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This is an evolving bibliography of documents on uncertainty and imprecision in information

systems. By uncertainty and imprecision, we mean the representation of and query support for

information that is fuzzy, unknown, partially known, vague, uncertain, probabilistic, inde�nite,

disjunctive, possible, maybe, incomplete, approximate, erroneous or imprecise. Currently, the

bibliography concentrates almost exclusively on database and knowledge-base systems, with few

references on other kinds of information systems.

In contrast to other chapters in this book which anticipate future research directions, the

bibliography is a look back at past work. The bibliography is organized into nine sections: survey

papers, null value papers, logic and deductive database papers, fuzzy set and possibility theory

papers, probability theory papers, query-level papers, schema-level papers, complexity papers, and

miscellaneous papers. The sections loosely reect some topics of past research. Papers that relate

to a particular research area are listed in the relevant section. If a paper applies to more than one

research area then it is cross-referenced in all the appropriate sections. Since these research topics

may be unfamiliar to some readers, we briey describe the unifying theme of each section.

The survey section lists papers that give an overview of the �eld, or even a part of the �eld.

Few surveys exist.

The null value section references two kinds of papers. First, this section ostensibly references

papers on null values. Much of the research on imprecision in database systems has focussed on

null values, consequently there are many papers listed. But this section also contains references

to papers which are not concerned exclusively with null values, but concentrate on \unweighted"

information, such as an exclusive-or disjunction of facts or tuples. What these two kinds of papers

have in common is that they make no use of numbers, preferences or weights to handle degrees of

uncertainty or imprecision.

Support for disjunctive and inde�nite information in logic and deductive databases is also

unweighted information, but is a distinctive enough subset to be given its own section. The
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logic section also includes work on the application of non-Horn clause and nonmonotonic logics to

uncertain and imprecise information management.

Sections 4 and 5 list papers that support uncertain and imprecise information within the

framework of fuzzy set or possibility theory and probability theory, respectively. In general, both

of these related, yet distinct, frameworks make use of \weighted" information to support varying

degrees of uncertainty and imprecision.

The section on query-level papers cites papers relating to approximate querying and data

mining. Some of these papers also use probability or possibility theory but are placed here (and

cross-referenced to the appropriate section) because they add uncertainty and imprecision to the

query rather than to the underlying data.

Uncertainty could also exist in the meta-data, concerning how the data is stored and organized,

rather than in the data itself. Papers that address schema-level uncertainty are listed in Section 7.

Again, some of these papers adopt fuzzy set, logic, or probabilistic approaches, but are listed in

this section, because of their narrower topic.

Adding support for uncertain and imprecise information is sometimes costly. Research that

characterizes the time or space complexity of various approaches appears in the section on com-

plexity.

Finally, papers that defy simple categorization appear in the miscellaneous papers section.

Figure 1 shows a histogram of the papers in the bibliography plotted by the year of publication.

The �gure indicates that interest in uncertainty management in information systems, as measured

by the number of publications, dramatically increased during the eighties. We suspect that the

slight downward trend in the last three years is due to delays in the propagation of publication

information.

Our goal is to make a comprehensive bibliography so contributions, corrections, and/or sug-

gestions are both welcomed and encouraged. Please contact the author of this article about any

desired changes or additions. We wish to sincerely thank those who have contributed to the bib-

liography: all the participants of UMIS; especially Amihai Motro, Esteban Zim�anyi, Henri Prade,

Patrick Bosc, Alex Borgida, and Roberto Zicari; as well as others in the community; William Mans-

�eld, Angela Dappert-Farquhar, Birgit Boss, Ole J. An�ndsen, Werasak Kurutach, and Richard

T. Snodgrass. The bibliography is available as a bibliographic database through anonymous ftp at

cs.arizona.edu (�le bib/incomplete.bib). It is also available as both a L

a

T

E

X document (�le

bib/incomplete.tex) and a POSTSCRIPT document (�le bib/incomplete.ps). This work was

supported by NSF grant IRI-8902707 and by IBM contract #1124.
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1 Surveys

This section lists the few papers that give an overview of some area in uncertainty management.

[1] Chisholm, P., G. Chen, D. Ferbrache, P. Thanisch and M. H. Williams. \Coping with inde�nite

and negative data in deductive databases: A survey." Data & Knowledge Engineering, 2

(1987), pp. 259{284.

[2] Motro, A. \Accommodating imprecision in database systems: issues and solutions." ACM

SIGMOD Record, 19, No. 4, Dec. 1990, pp. 69{74.

[3] Motro, A. \Imprecision and incompleteness in relational databases: survey." Information and

Software Technology, 32, No. 9, Nov. 1990, pp. 579{588.

[4] Pirotte, A. and E. Zim�anyi. \Imperfect Knowledge in Databases." RR 92-36. Unit�e d'Informatique,

Universit�e de Louvain, Belgium. Oct. 1992.

[5] Stephanou, H. E. and A. P. Sage. \Perspectives on imperfect information processing." IEEE

Transactions on Systems, Man and Cybernetics, 17, No. 5 (1987), pp. 780{798.

[6] Willis, H. L., J. E. D. Northcote-Green and H. N. Tram. \Computerized Distribution Planning:

Data Needs and Results with Incomplete Data," in IEEE/PES 1986 Transmission and

Distribution Conference. Anaheim, CA: Sep. 1986.

2 Null values

This section lists papers on null values in database systems and, more generally, papers that

make no use of weights or preferences to represent varying degrees of uncertainty and imprecision.

Figure 2 shows the publication history for null value approaches. The �gure shows that the �eld is

old (for uncertainty management) but continues to be researched. Related work can be found in

� Section 3 | [128,150]

� Section 4 | [187]

� Section 5 | [253,254,258]

� Section 6 | [268]

� Section 8 | [289,290,291]

[7] Abiteboul, S. and G. Grahne. \Update semantics for incomplete databases," in Proceedings of

the Conference on Very Large Databases. Stockholm, Sweden: Aug. 1985, pp. 1{12.
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[8] An�ndsen, O. J. \Multivalued Logic and Database Systems." TR R 41/92. Norwegian Telecom

Research. Oct. 1992.

[9] ANSI/X3/SPARC \Interim report of the Study Group on Database Management System."

FDT (ACM SIGMOD Bulletin), 7, No. 2, Feb. 1975.

[10] Atzeni, P. and R. Torlone. \Approaches to Updates over Weak Instances," in Proc. First

Symposium on Mathematical Fundamentals of Database Systems. Visegrad, Hungary: June

1989, pp. 12{23.

[11] Atzeni, P. and M. C. DeBernardis. \New Interpretation for Null Values in the Weak Instance

Model." Journal of Computer and System Sciences, 41, No. 1, Aug. 1990, pp. 25{43.

[12] Atzeni, P. and V. De Antonellis. \The Theory of Null Values," in Relational Database Theory.

The Benjamin/Cummings Publishing Company, Inc., 1993. Chap. 6.

[13] Biskup, J. \A formal approach to null values in database relations," in Workshop: Formal

Bases for Databases. Ed. H. Gallaire and J.M. Nicolas. Toulouse, France: Dec. 1979.

[14] Biskup, J. \A Formal Approach to Null Values in Database Relations," in Advances in Data

Base Theory. Ed. H. Gallaire, J. Minker and J. Nicolas. New York: Plenum Press, 1981.

Vol. 1. pp. 299{341.

[15] Biskup, J. \A Foundation Of Codd's Relational Maybe-Operations." ACM Transactions on

Database Systems, 8, No. 4, Dec. 1983, pp. 608{636.

[16] Biskup, J. \Extending the relational algebra for relations with maybe tuples and existential

and universal null values." Fundamenta Informatic�, VII, No. 1 (1984), pp. 129{150.

[17] Brudno, V. A. \Valuations in Incomplete Information Databases." Information Sciences, 47

(1989), pp. 389{398.

[18] Codd, E. F. \Extending the Database Relational Model to Capture More Meaning." ACM

Transactions on Database Systems, 4, No. 4, Dec. 1979, pp. 397{434.

[19] Codd, E. F. \Missing Information (Applicable and Inapplicable) in Relational Databases."

ACM SIGMOD Record, 15, No. 4, Dec. 1986, pp. 53{78.

[20] Codd, E. F. \More Commentary on Missing Information in Relational Databases (Applicable

and Inapplicable Information)." ACM SIGMOD Record, 16, No. 1, Mar. 1987, pp. 42{50.

[21] Codd, E. F. \Missing Information," in The Relational Model for Database Management:

Version 2. Addison-Wesley Publishing Company, Inc., 1990. Chap. 8{9.

[22] Date, C. J. \Null Values in Database Management," in Proceedings of the 2nd British National

Conference on Databases. Bristol, England: July 1982.
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[23] Date, C. J. \Null Values in Database Management," in Relational Database: Selected Writings.

Reading, MA: Addison-Wesley, 1986. Chap. 15. pp. 313{334.

[24] Date, C. J. \NOT is Not `Not' ! (notes on three-valued logic and related matters)," in Relational

Database Writings 1985 - 1989. Reading, MA: Addison-Wesley, 1989. Chap. 8. pp. 217{

248.

[25] Date, C. J. \EXISTS is Not `Exists' ! (some logical aws in SQL)," in Relational Database

Writings 1985 - 1989. Reading, MA: Addison-Wesley, 1989. Chap. 13. pp. 339{356.

[26] Deshpande and Larson. \An Algebra for Nested Relations with support for nulls and aggre-

gates." Research Report CS-91-16. University of Waterloo, Canada. 1987.

[27] Gadia, S. K., S. Nair and Y.-C. Poon. \Incomplete Information in Relational Temporal

Databases," in Proceedings of the Conference on Very Large Databases. Vancouver, Canada:

Aug. 1992.

[28] Gessert, G. H. \Four Value Logic for Relational Database Systems." ACM SIGMOD Record,

19, No. 1 (1990), pp. 29{35.

[29] Gessert, G. H. \Handling Missing Data by Using Stored Truth Values." ACM SIGMOD

Record, 20, No. 3, Sep. 1991, pp. 30{42.

[30] Goldstein, B. \Constraints on Null Values in Relational Databases," in Proceedings of the

Conference on Very Large Databases. Cannes, France: Sep. 1981, pp. 101{110.

[31] Golshani, F. \Growing Certainty With Null Values." Information Systems, 10, No. 2 (1985),

pp. 289{297.

[32] Gottlob, G. and R. Zicari. \Closed World Databases Opened Through Null Values," in Pro-

ceedings of the Conference on Very Large Databases. Los Angeles, CA: 1988, pp. 50{61.

[33] Grahne, G. \Dependency Satisfaction in Databases with Incomplete Information," in Proceed-

ings of the Conference on Very Large Databases. Singapore: Aug. 1984, pp. 37{45.

[34] Grahne, G. \Horn tables - an e�cient tool for handling incomplete information in databases," in

Proceedings of ACM SIGMOD International Conference on Management of Data. Philadel-

phia, PA: Mar. 1989, pp. 75{82.

[35] Grahne, G. \The Problem of Incomplete Information in Relational Databases." PhD. Disser-

tation. University of Helsinki, Finland, Mar. 1989.

[36] Grant, J. \Null Values in a Relational Data Base." Information Processing Letters, 6, No. 5,

Oct. 1977, pp. 156{157.

[37] Grant, J. \Partial Values in a Tabular Database Model." Information Processing Letters, 9,

No. 2, Aug. 1979, pp. 97{99.
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[38] Grant, J. \Incomplete Information in a Relational Database." Fundamenta Informatic�, III,

No. 3 (1980), pp. 363{378.

[39] Grant, J. and J. Minker. \Answering queries in inde�nite databases and the null value prob-

lem," in Advances in Computing Research. Ed. P. Kanellakis. London: JAI Press, 1986.

Vol. 3. pp. 247{267.

[40] Havr�anek, T. \An Alternative Approach to Missing Information in the GUHA Method."

Kybernetika (Prague), 16, No. 22 (1980), pp. 145{155.

[41] Hegner, S. \Speci�cation and implementation of programs for updating incomplete information

databases," in Proceedings of the ACM Symposium on Principles of Database Systems. San

Diego, CA: Mar. 1987.

[42] Homenda, W. \Databases with Alternative Information." IEEE Transactions on Knowledge

and Data Engineering, 3, No. 3, Sep. 1991, pp. 384{386.

[43] Hulin, G. \Relational Databases with Marked Null Values: A New Approach." Manuscript

M333. Phillips Research Laboratory, Brussels. Jan. 1990.

[44] Hurson, A. and L. Miller. \Database Machine Architecture for Supporting Incomplete Infor-

mation." Computer Systems Science and Engineering, 2, No. 3, July 1987, pp. 107{116.

[45] Imieli�nski, T. \Problems of representing information in relational databases (in Polish)." PhD.

Dissertation. Institute of Computer Science, Polish Academy of Sciences, 1981.

[46] Imieli�nski, T. and W. Lipski, Jr.. \On Representing Incomplete Information in a Relational

Database," in Proceedings of the Conference on Very Large Databases. Cannes, France:

Sep. 1981, pp. 388{397.

[47] Imieli�nski, T. and W. Lipski, Jr.. \Epilogue to `Incomplete Information in a Relational

Database'," in Readings in Arti�cial Intelligence and Databases. Ed. M.L. Brodie and

J. Mylopoulos. Berlin and New York: Springer-Verlag, 1989.

[48] Jaegermann, M. \Information storage and retrieval systems with incomplete information."

Fundamenta Informatic�, II (1978), pp. 17{41.

[49] Jia, Y., Z. Feng and M. Miller. \A Multivalued Approach to Handle Nulls in RDB," in Future

Database'92, Proceedings of the Second Far-East Workshop on Future Database Systems.

Kyoto, Japan: Apr. 1992, pp. 71{76.

[50] Jichao, H. \Extending relational model to deal with null value (in Chinese)." Chinese Journal

of Computation, 10, No. 8 (1987), pp. 449{459.

[51] Kao, M., N. Cercone and W. Luk. \What do you mean \Null"? Turning Null Responses

into Quality Responses," in Proceedings of the Third International Conference on Data

Engineering. 1987, pp. 356{364.
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[52] Keller, A. M. and M. W. Wilkins. \Approaches for Updating Databases With Incomplete In-

formation and Nulls," in Proceedings of the International Conference on Data Engineering.

IEEE Computer Society. Los Angeles, CA: IEEE Computer Society Press, Apr. 1984, pp.

332{340.

[53] Keller, A. M. and M. W. Wilkins. \On the Use of an Extended Relational Model to Handle

Changing Incomplete Information." IEEE Transactions on Software Engineering, SE-11,

No. 7, July 1985, pp. 620{633.

[54] Keller, A. M. \Set-theoretic Problems of Null Completion in Relational Databases." Informa-

tion Processing Letters, 22, No. 5, April 1986, pp. 261{265.

[55] Kocharekar, R. \Nulls in Relational Databases: Revisited." ACM SIGMOD Record, 18, No.

1, Mar. 1989, pp. 68{73.

[56] Koubarakis, M. \Representation and Querying in Temporal Databases: the Power of Temporal

Constraints," in Proceedings of the International Conference on Data Engineering. Vienna,

Austria: Apr. 1993, pp. 327{334.

[57] Kouramajian, V. and R. Elmasri. \A Generalized Temporal Model." Tech. Report. University

of Texas at Arlington. Feb. 1992.

[58] Laurent, D. and N. Spyratos. \Partition Semantics for Incomplete Information in Relational

Databases," in Proceedings of ACM SIGMOD International Conference on Management of

Data. Association for Computing Machinery. ACM Press, 1988, pp. 66{73.

[59] Lerat, N. and W. Lipski, Jr.. \Nonapplicable Nulls." Theoretical Computer Science, 46 (1986),

pp. 67{82.

[60] Levene, M. and G. Loizou. \Correction to Null Values in Nested Relational Databases by M.

A. Roth, H. F. Korth, and A. Silberschatz." Acta Informatica, 28 (1991), pp. 603{605.

[61] Lien, Y. \Multivalued Dependencies with Null Values in Relational Data Bases," in Proceedings

of the Conference on Very Large Databases. 1979, pp. 61{66.

[62] Linn, F. \Missing and Inapplicable Values." ACM SIGMOD Record, 16, No. 2, Sep. 1987, pp.

18{19.

[63] Lipski, W., Jr. \Informational Systems with Incomplete Information," in Proceedings of the

3rd International Colloquium on Automata, Languages and Programming. Edinburgh, Scot-

land: July 1976, pp. 120{130.

[64] Lipski, W., Jr. \On Semantic Issues Connected with Incomplete Data Bases (extended ab-

stract)," in Proceedings of the Conference on Very Large Databases. Florence, Italy: Oct.

1977, pp. 491.
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[65] Lipski, W., Jr. \On the logic of incomplete information," in Proceedings of the 6th International

Symposium on the Mathematical Foundations of Computer Science. Tatransk�a Lomnica,

Czechoslovakia: Sep. 1977, pp. 374{381.

[66] Lipski, W., Jr. \On Semantic Issues Connected with Incomplete Information Databases."

ACM Transactions on Database Systems, 4, No. 3, Sep. 1979, pp. 262{296.

[67] Lipski, W., Jr. \On Databases with Incomplete Information." Journal of the Association of

Computing Machinery, 28, No. 1 (1981), pp. 41{70.

[68] Lipski, W., Jr. \Logical Problems Related to Incomplete Information in Databases." Technical

Report 138. Laboratoire de Recherche en Informatique, Universit�e de Paris-Sud, Centre

d'Orsay. Sep. 1983.

[69] Lipski, W., Jr. \On Relational Algebra with Marked Nulls," in Proceedings of the ACM

Symposium on Principles of Database Systems. Waterloo, Ontario, Canada: Apr. 1984,

pp. 201{203.

[70] Liu, K. C. and R. Sunderraman. \Applying an Extended Relational Model to Inde�nite

Deductive Databases," in Proceedings of the 2nd International Symposium on Methodologies

for Intelligent Systems. Charlotte, NC: Oct. 1987, pp. 175{184.

[71] Liu, K. C. and R. Sunderraman. \On representing inde�nite and maybe information in re-

lational databases," in International Conference on Data Engineering. Los Angeles, CA:

Feb. 1988, pp. 250{257.

[72] Liu, K. C. and R. Sunderraman. \Inde�nite and Maybe Information in Relational Databases."

ACM Transactions on Database Systems, 15, No. 1, Mar. 1990, pp. 1{39.

[73] Liu, K. C. and R. Sunderraman. \On Representing Inde�nite and Maybe Information in Re-

lational Databases: a Generalization," in Proceedings of the Sixth International Conference

on Data Engineering. 1990, pp. 495{502.

[74] Liu, K. C. and R. Sunderraman. \A Generalized Relational Model for Inde�nite and Maybe

Information." IEEE Transactions on Knowledge and Data Engineering, 3, No. 1 (1991),

pp. 65{76.

[75] Liu, K. C. and R. Sunderraman. \Natural Joins in Relational Databases with Inde�nite

and Maybe Information," in Proceedings of the Seventh International Conference on Data

Engineering. 1991, pp. 132{194.

[76] Maier, D. \Null Values, Partial Information, and Database Semantics," in The Theory of

Relational Databases. Rockville, MD: Computer Science Press, 1983. Chap. 12.

[77] Miller, L. L. and A. R. Hurson. \Interpretation of null values in database machine architec-

ture." Microprocessing and Microprogramming, 26, No. 4, Dec. 1989, pp. 289{300.
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[78] Morrissey, J. M. and C. van Rijsbergen. \A Formal Treatment of Missing & Imprecise In-

formation," in Proceedings of the Tenth Annual ACM SIGIR Conference on Research and

Development in Information Retrieval. 1987.

[79] Morrissey, J. M. \Imprecise Information and Uncertainty in Information Systems." ACM

Transactions on O�ce Information Systems, 8, No. 2, Apr. 1990, pp. 159{180.

[80] Nau, H. W. and H. Wedekind. \Die Spezi�kation von Nullwerten als Problem einer wissens-

basierten B�uroautomatisierung," in Proc. GI-Fachtagung, Datenbank-Systeme f�ur B�uro,

Technik und Wissenschaft, Germany. Z�urich, Switzerland: 1989.

[81] Ola, A. and G.

�

Ozsoyo�glu. \A Family of Incomplete Relational Database Models," in Proceed-

ings of the Conference on Very Large Databases. 1989, pp. 23{31.

[82] Ola, A. \Modeling of Relational Databases with Exclusive Disjunctions." Tech. Report. North

Carolina State University. 1991.

[83] Ola, A. \Relational Databases with Exclusive Disjunctions," in Proceedings of the Eighth

International Conference on Data Engineering. Tempe, AZ: Feb. 1992, pp. 328{336.

[84] Osborn, S. \Insertions in a Multi-relation Database with Nulls," in Proc. of COMPSAC81:

IEEE Computer Society's Fifth Int. Computer Software and applications Conference.

Chicago, IL: Nov. 1981, pp. 75{80.

[85] Reiter, R. \A Sound and Sometimes Complete Query Evaluation Algorithm for Relational

Databases with Null Values." Technical Report. Department of Computer Science, Uni-

versity of British Columbia. June 1983.

[86] Reiter, R. \A Sound and Sometimes Complete Query Evaluation Algorithm for Relational

Databases with Null Values." Journal of the Association of Computing Machinery, 33, No.

2 (1986), pp. 349{370.

[87] Roth, M. A., H. F. Korth and A. Silberschatz. \Null Values in Non-1NF Relational Databases."

Technical Report TR-85-32. University of Texas at Austin. Dec. 1985.

[88] Roth, M. A., H. F. Korth and A. Silberschatz. \Null Values in Nested Databases." Acta

Informatica, 26 (1989), pp. 615{642.

[89] Roth, M. A., H. F. Korth and A. Silberschatz. \Addendum to Null Values in Nested Relational

Databases." Acta Informatica, 28 (1991), pp. 607{610.

[90] Sagiv, Y. \Can we use the universal instance assumption without using nulls?," in Proceed-

ings of ACM SIGMOD International Conference on Management of Data. Association for

Computing Machinery. Ann Arbor, Michigan: ACM Press, 1981, pp. 108{120.
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[91] Sch�oning, H. \Praktische Behandlung von Nullwerten { Realisierung imMolek�ul-Atom-Datenmodell,"

in Proc. GI-Fachtagung, Datenbank-Systeme f�ur B�uro, Technik und Wissenschaft, Ger-

many. Kaiserslautern, Germany: 1991.

[92] Sciore, E. \Null Values, Updates, and Normalizations in Relational Databases." Technical

Report. Department of Electrical Engineering and Computer Science, Princeton University.

1979.

[93] Sikl�ossy, L. \E�cient Query Evaluation in Relational Databases with Missing Values." Infor-

mation Processing Letters, 13, No. 4{5 (1981), pp. 160{163.

[94] Tseng, F. S.-C., A. L. P. Chen and W. P. Yang. \Generalizing the Division Operation on

Inde�nite Databases," in Future Database'92, Proceedings of the Second Far-East Workshop

on Future Database Systems. Kyoto, Japan: Apr. 1992, pp. 347{354.

[95] Vassiliou, Y. \Null values in database management{a denotational semantics approach," in

Proceedings of ACM SIGMOD International Conference on Management of Data. Associ-

ation for Computing Machinery. New York: ACM Press, May 1979, pp. 162{169.

[96] Vassiliou, Y. \A Formal Treatment of Imperfect Information in Database Management." Tech-

nical Report CSRG-123. University of Toronto. Nov. 1980.

[97] Vassiliou, Y. \A Formal Treatment of Imperfection in Database Management." PhD. Disser-

tation. University of Toronto, 1980.

[98] Vassiliou, Y. \Functional Dependencies and Incomplete Information," in Proceedings of the

Conference on Very Large Databases. Oct. 1980, pp. 260{269.

[99] Wedekind, H. \Null Values in DBS (in german)." Informatik Spektrum, 11 (1988).

[100] Weiyi, L. \The determining method about the conict between null constraints and the set of

functional dependencies.." Journal of Computer Science & Technology (Eng. Lang. Ed.)

(China), 4, No. 2, Apr. 1989, pp. 116{125.

[101] Winslett, M. \Updating Logical Databases Containing Null Values," in Proceedings of the

International Conference on Database Theory. Ed. G. Ausiello and P. Atzeni. Rome,

Italy: Springer-Verlag, Sep. 1986, pp. 421{435.

[102] Winslett, M. \Updating databases with incomplete information." PhD. Dissertation. Stan-

ford University, Jan. 1987.

[103] Winslett, M. \A Model-Based Approach to Updating Databases with Incomplete Informa-

tion." ACM Transactions on Database Systems, 13, No. 2 (1988), pp. 167{196.

[104] Winslett-Wilkins, M. \An Approach to Representing and Updating Partial Information."

(Stanford University, Computer Science Department.)
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[105] Yager, R. R. \Set-Based Representations of Conjunctive and Disjunctive Knowledge." Infor-

mation Sciences, 41 (1987), pp. 1{22.

[106] Yang, J. D. and Y. J. Lee. \A sound and complete query evaluation for Implicit Predicate

which is a semantic descriptor of unknown values." Information Processing Letters, 39,

Sep. 1991, pp. 283{289.

[107] Yang, J. D. and Y. J. Lee. \Characterization of unknown values with implicit predicate."

Decision Support Systems, 7, No. 2, May 1991, pp. 133{144.

[108] Yazici, A. \Representing Imprecise Information in NF**2 Relations," in IEEE Proceedings of

Southeastcon '90 - Technologies Today and Tomorrow. New Orleans, LA: Apr. 1990, pp.

1026{1030.

[109] Yia, Y., Z. Feng and M. Miller. \A Multivalued Approach to handle nulls in RDB," in Proc.

2nd Far-East Workshop on Future Database Systems. Kyoto, Japan: Apr. 1992.

[110] Yuan, L. Y. and D. Chiang. \A Sound and Complete Query Evaluation Algorithm for

Relational Databases with Null Values," in Proceedings of ACM SIGMOD International

Conference on Management of Data. Association for Computing Machinery. ACM Press,

May 1988, pp. 74{81.

[111] Yue, K. \A More General Model For Handling Missing Information In Relational DataBases

Using A 3-Valued Logic." ACM SIGMOD Record, 20, No. 3, Sep. 1991, pp. 43{49.

[112] Zaniolo, C. \Database Relations with Null Values (Extended Abstract)," in Proceedings of

the ACM Symposium on Principles of Database Systems. Association for Computing Ma-

chinery. Los Angeles, CA: Mar. 1982, pp. 27{33.

[113] Zaniolo, C. \A Formal Treatment of Nonexistent Values in Database Relations." Technical

Report. Bell Laboratories. 1983.

[114] Zaniolo, C. \Database Relations with Null Values." Journal of Computer and System Sci-

ences, 28 (1984), pp. 142{166.
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[115] Zicari, R. \Incomplete Information in Object-Oriented Databases." ACM SIGMOD Record,

19, No. 3, Sep. 1990, pp. 5{16.

3 Logic

Logic-based approaches to uncertainty management are common. We do not include references

on logics for uncertainty reasoning, such papers are beyond the limited scope of this bibliography.

Figure 3 shows the publication history for logic-based approaches. The last ten years have witnessed

signi�cant interest in this area. Related work can be found in

� Section 1 | [1]

� Section 2 | [39,42,70,71,72,73,74,75,81,82,83,105]

[116] Brewka, G. \Handling Incomplete Knowledge in Arti�cial Intelligence," in Information Sys-

tems and Arti�cial Intelligence: Integration Aspects. Ed. D. Kargiannis. Berlin: Mar.

1990, pp. 11{29.

[117] Caseau, Y. \Constraints in an Object-Oriented Deductive Database," in Proc. of the Int.

Conf. on Deductive and Object-Oriented Databases (DOOD'91). Munich, Germany: Dec.

1991.

[118] Demolombe, R. and L. Fari~nas del Cerro. \An Algebraic Evaluation Method for Deduction
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