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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, indefinite,
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 reflect 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 briefly describe the unifying theme of each section.

The survey section lists papers that give an overview of the field, or even a part of the field.
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 indefinite information in logic and deductive databases is also
unweighted information, but is a distinctive enough subset to be given its own section. The



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 figure 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 Zimanyi, Henri Prade,
Patrick Bosc, Alex Borgida, and Roberto Zicari; as well as others in the community; Ole J. An-
findsen, Birgit Boss, Valerie Cross, Angela Dappert-Farquhar, Werasak Kurutach, Leonid Libkin,
William Mansfield, and Richard T. Snodgrass. The bibliography is available as a bibliographic
database through anonymous ftp at cs.arizona.edu (file bib/incomplete.bib in bibdb format
or file bib/text/incomplete.bib in BIBTEX format). It is also available as both a WTEX docu-
ment (file bib/incomplete.tex) and a POSTSCRIPT document (file bib/incomplete.ps). This
work was supported by NSF grant TRI-8902707 and by IBM contract #1124.
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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 figure shows that the field
is old (for uncertainty management) but continues to be researched.

Related work can be found in

o Section 3 — [142,167]

Section 4 — [212]

e Section 5 — [301,302,309]

Section 6 — [321]

Section 8 — [348,349,351,354]

[10] 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.

[11] Anfindsen, O. J. “Multivalued Logic and Database Systems.” TR R 41/92. Norwegian Telecom
Research. Oct. 1992.

[12] ANSI/X3/SPARC “Interim report of the Study Group on Database Management System.”
FDT (ACM SIGMOD Bulletin), 7, No. 2, Feb. 1975.

[13] 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.

[14] 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.

[15] Atzeni, P. and V. De Antonellis. “The Theory of Null Values,” in Relational Database Theory.
The Benjamin/Cummings Publishing Company, Inc., 1993. Chap. 6.

[16] 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.



[17] 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.

[18] Biskup, J. “A Foundation Of Codd’s Relational Maybe-Operations.” ACM Transactions on
Database Systems, 8, No. 4, Dec. 1983, pp. 608-636.

[19] Biskup, J. “Extending the relational algebra for relations with maybe tuples and existential
and universal null values.” Fundamenta Informatice, VII, No. 1 (1984), pp. 129-150.

[20] Brudno, V. A. “Valuations in Incomplete Information Databases.” Information Sciences, 47
(1989), pp. 389-398.

[21] 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.

[22] Codd, E. F. “Missing Information (Applicable and Inapplicable) in Relational Databases.”
ACM SIGMOD Record, 15, No. 4, Dec. 1986, pp. 53-78.

[23] 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.

[24] Codd, E. F. “Missing Information,” in The Relational Model for Database Management:
Version 2. Addison-Wesley Publishing Company, Inc., 1990. Chap. 8-9.

[25] Date, C. J. “Null Values in Database Management,” in Proceedings of the 2nd British National
Conference on Databases. Bristol, England: July 1982.

[26] Date, C. J. “Null Values in Database Management,” in Relational Database: Selected Writings.
Reading, MA: Addison-Wesley, 1986. Chap. 15. pp. 313-334.

[27] 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.

[28] Date, C. J. “EXISTS is Not ‘Exists’! (some logical flaws in SQL),” in Relational Database
Writings 1985 - 1989. Reading, MA: Addison-Wesley, 1989. Chap. 13. pp. 339-356.

29] Deshpande and Larson. “An Algebra for Nested Relations with support for nulls and aggre-
g ge
gates.” Research Report CS-91-16. University of Waterloo, Canada. 1987.

[30] 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.



[31] Gadia, S., S. Nair and Y.-C. Poon. “Incomplete Information in Relational Databases,” in
Proceedings of the International Workshop on an Infrastructure for Temporal Databases.
Arlington, TX: June 1993.

[32] Gessert, G. H. “Four Value Logic for Relational Database Systems.” ACM SIGMOD Record,
19, No. 1 (1990), pp. 29-35.

[33] Gessert, G. H. “Handling Missing Data by Using Stored Truth Values.” ACM SIGMOD
Record, 20, No. 3, Sep. 1991, pp. 30-42.

[34] 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.

[35] Golshani, F. “Growing Certainty With Null Values.” Information Systems, 10, No. 2 (1985),
pp- 289-297.

[36] 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.

[37] 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.

[38] Grahne, G. “Horn tables - an efficient 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.

[39] Grahne, G. “The Problem of Incomplete Information in Relational Databases.” PhD. Disser-
tation. University of Helsinki, Finland, Mar. 1989.

[40] Grant, J. “Null Values in a Relational Data Base.” Information Processing Letters, 6, No. 5,
Oct. 1977, pp. 156-157.

[41] Grant, J. “Partial Values in a Tabular Database Model.” Information Processing Letters, 9,
No. 2, Aug. 1979, pp. 97-99.

[42] Grant, J. “Incomplete Information in a Relational Database.” Fundamenta Informatice, 111,
No. 3 (1980), pp. 363-378.

[43] Grant, J. and J. Minker. “Answering queries in indefinite databases and the null value prob-
lem,” in Advances in Computing Research. Ed. P. Kanellakis. London: JAT Press, 1986.
Vol. 3. pp. 247-267.

[44] Havrdnek, T. “An Alternative Approach to Missing Information in the GUHA Method.”
Kybernetika (Prague), 16, No. 22 (1980), pp. 145-155.



[45] Hegner, S. “Specification 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.

[46] Ho, N. C. “Context Dependent Null Values and Multivalued Dependences in Relational
Databases.” Bulletin of the Polish Academy of Sciences, 36, No. 1/2 (1988), pp. 91—
91.

[47] Homenda, W. “Databases with Alternative Information.” IFFEFE Transactions on Knowledge
and Data Fngineering, 3, No. 3, Sep. 1991, pp. 384-386.

[48] Hulin, G. “Relational Databases with Marked Null Values: A New Approach.” Manuscript
M333. Phillips Research Laboratory, Brussels. Jan. 1990.

[49] 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.

[50] Imielifiski, T. “Problems of representing information in relational databases (in Polish).” PhD.
Dissertation. Institute of Computer Science, Polish Academy of Sciences, 1981.

[51] Imielinski, 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.

[52] Imieliniski, T. and W. Lipski, Jr. “Epilogue to ‘Incomplete Information in a Relational
Database’,” in Readings in Artificial Intelligence and Databases. Ed. M.L. Brodie and
J. Mylopoulos. Berlin and New York: Springer-Verlag, 1989.

[53] Jaegermann, M. “Information storage and retrieval systems with incomplete information.”
Fundamenta Informatice, 11 (1978), pp. 17-41.

[54] Jia, Y., Z. Feng and M. Miller. “A Multivalued Approach to Handle Nulls in RDB,” in Future
Database’92, Proceedings of the Second Far-Fast Workshop on Future Database Systems.
Kyoto, Japan: Apr. 1992, pp. 71-76.

[55] Jichao, H. “Extending relational model to deal with null value (in Chinese).” Chinese Journal
of Computation, 10, No. 8 (1987), pp. 449-459.

[56] 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.

[57] 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.



[58] Keller, A. M. and M. W. Wilkins. “On the Use of an Extended Relational Model to Handle
Changing Incomplete Information.” [FFEFE Transactions on Software Fngineering, SE-11,

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

[59] Keller, A. M. “Set-theoretic Problems of Null Completion in Relational Databases.” Informa-
tion Processing Letters, 22, No. 5, April 1986, pp. 261-265.

[60] Kocharekar, R. “Nulls in Relational Databases: Revisited.” ACM SIGMOD Record, 18, No.
1, Mar. 1989, pp. 68-73.

[61] Koubarakis, M. “Representation and Querying in Temporal Databases: the Power of Temporal
Constraints,” in Proceedings of the International Conference on Data Fngineering. Vienna,
Austria: Apr. 1993, pp. 327-334.

[62] Kouramajian, V. and R. Elmasri. “A Generalized Temporal Model.” Tech. Report. University
of Texas at Arlington. Feb. 1992.

)

[63] Kouramajian, V. and R. Elmasri. “Uncertainty in Valid Time Databases,” in Workshop on

Uncertainty in Databases and Deductive Systems. Ithaca, NY: Nov. 1994.

[64] 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.

[65] Lerat, N. and W. Lipski, Jr. “Nonapplicable Nulls.” Theoretical Computer Science, 46 (1986),
pp. 67-82.

[66] Levene, M. and G. Loizou. “A Domain Theoretic Approach to Incomplete Information in
Nested Relational Databases,” in Proceedings of the 3rd International Conference on Foun-
dations of Data Organization and Algorithms. 1989, pp. 439-456.

”

[67] Levene, M. and G. Loizou. “Modeling Incomplete Information in Complex Objects,” in Pro-

ceedings of the Tth British National Conference on Databases. 1989, pp. 441-459.

[68] 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.

[69] Levene, M. and G. Loizou. “Inferring Null Join Dependencies in Relational Databases.” Bit,
32, No. 3 (1992), pp. 413-419.

[70] Levene, M. and G. Loizou. “A Fully Precise Null Extended Nested Relational Algebra.”
Fundamenta Informatice, 19 (1993), pp. 303-343.

[71] Levene, M. and G. Loizou. “Semantics for Null Extended Nested Relations.” ACM Transac-
tions on Database Systems, 18, No. 3, Sep. 1993, pp. 414-438.



[72] Lien, Y. “Multivalued Dependencies with Null Values in Relational Data Bases,” in Proceedings
of the Conference on Very Large Databases. 1979, pp. 61-66.

[73] Linn, F. “Missing and Inapplicable Values.” ACM SIGMOD Record, 16, No. 2, Sep. 1987, pp.
18-19.

[74] Lipski, W., Jr. “Informational Systems with Incomplete Information,” in Proceedings of the

3rd International Colloguium on Automata, Languages and Programming. Edinburgh, Scot-
land: July 1976, pp. 120-130.

[75] 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.

”

[76] Lipski, W., Jr. “On the logic of incomplete information,” in Proceedings of the 6th International
Symposium on the Mathematical Foundations of Computer Science. Tatranskd Lomnica,
Czechoslovakia: Sep. 1977, pp. 374-381.

[77] Lipski, W., Jr. “On Semantic Issues Connected with Incomplete Information Databases.”
ACM Transactions on Database Systems, 4, No. 3, Sep. 1979, pp. 262-296.

”

[78] Lipski, W., Jr. “On Databases with Incomplete Information.” Journal of the Association of

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

[79] Lipski, W., Jr. “Logical Problems Related to Incomplete Information in Databases.” Technical
Report 138. Laboratoire de Recherche en Informatique, Université de Paris-Sud, Centre
d’Orsay. Sep. 1983.

[80] 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.

[81] Liu, K. C. and R. Sunderraman. “Applying an Extended Relational Model to Indefinite
Deductive Databases,” in Proceedings of the 2nd International Symposium on Methodologies
for Intelligent Systems. Charlotte, NC: Oct. 1987, pp. 175-184.

[82] Liu, K. C. and R. Sunderraman. “On representing indefinite and maybe information in re-
lational databases,” in International Conference on Data Fngineering. Los Angeles, CA:
Feb. 1988, pp. 250-257.

[83] Liu, K. C. and R. Sunderraman. “Indefinite and Maybe Information in Relational Databases.”
ACM Transactions on Database Systems, 15, No. 1, Mar. 1990, pp. 1-39.

[84] Liu, K. C. and R. Sunderraman. “On Representing Indefinite and Maybe Information in Re-
lational Databases: a Generalization,” in Proceedings of the Sixzth International Conference
on Data Engineering. 1990, pp. 495-502.



[85] Liu, K. C. and R. Sunderraman. “A Generalized Relational Model for Indefinite and Maybe
Information.” [EEE Transactions on Knowledge and Data Fngineering, 3, No. 1 (1991),
pp- 65-76.

[86] Liu, K. C. and R. Sunderraman. “Natural Joins in Relational Databases with Indefinite
and Maybe Information,” in Proceedings of the Seventh International Conference on Data
Engineering. 1991, pp. 132-194.

[87] Maier, D. “Null Values, Partial Information, and Database Semantics,” in The Theory of
Relational Databases. Rockville, MD: Computer Science Press, 1983. Chap. 12.

[88] 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.

[89] 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.

[90] Morrissey, J. M. “Imprecise Information and Uncertainty in Information Systems.” ACM
Transactions on Office Information Systems, 8, No. 2, Apr. 1990, pp. 159-180.

[91] Nau, H. W. and H. Wedekind. “Die Spezifikation von Nullwerten als Problem einer wissens-
basierten Biiroautomatisierung,” in Proc. GI-Fachtagung, Datenbank-Systeme fiir Biro,
Technik und Wissenschaft, Germany. Zirich, Switzerland: 1989.

[92] Ola, A. and G. OZsoyoglu. “A Family of Incomplete Relational Database Models,” in Proceed-
ings of the Conference on Very Large Databases. 1989, pp. 23-31.

[93] Ola, A. “Modeling of Relational Databases with Exclusive Disjunctions.” Tech. Report. North
Carolina State University. 1991.

[94] Ola, A. “Relational Databases with Exclusive Disjunctions,” in Proceedings of the Fighth
International Conference on Data Engineering. Tempe, AZ: Feb. 1992, pp. 328-336.

[95] Osborn, S. “Insertions in a Multi-relation Database with Nulls,” in Proc. of COMPSACS1:
IEFEE Computer Society’s Fifth Int. Computer Software and applications Conference.
Chicago, IL: Nov. 1981, pp. 75-80.

[96] 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.

[97] 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.

10



[98] 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.

[99] Roth, M. A., H. F. Korth and A. Silberschatz. “Null Values in Nested Databases.” Acta
Informatica, 26 (1989), pp. 615-642.

[100] Roth, M. A., H. F. Korth and A. Silberschatz. “Addendum to Null Values in Nested Relational
Databases.” Acta Informatica, 28 (1991), pp. 607-610.

[101] 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.

[102] Schéning, H. “Praktische Behandlung von Nullwerten — Realisierung im Molekiil-Atom-
Datenmodell,” in Proc. GI-Fachtagung, Datenbank-Systeme fiir Biiro, Technik und Wis-
senschaft, Germany. Kaiserslautern, Germany: 1991.

[103] Sciore, E. “Null Values, Updates, and Normalizations in Relational Databases.” Technical

Report. Department of Electrical Engineering and Computer Science, Princeton University.
1979.

104 Slkléssy, L. “Efficient uery FEvaluation in Relational Databases with Missing Values.” In-
g
zormation Pmcessz'ng Letters, 13, No. 4-5 (1981), PP 160-163.

[105] Tseng, F. S.-C., A. L. P. Chen and W. P. Yang. “Generalizing the Division Operation on
Indefinite Databases,” in Future Database’92, Proceedings of the Second Far-Fast Workshop
on Future Database Systems. Kyoto, Japan: Apr. 1992, pp. 347-354.

[106] 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.

[107] Vassiliou, Y. “A Formal Treatment of Imperfect Information in Database Management.”
Technical Report CSRG-123. University of Toronto. Nov. 1980.

[108] Vassiliou, Y. “A Formal Treatment of Imperfection in Database Management.” PhD. Disser-
tation. University of Toronto, 1980.

9

[109] Vassiliou, Y. “Functional Dependencies and Incomplete Information,” in Proceedings of the

Conference on Very Large Databases. Oct. 1980, pp. 260-269.
[110] Wedekind, H. “Null Values in DBS (in german).” Informatik Spektrum, 11 (1988).
[111] Weiyi, L. “The determining method about the conflict between null constraints and the set

of functional dependencies.” Journal of Computer Science & Technology (Eng. Lang. Fd.)
(China), 4, No. 2, Apr. 1989, pp. 116-125.

11



[112] 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.

[113] Winslett, M. “Updating databases with incomplete information.” PhD. Dissertation. Stan-
ford University, Jan. 1987.

[114] 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.

[115] Yager, R. R. “Set-Based Representations of Conjunctive and Disjunctive Knowledge.” Infor-
mation Sciences, 41 (1987), pp. 1-22.

[116] 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.

[117] 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.

[118] 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.

[119] Yia, Y., Z. Feng and M. Miller. “A Multivalued Approach to handle nulls in RDB,” in Proc.
2nd Far-Fast Workshop on Future Database Systems. Kyoto, Japan: Apr. 1992.

[120] 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.

[121] 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.

[122] 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.

[123] Zaniolo, C. “A Formal Treatment of Nonexistent Values in Database Relations.” Technical
Report. Bell Laboratories. 1983.

[124] Zaniolo, C. “Database Relations with Null Values.” Journal of Computer and System Sci-
ences, 28 (1984), pp. 142-166.

12



[125] 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
significant interest in this area.

Related work can be found in

e Section 1 — [1]
o Section 2 — [43,47,81,82,83,84,85,86,92,93,94,115]
e Section 4 — [182,272]

o Section 8 — [352,353]

9

[126] Brewka, G. “Handling Incomplete Knowledge in Artificial Intelligence,” in Information Sys-
tems and Artificial Intelligence: Integration Aspects. Ed. D. Kargiannis. Berlin: Mar.
1990, pp. 11-29.

[127] 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.

[128] Chan, E. “A Possible World Semantics for Disjunctive Databases.” IEEE Transactions on
Knowledge and Data Fngineering, 5, No. 2, Apr. 1993, pp. 282-292.

[129] Chaudhuri, S. and P. Kolaitis. “Can Datalog be Approximated?,” in Proceedings of the ACM
Symposium on Principles of Database Systems. Minneapolis, MN: Apr. 1994.

[130] Demolombe, R. and L. Farinas del Cerro. “An Algebraic Evaluation Method for Deduction
in Incomplete Databases.” The Journal of Logic Programming, 5, No. 3, Sep. 1988, pp.
183-205.

[131] Demolombe, R. “An Efficient Strategy for non-Horn Deductive Databases.” Theoretical
Computer Sciences, 78, No. 1, Jan. 1991, pp. 245-259.

[132] Eiter, T. and G. Gottlob. “Complexity Aspects of Various Semantics for Disjunctive Databases,”

in Proceedings of the ACM Symposium on Principles of Database Systems. Washington,
DC: May 1993, pp. 158-167.

13



[133] Eiter, T., G. Gottlob and H. Mannila. “Adding Disjunction to Datalog,” in Proceedings of
the ACM Symposium on Principles of Database Systems. Minneapolis, MN: Apr. 1994.

[134] Esculier, C. “Non-Monotonic Knowledge Evolution in VLKDBs,” in Proc. of the 16th Conf.
on Very Large Databases (VL.DB’90). Brisbane, Australia: 1990.

[135] Gallaire, H. “Impacts of Logic on Data Bases,” in Proceedings 7th International Conference
on Very Large Data Bases. IEEE Computer Society Press. Sep. 1981, pp. 272-281.

[136] Gallaire, H., J. Minker and J. M. Nicolas. “Logic and databases: A deductive approach.”
ACM Computing Surveys, 16, No. 2, June 1984, pp. 153-185.

[137] Gelfond, M., V. Lifschitz, H. Przymusinka and M. Truszczyiiski. “Disjunctive Defaults,” in
Proc. of 2nd Int. Conf. Principles of Knowledge Representation and Reasoning KR’91.
Cambridge, MA: Apr. 1991.

[138] George, R., A. Yazici, F. E. Petry and B. P. Buckles. “Uncertainty Modeling in Object-
Oriented Geographical Information Systems,” in Proc. Int. Conf. on Database and Fxpert
Systems Applications (DEXA’92). Valencia, Spain: 1992.

[139] Giintzer, U., W. Kiessling and H. Thone. “New Directions for Uncertainty Reasoning in De-
ductive Databases,” in Proceedings of ACM SIGMOD International Conference on Man-
agement of Data. Denver, CO: May 1991, pp. 178-187.

[140] Henschen, L. J. and H. S. Park. “Indefinite and GCWA Inference in Indefinite Deductive
Databases,” in Proc. AAAI-86. 1986, pp. 191-197.

[141] Henschen, L. J. and H. S. Park. “Compiling the GCWA in indefinite deductive databases,”
in Foundations of Deductive Databases and Logic Programming. Ed. J. Minker. Los Altos,
CA: M. Kaufmann, 1986. pp. 395-438.

[142] Hulin, G. “A Proof-theoretic Perspective of Deductive Databases with Marked Null Values.”
Manuscript M273. Phillips Research Laboratory, Brussels. Dec. 1988.

9

[143] Imieliniski, T. “On Algebraic Query Processing in Logical Databases,” in Advances in Data
Base Theory. Ed. H. Gallaire, J. Minker and J.M. Nicolas. New York: Plenum Press,
1984. Vol. 2. pp. 285-318.

[144] Tmielinski, T. and W. Lipski, Jr. “Incomplete Information in Relational Databases.” Journal
of the Association of Computing Machinery, 31, No. 4 (1984), pp. 761-791.

[145] Imieliniski, T. “Query Processing in Deductive Databases with Incomplete Information.” TR
177. Rutgers University. Mar. 1986.

[146] Imielinski, T. “Automated Deduction in Databases with Incomplete Information.” TR 181.
Rutgers University. Mar. 1986.

14



[147] Imieliniski, T. “Query Processing in Deductive Databases with Incomplete Information,” in
Proceedings of ACM SIGMOD International Conference on Management of Data. 1986,
pp. 268-280.

[148] Imieliniski, T. “Automated Deduction in Databases with Incomplete Information,” in Preprints
of Workshop: Foundations of Deductive Databases and Logic Programming. Washington,
D.C.: Aug. 1986, pp. 242-283.

[149] Imielinski, T. “Incomplete Information in Logical Databases.” [EEE Database Engineering
Bulletin - Special Issue on Imprecision in Databases, 12, No. 2, June 1989, pp. 29-40.

[150] Johnson, C. A. “Handling indefinite and negative data in a deductive database.” Data &
Knowledge Fngineering, 6, No. 4, July 1991, pp. 333-348.

[151] Kifer, M. and A. Li. “On the Semantics of Rule-Based Expert Systems with Uncertainty,”
in Proceedings of the International Conference on Database Theory. Springer-Verlag, 1988,
pp. 102-117.

[152] King, P. and C. Small. “Default Databases and Incomplete Information.” Computer Journal,
34, No. 3, June 1991, pp. 239-244.

[153] Ku, C., D. Heung, and L. Henschen. “An Efficient Indefiniteness Inference Scheme in Indef-
inite Deductive Databases.” IEFFE Transactions on Knowledge and Data Fngineering, 6,
No. 5, Oct. 1994, pp. 713-722.

[154] Lakshmanan, V. S. and F. Sadri. “Modeling Uncertainty in Deductive Databases,” in DEXA
94 - 5th International Conference on Database and Fxpert Systems. Athens, Greece: Sep.
1994.

[155] Lenzerini, M. “Type Data Bases with Incomplete Information.” Information Sciences, 53
(1991), pp. 61-87.

[156] Lerat, N. “Query Processing in Incomplete Logical Databases,” in Proceedings of the Inter-

national Conference on Database Theory. Fd. G. Ausiello and P. Atzeni. Rome, Italy:

Springer-Verlag, Sep. 1986, pp. 260-277.

[157] Levesque, H. J. “The Logic of Incomplete Databases,” in On Conceptual Modeling: Perspec-
tives from Artificial Intelligence Databases and Programming Languages. Ed. J. Mylopoulos
M. Brodie, and J.W. Schmidt. Berlin and New York: Springer-Verlag, 1984. pp. 165-186.

[158] Lozinskii, E. “Computing Facts in Non-Horn Deductive Systems,” in Proceedings of the Con-
ference on Very Large Databases. Aug. 1988, pp. 273-279.

[159] van der Meyden, R. “Recursively Indefinite Databases (Extended Abstract),” in International
Conference on Database Theory. 1990, pp. 364-378.

15



[160] Minker, J. “On Indefinite Databases and the Closed World Assumption,” in 6th Conference
on Automated Deduction. Vol. 138 of Lecture Notes in Computer Science. Springer-Verlag,

1982. pp. 292-308.

[161] Minker, J. “On theories of definite and indefinite databases.” TR 1250. Department of
Computer Science, University of Maryland. 1983.

[162] Naqvi, S. and F. Rossi. “Reasoning in Inconsistent Databases.” Technical Report ACT-ST-
269-89. MCC. June 19809.

[163] Ostermann, P. “Interprétation de l'information incomplete en logique modale,” in jéme
conférence Bases de Données Avancées. Benodet, France: 1987, pp. 279-296.

[164] Ostermann, P. “Modal Logic and Incomplete Information,” in Proc. First Symposium on
Mathematical Fundamentals of Database Systems. Dresden, GDR: January 1987, pp. 181-
196.

[165] Ostermann, P. “Logiques Modales et Informations Incompletes.” PhD. Dissertation. Toulouse,
September 1988.

[166] Parsons, S. and J. Fox. “A General Approach to Managing Imperfect Information in Deductive
Databases,” in Workshop on Uncertainty in Databases and Deductive Systems. Ithaca, NY:
Nov. 1994.

[167] Reiter, R. “Towards a Logical Reconstruction of Relational Database Theory,” in On Concep-
tual Modeling: Perspectives from Artificial Intelligence Databases and Programming Lan-
guages. Ed. J. Mylopoulos M. Brodie, and J.W. Schmidt. Berlin and New York: Springer-
Verlag, 1984. pp. 191-238.

[168] Reiter, R. “What should a database know?,” in Proceedings of the Symposium on Computa-
tional Logic. Brussels: 1990, pp. 96-113.

[169] Ross, K. A. and R. W. Topor. “Inferring negative information from disjunctive databases.”
Journal of Automated Reasoning, 4, No. 4, Dec. 1988, pp. 397-424.

[170] Royer, V. “The Semantics of Incomplete Databases as an Expression of Preferences.” Theo-
retical Computer Science, 78, No. 1, Jan. 1991, pp. 113-136.

[171] Sakama, C. “Possible Model Semantics for Disjunctive Databases,” in Proc. of the Int. Conf.
on Deductive and Object-Oriented Databases (DOOD’90). Kyoto, Japan: Dec. 1989.

[172] Subrahmanian, V. S. “Paraconsistent Disjunctive Deductive Databases,” in Proceedings of

the 20th International Symposium on Multiple- Valued Logic. Charlotte, NC: May 1990, pp.
339-346.

[173] Vardi, M. Y. “Querying logical databases.” Journal of Computer and System Sciences, 33
(1986), pp. 142-160.

16



[174] Vardi, M. Y. “On the integrity of databases with incomplete information,” in Proceedings of
the ACM Symposium on Principles of Database Systems. 1986, pp. 252-266.

[175] Williams, M. H. and Q. Kong. “Incomplete Information in a Deductive Database.” Data &
Knowledge Fngineering, 3, No. 3, Nov. 1988, pp. 197-220.

[176] Williams, M. H., Q. Kong and G. Chen. “Handling Incomplete Information in a Logic
Database,” in UK IT 88 Conference Publication. Swansea, United Kingdom: July 1988,
pp. 224-227.

[177] Yahya, A. and L. J. Henschen. “Deduction in Non-Horn Databases.” JAR, 1 (1985), pp.
141-160.

4 Fuzzy Set and Possibility Theory Approaches

Fuzzy set and possibility theory approaches are popular. Figure 4 shows the increasing popularity
for handling uncertainty and imprecision in information systems using these approaches.

Related work can be found in
e Section 1 — [7]

[178] Andreasen, T. and O. Pivert. “On the Weakening of Fuzzy Relational Queries,” in ISMI5794
Fighth International Symposium on Methodologies for Intelligent Systems. Charlotte, NC:
Oct. 1994.

[179] Anvari, M. and G. F. Rose. “Fuzzy Relational Databases,” in Analysis of Fuzzy Information.
1987. Vol. 2. pp. 203-212.

[180] Arrazola, 1., A. Plainfosse, H. Prade and C. Testemale. “Extrapolation of fuzzy values from
incomplete data bases.” Information Sciences, 14, No. 6 (1989), pp. 777-777.

[181] Baldwin, J. F. and S. Q. Zhou. “A Fuzzy Relational Inference Language.” Fuzzy Sets &
Systems, 14 (1984), pp. 155-174.

[182] Bandler, W. and L. Kohout. “The interrelations of the principal fuzzy logical operators,” in
Approximate Reasoning in Fxpert Systems. Ed. M. M. Gupta A., Kandel W. Bandler and
J. B. Kiszka. New York, NY: Elsevier Science Publishers, 1985. pp. 767-780.

[183] Bhuniya, B. and P. Niyogi. “Lossless Join Property in Fuzzy Relational Databases.” Data &
Knowledge Fngineering, 5, No. 1, Feb. 1993, pp. 122-122.

[184] Bosc, P., M. Galibourg and G. Hamon. “Fuzzy Querying with SQL: Extensions and Imple-
mentation Aspects.” Fuzzy Sets & Systems, 28 (1988), pp. 333-349.

17



[185] Bosc, P. and M. Galibourg. “Flexible Selection among objects: A framework based on
fuzzy sets,” in Proceedings ACM Conference on Research and Development in Information
Retrieval. Grenoble, France: 1988, pp. 433-449.

[186] Bosc, P. and M. Galibourg. “Indexing principles for a fuzzy data base.” Information Sciences,
14, No. 6 (1989), pp. 493-777.

9

[187] Bosc, P. and O. Pivert. “Some Algorithms for Evaluating Fuzzy Relational Queries,” in Int.

Conf. on Information Processing and Management of Uncertainty in Knowledge-Based
Systems. 1990, pp. 431-442.

[188] Bosc, P. and O. Pivert. “About Equivalences in SQLf, a Relational Language Supporting
Imprecise Querying,” in Proc. International Fuzzy Fngineering Symposium. Yokohama,
Japan: 1991.

[189] Bosc, P. and O. Pivert. “Some Properties of Alpha-Cuts of Fuzzy Predicates,” in Proc 11th
Furopean Meeting on Cybernetics and Systems Research. Vienna, Austria: 1992.

[190] Bosc, P. and O. Pivert. “On the Evaluation of Fuzzy Quantified Queries in a Database
Management System,” in Proceedings of the North American Fuzzy Information Society.
Dec. 1992.

[191] Bosc, P., L. Lietard and O. Pivert. “Soft Querying, a New Feature for Database Management
Systems,” in DEXA 94 - 5th International Conference on Database and Fzxpert Systems.
Athens, Greece: Sep. 1994.

[192] Bosc, P. and H. Prade. “Fuzzy Division for Regular Relational Databases,” in Workshop on
Uncertainty in Databases and Deductive Systems. Ithaca, NY: Nov. 1994.

[193] Buckles, B. P. and F. E. Petry. “Fuzzy databases and their applications,” in Fuzzy Information
and Decision Processes. Ed. M.M. Gupta and E. Sanchez. Amsterdam: North-Holland,
1982. pp. 361-371.

[194] Buckles, B. P. and F. E. Petry. “Security and Fuzzy Databases,” in IEFEE 1982 Proc. of the
Int. Conf. on Cybernetics and Society. 1982, pp. 213-226.

[195] Buckles, B. P. and F. E. Petry. “A fuzzy representation of data for relational databases.”
Fuzzy Sets and Systems, 7, No. 3, May 1982, pp. 213-226.

[196] Buckles, B. P. and F. E. Petry. “Extension of the fuzzy database with fuzzy arithmetic,”
in Proceedings of the IFAC Symposium, Fuzzy Information, Knowledge Representation and
Decision Processes. Marseille, France: July 1983, pp. 409-414.

[197] Buckles, B. P. and F. E. Petry. “Query Languages for Fuzzy Databases,” in Management
Decision Support Systems. 1983, pp. 241-252.

18



[198] Buckles, B. P. and F. E. Petry. “Information Theoretical Characterization of Fuzzy Relational
Databases.” IFEFE Transactions on Systems, Man and Cybernetics, SMC-13, No. 1 (1983),
pp. 74-T7.

[199] Buckles, B. P. and F. E. Petry. “Extending the fuzzy database with fuzzy numbers.” Infor-
mation Science, No. 34 (1984), pp. 145-155.

[200] Buckles, B. P. and F. E. Petry. “Uncertainty Models in Information and Database Systems.”
Information Sciences, 11 (1985), pp. 77-87.

[201] Buckles, B. P., F. E. Petry and H. Sachar. “Retrieval and Design Concepts for Similarity-
based (Fuzzy) Relational Databases,” in Robotics and Expert Systems - 1986, Proceedings
of ROBEXS’86: The Second Annual Workshop on Robotics and Frpert Systems. Houston,
TX: June 1986, pp. 335-343.

[202] Buckles, B. P. and F. E. Petry. “Generalized Database and Information Systems,” in Analysis
of Fuzzy Information. 1987. Vol. 2. pp. 177-201.

[203] Buckles, B. P. and F. E. Petry. “Towards a Fuzzy Object-Oriented Data Model,” in Pro-
ceedings of NAFIPS, the North American Fuzzy Info. Proc. Society ‘91. May 1991, pp.
73-77.

[204] Chang, S. K. and J. S. Ke. “Database Skeleton and its Application to Fuzzy Query Transla-
tion.” IFFEFE Transactions on Software Engineering, SE-4 (1978), pp. 31-43.

[205] Chang, S. K. and J. S. Ke. “Translation of fuzzy queries for relational database systems.”
IFEFE Transactions on Pattern Analysis and Machine Intelligence (PAMI-1), (1979), pp.
281-294.

[206] Chen, G. “A General Treatment of Data Redundancy in a Fuzzy Relational Data Model.”
JASIS: Journal of the American Society for Information, 43, No. 4, May 1992, pp. 304-304.

[207] Cross, V. and T. Sudkamp. “Representation and support generation in fuzzy relational
databases,” in Proceedings of the IEEF 1991 National Aerospace and Flectronics Conference
- NAECON 1991. Dayton, OH: May 1991, pp. 1136-1143.

[208] Cubero, J. C. and M. A. Vila. “A New Definition of Fuzzy Functional Dependency in Fuzzy
Relational Databases.” International Journal of Intelligent Systems, 9, No. 5, May 1994,
pp. 441-449.

[209] DiCesare, F. and Z. Sahnoun. “Linguistic Summarization of Fuzzy Data.” Information
Services, 52 (1990), pp. 141-152.

[210] Dockery, J. T. and E. Murray. “Fuzzy linguistic data bases. An application.” Information
Sciences, 14, No. 6 (1989), pp. 777-777.

19



[211] Dubois, D. and H. Prade. “Fuzzy Sets and Systems: Theory and Applications.” New York,
NY: Academic Press, 1980.

[212] Dubois, D., H. Prade and C. Testamale. “Handling Incomplete or Uncertain Data and Vague
Queries in Database Applications,” in Possibility Theory: An Approach to Computerized
Processing of Uncertainty. New York and London: Plenum Press, 1988. Chap. 6. pp.
217-257.

[213] Dubois, D. and H. Prade. “The Treatment of Uncertainty in Knowledge-Based Systems Using
Fuzzy Sets and Possibility Theory.” International Journal of Intelligent Systems, 3 (1988),
pp. 141-165.

[214] Dubois, D. and H. Prade. “Processing Fuzzy Temporal Knowledge.” [EEE Transactions of
Systems, Man and Cybernetics, 19, No. 4 (1989), pp. 729-744.

[215] Dutta, S. “Approximate spatial reasoning,” in Fourth Conference on Artificial Intelligence

for Space Applications. Huntsville, AL: Nov. 1988, pp. 95-106.

[216] Dutta, S. “An Event-based Fuzzy Temporal Logic,” in Proc. 18th IEFFFE Intl. Symp. on
Multiple- Valued Logic. Palma de Mallorca, Spain: 1988, pp. 64-71.

[217] Dutta, S. “Generalized Events in Temporal Databases,” in Proceedings of the Fifth Interna-
tional Conference on Data Fngineering. Los Angeles, CA: Feb. 1989, pp. 118-126.

[218] Dutta, S. “Approximate Reasoning with Temporal and Spatial Concepts.” PhD. Dissertation.
University of California, Berkeley, May 1990.

[219] Fleischman, R. M. “Supporting Fuzzy Logic Selection Predicates on a High Throughput
Database System.” Boston, MA: MIT Library, 1991.

[220] Gala, S., D. Chawala and C. Eastman. “Combining Fuzzy and Nonfuzzy Approximate Re-
trieval in a Database Management System,” in NAFIPS 91 Proceedings of the North Amer-
ican Fuzzy Information Processing Society Workshop. May 1991.

[221] Haar, R. L. “A fuzzy relational data base system.” Technical Report TR-586. University of
Maryland, Computer Center. Sep. 1977.

[222] Hawkes, L., S. Derry and E. Rundenesteiner. “Individualized Tutoring Using an Intelligent,
Fuzzy, Temporal Relational Database.” International J. of Man and Machine, 33 (1990),
pp- 409-429.

[223] Kacprzyk, J. and A. Ziolkowski. “Database queries with fuzzy linguistic quantifiers.” IFFFE
Trans. Syst. Man Cybern. SMC-16, 3, May/June 1989, pp. 474-479.

[224] Kacprzyk, J., S. Zadrozny and A. Ziolkowski. “FQUERY III plus. A ’human-consistent’

database querying system based on fuzzy logic with linguistic quantifiers.” Information
Sciences, 14, No. 6 (1989), pp. 777-777.

20



[225] Kamel, M. S., B. Hadfield and M. Ismail. “Fuzzy Query Processing using Clustering Tech-
niques.” Information Processing & Management, 26, No. 2 (1990), pp. 279-293.

[226] Klir, G. J. and T. A. Folger. “Fuzzy Sets, Uncertainty and Information.” Englewood Cliffs,
NJ: Prentice-Hall, 1988.

[227] Kurutach, W. and J. Franklin. “On Temporal-fuzziness in Temporal Fuzzy Databases,” in
DEXA’93. Prague, Czech Republic: Sep. 1993, pp. 154-165.

[228] Lee, D. and M. Kim. “Discovering Database Summaries through Refinements of Fuzzy
Hypotheses,” in icde. Houston, TX: Feb. 1994, pp. 223-230.

[229] Lopez-Permouth, S. R. “On Categories of Fuzzy Models.” Information Services, 53 (1990),
pp. 211-220.

[230] Mansfield, W. H. and R. M. Fleischman. “A High Performance, Ad-Hoc, Fuzzy Query
Processing System for Relational Databases,” in Proceedings of the North American Fuzzy
Information Processing Society. Dec. 1992.

[231] Matyuta, T. A., V. V. Pasichnik and A. A. Stogniy. “Means for Management of Relational
Fuzzy Databases - Way to Merging of Systems of Data Bases and Knowledge Bases,” in
Proc. First Symposium on Mathematical Fundamentals of Database Systems. Visegrad,
Hungary: June 1989, pp. 337-346.

[232] Medina, J. M., O. Pons and M. A. Vila. “GEFRED: A Generalized Model of Fuzzy Relational
Databases.” Information Sciences, 76, No. 1/2, Dec. 1994, pp. 87-87.

[233] Mouaddib, N. “Fuzzy Identification in Fuzzy Databases: The Nuanced Relational Division.”
International Journal of Intelligent Systems, 9, No. 5, May 1994, pp. 455-475.

[234] Murthy, S. V. and A. Kandel. “Fuzzy Sets and Typicality Theory.” Information Sciences, 51
(1990), pp. 61-93.

[235] Overton, K. and D. Gaucas. “Fuzzy representation for event occurrence,” in Sensor Fusion

1I: Human and Machine Strategies. Philadelphia, PA: Nov. 1989, pp. 472-4709.
[236] Pedrycz, W. “Relevancy of Fuzzy Models.” Information Services, 52 (1990), pp. 285-302.

[237] Potoczny, H. “On Similarity Relations in Fuzzy Relational Databases.” Fuzzy Sets and
Systems, 12 (1984), pp. 231-235.

[238] Prade, H. “The connection between Lipski’s approach to incomplete information data bases
and Zadeh’s possibility theory,” in Proceedings of the International Conference on Systems
Methodology. Washington, D.C.: Jan. 1982, pp. 402-408.

21



[239] Prade, H. and C. Testemale. “Generalizing database relational algebra for the treatment of
incomplete or uncertain information and vague queries.” Information Sciences, 34 (1984),
pp. 115-143.

[240] Prade, H. “Lipski’s approach to Incomplete Information Data Bases restated and generalized
in the setting of Zadeh’s Possibility Theory.” Information Systems, 9, No. 1 (1985), pp.
27-42.

[241] Prade, H. and C. Testemale. “Fuzzy Relational Databases: Representational Issues and
Reduction using Similarity Measures.” Journal of the American Society for Information
Science, 38, No. 2, Mar. 1987, pp. 118-126.

[242] Prade, H. and C. Testemale. “Representation of Soft Constraints and Fuzzy Attribute Values
by Means of Possibility Distributions in Databases,” in The Analysis of Fuzzy Information.
Ed. J. Bezdek. Boca Raton, FL: CRC Press, 1987. Vol. 2. pp. 213-229.

[243] Prade, H. and C. Testemale. “The Possible Approach to Handling of Imprecision in Database
Systems.” IEEF Database Engineering Bulletin - Special Issue on Imprecision in Databases,
12, No. 2, June 1989, pp. 4-10.

[244] Raju, K. V. S. V. N. and A. Majumdar. “Fuzzy Functional Dependencies in Fuzzy Relations,”
in International Conference on Data Fngineering. Los Angeles, CA: Feb. 1986, pp. 312-
319.

[245] Raju, K. V. S. V. N. and A. Majumdar. “The Study of Joins in Fuzzy Relational Databases.”
Fuzzy Sets and Systems, 21, No. 1 (1987), pp. 19-34.

[246] Raju, K. V. S. V. N. and A. Majumdar. “Fuzzy Functional Dependencies and Lossless Join
Decomposition of Fuzzy Relational Database Systems.” ACM Transactions on Database
Systems, 13, No. 2 (1988), pp. 129-166.

[247] Ramer, A. “Data Dependencies in Fuzzy Databases,” in Proceedings NAFIPS’90. Toronto,
Canada: 1990, pp. 258-261.

[248] Rundensteiner, E. A., L. W. Hawkes and W. Bandler. “Set-valued Temporal Knowledge
Representation for Fuzzy Temporal Retrieval in ICAL” in Proceedings of NAFIPS, the
North American Fuzzy Info. Proc. Society‘87. May 1987.

[249] Rundensteiner, E. A. and L. Bic. “Towards Modeling Imprecision in Semantic Data Models,”
in Proceedings of the Third International Fuzzy Sys. Ass. World Congress. Aug. 1989.

[250] Rundensteiner, E. A. and L. Bic. “Aggregates in Possibilistic Databases,” in Proceedings of
the Conference on Very Large Databases. 1989.

[251] Rundensteiner, E. A. and L. Bic. “Semantic Database Models and Their Potential for Captur-
ing Imprecision,” in Proc. Int. Conf. of Management of Data (COMAD 89). Hyderabad,
India: Nov. 1989.

22



[252] Rundensteiner, E. A., L. W. Hawkes and W. Bandler. “On Nearness Measures in Fuzzy
Relational Data Models.” International Journal of Approzimate Reasoning, 3, No. 3, July
1989, pp. 267-298.

[253] Rundensteiner, E. A. and L. Bic. “Evaluating aggregates in possibilistic relational databases.”
Data & Knowledge Fngineering, 7 (1992), pp. 239-267.

[254] Ruspini, E. “Possibilistic data structures for the representation of uncertainty,” in Approzx-
imate Reasoning in Decision Analysis. Ed. M.M. Gupta and E. Sanchez. Amsterdam:
North-Holland, 1982. pp. 411-415.

”

[255] Ruspini, E. H. “Possibility Theory Approaches for Advanced Information Systems.” Com-

puter, 9, No. 2, Sep. 1982, pp. 83-89.

[256] Sheng, R. L. “A Linguistic Approach to Temporal Information Analysis.” PhD. Dissertation.
University of California, Berkeley, May 1984.

[257] Shenoi, S. and A. Melton. “Proximity Relations in the Fuzzy Relational Database Model.”
Fuzzy Sets and Systems, 31 (1989), pp. 285-296.

[258] Shenoi, S. and A. Melton. “An Extended Version of the Fuzzy Relational Database Model.”
Information Sciences, 52, No. 1 (1990), pp. 35-52.

[259] Shenoi, S., A. Melton and L. T. Fan. “An Equivalence classes model of fuzzy relational
databases.” Fuzzy Sets and Systems, 38, No. 2, Nov. 1990, pp. 153-170.

[260] Shenoi, S., A. Melton and L. T. Fan. “Functional Dependencies and Normal Forms in the
Fuzzy Relational Database Model.” Information Sciences, 60, No. 1/2, Mar. 1992, pp.
1-1.

[261] Singer, D. “Default Data Generation in Databases of Net Systems: a Fuzzy Set Approach.”
International Journal of Systems Science, 20, No. 3, Mar. 1989, pp. 385-385.

9

[262] Sudkamp, T. and V. Cross. “Support Generation in Fuzzy Relational Databases,” in Pro-

ceedings NAFIPS’90. Toronto, Canada: 1990, pp. 265-268.

[263] Tahani, V. “A Conceptual Framework for Fuzzy Query Processing - A Step toward very
Intelligent Database Systems.” [Information Processing & Management, 13 (1977), pp.
289-303.

[264] Takahashi, Y. “Fuzzy Database Query Languages and Their Relational Completeness Theo-
rem.” [FEFE Transactions on Knowledge and Data Fngineering, 5, No. 1, Apr. 1993, pp.
122-122.

[265] Tripathy, R. C. and P. C. Sexena. “Multivalued dependencies in fuzzy relational databases.”
Fuzzy Sets and Systems, 38, No. 3, Dec. 1990, pp. 267-279.

23



[266] Umano, M. “FREEDOM-O: A fuzzy database system,” in Fuzzy Information and Decision
Processes. Fd. M.M. Gupta and E. Sanchez. Amsterdam: North-Holland, 1982. pp.
339-349.

mano, M. “Retrieval from fuzzy data base by fuzzy relational algebra,” in Proc. ym-

267] U M. “Retrieval f f data base by f lational algebra,” in P IFAC S
posium, Fuzzy Information, Knowledge Representation and Decision Processes. Marseille:
July 1983, pp. 1-6.

268] Umano, M. “Retrieval from Fuzzy Data Base by Fuzzy Relational Algebra,” in Fuzzy In-
g
formation, Knowledge Representation, and Decision Analysis. Ed. E. Sanchez. Oxford,
England: Pergamon Press, 1984. pp. 1-6.

[269] Vandenberghe, R., A. Van Schooten, R. De Caluwe and E. E. Kerre. “Some practical aspects
of fuzzy database techniques. An example.,” in Fuzzy Databases - Second International
Fuzzy Systems Association Congress. Tokyo, Japan: July 1989, pp. 465—-472.

[270] Vandenberghe, R., A. Van Schooten, R. De Caluwe and E. E. Kerre. “Some Practical Aspects
of Fuzzy Database Techniques. An Example.” Information Systems, 14, No. 6 (1989), pp.
443-453.

[271] Vasiliadis, S., G. Triantafyllos and W. Kobrosly. “A Fuzzy Reasoning Database Question
Answering System.” [FEF Transactions on Knowledge and Data Fngineering, 6, No. 6,
Dec. 1994, pp. 868-888.

[272] Vila, M. A., J. C. Cubero and J. M. Medina. “A Logic Approach to Fuzzy Relational
Databases.” [International Journal of Intelligent Systems, 9, No. 5, May 1994, pp. 449-
459.

[274] Vitek, M. “Fuzzy information and fuzzy time,” in Proc. IFAC Symp. Fuzzy Information,
Knowledge Representation and Decision Analysis. Marseille, France: 1983, pp. 159-162.

[275] Voung, L. T. and H. Thuan. “Retrieval from Fuzzy Database by Fuzzy Relational Algebra.”
MTA Sztaki Kozlmemenyek, 37 (1987), pp. 223-248.

[276] Voung, L. T. and H. Thuan. “Relational database extended by application of fuzzy set
theory and linguistic variables.” Computers and Artificial Intelligence, 8, No. 2 (1989), pp.
153-168.

[277] Wang, F., G. B. Hall and Subaryono. “Fuzzy information representation and processing
in conventional GIS software: database design and application.” International Journal of

Geographical Information Systems, 4, No. 3 (1990), pp. 261-283.

[278] Wong, M. H. and K. S. Leung. “A Fuzzy Database-Query Language.” Information Systems,
15, No. 5 (1990), pp. 583-590.

[279] Yager, R. R. “Fuzzy Quotient Operators for Fuzzy Relational Databases,” in Proc. Interna-
tional Fuzzy Engineering Symposium. Yokohama, Japan: 1991.

24



[280] Yang, Q., W. Zhang, C. Luo and H. Yu. “Unnesting Fuzzy SQL Queries in Fuzzy Databases,”
in (SOFTFEK-93) Workshop on Incompleteness and Uncertainty in Information Systems.
Montreal, Canada: Oct. 1993.

[281] Yang, Q,, C. Liu, J. Wu and C. Yu. “Efficient Processing of Nested Fuzzy SQL Queries,” in
tcde. Taipei, Taiwan: Mar. 1995.

9

[282] Zadeh, L. “Knowledge Representation in Fuzzy Logic.” [EEE Transactions on Knowledge

and Data FEngineering, 1, No. 1 (1989), pp. 89-100.

[283] Zemankova-Leech, M. and A. Kandel. “Fuzzy Relational Data Bases — a Key to Expert
Systems.” Interdisciplinary Systems Research Series. Koéln: TUV Rheinland, 1984.

[284] Zemankova, M. and A. Kandel. “Implementing Imprecision in Information Systems.” Infor-
mation Sciences, 37 (1985), pp. 107-141.

[285] Zemankova, M. “FIIS: A Fuzzy Intelligent Information System.” IEEFE Database Engineering
Bulletin - Special Issue on Imprecision in Databases, 12, No. 2, June 1989, pp. 11-20.

[286] Zhang, W., C. Yu, R. Reagan and H. Nakajima. “Context-Dependent Interpretations of
Linguistic Terms in Fuzzy Relational Databases,” in icde. Taipei, Taiwan: Mar. 1995.

[287] Zvieli, A. and P. Chen. “Entity-Relationship Modeling and Fuzzy Databases,” in Proceedings
of the Second International Conference on Data Engineering. 1986, pp. 320-327.

[288] Zvieli, A. “On Complete Fuzzy Relational Query Languages,” in Proceedings NAFIPS’86.
New Orleans, LA: 1986, pp. 704-726.

5 Probabilistic Approaches

Probability theory is much older than fuzzy set and possibility theory, but probability-based ap-
proaches to managing uncertainty are rarer. Figure 5 shows the publication history for handling
uncertainty and imprecision in information systems using probabilistic methods.

Related work can be found in

e Section 3 — [139]

e Section 6 — [333,334]

[289] Barbara, D., H. Garcia-Molina and D. Porter. “A Probabilistic Relational Data Model.” TR
215-89. Princeton University. Jan. 1989.

25



[290] Barbard, D., H. Garcia—Molina and D. Porter. “A Probabilistic Relational Data Model,” in
Proceedings of the International Conference on Fxtending Database Technology: Advances
in Database Technology — FDBT ’90. Venice, Italy: Mar. 1990, pp. 60-74.

[291] Barbara, D., H. Garcia-Molina and D. Porter. “The Management of Probabilistic Data.”
IEFFE Transactions on Knowledge and Data Engineering, 4, No. 5, Oct. 1992, pp. 487-
502.

[292] Brown, D. E. and W. J. Markert. “Uncertainty Management with Imprecise Knowledge with
Application to Design.” TPC-TR- 90-001. University of Virginia. Jan. 1990.

[293] Cavallo, R. and M. Pittarelli. “The Theory of Probabilistic Databases,” in Proceedings of the
Conference on Very Large Databases. Fd. P. Hammersley. Brighton, England: Sep. 1987,
pp. 71-81.

yreson, C. E. and R. T. Snodgrass. alid-Time Indeterminacy,” in Proceedings of the
294] D C. E. and R. T. Snodg “Valid-Ti Ind i ? in P di h
International Conference on Data Engineering. Vienna, Austria: Apr. 1993, pp. 335-343.

[295] Fuhr, N. “A Probabilistic Framework for Vague Queries and Imprecise Information in Databases,”
in Proceedings of the Conference on Very Large Databases. Brisbane, Australia: 1990.

[296] Garcia—Molina, H. and D. Porter. “Supporting Probabilistic Data in a Relational System.”
TR 147-88. Princeton University. Feb. 1988.

[297] Gelenbe, E. and G. Hebrail. “A Probability Model of Uncertainty in Data Bases,” in Pro-
ceedings of the International Conference on Data Fngineering. IEEE Computer Society.
Los Angeles, CA: IEEE Computer Society Press, I'eb. 1986, pp. 328-333.

[298] Kornatzky, Y. and S. Shimony. “A Probabilistic Spatial Data Model,” in DEXA93. Prague,
Czech Republic: Sep. 1993.

[299] Kornatzky, Y. and S. Shimony. “A Probabilistic Object-Oriented Data Model.” TR FC
93-04. Ben-Gurion University. May 1993.

[300] Lakshmanan, L. and H. Johnstone. “A Relational Data Model for Manipulating Probabilistic
Knowledge,” in (SOFTEK-93) Workshop on Incompleteness and Uncertainty in Informa-
tion Systems. Montreal, Canada: Oct. 1993.

[301] Lee, S. K. “Imprecise and Uncertain Information in Databases: An Evidential Approach,” in
Proceedings of the International Conference on Data Fngineering. Ed. F. Golshani. ieee.
Los Alamitos, CA: IEEE Computer Society Press, Feb. 1992, pp. 614-621.

[302] Lee, S. K. “ An Extended Relational Database Model for Uncertain and Imprecise Infor-

mation,” in Proceedings of the Conference on Very Large Databases. Vancouver, Canada:
Aug. 1992.

26



[303] Pearl, J. “Probabilistic Reasoning in Intelligent Systems.” Palo Alto, CA: Morgan Kaufmann,
1988.

[304] Pittarelli, M. “An Algebra for Probabilistic Databases.” [EEE Transactions on Knowledge
and Data Fngineering, 6, No. 2, Apr. 1994, pp. 293-303.

[305] Wong, S. K. M. and Y. Y. Yao. “A Probabilistic Inference Model for Information Retrieval.”
Information Systems, 16, No. 3 (1991), pp. 301-321.

[306] Wuthrich, B. “A Probabilistic Query Language.” TR CS94-8. Hong Kong University of
Science and Technology. Mar. 1994.

[307] Zimdnyi, E. “Query Evaluation in Probabilistic Databases.” RR 92-01. INFODOC, Université
Libre de Bruxelles, Belgium. Sep. 1992.

[308] Zimanyi, E. “Probabilistic Relational Databases.” RR 92-02. INFODOC, Université Libre
de Bruxelles, Belgium. Oct. 1992.

[309] Zimdnyi, E. “Incomplete and Uncertain Information in Relational Databases.” PhD. Disser-
tation. Université Libre de Bruxelles, July 1992.

6 Query-level

As information systems grow in size, storing terra-bytes of data or more, data mining and approx-
imate querying will become increasingly more important. Figure 6 shows the publication history
for query-level uncertainty.

Related work can be found in
e Section 4 — [191]

[310] Anwar, T. M., H. W. Beck and S. B. Navathe. “Knowledge Mining by Imprecise Querying:
A Classification-based System,” in Proceedings of the International Conference on Data
FEngineering. Tempe, AZ: Feb. 1992, pp. 622-630.

[311] Aref, W. G., D. Barbara, S. Johnson and S. Mehrotra. “Efficient Processing of Proximity
Queries for Large Databases,” in icde. Taipei, Taiwan: Mar. 1995.

[312] Buneman, P., S. B. Davidson and A. Watters. “A Semantics for Complex Objects and

Approximate Queries,” in Proceedings of the ACM Symposium on Principles of Database
Systems. Austin, TX: March 1988, pp. 305-314.

27



[313] Buneman, P., S. B. Davidson and A. Watters. “A Semantics for Complex Objects and
Approximate Answers.” Journal of Computer and System Sciences, , Aug. 1990, pp.
170-218.

[314] D’Atri, A. and L. Tarantino. “From Browsing to Querying.” [FEFE Database Engineering
Bulletin - Special Issue on Imprecision in Databases, 12, No. 2, June 1989, pp. 46-53.

[315] Dreizen, H. M. and S. K. Chang. “Imprecise Database: Imprecise Queries and View Naviga-
tion.” Inf. Sci. Fng. 1,1, Jan. 1985, pp. 12-43.

[316] Eastman, C. M. “Approaches to Approximate Retrieval in Database Management Systems,”
in NAFIPS 87: Proceedings of the North American Fuzzy Information Processing Society
Workshop. May 1987.

[317] Eastman, C. M. “Approximate Retrieval: A Comparison of Information Retrieval and Database
Management Systems.” IEFFE Database Engineering Bulletin - Special Issue on Imprecision
in Databases, 12, No. 2, June 1989, pp. 41-45.

[318] Ichikawa, T. and M. Hirakawa. “ARES: a relational database with the capability of performing
flexible interpretation of queries.” IEFFE Transactions on Software Fngineering, 12, No. 5,
May 1986, pp. 624-634.

[319] Kamel, M. S., W. S. Loo and A. K. C. Wong. “Intelligent database query translation,” in
Proceedings of the 1988 IFEFE International Conference on Systems, Man, and Cybernetics.
Beijing/Shenyang, China: Aug. 1988, pp. 665-669.

[320] Missaoui, R. and R. Godin. “A Concept Lattice Approach in Data Dredging,” in (SOFTFEK-
93) Workshop on Incompleteness and Uncertainty in Information Systems. Montreal,
Canada: Oct. 1993.

[321] Motro, A. “Query Generalization: A Method for Interpreting Null Answers,” in Fzpert
Database Systems. 1986, pp. 597-616.

[322] Motro, A. “Completeness Information and Its Application to Query Processing,” in Proceed-
ings of the Twelfth International Conference on Very Large Data Bases. August 1986, pp.
170-178.

[323] Motro, A. “VAGUE: a user interface to relational databases that permits vague queries.”
ACM Transactions on Office Information Systems, 6, No. 3, July 1988, pp. 187-214.

[324] Motro, A. “A Trio of Database User Interfaces for Handline Vague Retrieval Requests.” IFEFE
Database Engineering Bulletin - Special Issue on Imprecision in Databases, 12, No. 2, June

1989, pp. 54-63.

[325] Motro, A. “FLEX: A Tolerant and Cooperative User Interface to Databases.” IEEE Trans-
actions on Knowledge and Data FEngineering, 2, No. 2, June 1990, pp. 231-246.

28



[326] OZsoyoglu, G. “Synthetic Query Response Construction in Scientific Databases with Time
Constraints and Incomplete Information,” in Proceedings of the International Conference
on Data Engineering. IEEE Computer Society. Los Angeles, CA: IEEFE, Computer Society
Press, Feb. 1987, pp. 282.

[327] Rabitti, F. and P. Savino. “Retrieval of Multimedia Documents by Imprecise Query Specifi-
cation,” in Proceedings of the International Conference on Fxtending Database Technology.
Venice, Italy: 1990, pp. 203-218.

[328] Shin, D. “Semantics for Handling Queries with Missing Information,” in Proc. of the 9th
Annual Int’l Conf. on Information Systems. Minneapolis, MN: Dec. 1988.

[329] Shum, C. “Quick and Incomplete Responses: The Semantic Approach,” in Second Interna-
tional Conference on Information and Knowledge Management (CIKM-93). Arlington, VA:
Nov. 1993.

[330] Vrbsky, S. V. and Jane W. S. Liu. “An Object-oriented Query Processor that Produces Mono-
tonically Improving Approximate Answers,” in Proceedings of the International Conference
on Data Engineering. Kobe, Japan: 1991.

[331] Vrbsky, S. V. and J. W. S. Liu. “APPROXIMATE: A Query Processor that Produces
Monotonically Improving Approximate Answers.” IFEFE Transactions on Knowledge and
Data FEngineering, 5, No. 6, Dec. 1993, pp. 1056-1068.

[332] Vrbsky, S. “Approximate: a Query Processor that Produces Monotonically Improving Ap-
proximate Answers.” PhD. Dissertation. University of Illinois at Urbana-Champaign, 1993.

[333] Wong, E. “A Statistical Approach to Incomplete Information.” Technical Report CCA-80-01.
Computer Corporation of America. May 1980.

[334] Wong, E. “A Statistical Approach to Incomplete Information in Database Systems.” ACM
Transactions on Database Systems, 7, No. 3, Sep. 1982, pp. 470-488.

[335] Yen, S.-J. and A. Chen. “Neighborhood/Conceptual Query Answering with Imprecise/Incomplete

Data,” in Twelfth International Conference on the Entity-Relationship Approach. Dallas,
TX: Dec. 1993.

7 Schema-level

Uncertainty and imprecision can also exist in the schema, that is, in how the data is organized. In
some cases, this is a by-product of schema evolution, although the general topic of schema evolution
is beyond the scope of this bibliography.

29



Related work can be found in

e Section 2 — [125]
e Section 3 — [155]
e Section 4 — [287]

e Section 9 — [385]

[336] Dreizen, H. M. and S. K. Chang. “Imprecise Schema: A Rationale for Relations with Em-
bedded Subrelations.” ACM Transactions on Database Systems, 14, No. 4, Dec. 1989, pp.
447-479.

[337] Imielinski, T., S. Naqvi and K. Vadaparty. “Querying Design and Planning Databases,” in
Proc. of the Int. Conf. on Deductive and Object-Oriented Databases (DOOD’91). Munich,
Germany: Dec. 1991.

[338] Imieliniski, T., S. Naqvi and K. Vadaparty. “Incomplete Objects—A Data Model for Design
and Planning Applications,” in Proceedings of ACM SIGMOD International Conference on
Management of Data. Denver, CO: May 1991, pp. 288-297.

[339] Ramirez, R. G., R. Dattero and J. Choobineh. “Extension of Relational Views to derived
relations with Exceptions.” Information Systems, 15, No. 3 (1990), pp. 321-333.

[340] Tanaka, K., M. Yoshikawa and K. Ishihara. “Schema design, views and incomplete informa-

tion in object-oriented databases.” Journal of Information Processing, 12, No. 3 (1989),
PP 239-250.

8 Complexity Analyses

Adding support for uncertain and imprecise information is sometimes costly. Research that char-
acterizes the time or space complexity of various approaches appears in this section.

Related work can be found in
e Section 3 — [132]

[341] Abiteboul, S., P. Kanellakis and G. Grahne. “On the Representation and Querying of Sets
of Possible Worlds,” in Proceedings of ACM SIGMOD International Conference on Man-

agement of Data. Ed. U. Dayal and I. Traiger. Association for Computing Machinery. San
Francisco, CA: ACM Press, May 1987, pp. 34-48.

30



[342] Abiteboul, S., P. Kanellakis and G. Grahne. “On the Representation and Querying of Sets
of Possible Worlds.” Theoretical Computer Science, 78, No. 1, Jan. 1991, pp. 159-187.

[343] van Beek, P. and R. Cohen. “Exact and Approximate Reasoning about Temporal Relations.”
Computational Intelligence, 6 (1990), pp. 132-144.

[344] van Beek, P. “Temporal query processing with indefinite information.” Artificial Intelligence
in Medicine, 3, No. 6, Dec. 1991, pp. 325-339.

[345] Dean, T. and M. Boddy. “Reasoning About Partially Ordered Events.” Artificial Intelligence,
36, No. 3, Oct. 1988, pp. 375-399.

[346] Imielinski, T. and K. Vadaparty. “Complexity of query processing in databases with or-
objects,” in Proceedings of the ACM Symposium on Principles of Database Systems. 1989,
pp. 51-65.

[347] Koubarakis, M. “Dense Time and Temporal Constraints with #,” in Proceedings of the 3rd

International Conference on Principles of Knowledge Representation and Reasoning (KR
’92). Oct. 1992.

[348] Lakshmanan, V. S. “Query Evaluation with Null Values: Completeness and Complexity,” in
Office and Data Base Systems Research. Computer Systems Research Institute, University
of Toronto, Toronto, Canada, M55 1A1: Sep. 1988, pp. 218-227.

[349] Lakshmanan, V. S. “Query Evaluation with Null Values: How Complex is Completeness?,” in
Proceeding of the Ninth Conference on Foundations of Software Technology and Theoretical
Computer Science. Bangalore, India: Dec. 1989, pp. 204-222.

[350] Libkin, L. and L. Wong. “Semantic Representations and Query Languages for Or-sets,” in
Proceedings of the ACM Symposium on Principles of Database Systems. Washington, DC:
May 1993, pp. 37-48.

[351] Libkin, L. “Aspects of Partial Information in Databases.” PhD. Dissertation. University of
Pennsylvania, 1994.

[352] van der Meyden, R. “The Complexity of Querying Indefinite Information: Defined Relations,
Recursion and Linear Order.” PhD. Dissertation. Rutgers The State University of New
Jersey - New Brunswick, 1992.

[353] van der Meyden, R. “The Complexity of Querying Indefinite Data about Linearly Ordered

Domains (Preliminary Version),” in Proceedings of the ACM Symposium on Principles of
Database Systems. San Diego, CA: June 1992, pp. 331-345.

31



[354] Suchenek, M. A. “Two applications of model-theoretic forcing to Lipski’s data bases with
incomplete information.” Fundamenta Informatice, 12, No. 3, Sep. 1989, pp. 269-287.

9 Miscellaneous Papers

Papers that do not fit neatly into one of the previous sections (or that we have yet to classify)
appear in this section.

[355] Atzeni, P. and M. C. DeBernardis. “A new basis for the weak instance model,” in Proceedings
of the ACM Symposium on Principles of Database Systems. 1987, pp. 79-86.

[356] Babad, Y. M. and J. A. Hoffer. “Even no data has a value.” Communications of the
Association of Computing Machinery, 27, No. 8 (1984), pp. 748-756.

[357] Bhatnager, R. and L. Kanal. “Handling Uncertain information: A review of numeric and
non-numeric Methods,” in Uncertainty in Artificial Intelligence. Fd. L. N. Kanal and J.
F. Lemmer. New York, NY: Elsevier Science Publishers, 1986. pp. 3-26.

[358] Bolloju, N “Modelling of Imprecise and Uncertain Information,” in Proc. Conf. on Manage-
ment of Data (COMAN ’90). New Delhi, India: Dec. 1990.

[359] Borgida, A. “Language features for flexible handling of exceptions in information systems.”
ACM Transactions on Database Systems, 10, No. 4 (1985), pp. 565-603.

[360] Borgida, A. and K. E. Williamson. “Accommodating exceptions in databases, and refining the
schema by learning from them,” in Proceedings of the Conference on Very Large Databases.
Stockholm: 1985.

[361] Borgida, A. and D. Etherington. “Hierarchical Knowledge Bases and Efficient Disjunctive
Reasoning,” in Proc. First International Conference on Principles of Knowledge Represen-
tation and Reasoning. Toronto: May 1989, pp. 33-43.

[362] Borgida, A., R. Brachman, D. McGuiness and L. Resnick. “CLASSIC: A Structural Data
Model for Objects,” in Proceedings of ACM SIGMOD International Conference on Man-
agement of Data. June 1989, pp. 59-67.

”

[363] Bowers, D. S. “A database architecture for aggregate-incomplete data.
nal, 27, No. 4 (1984), pp. 294-300.

The Computer Jour-

[364] Brudno, V. A. “Estimating the unknown values in a database with incomplete information.”
Automation and Remote Control, 49, No. 1, Jan. 1988, pp. 114-119.

[365] Buneman, P., S. B. Davidson and A. Watters. “Querying Independent Databases.” Informa-
tion Sciences, 43, No. 1, Aug. 1987, pp. 170-218.

32



[366] Chandrasekaran, B., S. Mittal and J. W. Smith. “Reasoning with Uncertain Knowledge:
The MDX Approach,” in AMIA Congress 82. Ed. D.A.B. et al. Lindberg. NY: Masson
Publishing, 1982, pp. 335-339.

[367] Chatterjee, A., A. Segev and S. Sheshadri. “A Partitioning Strategy for Approximate Joins,”
in Workshop on Information Technologies & Systems 1993. Orlando, FL: Dec. 1993.

[368] Danforth, S. and P. Valduriez. “The data model of FAD: a database programming language.”
Information Sciences, 60, No. 1992, pp. 51-75.

[369] Dayon, B. “Reliability of Answers to an SQL Query.” TR. Department of Computer Sciences,
Concordia University. May 1990.

[370] de Korvin, A., G. Quichmayr and S. Hashemi. “Identifying Precedents under Uncertainty,”
in DEXA 94 - 5th International Conference on Database and Fxpert Systems. Athens,
Greece: Sep. 1994.

[371] Demichiel, L. G. “Performing Database Operations over Mismatched Domains.” PhD. Dis-
sertation. Department of Computer Sciences, Stanford University, 1989.

[372] Demichiel, L. G. “Resolving Database Incompatibility: An Approach to Performing Re-
lational Operations over Mismatched Domains.” [FEF Transactions on Knowledge and
Data Engineering, 1, No. 4, Dec. 1989, pp. 485-493.

[373] Dignum, F. and R. P. van de Riet. “Addition and removal of information for a knowledge
base with incomplete information.” Data & Knowledge Engineering, 8 (1992), pp. 293-307.

[374] Dreizen, H. M. “Imprecise Database: Representation of Imprecise and Exceptional Conditions
via Embedded Relations.” PhD. Dissertation. University of Illinois, 1983.

[375] Drescher, P., M. Holena, R. Kruschinski and G Laufkter. “Integrating Frames, Rules and
Uncertainty in a Database-Coupled Knowledge-Representation System,” in DEXA 9/ — 5th
International Conference on Database and Fzxpert Systems. Athens, Greece: Sep. 1994.

[376] Dubois, D. and H. Prade. “Incomplete conjunctive information.” Computers & Mathematics
with Applications, 15, No. 10 (1988), pp. 797-810.

[377] Gelenbe, E. “Incomplete representations of information in data bases.” Research Report No
9. ISEM, Univ. Paris-Sud. 1983.

[378] Gelenbe, E. “Incomplete Representation of Information in Databases,” in ICOD-2 Proceedings
of the Second International Conference on Databases. Cambridge, England: Aug. 1983,
pPp. 246-258.

[379] Goodman, I. R. and H. T. Nguyen. “Uncertainty Models for Knowledge-Based Systems.”
Amsterdam: North-Holland, 1985.

33



[380] Gunter, E. and L. Libkin. “A Functional Database Programming Language With Support
for Disjunctive Information.” AT&T Technical Memo BL.011261-931203-47. Dec. 1993.

[381] Gunter, E. and L. Libkin. “OR-SML: A Functional Database Programming Language for
Disjunctive Information and Its Applications,” in DEXA 94 - 5th International Conference
on Database and Fzxpert Systems. Athens, Greece: Sep. 1994.

[382] Hou, W., Z. Zhang and N. Zhou. “Statistical Inference of Unknown Attribute Values in
Databases,” in Second International Conference on Information and Knowledge Manage-

ment (CIKM-93). Arlington, VA: Nov. 1993.

[383] Hull, R. “Relative Information Capacity of Simple Relational Database Schemata.” TR
84-300. Computer Science Department, The University of Southern California. Jan. 1984.

[384] Imieliniski, T. and W. Lipski, Jr. “Incomplete Information and Dependencies in Relational
Databases,” in Proceedings of ACM SIGMOD International Conference on Management of
Data. Orlando, FL: June 1983, pp. 178-184.

[385] Kent, W. “Solving Domain Mismatch and Schema Mismatch Problems with an Object-
Oriented Database Programming Language,” in Proceedings of the Conference on Very
Large Databases. Barcelona, Spain: 1991, pp. 147-160.

[386] Kent, W. “The Breakdown of the Information Model in Multi-Database Systems.” ACM
SIGMOD Record, 20, No. 4 (1991), pp. 10-15.

[387] Kiessling, W., H. Thone and U. Giintzer. “Database Support for Problematic Knowledge,”
in Proc. EDBT92 International Conference on Frtending Database Technology. Vienna,
Austria: 1992.

[388] Kirsche, T., R. Lenz, H. Schuster and H. Wedekind. “Towards a Cooperative Data Model:
Uncertainty and Beyond,” in International Symposium on Advanced Database Technologies
and Their Integration (ADTI’94). Nara, Japan: Oct. 1994.

[389] Knight, B. “Information Loss in Temporal Knowledge Representations.” Computer Journal,
36, No. 2 (1993).

[390] Kratzer, K. and U Schreier. “Behandlung von Ausnahmesituationen mit einer Metadaten-
bank,” in Proc. GI-Fachtagung, Datenbank-Systeme fiir Biro, Technik und Wissenschaft,
Germany. Karlsruhe, Germany: 1985.

[391] Lacroix, M. and A. Pirotte. “Generalized Joins.” ACM SIGMOD Record, 8, No. 3 (1976),
pp. 14-15.

[392] Lefons, E., A. Silvestri and F. Tangorra. “An Analystic Approach to Statistical Databases,”

in Proceedings of the Conference on Very Large Databases. Florence, Italy: Oct. 1983, pp.
260-274.

34



[393] Leikauf, P. “Konsistenzsicherung durch Verwaltung von Konsistenzverletzungen,” in Proc.
GI-Fachtagung, Datenbank-Systeme fir Biro, Technik und Wissenschaft, Germany. Ziirich,
Switzerland: 1989.

[394] Levene, M. “The Nested Universal Relation Database Model.” Lecture Notes in Computer
Science 595. Springer-Verlag, 1992.

[395] Levesque, H. J. “Incompleteness in Knowledge Bases,” in Proc. of the Workshop on Data
Abstraction, Databases and Conceptual Modeling. Pingree Park, CO: June 1980.

[396] Levesque, H. J. “The interaction with incomplete knowledge bases: a formal treatment,”

in Proceedings of the International Joint Conference on Artificial Intelligence. Vancouver,
B.C.: Aug. 1981, pp. 240-245.

[397] Levesque, H. J. “A Formal Treatment of Incomplete Knowledge Bases.” PhD. Dissertation.
University of Toronto, FFeb. 1982.

[398] Levesque, H. J. “A Formal Treatment of Incomplete Knowledge Bases.” FLAIR Technical
Report 3. Fairchild Laboratory for Artificial Intelligence Research, Palo Alto, CA. Feb.
1982.

[399] Libkin, L. “A Relational Algebra for Complex Objects Based on Partial Information,” in
Lecture Notes in Computer Science 495: Proceedings of Symposium on Mathematical Fun-
damentals of Database Systems—91. Springer-Verlag, 1991. pp. 36-41.

[400] Lim, E., J. Srivastava, and S. Shekhar. “Resolving Attribute Incompatibility in Database
Integration: An Evidential Reasoning Approach,” in icde. Houston, TX: Feb. 1994, pp.
154-163.

[401] Lozinskii, E. “Plausible World Assumption,” in Proceedings of the First International Confer-
ence on Principles of Knowledge Representation and Reasoning. May 1989, pp. 266-275.

[402] Mendelson, H. and A. Saharia. “Incomplete Information Costs and Database Design.” ACM
Transactions on Database Systems, 11, No. 2 (1986), pp. 159-185.

[403] Michalewicz, Z. and A. Yeo. “Sets in Relational Databases,” in Proc. of the Canadian
Information Processing Society. Edmonton, Canada: Nov. 1987, pp. 237-245.

[404] Michalewicz, Z. and L. J. Groves. “Sets and Uncertainty in Relational Databases,” in Uncer-
tainty and Intelligent Systems, IPMU’88. Urbino, Italy: July 1988, pp. 127-137.

[405] Michalewicz, Z. and K. Chen. “Uncertain information in relational databases.” International
Journal of Policy and Information (Taiwan), 13, No. 2, Dec. 1989, pp. 187-202.

[406] Montgomery, C. A. and E. H. Ruspini. “The Active Information System: A Data-Driven

System for the Analysis of Imprecise Data,” in Proceedings of the Conference on Very
Large Databases. IEEE Computer Press, 1981, pp. 376-384.

35



[407] Motro, A. “Integrity = Validity + Completeness.” ACM Transactions on Database Systems,
14, No. 4, Dec. 1989, pp. 480-502.

[408] Motro, A. “Annotating Answers with Their Properties.” ACM SIGMOD Record, 21, No. 1,
Mar. 1991.

[409] Ola, A. and G. Ozsoyoglu. “Incomplete Realational Database Models Based on Intervals.”
IEFFE Transactions on Knowledge and Data Engineering, 5, No. 2, Apr. 1993, pp. 293-308.

[410] Orli, R. “Modeling Data For the Summary Database.” DATA BASF, (1990), pp. 11-19.

[411] Orlowska, M. E. “On Syntax and Semantics Related to Incomplete Information Databases,”
in Proceedings of the 4th South African Computer Symposium. Pretoria, South Africa: July
1987, pp. 109-129.

[412] Orlowska, M. E. “On Incomplete Information Databases,” in Proceedings of the 4th In-
ternational Conference on Systems Research, Informatics and Cybernetics. Baden-Baden
W.Germany: 1988.

[413] Orlowska, M. E. “Two Interpretations of Queries to Incomplete Information Databases.”
South African Journal of Philosophy , 7, No. 2 (1988), pp. 126-132.

[414] Pawlak, Z. “Knowledge and Uncertainty: A Rough Set Approach,” in (SOFTFEK-93) Work-
shop on Incompleteness and Uncertainty in Information Systems. Montreal, Canada: Oct.
1993.

[415] Pearl, J. “Reasoning under Uncertainty.” Annual Review of Computer Science, 4 (1989-1990),
pp. 37-72.

[416] Read, R. “A Multi-Resolution Relational Data Model,” in Proceedings of the Conference on
Very Large Databases. Vancouver, Canada: 1992.

[417] Read, R. L., D. S. Fussel and A. Silberschatz. “Computing Bounds on Aggregate Operations
over Uncertain Sets,” in Workshop on Uncertainty in Databases and Deductive Systems.
Ithaca, NY: Nov. 1994.

[418] Sadri, F. “Modeling Uncertainty in Databases,” in Proceedings of the International Conference
on Data Engineering. IEEE Computer Society. Los Angeles, CA: IEEE, Computer Society
Press, 1991, pp. 122-131.

[420] Sage, A. P. “On the management of information imperfection in knowledge based systems,”
in Information Processing and Management of Uncertainty. Ed. B. Bouchon and R. Yager.
New York: Springer-Verlag, 1987.

[421] Said, J., V. Alagar and F. Sadri. “Intelligent Computations in Managing Uncertainty in Rela-

tional Database Systems,” in (SOFTFEK-93) Workshop on Incompleteness and Uncertainty
in Information Systems. Montreal, Canada: Oct. 1993.

36



[422] Schiel, U. and B. Oresotu. “Historical Data Modeling and the Logic of Precise and Imprecise
Time.” ACM SIGMOD Record, 15, No. 4, Dec. 1986, pp. 30-31.

[423] Schiel, U. “Representation and Retrieval of Incomplete and Temporal Information.” TR
DSC-02/87. Universidade Federal Da Paraiba. May 1987.

[424] Shiri, N. and M. Jamil. “Uncertainty as a Function of Expertise,” in (SOFTFK-93) Workshop
on Incompleteness and Uncertainty in Information Systems. Montreal, Canada: Oct. 1993.

[425] Shum, C. and R. Muntz. “Implicit representation for extensional answers,” in Proceedings of
the Second International Conference on Fxpert Database Systems. Apr. 1988, pp. 257-273.

[426] Skowron, A. “Management of Uncertainty in Al: A Rough Set Approach,” in (SOFTEK-93)
Workshop on Incompleteness and Uncertainty in Information Systems. Montreal, Canada:
Oct. 1993.

[427] Slowinski, R. and J. Stefanowski. “Rough Classification in Incomplete Information Systems.”
Mathematical and Computer Modelling (Ozford), 12, No. 10-11 (1989), pp. 1347-1357.

[428] Testemale, C. “Un systeme de traitement d’informations incomplétes ou incertaines dans une
base de données relationnelle.” PhD. Dissertation. Université Paul Sabatier, Toulouse,
1984.

[429] Thone, H., W. Kiessling and U. Giintzer. “Modelling, Chaining and Fusion of Uncertain
Knowledge,” in DASFAA °95 jth International Conference on Database Systems for Ad-
vanced Applications. Singapore: Apr. 1995.

[430] Trvieli, A. “Representation and Access of Uncertain Relational Data.” IFFFE Database En-
gineering Bulletin - Special Issue on Imprecision in Databases, 12, No. 2, June 1989, pp.
21-28.

[431] Warden, A. “Into the unknown [database languages].” Relational Journal (UK), No. 9, Mar.
1990, pp. 7-12.

[432] Wille, R. “Formal Concept Analysis of Incomplete and Uncertain Data,” in (SOFTEK-93)
Workshop on Incompleteness and Uncertainty in Information Systems. Montreal, Canada:
Oct. 1993.

[433] Williams, M. H. and K. A. Nicholson. “An Approach to Handling Incomplete Information in
Databases.” The Computer Journal, 31, No. 2 (1988), pp. 133-140.

[434] Yager, R. R. “A new approach to the summarization of data.” Information Sciences, 28, No.
1, Oct. 1982, pp. 69-86.

[435] Yager, R. R. “On Incomplete and Uncertain Knowledge Bases,”

ernment Symposium. MclLean, VA: Oct. 1986, pp. 96-100.

in Fzpert Systems in Gov-

37



[436] Yan, Z. and H. Jichao. “Data dependencies in database with incomplete information.” Jour-
nal of Computer Science & Technology (Eng. Lang. Fd.) (China), 3, No. 2, Apr. 1988,
pp. 131-138.

[437] Yeo, A. “Sets in Relational Databases.” Master’s Thesis, Victoria University, Wellington,
New Zealand, 1987.

[438] Zhou, N. “Representation and Processing of Uncertain Information in Relational Databases,”
in The 10th International Conference on the Entity Relationship Approach. San Francisco,
CA: Oct. 1991.

38



60 +

50 A

20

10 A

il

o
1970 1980 1990 2000

Figure 1: Publication history of every paper

20 4

10 =l

o
1970 1980 1990 2000

Figure 2: Publication history of unweighted approaches

39



20 4

10 A ™

Al

o
1970 1980 1990 2000

Figure 3: Publication history of logic-based papers

20 4 I

10 A ™

g LI

o
1970 1980 1990 2000

Figure 4: Publication history of fuzzy set and possibility theory approaches

40



20 4

10 A

o il

o
1970 1980 1990 2000

Figure 5: Publication history of probability theory approaches

20 4

10 A

I ]

o
1970 1980 1990 2000

Figure 6: Publication history of query-level papers

41



