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Participant Individuals: 

Partner Organizations:
Other collaborators: 

What People have worked:

Graduate Student: Hyoung-Rae Kim

Undergraduate Student: Florent Launay, and Laial Hossein

Other collaborators and contacts:

Non-PI/Not supported with the grant: Jochen Renz, Vienna University Of

Technology, and Gerard Ligozat, University of Paris - South

Activities and findings: 

Research and Education Activities: 

1. Published 17 peer reviewed articles, 9 draft articles are being

communicated, and published 1 non-peer reviewed article in a magazine.

2. Trained four students, including two female students and two

undergraduate students.

3. Set up laboratories at two different universities, including one in

an HBCU (Jackson State University). The PI changed universities during

the project.

4. Organized a Symposium (at AAAI Spring Symposia series, March 2003)

on the primary research topic of the project.

5. Created online bibliographic resources.

6. Developed domestic and International collaborations.

7. Introduced two courses and improved two courses (please see

'contributions' section of this report for details).

Findings:
8. Developed algorithms for temporal reasoning. Studied uncertainty in

temporal reasoning.

9. Introduced a new calculus for spatial reasoning. Generalized the

calculus to a parameterized version for multi dimensional reasoning.

Worked toward applying the calculus toward geometrical modeling. 

10. Created a framework for generalized spatio-temporal reasoning over

multiple dimensions. A new grant proposal is under development in that

direction.

(Please see 'contributions' section also.)

Training and Development:
Student Activities:

Two female students: one Graduate student (Geetha Marpagdha) and one

Senior Undergraduate student (Lail Hossein) have worked on the project

at Jackson State University and were trained in the research area. One

Undergraduate student (Florent Launay, continued as a graduate student

at FIT), and one Graduate student (Hyuong-Rae Kim) worked at the

Florida Tech. Almost all the students who worked in the project have

made contributions leading to collaborative publications with the PI

or to the articles of equivalent quality.

Other Educational / Outreach / Community-oriented Activities

Curriculum development: The project has positively impacted several

courses taught by the PI. They are Artificial Intelligence, Design and

Analysis of Algorithms (some NP-hardness proof from the research was

introduced in the course, and the module on Sorting is enhanced with a

new outlook generated from the research,

www.cs.fit.edu/~dmitra/Algorithms/). Two new courses, Constraint

Reasoning, and Computational Molecular Biology are developed at the

FIT out of this CAREER Award.  

On-line resource development: The PI has developed an on-line

bibliography

(http://www.cs.fit.edu/~dmitra/Research/str/bib-class.html) in the

area of temporal-reasoning (TR) that is well referred by the

community. The site also is a contribution toward developing taxonomy

of the relevant research works done in the area of TR. With the follow

up project we will extend that bibliography toward the broader area of

STR.

Laboratory development: The PI has developed a fully functional

Intelligent Systems Laboratory at Jackson State (an HBCU) utilizing

this project (with co-support from NASA and DOD). Many students,

including some female students and some from the minority community,

did their Master's project on areas related to Intelligent Systems

utilizing the lab. Currently a similar lab is under development at the

Florida Tech primarily for working on this project. The proposed

project would support that activity.

Collaborations: The PI has developed some international and domestic

collaborations in the relevant area through this project. They are

with: (1) Frank Anger, CISE, NSF (collaborated on non-linear temporal

ontology, Dr. Anger is a pioneer in the area); (2) Gerard Ligozat,

LIMSI, CNRS in Paris (an expert on algebraic-geometry and a pioneer in

taking an implicitly geometrical approach to the STR); (3) Jochen Renz

(proposer of the directional-interval calculus, and RCC-8) and with

(4) Hans Guesgen, University of Auckland, New Zealand (a pioneering

researcher on fuzzy temporal reasoning). 

Symposium: The PI has organized one of the AAAI Spring-symposia series

(FASTR, 2003) along with Drs. Guesgen and Renz, where about twenty

researchers from all over the world presented their work and

participated in discussions (Appendix, publication 9). The

participants included mathematicians, researchers from industry like

ORACLE corporation, and some graduate students. 

Outreach Activities:
(The following is a paragraph repeated from the previous section)

The PI's web-site on bibliography for the temporal reasoning

literature is being moved from Jackson State's server to that at

Florida Tech. However, it is not very well maintained currently, and

will be updated soon. It continues to get hit by interested

researchers from all over the world. We also plan to ask AAAI to link

it from their AI-resources web pages.

The PI has organized a symposium on the Foundation and Applications of

Spatio-temporal Reasoning (FASTR) to the AAAI Spring Symposia series

for 2003. The proposal was developed with Hans Guesgen of the

University of Auckland, New Zealand and Joachen Renz of the Vienna

Technical University. It is being accepted by the AAAI and the

symposium will be organized at Stanford University in March 2003 along

with the other symposia in the series.

Journal Publications: 

Debasis Mitra and Hyoung-Rae Kim, "A Spatial Knowledge Representation Scheme for Angular Directions in Euclidean Space: Star Calculus", AI Communications, vol. , (), p. . Submitted 

Debasis Mitra and Gerard Ligozat, "Spatial-reasoning for agents in multiple dimensions", Journal of Universal Computer Science, vol. 8, (2002), p. 774. Published 

Debasis Mitra, "A path consistent singleton modeling (CSM) algorithm for arc-constrained networks", Applied Intelligence Journal, vol. 17, (2002), p. 0. Published 

Debasis Mitra and Nabendu Pal, "Complexity studies of a temporal constraint propagation algorithm: A statistical analyses", Journal of Experimental and Theoretical Artificial Intelligence, vol. 11, (1999), p. 155. Published 

Debasis Mitra, "Cluster Forming Interval Sub-algebras", CONSTRAINT journal, vol. 3, (1998), p. 179. Published 


Book(s) of other one-time publications(s): 
Debasis Mitra, "Star Algebra for Reasoning with Angular Directions in 2D-space" , bibl. Notes on Spatial and Temporal Reasoning Workshop at IJCAI-2002, Edmonton, Canada, (2002). Workshop Published 
of Collection: Frank Anger, et al, "" 

Debasis Mitra and Walter P. Bond, "Component-oriented Programming as an AI-planning Problem" , bibl. Proceedings of the International Annual Conference of the Applied Intelligence society, IEA/AIE-2002, Cairns, Australia., (2002). Conference Published 
of Collection: Moonish Ali, et al, "Springer Lecture Notes on AI" 

Debasis Mitra, "Representing Geometrical Objects by Relational Spatial Constraints" , bibl. Knowledge-based Computer Systems conference (KBCS-2002), Decmber, 2002, Mumbai, India., (2002). Conference Accepted 

Debasis Mitra and others, "(Please see attached workspace or in the "contributions" section" , bibl. (not applicable), (n/a). Book Published 
of Collection: (not applicable), "(not applicable)" 

Other Specific Products:


Software (or netware)
A JAVA program for interactively point sequencing on a time-line using

relational constraints only.

Intend to make it directly accessible from the web. We can send a copy

on e-mail request now.


Internet Dissemination: 

http://www.cs.fit.edu/~dmitra/Research/str/bib-class.html 

A bibliography on Temporal Reasoning

Contributions: 

Contributions within Discipline:
 Final Report, December 2003  

Award Number: IIS-0296042, before revision on change of Institution:

IIS-9733018

Title: CAREER/RUI: Temporal/Multi-dimensional Reasoning with

Imprecision and Uncertainty

Duration: December 1998 - November 31, 2001, extended to November 31,

2003 

Amount: $150,068.

Activities and Findings:

1. Published 17 peer reviewed articles, 9 draft articles are being

communicated, and published 1 non-peer reviewed article in a magazine.

2. Trained four students, including two female students and two

undergraduate students.

3. Set up laboratories at two different universities, including one in

an HBCU (Jackson State University). The PI changed universities during

the project.

4. Organized a Symposium (at AAAI Spring Symposia series, March 2003)

on the primary research topic of the project.

5. Created online bibliographic resources.

6. Developed domestic and International collaborations.

7. Introduced two courses and improved two courses (please see

'contributions' section of this report for details).

8. Developed algorithms for temporal reasoning. Studied uncertainty in

temporal reasoning.

9. Introduced a new calculus for spatial reasoning. Generalized the

calculus to a parameterized version for multi dimensional reasoning.

Worked toward applying the calculus toward geometrical modeling. 

10. Created a framework for generalized spatio-temporal reasoning over

multiple dimensions. A new grant proposal is under development in that

direction.

Contributions:


We have developed a 'weak' (or general purpose) heuristic-based

complete algorithm for generating scenarios in a spatio-temporal

constraint network in any arbitrary calculus (e.g., Appendix,

Publication #17 in the list). Such scenarios would allow one to

instantiate the objects in a space satisfying the constraints. The

difficulty in proving the correctness of the algorithm over different

calculus has led us to the generalization problem over different

STR-related calculi that is the target of a new project. For example,

in the cyclic-time ontology even a path-consistent (see Mariott and

Stuckey, 1998, for path-consistency) and singleton (where every binary

constraint is a singleton constraint rather than a

disjunctive/incomplete constraint) network is not necessarily globally

consistent (Balbiani and Osmani, 2000). That used to be widely

accepted as a trivial fact for any STR calculus before. For this

reason our algorithm would fail to be a correct one in cyclic-time

interval algebra.

Our second contribution is in studying some semantically meaningful

sub-algebras of the time-interval algebra (e.g., Appendix, publication

#24). This work has led us to go beyond the composition table (CT) and

study some symmetry within the interval-CT. Some subsets of the set of

basic relations B are closed within the corresponding CT, i.e., every

entry in the CT is from within that subset. Note that this work is

different from that of finding a sub-algebra within the interval

algebra over 2^B. Two such orthogonal (non-overlapping) and complete

(together complete the full set B) sub-sets have been identified. We

studied this aspect within the time-interval calculus, but the similar

property could be found in most of the calculi. In time-interval

calculus one of the sub-sets corresponds to 'causality' (before, meet,

overlap) in its restricted sense, the other sub-set corresponds to

containment (during, starts, finish, equal). Aforementioned closure

properties allow us to develop efficient algorithms for approximate

reasoning, that also has additional semantics attached (e.g.,

identifying the causal directions between the events) than what a

temporal-reasoning system is typically expected to address. We have

recognized that these types of symmetry hidden in a CT affects the

computational properties and is much better understood from a

'geometrical' angle as proposed to be used in the follow up project. 


The third contribution from the project is in the Star-calculus area.

We started with the 2D Cardinal-directions calculus and first

generalized it toward its n-D version for n>2. We have also started

investigating the a similar calculus in 2D but with a generalized

zoning scheme for varying number of zones, rather than using a

Cartesian system as in the Cardinal-directions calculus with four

fixed lines. We named this new calculus as Star-calculus (Appendix,

publication #13). Some unique results there are (1) a parameterized

calculus as a step toward understanding the generalization of

multi-dimensional reasoning, (2) impossibility of reasoning with a

Star-calculus(n) for odd integer n, (because they do not have unique

inverse, have non-unique composition, and do not form relational

algebras; the reason for these properties is yet to be understood and

will be investigated in a follow up project), and (3) identification

of some maximal-tractable subalgebras. We have also shown some

application of Star-calculus in geometrical modeling areas. In this

preliminary work (Appendix, #10) we have investigated the shape and

orientation invariance of a polygon represented by any

directional-relations (using a Star-calculus(n), for some given n)

between the points of the polygon.

In another direction toward managing uncertain temporal information we

have discovered some unintuitive properties of the interval-based

reasoning with fuzzy certainty parameters associated with the

intervals (Appendix, #26). We have also developed some weak-heuristics

for the search problem in AI (Appendix, #19) that may have some

bearing in the STR. 


In yet another line of investigation we have addressed the issue of

finding 'causes' of inconsistency when the latter is detected in a

temporal constraint network (Appendix, #11). The specific problem

targeted in this work is that of interactively entering time-points

into an existing sequence of points, utilizing the qualitative

constraints (Appendix, #14 and #16). Such works will find obvious

applications in the diagnosis area or in the Constraint Databases

(Revesz, 2002). 

Students trained: Two female students: one Graduate student (Geetha

Marpagdha) and one Senior Undergraduate student (Lail Hossein) have

worked on the project at Jackson State University and were trained in

the research area. One Undergraduate student (Florent Launay,

continued as a graduate student at FIT), and one Graduate student

(Hyuong-Rae Kim) worked at the Florida Tech. Almost all the students

who worked in the project have made contributions leading to

collaborative publications with the PI or to the articles of

equivalent quality.

Collaborations: The PI has developed some international and domestic

collaborations in the relevant area through this project. They are

with: (1) Frank Anger, CISE, NSF (collaborated on non-linear temporal

ontology, Dr. Anger is a pioneer in the area); (2) Gerard Ligozat,

LIMSI, CNRS in Paris (an expert on algebraic-geometry and a pioneer in

taking an implicitly geometrical approach to the STR); (3) Jochen Renz

(proposer of the directional-interval calculus, and RCC-8) and with

(4) Hans Guesgen, University of Auckland, New Zealand (a pioneering

researcher on fuzzy temporal reasoning). 

Symposium: The PI has organized one of the AAAI Spring-symposia series

(FASTR, 2003) along with Drs. Guesgen and Renz, where about twenty

researchers from all over the world presented their work and

participated in discussions (Appendix, publication 9). The

participants included mathematicians, researchers from industry like

ORACLE corporation, and some graduate students. 

Curriculum development: The project has positively impacted several

courses taught by the PI. They are Artificial Intelligence, Design and

Analysis of Algorithms (some NP-hardness proof from the research was

introduced in the course, and the module on Sorting is enhanced with a

new outlook generated from the research,

www.cs.fit.edu/~dmitra/Algorithms/). Two new courses, Constraint

Reasoning, and Computational Molecular Biology are developed at the

FIT out of this CAREER Award.  

On-line resource development: The PI has developed an on-line

bibliography

(http://www.cs.fit.edu/~dmitra/Research/str/bib-class.html) in the

area of temporal-reasoning (TR) that is well referred by the

community. The site also is a contribution toward developing taxonomy

of the relevant research works done in the area of TR. With the follow

up project we will extend that bibliography toward the broader area of

STR.

Laboratory development: The PI has developed a fully functional

Intelligent Systems Laboratory at Jackson State (an HBCU) utilizing

this project (with co-support from NASA and DOD). Many students,

including some female students and some from the minority community,

did their Master's project on areas related to Intelligent Systems

utilizing the lab. Currently a similar lab is under development at the

Florida Tech primarily for working on this project. The proposed

project would support that activity.

Appendix:  Relevant peer-reviewed publications produced or being

communicated:

(1) 'A Spatial Knowledge Representation Scheme for Angular Directions

in Euclidean Space: Star Calculus,' Debasis Mitra and Hyoung-Rae Kim,

submitted to the Artificial Intelligence Communications Journal.

(2) 'Modeling and Reasoning with Star Calculus: An Extended Abstract,'

Debasis Mitra, Proceedings of the Eighth International Symposium on

Artificial Intelligence and Mathematics, Fort Lauderdale, Florida,

2004.

(3) 'Digital Signal Processing in Predicting Secondary Structure of

Proteins,' Debasis Mitra and Michael Smith (submitted to the

IEA/AIE-2004 conference).

(4) 'Qualitative Direction Algebras with Arbitrary Granularity,'

Debasis Mitra and Jochen Renz (unpublished)

(5) 'Spatial and Temporal Reasoning: Beyond Allen's Calculus,' Gerard

Ligozat, Debasis Mitra, and Jean-Francois Condotta, Proceedings of the

AAAI Spring Symposium on Foundations and Applications of

Spatio-temporal Reasoning (FASTR), Stanford, March, 2003.

(6) 'An Efficient Heterogeneous Hybrid Algorithm for Constraint

Satisfaction Search around Phase Transition,' Hyoung-Rae Kim and

Debasis Mitra, (submitted to the FLAIRS-2004 conference).

(7) 'Motif-oriented Representation of Sequences for a Host-based

Intrusion Detection System,'  Gaurav Tandon, Debasis Mitra, and Philip

K. Chan (submitted to the IEA/AIE-2004 conference).

(8) 'Digital Signal Processing in Protein Secondary Structure

Prediction,' Debasis Mitra and Michael E. Smith, an abstract in the

Proceedings of RECOMB-2003 conference.

(9) '2003 AAAI Spring Symposia series,' Andreas Abecker and seventeen

other organizers of all the symposia, AI Magazine, Fall 2003, Vol. 24,

No 3, pp. 131-134 (not peer-reviewed).

(10) 'Representing Geometrical Objects by Relational Spatial

Constraints,' Debasis Mitra, to be presented in the Knowledge-based

Computing Systems conference (KBCS-2002), December 2002, Mumbai,

India. (www.cs.fit.edu/~dmitra/Pub/MitraKbcs02CamRdy.doc) 

(11) 'Problem of consistency restoration in temporal reasoning,'

Debasis Mitra and Florent Launay, submitted to the FLAIRS-2004

conference (an International Symposium organized annually in Florida).

(www.cs.fit.edu/~dmitra/Pub/Poseq4.doc)

(12) 'Spatial and Temporal Reasoning: beyond Allen's calculus,' Gerard

Ligozat, Debasis Mitra, and Jean-Francois Condotta,  Proceedings of

the FASTR Spring symposium of AAAI, March 2003, Stanford University,

CA.

(13) 'Star Algebra for Reasoning with Angular Directions in 2D-space,'

Debasis Mitra, Workshop notes on Spatial and Temporal Reasoning at the

AAAI-2002 conference, Edmonton, Canada.

(www.cs.fit.edu/~dmitra/Pub/STRaaai02StarAlg.pdf)

(14) 'A class of star-algebras for point-based qualitative reasoning

in two-dimensional space,' Debasis Mitra, Proceedings of the

FLAIRS-2002 conference.  (www.cs.fit.edu/~dmitra/Pub/

Flairs02StarAlg.pdf)

(15) 'Spatial-reasoning for agents in multiple dimensions,' Debasis

Mitra and Gerard Ligozat,  Journal of Universal Computer Science, Vol

8, no. 8 (2002), pp. 774-791. 

(www.cs.fit.edu/~dmitra/Pub/jucs02-Camrdy.doc)

(16) 'Modeling of multi-dimensional relational constraints between

point objects,' Debasis Mitra, Gerard Ligozat, and Lail Hossein

(Undergraduate student), Proceedings of the Florida AI Research

Symposium (FLAIRS – 2001).

(17) 'A path consistent singleton modeling (CSM) algorithm for

arc-constrained networks,' Debasis Mitra, Applied Intelligence

Journal,  Vol 17, No. 2, 2002.

(18) 'A multiple-platform decentralized route finding system,' Hans W.

Guesgen and Debasis Mitra, Proceedings of IEA/AIE conference, Cairo,

Egypt, June 1999, (Lecture Notes in AI, 1611, Springer Verlag).

(19) 'Satisfiability in nonlinear time: algorithms and complexity,'

Frank D. Anger, Debasis Mitra and Rita V. Rodriguez, Proceedings of

the FLAIRS-1999 conference, Orlando, FL, May, 1999.

(20) 'Complexity studies of a temporal constraint propagation

algorithm: A statistical analyses,' Debasis Mitra and Nabendu Pal,

Journal of Experimental and Theoretical Artificial Intelligence, 11

(1999), pp. 155-183.

(21) 'All Consistent Temporal Models for Hybrid Representation of

Temporal Entities,' Debasis Mitra,  Proceedings of the International

Conference on Information Technology (CIT), Bhubaneswar, India,

December, 1998.

(22)  'Temporal Constraint Networks in Nonlinear Time,' Frank Anger,

Debasis Mitra and Rita Rodriguez, presented in the Spatial and

Temporal Reasoning Workshop at the European Conference on Artificial

Intelligence (ECAI'98), Brighton, UK, September, 1998.

(23)  'Cluster Forming Interval Sub-algebras,' Debasis Mitra,

CONSTRAINT journal, vol. 3, pp. 179-189, 1998.

(24) 'Two orthogonal sub-algebras of interval algebra,' Debasis Mitra

and Willie G. Brown,, Proceedings of the IEA/AIE Conference, (Annual

International conference of the International Society of Applied

Intelligence), Atlanta, Georgia, 1997. 

(24) 'Multi-dimensional knowledge representation with a fuzzy

extension,' Debasis Mitra, Proceedings of the Spatial and Temporal

Reasoning Workshop at AAAI, 1997.

(25) 'Identifying patterns in interval constraint networks,' Debasis

Mitra, Proceedings of the Spatial and Temporal Reasoning Workshop at

IJCAI, 1997. 


Contributions to Other Disciplines:
 Spatio-temporal reasoning is useful in many disciplines within

computer science. We have shown some application toward the

geometrical modeling areas.


Contributions to Education and Human Resources:
 (Repeat from one of the sections above)

As mentioned before two students are hired at Florida Tech in the

project as research assistants and have been very productive. The

graduate student Hyoung-Rae Kim is working on the star-calculi. Apart

from addressing that problem he is also doing some experiments with

the PI on a hybrid algorithm for the CSP developed by the PI. The

results from the experiments (using the well known N-queens problem as

a test bed) is likely to be communicated to the IJCAI-2003. The

undergraduate research assistant is Florent Launay, whose work was

mentioned above. He is actively considering to continue this project

by joining the Ph.D. program at FIT. A new course on Constraint

Reasoning is developed by the PI out of his research on this project

during the reported period.


Contributions to Resources for Science and Technology:
 Two machines purchased at Florida Tech is working as a seed for

developing a lab on Artificial Intelligence area.


Contributions Beyond Science and Engineering:
 Software developed from the project are being used to attract high

school students to the computing career.

