class of linguistic formalisms are the so-called constraint-based grammar for-
malisms which are also often subsumed under the term unification grammars. They go beyond many earlier
representation languages in that they have a clean denotational semantics that permits the encoding of grammatical
knowledge independent from any specific processing algorithm. Since these formalisms are currently used in a
large number of systems, we will a provide a brief overview of their main characteristics.

Among the most used, constraint-based grammar models are Functional Unification Grammar (FUG), (Kay, 1984)
Head-Driven Phrase-Structure Grammar (HPSG), (Pollard & Sag, 1994) Lexical Functional Grammar (LFG), (Bresnan, 1982),
Categorial Unification Grammar (CUG), (Haddock, Klein, et al., 1987; Karttunen, 1989; Uszkoreit, 1986), and
Tree Adjunction Grammar (TAG) (Joshi & Schabes, 1992). For these or similar grammar models, powerful for-
malisms have been designed and implemented that are usually employed for both grammar development and
linguistic processing, e.g, LFG (Bresnan, 1982), PATR (Shieber, Uszkoreit, et al., 1983), ALE (Carpenter, 1992),
STUF (Bouma, Koenig, et al., 1988), ALEP (Alshawi, Arnold, et al., 1991), CLE (Alshawi, 1992) TDL (Krieger & Schaefer, 1994)
TFS (Emele & Zajac, 1990).

One essential ingredient of all these formalisms is complex formal descriptions of grammatical units (words,
phrases, sentences) by means of sets of attribute-value pairs, so called feature terms. These feature terms can be
nested, i.e., values can be atomic symbols or feature terms. Feature terms can be underspecified. They may contain
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equality statements expressed by variables or co-reference markers. The formalisms share a uniform operation for
the merging and checking of grammatical information, which is commonly referred to as unification.

The formalisms differ in other aspects. Some of them are restricted to feature terms with simple unification
(PATR). Others employ more powerful data types such as disjunctive terms, functional constraints, or sets. Most
formalisms combine phrase-structure rules or other mechanisms for building trees with the feature-term component
of the language (LFG, TAG, TDL). A few formalisms incorporate the phrase-structure information into the feature
terms (HPSG, TFS).

Some frameworks use inheritance type systems (HPSG, TFS, TDL, ALE). Classes of feature terms belong to
types. The types are partially ordered in a tree or in a (semi) lattice. For every type, the type hierarchy determines
which other types attributes and values are inherited, which attributes are allowed and needed for a well-formed
feature term of the type, which types of values these attributes need, and with which other types the type can be
conjoined by means of unification.

If the feature system allows complex features (attribute-value pairs in which values may again be feature-
terms), this recursion can be constrained by recursive type definitions. In fact, all of grammatical recursion can be
elegantly captured by such recursive types. In the extreme, the entire linguistic derivation (parsing, generation) can
be construed as type deduction (HPSG, TFS).

The strength of unification grammar formalisms lies in the advantages they offer for grammar engineering. Ex-
perience has proven that large grammars can be specified, but that their development is extremely labour-extensive.
Currently, no methods exist for efficient distributed grammar engineering. This constitutes a serious bottleneck
in the development of language technology products. The hope is that the new class of declarative formalisms
will greatly facilitate linguistic engineering and thus speed up the entire development cycle. There are indications
that seem to support this expectation. For some sizable grammars written in unification grammar formalisms, the
development time was four years or less (TUG, CLE, TDL), whereas the development of large annotated phrase
structure grammars had taken eight to twelve years.

Another important issue in grammar engineering is the reusability of grammars. The more a grammar is
committed to a certain processing model, the less are the chances that it can be adapted to other processing models
or new application areas. Although scientists are still far from converging on a uniform representation format, the
declarative formulation of grammar greatly facilitates porting of such grammars from one formalism to the other.
Recent experiments in grammar porting seem to bear out these expectations.

It is mainly because of their expected advantages for grammar engineering that several unification formalisms
have been developed or are currently used in industrial laboratories. Almost all ongoing European Union-funded
language technology projects involving grammar development have adopted unification grammar formalisms.

3.4 Chapter References

ACL (1983). Proceedings of the 21st Annual Meeting of the Association for Computational Linguistics, Cambridge,
Massachusetts. Association for Computational Linguistics.

ACL (1990). Proceedings of the 28th Annual Meeting of the Association for Computational Linguistics, Pittsburgh,
Pennsylvania. Association for Computational Linguistics.

ACL (1992). Proceedings of the 30th Annual Meeting of the Association for Computational Linguistics, University
of Delaware. Association for Computational Linguistics.



3.4 Chapter References 3

ACL (1993). Proceedings of the 31st Annual Meeting of the Association for Computational Linguistics, Ohio State
University. Association for Computational Linguistics.

Ades, A. E. and Steedman, M. J. (1982). On the order of words. Linguistics and Philosophy, 4(4):517–558.

Allen, J., Hunnicutt, M. S., and Klatt, D. (1987). From text to speech—the MITalk system. MIT Press, Cambridge,
Massachusetts.

Allen, J. F., Schubert, L. K., Ferguson, G., Heeman, P., Hwang, C. H., Kato, T., Light, M., Martin, N., Miller, B.,
Poesio, M., and Traum, D. R. (1995). The TRAINS project: a case study in building a conversational planning
agent. Journal of Experimental and Theoretical AI.

Alshawi, H. (1990). Resolving quasi logical form. Computational Linguistics, 16:133–144.

Alshawi, H., editor (1992). The Core Language Engine. MIT Press, Cambridge, Massachusetts.

Alshawi, H., Arnold, D. J., Backofen, R., Carter, D. M., Lindop, J., Netter, K., Pulman, S. G., and Tsujii, J.-I.
(1991). Rule formalism and virutal machine design study. Technical Report ET6/1, CEC.

Alshawi, H. and Carter, D. (1994). Training and scaling preference functions for disambiguation. Computational
Linguistics, 20:635–648.

ANLP (1994). Proceedings of the Fourth Conference on Applied Natural Language Processing, Stuttgart, Ger-
many. ACL, Morgan Kaufmann.

Antworth, E. L. (1990). PC-KIMMO: a two-level processor for morphological analysis. Technical Report Occa-
sional Publications in Academic Computing No. 16, Summer Institute of Linguistics, Dallas, Texas.

Appel, A. W. and Jacobson, G. J. (1988). The world’s fastest scrabble program. Communications of the ACM,
31(5):572–578.

ARPA (1993). Proceedings of the 1993 ARPA Human Language Technology Workshop, Princeton, New Jersey.
Advanced Research Projects Agency, Morgan Kaufmann.

Atkins, B. T. S. and Levin, B. (1992). Admitting impediments. In Lexical Acquisition: Using On-Line Resources
to Build a Lexicon. Lawrence Earlbaum, Hillsdale, New Jersey.

Bahl, L. R., Jelinek, F., and Mercer, R. L. (1983). A maximum likelihood approach to continuous speech recogni-
tion. IEEE Transactions on Pattern Analysis and Machine Intelligence, 5(2):179–190.

Baker, J. K. (1979). Trainable grammars for speech recognition. In Wolf, J. J. and Klatt, D. H., editors, Speech
communication papers presented at the 97th Meeting of the Acoustical Society of America, pages 547–550.
Acoustical Society of America, MIT Press.

Barwise, J. and Cooper, R. (1981). Generalized quantifiers and natural language. Linguistics and Philosophy,
4:159–219.

Barwise, J. and Etchemendy, J. (1987). The Liar. Chicago University Press, Chicago.

Barwise, J. and Perry, J. (1983). Situations and Attitudes. MIT Press, Cambridge, Massachusetts.

Bates, M., Bobrow, R., Ingria, R., and Stallard, D. (1994). The delphi natural language understanding system. In
Proceedings of the Fourth Conference on Applied Natural Language Processing, pages 132–137, Stuttgart,
Germany. ACL, Morgan Kaufmann.



4 Chapter 3: Language Analysis and Understanding

Baum, L. E. and Petrie, T. (1966). Statistical inference for probablistic functions of finite state Markov chains.
Annals of Mathematical Statistics, 37:1554–1563.

Berwick, R. C., Abney, S. P., and Tenny, C., editors (1992). Principle-Based Parsing: Computation and Psycholin-
guistics. Kluwer, Dordrecht, The Netherlands.

Black, E., Garside, R., and Leech, G., editors (1993). Statistically-Driven Computer Grammars of English: The
IBM/Lancaster Approach. Rodopi, Amsterdam, Atlanta.

Black, E., Jelinek, F., Lafferty, J., Magerman, D. M., Mercer, D., and Roukos, S. (1993). Towards history-based
grammars: Using richer models for probabilistic parsing. In Proceedings of the 31st Annual Meeting of the As-
sociation for Computational Linguistics, pages 31–37, Ohio State University. Association for Computational
Linguistics.

Black, E., Lafferty, J., and Roukos, S. (1992). Development and evaluation of a broad-coverage probablistic gram-
mar of English-language computer manuals. In Proceedings of the 30th Annual Meeting of the Association
for Computational Linguistics, pages 185–192, University of Delaware. Association for Computational Lin-
guistics.

Bod, R. (1993). Using an annotated corpus as a stochastic parser. In Proceedings of the Sixth Conference of the
European Chapter of the Association for Computational Linguistics, pages 37–44, Utrecht University, The
Netherlands. European Chapter of the Association for Computational Linguistics.

Booth, T. L. and Thompson, R. A. (1973). Applying probability measures to abstract languages. IEEE Transactions
on Computers, C-22(5):442–450.

Bouma, G., Koenig, E., and Uszkoreit, H. (1988). A flexible graph-unification formalism and its application to
natural-language processing. IBM Journal of Research and Development.

Bresnan, J., editor (1982). The Mental Representation of Grammatical Relations. MIT Press, Cambridge, Mas-
sachusetts.

Briscoe, E. J. (1992). Lexical issues in natural language processing. In Klein, E. and Veltman, F., editors, Natural
Language and Speech, pages 39–68. Springer-Verlag.

Briscoe, E. J. (1994). Prospects for practical parsing: robust statistical techniques. In de Haan, P. and Oostdijk, N.,
editors, Corpus-based Research into Language: A Feschrift for Jan Aarts, pages 67–95. Rodopi, Amsterdam.

Briscoe, E. J. and Carroll, J. (1993). Generalized probabilistic LR parsing of natural language (corpora) with
unification-based grammars. Computational Linguistics, 19(1):25–59.

Briscoe, E. J. and Waegner, N. (1993). Undergeneration and robust parsing. In Meijs, W., editor, Proceedings of
the ICAME Conference, Amsterdam. Rodopi.

Carpenter, B. (1992). ALE—the attribute logic engine user’s guide. Technical report, Carnegie Mellon University,
Carnegie Mellon University, Pittsburgh, Pennsylvania.

Carpenter, B. (1992). The Logic of Typed Feature Structures, volume 32 of Cambridge Tracts in Theoretical
Computer Science. Cambridge University Press.

Church, K. (1988). A stochastic parts program and noun phrase parser for unrestricted text. In Proceedings of the
Second Conference on Applied Natural Language Processing, pages 136–143, Austin, Texas. ACL.

COLING (1994). Proceedings of the 15th International Conference on Computational Linguistics, Kyoto, Japan.



3.4 Chapter References 5

Cooper, R. (1983). Quantification and Syntactic Theory. Reidel, Dordrecht.

Copestake, A. and Briscoe, E. J. (1992). Lexical operations in a unification based framework. In Pustejovsky, J.
and Bergler, S., editors, Lexical Semantics and Knowledge Representation. Springer-Verlag, Berlin.

Cutting, D., Kupiec, J., Pedersen, J., and Sibun, P. (1992). A practical part of speech tagger. In Proceedings of the
3rd Conference on Applied Language Processing, pages 133–140, Trento, Italy.

Dagan, I., Markus, S., and Markovitch, S. (1993). Contextual word similarity and estimation from sparse data.
In Proceedings of the 31st Annual Meeting of the Association for Computational Linguistics, pages 164–171,
Ohio State University. Association for Computational Linguistics.

DARPA (1989). Proceedings of the Second DARPA Speech and Natural Language Workshop, Cape Cod, Mas-
sachusetts. Defense Advanced Research Projects Agency.

DARPA (1991). Proceedings of the Fourth DARPA Speech and Natural Language Workshop, Pacific Grove, Cali-
fornia. Defense Advanced Research Projects Agency, Morgan Kaufmann.

Davidson, D. (1969). Truth and meaning. In Davis, J. W. et al., editors, Philosophical, pages 1–20. Hingham.

Davidson, D. (1973). In defense of Convention T. In Leblanc, H., editor, Truth, Syntax and Modality, pages 76–85.
North Holland.

de Marcken, C. (1990). Parsing the LOB corpus. In Proceedings of the 28th Annual Meeting of the Associa-
tion for Computational Linguistics, pages 243–251, Pittsburgh, Pennsylvania. Association for Computational
Linguistics.

De Rose, S. J. (1988). Grammatical category disambiguation by statistical optimization. Computational Linguis-
tics, 14(1):31–39.

Dempster, A. P., Laird, N. M., and Rubin, D. B. (1977). Maximum likelihood from incomplete data via the EM
algorithm. Journal of the Royal Statistical Society, 39(1):1–38.

EACL (1993). Proceedings of the Sixth Conference of the European Chapter of the Association for Computational
Linguistics, Utrecht University, The Netherlands. European Chapter of the Association for Computational
Linguistics.

Earley, J. C. (1968). An Efficient Context-Free Parsing Algorithm. PhD thesis, Computer Science Department,
Carnegie-Mellon University.

Earley, J. C. (1970). An efficient context-free parsing algorithm. Communications of the ACM, 13(2):94–102.

Elworthy, D. (1993). Part-of-speech tagging and phrasal tagging. Technical report, University of Cambridge
Computer Laboratory, Cambridge, England.

Emele, M. and Zajac, R. (1990). Typed unification grammars. In Proceedings of the 28th Annual Meeting of the
Association for Computational Linguistics, Pittsburgh, Pennsylvania. Association for Computational Linguis-
tics.

Flickinger, D. (1987). Lexical Rules in the Hierarchical Lexicon. PhD thesis, Stanford University.

Fong, S. (1992). The computational implementation of principle-based parsers. In Berwick, R. C., Abney, S. P.,
and Tenny, C., editors, Principle-Based Parsing: Computation and Psycholinguistics, pages 65–82. Kluwer,
Dordrecht, The Netherlands.



6 Chapter 3: Language Analysis and Understanding
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