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1 Introduction

This is the fifth in a series of bibliographies concerning
temporal databases. Since the series is incremental, ear-
lier bibliographies in the series should be consulted to
find previous entries. The current bibliography includes
papers that have been published since the last bibliogra-
phy as well as papers that were not included in previous
editions.

The most recent entry in this series was by Soo
(“Bibliography on Temporal Databases,” ACM SIGMOD
Record, 20, No. 1, Mar. 1991, pp. 14-23.) Previous bib-
liographies were Stam & Snodgrass (“A Bibliography on
Temporal Databases,” IEEE Database Engineering, 7,
No. 4, Dec. 1988, pp. 231-239), McKenzie (“Bibliogra-
phy: Temporal Databases,” ACM SIGMOD Record, 15,
No. 4, Dec. 1986, pp. 40-52), and Bolour, Anderson,
Dekeyser, and Wong (“The Role of Time in Information
Processing: A Survey,” ACM SIGMOD Record, 12, No. 3,
1983, pp. 27-50).

Since the last bibliography, there have been several
developments in temporal databases. The International
Workshop on an Infrastructure for Temporal Databases
took place in Arlington, TX, June 14-16, 1993. A book
describing research in temporal databases was edited by
Tansel, Clifford, Gadia, Jajodia, Segev and Snodgrass
(Temporal Databases: Theory, Design, and Im-
plementation. Database Systems and Applications Se-
ries. Redwood City, CA: Benjamin/Cummings, 1993).

Several bibliographies have been compiled on spe-
cific areas within temporal databases. A bibliography
on space and time in databases was originally pub-
lished by Al-Taha, Snodgrass and Soo (“Bibliography
on Spatiotemporal Databases,” ACM SIGMOD Record,
22, No. 1, Mar. 1993), and later updated: Al-Tara,
Snodgrass and Soo (“A Bibliography on Spatiotempo-
ral Databases,” to appear in the International Journal
of Geographic Information Systems, 1993). A bibliogra-
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Figure 1: Temporal Database Papers

phy on incomplete and inexact information is maintained
by Curtis Dyreson (email: dyreson@cs.arizona.edu).
An annotated bibliography on schema evolution was pre-
pared by Roddick (“Schema Evolution in Database Sys-
tems — An Annotated Bibliography,” ACM SIGMOD
Record, 21, No. 4, Dec. 1993). Temporal database papers
in these subject areas were not reproduced here. These
bibliographies list 144, 4, and 8 temporal database pa-
pers, respectively.

The present bibliography lists 313 new temporal
database papers published or identified since the most
recent bibliography, which contained bibliography entries
of papers published through January, 1991 (see Figure 1).
Since we do not include the temporal database papers
listed in the above bibliographies, the growth of papers
in the area of temporal databases is even greater than
this graph shows.

This bibliography 1s divided into sections based on
the well-accepted valid/transaction model of time (see
Jensen, C. S., J. Chifford, S. K. Gadia, A. Segev, and
R. T. Snodgrass “A Glossary of Temporal Database
Concepts,” Appendix A, pp. 621-633, in Temporal



Databases: Theory, Design, and Implementa-
tion.) The four categories are enumerated below. Valid-
time models time in the real world, such as the period of
time a person worked for a company (for which we have
53 new papers). To model database time, such as the
time at which a computer writes a transaction to disk,
we use transaction time (19 new or previously unrecorded
papers). Some papers discuss concepts that apply to both
valid and transaction time (161 papers). Finally, some
papers are about other aspects of time, such as how to
efficiently perform calculations on time stamps or object
versioning in object-oriented databases (80 new papers).

The complete bibliography is available for anonymous
ftp at ftp.cs.arizona.edu in the bib directory. We
apologize in advance for any errors, misclassifications, or
omissions and welcome any corrections. We would like
to acknowledge Patrick Kalua for providing several bib-
liography entries he collected, and Richard Snodgrass for
comments on this paper. Any errors in the entries herein
are entirely our own.

2 Valid Time

Valid time is used to model real-world time, such as the
times projected for a bus to arrive at its bus-stops, or the
hours actually worked at a job.

Cardenas, A., I. leong, R. Taira, R. Barker and C. Bre-
ant. “The Knowledge-Based Object-Oriented
PICQUERY+ Language.” IEEE Transactions
on Knowledge and Data Engineering, b, No. 4,
August 1993, pp. 644-657.

Chidananda, M. R. “Query Optimization and Access
Planning in Historical Database Management
Systems.” Master’s Thesis; Department of Com-
puter Science and Engineering, 1992.

Chieuh, T.-C. and R. Katz. “Papyrus: a Structured His-
tory Database for VLSI Design Flow Manage-
ment,” in Database Systems for Advanced Ap-
plications ’91. Tokyo, Japan: Apr. 1991, pp.
293-301.

Clifford, J., A. Croker and A. Tuzhilin. “On Complete-
ness of Historical Relational Query Languages.”
Technical Report STERN IS-93-8. Stern School
of Business, New York University. 1993.

Clifford, J., A. Croker and A. Tuzhilin. “On the Com-
pleteness of Query Languages for Grouped and
Ungrouped Historical Data Models,” in Tempo-
ral Databases: Theory, Design, and Implemen-
tation. Benjamin/Cummings, 1993. Chap. 20,
pp. 496-533.

Dayal, U. and G. T. J. Wuu. “A Uniform Approach to
Processing Temporal Queries,” in Proceedings of
the Conference on Very Large Databases. Van-
couver, Canada: Aug. 1992.

Dorda, W. G. “WAREL; A System for Retrieval of Clin-
ical Data Considering the Course of Diseases.”
Meth. Inform. Med., 28, Oct. 1989, pp. 133—
141.

Elmasri, R., Y.-J. Kim and G. T. J. Wuu. “Efficient Im-
plementation Techniques for the Time Index,” in
Proceedings of the Seventh International Confer-
ence on Data Fngineering. 1991, pp. 102-111.

Falkenberg, E. D.,; J. H. L. Oei and H. A. Proper. “A
Conceptual Framework for Evolving Information
Systems.” Technical Report 91-13. University of
Nijmegen. May 1991, 1-19 pages.

Gabbay, D. and P. McBrien. “Temporal Logic and His-
torical Databases,” in Proceedings of the Confer-
ence on Very Large Databases. 1991.

Ginsburg, S. “Object and Spreadsheet Histories,” in
Temporal Databases: Theory, Design, and
Implementation. Benjamin/Cummings, 1993.

Chap. 12, pp. 271-293.

Grandi, F. and M. Scalas. “A History-Oriented Tempo-
ral Query Language,” in Proceedings of the 5th
IEEE Compeuro. Bologna, Italy: May 1991.

Grandi, F., M. R. Scalas and P. Tiberio. “A primitive for
recording the content of PRO-COM messages in
temporal data bases.,” in 5th Prometheus Work-
shop. Munich, Germany: October 1991, pp.
127-141.

Grandi, F.;, M. Scalas and P. Tiberio. “A History-
Oriented Data View and Operation Semantics
for Temporal Relational Databases.” Technical
Report 79. CIOC-CNR. January 1991.

Grandi, F.;, M. R. Scalas and P. Tiberio. “History
and Tuple Variables for Temporal Query Lan-
guages.” Technical Report 93. C.I.O.C.-C.N.R.
and D.E.L.S.. January 1993.

Hsu, S. and R. Snodgrass. “Optimal Block Size for Set-
valued Attributes.” Information Processing Let-
ters, 45, No. 3, Mar. 1993, pp. 153-158.

Hsu, S. H. and R. T. Snodgrass. “Optimal Block Size for
Repeating Attributes.” TemplS Technical Re-
port No. 28. Department of Computer Science,
University of Arizona. Dec. 1991.

Hsu, S. H. “Page and Tuple Level Storage Structures for
Historical Databases.” TemplS Technical Re-
port No. 34. Computer Science Department,
University of Arizona. May 1992.

Johnson, R. and N. Lorentzos. “Temporal Data Man-
agement.” Information Update Database Tech-
nology, 1 (1987), pp. 5-11.



Kafer, W. and H. Schoening. “Realizing a Temporal
Complex-Object Data Model,” in Proceedings
of ACM SIGMOD International Conference on
Management of Data. San Diego, CA: June
1992.

Kalua, P. and E. Robertson. “The Role of Time in Infor-
mation Systems,” in Proceedings of the 2nd In-
ternational Conference on Computing in South-

ern Africa (CISNA-91). April 1991, pp. 86-98.

Kline, N. “Dissertation Proposal: Efficient Evaluation
of Aggregates in Temporal Databases.” Tem-
pIS Technical Report 40. Computer Science De-
partment, University of Arizona. Sep. 1992, 25
pages.

Kocberber, S. and A. Tansel. “An Index Structure for
Historical Databases,” in Computer and Infor-
mation Sciences VI - Proceedings of the 1991 In-
ternational Symposium. Side, Turkey: Oct.-Nov.
1991, pp. 169-178.

Landis, G. “Design Evolution and history in an Object-
Oriented CAD/CAM Database,” in Proc. of
IEFE. San Francisco, USA: March 1986.

Ling, D. H. O. “Query Execution and Temporal Support
in Distributed Database Systems.” PhD. Dis-
sertation. Institute of Informatics, University of

Ulster, July 1988.

Ling, D. H. O. and D. A. Bell. “Modelling and Managing
Time in Database Systems.” Computer Journal,

35, No. 2 (1992), pp. 332-341.

Lipeck, U. and C. Saake. “Using Finite-Linear Tempo-
ral Logic for Specifying Database Dynamics,” in

Lecture Notes in Computer Science. Springer-
Verlag, 1988.

Llewellyn, M. J. and M. A. Bassiouni. “Historical
Database Views.” J. of Information and Soft-
ware Technology, 33, No. 2, Mar. 1991, pp.

113-120.

Lorentzos, N. “The Interval-extended Relational Model
and Its Application to Valid-time Databases,”
in Temporal Databases: Theory, Design, and
Implementation. Benjamin/Cummings, 1993.

Chap. 3, pp. 67-91.

Lum, V., P. Dadam and H. Werner. “Integration of
Time Versions into a Relational Database Sys-
tem,” in Proceedings of the Conference on Very
Large Databases. Singapore: 1984.

McBrien, P., R. Owens, D. Gabbay, M. Niezette and P.
Wolper. “TEMPORA: A Temporal Database
Transaction System,” in [EEE Colloguium on
"Temporal Reasoning’. London, UK: Jan. 1990.

McBrien, P. “The Querying and Updating of a Historical
Database held in an RDBMS.” Internal Report
1992a. Dept. of Computing, Imperial College.
1992.

McBrien, P.; A. H. Selveit and B. Wangler. “An Entity-
Relationship Model Extended to describe His-
torical information,” in International Confer-
ence on Information Systems and Management
of Data (CISMOD’92). Bangalore, India: July
1992, pp. 244-260.

McBrien, P.; A. Seltveit and B. Wangler. “Using the
TRA to Define Temporal Operators,” in Pro-
ceedings of the CISMOD 92. Bangalore, India:
1992.

McKenzie, L. and R. T. Snodgrass. “Supporting Valid
Time in an Historical Relational Algebra: Proofs
and Extensions.” Technical Report TR-91-15.
Department of Computer Science, University of

Arizona. Aug. 1991.

Ngu, A. H. H. “Specification and Verification of Temporal
Relationships in Transaction Modeling.” Infor-
mation Systems, 15, No. 2 (1990).

Oomoto, E. and K. Tanaka. “Design and Implemen-
tation of a Visual Query Language for Histori-
cal Databases,” in Database Systems for Next-
Generation Applications. World Scientific Pub-
lishing Co., 1993. Vol. 1.

Sarda, N. “HSQL: A Historical Query Language,”
in Temporal Databases: Theory, Design, and
Implementation. Benjamin/Cummings, 1993.

Chap. b, pp. 110-140.

Sarda, N. L. “An Algorithm for Time-rollback on Histor-
ical Relations.” Technical Report. Department
of Computer Science and Engineering. May

1988.

Sarda, N. L. “Time-rollback Using Logs in Historical
Databases.” Information and Software Technol-

ogy, 35, No. 3 (1993), pp. 171-180.

Schafers, L. and G. Schlageter. “Toward Full Support of
Modeling and Querying Temporal Aspects in Re-
lational Database Systems.” Technical Report.
University of Hagen, West Germany. 1991.

Soo, M. D.; R. T. Snodgrass and C. S. Jensen. “Efficient
Evaluation of the Valid-Time Natural Join,” in
Proceedings of the International Conference on
Data Engineering. Feb. 1994.

Sripada, S. “Temporal Reasoning in Deductive
Databases.” PhD. Dissertation. Department
of Computing, Imperial College of Science and
Technology, January 1991.



Su, S. and H. Chen. “Temporal Rule Specification
and Management in Object-Oriented Knowledge
Bases.”  Technical Report TR-92-026. CIS
Dept., University of Florida. 1992.

Su, S. Y. W. and H. M. Chen. “A Temporal Knowledge
Representation Model OSAM*/T and Its Query
Language OQL/T,” in Proceedings of the Con-
ference on Very Large Databases. 1991.

Sun, Y, T. Stockman and S. M. Deen. “Processing Tem-
poral Data In the Relational Database.” Techni-
cal Report. School of Computing, Staffordshire
Polytechnic. June 1991, 15 pages.

Tansel, A. U. “Modelling temporal data.” Information
and Software Technology, 32, No. 8, Oct. 1990,
pp- 514-520.

Tansel, A. U. “Temporal Relational Data Model.” Tech-
nical Report. Department of Computer Engi-
neering. 1992, 54 pages.

Tauzovich, B. “Toward Temporal Extensions to the
Entity-Relationship Model,” in The 10th Inter-
national Conference on the Entity Relationship
Approach. San Mateo, California: E/R Insti-
tute, Oct. 1991, pp. 163-179.

Tian, D. “An Extension of SQL for Accessing Historical
Data in Heterogeneous Formats.” Technical Re-
port. Computer Science Program, University of
Texas at Dallas. June 1993, 23 pages.

Tian, D. “An Extension Of The Relational Data Model
Supporting Historical Data In Heterogeneous
Formats.” Technical Report. Computer Science
Program, University of Texas at Dallas. May
1993, 27 pages.

Tin, E. and A. Tansel. “On the Expressive Power of His-
torical Query Languages,” in Computer and In-
formation Sciences VI - Proceedings of the 1991
International Symposium. Side, Turkey: Oct.-
Nov. 1991, pp. 85-94.

Topaloglou, T., A. Illarramandi and L. Sbattella. “Query
Optimizations for KBMSs: Temporal Syntactic
and Semantic Transformations,” in Proceedings

of the International Conference on Data Engi-
neering. Feb. 1992, pp. 310-319.

3 Transaction Time

Transaction time is database time, used when a program
records the time that it performed some action, such as
the time that the computer actually updated a tuple, or
the time that a computer recorded the information about
an employee’s working hours.

Alter, G. and M. Gutmann. “Casting Spells: Database
Concepts for Event History Analysis.” Work-
ing Paper No. 92-1. Population Institute for
Research and Training, Indiana University. De-
cember 1991.

Baekgaard, L. and L. Mark. “Specification and Moni-
toring of Transaction Dependencies.” Technical
Report UMIACS-TR-91-74. Institute for Ad-
vanced Computer Studies and Department for
Computer Science, University of Maryland. Oct.
1991, 26 pages.

Baxkgaard, L. and L. Mark.
tion of Time-Varying Queries Using Predicate
Caches.” Technical Report UMIAC-TR-92-
64/CS-TR-2912. University of Maryland. June
1992, 26 pages.

Baxkgaard, L. and L. Mark.
of Time-Varying Selections.” Technical Report
UMIACS-TR-92-65/CS-TR-2913. University of
Maryland. June 1992, 17 pages.

Bassiouni, M. A. and M. J. Llewellyn. “A
Relational-Calculus Query Language For Histor-
ical Databases.” Computer Languages, 17, No.
3 (1992), pp. 185-197.

Cho, T. N. and K. C. Kim. “Design of Histori-
cal Databases using the 3-D Relational Data
Model,” in The 3rd International Symposium
on Database Systems for Advanced Applications.
Taejon, Korea: Apr. 1993.

Elmasri, R.; M. Jaseemuddin and V. Kouramajian. “Par-
titioning of Time Index for Optical Disks,” in
Proceedings of the International Conference on
Data Engineering. Ed. F. Golshani. IEEE.
Phoenix, AZ: Feb. 1992, pp. 574-583.

Henzinger, T. “The Temporal Specification and Verifi-
cation of Real-time Properties.” PhD. Disserta-
tion. Department of Computer Science, Stanford
University, 1992.

C. and L. Mark. “Differential Query Process-
ing in Transaction-Time Databases,” in Tempo-
ral Databases: Theory, Design, and Implemen-
tation. Benjamin/Cummings, 1993. Chap. 19,
pp. 457-491.

C. S., L. Mark, N. Roussopoulos and T. Sel-
lis. “Using Differential Techniques to Efficiently
Support Transaction Time.” The VLDB Jour-
nal, 2, No. 1, Jan. 1993, pp. 75-111.

Kolovson, C.

“Incremental Evalua-

“Incremental Evaluation

Jensen,

Jensen,

“Indexing Techniques for Historical

Databases,” in Temporal Databases: The-
ory, Design, and Implementation. Ben-
jamin/Cummings, 1993. Chap. 17, pp. 418-
432.



Leung, T. Y. and R. Muntz. “Generalized Data Stream
Indexing and Temporal Query Processing,” in
Second International Workshop on Research Is-
sues in Data Engineering:
Query Processing. Feb. 1992.

Lomet, D. and B. Salzberg. “Media Recovery with Time-
Split B-trees.” Technical Report NU-CCS-91-
16. College of Computer Science Northeastern
University. 1991, 42 pages.

Lomet, D. and B. Salzberg. “Rollback Databases.” Tech-
nical Report NU-CCS-92-3. Northeastern Uni-
versity. 1992.

Transaction and

Lomet, D. and B. Salzberg. “Transaction-Time
Databases,” in Temporal Databases: The-
ory, Design, and Implementation. Ben-
jamin/Cummings, 1993. Chap. 16, pp. 388-
417.

Ozsoyoglu, G., K. Du, S. Guru swamy and W.-C. Hou.
“Processing Real-Time, Non-Aggregate Queries
with Time-Constraints in CASE-DB,” in Pro-
ceedings of the International Conference on Data
Engineering. Ed. F. Golshani. Los Alamitos,
CA: IEEE Computer Society Press, Feb. 1992,
pp. 410-417.

Ramamritham, K. “Real-Time Databases.” Inter-
national Journal of Distributed and Parallel
Databases (1992).

Sarda, N. L. “Time Grid: A File Structure for Historical
Databases.” Technical Report. Department of
Computer Science & Engineering, 1.I.'T.. Apr.
1992, 26 pages.

Tsotras, V. J. and B. Gopinath. “Efficient Algorithms
Managing the History of Evolving Databases,”
in Proceedings of the International Conference
on Database Theory. 1990.

4 Both Transaction and Valid
Time

Some papers consider both transaction and valid time.

Ahn, I. “SQL4T: a Temporal Query Language,” in Pro-
ceedings of the International Workshop on an
Infrastructure for Temporal Databases. Ed. R.
T. Snodgrass. Arlington, TX: June 1993.

Alexakis, P. and B. Theodoulidis. “The TEMPORA De-
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tion Support,” in Proc. Workshop on Next Gen-
eration CASE Tools. NGCT’92. Manchester,
England: 1992.

Allen, J. F. “An Interval-Based Representation of Tem-
poral Knowledge,” in Proceedings of the Interna-

tional Joint Conference on Artificial Intelligence.
Vancouver: 1981, pp. 221-226.

Ariav, G. “Information Systems for Managerial Planning
and Control: A Conceptual Examination of their
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in Proceedings of the International Workshop on
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Chakravarthy, S. and S. K. Kim. “Semantics of Time-
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Concepts in Temporal Databases,” in Proceed-
wngs of the International Workshop on an Infra-
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Snodgrass. Arlington, TX: June 1993.
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Chen, H. H. M. “Temporal Knowledge Base Manage-
ment: Model, Query Language, Algebra, and
Implementation Techniques.” PhD. Disserta-
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