G. Need for a Center

Documentation concerning the extent of interaction among the

participating institutions of the Center, including evidence of the

effectiveness of the Center mode of operation to achieve the stated scientific

and educational objectives.

Assessment should be based on a determination of how effectively the

Center is able to function as a single organization and how well it manages to

integrate the participating institutions in its various activities.

86

E. Impact on Science Infrastructure

The following factors relate to the Center’s impact on science

infrastructure in the United States.

1. Possible long-range impact on computational processes and

techniques as a result of the Center’s research and knowledge transfer.

2. Impact on the size of the pool of experts in discrete mathematics

and theoretical computer science through the Center’s training of

graduate students.

3. Impact on the general level of mathematics training at the

precollege and college level through the Center’s various educational

programs.

4. Significance of the Center’s somewhat unique multiinstitutional

organizational structure as a model for university-industrial

collaboration.

Assessment of items 2 and 3 will be made as part of the general

evaluation of the Center’s educational programs. Item 1 can be gauged only

after a several year period. Item 4 should be related to the degree of

success of the Center, which should determine the extent to which other

multiinstitutional collaborative research efforts will wish to model

themselves along the Center’s lines.

F. Affirmative Action

The Center should also be judged on its success in having women and

minorities participate in the research and educational activities of the

Center: postdoctoral fellows, visitors, seminar lecturers, graduate students,

and undergraduate and pre-college programs. The same applies to the

appointment of staff personnel.

Assessment will be based on demonstrated effort by the Center

management to attract and retain members of underrepresented groups in its

various activities and in its operation.

85 components:

1. An external Scientific Advisory Board to advise and evaluate the

Center annually on all facets of its program.

2. An Executive Committee, consisting of members from the four

participating institutions - Rutgers and Princeton Universities, AT\&T

Bell Laboratories, and Bell Communications Research - with

responsibility for determining the over-all policy and activities of

the Center, meeting regularly on a monthly basis. In particular, the

Executive Committee has the responsibility for approving topics for the

"special year" and individual research workshops.

3. A Director (from Rutgers), a Co-Director (from Princeton), and an

Associate Director (from Rutgers), are responsible for the day-to-day

operation of the Center, including budgetary and staff management. The

Center will also have an Associate Director for Education.

4. A "Special Year" Organizational Committee with a representative

from each of the four participating institutions, and augmented by

senior external experts in the given topic (varying from year-to-year)

with responsibility for organizing the full panoply of activities of

the special year.

5. A Personnel Committee, with representatives from each of the four

participating institutions, as well as the Director, Co-Director, and

Associate Director, with responsibility to select all long-term and

short-term visitors to the Center (other than those directly connected

with the "special year") and also to select all post-doctoral fellows

to be supported by the Center.

6. A Rotating Seminar Committee, with representatives from each of the

four participating institutions, with responsibility for organizing the

bimonthly "DIMACS" day, a day-long series of lectures and informal

discussions on a focused research topic, usually with industrial

applications, rotating among the four institutions.

7. Individual organizing committees for each of the research

workshops, as submitted by the proposers and approved by the Executive

Committee.

Assessment of this management organizational structure will be measured

in terms of its effectiveness in carrying out the stated mission and goals of

the Center.

84 measured by the number of students influenced to go into mathematics or

science. For the high school mathematics teacher training program, as

measured by the impact of the program on mathematics and science curriculum

in high schools and on the number of high school teachers reached by the

program (either directly or indirectly by their interaction with teachers

enrolled in the program).

Data will be provided including the list of all individuals involved in

the educational programs, both as recipients or instructors. Furthermore,

the high school teacher and student programs will have their own annual

separate peer reviewed assessments to judge their effectiveness.

C. Knowledge Transfer

The following items relate to the Center’s knowledge transfer

activities:

1. The number of long-term and short-term visitors to the Center, both

senior and junior faculty, scientists from industry and government, and

postdoctoral fellows.

2. Dissemination of the research accomplishments of the Center members

through publication of technical reports, conference proceedings,

monographs, and journal articles.

3. Participation by non-permanent members in the Center’s research

workshops and rotating seminar series.

4. Dissemination of instructional materials developed as part of the

Center’s educational programs.

Assessment of these knowledge transfer activities should be based on

the quality of the published materials, the level of participation by

non-permanent members, and based on the scope of the visitor program, the

quality and extent of dissemination of all published research and educational

materials, and the level of participation of non-permanent members in the

Center’s workshops and seminars. Careful records will be kept related to each

of these activities.

D. Management Organizational Structure

The organizational structure of the Center consists of the following

83

(a) Permanent members

(b) Visitors, postdoctoral fellows, and graduate students

supported by the Center.

5. Organizational plan of "special years." In particular, the

significance of the topics selected.

6. A report by the director describing (a) the major achievements of

the Center, (b) the impact of the Center’s research on directions

the field is taking, (c) impact of the Center on the professional

careers of the participants, and (d) the kinds of collaborations

achieved and/or stimulated by the Center.

Assessment of this research activity should be based on its quality as

measured by its significance and impact on the field. Especially important

for this judgment will be an evaluation of the choice of topics for the

special year research thrusts and for individual research workshops run by

the Center.

B. Educational Activity

The educational activities of the Center will include the following

items:

1. Training of graduate students at Rutgers and Princeton

Universities.

2. Instructional component of the existing Bell Labs/Bellcore summer

training program for selected undergraduates.

3. High school and middle school mathematics teachers program on

topics of discrete mathematics and theoretical computer science.

4. Summer training program for selected high school students on topics

of discrete mathematics and theoretical computer science.

Assessment of these educational programs should be based on their

impact: For graduate students, as measured (a) by the numbers trained

and receiving advanced degrees; (b) the special quality of their education

as a result of their involvement in Center activities; (c) special forms of

teaching experience within the Center’s pre-college and undergraduate

programs. For the various undergraduate and high school student programs, as

82

E Standards for Do cumen ting E�ectiv eness

DIMACS

(Center for Discrete Mathematics & Theoretical Computer Science)

Rutgers University

Standards for Evaluation of Center

May 1, 1992

The standards for evaluation of the activities of the Center for

Discrete Mathematics and Theoretical Computer Science should be based on

the following three general perspectives:

1. The intrinsic merit of the research and educational activities

of the Center;

2. Relation of the research conducted to the goals of the Center; and

3. Utility and relevance of the Center’s activities to the broader

community.

Judgment of the extent to which the Center has satisfactorily met these

standards should be made by a team of experts, capable of making such an

assessment.

A. Research Activity

Documentation of the research of the Center will consist of the

following data:

1. Technical reports.

2. Published conference proceedings and related monographs.

3. Abstracts of lectures held under the Center’s auspices.

4. Published journal articles by Center members:

81

The executiv e committee will b e restructured on July 1, 1994 and the old committee felt that

the replacement selections should b e deferred to the new memb ers.

80

C Disclosure of In v en tions, P aten t Applications, and

P aten ts New Soft w are, New T o ols

Not applicable.

D External Advisory Committ ee

1995 1996 1997

Dr. Ray Miller Dr. Avner F riedman, Chair Dr. L� aszlo Lov� asz

Dept. of Comp. Sci. University of Minn. Mathematics Dept.

A.V. Williams Bldg. Inst. for Mathematics Y ale University

Ro om 3233 and its Applications New Haven, CT 06520

Univ. of Maryland 514 Vincent Hall lov asz-laszlo@cs.yale.edu

College Pk., MD 20742 Minneap olis, MN 55455

miller@cs.umd.edu friedman@ima.umn.edu

Dr. David Sanchez Dr. Richard Karp

Vice Chancellor for Univ. of California, Berkeley

Academic AFF

AIRS Div. of Comp. Sci.

The T exas A&M 573 Ev ans Hall

University System Berkeley

, CA 94720

State Hg. Bldg. k arp@cs.b erkeley

.edu

College Station, TX 77843

Dr. Shmuel Winograd Dr. Daniel J. Kleitman

IBM, Thomas W atson Res. Ctr. M.I.T.

P .O. Box 218 Ro om 2-347

Y orktown Hts., NY 10598 Cambridge, MA 02139

swin@watson.ibm.com djk@math.mit.edu

Dr. Richard J. Shaker

National Security Agency

F ort Meade, MD 20755-6 00 0

Attn: R51, B2B37

Dr. Maria Klawe

Dept. of Comp. Sci.

6356 Agricultural Rd.

Univ. of British Columbia

V ancouver, V6T 1W5 CANADA

klawe@cs.ub c.ca

Notes: Richard Shaker and Maria Klawe have agreed to stay on to �ll unexpired terms.

79

Finding T r e es and Cycles in Gr aphs; Existenc e The or ems and F ast Par al lel Algorithms,

Gab or N. Sarkozy - Advisor: Endre Szemeredi (Rutgers U./CS Dept.)

The Structur e of the Sub gr oup L attic e, James Sharp - Advisor: Simon Thomas (Rutgers

U./Math Dept.)

Selected Publications in Education

DeBellis, V.A. and Goldin, G.A., \Interactions b etween cognition and a�ect in eight

high scho ol students’ individual problem solving." In Pro c. of the Thirteenth Annual

Meeting of PME-NA, (1991), edited by R.G. Underhill, pp. 29-35 .

DIMACS, Rosenstein, J., Ed. \In Discrete Mathematics: Using Discrete Mathematics

in the Classro om," Newsletter including contributions from teachers. F our issues, (1991,

1992, 1993 and 1994),

F ranzblau, D., \New Mo dels for Courses in Discrete Mathematics," Newsletter of the

SIAM Activit y Group on Discrete Mathematics, vol 4, 2, (1993-9 4).

Rob erts, F., Rosenstein, J., and F ranzblau, D., Discr ete Mathematics in the Scho ols:

How do we make an imp act, pro ceedings of a conference, in preparation.

78

Some Sto chastic Pr oblems in Fib er Pr o duction, Michael Murr - Advisor: Andras Prekopa

(Rutgers U./RUTCOR)

T r ansferring Pr eviously L e arne d Back-Pr op agation Neur al Networks to New L e arning

T asks, Lorien Y. Pratt - Advisor: Haym Hirsh (Rutgers U./CS Dept.)

F ul ly Dynamic Gr aph Algorithms and Their Data Structur e, M.H. Rauch - Advisor:

R.E. T arjan (Princeton U./CS Dept.)

Gener alize d Gr aph Colorings and Unit Interval Gr aphs, Denise Sak ai - Advisor: F red

Rob erts (Rutgers U./Math Dept.)

F oundations of R e curr ent Neur al Networks, Hav a Siegelmann - Advisor: Eduardo Sontag

(Rutgers U./Math Dept.)

Communic ation and F ault T oler anc e in Par al lel Computers, R.K. Sitaraman - Advisor:

R.E. T arjan (Princeton U./CS Dept.)

Combinatorial Algorithms for Bo ole an and Pseudo-Bo ole an F unctions, Xiaorong Sun -

Advisor: Peter L. Hammer (Rutgers U./RUTCOR)

Computational Complexity for Selection Pr oblems with Parity-Like T ests, Hing F ung

Ting - Advisor: Andrew Y ao (Princeton U./CS Dept.)

The R emainder F orm and Cor d-Slop e F orm in Glob al Optimization with Interval Meth-

o ds, Junjie Xiong - Advisor: Pierre Hansen (Rutgers U./RUTCOR)

Distribute d Data Structur es and Wait-F r e e Computation, F otis Zaharoglou - Advisor:

Michael Saks (Rutgers U./Math Dept.)

Perfe ct Matchings in Benzenoid Systems, Maolin Zheng - Advisor: Pierre Hansen (Rut-

gers U./RUTCOR)

1994 Theses Sup ervised b y DIMA

CS Mem b ers

Gr oups of Finite Morley R ank with Str ongly Emb e dde d Sub gr oups, T una Altinel - Advi-

sor: Gregory Cherlin (Rutgers U./Math Dept.)

R andom Algorithms, Der andomization and Indep endent Sets, Andras F undia - Advisor:

Michael Saks (Rutgers U./Math Dept.)

The Partial Sum Pr oblem: Tight Upp er and L ower Bounds, Haaripriyan Hampapuram

- Advisor: Michael F redman (Rutgers U./CS Dept.)

Discr ep ancy and Bandwidth, Rob ert Ho chb erg - Advisor: Jozsef Beck (Rutgers U./Math

Dept.)

Positional Games on the In�nite Chessb o ar d, Andras Pluhar - Advisor: Jozsef Beck

(Rutgers U./Math Dept.)

77

Perfe ct Matchings in Benzenoid Systems, Maolin Zheng - Advisor: Pierre Hansen (Rut-

gers U./RUTCOR)

1993 Theses Sup ervised b y DIMA

CS Mem b ers

The Stable Matching Pr oblem, Heran Ab eledo - Advisor: Uriel G. Rothblum (Rutgers

U./RUTCOR)

Contr ol lability of Discr ete-Time Nonline ar Systems and Some R elate d T opics, F rancesa

Alb ertini - Advisor: Eduardo Sontag (Rutgers U./Math Dept.)

T rustworthy Computations, Sigal H. Ar - Advisor: Jin-Yi Cai (Princeton U./CS Dept.)

Disjoint Maximal Indep endent Sets, David Arasmith - Advisor: Peter Winkler (Bellcore)

Computational Ge ometry with Impr e cise Data and Arithmetic, Brad Barb er - Advisor:

D.P . Dobkin (Princeton U./CS Dept.)

V ariations of the Art Gal lery The or em, Iliana Bjorling-Sachs - Advisor: Diane Souv aine

(Rutgers U./CS Dept.)

Data-Structur al Bo otstr apping and Catenable De ques, A.L. Buchsbaum - Advisor: R.E.

T arjan (Princeton U./CS Dept.)

Sche duling and Behavior al T r ansformations for Par al lel Systems, Liang-F ang Chao -

Advisor: Andrea S. LaPaugh (Princeton U./CS Dept.)

Minimum Sp anning T r e e V eri�c ations, F ast Priority Queues, and Massively Par al lel

F actoring, Brandon Dixon - Advisor: Rob ert E. T arjan (Princeton U./CS Dept.)

L ower Bounds for Uniform Constant Depth Cir cuits, Vivek Gore - Advisor: Eric Allen-

der (Rutgers U./CS Dept.)

A Gener al Class of Heuristics for Constr aine d F or est and Cycle Pr oblems, Celina Imielin-

sk a - Advisor: Bahman Kalantari (Rutgers U./CS Dept.)

On R amsey The ory, Xin Ke - Advisor: Jozsef Beck (Rutgers U./Math Dept.)

Non-Combinatorial Appr o aches to Two Combinatorial Pr oblems, Jeong Han Kim - Ad-

visor: Je�rey Kahn (Rutgers U./Math Dept.)

Applic ations of Zer o-One Line ar Pr o gr amming with Multiple-Choice Constr aints, Keh-

W ei Lih - Advisor: Pierre Hansen (Rutgers U./RUTCOR)

Lyapunov F unction T e chniques for Stabilization, Y. Lin - Advisor: Eduardo Sontag

(Rutgers U./Math Dept.)

Multigrid Algorithms on Massively Par al lel Computers, Lesley R. Matheson - Advisor:

Rob ert E. T arjan (Princeton U./Cs Dept.)

76

Aleph-Zer o Stable Lie Algebr as, Richard Rosengarten - Advisor: Gregory Cherlin (Rut-

gers U./Math Dept.)

Analysis of He apsort, Russel Scha�er - Advisor: Rob ert Sedgewick (Princeton U./CS

Dept.)

Comp etition Gr aphs, Thr eshold Gr aphs, and Thr eshold Bo ole an F unctions, Chi W ang -

Advisor: F red Rob erts (Rutgers U./Math Dept.)

Comp etitive Paging and Dual-Guide d On-Line Weighte d Caching and Matching Algo-

rithms, Neal Y oung - Advisor: Rob ert E. T arjan (Princeton U./CS Dept.)

1992 Theses Sup ervised b y DIMA

CS Mem b ers

Computational Ge ometry With Impr e cise Data and Arithmetic, C. Bradford Barb er -

Advisor: David P

. Dobkin (Princeton U./CS Dept.)

Data-Structur al Bo otstr apping and Catenable De ques, Adam L. Buchsbaum - Advisor:

Rob ert E. T arjan (Princeton U./CS Dept.)

V ertex Enumer ation Metho ds and Continuous L o c ation The ory, Pey-Chun Chen - Ad-

visor: Pierre Hansen (Rutgers U./RUTCOR)

Lyapunov F unction T e chniques for Stabilization, Y uandan Lin - Advisor: Edwardo Son-

tag (Rutgers U./Math Dept.)

Ham-Sandwich Cuts and R elate d Pr oblems, Chi-yuan Lo - Advisor: William Steiger

(Rutgers U./CS Dept.)

Xiaoyun Lu - Advisor: Je�rey Kahn (Rutgers U./Math Dept.)

Some Sto chastic Pr oblems in Fib er Pr o duction, Michael Murr - Advisor: Andras Prekopa

(Rutgers U./RUTCOR)

F ul ly Dynamic Gr aph Algorithms and Their Data Structur es, Monik a H. Rauch - Advi-

sor: Rob ert E. T arjan (Princeton U./CS Dept.)

Gener alize d Gr aph Colorings and Unit Interval Gr aphs, Denise Sak ai - Advisor: F red

Rob erts (Rutgers U./Math Dept.)

The Max Cut Pr oblem, Caterina De Simone - Advisor: Pierre Hansen (Rutgers U./RUTCOR)

Communic ation and F ault T oler anc e in Par al lel Computers, Ramesh Sitaraman - Advi-

sor: Rob ert E. T arjan (Princeton U./CS Dept.)

T opics in Optimization and Combinatorics, Xueqing T ang - Advisor: Adi Ben-Israel

(Rutgers U./RUTCOR)

Computational Complexity for Selection Pr oblems with Parity-Like T ests, Hing F ung

Ting - Advisor: Andrew C. Y ao (Princeton U./CS Dept.)

75

(94-31) On the Complexity of Some Basic Pr oblems in Computational Convexity: II. V ol-

ume and mixe d volumes, Peter Gritzmann and Victor Klee

(94-32) Perfe ct Gr aphs ar e Kernel Solvable , Endre Boros and Vladimir Gurvich

(94-33) Optimal Sp ac e Distribute d Or der-Pr eserving Lists, Michael Saks and F otis Za-

haroglou

(94-34) Upp er and L ower Bounds for Sele ct ion on the Mesh, Anne Condon and Lata

Narayanan

(94-35) A sp e ctr al te chnique for c oloring r andom 3-c olor able gr aphs, Noga Alon and Nabil

Kahale

(94-36) A Compr ehensive Manual for NETP

AD Users with Exer cises on Discr ete Mathe-

matics, Y anxi Liu

(94-37) Algorithms for Quantum Computation: Discr ete L o g and F actoring, Peter W. Shor

1991 Theses Sup ervised b y DIMA

CS Mem b ers

Optimality Conditions and Algorithms for Homo gene ous and Quadr atic Minimization

over Spher es and their Applic ations in L o c al Optimization Ansu Bagchi - Advisor: Bah-

man Kalantari (Rutgers U./CS Dept.)

An Euclide an Metric for Genetic Se quenc e Comp arison, K. Balasubramanian - Advisor:

Richard J. Lipton (Princeton U./CS Dept.)

On Some Combinatorial Pr oblems in Discr ep ancy and Ge ometry, Geza Bohus - Advisor:

Je�rey Kahn (Rutgers U./Math Dept.)

L ower Bounds in Par al lel Computation, Shiv a Chaudhuri - Advisor: Ravi Boppana

The Immersion R elation on Webs, Guoli Ding - Advisor: P

.D. Seymour (Bellcore)

F rugal Metho ds for the Indep endent Set and Gr aph Coloring Pr oblems, Magnus Hall-

dorsson - Advisor: Ravi Boppana

Finitely Constr aine d Classes of Homo gene ous Dir e cte d Gr aphs and Wel l Quasi-or der e d

F amilies of T ournaments, Brenda Latk a - Advisor: Gregory Cherlin (Rutgers U./Math

Dept.)

De c omp osition Pr oblems in Computational Ge ometry, Leonidas Palios - Advisor: Bernard

Chazelle (Princeton U./CS Dept.)

Gr aph Entr opy and F ormula Complexity, Jaikumar Radhakrishnan - Advisor: Endre

Szemeredi (Rutgers/CS Dept.)

L ower Bounds in Ge ometric Se ar ching, Burton Rosenb erg - Advisor: Bernard Chazelle

(Princeton U./CS Dept.)

74

(94-06) T ournament Certi�c ates, Peter Fishburn, Jeong Han Kim, Prasad T etali

(94-07) On the Complexity of Horn Minimization, Endre Boros, Ondrej Cep ek

(94-08) Computing over the R e als with A ddition and Or der: Higher Complexity Classes,

F elip e Cucker, Pascal Koiran

(94-09) De c omp osition of Partial ly De�ne d Bo ole an F unctions, Endre Boros, Vladimir Gur-

vich, Peter Hammer, T oshihide Ibaraki Alexander Kogan

(94-10) A We ak V ersion of the Blum, Shub & Smal l Mo del, Pascal Koiran

(94-11) A Pseudo-algorithmic sep ar ation of lines, William Steiger, Ileana Streinu

(94-12) A Bound of 4 for the Diameter of the Symmetric T r aveling Salesman Polytop e,

F red Risp oli, Steven Cosares

(94-13) Combinatorial Bases in systems of Simplic es & Chamb ers, T atiana V. Aleksey evsk ay a

Complement of a Complex Hyp erplane Arr angement, Grigori Rybnikov

(94-14) T owar d a Me asur e for P , Eric Allender, Martin Strauss

(94-15) A Note on Set Mappings with Me ager Images, Peter Komjath

(94-16) A Sublinear-time R andomize d Appr oximation Algorithm for Matrix Games, Michael

Grigoriadis, Leonid Khachiyan

(94-17) Normal Numb ers and Sour c es for BPP, Martin Strauss

(94-18) Me asur e on Smal l Complexity Classes, with Applic ations for BPP Eric Allender,

Martin Strauss

(94-19) Co or dination Complexity of Par al lel Pric e-Dir e ctive De c omp osition, Michael Grigo-

riadis, Leonid Khachiyan

(94-20) DIMACS Workshop on Par al lel Pr o c essing of Discr ete, Optimization Pr oblems

April 28-29, 1994, P

. Pardalos, M.G.C. Resende, K.G. Ramakrishnan

(94-21) An Interior Point Metho d for Bor der e d Blo ck Diagonal, Line ar Pr o gr ams, Michael

Grigoriadis, Leonid Khachiyan

(94-22) R andomizing Optimal Ge ometric Algorithms (Extende d Abstr act), Larry Shafer,

William Steiger

(94-23) R o ok Plac ement s and Cel lul ar De c omp osition of Partition V arieties, Kequan Ding

(94-24) R o ok Plac ement s and Partition V arieties P nM , Kequan Ding

(94-25) On Garsia-R emmel Pr oblem of R o ok Equivale nc e, Kequan Ding, Paul T erwilliger

(94-26) Classi�c ation of Partition V arieties, Kequan Ding

(94-27) The Par al lel Implementation of N-b o dy Algorithms, Pangfeng Liu

(94-28) Nonc ommutative Symmetric F unctions, Israel Gelfand, Daniel Krob, Alain Las-

coux, Bernard Leclerc, Vladimir Retakh, Jean-Yves Thib on

(94-29) An NC Algorithm for Depth-First Se ar ch of Gr aphs of Bounde d Genus, Justin R.

Smith and Olga Rayskina

(94-30) Sc or e Certi�c ates for T ournaments, Jeong Han Kim, Prasad T etali, Peter Fishburn

73

(93-76) Bip artite Dimensions and Bip artite De gr e es of Gr aphs, Peter C. Fishburn and Peter

L. Hammer

(93-77) An Analo g of F r eiman

’s The or em in Gr oups, Imre Z. Ruzsa

(93-78) On R e ducing the Cut R atio to the Multicut Pr oblem, Nabil Kahale

(93-79) R andom Deb aters and the Har dness of Appr oximating Sto chastic F unctions, Anne

Condon, Joan F eigenbaum, Carsten Lund and Peter Shor

(93-80) On Sums With Smal l Prime F actors, Gab or Sarkozy

(93-81) F ast Par al lel Algorithms for Finding Hamiltonian Cycles and T r e es in Gr aphs,

Gab or Sarkozy

(93-82) A Ge ometric Appr o ach for Denoting and Interse cting TR Sub gr oups of the Eu-

clide an Gr oup, Y anxi Liu

(93-83) Isop erimetric Ine qualities and Eigenv alue s, Nabil Kahale

(93-84) Notes on the Kolakoski Se quenc e, V asek Chv atal

(93-85) On the Diameter of the Symmetric T r aveling Salesman Polytop e, F red J. Risp oli

(93-86)

(93-87) Wkshop on Mo dels, Ar chite ctur es & T e chnolo gies for Par al lel Computation, P

.B.Gibb ons,

R.M.Karp, C.E.Leiserson, G.M.Papadop oulos

(93-88) On L attic es Equivale nt to Their Duals, J. H. Conway and N.J.A. Sloane

(93-89) Optimization Metho ds for Computing Glob al Minima of Nonc onvex Potential En-

er gy F unctions, Panos M.Pardalos, David Shalloway

, and Guoliang Xue

(93-90) Wkshop on Par al lel Algorithms: F r om Solving Combinatorial Pr oblems to Solving

Gr and Chal leng e Pr oblems, James Flalnagan, Y ossi Matias, and Vijaya Ramachan-

dran

(93-91) Balancing Up dates vs Queries for the Partial Sum Pr oblem, Haripriyan Hampapu-

ram and Michael L. F redman

(93-92) DIMACS Annual Rep ort

(93-93) On the V ery We ak 0-1 L aw for R andom Gr aphs With Or ders, Saharon Shelah

1994 DIMA

CS T ec hnical Rep orts

(94-01) Inverse The or ems for Subset Sums, Melvyn B. Nathanson

(94-02) Bal lot Numb ers, Alternating Pr o ducts and the Er dos-Heilbr onn Conje ctur e, Melvyn

B. Nathanson

(94-03) Indep endence of Solution Sets and Minimal Asymptotic Bases, Paul Erdos, Melvyn

B. Nathanson and Prasad T etali

(94-04) A L o c al Rule Base d The ory of Virus Shel l Assembly, Bonnie Berger, Peter Shor

(94-05) Self-A �ne Tiles in R, Je�rey Lagarias , Y ang W ang

72

(93-53) Quaternary Constructions for the Binary Singl e-Err or-Corr e cting Co des of Julin,

Best and Others, J.H. Conway and N.J.A. Sloane

(93-54) Expr essing (a sup2 + bsup2 + csup2 + dsup2)sup3 as a Sum of 23 Sixth Powers,

R.H. Hardin and N.J.A. Sloane

(93-55) D sub4; E sub8, L e e ch and Certain Other L attic es ar e Symple ctic, J.H. Conway and

N.J.A. Sloane

(93-56) A Pe destrian Appr o ach to R ay Sho oting: Sho ot a R ay, T ake a Walk, John Hersh-

b erger and Subhash Suri

(93-57) Finding a Shortest Diagonal of a Simple Polygon in Line ar Time, John Hershb erger

and Subhash Suri

(93-58) Matrix Se ar ching with the Shortest Path Metric, John Hershb erger and Subhash

Suri

(93-59) Can Visibility Gr aphs Be R epr esente d Comp actly?, Pank a j K. Agarwal, Noga Alon,

Boris Aronov, Subhash Suri

(93-60) Shortcutting Planar Digr aphs, Mikkel Thorup

(93-61) Contr ol le d Gr ammatic Ambiguity, Mikkel Thorup

(93-62) Minors and the Chr omatic Index of r-gr aphs, K. Kilakos and B. Shepherd

(93-63) A Note on a Conje ctur e of T oft, T. R. Jensen and F. B. Shepherd

(93-64) On Enumer ation of Ne ar to Best Solutions in Discr ete and Dynamic Pr o gr amming,

Joseph V. Romanovsky

(93-65) Instanc e-Hiding Pr o of Systems, D. Beave, J. F eigenbaum, R. Ostrovsky

, and V.

Shoup

(93-66) The L e ast Possible V alue at Zer o of Some Nonne gativ e Cosine Polynomials, Szilard

Gy . Revesz

(93-67) Appr oximation Clustering for Homo gene ous Data T ables, Boris Mirkin

(93-68) Gener alization of the T etr ad R epr esentation The or em, Glenn Shafer, Alexander

Kogan and Peter Spirtes

(93-69) Some Exp erimental and The or etic al R esults on T est Case Gener ators for the Max-

imum Clique Pr oblem, Laura A. Sanchis and Arun Jagota

(93-70) Eigenval ues and Exp ansion of R e gular Gr aphs, Nabil Kahale

(93-71) A R andomize d Line ar-Time Algorithm for Finding Minimum Sp anning, Philip N.

Klein and Rob ert E. T arjan

(93-72) Symmetric Quasi-De�nite Matric es, Rob ert J. V anderb ei

(93-73) A�ne-S c aling T r aje ctories Asso ciate d with a Semi-In�n ite Line ar Pr o gr am, Rob ert

J. V anderb ei

(93-74) Br ownian Bandits, Avi Mandelbaum and Rob ert J. V anderb ei

(93-75) Interior-Point Metho ds for Max-Min Eigenvalue Pr oblems, F ranz Rendl, Rob ert J.

V anderb ei, and Henry W olkowicz

71

(93-30) L asy Structur e Sharing for Query Optimization, Adam L. Buchsbaum, Ra jamani

Sundar and Rob ert E. T arjan

(93-31) Constructing L anguage Instanc es Base d on Partial Information, Laura A. Sanchis

(93-32) R ese ar ch Pr oblems in Discr ete Ge ometry: Packing and Covering, William Moser

and Janos Pach

(93-33) Inverse The or ems in A dditive Numb er The ory, Melvyn B. Nathanson

(93-34) T rust R e gions and the Quadr atic Assignment Pr oblem, Stefan E. Karisch, F ranz

Rendl, and Henry W olkowicz

(93-35) Entr opy Splitting Hyp er gr aphs, Gab or Simonyi

(93-36) Workshop on Par al lel Algorithms for Unstructur e d & Dynamic Pr oblems, Bill Aiello,

Alb ert G. Greenb erg, Andrew Ogielski

(93-37) Quasi-A cyclic Pr op ositional Horn Know le dge Bases: Optimal Compr ession, Peter

L. Hammer and Alexander Kogan

(93-38) Par al lel Pr o c essing of Discr ete Optimization Pr oblems, Grama Y. Ananth, Vipin

Kumar, and Panos M. Pardalos

(93-39) The Simplex Algorithm with a New Primal and Dual Pivot Rule, Hsin-Der Chen,

Panos M. Pardalos, and Michael A. Saunders

(93-40) On L attic e-F r e e Polytop es, Michel Deza and Shmuel Onn

(93-41) On Edge Bije ctions of Gr aphs, A. K. Kelmans

(93-42) On a Covering Pr op erty of Maximal Sp erner F amilies, Peter L. Erdos and Niall

Graham

(93-43) R elationships Among PL, # L, and the Determinant, Eric Allender and Mitsunori

Ogiwara

(93-44) Half-integr al Flows in a Planar Gr aph With F our Holes, Alexander V. Karzanov

(93-45) An E�cient Algorithm for Dynamic T ext Indexing, Ming Gu, Martin F arach and

Richard Beigel

(93-46) F ast Comp arison of Evolutionary T r e es, Martin F arach and Mikkel Thorup

(93-47) A New Appr o ach to the Construction of Optimal Designs, R.H. Hardin and N.J.A.

Sloane

(93-48) Covering Arr ays and Interse cting Co des, N.J.A. Sloane

(93-49) The Nor dstr om-R obinson Co de is the Binary Image of the Octac o de, G. David

F orney

,Jr., N.J.A. Sloane and Mitchell D. T rott

(93-50) A Line ar Construction for Certain Ker do ck and Pr ep ar ata Co des, A. R.Calderbank,

A. R.Hammons, Jr., and P

. Vijay Kumar

(93-51) Op erating Manual for Gosset: A Gener al-Purp ose Pr o gr am for Constructing Ex-

p erimental Design (Se c ond Edition), R.H.Hardin and N.J.A. Sloane

(93-52) The Z sub4-Line arity of Ker do ck, Pr ep ar ata, Go ethals and R elate d Co des, A.R.Hammons,Jr.,

P .Vijay Kumar, A.R.Calderbank, N.J.A. Sloane, and Patrick Sole

70

(93-08) Hilb ert Series of Gr oup R epr esentations and Gr obner Bases for Generic Mo dules,

Shmuel Onn

(93-09) Asymptotic R esults for Permutation Gr oups, Laszlo Pyb er

(93-10) Pr ob abilistic al ly Che ckable Deb ate Systems and Appr oximation Algorithms for PSP

ACE-

Har d F unctions, Anne Condon, Joan F eigenbaum, Carsten Lund, Peter Shor

(93-11) The L(2; 1)-L ab eling Pr oblem on Gr aphs, Gerard J. Chang and David Kuo

(93-12) A Tight Bound for Edge Guar ds in R e ctiline ar Monotone Polygons, Iliana Bjorling-

Sachs

(93-13) Combinatorial Optimization and Computations in the Ring of Polynomials, Alexan-

der I. Barvinok

(93-14) T esting Simple Polygons, Esther M. Arkin, Patrice Belleville, Joseph S.B. Mitchell,

David Mount, Kathleen Romanik, Steven Salzb erg, Diane L. Souv aine

(93-15) Enumer ating Conse cutive and Neste d Partitions for Gr aphs, G. J. Chang and F.

K. Hwang

(93-16) Con uently Persistent De ques via Data-Structur al Bo otstr apping, A. L. Buchsbaum

and R. E. T arjan

(93-17) On the Structur e of Co-Critic al Gr aphs, Anna Galluccio, Miklos Simonovits, Gab or

Simonyi

(93-18) Convex R elaxations of 0-1 Quadr atic Pr o gr amming, Sv atopluk Poljak and Henry

W olkowicz

(93-19) Inde�nite T rust R e gion Subpr oblems and Nonsymmetric Eigenval ue Perturb ations,

Ronald J. Stern and Henry W olkowicz

(93-20) A First-Or der Isomorphism The or em, Eric Allender, Jose Balcazar, and Neil Im-

merman

(93-21) Dept R e duction for Nonc ommutative Arithmetic Cir cuits, Eric Allender and Jia

Jiao

(93-22) A R obust Mo del for Finding Optimal Evolutionary T r e es, Martin F arach, Sampath

Kannan, and T andy W arnow

(93-23) Conse cutive Cuts and Paths, and Bounds on k -T erminal R eliability, Heidi J. Strayer

and Charles J. Colb ourn

(93-24) Weighte d Indep endent Perfe ct Domination on Co c omp ar ability Gr aphs, Gerard J.

Chang, C. Pandu Rangan and Satyan R. Co org

(93-25) The Russian Option: R e duc e d R e gr et, Larry Shepp and A. N. Shiryaev

(93-26) A Dual Russian Option for Sel lin g Short, Larry Shepp and A. N. Shiryaev

(93-27) Non-Stan ley Bounds for Network R eliability, Jason I. Brown and Charles J. Col-

b ourn

(93-28) Some Op en Pr oblems on R eliability Polynomials, Charles J. Colb ourn

(93-29) Combinatorial Optimization: A Survey, Martin Grotschel and Laszlo Lov asz

69

(92-46) Monte Carlo and Markov Chain T e chniques for Network R eliability Sampling, Adam

L. Buchsbaum and Milena Mihail

(92-47) The Co cycle L attic e of Binary Matr oids, Laszlo Lov asz

(92-48) Cub e Tiling of R n

and Nonline ar Co des, Je�rey C. Lagarias and Peter W. Sher

(92-49) L aplacian Sp e ctr a and Sp anning T r e es of Thr eshold Gr aphs, P

.L. Hammer and A.K.

Kelmans

(92-50) DIMACS Scienti�c Achiev ements: Highlights of the First F our Y ears

(92-51) Weighte d Multidimensional Se ar ch and its Applic ation to Convex Optimization,

David F ernandez-Baca

(92-52) A Tight Bound for Edge Guar ds in Monotone Polygons, Iliana Bjorling-Sachs and

Diane L. Souv aine

(92-53) Combinatorial Optimization: some Pr oblems and T r ends, Laszlo Lov asz

(92-54) Combinatorial Complexity of Signe d Discs, Diane L. Souv aine and Chee-Keng Y ap

(92-55) Nonp olyhe dr al R elaxations of Gr aph-Bise ction Pr oblems, Sv atopluk Poljak and and

F ranz Rendl

(92-56) DIMACS Annual Rep ort - Decemb er 1992

(92-57) Cycles in Bip artite Gr aphs and an Applic ation in Numb er The ory, Gab or N. Sarkozy

(92-58) A Counter example to Borsuk’s Conje ctur e, Je� Kahn and Gil Kalai

(92-59) A Pr oblem of F ur e di and Seymour on Covering Interse cting F amilies by Pairs, Je�

Kahn and Gil Kalai

(92-60) The Power of A daptiveness and A dditional Queries in R andom-Self-R e ductions,

Joan F eigenbaum

1993 DIMA

CS T ec hnical Rep orts

(93-01) A R andomize d Algorithm for Finding Maximum with O ((l og n)

2

) Polynomial T ests,

Hing F. Ting and Andrew C. Y ao

(93-02) Pr oje ctive Orientations of Matr oids, I. M. Gelfand, G. Rybnikov and D. Stone

(93-03) k -Neighborho o d Covering and Indep endence Pr oblems, Shiow-F en Hwang and Ger-

ard J. Chang

(93-04) A Polynomial-time Algorithm for the Phylo geny Pr oblem When the Numb er of

Char acter States is Fixe d, R. Agarwala and D. F ernandez-Baca

(93-05) Monotone Gr ay Co des and the Midd le L evels Pr oblem, Carla D. Sav age and Peter

Winkler

(93-06) Optimal Compr ession of Pr op ositional Horn Know ledge Bases: Complexity and

Appr oximation, Peter L. Hammes and Alexander Kogan

(93-07) On Computing Algebr aic F unctions Using L o garithms and Exp onentials, Dima Grig-

oriev, Michael Singer, and Andrew Y ao

68

(92-22) Horn F unctions and Their DNFs, Peter L. Hammer and Alexander Kogan

(92-23) Balancing Pr oblems in A cyclic Networks, Endre Boros, Peter L. Hammer, Mark E.

Hartmann and Ron Shamir

(92-24) An Optimal Algorithm for Gener ating Minimal Perfe ct Hash F unctions, Zbigniew

J. Czech, George Hav as and Bohdan S. Ma jewski

(92-25) On Aschb acher’s L o c al C(G;T)The or em, Daniel Gorenstein and Richard Lyons

(92-26) Amenable Colorings, N.V.R. Mahadev and F red S. Rob erts

(92-27) The Bounde d Chr omatic Numb ers of T r e es, Bor-Liang Chen and Ko-W ei Lih

(92-28) Mick Gets Some (The Odds ar e on His Side), V. Chv atal and B. Reed

(92-29) L e ctur e Notes on the New AKS Sorting Network, V. Chv atal

(92-30) A Uniform Cir cuit L ower Bound for the Permanent, Eric Allender and Vivek Gore

(92-31) Bo ole an-Combinatorial Bounding of Maximum 2-Satis�ability, Jean-Marie Bour-

jolly

, Peter L. Hammer, William R. Pulleyblank and Bruno Simeone

(92-32) A Gener al Class of Heuristics for Minimum Weight Perfe ct Matching and a log log n-

Err or Sp e cial Case in O (n log log n)-Time, Celina Imielinsk a and Bahman Kalantari

(92-33) Impr ove d Dynamic Dictionary Matching, Amiho o d Amir, Martin F arach, Ramana

M. Idury

, Johannes A. La Poutre and Alejandro A. Scha�er

(92-34) The Me aningfulne ss of Or dinal Comp arisons for Gener al Or der R elational Systems,

F red S. Rob erts and Zangwill Samuel Rosenbaum

(92-35) Data Structur al Bo otstr apping, Line ar Path c ompr ession, and Catenable He ap Or-

der e d Double Ende d Queues, Adam L. Buchsbaum, Ra jamani Sundar, Rob ert E.

T arjan

(92-36) Hamilton Cycles and Games on Gr aphs, Xiaoyun Lu

(92-37) Consensus F unctions and Patterns in Mole cular Se quenc es, Boris Mirkin and F red

S. Rob erts

(92-38) On the Satis�abilit y Pr oblem for the Gr ound Case of First Or der The ories, Alb erto

Policriti and Prasad T etali

(92-39) Gr aph Planarity and R elate d T opics, A.K. Kelmans

(92-40) On Universal Thr eshold Gr aphs, P

.L. Hammer and A.K. Kelmans

(92-41) Appr oximations to Solutions to Systems of Line ar Ine qualities, Osman Guler, Alan

J. Ho�man, and Uriel G. Rothblum

(92-42) F ormulation of Line ar Pr oblems and Solutions by a Universal Machine, B. Curtis

Eaves and Uriel G. Rothblum

(92-43) L o c al ly R andom REductions in Inter active Complexity The ory, Joan F eigenbaum

(92-44) Two-Thir ds is Sharp for A�ne Sc aling, Leslie A. Hall and Rob ert V anderb ei

(92-45) Determining Singl e Conne ctivit y in Dir e cte d Gr aphs, Adam L. Buchsbaum and

Martin Carlisle

67

1992 DIMA

CS T ec hnical Rep orts

(92-1) Al lowab le Se quences and Or der T yp es in Discr ete and Computational Ge ometry,

Jacob Go o dman and Richard Pollack

(92-2) An Imp ossibility R esult in Axiomatic L o c ation The ory, Pierre Hansen and F red S.

Rob erts

(92-3) An Implementation of the Gener alize d Basis R e duction Algorithm for Inte ger Pr o-

gr amming, William Co ok, Thomas Rutherford, Herb ert E. Scarf and David Shall-

cross

(92-4) DIMACS Implementation Chal leng e Workshop Algorithms for Network Flows and

Matching, David S. Johnson and Catherine C. McGeo ch

(92-5) Stable Matchings and Line ar Ine qualities, Hernan G. Ab eledo, Uriel G. Rothblum

(92-6) Line ar De cision T r e es: V olume Estimates and T op olo gic al Bounds, Anders Bjorner,

Laszlo Lov asz and Andrew C.C. Y ao

(92-7) Diagonal Matrix Sc aling is NP-Har d, Leonid Khachiyan

(92-8) On the R ate of Conver genc e of the R as Metho d, Bahman Kalantari and Leonid

Khachiyan

(92-9) Courtship and Line ar Pr o gr amming, Hernan G. Ab eledo, Uriel G.Rothblum and

RUTCOR

(92-10) Algorithms for Gr oups, John Cannon and George Hav as

(92-11) A Complexity Index for Satis�ability Pr oblems, E. Boros, Y. Crama, P

.L. Hammer

and M. Saks

(92-12) On the Distribution of Multiplic ative T r anslates of Sets of R esidues ( mo d p), J.

Hastad, J.C. Lagarias and A.M. Odlyzko

(92-13) Kel ler’s Cub e-Tiling Conje ctur e is F alse in High Dimensions, Je�rey C. Lagarias

and Peter W. Shor

(92-14) On A Pr oblem of Er dos and L ovasz II: n(r ) = O (r ), Je� Kahn

(92-15) The Complexity of Computing Maximal Wor d F unctions, Eric Allender, Danilo

Bruschi and Giov anni Pighizzini

(92-16) A F amily of Gener ators of Minimal Perfe ct Hash F unctions, Bohdan S. Ma jewski,

Nicholas C. W ormald, Zbigniew J. Czech and George Hav as

(92-17) Convex Polygons with F ew V ertic es, Peter C. Fishburn

(92-18) Convex Polygons with F ew Intervertex Distanc es, Peter C. Fishburn

(92-19) A Gener alization of the Pur e Liter al Rule for Satis�ability Pr oblems, E. Boros and

P .L. Hammer

(92-20) R e c o gnition of Q-Horn F ormulae in Line ar Time, Endre Boros, Peter L. Hammer

and Xiaorong Sun

(92-21) Horn F unction Minimization and Know le dge Compr ession in Pr o duction Rule Ba-

sis (Extended Abstr act), Peter L. Hammer and Alexander Kogan

66

(91-57) On the Optimal Str ongly Conne cte d Orientations of City Str e et Gr aphs IV: F our

East-West Avenue s or North-South Str e ets, F red S. Rob erts, Y onghua Xu

(91-58) On the Indic ator F unction of the Plur ality F unction, F red S. Rob erts

(91-59) Limitations on Conclusions Using Sc ales of Me asur ement, F red S. Rob erts

(91-60) On the Comp osition of Zer o-Know l e dge Pr o of Systems, Oded Goldreich, Hugo

Krawczyk

(91-61) Pr o of of the 4/3 Conje ctur e for Pr e emptive vs. Nonpr e emptive Two-Pr o c essor

Sche duling , E.G. Co�man, M.R. Garey

(91-62) 3-Cho osable Complete Bip artite Gr aphs, N.V.R. Mahadev, F red S. Rob erts, Prak ash

Santhanakrishnan

(91-63) Complexity R esults for POMSET L anguages, Joan F eigenbaum, Jeremy A. Kahn,

Carsten Lund

(91-64) Di�er enc e Sets Without k -th Powers, A. Balog, J. Pelik an, J. Pintz, E. Szemeredi

(91-65) Singularity Pr ob abilities for R andom Plus or Minus 1 Matric es, Je� Kahn, Janos

Komlos, Endre Szemeredi

(91-66) On a Pr oblem in A dditive Numb er The ory, A. Sarkozy

, E. Szemeredi

(91-67) Nonne gative R anks, De c omp ositions and F actorizations of Nonne gative Matric es,

Jo el E. Cohen, Uriel G. Rothblum, RUTCOR

(91-68) Using A Char acterization of F e asiblity of T r ansp ortation Pr oblems to Establish the

Pairwise Conne cte dness of R with R esp e ct to Partial Or ders, Uriel G. Rothblum,

RUTCOR

(91-69) Monotone Optimal Multi-Partitions Using Schur Convexity with R esp e ct to Partial

Or ders, F rank K. Hwang, Uriel G. Rothblum, RUTCOR, Larry Shepp

(91-70) Majorization and Schur Convexity with R esp e ct to Partial Or ders, F rank K. Hwang,

Uriel Rothblum, RUTCOR

(91-71) Covering With L atin T r ansversals, Noga Alon, Jo el Sp encer, Prasad T etali

(91-72) Thr e e Thr esholds for a Liar, Jo el Sp encer, Peter Winkler

(91-73) Appr oximate Solution of Matrix Games in Par al lel, M.D. Grigoriadis, L.G. Khachiyan

(91-74) Pr op er and Unit T oler anc e Gr aphs, K.P

. Bogart, G. Isaak, L. Langley , P .C. Fish-

burn

(91-75) Almost-Everywher e Complexity Hier ar chies for Nondeterministic Time, Eric Allen-

der, Richard Beigel, Ulric h Hertrampf, Steven Homer

(91-76) Ge ometric T r ansversal The ory, Jacob E. Go o dman, Richard Pollack, Rephael W enger

(91-77) On the Running Time of the A d leman-Pomer anc e-Rumely Primality T est, J. Pe-

lik an, J. Pintz, Endre Szemeredi

(91-78) Self-T esting /Corr e cting for Polynomials and the Appr oximate F unctions, Peter Gem-

mell, Richard Lipton, Ronitt Rubinfeld, Madhu Sudan, Avi Wigderson

65

(91-32) Cycles Mo dulo 3, Dean, T oft, Kaneko, Ota

(91-33) Quo V adis, Gr aph The ory?, Rob erts

(91-34) On Heuristics for Steine r Minimum T r e es, Ding-Zhu Du

(91-35) Impr ove d Performanc e Guar ante e of R andomize d On-Line Gr aph Coloring, Magnus

M. Halldorsson

(91-36) Workshop Summary: Structur al Complexity and Crypto gr aphy, Eric Allender, Jin-

yi Cai, Joan F eigenbaum

(91-37) Or der Analo gues and Betti Polynomials, Lynne Butler

(91-38) Note: On the L ast New V ertex Visite d by a R andom Walk, Lov asz, Winkler

(91-39) A Digital Signatur e Scheme and a Public-K ey Cryptosystems b ase d on El liptic

Curves over Z

m

, Ueli M. Maurer

(91-40) R ounds in Communic ation Complexity R evisite d, Noam Nisan, Avi Widgerson

(91-41) How to Compute the V olume, Laszlo Lov asz

(91-42) PSP

ACE is Pr ovable by Two Pr overs in One R ound, Jin-Yi Cai, Anne Condon,

Richard J. Lipton

(91-43) Pr ob abilistic Behavior of Shortest Paths Over Unb ounde d R e gions, Andrew Chi-

Chih Y ao

(91-44) Most R eliable Double L o op Networks in Survival R eliability, X.D. Hu, F.K. Hwang,

W en-Ch’ing Winnie Li

(91-45) A Comp etitive Algorithm for the Counterfeit Coin Pr oblem, X.D. Hu, F.K. Hwang

(91-46) Cutting Numb ers for the F orwar d L o op Backwar d Hop Network, X.D. Hu, F.K.

Hwang

(91-47) Gener alization of an Engine ering Principle, F.K. Hwang, U.G. Rothblum

(91-48) Renewal Prop os al to National Scienti�c F oundation Science and T echnology Cen-

ters

(91-49) Se ar ch Pr oblems in the De cision T r e e Mo del, Laszlo Lov asz, Moni Naor, Ilan New-

man, Avi Wigderson

(91-50) Pr o gr am Che ckers for Pr ob ability Gener ation, Sampath Kannan, Andrew Y ao

(91-51) Combinatorial Ge ometry, Janos Pach, Pank a j K. Agarwal

(91-52) Inter active Pr o ofs with Sp ac e Bounde d Pr overs, Ronitt Rubinfeld

(91-53) Gr e e dily Solvable T r ansp ortation Networks and Edge-Guide d V ertex Elimination,

Ilan Adler, Ron Shamir

(91-54) Complexity and Algorithms for R e asoning ab out Time: A Gr aph-The or etic Ap-

pr o ach, Martin C. Golumbic, Ron Shamir

(91-55) Che cking We ak Pr o gr ams: The Case of Smal l Dimensional Line ar Pr o gr amming,

Hugo Krawczyk

(91-56) Gr aph Entr opy and F ormula Complexity, Jaikumar Radhakrishnan

64

(91-8) Stable Marriages: Substitutin g Line arity for Discr eteness, Roth, Rothblum, V an-

deV ate

(91-9) A Disc ounte d-Cost Continuous-Time Flexible Manufacturing and Op er ator Sche dul-

ing Mo del Solve d by De c onvexi�c ation Over Time, Eaves, Rothblum

(91-10) Optimality of Monotone Assemblies for Coher ent Systems Comp ose d of Series Mo d-

ules, Hwang, Rothblum

(91-11) Appr oximation of the Sp e ctr al R adius, Corr esp onding Eigenve ctor and Se c ond L ar gest

Mo dulus of an Eigenvalue for Squar e Nonne gativ e Irr e ducible Matric es, Gross,

Rothblum

(91-12) T aylor Exp ansions of Eigenvalu e of Perturb e d Matric es with Applic ations to Sp e ctr al

R adII of Nonne gativ e Matric es, Haviv, Ritov, Rothblum

(91-13) Dynamic R e c omputation Can

’t Extend the Optimality-R ange of Priority Indic es,

Rothblum, Rothkopf

(91-14) R e c ent R esults on Some no-so-R e c ent Hyp er gr aph Matching and Covering Pr oblems,

Kahn

(91-15) On the R ole of Discr ete Bid L evels in Or al Auctions, R othkopf, Harstad

(91-16) Applic ations of a New Sp ac e Partitioning T e chnique, Agarwal, Sharir

(91-17) The Mo dulus of Polynomials with Zer os on the Unit Cir cle - A Pr oblem of Er dos,

Beck

(91-18) W orkshop on Applications of Combinatorial Optimization in Science and T echnol-

ogy COST

(91-19) Flat Polynomials on the Unit Cir cle-Note on a Pr oblem of Littlewo o d, Beck

(91-20) Quasi-r andom 2 Coloring of Point Sets, Beck

(91-21) An Algorithmic Appr o ach to the L ovasz L o c al L emma. I., Beck

(91-22) The R eversing Numb er of a Digr aph, Barthelem y , Hudry

, Isaak, Rob erts, T esman

(91-23) On Complexity of Subset Inter c onne ction Designs, Du

(91-24) F ast Appr oximation Schemes for Convex Pr o gr ams with Many Blo cks and Coupling

Constr aints, Grigoriadis, Khachiyan

(91-25) Gener alization of the Komo gor ov-Smirnov Go o dness-of Fit T est, Using Gr oup In-

varianc e, F eltz, Goldin

(91-26) T r ansitions in Ge ometric Minimum Sp anning T r e es, Monma, Suri

(91-27) R elations Betwe en Sp e ctr al and Classi�c ation Pr op erties of Multigr aphs, Bolla

(91-28) Sc alings of Matric es Satisfying Line-Pr o duct Constr aints and Gener alizations, Roth-

blum, and Zenios

(91-29) On a T riangulation of the 3-b al l and the Solid T orus, Bohus, Jo ckusch, Lee, and

Prabhu

(91-30) A New Al l- Pairs Shortest-Path Algorithm, Catherine C. McGeo ch

(91-31) Cycles of L ength 0 Mo dulo 4 in Gr aphs, Dean, Lesniak, Saito

63

B Publications

AMS-DIMA

CS V olumes

Fifteen hard b ound volumes have b een published in the DIMACS Series to date, the most

recent (since the prior renewal) b eing:

* Discr ete and Computational Ge ometry: Pap ers fr om the DIMACS Sep cial Y e ar

(V ol. 6)

Editors: Jacob E. Go o dman, Richard Pollack and William Steiger

* On-Line Algorithms (V ol. 7)

Editors: Lyle A. McGeo ch and Daniel D. Sleator

* Mathematic al Metho ds of Analysis of Biop olymer Se quenc es (V ol. 8)

Editor: Simon Gindikin

* Planar Gr aphs(V ol. 9)

Editor: William T. T rotter

* Exp anding Gr aphs (V ol. 10)

Editor: Jo el F riedman

* Gr oups and Computation (V ol. 11)

Editors: Larry Finkelstein and William M. Kantor

* Network Flows and Matching (V ol. 12)

Editors: David S. Johnson and Catherine C. McGeo ch

* A dvanc es in Computational Complexity The ory (V ol. 13)

Editor: Jin-Yi Cai

* Co ding and Quantization (V ol. 14)

Editors: Rob ert Calderbank, G. David F arney

, Jr., and Nader Moayeri

* Computational Supp ort for Discr ete Mathematics (V ol. 15)

Editors: Nathaniel Dean and Gregory E. Shannon

1991 DIMA

CS T ec hnical Rep orts

(91-1) Conne ctivity of Conse cutive- d Digr aphs (II), D.Z. Du, D.F. Hsu, G.W. Peck

(91-2) Rudimentary R e ductions R evisite d, Allender, Gore

(91-3) Counting Cir cular Ar c Interse ction, Agarwal, Sharir

(91-4) Niche Numb ers, Fishburn, Gehrlein

(91-5) The Cel l Structur es of Certain L attic es, Conway

, Sloane

(91-6) On the Suc c ess Pr ob ability of the Two Pr overs in One- R ound Pr o of Systems, F eige

(91-7) Sc aling Matric es to Pr escrib e d R ow and Column Maxima, Rothblum, H. Schneider,

M.H. Schneider

62

Field of Interest: 3D Visibility Computations, Parallel Visibility Queries, Generalized

Spatial Sub divisions. Finite element mesh generation, visibilit y and shadow computa-

tions, visualization of computational geometry algorithms, algorithm visualization, ro-

bust ro ot �nding, oating p oint b ench marking and diagnostics, comparative cache archi-

tecture analysis, parametric surface mo deling and rendering, 3D user design/ev aluation,

real-time texture sp eci�cation.

61

Christos I. Kaklamanis

A�liation: Harv ard University

Destination: Currently Searching

Field of Interest: Parallel Architectural Issues, Parallel Algortihms, On-Line Computa-

tion, F ault T olerance, Randomized Algorithms.

Pangfeng Liu

A�liation: Y ale Universit y

Destination: Y ale University

Field of Interest: Theory and Practice of High Performance Parallel Computing, Large

Scale Astrophysical Simulations on Distributed-Memory Computers, Theoretical F rame-

works which Analyze the Complexity of Message-Passing Programs.

Y anxi Liu

A�liation: University of Massachusetts at Amherst

Destination: Universit y of Massachusetts

Field of Interest: Geometric Reasoning, CAD & CAM, Applied Algebra, Computer

Vision, Rob otics, Constraint Satisfaction, Arti�cial Intelligence, Cyb ernetics.

Motakuri Ramana

A�liiation: The Johns Hopkins University

Destination: Currently Searching

Field of Interest: Global Optimization with mphasis on Multi- Quadratic Programming,

Combinatorial Optimization, Graph Theory

, Numerical Analysis, and Complexity Issues

in optimization.

Ran Raz

A�liation: The Hebrew University of Jerusalem

Destination: W eizmann Institute

Field of Interest: Communication Complexity

, Bo olean Circuits, Computational Com-

plexity Theory ,

Aravind Sriniv asan

A�liation: Cornell University

Destination: Institute for Adv anced Study

Field of Interest: Randomized Computation, Randomization; the probablistic metho d,

randomized algorithms, Randomness; e�cient computation, derandomization, probabil-

ity ineqalities and random walks, Jobshop Scheduling and Sequential and distrinuted

algorithms for graph problems, and the interaction of randomization with these prob-

lems.

Seth Jared T eller

A�liation: The Hebrew University

Destination: The Hebrew Universit y

60

Christos Kaklamanis

A�liation: Harv ard University

Destination: DIMACS Center, Rutgers Universit y

Field of Interest: Parallel Architectural Issues, Parallel Algorithms, On-Line Computa-

tion, F ault T olerance, Randomized Algorithms

Shmuel Onn

A�liation: Cornell University

Destination: T echnion

Field of Interest: Computational and Combinatorial Geometry and T op olog y

, Combi-

natorial Optimization

Gab or Simonyi

A�liation: Mathematical Institute of the Hungarian Academy of Sciences

Destination: Hungarian Academy of Sciences

Field of Interest: Combinatorics and information theory; in particular: graph theory ,

extremal set theory and their interconnections with information theory .

Prasad T etali

A�liation: Courant Institute of Mathematical Sciences

Destination: A

T&T Bell Lab ora tories

Field of Interest: Probablistic Metho ds, Randomized Algorithms, Derandomization, Dis-

tributed Computing, Communication Complexity

, Circuit Complexity

, and Probablistic

Numb er Theory

Martin F arach

A�liation: University of Maryland

Destination: DIMACS Center, Rutgers Universit y

Field of Interest: Algorithmic Issues in Molecular Biology

, Pattern Matching with Appli-

cations in Computer Vision, Design and Analysis of Sequential and Parallel Algorithms

1993-1994

Kequan Ding

A�liation: University of Wisconsin

Destination: Universit y of Illinois

Field of Interest: Combinatorics, Algorithms, Optimizations, Algebraic Geometry

Martin F arach

A�liation: University of Maryland

Destination: Computer Science Department, Rutgers Universit y

Field of Interest: Algorithmic Issues in Molecular Biology

, Pattern Matching with Appli-

cations in Computer Vision, Design and Analysis of Sequential and Parallel Algorithms

59

Alistair Sinclair

A�liation: University of Edinburgh

Destination: Universit y of California/Berkeley

Field of Interest: Design and Analysis of Algorithms, Computational Complexity

, Ran-

domized Computation, Approximation Algorithms for Combinatorial Problems, Com-

binatorial Optimization.

Laszlo Pyb er

A�liation: Mathematical Institute of the Hungarian Academy of Sciences

Destination: Mathematical Institute of the Hungarian Academy of Sciences

Field of Interest: Graph Theory

, Asymp ototic Group Theory

Gab or T ardos

A�liation: Eotvos University

Destination: MT

A Matematik ai Kutato

Field of Interest: Combinatorics, Theoretical Computer Science

Dirk V ertigan

A�liation: Oxford Universit y

Destination: Universit y of Bonn

Field of Interest: Combinatorics, Discrete Mathematics, Matroid Theory

, Graph Theory ,

Computational Complexity

Ra jamani Sundar

A�liation: Courant Institute

Destination: Courant Institute of Mathematical Sciences

Field of Interest: Theoretical Computer Science, Algorithms and Data Structures, Com-

putational Complexity

, Discrete Mathematics

Martin F arach

A�liation: University of Maryland

Destination: DIMACS Center, Rutgers Universit y

Field of Interest: Algorithmic Issues in Molecular Biology

, Pattern Matching with Appli-

cations in Computer Vision, Design and Analysis of Sequential and Parallel Algorithms

1992-1993

Edith Cohen

A�liation: Stanford Universit y

Destination: Bell Labs MTS

Field of Interest: Combinatorial Optimization, Sequential and Parallel Algorithms,

Lower Bounds

58

Carsten Lund

A�liation: University of Chicago

Destination: Bell Labs MTS

Field of Interest: Computational Complexity Theory: Interactive Pro of Systems, Cir-

cuit Complexity

, Relationships among Complexit y Classes, Probablistic Computation;

Cryptography .

Ilan Newman

A�liation: The Hebrew University of Jerusalem

Destination: Universit y of Haifa

Field of Interest: Theoretical Computer Science and Combinatorics.

Mark Purtill

A�liation: MIT

Destination: Institute Defense Analysis

Field of Interest: Matrio d and Greedio d Theory

, Combinatorial Optimization and The-

ory of Computation.

Ronitt Rubinfeld

A�liation: University of California/Berkeley

Destination: Cornell

Field of Interest: Program Result Checking, Randomness and Computation, On-Line

Algorithms, Cryptography

, Computational Complexity

, Parallel Computation, Compu-

tational Geometry

, Graph Theory

, Combiantorics.

F eder T omas

A�liation: Stanford Universit y

Destination: IBM Almaden

Field of Interest: Complexity Theory of Interactiv e Computing.

Mario Szegedy

A�liation: University of Chicago

Destination: Bell Labs MTS

Field of Interest: Combinatorics; Graph Theory; In�nite Series, Combinatorial Geom-

etry

, Combinatorial Numb er Theory

, Circuit Complexity

, Algebraic Metho ds, Commu-

nication Complexity

, Interactiv e Pro of Systems, Combinatorial Algorithms.

Sandy Irani

A�liation: University of California/Berkeley

Destination: Irvine

Field of Interest: On-Line Algorithms, Computational Complexity

, Analysis of Algo-

rithms, Randomized Algorithms, Graph Theory

, and Combinatorics.

57

Alexander Kelmans

Pascal Koiran

Peter Komjath

Danny Krizanc

Larry Lamb e

Anna Lubiw

Jiri Matousek

Eddy Mayoraz

Angus McIntyre

Boris Mirkin

Lata Narayanan

Panos Pardalos

T oniann Pitassi

Pino Persiano

Vladimir Retakh

F red Risp oli

Sunil Shende

Mikkel Thorup

Pilar de-la-T orre

Athanasios Tsantilas

Vijay V azirani

Susanne W etzel

Heather W oll

A.3 DIMA

CS P ost Do ctoral F ello ws

1991-1992

Uriel F eige

A�liation: The W eizmann Institute

Destination: The W eizmann Institute

Field of Interest: Complexity of v arious interactive pro of systems.

Ra�aele Giancarlo

A�liation: Columbia University

Destination: Bell Labs MTS

Sampath Kannan

A�liation: University of Arizona

Destination: Universit y of Arizona

Field of Interest: Program Checking, Group Theoretic Algorithms, Probablistic Algo-

rithms, Learning Theory

, Graph Theory and Combinatorics.

56

Guoli Ding

E�m Dinitz

Peter Dolan

Peter L. Erdos

Stefan F elsner

Bruno Gaujal

Bert Gerards

Luis Go ddyn

Michel Go emans

Nabil Kahale

Alexander Karzanov

Phil Klein

Jan-Karel Lenstra

W olfgang Maass

V eni Madhav an

Edddy Mayoraz

Boris Mirkin

Roy Meshulam

Se� Naor

Panos Pardalos

T eresa Przytyc k a

Serge Plotkin

Y uri Rabinovich

Andrew Rau-Chaplin

Bruce Reed

F ranz Rendl

Szilard Revesz

F red Risp oli

Neil Rob ertson

Joseph Romanovsky

Imre Ruzsa

Laura Sanchis

Daniel Sanders

Carla Sav age

Bruce Shep erd

David Shmoys

M. Simonovits

Roman Smolensky

Sergey T arasov

Ev a T ardos

1993-94 Visitors

Leslie Ann Goldb erg

Peter Ha jnal

Peter Henderson

Sampath Kannan

55

F rank Ho�man

Glenn Hurlb ert

Gil Kalai

Bill Kantor

Howard Karlo�

Michal Karonski

Alexander Kelmans

Hal Kierstead

Zoli Kiraly

Ephraim Korach

Klaus Kriegel

Y aakov Kupitz

Joachim Lamb eck

Hanno Lefmann

Nathan Linial

Hiroshi Maehara

W olfgang Maass

Nikolai Mnev

Ian Munro

Se� Naor

Han La Poutre

Y uv al Rabani

Bruce Rothschild

Hans Schneider

Claus Schnorr

Miklos Simonovits

Nicolas Sourlas

Herb ert T aylor

Prasad T etali

Robin Thomas

Norihide T okushige

William T rotter

Bern Ulric h

Anatoly V ershyk

Alison W ol�

Hu Xiao dong

T udor Zam�rescu

Jenny Zito

Vladimir Zolotarev

1992-93 Visitors

Alexander Barvinok

Boris Cherk assky

Charles Colb ourn

Michele Conforti

Gerard Cornuejols

54

A.2 Senior Researc h Visitors to DIMA CS

1990-91 Visitors

Mariana Bolla

Graham Brightwell

Leonard Charlap

Hristo Djidjev

Ding-Zhu Du

Vladimir Gurvich

Refael Heiman

Marek Karpinski

Michal Karonski

Leonid Khachiyan

Hugo Krawczyk

Hanno Lefmann

Dmitrij Leshchiner

Jack Lutz

Ueli Maurer

Catherine McGeo ch

Lyle McGeo ch

Angus McIntyre

Noam Nisan

Jozsef Pelik an

Lorenzo Robbiano

Je� Salowe

Edward Scheinerman

Steve Schib ell

Gary Seitz

Alexander Sidorenko

Avi Wigderson

1991-92 Visitors

Mike Alb ertson

Jean-Claude Bermond

Andras Bezdek

Bella Bollobas

Graham Brightwell

Jim Burns

Richard Cole

Alain Darte

Aditi Dhagat

Paul Erdos

Hung-Lin F u

Andrew Goldb erg

Ervin Gyori

George Hav as

53

Bell Labs Bellcore

Mathematics and Computer Science Mathematics & Computer Science

R. Alur R. Kurshan A. Aho

D. Applegate J. Laga rias B. Aiello

B. Baker D. Lee S. Bhatt

J. Bentley C. Lund T. Carp enter

A. Buchsbaum Y. Matias F. Chung

J. Bruno M. Merritt W. Co ok

R. Calderbank A. Netrav ali N. Dean

K. Clarkson A. Odlyzko D. Durand

E. Co�man A. Orlitsky S. Hab er

E. Cohen A. Ra jeev R. Jain

J. F eigenbaum N. Reingold R. Kannan

P . Fishburn R. Schapire A. Lenstra

S. F ortune R. Sethi J. McKenna

M. Garey L. Shepp M. Mihail

E. Gansner P

. Shor C. Monma

R. Giancarlo N. Sloane A. Ogielski

R. Graham K-P . V o J. Schotland

A. Greenb erg G. Wilfong P

. Seymour

F. Hwang P . W right S. Suri

G. Jacobson M. Y annak akis T. T rotter

D. Johnson V. V enk atesan

N. Karmark ar V. W ei

M. Kearns P

. Winkler

Mem b ers at other institutions

E. Baum

Bombieri

I. Cox

C. Giles

S. Jagannatha n

J. Kilian

K. Lang

N. Littlestone

Y. Lyuu

J. Philbin

S. Rao

W. Smith

52

A Senior Researc h In v estigators

A.1 P ermanen t Mem b ers of DIMA CS

Princeton Rutgers Rutgers

Computer Science Mathematics Computer Science R

UTCOR

B. Chazelle J. Beck E. Allender A. Ben-Israel

D. Dobkin R. Bumby V. Chv atal E. Boros

J. F riedman G. Cherlin M. F arach P

. Hammer

A. LaPaugh I. Gelfand M. F redman P

. Hansen

R. Lipton S. Gindikin M. Grigoriadis A. Ho�man

E. Ristad G. Goldin H. Hirsh A. Kogan

R. Sedgewick J. Kahn B. Kalantari A. Prekopa

K. Steiglitz J. Komlos L. Khachiyan M. Rothkopf

R. T arjan R. Lyons M. No ordewier D. Shanno

A. Y ao M. O’Nan D. Souv aine A. Williams

F. Rob erts W. Steiger

Princeton J. Rosenstein E. Szemeredi DIMA CS

Mathematics M. Saks A. Y asuhara V. DeBellis

J. Conway S. Shelah D. F ranzblau

H. Kuhn C. Sims Rutgers A. Ha jnal

P . Sarnak E. Sontag Statistics S. Mahaney

S. Thomas R. Gnanadesik an

Princeton W. V asconcelos

Civil Eng.

R. V anderb ei

51

P . Winkler

The Executive Council has six more memb ers delegated by the four participating institu-

tions.

7.2 Standing Committees

In the last year DIMACS has renewed its standing committees to make recommendations on

sp eci�c matters. These have worked very successfully and will b e asked to continue to work

with the same memb ership during this year. This is the list of the Standing Committees, and

their chairman:

Equipment Committee - Martin F arach

Education Steering Committee - Michael Saks

Postdo c Committee - David Johnson

Pro ject Review Committee - Joan F eigenbaum

Visitor Committee - Edward Co�man

W orkshop Review Committee - Eric Allender

HPCC Committee - Stephen Mahaney

7.3 External Advisory Board

DIMACS has an External Advisory Board listed in App endix F.

50

7 Managemen t Plan

Over the past year and a half a somewhat di�erent and more regulated plan has evolv ed than

that which was op erational during the �rst three and a half years of the Center. These changes

re ected the growth of the Center and the increasing diversity of the programs sp onsored here.

With p ersonnel changes in all ma jor p ositions e�ective from June 1, 1994 more reorganization

b ecome necessary

, with the hop e of maintaining the b ene�ciary e�ects of the regulations

intro duced by the former acting director.

a) Directors and Sta�

The Center has a (new) Director (Andr� as Ha jnal, Rutgers) and a (new) Co-director (Andy

Y ao, Princeton). The salaries for neither of these p ositions are paid by the DIMACS STC

Grant. The Center now has a full time Asso ciate Director for Research (Stephen Mahaney ,

Rutgers), who will have primary resp onsibility for the day-to-day op eration of the Center.

This is a new p osition, paid for by the grant, partially through the elimination of another

sta� p osition. (An increase in the annual budget is requested to accommo date this more

senior p osition).

In addition, DIMACS has an Asso ciate Director for Education (Joseph Rosenstein, (paid

by) Rutgers) who is resp onsible for development and oversight of its educational programs.

There is currently an Education Co ordinato r (Deb orah F ranzblau, Rutgers) temp orarily

funded by the Provost of Rutgers. F unds are requested to create a p ermanent p osition for

her.

A few of our distinguished memb ers b ear the title of consulting director (Ronald Gra-

ham, Rob ert T arjan, T om T rotter) and are asked to do take part in the work of our main

committees. The Center Administrator (Maryann Holtsclaw, Rutgers) oversees all �nancial

asp ects of DIMACS, and co ordinates all activities of the 4 sta� memb ers for the Center. She

also interacts with sta� manager for precollege programs (Michelle Bartley-T aylor) and the

Department Manager of the Princeton Computer Science department (Susanne T urk) as well

as the DIMACS co ordinator there (Sandy Barbu).

7.1 Executiv e Council and Executiv e Committee

Due to the increasing diversity of our programs and the need of wide ranging exp ertise the

center must have quite a large principal committee, which will b e called Executive Council

and a smaller group, the Executive Committee. This smaller Executive Committee replaces

the b o dy of former consulting asso ciate directors. The Executive Council will meet monthly ,

in b etween meetings the Executiv e Committee will b e consulted.

The memb ers of the Executive Committee app ointed by the Director are:

A. Ha jnal, (chair) Director

A. Y ao, Co-director

S. Mahaney

, Asso ciate Director

J. Rosenstein, Asso ciate Director for Education

F. Rob erts, Sp ecial Y ear Organizer

E. Allender

D. Johnson

M. Saks

49

DIMA

CS Sp onsored W orkshops - Con t.

W orkshop Dates T otal Industry Academic Studen t

Parallel Algorithms for 6/2-6 /4/ 93 107 23 84 22

Unstructured & Dynamic

Problems

Perfect Graphs 6/10- 6/1 4/9 3 84 10 74

Perfectly Orderable 6/16- 6/1 9/9 3 20

Graphs

Mo dels, Architectures & 9/20- /9/ 22/ 93 151 38 113 35

T echnologies for

Parallel Computation

2nd Challenge: Clique, 10/11 -10 /13 /9 3 100

Coloring &

Satis�ability

Parallel Algorithms: 11/17 -11 /19 /9 3 85 14 71 12

F rom Solving

Combinatorial Problems

to Solving Grand

Challenge Problems

Organizing & Moving Data 1/26- 1/2 8/9 4 113 19 92

in Parallel Computers

Interconnection Networks 2/7-2 /9/ 94 50 17 33

& Mapping & Scheduling

Parallel Computations

Geometric Group Theory 1/3-3 /14 /94

3/17- 3/2 0/9 4 34 2 32 7

Suggesting CS Agendas 3/14/ 94 95 2

for HPCC

Parallel Pro cessing of 4/28- 4/2 9/9 4 41 10 31 15

Discrete Optim. Problems

Sp eci�cation of 5/9-5 /11 /94 32 8 24

Parallel Algorithms

FPSAC ’94 5/23- 5/2 7/9 4 152 19 133 45

48

DIMA

CS Sp onsored W orkshops

W orkshop Dates T otal Industry Academic Studen t

Neural Nets 5/20- 5/2 3/9 1 66 21 45

Random Graphs & 9/16- 9/1 9/9 1 52 18 34 15

Randomized Algorithms

Groups & Computation 10/7- 10/ 11/ 91 64 5 59 13

1st Challenge 10/14 -10 /18 /9 1 58 34 24 22

Exp erimental Analysis of

Network Flows & Matching

Planar Graphs 11/18 -11 /21 /9 1 85 15 70 10

Graph Emb eddings & 1/13- 1/1 5/9 2 66 20 46 18

Parallel Architecture

Computational Supp ort for 3/12- 3/1 4/9 2 91 22 69 11

Discrete Mathematics

Constructive Mo dels of 3/20- 3/2 2/9 2 54 13 34 7

Human Langua ge

Expanding Graphs and 5/11- 5/1 4/9 2 74 16 58 8

Applications

Co ding & Quantization 10/19 -10 /21 /9 2 130 35 95

Probabalistic Algorithms 2/22- 2/2 7/9 3 55 19

for Combinatorial

Optimization

Approximation Algorithms 3/24/ -3/ 26/ 93 60 13

Solving Hard Combinatorial 3/29- 4/2 /93 85 15 70 40

Optimization Problems

Partitioning Data Sets: 4/19- 4/2 1/9 3 25 4 21 2

F uture Directions for 4/30- 5/1 /93 60 8

Parallel Optimization

Quadratic Assignment 5/24- 5/2 5/9 3 40 10

Problem

47

Education, aims to play a leading role in these e�orts and to provide a bridge b etween the

discrete math research and education communities.

Again the Center Mo de gives a unique opp ortunity to involv e researchers in K-12 education

and as discussed in Section V we are planning an extensive extension of our present programs.

Moreover, the o�ce space and lecture ro oms (at all four participating institutions) provide

an excellent environmen t in which the v arious DIMACS programs and scienti�c interactions

takes place. The small professional sta� together with the always present volunteers makes it

p ossible to organize workshops, and precollege educational programs relatively cheaply

. See

the attached lists. All of this indicates a fundamental di�erence b etween the Center mo de of

op eration and individual investigator grants.

46

6 Statemen t on Impact of Cen ter Mo de of F unding

The advent of the digital computer has uncovered a wide range of scienti�c problems dealing

with the e�cien t pro cessing and representation of information. The �eld of Computer Science

was created in resp onse to these problems, and its development over the last three decades has

b een paralleled by an enormous increase in research activity within the branch of mathematics

known as Discrete Mathematics. This parallel development is based on a strong symbiotic

relationship: on the one hand, Discrete Mathematics plays a central role as a to ol for mo deling

and problem solving in Computer Science and on the other hand, Computer Science has had

a ma jor impact on the directions of research in Discrete Mathematics. In spite of this, direct

co op eration b etween scientists of the two �elds is not everywhere and always harmonic. It

was the vision of the founders of the Center that it will provide a unique opp ortunity for this

co op eration and indeed if ful�lled their exp ectations.

DIMACS’ base is its p ermanent memb ership, consisting of over 120 scientists from Rutgers

Universit y , Princeton University

, Bell Lab o ratories and Bell Communications Research. The

research interests of its memb ers cover a broad sp ectrum of ideas on the frontier of Discrete

Mathematics and Computer Science theory

. DIMACS serves as a ma jor catalyst in these

diverse areas. It creates an environmen t that stimulates information exchange and collab ora-

tion among the memb ers of the four sp onsoring institutions, visitors, p ostdo ctoral fellows, and

graduate students. This synergistic interaction is pro ducing new results in discrete mathemat-

ics and theoretical computer science that ultimately �nd application in telecomm unication,

transp ortation, rob otics, computer software design, manufacturing, and other �elds. Exam-

ples of these applications can b e found in the research section.

The combined strengths of the four participating institutions - coupled with the supp orting

role played by area universities, centers and industries - are unmatched anywhere in the world.

DIMACS is universally recognized as THE world center for research in discrete mathematics

and computer science. As shown by App endix A, b etween 1991 and 1994 the Center had 139

visitors 96 of them from foreign countries. A glance at the list will show for the measure of

international resp ect the Center enjoys from distinguished scientists. This in turn increases the

interest of young researchers in the Center. This year the Postdo c Committee handled more

than 200 applications. App endix A includes DIMACS p ostdo ctora l fellows, the institutions

they came from, and where they have gone.

F urthermore, the supp ortive environment DIMACS provides for its four collab orating in-

stitutions encourages the voluntary participation of its p ermanent memb ers in its activities.

In many sp ecialties this leads to a critical scienti�c mass that none of the institutions could

achieve by itself. This in turn makes p ossible to select topics for sp ecial years and workshops

that are rip e for rapid developmen ts, are worth of increased attention and have a high impact.

The workshops with attendance �gures at the end of this section attest to the interest by

participants from academia, industry lab oratories, and graduate students.

There is growing recognition in the educational communit y that the disciplines represented

by DIMACS can and should play a leading role in the e�orts to reform mathematics curricula

that have arisen in resp onse to the new standards of the National Council of T eachers of

Mathematics. In addition to the intrinsic imp ortance of these disciplines, they are partic-

ularly well suited to building reasoning skills, conceptual understanding and enthusiasm for

mathematics. DIMACS in partnership with the Rutgers Center for Mathematics and Science

45

(b) app ointing an Education Co ordinator to provide programmatic and technical sup-

p ort to the EAC and serve as a liason for researchers and educators participating

in DIMACS programs;

30

(c) providing technical and administrative supp ort to the DIMACS education and

knowledge transfer programs.

Many of the prop osed initiatives will require substantial amounts of time for activities

which include making link ages, forging partnerships, organizing conferences, writing prop os-

als, recruiting participation, and editing publications, the typ es of activities that are very

lab or-intensive, yet by themselv es cannot b e the basis for separate grant funding. In order for

the prop osed initiatives to take place, DIMACS needs an Education Co ordinato r for whom

these are the primary resp onsibilities. During the past year, with one-year funding provided

by the Rutgers University Provost, DIMACS hired Deb orah F ranzblau with half-time resp on-

sibilities for education; this has allowed us to undertake several new pro jects, including the

research/education p ostdo c program, educational supp ort for LINK, and the Gr e atest Hits

volume.

Based on this exp erience, it is clear that the numb er and range of activities in this renewal

prop osal require at least one p erson at her level on a full-time basis. W e are therefore request-

ing full-time funding for an Education Co ordinator. NSF supp ort for this p osition will enable

DIMACS, over the p erio d of the renewal grant, to work to implemen t its vision through each

of the initiativ es presented ab ove.

30

F unding for the p osition of Education Co ordinator is request ed as an education increment to the current

STC grant.

44 will b e informed by feedback from students in the YSP and teachers in the LP

, and

by scienti�c input from DIMACS memb ers.

(i) developing and disseminating educational research pro jects that fo cus on the teach-

ing and learning of discrete mathematics and computer science.

6. DIMACS wil l enc our age and supp ort the involve ment of its memb ers and other r e-

se ar chers in mathematics and c omputer scienc e e duc ation by:

(a) sp onso ring a monthly DIMA

CS Seminar on Education which will inform math-

ematical scientists ab out national, state, and lo cal developments in education and

will enable them to explore p ossibilities for their own involv ement in improving

mathematics education;

(b) informing its mem b ers, visitors, and other mathematical scientists ab out math-

ematics education activities and their signi�cance by providing them with infor-

mation ab out DIMACS education activities and by inviting them to participate in

these activities;

(c) generating opp ortunities for and recruiting researc hers to b ecome in-

v olv ed in education, as well as providing information and link ages with existing

opp ortunities, including DIMACS-sp onsored programs such as LP

, YS, and REU;

(d) highlighting DIMACS memb ers’ involv ement in education, and activities of those

who are successful in integrating commitments to b oth education and research in

their professional lives;

(e) establishing a full p ostdo ctoral program of F ello wships in Researc h and Edu-

cation at DIMACS. Building on a pilot program conducted this past year with NSF

SGER funding, and continued this year with supp ort of STC funds, DIMACS will

develop and submit a prop osa l to expand this program which enables researchers

to sp end half their time on research and the other half learning ab out and par-

ticipating in pro jects to improve mathematics education, p ositioning themselves

to take on leadership roles in involving researchers in improving mathematics and

computer science education. A prop osa l submitted earlier this year to NSF was

not funded, but we are con�dent that a new prop osa l, addressing the concerns of

the reviewers, will b e successful.

29

7. DIMACS wil l pr ovide administr ative supp ort and guidanc e to c arry out these go als by:

(a) maintaining an active Education Advisory Committee (EAC) chaired by the Asso-

ciate Director for Education who will also serve on the DIMACS Executive Com-

mittee;

incorp orate the learning of mathematics and computer science .

29

In testimony concerning FY 1995 appropriations to the Sub committee on Indep ende nt Agencies of the

House Appropriation Committee on May 5, 1994, four prominent mathematicians and mathematics educators

urged a national p ostdo ctoral program of precisely this typ e, arguing that this kind of program would b e an

e�ective way to \tap the resource" of \the American community of research mathematicians, acknowledged

as the �nest in the world" and enable us to \draw on their exp ertise throughout the educational pro cess , as

has b een done in the former Soviet Union and Japan for decades." DIMACS is p ositioned to serve as a pilot

program for such a national endeavor.

43

(e) continuing to sp onsor supp orting activities for the Bell Labs/Bellcore programs for

women and minority undergraduates;

(f ) co-sp onso ring the Gelfand National Outreac h Program,

24

a program for stu-

dents in grades 8-12, to encourage them to develop their mathematical ability

by providing them challenging problems and informative resp onses. DIMACS re-

searchers will serve as resp onders to participating students, and DIMACS will pro-

vide internet link ages for them.

(g) sp onso ring research internships for high scho ol teachers in conjunction with the

New Jersey Business/Industry Education Collab orative (NJ BISEC).

5. DIMACS wil l serve as a national r esour c e and c enter for discr ete mathematics in K-16

e duc ation by:

(a) continuing to publish the newsletter In Discrete Mathematics: Discrete Math-

ematics in the Classro om;

25

(b) continuing to provide W orkshops in Discrete Mathematics in individual dis-

tricts throughout the country

, with trained workshop leaders provided through the

Leadership Program in Discrete Mathematics;

(c) convening annually the national W orking Group in Discrete Mathematics, as

well as other meetings and conferences for education leaders, to share information,

co ordinate e�orts, and develop strategies for bringing discrete mathematics into

classro oms and curricula;

26

(d) publishing conference pro ceedings, including the Pro ceedings of the 1992 Con-

ference Discr ete Mathematics in the Scho ols: How Do We Make An Imp act?

(e) publishing curriculum materials for K-12 teac hers on discrete mathematics

such as Gr e atest Hits in Discr ete Mathematics, written by participants of the Lead-

ership Program in Discrete Mathematics;

(f ) hosting and facilitating an email net w ork of K-12 teac hers who are using dis-

crete mathematics in their classro oms;

(g) developing and disseminating curriculum materials for courses in college-

lev el courses in discrete mathematics and computer science (such as R. Sedgewick’s

intro ductory computer science course, or M. Saks’ graph theory course);

(h) facilitating and supp orting the development and use of technology to enhance the

learning of discrete mathematics, including LINK

27

and E-GEMS;

28

these activities

24

DIMACS and CMSCE have co-sp onsored a prop osal to NSF to obtain supp ort for this program; among

the co-PIs (Memb er Israel Gelfand is the PI) are DIMACS Executive Committee memb ers Ronald Graham

and Gerald Goldin.

25

F unding for the Newsletter is requeste d as an education increment to the current STC grant.

26

F unding for these meetings is request ed as an education increment to the current STC grant.

27

LINK is an NSF-funded DIMACS-sp onsored pro ject, extending the software develop ed previously by the

four co-PIs of the pro ject. The pro ject grew out of the DIMACS W orkshop on Computational Supp ort for

Discrete Mathematics, March 1992. DIMACS has requested a supplement to the LINK grant to adapt LINK

software for classro om use by teachers and students.

28

E-GEMS is a prop osal submitted to NSF under the leadership of Maria Klawe, a memb er of the DIMACS

External Advisory Board, for creating mathematically-rich video games for middle scho ol students which

42

(a) continuing its long-standing and pro ductive partnership with the Rutgers Center

for Mathematics, Science, and Computer Education, involving synergistic goals and

collab orative activities (including LP

, YSP

, and the Gelfand Pro ject);

(b) participating actively in the New Jersey Statewide Systemic Initiativ e (NJ SSI),

and providing inservice programs for SSI sc ho ols and districts, conducted

by teachers from the Leadership Program in Discrete Mathematics with active

participation of DIMACS researchers;

(c) participating in the development of the emerging New Jersey Mathematics

Curriculum F ramew ork, informing the pro cess with the p ersp ectives of the re-

search community;

(d) supp orting a pro cess of cultural change that op ens do ors to researchers in education

and to educators in scienti�c research;

(e) creating and disseminating mo dels for collab orations and partnerships b etween the

research and education communities which can b e replicated nationally;

(f ) serving as a consultant on national p olicy issues involving discrete mathematics

and computer science education;

(g) providing supp ort to pro jects with signi�cant educational comp onents and exem-

plary programs in education.

4. DIMACS wil l develop and sp onsor innovative pr o gr ams for te achers and students at al l

level s building on pr evious suc c esses by:

(a) continuing to sp onsor the Leadership Program in Discrete Mathematics

(LP) (if a prop osal submitted to NSF earlier this year is accepted), doubling its

size, including a new institute for elementary scho ol teachers (a numb er of whom

have already participated in the middle scho ol program and incorp orated the pro-

gram materials into their classro oms), and including programs for sp eci�c states

and cities (e.g., Manhattan) which are adopting curricula in discrete mathematics;

(b) sp onso ring the Regional Institute in the Mathematical Sciences (if a pro-

p osal submitted to NSF earlier this year is accepted) to provide integrated summer

and follow-up programs for teachers, researchers, and students, to intro duce the

concepts and techniques emerging from DIMACS research (e.g., Sp ecial Y ear top-

ics) to a wider audience of b oth researchers and educators, and to stimulate new

work on the op en problems which have resulted; through co op erative activities,

teachers will gain a b etter understanding of research and adapt their knowledge for

subsequent use in the classro om, and researchers will gain a b etter understanding

of education and b ecome more involv ed in educational issues;

(c) continuing sp onso r the currently funded Y oung Sc holars Program in Discrete

Mathematics (YSP) for high scho ol students, and developing and submitting pro-

p osals for subsequent funding;

(d) continuing to sp onsor the Researc h Exp erience for Undergraduates Pro-

gram (REU);

23

23

F unding for the REU program is requested as an education increment to the current STC grant.

41

5. DIMACS wil l serve as a national r esour c e and c enter for those developing p olicy,

curriculum, softwar e or other materials r elate d to discr ete mathematics in K-16 e duc ation.

6. DIMACS wil l enc our age and supp ort the involve ment of its memb ers and other mathe-

maticians and c omputer scientists in mathematics and c omputer scienc e e duc ation, and gen-

er ate opp ortunities for them to do so.

Finally

, recognizing that high-level sta� supp ort, as well as supp ort from the Director and

Executive Committee is necessary to carry out any of these e�orts, our �nal goal is as follows.

7. DIMACS wil l pr ovide administr ative supp ort and guidanc e for c arrying out these go als.

5.2.2 Implemen ting the Vision

How will DIMACS carry out the goals stated in this vision? In this section, we reiterate and

expand on the goals of our vision statement, giving sp eci�c, high-priority initiativ es that have

b een prop osed or contemplated.

1. DIMACS wil l c ontinue to pr ovide le adership in e duc ational pr o gr ams for r ese ar chers, as

describ e d in the pr o gr ess r ep ort on r ese ar ch, by:

(a) sp onso ring workshops to facilitate collab oration and exchange of knowledge among

research mathematicians and computer scientists;

(b) providing strong mentoring programs for graduate students and p ostdo ctoral re-

searchers;

(c) publishing technical rep orts and pro ceedings, and making research results av ailable

electronically;

(d) publishing survey articles and texts to intro duce other researchers in mathematics

and computer science to DIMACS areas.

2. DIMACS wil l extend its e�orts to c ommunic ate r ese ar ch r esults, applic ations and their

imp ortanc e to appr opriate c ommunities by:

(a) sp onso ring a Distinguished Lecture Series, designed for college and high scho ol

teachers and students, as well as researchers in other areas;

(b) sp onso ring knowledge transfer programs, such as an expanded \Industrial Prob-

lems" seminar series, or workshops directed to sp eci�c industries, such as biotech-

nology or transp ortation;

(c) providing Sp ecial Y ear T utorials to enable the broader communit y to take ad-

v antage of the presence of researchers for the Sp ecial Y ear;

(d) continuing to provide opp ortunities for p ostdo ctoral training in interdisciplinary

research, or involving universit y/industry collab oration.

3. DIMACS wil l c ontinue to work towar d impr oving mathematics and c omputer scienc e

e duc ation gener al ly by:

40

DIMACS has played an active role in the incipient New Jersey Statewide Systemic

Initiativ e (NJ SSI)

22

, a ma jor collab orative for improving mathematics, science, and tech-

nology education in the state. DIMACS is p ositioning itself as a statewide resource for curricu-

lum development and teacher preparation in mathematics and computer science. DIMACS

also provides internet access to SSI sta�.

F or example, as an outgrowth of the new DIMA

CS Education Seminar, a working

group of faculty from mathematics, computer science, and education extensively reviewed

and revised a \discrete mathematics" standard that will b e included in the New Jersey

Mathematics Curriculum F ramew ork.

5.2 Plans

The programs describ ed in the DIMACS 1991 renewal prop osal and 1992 \Standards for

Ev aluation" have b een put into place: we have expanded our p ostdo ctoral programs; we have

successfully extended our Leadership Program to middle-scho ol teachers; we have established

a REU program and maintained a Y oung Scholars Program. W e have established the W ork-

ing Group in Discrete Mathematics, have published a Newsletter and are preparing resource

materials for teachers. More signi�cantly

, DIMACS is taking a longer range view of its ed-

ucational mission. An Education Advisory Committee was formed to develop an education

vision statement and discuss prop osed activities; the results are describ ed b elow.

5.2.1 Vision

DIMACS’ primary mission is providing leadership in research in discrete mathematics and

theoretical computer science. Part of this mission involves directly training and mentoring

new researchers, as well as communicating research results to a range of audiences. This is

re ected in the following two goals.

1. DIMACS wil l, as an intrinsic c omp onent of its mission as a r ese ar ch c enter, pr o-

vide le adership in e duc ational pr o gr ams for r ese ar chers, in ar e as r elate d to DIMACS r ese ar ch

str engths.

2. DIMACS wil l c ommunic ate r ese ar ch r esults, applic ations and their imp ortanc e to ap-

pr opriate c ommunities within and b eyond the mathematics and c omputer scienc e r ese ar ch

c ommunities.

More broadly

, DIMACS is committed to contribute signi�cantly to the current national

e�ort in improving mathematics and science education, building on its links to the Rutgers

Center for Mathematics, Science, and Computer Education (CMSCE), and the NJ Statewide

Systemic Initiativ e (SSI). This is stated in the following goals.

3. DIMACS wil l a�rm the imp ortanc e of impr oving mathematics e duc ation lo c al ly and

national l y, and wil l work towar d this go al in c ol lab or ation and p artnership with the e duc ation

c ommunity (te achers, scho ols of e duc ation, c ol le ge and university faculty, and other or ganiza-

tions).

4. DIMACS wil l develop and sp onsor innovative , mo del pr o gr ams for te achers and students

at al l level s.

22

The NJ SSI, funded by NSF with matching funds from the NJ Departments of Education and Higher

Education, is directed by G. A. Goldin and based at CMSCE.

39

� W e are preparing a volume of over 30 successful classro om activities for teachers of

grades 7-12, called Greatest Hits in Discrete Mathematics.

20

Each of the units is

written and reviewed by LP alumni.

� W e intro duced a pilot pro ject in which a team of teachers worked with and gave feedback

to the develop ers of LINK, a DIMACS-sp onsored NSF-funded software pro ject for

research and visualization in combinatorics and graph theory

. (See Section 5.2.2 for

details.)

� In 1993- 94 a LP team tested 9th grade mo dules in their classro oms from the NSF-funded

COMAP ARISE pro ject, which is developing an innov ative mathematics curriculum

for grades 9-11.

W e have b een successful in other ways in making accessible to a national audience infor-

mation on discrete mathematics and computer science in education, as well as on DIMACS

in general.

The conference Discrete Mathematics in the Sc ho ols: Ho w Do W e Mak e an

Impact? (prop osed in the 1991 renewal) to ok place in Octob er 1992.

21

There are two imp or-

tant outcomes of this conference { (a) the creation of a national group of leaders in discrete

mathematics education, called the W orking Group in Discrete Mathematics, to share

information and supp ort and to co ordinate nationwide e�orts to incorp orate discrete math-

ematics in the K-12 curriculum; and (b) a v olume of articles based on the conference

theme is currently b eing prepared.

All DIMACS T echnical Rep orts are now av ailable online, and can b e retreived by ftp. The

Center installed its own Gopher Serv er which now utilizes Mosaic as a W orld Wide W eb

(WWW) Server. The Server provides information ab out current and up coming visitors, a

full calendar of events, and a complete listing of all technical rep orts with abstracts. It also

provides access p oints to other servers on the Internet at sites such as NSF, the So ciety for

Industrial and Applied Mathematics (SIAM), the Asso ciation for Computing Machinery

, and

the U.S Department of Education.

5.1.3 New Link ages

W e have taken imp ortant initial steps in reaching out to new communities in industry (b eyond

telecomm unications) and other sciences through our Sp ecial Y ears, Sp ecial-Y ear p ostdo ctoral

programs, and Research/Industry p ostdo ctora l programs, describ ed in the research section.

W e are working on developing more formal \knowledge transfer" activities, such as recent

Industrial Problems Seminars, which were organized by Michael Rothkopf (PM, RU) and co-

sp onsored by DIMACS. W e have intro duced a pilot program of Researc h and Education

F ello wships with one p ostdo c supp orted by a 1993- 94 NSF SGER grant (describ ed in Section

5.2.2).

20

D. F ranzblau is now managing editor of this volume.

21

This theme will b e revisited in a sp ecial session on education organized by J. G. Rosenstein at the SIAM

Discrete Mathematics Conference in June 1994. It is also one of the topics now discusse d in a new Educ ation

F orum, intro duced and edited by D. F ranzblau, in the SIAM Discr ete Math A ctivity Gr oup Newsletter.

38

Rutgers Y oung Sc holars Program in Discrete Mathematics.

15

F orty promising New

Jersey high scho ol students participate for four weeks during the summer and attend four

follow-up sessions during the following scho ol year. Rutgers undergraduates and graduate

students serve as mentors. The program is esp ecially e�ective in providing diverse role mo d-

els, and reaching women (a 50-50 balance has b een maintained among the participants and

the instructors); it has also involv ed 18% black and hispanic students on average. Students

and sta� have b een uniformly enthusiastic.

16

Starting this year, we are including \Problem

Groups", in which 6-8 DIMACS memb ers and visitors will lead small groups of students in

research pro jects, which extend throughout the 4 weeks. This program is now in its �fth year

and recently received NSF funding for its third two-year cycle.

Researc h Exp eriences for Undergraduates (REU).

17

Mathematically talented under-

graduates are matched with DIMACS researchers to work for eight weeks during the summer,

and to continue working throughout the academic year. The �rst year (1993) was limited to

four Rutgers students. All four got signi�cant results, and two have submitted them for pub-

lication. Participants were very enthusiastic; for example Jo el Sokol wrote \I think it really

gave me an idea of what it’s like to b e a researcher. : : : In regular coursework, every problem

I solve has already b een solved by hundreds or thousands of students, but the work I did for

the REU program was new. In all, I think it was a terri�c exp erience, and one that I enjoyed

immensely

." In 1994, we recruited regionally

, and selected 6 from over 30 applicants.

A T&T Bell Labs/Bellcore Summer T raining Program for W omen and Minorit y

Studen ts.

18

DIMACS has supp orted this program since 1990, providing computing courses,

mentoring, and career counseling for xxx undergraduates each year. These courses give stu-

dents a strong start for their summer pro jects, and help students learn to work with one

another. (No STC funds are required for this pro ject).

5.1.2 Serving as a Resource

Over the last few years DIMACS has b ecome a resource for those involv ed in K-16 mathematics

and computer science education. The teachers in the Leadership Program (LP) have served

as knowledgeable partners in this endeavor in the following activities:

� F our issues of In Discrete Mathematics,

19

our newsletter for teachers, have b een

published; the mailing list has grown to include over 3000 educators nationwide. (The

newsletter was prop osed in the 1991 renewal.) Many of the articles are written by

participants and faculty in the LP .

� Since 1992 , 16 LP participants with sp ecial preparation have conducted 48 full-day in-

service w orkshops in scho ol districts, reaching a total of 1129 teachers, using a large

collection of materials develop ed for this purp ose. In addition, at least 79 participants

of the 1989-19 92 programs have given over 480 informal workshops, reaching over 10,000

teachers in over 25 states.

15

Co-directors: Rob ert B. Davis (RU), M. O’Nan (PM,RU), and J. G. Rosenstein (PM,RU).

16

Y oung Scholars Program Prop osal to NSF, May 1993

17

Director: W. Steiger (M,RU).

18

Co ordinated by N. Dean (PM, BC)

19

The Newsletter was initially develop ed by J. G. Rosenstein, and is now edited by D. F ranzblau.

37

5 Education, T raining, Kno wledge T ransfer, and Link-

ages to Other Sectors

During its �rst �ve years, DIMACS has develop ed a numb er of successful initiatives in educa-

tion and knowledge transfer. These programs are describ ed and their impact discussed in the

section entitled \Progress". Based on this exp erience, DIMACS has develop ed a vision of its

role in mathematics and computer science education that is considerably broader and more

ambitious than the set of educational goals describ ed in b oth the \Standards for Ev aluation

of Center"(May 1992) and the previous renewal prop osal. This vision, and the new initiatives

we have planned to work towards this vision, are describ ed in the section entitled \Plans".

5.1 Progress

5.1.1 Programs for T eac hers and Studen ts

DIMACS’ main success has b een in creating excellent programs for b oth teachers and students,

including the programs for graduate students and p ostdo ctoral researchers discussed in the

research section. These programs are describ ed b elow; the numb ers of teachers and students

who participated during 1992-9 4 can b e found in T able XX. Programs for undergraduates have

b een supp orted by the STC grant (or supplements); K-12 programs have b een supp orted by

separate NSF funding.

A ma jor strength of the DIMACS education programs continues to b e the partnership

with the Rutgers Center for Mathematics, Science, and Computer Education (CMSCE). All

our K-12 programs (see b elow) are informed by that collab oration.

12

Leadership Program in Discrete Mathematics.

13

The purp ose of this program is to

develop a community of teachers who use discrete mathematics e�ectively and teach it to their

colleagues. Each teacher attends �ve weeks of programs, spread over two summers, and four

follow-up sessions during the intervening year. This program b egan in 1989, and has involved

330 teachers, with ab out 90% from the northeast. Originally a program for high scho ol

teachers, after the last renewal we successfully develop ed a parallel institute for middle scho ol

teachers. The current program, funded by NSF, has had an average of 40 new high scho ol

teachers and 40 new middle scho ol teachers during each of the past three summers. DIMACS

memb ers participate as invited sp eakers and instructors in the program. Among the measures

of success of the program are that participants continue to attend follow-up activities at their

own exp ense, that over 70 participants stay connected through the te achers@dimacs email

group, and that many participants are involv ed in the v arious outreach activities describ ed in

Section 5.1.2. According to ev aluation materials collected,

14

the program is very successful at

providing appropriate content, motiv ating teachers to try new teaching metho ds, and giving

them the knowledge and con�dence to train others.

12

CMSCE Director Gerald A. Goldin is also Director of the New Jersey Statewide Systemic Initiative (NJ

SSI) and serves on the DIMACS Executive Committee.

13

Director Joseph G. Rosenstein (PM,RU) also serves as CMSCE Director of Secondary Mathematics Pro-

grams, and as DIMACS Asso ciate Director of Education.

14

T eacher Enhancement Prop osal to NSF, April 1994

36

4.3 Capital Equipmen t

Cen tral Compute Serv er DIMACS has aging central computing facilities. W e are moving

towards a con�guration which will meet the needs of our visitors and allows for a robust

upgrade path. The prop osed central computing facility is design with such an end in mind.

In particular, we have a need for day-to-day general purp ose computing. The SP

ARC station

1000 allows us to serve our constituents and more imp ortantly gives us an incremen tal upgrade

path from 2 to 4 pro cessors.

While many of our users come here for a short time and may use DIMACS facilities only

for routine computing, we have found an increased need to provide facilities for compute-

intensive work. Notably the work of V asek Chv� atal relies on calculations that would b e

served by our prop osed SP

ARC 10 with 512MB of RAM. More generally next year’s sp ecial

year in Mathematical Supp ort of Molecular Biology promises to push DIMACS computing

facilities to the limit. W e exp ect our p ostdo cs to b e heavily involve in empirical work which

requires signi�cant computing facilities. In the long run, we foresee signi�cant computing

requirements from all our sp ecial years. The Implementation Challenge has b ecome one of the

most successful DIMACS tradition and our prop osed facilities would facilitate their continued

success.

Cost is budgeted to $67,385 with universit y discount prices. Details are in the budget

section.

Supp ort Equipmen t The supp ort equipment has two functions: The X terminals are

meant to provide access to the central computing facility

, and the SP

ARC station 5’s will

b e deployed to provide some computing facilities which do not require the extensive RAM

av ailable on the central server.

Cost is budgeted to $69,959 with university discount prices.

Optical Juk eb o x One of DIMACS main functions is community outreach. This purp ose

is in part ful�lled by the DIMACS Info server. Maintaining the DIMACS Info Service is very

memory intensive, in particular, b ecause we provide all DIMACS T echnical Rep orts online in

p ostscript form. The optical jukeb ox will allow DIMACS to continue serving this crucial role.

Cost is budgeted to $27,634 with university discount prices.

Presen tation Equipmen t Increasingly we �nd that participants at workshops would like

to b e able to give software presentations. Our grant from the State of New Jersey will provide

a workstation ro om with needed UNIX machines. W e still have a need for p ortable architec-

tures. W e have found that we need IBM Compatible, Macintosh, and UNIX-based machines

to allow us to b oth host industrial and academic researchers in a v ariety of areas{mathematics,

computer science, biology

, etc.{as well as to b e able to give software demonstrations in many

settings{small biotech companies, high scho ols, etc. In addition, the LCD panels allow soft-

ware demonstrations during lectures. Finally

, we frequently get requests for copies of sp eakers’

slides from those who cannot attend. The scanner is meant to facilitate this pro cess.

Cost is budgeted to $57,458 with university discount prices.

35

Second Y ears for P ostdo ctoral F ello ws A second need is to make some of our p ost-

do ctoral fellow p ositions last for two years. F or the p erio d of time at DIMACS to b e most

pro ductive, the fellow cannot b egin applying for jobs for the following year a mere two months

after arriv al. The budget shows 2 research p ostdo cs at Princeton each year (one arriving and

one in her second year) and 4 research p ostdo cs at Rutgers each year (two arriving and two

in her second year). There also needs to b e 2 sp ecial year p ostdo cs arriving each year, and 2

p ost-sp ecial year p ostdo cs who are completing research pro jects b egun the previous year. A

separate prop osal is seeking funding for this program.

34 it into technology

. Our exp eriences in past years and exp ectations based on intense interest

in the Molecular Biology SY and the veri�cation comp onent of the Logic and Algorithms

SY indicate there are many opp ortunities for fundamental research done at DIMACS to b e

demonstrated.

F or example, the LINK pro ject arose out of the workshop on computational supp ort for

discrete mathematics. The four PI’s b egan collab orating at that time, but there was a long

lag time for them in writing the prop osal, having it funded, and then gearing up. Another

group trying to get a multi-institutional ongoing research pro ject on simulations of intelligen t

network systems (they have just submitted a concept pap er for the May 23, 1994 NSF deadline)

has had many starts and stops.

Lastly

, start-up activities are typically needed to assure the success of sp ecial years. By

bringing in sp ecial year organizers for a week of planning, we would prevent stalls and get

b etter plans.

There is �rm commitmen t at DIMACS to using the base STC grant on timely initiatives

rather than for ongoing pro jects. Nonethless, there is an intermediate p osition. An annual

budget of $60,000 sp endable dollars half for travel and half for subsistence, controlled by

the DIMACS Executiv e Council, would b e inv aluable in launching v arious group pro jects

spawned by DIMACS workshops or other activities. Groups could apply F unds might b e

used for gathering collab orators from di�erent lo cations for an intense fortnight of research

at DIMACS one each quarter, p erhaps to work on a class of op en problems p osed at some

DIMACS workshop.

In the case of LINK, there is a real need for a full-time C++ programmer for a year while

additional funds are requested to maintain the master copy of LINK at DIMACS, merging

in the submissions from all of the other sites and testing and debugging the master co de.

Perhaps in the Intelligen t Network Systems case, funds might b e requested for a graduate

assistant to b egin working on a pro ject that would interrelate the work of two of the PIs at

di�erent sites and provide further do cumentation for the grant prop osal in preparation.)

DIMACS has b een developing two new typ es of p ostdo ctoral fellows. In the hop es of

increasing our ties with industry

, DIMACS is exploring relationships with v arious companies,

including CuraGen, Sarno�, Merck, Ho echst Celanese, Siemens, and NEC, who might want

to sp onsor joint Universit y-Industry Postdo ctora l F ellows, recent Ph.D.s who will work 50%

of the time in an industrial environment and 50% of the time in an academic setting. One

such p osition is funded by Curagen in Connecticut and is currently seeking a suitable match

(which may not materialize). DIMACS will continue to develop these p ositions; we hop e that

stable or early funding decisions will b e the key to �nding suitable candidates.

Similarly

, two di�erent programs for Research-Education F ellowships are b eing drafted.

Both new Ph.D.s and more exp erienced faculty from other institutions would b e welcomed

to DIMACS to work 50% of the time on their own research and 50% of the time on pro jects

within education. This concept is currently undergoing a successful dry run with a single

fellow, Y anxi Liu, funded by an NSF Small Grant for Exploratory Research.

Increased Outreac h W e have already mentioned our goal that every sp ecial year and

most workshops should pro duce refereed volumes for the AMS-DIMA

CS series. In addition

we would will b e seeking to pro duce survey volumes for some of these sp ecial years that give

state of the art intro ductions to the research areas. The Molecular Biology year will b egin

with tutorials and we should encourage or fund, as necessary

, publication of these materials.

33

� Ge ometric Se ar ching in High and L ow Dimensions

� Pattern Matching

� Symb olic Algebr a

� Network Design Pr oblems

4.2.6 Other Thrusts

� Simulations of Inte gr ate d Communic ations Systems

Alb ert Greenb erg (PM, BL), Sandeep Bhatt (PM, BC), Richard F ujimoto (Georgia

T ech), Andrew Ogielski ((PM, BC), David Nicol (William and Mary) and Diane Sou-

v aine (PM, RU) have b egun research on a mo dest level and submitted a concept pap er

to the NSF for this pro ject. This work fo cuses on the developmen t of mathematical

mo dels, high-p erformance simulation to ols and libraries as well as realistic simulation

scenarios for broadband networks and wireless communication services. Despite the

recent publicity in the p opular media, research in this area has not kept pace with in-

dustrial demands. The primary obstacle has b een the size and immense complexity of

large telecommunications systems.

DIMACS will b e a \neutral ground" for Bell Labs and BellCore, as well as involving

graduate students, hosting workshops, and pro ducing AMS-DIMA

CS volumes.

4.2.7 New Thrusts and Initiativ es

After 6 years, DIMACS has fully committed resources to existing programs. W e also see

some exciting opp ortunities that are not exploited due to lack of resources. In this section we

discuss these incremental prop osals; in the budget they are identi�ed with an \R" for research

increments.

W orking Groups.

DIMACS frequently has pro ject sized needs that are currently unmet. Some of these

are related to publications and outreach, software, and start-up resources for core DIMACS

activities. W e have prop osed a minimal increment to the budget for working gr oups that

would fund these activities.

Currently most of our sp ecial years and some of the workshops pro duce refereed volumes

for the AMS-DIMA

CS b o ok series. It would b e desirable to increase the numb er of workshops

that pro duce volumes; also to have survey/tutorial volumes from sp ecial years and suitable

workshops. W orking group funds would b e used to supp ort short visits to DIMACS initiate

such publications. DIMACS also seeks to increase the information resources av ailable on-

line. W e are exploring a jointly funded p ostdo c with Princeton where Rob ert Sedgewick and

Richard Lipton would sup ervise research in do cuments and DIMACS info-service would serve

as a test-site.

Much of the fundamental research at DIMACS is ready for exp erimental implemen tations.

These implementations can serve as engineering demonstrations and for comparing imple-

mentation metho ds. Doing these will not b e technology transfer to the software develop ers

or factory o ors, but it will give testable software to the p eople who can ev aluate it and turn

32 set in a discrete lattice from line sums in v arious directions in 2 or 3 dimensions. The

problem arises from electron microscopy of crystals. Queustions addressed include how

many directions must b e measured; what are the limits on b ounding b ox size to as-

sure uniqueness of reconstructions; and conditions such as convexity for reconstruction.

Larry Shepp (PM< BL) is the organizer.

� Gr aph Dr awing. DIMACS is sp onsoring a workshop on Graph Drawing in Octob er 1994

that will address how abstract graphs and networks are represented geometrically

. This

problem has evolved considerably with progress in algorithms, computational geome-

try , top ological graph theory and order theory

. Applications include visual interfaces,

database design and software engineering. Chairs are R. T omassia (Brown) and I. T ollis

(UT-Dallas).

� Gr oups and Computation. A followup to a previous workshop on Groups and Computa-

tion will b e held in June 1995. Organizers are Larry Finkelstein (Northeastern), William

Kantor (Oregon) and Charles Sims (PM, RU). This will continue the dialogue b etween

theorists and practitioners b egun at the 1991 DIMACS sp onsored workshop rep orted on

in the accomplishments.

� MAA Me eting. In Spring 1995, DIMACS is hosting a joint meeting of the NJ-MAA

(New Jersey section of the Mathematical Asso ciation of America) and the Mathematics

Asso ciation of Two Y ear College of New Jersey

. This rep eats a DIMACS hosted meeting

in March 1992 that featured Ron Graham (PM, BL&RU) as a guest lecturer and Eric

Jordan, a Princeton undergraduate who rep orted research on networks done with advisor

Rob ert T arjan (PM, PU).

� LICS + CA

V + CAM. DIMACS has agreed to host 3 conferences with overlapping

interests in conjunction with the sp ecial year on Logic and Algorithms: LICS (Logic in

Computer Science), CA

V (Computer Aided V eri�cation), and CAD all in one week.

� Other Pr op osals Other workshops that have b een prop osed or are in pre-prop osa l stages

include chordal graphs, combinatorial asp ects of algebraic geometry

, and

4.2.5 The 5th, 6th, 7th, ... Implemen tation Challenges

It is exp ected that Implementation Challenges will now b ecome an annual a�air. Although

topics (and organizers) have not yet b een �nalized for any Challenges b eyond the fourth, here

are some tempting p ossibilities. (Note that it is not intended that al l challenge topics b e

aligned with the concurrent sp ecial year.) Some challenge topics under consideration are:

� F undamental data structur es. Much research has gone into shaving small factors o�

the running times of v arious data structure op erations, such as those involving priority

queues, dictionaries, union-�nd systems, etc. Are there situations where these can prove

useful?

� Line ar pr o gr amming. This area is still a welter of con icting claims, and new interior

p oint metho ds seem to app ear like clo ckwork. Perhaps it is time for a massive runo� on

a wide v ariety of instance typ es?

31 limits, we cannot cover all of computational numb er theory and some other related �elds;

we would like to concentrate on elementary-combinatorial asp ects, and, dep ending on

the �nancial supp ort granted, hop efully to provide a limited lo ok towards the �elds

dominated by algebraic, analytic, ergo dic and other metho ds.

The prop osed organizers are Ronald Graham (PM, BL) Jean-Louis Nicolas, Carl Pomer-

ance, Andras S� ark� ozy , and Endre Szemer� edi (PM, RU).

Here are some other ideas that are b eing explored:

� R andom structur es and R andomize d Algorithms.

Randomization has b een one of the most p owerful metho ds touching almost every area of

discrete mathematics and theoretical computer sciences. In particular, it overlaps with

the research interests of almost every memb er of DIMACS. In addition, there have b een

a great deal of new developments in the application of randomization metho ds in v arious

areas of random graphs, sp ectral graph theory

, rapidly Markov chains, computational

geometry

, cryptography and complexity .

� Computer-Aide d Mathematics

W orkshops on (1) Linear Programming as a pro of metho d, (2) E�cient search for com-

binatorial ob jects (as in pro of of 4-color theorem, Neil Sloane’s work on constructing

exp erimental designs, etc.), (3) Systems for supp ort of discrete math and algorithm

analysis (a follow-up to previous workshop on topic and this year’s graph-drawing work-

shop).

� Ge ometry and Gr aphics Another sp ecial year concept in the \idea" stage is a geometry

year linking three STCs: DIMACS, the Geometry Center, and the Graphics Center. The

content link age would b e geometry and graphics. It would also return to DIMACS �rst

sp ecial year on Discrete and Computational Geometry

. David Dobkin (PM,PU) sug-

gested the idea and Donald Greenb erg (Graphics Center), Al Marden (former director,

Geometry Center) and Richard McGehee (interim director) have expressed interest.

� Discr ete appr o aches to Game the ory and Ec onomics.

� Networks This would address issues related to design of, ow and routing problems on,

and computing with networks.

4.2.4 Other W orkshops and Meetings

� L e arning The ory. The Colt94 (Conference on Learning Theory) and ML94 (Interna-

tional Conference on Machine Learning) conferences are b eing held at Rutgers this year.

DIMACS is sp onsoring two small workshops in conjunction with these. A L e arning

T utorial Series will b e held immediately b efore the workshops on July 10, 1994. A

DIMACS sp onsored workshop organized by Pascal Koiran (RU,V) with 6 invited talks

on Mathematical Theory of Neural Networks will also b e held on July 8, 1994.

� Discr ete T omo gr aphy. DIMACS and Bell Labs will sp onsor a mini-workshop in Septem-

b er on Discrete T omography

. This will address the problem of reconstructing a p oint

30 theory of the complexit y of approximation problems. This work evolves from the area

of interactive pro ofs and program-checking but also has links to co ding theory and the

algebra of p olynomials. (Several p ermanent memb ers of DIMACS are heavily involv ed.)

Some p ossible workshop topics: complexity of problems in logic, lengths of pro ofs, and

pro of-checking and approximabilit y

� Other Inter actions

As usual, the purp ose of this DIMACS Sp ecial Y ear topic is to b e inclusiv e, rather than

exclusiv e. There are certainly other areas, b eyond the ken of the prop osers, which will

�t well with the theme we have in mind; this fourth "catch-all" subtopic is intended to

encourage all scientists who might b ene�t from interaction with logicians, combinatori-

alists and computer scientists, and in particular with the topics we have listed.

The steering committee for the prop osed year is well suited to these topics and many

have research connections to more than one topic; the memb ers are: Ed Clarke (CMU), Amir

Pnueli, (W eizmann), Allen Emerson, (U. T exas), Joan F eigenbaum, (PM, BL) Eric Allender,

(PM, RU), Gregory Cherlin, (PM, RU) Sam Buss, (UC San Diego), Laszlo Babai, (U. of

Chicago), Richard Lipton, (PM PU) and Peter Winkler, (PM BC).

4.2.3 Prop osed F uture Sp ecial Y ears

A numb er of prop osal area in preparation or under consideration for sp ecial years in the future.

A few are mentioned here.

� Applic ations of Combinatorial Numb er The ory

This is a young �eld originating from the works of Brun and Schnirelman early in this

century

. Later Paul Erd} os played a dominant role in the adv ance of this �eld, and in

the past 25 years the b o o ks of Halb erstam and Roth, and Erd} os and Graham indicated

the birth of a new mathematical discipline. It addresses problems that often combine

numb er theoretic an combinatorial elements - a typ e of problem that is o ccurring more

frequently in applications. The area is now progressing rapidly as more problems are

recognized, combinatorial metho ds are b eing develop ed and computers are enlisted in

the solutions.

The main ob jectives of this sp ecial year would b e: to survey the recent adv ances in this

�eld; to see what are the main lines and most imp ortant achievements in this �eld, and

to make these achievements av ailable for a wide mathematical community; to see where

are the gaps to �ll in; and to inspire further work in this �eld.

The program of this sp ecial year would cover the following sub jects: elementary-combinatorial

metho ds of primality testing and factorization of integers; other combinatorial algorith-

mic numb er theory; multiplicative problems, divisors and applications; linear additive

problems, integer programming; probabilistic metho ds, pseudorandom sequences of in-

tegers and pseudorandom binary sequences; and automata.

The list is certainly not complete and, in particular, we exp ect and request further sug-

gestions. W e emphasize that in order to keep the size of the program within reasonable

29 the DIMACS CA

V workshop in 1990, the numb er of p eople working in computer-aided

veri�cation has dramatically expanded from ab out 15 to 100-200 , including active re-

search representations from the most serious centers of computer science research in

North America, Europ e, Asia and Australia. W e credit this expansion in equal parts to

the very successful workshop we held at DIMACS, and an idea whose time has come.

T o day

, companies such as Intel, DEC, SUN and A

T&T, which as recently as 1-2 years

ago would have nothing to do with formal veri�cation, now can’t wait to get the most

adv anced to ols av ailable. As to ol creation is driven directly from the theory

, this cre-

ates an unusual opp ortunity to see theory put directly to practice, a stimulating and

attractive reward.

Possible workshop topics include: reduction metho dologies, timing veri�cation/hybrid

systems, theoretical issues of design metho dologies, complexit y issues in veri�cation and

exp eriences with existing to ols.

� Finite-Mo del The ory

Mo del theory is the study of mathematical structures which satisfy sets of axioms.

Recently there has b een much more fo cus on the FINITE mo dels of a set of axioms, and

some very lovely connections with theoretical computer science have resulted|including

mo del-theoretic characterizations of complexity classes.

Questions ab out emb eddability of �nite mo dels in certain countable ones have led to a

theory of homogeneous structures, of great interest to combinatorialists. F urther, when

a class of mathematical structures is equipp ed with probability measures (e.g. the case

of random graphs), one is led to study the limiting probabilities of statements ab out

the structures; the result is p owerful meta-theorems called zero-one laws, which give

conditions under which all limiting probabilities must b e zero or one.

Here are three suggestions for workshops which we might exp ect to see under the heading

of �nite-mo del theory: mo del theory and complexit y classes, homogeneous structures,

and zero-one laws.

� Pr o of Complexity

The study of the computational complexity of pro ofs, including �nding pro ofs, exhibit-

ing pro ofs and verifying pro ofs, has b een a fundamental area of b oth logic and computer

science for many years. Recently there have b een some sp ectacular results which, to-

gether with steady progress at the interface of logic and computer science, have help ed to

bring the two �elds into closer touch. The question of the di�culty of FINDING pro ofs

is of course central in logic; a theory is said to b e DECIDABLE if there is an algorithm

to do this. Now there is more fo cus on the question of whether there is an EFFICIENT

algorithm to �nd pro ofs, but in the meantime, the classical question of whether the

theory of the real numb ers with arithmetic and exp onentiation is decidable has b een

answered in the a�rmative (mo dulo a numb er-theoretic conjecture). The LENGTHS

of pro ofs have also fascinated researchers for years and form part of the basis of theo-

retical computer science, as well as pro of theory

. Related are questions of complexit y of

certain formal systems. Finally

, the question of VERIFICA

TION of pro ofs, esp ecially

probabilistically

, has had a huge b o os t from recent results which have application to the

28 that they think mathematical scientists can help them with. A numb er of the leading senior

�gures in mathematical molecular biology from the biology side will b e sp ending time visiting

DIMACS during the sp ecial year. Prominent biologists will b e and have b een involved in the

planning and organization of all ma jor activities. Each workshop has b oth a mathematical

organizer and a biological organizer, and the workshop organizing committees have a roughly

equal numb er of mathematical and biological scientists.

Industrial participation in the sp ecial year is b eing encouraged and we have already ob-

tained commitments to participate from a numb er of companies. The biotech company Cura-

Gen has agreed to co-sp ons or a sp ecial year p ostdo c. Seq Limited is working with us on

organizing programs for biotechnology companies. The Vice President for Research at Ro che

Molecular Systems is co-organizer of our workshop on HIV Sequence Analysis. More and

more companies are expressing an interest in b eing involv ed in the sp ecial year in v arious

ways. W e plan an industrial problems seminar and sp ecial industry-oriented sessions at the

v arious workshops.

The Sp ecial Y ear program will b e centered around a series of workshops, op en to the

entire community

. The scheduled workshops are: Combinatorial Metho ds for Mapping and

Sequencing DNA; Sequence Alignmen t; Phylogeny; and HIV Sequence Analysis. W e will also

b e running the fourth "DIMACS Algorithm Implementation Challenge," to culminate in a

workshop. Researchers will b e challenged to develop algorithmic metho ds for DNA sequence

determination from shotgun sequence data.

There will b e a series of one day mini-workshops, organized around a topic of current

interest, and frequently scheduled at the last minute. Among the topics already scheduled

are Combinatorial Structures in Molecular Biology

, DNA T op ology and Regulation, Gross

and Fine Structure of DNA, and Database Asp ects of Biological Data. A series of four mini-

workshops on protein structure will deal with Global Minimization of Nonconvex Energy

F unctions), Computational Geometry and Protein Structure, Sequence-Based Metho ds for

Protein F olding, and Antib o dy Sequence and Structure.

W e hop e that, like past DIMACS sp ecial years, the year on Mathematical Supp ort for

Molecular Biology will in uence the directions of the �eld for many years to come.

4.2.2 Sp ecial Y ear 1995-96 - Logic and Algorithms

Bob Kurshan (PM, BL) and Moshe V ardi (Rice) are Co-Chairs of this sp ecial year. The basic

goal is to bring together computer scientists who work in areas involving logic and combina-

torics, with discrete mathematicians and theoretical computer scientists who would normally

b e attracted to DIMACS. Principal topics would include Computer-Aided V eri�cation, Finite-

Mo del Theory

, and Pro of Complexity and related workshops (still in planning stages) would

examine and other interactions among logic, discrete mathematics and theoretical computer

science. The main thrusts are:

� Computer-Aided V eri�cation

Computer-Aided V eri�cation is the study of algorithms and structures applicable to

veri�cation of programs (with resp ect to a stated prop erty). It draws up on ideas and

results from graph theory

, combinatorics, automata theory

, complexity theory

, Bo olean

functions and Bo olean algebras, logic, Ramsey theory and linear programming. Since

27 tions that DIMACS-typ e researchers are go o d at solving. The year is intended to exp ose a

large p ortion of the community of discrete mathematicians and theoretical computer scientists

to the problems of molecular biology that seem to b e fundamentally problems of their �eld;

to provide an opp ortunity for intensiv e collab oration to those discrete mathematicians and

theoretical computer scientists who have already discovered these problems; to intro duce some

outstanding young p eople in the mathematical sciences community to the �eld of mathemat-

ical/computational biology in a very concentrated way; to forge lasting partnerships b etween

mathematical scientists and biological scientists; to involve biologists in a primary role in

de�ning the agenda of computational biology; to intro duce molecular biologists to a commu-

nity of mathematical scientists who are interested in helping them solve their problems; and

to develop a long-term base and mo del for interdisciplinary research in this �eld.

The Sp ecial Y ear will b e chaired by Joachim Messing and F red Rob erts of RU. It will b e

co-chaired by Lawrence Shepp of BL and Michael W aterman of U. of Southern California. The

program will b e supp orted by a distinguished steering committee, whose memb ers in addition

to the chairs and co-chairs are David Axelro d (RU), Michael Bulmer (RU), Charles Cantor

(Boston U), Martin F arach (RU), Daniel Gus�eld (UC Davis), Leroy Ho o d (U. of W ashington),

Richard Karp (UC Berkeley), Eric Lander (MIT), Eugene Lawler (UC Berkeley), Joshua

Lederb erg (Ro ckefeller), Joseph Naus (RU), Michiel No ordewier (RU), Wilma Olson (RU),

David B. Searls (U. Penn), William Sofer (RU), T andy W arnow (U. Penn), Peter Winkler

(BC), and Andrew Y ao (PU).

In many ways, this sp ecial year will b e very di�erent from our other sp ecial years. First

of all, we exp ect the "year" to last 25 months, starting with a p ostdo ctoral tutorial program

in August 1994 and including a second year with a regular seminar series, the culmination of

the algorithm implemen tation challenge, and a second year of p ostdo c training.

Second, this sp ecial year will b e di�erent in terms of size. W e have asked NSF, NIH, DoE,

and other agencies for signi�cant additional funding to make this a larger year: T o bring in

visitors from the biological side and leaders in bio computing; to involv e a larger numb er of

p ostdo cs than usual; to keep the p ostdo cs for a second year; and to put much more emphasis

on p ostdo c training, including sp ecial tutorial programs and involvemen t of biological mentors.

Third, this sp ecial year will b e di�erent b ecause it involv es REAL and EXTENSIVE out-

reach to another community

. The program will include extensive collab oration with biologists.

The W aksman Institute for Molecular Genetics at Rutgers is a ma jor partner in the sp ecial

year. Its director, Joachim Messing, is co-chair of the year and many W aksman faculty will

b e involved in mentoring and tutoring our p ostdo cs. There will b e a partnership with our

sister NSF S&T Center, the Center for Molecular Biotechnology at U. of W ashington. Its

director, Leroy Ho o d, will help kick o� the year with a series of "distinguished lectures" in

the F all of 1994. There will b e an exchange of visits with that Center. The Genome Center at

U. of Pennsylv ania is involv ed through the participation of two of its faculty memb ers in our

steering committee. One of the mini-workshops will b e held there and some of the sessions of

our seminar series will also b e held at Penn. The Center for Theoretical and Applied Genetics

at Rutgers will b e involved through the participation of its director and asso ciate director

as mentors for the p ostdo cs, and through the presence of its faculty on the steering commit-

tee and on workshop organizing committees. The Departments of Molecular Biology and of

Ecology and Evolutionary Biology at Princeton will b e involv ed as well. Scientists from those

departments, as well as the other units already mentioned, have b een busy preparing questions

26 it to design con uently p ersistent deques. This data structure requires O (log

�

k ) worst-

case time and space p er deletion, where k is the total numb er of deque op erations, and

constant worst-case time and space for other op erations.

� Graduate student Vivek Gore and advisor Eric Allender (PM,RU) proved an exp onen-

tial lower b ound on the size of constant-depth circuits of AND, OR, and MOD gates

computing the p ermanent of a matrix. One striking thing ab out this result is that it

holds only for circuits with an e�cient rule telling how to construct the circuits (so-called

"uniform" circuits). This is the �rst time that uniformity has b een used to adv antage

in a circuit lower b ound pro of. F urthermore, Allender and Gore also show that the

complexit y class ACC is prop erly contained in the classes PP and C

=

P .

� Rutgers undergraduate, Luz Pinzon and was an invited sp eaker at the AMS regional

meeting in W ashington, D.C. in April 1993 and also at the NJ MAA meeting in April

1993; at b oth meetings she talked ab out the research she did with F red Rob erts (PM,

RU). She is now attending graduate scho ol in op erations research on a minority ad-

v ancement fellowship.

4.2 Researc h Plans

As we have already explained in the Executive Summary DIMACS work is traditionally cen-

tered around Sp ecial Y ears. This was quite successful and though there are always suggestions

for change (say 2 Sp ecial Half Y ears) we already have a �rm commitment for the next two

Sp ecial Y ears. Beyond those commitments, DIMACS will entertain prop osals for Sp ecial

Half-Y ears, Sp ecial Months, etc.

The selection of the topics of the sp ecial year is not an algorithmic problem. It requires

scienti�c judgement based on the knowledge of all or most of the imp ortant developments in

the area of discrete mathematics and computer science. A right decision is made p ossible by

the critical scienti�c mass concentrated in the Center. W e aim at selecting topics rip e for

rapid development, having a high impact, and for which we have and can enlist from outside

the critical level of know how.

In 4.2.1 we describ e the 1994-19 95 Sp ecial Y ear which will continue with some supplemen-

tary activities through 1995-19 96. In 4.2.2 we give the plan of the 1995- 199 6 Sp ecial Y ear,

in 4.2.3 we describ e a detailed plan of a Combinatorial Numb er Theory Sp ecial Y ear which

we did not accept yet, and some further ideas for p ossible sp ecial years. 4.2.4 contains ideas

for new Implementation Challenges (see Part A of this chapter for the very successful earlier

ones).

Finally 4.2.5 describ es some new initiativ es other than Sp ecial Y ears in DIMACS work.

4.2.1 Sp ecial Y ear 1994-95 - Mathematical Supp ort F or Molecular Biology

DIMACS is planning a 1994-95 "sp ecial year" on the topic Mathematical Supp ort for Molecu-

lar Biology

. The program will start in August 1994 and run through August 1995, with some

supplementary activities scheduled for the 1995- 96 year.

The fundamental premise of the sp ecial year is that some of the most central questions in

molecular biology are essentially problems involving the combinatorial and algorithmic ques-

25 just by the degree and numb er of vertices. In particular, for any d-regular, n-vertex

simple graph G, and x 2 V (G): (a) p(x) � d

�1=2

, and consequently n � 2�(G ) � nd

�1=2

;

and (b) �

2

(G) � n=(4 p

d). The rates of convergence in these limiting statements dep end

only on d.

� In DTR 93-56 , John Hershb erger and Subhash Suri (PM,BC) prop ose a very simple ray

sho oting algorithm, whose only data structure is a triangulation. The query algorithm,

after lo cating the triangle containing the origin of the ray

, walks along the ray

, adv ancing

from one triangle to a neighb oring one until the p olygon b oundary is reached. The key

result of the pap er is a Steiner triangulation of a simple p olygon with the prop erty that a

ray can intersect at most O (log n) triangles b efore reaching the p olygon b oundary

. The

triangulation can b e computed in linear sequential time, or in O (log n) parallel time

using O (n= log n) pro cessors. This gives a simple, yet optimal, ray sho oting algorithm

for a simple p olygon. Using a well-known technique, the triangulation pro cedure can b e

extended to a multi-connected p olygon with k comp onents and n vertices, so that a ray

intersects at most O ( p

k log n) triangles.

� Mikkel Thorup (V) rep orted a new approach to ambiguity of context-free grammars

(DTR 93-61). This allows the LL and LR techniques to b e generalized to solve the

following problems for large classes of ambiguous grammars: construction of a parser

that accepts all sentences generated by the grammar, and which always terminates in

linear time; construction of a �nite set of pairs of partial parse trees such that, if for

each pair the two partial parse trees are semantically equiv alent, the ambiguity of the

grammar is semantically irrelev ant.

4.1.7 Notable w ork b y Graduate and Undergraduate Studen ts

DIMACS supp orts graduate students at Rutgers in computer science, mathematics and the

RUTCOR (op erations research) programs; and at Princeton in computer science. Many other

students b ene�t from DIMACS programs and are advised by DIMACS p ermanent memb ers.

App endix D includes a list of PhD theses sup ervised by DIMACS p ermanent memb ers for the

rep orting p erio d. A few notable results are discussed here.

Several DIMACS grad students earned Ph.D.s since the (91-92 , 92-93 , 93-94 ) the last

renewal. Here we highlight notable results from three of the dissertations.

� Graduate student Iliana Bjorling-Sachs and advisor Diane Souv aine (PM,RU) solved a

long-standing op en problem by proving that every simple p olygon with n vertices and

h holes can b e guarded using at most b(n + h)=3c guards. They also provided an O (n

2

)

algorithm for placing the guards.

� Graduate student Jeong Kim (RU) has b een studying the relationship of chromatic

numb er and maximum degree for triangle-free graphs. Kim’s results show a correct

order of magnitude for b oth the chromatic (and list-chromatic) numb er of such graphs

when the girth is at least 5. The previous b est result was not even asymptotically sharp.

� Graduate student Adam Buchsbaum and advisor Rob ert T arjan (PM,PU) intro duced

data-structur al b o otstr apping, a technique to design data structures recursively

, and used

24

Amara-Loui and Herlihy (based on a previous result of Fisher-Lynch-Patterson) says

that, in the standard asynchronous shared-memory with atomic read/write, a very ba-

sic co ordination task called \consensus" is imp ossible to do with absolute reliability

. S.

Chaudhuri conjectured that the same imp ossibility result extends to a weaker co ordina-

tion task called \k-set consensus". Here this conjecture was proved by showing that the

structure of the problem can b e represented by top ological space and the imp ossibility

result follows from a �xed p oint theorem on that space.

� In an invited address at the bi-annual W orkshop on Algorithms and Data Structures

at Montreal in August 1993, Rob ert T arjan (PM,PU) presented his dramatic new re-

sult with Philip Klein (V), a randomized linear-time algorithm for �nding a minimum

spanning tree in a connected graph with edge weights (DTR 93-71). The algorithm is a

mo di�cation of one prop osed by Karger and uses random sampling in combination with

a recently discovered linear-time algorithm for verifying a minimum spanning tree.

� A computer is generally considered to b e a universal computational device, in other

words, it is able to simulate any physical computational device with a cost of at most a

p olynomial factor in the computation time. It is not clear that this is still true if quantum

mechanics is taken into account. Several researchers have develop ed mo dels for quantum

mechanical computers and investigated their computational prop erties. Peter Shor (PM,

BL) has shown that these computers can factor integers and �nd discrete logarithms in

p olynomial time. Polynomial time algorithms on ordinary computers for these problems

are not known; this truly surprising result is exp ected to generate great activity to fully

understand the p ower and feasibility of the quantum computing mo del.

� As one of ten pap ers presented by DIMACS authors or co-authors at 34th Annual IEEE

Conference on F oundations of Computer Science (FOCS), Novemb er 3-5, 1993 in Palo

Alto, California, H. Hampapuran (GS,RU) and Michael F redman (PM,RU) presented

their result on optimal bi-weighted binary trees and the complexit y of maintaining partial

sums. The p artial sum pr oblem concerns the design of a data structure for implemen ting

the following op erations on an array A. The op eration update(j; x) has the e�ect,

A[j ] A[j ] + x , and the query op eration sum(j ) returns the partial sum,

P

j

i=1

A[i] .

Hampapuran and F redman derive new upp er and lower b ounds for the optimal e�ciency

with which sequences of such op erations can b e p erformed in the semi-group mo del of

computation. An imp ortant application of this problem arises in maintaining empirical

cumulativ e distribution functions for statistical databases that are p erio dically up dated.

The new results concern the design of data structures that have optimal e�ciency

, taking

into account the frequency with which the v arious up date and query op erations are

p erformed.

� Another adv ance was made on understanding random matchings in graphs. With a

simple graph G asso ciate the random v ariable � (G), de�ned as the size of a matching

chosen uniformly at random from the set of all matchings of G, and write �(G) and �

2

(G)

for the mean and v ariance of � (G). F or a vertex x, write p(x) for the probability that the

random matching do es not cover x. Je� Kahn (PM,RU) and J.H. Kim (GS, RU) showed

that for a regular G the v alues p(x), �(G) and �

2

(G) are remark ably well determined

23

The ground-breaking work of J. Matousek (V) on cuttings, epsilon approximations, and

epsilon-nets although it is a breakthrough in the ar ea of der andomization of random-

ized algorithms, it is also of fundamental interest in combinatorics and combinatorial

geometry

, together with the seminal work of Kenneth Clarkson (PM,BL) and Peter

Shor (PM,BL) on incremental randomized algorithms, the derandomization ideas pro-

vided some of the to ols for new developments such as the recent discovery by Bernard

Chazelle (PM,PU) of the �rst optimal (deterministic) algorithms for computing convex

hulls and V oronoi diagrams in any �xed dimension: this successfully ended a 20-year

old quest for an optimal solution to one of the most central but elusive problems in

computational geometry

. The same derandomization techniques play the ma jor role in

settling the complexity question for other problems, such as the diameter in dimension

3. Finally

, the work of Chazelle, Matousek, and others reveals the fundamental rela-

tionship b etween epsilon nets and epsilon approximations and discrepancy theory

. This

ma jor line of research owes its start, and much of its developmen t, to the �rst DIMACS

sp ecial year, and the collab orations that grew out of it.

� The problem of building evolutionary trees is a fundamental problem in computational

biology

. No e�cien t algorithm for building evolutionary trees was known, until DIMACS

p ostdo c Martin F arach, former DIMACS p ostdo c Sampath Kannan and DIMACS vis-

itor T andy W arnow develop ed the algorithm presented in the pap er \A Robust Mo del

for Finding Optimal Evolutionary T rees" (DTR 93-22). This was one of two pap ers

from ACM-STOC that was was selected as an Impact Pap er at the CRA - F ederated

Computing Research Conference (1993) to b e featured to the press. The techniques de-

velop ed for this problem have imp ortant applications to problems b eyond relationships

among sp ecies. F or example, the multiple alignment problem is central to the Human

Genome Pro ject, but no e�cient algorithms are known to solve it. The clustering tech-

niques develop ed for evolutionary tree constructions have proved to b e useful heuristics

in attacking this alignment problem.

� Anne Condon, Joan F eigenbaum (PM,BL), Carsten Lund (PM,BL), and Peter Shor

(PM,BL) (DTR 93-10) gave a new characterization of P S P AC E that is used to show

that certain P S P AC E -hard functions are as hard to approximate as they are to compute

exactly

. They investigated prop erties of the \probabilistically check able debate system"

(PCDS), a natural generalization of the probabilistically check able pro of system studied

recently by Babai et al., F eige et al., and Arora et al. A PCDS for a language L consists

of a probabilistic p olynomial-time veri�er V and a debate b etween player 1, who claims

that the input x is in L, and player 0, who claims that the input x is not in L. They

show that there is a PCDS for L in which V ips O (l og n) random coins and reads O (1)

bits of the debate if and only if L is in P S P AC E . This pap er is yet another result in

the vein of startling approximation results whose origin was at DIMACS �rst sp ecial

year in 1990-19 91.

� Michael Saks (PM,RU) and F. Zaharoglou (GS,V) have studied consensus problems

for distributed systems using top ological metho ds. Much of the theory of distributed

computing is concerned with problems of co ordinating a set of pro cessors. V arious prob-

lems have b een prop osed to mo del simple co ordination tasks. A famous result of Abu

22

� Mixer Series. In the fall of 1992, the Mixer Series replaced the DIMACS F orum; it

was organized by Martin F arach (PD). 1993-9 4 saw the second iteration of this new

tradition, organized by Christos Kaklamanis (PD). In the Mixer Series: there are four

afterno on events within the �rst month or so of the academic year, one at each DIMACS

site. Newcomers to DIMACS give talks at sites other than their own base site. In this

way , the 120 p ermanent memb ers can get a sampling of who is around for the year, and

visitors and p ostdo cs get to meet other memb ers at all four institutions.

� DIMACS Series. The Theory of Computation Series and the Discrete Mathematics

Series, b oth organized by Michael Saks (PM,RU) and originating in F all, 1993, each

convene weekly over lunch and provide an informal and high level research forum for

DIMACS memb ers, visitors, and graduate students. The DIMACS-RUTCOR industrial

problem seminar organized by Michael Rothkopf (PM, RU) meets p erio dically in con-

junction with his graduate course in case studies. A new bi-weekly series in Mathematics

Education was also originated in F all, 1993 .

� Biomathematics/Bio c omputing Seminar Series. (This series was initiated with DIMACS

funds, but then was the sub ject of an supplementary grant prop osa l that has funded

it since that time.) This series, now completing its second year, is part of DIMACS’

expanding involvemen t in the biological sciences. This series of talks, which are held

on an approximately monthly basis, exp oses the DIMACS community to problems with

biology

, particularly within molecular biology

. The talks are also advertised within the

biology community and we often �nd that a signi�cant fraction of the audience are

working biologists. This series culminated this year in Phylogeny Day

, May 26, 1994.

The interest in this series is re ected in the ma jor commitmen t to the Molecular Biology

Sp ecial Y ear for 1994-9 5 with a series of 10 Distinguished Lecturer talks.

4.1.6 Selected Other Results

The DIMACS visitors, p ostdo cs, graduate students and p ermanent memb ers are active in

research that is not owed to workshops or is the continuing impact of workshops prior to

this renewal. This section describ es a few of the most exciting results. App endix D, with

publications, gives a complete picture of all research at DIMACS.

� Recently

, Ikeb e, Perles (V), T amura and T okunaga solved a problem on emb edding

ro oted trees in the plane, p osed by Micha Sharir (V) during a workshop in the 1989- 90

DIMACS Sp ecial Y ear on Discrete and Computational Geometry

. They proved that any

ro oted tree of n vertices can b e straight-line emb edded into any set S of n p oints in the

plane in general p osition so that the image of the ro ot is arbitrarily sp eci�ed.

� The work that b egan in that same Sp ecial Y ear at the workshop on Probabalistic Meth-

o ds in Discrete & Computational Geometry led to a urry of remark able new results. R.

Seidel (V) presented the \backwards analysis technique" which simpli�ed the analysis

of randomized geometric algorithms. He showed there how to use it in linear program-

ming, and later, in several other contexts. Since then this idea, invented as a metho d

of analyzing algorithms, has evolv ed into a to ol for devising randomized algorithms.

21 groups of M. Gromov. Computational considerations, b oth practical and theoretical,

have played an imp ortant role in these developments. There have b een many confer-

ences on geometric group theory

, but none prior have fo cussed on the computational

side of the sub ject. DIMACS and the Geometry Center at the University of Minnesota

jointly sp onsored two workshops on computational and combinatorial asp ects of geo-

metric group theory

. A small workshop was held at the Geometry Center from January

3-14, 1994, to fo cus on programming and practical computation. The second DIMACS

workshop, in addition to communicating the relev ant results of the �rst workshop, cov-

ered a wider range of topics. The organizers for this pair of workshops are Gilb ert

Baumslag (CCNY), David Epstein (U. of W arwick), Rob ert Gilman (Stevens Institute

of T echnology), Hamish Short (CCNY), and Charles Sims (PM,RU).

� F ormal Power Series And Algebr aic Combinatorics, May 23-27, 1994. (150 Participants;

45 students)

DIMACS hosted the 6th International Conference on F ormal Power Series and Algebraic

Combinatorics (FPSAC ’94). This is the premier conference in the area of Algebraic

and Enumerative Combinatorics. The conference fo cuses on algebraic combinatorics

and its connections with enumeration, top ology

, geometry and theoretical computer

science. The conference included invited survey lectures, contributed presentations, a

problem session, and software demonstrations. Invited sp eakers include Anders Bjorner

(Sweden), Ruth Charney (USA), Maylis Delest (F rance), Philip Hanlon (USA), David

Jackson (Canada), Gil Kalai (Israel), Sergei Kerov (Russia), Christophe Reutenauer

(Canada), Sheila Sundaram ( USA). The organizers of this conference are Louis Billera

(Cornell Universit y), Curtis Greene (Haverford College), Ro dica Simion (The George

W ashington University

, Chair), Richard Stanley (MIT).

� Developing Computer Scienc e A genda(s) for High-Performanc e Computing

W orking with Uzi Vishkin (Maryland) as organizer, DIMACS and UMIACS (University

of Maryland Institute for Adv anced Computer Studies cosp onso red this workshop held in

Arlington, V

A. An edited volume of these pap ers is already at the ACM for publication.

Thirty three representatives of the U.S. Computer Science and Engineering academia

and industry resp onded to the following question: \Supp os e that you are in charge of a

budget of 5 billion dollars over the next ten years for adv ancing high-p erformance com-

puting; what would b e your technical agenda for making the greatest impact?" There

was wide agreement that the programmability of parallel systems, their p erformance,

and the p ortability of application software across a v ariety of parallel systems are some

of the key issues facing the �eld. A strong case for continuation of exploratory research

that will make general-purp ose parallel computing ubiquitous was made in these pap ers.

Issues such as how to make indep endent software vendors more active participants and

harness more of the main stream computer system building industry into participation

in this e�ort were also discussed.

In addition to workshops, there are a v ariety of seminar series, whose programs are included

in the app endix.

20 other graduate students receiv ed travel supp ort in exp ectation of pursing related topics

in their do ctoral research.

� Co ding and Quantization, Octob er 19-21 , 1992. (32;5)

This workshop, jointly sp onsored by the IEEE and organized by Rob ert Calderbank

(PM,BL), G. David F orney (Motorola) and Nader Mayeri (RU), brought together re-

searchers in two di�erent communities, those who work in co ding theory (and aim to

increase the reliability of information transmission) and those who work in quantization

(and aim to decrease distortion when an information source is compressed). The ma-

jority of attendees were engineers, with ab out 20% from lo cal industry and government

organizations. There was a go o d mixture of theoretical results and mathematical in-

nov ation that will b e a part of future consumer electronics pro ducts such as 19.2 kb/s

mo dems and subband co ding schemes for video transmission.

The workshop led to results rep orted in the Octob er, 1993, issue of Scienc e (a copy of

which is included in the App endix.) Most work on cyclic co des has emphasized \linear

co des". consisting of all vectors x over some �nite �eld (commonly the integers mo d

2, \binary co des") such that Ax = 0, for some matrix A. These co des have a clean

structure that makes them simple to discover, to understand, and to enco de and deco de.

Two co des which were assumed to b e non-linear, the Kerdo ck and Preparata co des, have

long b een known to b e \dual" to one another in a particular formal sense, even though

mathematical duality is de�ned only for linear co des. F or roughly 20 years this curious

observ ation left co ding theorists with the op en question of whether these non-linear co des

might not b e duals in some stronger sense. Rob ert Calderbank (PM,BL), Hammons,

Kumar, Neil Sloane (PM,BL) and Sol� e [DTR 93-50] recently resolved this question by

showing that the Kerdo ck and Preparata co des are in fact linear, if one views them in

the right way over the ring of integers mo d 4 instead of mo d 2, and that, over this larger

alphab et, the two co des ar e mathematical duals. The mapping b etween the mo d 2 and

mo d 4 versions of the co des is extremely simple.

� Partitioning Data Sets: With Applic ations to Psycholo gy, Vision and T ar get T r acking,

April 19-21, 1993. (40 participants)

This workshop, organized by Ingemar Cox (PM,NEC) and Pierre Hansen (PM,RU)

brought together ab out 40 participants from the Cluster Analysis, T arget T racking,

Computer Vision and Psychology �elds. Theoretical, tutorial presentations were inter-

leaved with those fo cusing on recent research and applications. The workshop explored

connections b etween graph clustering, partitioning and image pro cessing techniques, and

the use of metho ds from combinatorial optimization, such as quadratic and dynamic

programming. In particular, the �rst, and very successful, application of unconstrained

quadratic 0-1 optimization to image enhancing was discussed by Endre Boros (PM,RU).

� Ge ometric Gr oup The ory, Jan 3-14, 1994 and March 17-20 , 1994. (40;7)

In recent years investigation of geometric and language-theoretic asp ects of �nitely pre-

sented groups has engendered a remark able interplay b etween group theory

, geometry ,

and the theory of automata and formal languages. Perhaps the b est known result of this

interplay has b een the intro duction of automatic groups, which include the hyp erb olic

19 the development of practical computer algorithms. These two communities have collab-

orated to an unexp ected extent, as they came to realize the commonality of their goals.

They learned that a deep er understanding of the mathematical issues underlying group

computations ultimately leads to faster algorithms; and that practical requiremen ts can

lead to new and faster theoretical algorithms.

The workshop resulted in signi�cant improvements to Gap, the group theory system

develop ed by Prof. J. Neubueser at R

TWH Aachen, Germany

. The improvemen ts

included corrected algorithms, faster algorithms based on theoretical improvements and

ongoing work on a compiler. Several other collab orations were signi�cantly strengthened

as a direct result of the workshop. Kantor, Seress, and a student of Seress (P

. Morje)

are in the pro cess of pro ducing practical algorithms, for inclusion in Gap, for computing

with Sylow subgroups of p ermutation groups.

D. Ro ckmore, G. Co op erman, L. Finkelstein and B. Y ork b egan a seminar on the ap-

plication of computational group theory

, sp ectral analysis on �nite groups and parallel

algorithms for algebraic computations, to problems in the physical sciences. They have

recently joined forces with several prominent crystallographers and mathematicians in-

cluding scientists a�liated with Thinking Machines in Cambridge, fo cusing on applica-

tions to X-ray crystallography

. Dan Ro ckmore has also collab orated with R. Beals and

L. Babai on algorithms for matrix groups over numb er �elds.

� Computational Supp ort for Discr ete Mathematics. March 12-14, 1992. (48;11)

This workshop, organized by Nate Dean (PM,BC) and Gregory Shannon (Indiana), was

intended to facilitate working relationships among a widespread group of researchers

concerned with the development of general-purp ose software and integrated software

systems for v arious domains in "exp erimental" discrete mathematics, for the purp ose

of providing e�ective computational to ols for research, applications prototyping, and

teaching. The workshop has already played a ma jor role in triggering LINK: a new

DIMACS initiative in this area. LINK is an NSF funded pro ject to build a comprehensive

software system for combinatorial computing and exp erimental discrete mathematics

that is e�cient, p ortable, and extensible.

� Constructive Mo dels of Human L anguage, March 20-22 , 1992. (50;15)

The goal of this workshop organized by Eric Ristad (PM,PU) and Stephen Levinson

(A T&T) was to bring together theoretical computer scientists and theoretical linguists

to develop the computational theory of human language. Participants included many

of the world’s most prominent generative linguists, cognitive psychologists, and learning

theorists. The workshop has already had an impact on our understanding of how human

languages are learned. In particular, we exp ect to see a new formal framework within

which to study language learning, based on ideas presented at the workshop.

Participants included many of the world’s most prominent generative linguists, (includ-

ing Stephen Anderson, Luigi Burzio, Osamu F ujimura, Moris Halle, Alec Marantz, J.R.

V ergnaud, and Edwin Williams), cognitive psychologists (George Miller), and learning

theorists (Eric Baum, Jorma Rissanen, Les V aliant, and Paul Vitanyi). F our graduate

students gave presentations of dissertation work in v arious stages of completion. Two

18 lems (random instances in the so-called \critical region") up to 400 v ariables, but fail

to terminate in a reasonable amount of time shortly thereafter; general heuristic ap-

proaches, such as tabu search and simulated annealing, seem to b e robust, practical

metho ds for approximately solving all of these problems.

� 3rd Challenge (93-94): Parallel Algorithms for T ree Searching and for Manipulating

Sparse and Dynamic Graphs

10

As with the 2nd Challenge, this Challenge has a topic that �ts with the ongoing Sp ecial

Y ear theme, in this case Massively Parallel Computing. The use of massive parallelism

in discrete combinatorial applications has received far less attention than in numerical

applications. Despite the large b o dy of theoretical work on parallel algorithms for com-

binatorial problems, it is unclear what kinds of parallel algorithms will b e most e�ective

in practice. The goal of this challenge is to provide a forum for a concerted e�ort to

study e�ectiv e algorithms for combinatorial problems, and to investigate the opp ortu-

nities for massive sp eedups on parallel computers. The two sp eci�c topics chosen have

so far drawn some 36 di�erent prop osals. Extended abstracts are due in August, and

at the �nal sp ecial year workshop, the \DIMACS Parallel Implemen tation Challenge

W orkshop," which will b e held in Octob er 1994, with a Pro ceedings to b e completed in

1995.

� 4th Challenge (94-95): DNA Sequence Determination

11

This Challenge, aligned with the up coming Sp ecial Y ear on computational biology

, is

currently in the planning stages. One of the current prop osed problems is to develop

algorithmic metho ds for a series of b enchmark problems dealing with DNA sequence

determination from shotgun sequence data.

F uture challenges are discussed in the prop osed research section.

4.1.5 Other W orkshops and Seminars

While a sp ecial year is a ma jor fo cus of activity

, ab out half of the p ostdo c and visitor p ositions

are �lled without regard to the topic. Other workshops and seminars also take place. These

workshop topics and committees meet the same criteria as others. Individual workshops can

b e a planning event for a later sp ecial year, or harvest yields of earlier years. Or just re ect

an appropriate level of interest in an imp ortant research �eld.

� Gr oups and Computation, Octob er 7-10, 1991. (42 participants; 13 students)

A primary goal of this workshop, organized by Larry Finkelstein (Northwestern U.) and

Bill Kantor (PM, RU & U. Oregon), was to foster a dialogue b etween researchers study-

ing the complexity of p ermutation and matrix group computations and those engaged in

10

Sandeep Bhatt (PM,BC), Co ordinator, with David Culler (Berkeley), John Dennis (CRPC, Rice), David

Johnson (PM,BL), Lennart Johnsson (Thinking Machines, Harv ard), and Charles Leiserson (MIT) on the

Steering Committee.

11

Martin Vingron (GMD) and Ellson Chen (Applied Biosystems), Co ordinators, with David Johnson

(PM,BL), Joachim Messing (RU, W aksman Institute of Molecular Genetics), and Michael W aterman (USC)

on the Steering Committee.

17

Approximatedly 60 p eople attended the three-day workshop, ab out 1/3 of whom had

not p ersonally taken part in the Challenge but were interested in the topic and/or

exp erimental analysis. In addition to the 26 contributed pap ers, there were four tutorial

sessions, three on the general problem domains and one on exp erimen tal metho ds. There

were also three panel discussions. One evening session was devoted to informal, head-

to-head comp etitions among participant’s co des.

Among the conclusions of the Panel Discussions: The Goldb erg-T arjan push/relab el

approach to network ow is now the metho d of choice for that problem. No such robust

champion had yet emerged for min cost network ow, with most prop osed techniques

doing very well on some classes of instances and very p o orly on others. (Subsequent work

by Andrew Goldb erg, inspired by this challenge, suggests that a well-tuned push/relab el

approach may well b e the winner here to o, however.) F or multi-commo dity ow, approx-

imation algorithms inspired by theoretical considerations turn out to b eat traditional

linear-programming based techniques when the numb er of commo dities is high. F or

weighted matching problems where the weights corresp ond to distances in the plane,

much larger instances can b e solved than previously thought p ossible (e.g., instances

with as many as 100,000 p oints to b e matched). Finally

, participants were unanimous

in their desire for more Implementation Challenges (many suggesting that they had

learned so much that they’d like to immediately have another Challenge on Network

Flows and Matching!)

� 2nd Challenge (92-93): Clique, Coloring, and Satis�ability

9

The topics for this Challenge was chosen to �t in with the concurrent Sp ecial Y ear topic

of Combinatorial Optimization. Both optimization and approximation algorithms were

covered. Approximately 100 researchers attended the concluding workshop, which to ok

place in Octob er, 1993, and consisted of 38 presentations and p oster sessions, two invited

survey talks, and three panel discussions. (The p oster sessions, originally viewed with

some skepticism by those selected to present them, turned out to b e a very e�ective

format for a workshop of this typ e.) A refereed Pro ceedings is currently b eing prepared

for inclusion in the AMS DIMACS Series, and the b o dy of test instances, co des, etc. cur-

rently av ailable from DIMACS via anonymous ftp continues to grow. The participants

once again covered a broad sp ectrum, including a signi�cantly increased participation

from the Op erations Research Community

. Indeed, the ORSA-TIMS National Confer-

ence in April 1994 solicited the organization of a sp ecial Invited Session to communicate

the results of the Challenge to that community .

A sample of the conclusions: �nding the maximum clique in graphs with approximately

400 no des could b e done routinely by a v ariety of techniques, but at present nothing

seems to work consistently for dense 1000 no de problems; general 100 no de graph col-

oring problems seem very di�cult to solve, while much larger problems generated from

real-life register allo cation problems are much easier; exact metho ds for satis�ability ,

based on improvemen ts to the basic Davis-Putnam pro cedure, are able to solve prob-

9

Michael T rick (V,GSIA-CMU, Co ordinator, with V a � sek Chv� atal (PM,RU), Bill Co ok (PM,BC), David

Johnson (PM,BL), Catherine McGeo ch (Amherst College), and Rob ert T arjan (PM,PU) on Steering

Committee.

16

4.1.4 DIMA

CS Implemen tation Challenges

In recent years, there has b een growing interest in the application of computational and

statistical to ols to problems in the analysis of algorithms. In many algorithmic domains worst-

case b ounds are to o p essimistic and tractable probabilistic mo dels to o unrealistic to provide

meaningful predictions of practical algorithmic p erformance; exp erimental approaches can

provide useful knowledge where purely analytical approaches fail. Moreover, exp eriments can

provide deep er insight into algorithmic mechanisms and therefore motiv ate and guide deep er

analytical results. F urthermore, in recent years theoretical work on the design and analysis

of algorithms has often b ecome divorced from the original applications and implementation

issues that motiv ated it. Exp eriments, with their requirements that algorithms actually b e

implemented in co de and that meaningful test instances b e found/created, bring application

and implemen tation issues back to the fore. They also can greatly facilitate the technology

transfer pro cess, since they not only can help determine the b est algorithms to use in v arious

practical situations, but they also create the key artifact needed to put an algorithm into use:

an implementation of it.

Despite the p otential v alue of the exp erimental approach, however, there has not b een a

strong exp erimen tal tradition in the �eld of algorithm analysis. The DIMACS Implementation

Chal leng es are a resp onse to the p erceived need for encouraging more work in this area. So far

there have b een three Challenges, a fourth one is b eing organized for the 1994-1 995 Academic

year, and we now exp ect these to b e an annual event throughout the life of DIMACS, often (but

not necessarily) tied to the sub ject of the current Sp ecial Y ear. In the following paragraphs

we summarize the results of the �rst two Challenges, give a status rep ort on the currently

ongoing Challenge, and say a bit ab out the plans for future Challenges.

� 1st Challenge (90-91): Network Flows and Matching

8

This Challenge concentrated on problem areas of maximum ow, minimum cost ow,

the assignment problem, and matching (b oth weighted and unweighted). The work-

shop pro ceedings are now av ailable as V olume 12 of the DIMACS Series published by

AMS, a 592-pa ge volume containing 22 refereed pap ers. In addition more than 7 MB of

standards, test instances and generators, algorithm co des, reference lists, etc.) are now

av ailable via FTP from the \pub\netflow directory at dimacs.rutgers.edu. These

�les, for the most part contributed by the participants, can b e viewed as just as im-

p ortant a \pro duct" of the Challenge as the Pro ceedings, and were used extensively by

participants during the course of the Challenge (and afterwords).

During the course of the year some 41 di�erent groups submitted prop osals and received

feedback and suggestions from the Steering Committee. Almost all communication

to ok place over the Internet. The ma jority of participants were from North America,

but Europ e, South America, and the F ar East were also represented. Many pro jects

involv ed students, but many also involved established researchers, b oth in industry and

academia. (Companies with pap ers in the �nal pro ceedings include GTE, Lo ckheed,

and IBM-Japan in addition to BellCore and A

T&T Bell Lab o ratories).

8

David S. Johnson (PM,BL) and Catherine C. McGeo ch (V,Amherst College), Co ordinators, with Mike

Grigoriadis (PM,RU), Clyde Monma (PM,BC), and Bob T arjan (PM,PU) on Steering Committee.

15

� Sp eci�cation of Parallel Algorithms, May 9-11, 1994, Princeton.

5

Chairs: Guy Blello ch (CMU), Mani Chandy (CRPC, Caltech), and Suresh Jagannathan

(NEC).

The goal of this Sp ecial Y ear is to have a p ositive impact on the design of the next

generation of parallel computers and parallel algorithms, and thus to enhance this country’s

p osition as the world leader in sup ercomputing. An ancillary goal of the sp ecial year is to

develop New Jersey’s leadership role in the �eld of high p erformance computing (HPC). One of

the successes of the sp ecial year has b een the ability of DIMACS to attract top researchers from

other areas, including computer architects, application researchers, and commercial vendors.

Although it is to o early to assess the impact of this Sp ecial Y ear, it is already p ossible

to p oint out an imp ortant conceptual breakthrough that came in part from the DIMACS

workshop Mo dels, Ar chite ctur es, and T e chnolo gies for Par al lel Computation . This workshop

attracted nearly 200 participants, including many students. Several participants remarked

that this was the b est workshop they had ever attended, noting the usefulness of extended

communication and discussion sp eci�cally aimed at bridging the v arious areas represented. A

consensus was established that parallel computer architecture is converging in the short term

on machines based on commo dity micropro cessors, but that in the next �ve years we would

b egin to see hardware supp ort for shared memory in these machines.

6

The consequences of

convergence on a particular form of architecture are far reaching; it gives the architects a

target to aim for, it gives the theoreticians a mo del in which to design algorithms, and it

determines which Grand Challenge problems are likely to succumb to parallel computation in

the near future.

At least two of the workshops will result in published, refereed DIMACS/AMS V olumes,

including the workshop on Inter c onne ction Networks and Mapping and Sche duling Par al lel

Computations, and Par al lel Pr o c essing of Discr ete Optimization Pr oblems . One of the key

successes of the latter workshop was initiating collab oration among the Europ ean participants

and several researchers from the U.S. In addition, many participants stayed at DIMACS after

the workshop working on joint pro jects.

The p ostdo c and visitor programs have already led to v aluable new results. F or example,

Postdo c Edith Cohen (PD,PU) has develop ed new metho ds for reducing the numb ers of pro-

cessors and total work needed in parallel algorithms for basic problems such as network ow,

matching, and shortest paths, by trading work for accuracy

. Her results �nd solutions that

are prov ably near-optimal. Postdo c Andrew Rau-Chaplin, has taken adv antage of DIMACS

resources to develop a monograph on parallel algorithms for distributed memory machines.

7

T eresa Przytyc k a’s visit to DIMACS resulted in the invention of two parallel algorithms for

solving problems on binary trees. The �rst grew from a collab oration with Martin F arach

(PM, RU) and visitor Mikkel Thorup.

5

A joint workshop with the Center for Research in Parallel Computation (CRPC) at Rice.

6

This convergence was discussed in greater detail at a workshop on "Suggesting Computer Science

Agenda(s) for High-Performance Computing", which was held in Arlington, Virginia, and was sp onsored by

the NSF, the the University of Maryland Institute for Adv anced Computer Studies (UMIACS), and DIMACS.

7

The coauthors are Quentin Stout (Michigan) and Russ Miller (Bu�alo) to b e published by MIT Press.

14

May .

4.1.3 Sp ecial Y ear 1993-94 - Massiv ely P arallel Computing

T om Leighton (MIT) and Bruce Maggs (CMU) co-chaired this Sp ecial Y ear,

4

which repre-

sented a signi�cantly broader and multidisciplinary topic than those in previous years. The

strategy of the sp ecial year has b een to bring together exp erts in DIMACS areas with the

engineers who build parallel sup ercomputers and the physical scientists designing solutions to

what are known as \Grand Challenge" problems, such as earthquake prediction or the analysis

of protein folding.

Although a Sp ecial Y ear at DIMACS generally lasts for 12 months, this sp ecial year had

an early kick-o� with two workshops in the spring of 1993.

� F utur e Dir e ctions for Par al lel Optimization, April 30-May 1, 1993.

Chairs: David Applegate (PM,BL), John Dennis (CRPC, Rice U.), and Irving Lustig

(PU)

� Parallel Algorithms for Unstructured and Dynamic Problems, June 2-4, 1993.

Chairs: Alb erg G. Greenb erg (PM,BL), and Andrew T. Ogielski (PM,BC)

The main p ortion of the Sp ecial Y ear b egan in Septemb er, as p ostdo ctoral fellows and vis-

itors b egan to arrive. The year featured six workshops, hosted at b oth Rutgers and Princeton.

� Mo dels, Architectures, and T echnologies for Parallel Computation Sept. 20 - 22, 1993.

Chairs: Phillip Gibb ons (BL), Richard Karp (UCB), Charles Leiserson (MIT), and Greg

Papadop olous (MIT).

� Par al lel Algorithms: F r om Solving Combinatorial Pr oblems to Solving Gr and Chal len ge

Pr oblems, Novem b er 17-19, 1993, Rutgers.

Chairs: Jim Flanagan (CAIP

, RU), Y ossi Matias (PM, BL), and Vijaya Ramachandran

(UT)

� Or ganizing and Moving Data in Par al lel Computers, January 26-28, 1994, Princeton.

Chairs: Christos Kaklamanis (PD, RU), Kai Li (PU), Greg Plaxton (UT), and Abhiram

Ranade (UCB).

� Inter c onne ction Networks and Mapping and Sche duling Par al lel Computations, F ebruary

7-9, 1994, Rutgers.

Chairs: F rank Hsu (F ordham), Arnold Rosenb erg (UMass), and Dominique Sotteau

(LRI, U. Paris-Sud).

� Par al lel Pr o c essing of Discr ete Optimization Pr oblems, April 28-29, 1994, Rutgers.

Chairs: P

. M. Pardalos (U. Florida), M. G. C. Resende (PM, BL), and K. G. Ramakr-

ishnan (BL).

4

The organizing committee consisted of Alok Aggarwal (IBM), Sandeep Bhatt (PM, BC), Jim Flanagan

(CAIP

, RU), Alb ert Greenb erg (BL), Dick Karp (UCB), Ken Kennedy (CRPC, Rice), Janos Komlos (PM,

RU), Andrew Ogielski (PM, BC), Bob Sedgewick (PM, PU), and Chuck Seitz (Caltech).

13 to 3038 cities (the largest previously solved TSPLIB problem had 2392 cities). Bixby and

Co ok (along with David Johnson) then organized the workshop Solving Har d Combinatorial

Optimization Pr oblems, in March of 1993, increasing the interest in this work and stimulating

further development. In fact, by June 1993, the team broke its own record by solving a TSPLIB

problem with 4461 cities, and have continued to make improvemen ts. Another imp ortant role

of DIMACS in this work was the op enness of its computer system; for security reasons, Bell

Labs and BellCore cannot o�er remote logins to share data and co de, however Bell Labs

donated a disk to DIMACS to e�ect this collab oration.

The \mini-workshop" on Appr oximation Algorithms , which drew an audience comparable

to the larger workshops, was devoted to exciting new developmen ts in the �eld of approxima-

tion algorithms. These included new techniques for the design of heuristic or approximation

algorithms, using linear programming, randomization, and other metho ds. Just as imp ortant

were pro ofs establishing the imp ossibility of certain approximation tasks. This latter work

used techniques based on the theory of interactive pro ofs, which resulted from the prior Sp ecial

Y ear on Complexity Theory (1990- 91).

The workshop on Pr ob ab alistic Algorithms for Combinatorial Optimization highlighted

imp ortant new techniques for analyzing random walks (Markov chains). One imp ortant result

using this technique grew out of a collab oration b etween DIMACS memb ers and visitors. Ravi

Kannan (PM,BC) and Laszlo Lov� asz (PU and Budap est) (workshop organizers) together

with M. Simonovits (V), improved the running time of randomized volume, sampling, and

integration algorithms. Due to these improvements, the original running time of O (N

27

)

(which was of theoretical interest though impractical) was reduced to O (n

7

) in 1992, and has

since b een reduced to O (n

6

), which is now near the range where practical implementations

may b e feasible.

Several imp ortant new results on approximate Max- ow Min-cut Theorems were obtained

and presented by Satish Rao (PM, NEC) with Sp ecial Y ear visitors Ev a T ardos, Vijay V azi-

rani, Serge Plotkin, and others, made p ossible by interactions fostered at DIMACS. This

imp ortant and fast-developing area was featured in several seminar talks, workshop discus-

sions, and informal research throughout the year. Strong connections with other themes of

the Sp ecial Y ear, such as prop erties of the cut cone and mixing prop erties of Markov chains

were discovered. The mixing rate of Markov chains was also the central theme of the second

workshop, several seminar talks, and on-going research.

Both the workshops on Perfe ct Gr aphs and Perfe ctly Or der able Gr aphs led directly to

settling many conjectures on the structure of p erfect graphs. Many graphs which arise in

scheduling, covering, and geometric problems turn out to b e p erfect; characterizing p erfect

graphs in terms of forbidden subgraphs has b een a long outstanding problem in graph theory .

Most signi�cantly

, Irena Rusu constructed an in�nite family of p erfect graphs simultaneously

satisfying a list of key conditions. A DIMACS volume arising from the workshop, with the

working title Handb o ok of Perfe ct Gr aphs is in preparation. One of the reasons for the success

of the workshops was the use of an unortho dox format. In F ebruary

, some 120 p otential

participants were presented with a list of op en problems and a rudimentary bibliography on

the sub ject; they were invited to add to b oth and to suggest other p otential participants. In

this way

, around 150 p eople were eventually contacted; many of those who could not come to

Princeton in June chose to remain on the mailing list and participated in the e-mail session

that lasted over three months. The bibliography grew to more than 300 items by the end of

12

Sitaraman (PU) along with collab orators showed that in fact low-degree networks such as the

butter y and the mesh are indeed highly fault tolerant. This was an op en problem presented

at the workshop, after several sp eakers had discussed strategies for building fault-tolerance

into interconnection networks. Moreover, the International W orkshop on Interconnection

Networks, held in July 1993 in Luminy (Marseilles) F rance, advertised itself as a \logical

continuation" of this DIMACS workshop, evidence of much broader impact.

4.1.2 Sp ecial Y ear 1992-93 - Com binatorial Optimization

This sp ecial year was chaired by L� aszl� o Lov� asz (PU and Budap est) and Paul Seymour (PM,

BC).

3

The fo cal p oints for the year were four full-scale workshops:

� Disjoint Path Pr oblems, Novem b er 16-20, 1992.

Chair: Paul Seymour (PM, BC)

� Pr ob abilistic Algorithms for Combinatorial Optimization, F ebruary 22-27, 1993. Chairs:

Laszlo Lov� asz (PU and Budap est), Ravi Kannan (PM,BC), Michael Saks (PM,RU) and

Peter Winkler (PM,BC)

� Solving Har d Combinatorial Optimization Pr oblems, March 29-April 2, 1993.

Chairs: Rob ert Bixby (Rice), William Co ok (PM,BC), and David Johnson (PM,BL)

� Perfe ct Gr aphs, June 10-14 , 1993.

Chairs: V a � sek Chv� atal (PM,RU), Laszlo Lov� asz (PU and Budap est), and Bruce Reed

(V)

Another successful comp onent of the Sp ecial Y ear was a series of smaller workshops and

mini-conferences on selected topics of current interest. Three were particularly noteworthy .

� Appr oximation Algorithms, March 24-26, 1993.

Chair: Philip Klein (Brown)

� The Quadr atic Assignment Pr oblem, May 24-25, 1993.

Chairs: Panos Pardalos (V) and Henry W olkowitz (V)

� Perfe ctly Or der able Gr aphs, June 16-19, 1993. Chair: V a � sek Chv� atal (PM,RU)

The most dramatic outgrowth of the sp ecial year has b een a series of demonstrations of the

v alue of theory in improving the implementation of real programs. The work started b efore

the sp ecial year had b egun. F or over a decade, computer co des for solving the notorious

T raveling Salesman Problem have b een tested on a standard set of problems or b enchmarks,

now av ailable to the public under the name of TSPLIB. In the spring of 1992, a team consisting

of David Applegate (PM,BL), V a � sek Chv� atal (PM,RU) William Co ok (PM,BC), and Rob ert

Bixby (Center for Research on Parallel Computation, Rice University) claimed a \gold medal"

by solving �fteen previously unsolved problems from TSPLIB with sizes ranging from 417

3

The organizing committee consisted of V. Chv� atal (PM, RU), W. Co ok (PM, BC), L. Hall (PU), P .L.

Hammer (PM, RU), D.S. Johnson (PM, BL), W.R. Pulleyblank (IBM), and A. Schrijver (Amsterdam).

11

� Planar Gr aphs, Novem b er 18-21, 1991, Rutgers.

Chair: T om T rotter (PM, BC)

� Gr aph Emb e ddings and Par al lel Ar chite ctur e, January 13-15, 1992, Rutgers.

Chair: Bruce Maggs (PM, NEC)

� Exp anding Gr aphs and Applic ations, May 11-14, 1992.

Chairs: Persi Diaconis (Harv ard), Jo el F riedman (PM,PU)

One of the most signi�cant results from this Sp ecial Y ear grew directly out of a collab o-

ration made p ossible by the visitor program. Paul Seymour (PM,BC) and DIMACS visitors

Neil Rob ertson and Robin Thomas, made an impressive breakthrough on a generalization of

the celebrated F our-Color Theorem, which says that any planar graph can b e colored with

only four colors in such a way that no two adjacent vertices have the same color. The gen-

eralization is a case of one of the most famous op en problems in graph theory

, called the

Hadwiger conjecture, dating from 1943, which states that if a graph is not k-colorable, then

it can b e \contracted" to a complete subgraph with k+1 vertices. The F our Color Theorem

is known to b e equiv alent to Hadwiger conjecture in the case k = 4. Seymour, Robinson, and

Thomas proved Hadwiger’s conjecture with k=5. One of the reasons for the interest in this

conjecture is the desire for a satisfying pro of of the F our Color Theorem; although a pro of

was given by App el and Haken in 1976, their pro of is not completely convincing to many

, in

part b ecause it makes heavy use of a computer, but also b ecause of problems with degeneracy .

Continuing their collab oration which had b egun in 1991-92 , Seymour, Robinson, and Thomas

worked with visitor Dan Sanders in 1993 to give a less complicated computer-aided pro of;

which b oth indep endently veri�es the F our Color Theorem, and makes the general metho d

more accessible to the mathematics community .

An interesting and surprising result coming out of the Sp ecial Y ear links pure combinatorics

with applied problems: the DIMACS workshop on Planar Gr aphs played a key role in making

it happ en. Much of discrete mathematics and theoretical computer science is concerned with

optimization problems. In practice, optimization algorithms must b e mo di�ed dynamically on

the basis of adversarial b ehavior (such as is a computer virus, a real-life opp onent, or human

error). An idealized version of such an adversarial situation can b e mo deled as 2-player graph

coloring game. T om T rotter (PM,BC) and Hal Kierstead (V) proved that 33 colors su�ce

to color a planar graph even when alternating turns with an adversary who is attempting to

sab otag e the e�ort. The most striking asp ect of this result is that it seems di�cult to prove

that any �nite numb er of colors is enough. The key idea b ehind the pro of is the concept

of admissibility

, �rst employed by Guantao Chen and Richard Schelp in a Ramsey theoretic

setting. Their result extends work done some 10 years ago by Chv� atal, Ro dl, Szemeredi and

T rotter. Chen made a presentation on the Ramsey theoretic asp ects of their work at the

workshop; as a result, Kierstead and T rotter made the connection with graph coloring several

weeks afterwards.

The sp ecial year workshop on Gr aph Emb e ddings and Par al lel Ar chite ctur e, held in January

1992, which was very well attended, b ore fruit in the second half of the year. F or example,

in parallel computation it is imp ortant to design networks that are able to sustain a large

numb er of worst-case faults with little degradation in p erformance. Most such networks have

high vertex degree, and are hence often impracticable to build. Graduate student Ramesh

10 color theorem) by Seymour (PM, BC), Rob ertson (V) and Thomas (V) develop ed over several

years. Chv atal (PM,RU), et al’s continuing progress in setting records for the T raveling

Salesman Problem b egan in 1992 and continues. The breakthrough work on approximation of

NP-complete problems relied on a result from DIMACS second sp ecial year in 1990-9 1 and the

later work of DIMACS’ visitors and p ermanent memb ers. And the development of the �eld of

on-line algorithms was shap ed and stimulated by a DIMACS workshop in 199 attended by 22

students and 59 other researchers. It would b e imp ossible to give a complete account of the

large numb er of research results obtained at DIMACS or engendered by DIMACS programs

since 1991 .

4.1 Researc h Ac hiev emen ts

One of the most successful asp ects of the structure of research activity at DIMACS, has b een

the Sp ecial Y ear program. A DIMACS Sp ecial Y ear acts as a fo cal p oint that encourages

b oth formal and informal interactions b etween researchers studying di�erent asp ects of the

same problem. Each Sp ecial Y ear has brought distinguished researchers, p ermanent DIMACS

memb ers, industry researchers, p ostdo ctoral fellows, and graduate students from a di�erent

area of discrete mathematics and theoretical computer science together, for workshops, semi-

nars, and implemen tation challenges. This section discusses, in turn, the sp ecial years, other

workshops, implementation challenges, and addition results directly from the STC funding.

The success of a Sp ecial Y ear or even a single workshop cannot b e measured immediately

up on its conclusion, nor even a year or two later. A main feature of DIMACS workshops is to

fo cus attention on op en problems whose solutions will require new insight and will in uence

the �eld. V arious teams of participants work on one problem or another during the course of

the workshop and then continue to collab orate after its conclusion. Some problems are solved

during a workshop, some so on after, some much later, and some remain op en. In this section,

we rep ort on some of the continuing e�ects of sp ecial years and workshops o�ered in previous

years and a selection of research results by our memb ers and visitors and graduate students.

DIMACS sp ecial years consist of workshops, lecture and seminar series, selected visitors

and p ostdo cs all directed to a singly topic. W e also have workshops that might b e a prelude

or followup to a sp ecial year or simply b e indep endent of sp ecial year topics. This section

discusses results of the three sp ecial years complete under this funding (the fourth topic,

Mathematical Supp ort for Molecular Biology is discussed in prop osed research); other work-

shops and seminars; work by visitors and p ermanent memb ers resulting from collab orations

b egun under prior funding, and other results of DIMACS supp ort.

4.1.1 Sp ecial Y ear 1991-92: Graph Theory and Algorithms

The third DIMACS sp ecial year was chaired by F an Chung (PM,BC) and T om T rotter

(PM,BC).

2

Sp ecial year activities centered on a series of four workshops:

� R andom Gr aphs and R andomize d Algorithms, Septemb er 16-19, 1991, Rutgers.

Chairs: Milena Mihail (BC, PM), Jo el Sp encer (NYU)

2

The organizing committee for the sp ecial year also included Ron Graham (PM,BL,RU), David Johnson

(PM,BL), Richard Karp (Berkeley), T om Leighton (MIT), Clyde Monma (PM,BC), F red Rob erts (PM,RU),

Bob T arjan (PM,PU), and Carsten Thomassen (T echnical University of Denmark).

9

4 Researc h

This section discusses accomplishments of the current funding p erio d, prop osed research

and new thrusts. The accomplishments are organized by sp ecial years, other workshops, and

other signi�cant results. The following section discusses plans for future sp ecial years, work-

shops, and other initiatives. During the current grant, we have identi�ed several opp ortunities

to greatly increase the impact of our research program that we have b een unable to fund. Plans

include expanding the Sp ecial Y ear for Molecular Biology to 25 months; knowledge transfer of

algorithms into technology demonstrations, and related items. The last section outlines capi-

tal equipment plans to supp ort an increased visitor program, capabilities for on-line access to

tech-rep orts, databases, and other information, and facilities for software demonstrations.

The intro duction listed DIMACS’ goals and several sp eci�c thrusts. Three words that

might b est capture what we seek to do in our core research area are: \creating intellectual

infrastructure." Prior to DIMACS existence there were a few universities and industry labs of

great excellence in discrete mathematics and theoretical computer science. While they served

their researchers and students very well, they could not b e national centers for the growing

ranks at other institutions. DIMACS’ vision for its own impact is far more than the sum of

its pieces.

DIMACS seeks to b e a national r esour c e in discrete mathematics and theoretical com-

puter science. Our workshops, sp ecial years, p ostdo c and visitor programs go far b eyond

ordinary conferences and sabbaticals. Sp ecial year tutorials reach a broad audience of college

faculty

, researchers, graduate students and p ostdo cs all of whose research (and teaching) can

gain. Timely research workshops give dozens to a hundred or more p eople an opp ortunity to

join leading edge e�orts on new problem areas such as molecular biology algorithms or new

techniques such as probabilistic metho ds. The workshops provide a stimulating but informal

atmosphere where ideas are shared and collab orations that extend far b eyond the sp ecial years

or our do ors. The scienti�c exp ertise of our p ermanent memb ers in NJ together with interna-

tional exp erts enables DIMACS to organize state of the art meetings, to take timely risks on

emerging topics that deserve attention, and to cho ose p ostdo cs and other supp orted visitors

that will electrify our activities. Our visitors from colleges and universities not only engage

in research and they also take tutorials, research and plain old excitement home to invigorate

education. Our nation-wide implementation challenges have op ened do ors for many to ex-

p eriment with algorithms and implementations and creates imp ortant research opp ortunities.

This is our vision of what we can do, and how broad and signi�cant an impact it can have.

The following section rep orts on sp ecial years, workshops, etc. While we can do cument the

level of participation at workshops, the technical rep orts of each year, and so on, we cannot

do cument all the results of collab orations, individual research programs that are re-energized,

or how much excellen t science is done so oner rather than later. Some of the most exciting

work do es evolve over several years. The tremendous progress on Hadwiger’s Conjecture

(which explains the fundamental top ological connection to coloring that underlies the four-

ABBREVIA

TIONS: Throughout this prop osal, we use several abbreviations: PU (Princeton University),

RU (Rutgers University), BL (A

T&tT Bell Lab oratories), BC (BellCore), PM (p ermanent memb er of DI-

MACS), V (short- or long-term visitor to DIMACS), PD (DIMACS p ostdo c), GS (DIMACS graduate student),

DTR (DIMACS T echnical Rep ort).

8

3 Pro ject Summary

A joint pro ject of Rutgers University

, Princeton Universit y , A T&T Bell Lab orato ries, and

Bellcore, the National Science and T echnology Center for Discrete Mathematics and Theo-

retical Computer Science (DIMACS) aims to promote innov ations in research and education

in the interrelated �elds of discrete mathematics and theoretical computer science. These are

among the most rapidly growing �elds of research in mathematics and computer science, and

have wide applications to problems in �elds such as telecomm unications, networking, trans-

p ortation, engineering, and cryptanalysis, as well as biology

, chemistry

, management, and

decisionmaking. DIMACS is concerned with b oth the theoretical development of the �elds

represented and their practical applications. This prop osal requests funds to supp ort ongoing

research and education activities, including Sp ecial Y ears fo cused on sp eci�c research top-

ics, conferences and workshops in b oth research and education, long- and short-term visitor

programs, p ostdo ctoral fellowship programs, graduate research asssistantships, a v ariety of

seminar series, activities for students and teachers at several levels, and publications.

7 learn new research areas, and ev aluate science for technology applications. While sp ecial years

are esp ecially visible, some workshops, visitors, etc are chosen indep endently of the topic.

Implementation chal l eng es some of which are linked to sp ecial years fo cus on sp eci�c algo-

rithm areas. Bibliographies, test data and data formats, and implementation prop osals app ear

early in the year; at the end of the year an implemen tation workshop is held to share new

results; these app ear in refereed volumes. The implementations have provided deep insights

into algorithms and empirical results have guided further theoretical investigations. These

have b een remark ably p opular: the 1992-93 challenge drew 38 presentations of implementa-

tions on clique, coloring and satis�ability problems; the 1993-9 4 challenge on tree searching

and algorithms for sparse and dynamic graphs already has 36 prop osa ls.

Not all workshops, p ostdo cs and visitors are within the sp ecial year topic. Some workshops

are predecessors to p otential sp ecial years intended to develop research activity

, follow-ups to

sp ecial years intended to harvest the scienti�c yield, or simply indep endent meetings that

match the resources and goals of DIMACS. Similarly

, some visitors and p ostdo cs are chosen

indep endently of sp ecial years.

Although the Rutgers site is the main physical lo cation of DIMACS, o�ces and meeting

lo cations are av ailable at all four host sites; p ostdo cs are at all lo cations with mentors (cur-

rently 5 at Rutgers, 2 at Princeton, 1 each at Bell Labs and BellCore, and 2 shared with

Rutgers and the Institute for Adv ance Study

.) All p ostdo cs and visitors have a main o�ce at

one of the host sites and are accommo dated at the others.

T o further develop our knowledge transfer mission, DIMACS is prop osing increments to

our current activity: the molecular biology SY p ostdo cs will b e extended to two years to

allow longer pro jects in suitable situations; we are developing research-industry joint p ostdo cs

(Curagen) to give exp erience with industry problems and exp erience, and we are prop osing

research working groups that can exibly exploit opp ortunities to facilitate software develop-

ment, workshop planning, and related activities.

2.2 Ov erview of Education and Kno wledge T ransfer

At the K-12 and College levels, DIMACS has programs that directly reach students in high-

scho ol and college, but is increasingly active in programs that train teachers (and teacher

trainers), develop and adopt mathematics curricula, lead in mathematics reform, and under-

graduate teachers. W e sp onso r a Y oung Scholars Program for high scho ol students and REU

programs. The Leadership Program is for lead mathematics teachers who are developing

materials for discrete math teaching and training other teachers in the Mid-Atlantic region.

Through alliances with the CMSCE and NJ SSI, we are working with state and national

curriculum leaders so that materials develop ed and tested here will have a state and national

impact on elementary and high scho ol curricula.

Increased initiatives include supp orting meetings of a national discrete math curriculum

group and creating a DIMACS Education Co ordinator p osition to assist with the increasing

demands of existing programs. A p ending RIMS prop osal will have the education co ordinator

involving more of the p ermanent memb ers in education. Our existing LP and YSP programs

have stressed discrete math; developing this as the foundation of computing and increased use

of computing including LINK and NETP

AD are already underway .

6 to encourage and attract participation at all levels by women and under-represented minorities;

to in uence technology and industrial application by demonstrations and ev aluations of the

core science research; and to develop areas of research that will eventually b ecome applicable

science.

These goals and criteria are articulated at DIMACS in the following programs:

� Providing timely forums for scienti�c meetings that inform and enhance individual re-

search programs, and nurturing collab orations that will extend b eyond DIMACS and

the four hosts to the national and internal community of scholars; sp eci�cally by hosting

workshops, sp ecial years and visitor programs.

� Conducting tutorials for researchers and faculty that will bring new researchers to state

of the art research sub jects and invigorate educational programs at other institutions.

� Sp onsoring implementation challenges for leading edge algorithmic problems that will

drive theoretical investigations and b e technology demonstrations and ev aluations.

� Conducting direct education activities by p ermanent memb ers at the four hosts such

as research exp eriences for undergraduates (REU), graduate training and p ostdo ctoral

sup ervision that also yield research.

� Publishing a tech rep ort series and refereed volumes of selected workshops; and serving

as a national internet information resource for our core science areas.

� Conducting programs for 6-12 and undergraduate students in discrete mathematics and

for K-12 teachers and teacher trainers who will develop and publish new curriculum

materials in discrete math and computing.

� Contributing signi�cantly to the current national e�ort in improving mathematics and

science education, building on links to CMSCE and the NJ Statewide Systemic Initiativ e,

and serving as a state, regional and national resource and center for those developing

p olicy

, curriculum, software, and other materials related to discrete mathematics and

computer science in K-16 education.

� Linking research and education by a�rming the imp ortance of improving mathematics

and computer science education lo cally and nationally

, and by encouraging, supp orting,

and enabling the involv ement of its memb ers and other researchers in this e�ort.

2.1 Ov erview of Researc h Activit y

One of the principal fo ci of DIMACS’ research is sp e cial ye ars. Prop osals for sp ecial year topics

including suggested workshops, organizers and key participants are ev aluated by a committee

of p ermanent memb ers; a selection is made ab out 2 years in adv ance to allow planning. The

typical sp ecial year has ab out 6 workshops, p ostdo ctoral trainees, and short and long term

visitors (ab out 100 p er year) selected for their interest in the SY topic; seminar and collo quium

series are established. The workshops of a given year might attract 500 - 700 participants over

the year; they attract scientists b oth nationally and internationally; they range from students

to college faculty to established researchers and industry participants; they present pap ers,

5

2 In tro duction: DIMA

CS Mission and Goals

The Mission of the Center for Discrete Mathematics and Theoretical Computer Science (DI-

MACS) is to promote research, enhance education, and transfer knowledge to technology and

industry sectors in the areas of discrete mathematics and theoretical computer science. The

mo dels, metho ds, data representations, and algorithms that comprise discrete mathematics

and theoretical computer science increasingly drive progress in science, business and industry

which DIMACS is uniquely p ositioned to stimulate.

Discrete mathematics and investigations of computing b oth have long histories but ow-

ered in this century

. Discrete mathematics grew as a pure and applied discipline with increased

attention to graph theory

, combinatorics, and optimization. The development of digital com-

puters made it p ossible to implement what had b een theoretical metho ds; simultaneously the

design of computer hardware and software p osed many discrete math typ e problems. Since

the 1950’s these disciplines have increasingly made imp ortant demands of each other as well

as continued their rich traditions of science and applications. Interaction of the two �elds

include using data structures to implement optimization algorithms and using graph theory

as a fundamental to ol for analyzing parallel computer architectures, among many others. As

external impacts, these areas have made it p ossible to solve discrete problems arising from

practical problems of biology

, chemistry

, cryptanalysis, communication, transp ortation and

decision sciences.

DIMACS origin was in e�orts to stimulate further these developments, to disseminate

the results more broadly and to undertake educational programs from pre-college to p ost-

do ctoral training that would develop the human resources to carry on research, teaching

and application or core sciences. There was explicit recognition of the tremendous resources

av ailable in NJ that could b e leveraged into a national resource and the p otential b ene�ts of

greater contact among the disciplines and institutions. DIMACS pursues a highly integrated

vision of its goals: research results enter education, p ostdo ctoral training is b oth for research

and knowledge transfer, and contacts with industry advise researchers and students of new

research opp ortunities.

DIMACS builds on the existing strengths in discrete mathematics and theoretical computer

science at its four sp onsoring institutions: Rutgers, Princeton, A

T&T Bell Lab o ratories, and

BellCore. Approximately 120 research faculty and sta� at the four institutions participate as

p ermanent memb ers. F aculty and researchers at other New Jersey

, New Y ork and Philadel-

phia institutions are frequent participants. In addition to b eing the principal engineering

lo cation for A

T&T and BellCore, New Jersey is the lo cation of hundreds of knowledge-based

companies in telecommunications, computing, bio-technology

, chemicals, etc. The Center for

Mathematics, Science and Computer Education (CMSCE) at Rutgers already has programs

for K-12 in other topics and alliances with mathematics reform leaders.

The criteria DIMACS lo ok for in cho osing research areas and educational activities are:

to fo cus e�orts where DIMACS can establish a national or world leadership role; to fo cus on

topics and pro jects that will in uence the directions of research and education for long term;

to create new disciplinary links b oth among the discrete mathematics, computer science and

op erations research areas we directly cover and from these disciplines to other disciplines that

can b ene�t from and in uence the fundamental research and education of our core areas; to

develop the human resources for further research, teaching and application of these disciplines;

4 at the four institutions including the W aksman Institute of Molecular Genetics at Rutgers

and other bioscience departments at Rutgers, Princeton and elsewhere, to scientists from all

over the world representing the disciplines. An implementation chal le ng e on sequencing from

shotgun sequence data, a prop osed research-industry p ostdo cs (joint with a bio-tech company),

initiativ es to encourage participation of NJ Bio-T ech companies, and a distinguished lecturer

series will round out the fo cused e�orts of the �rst year. The year after will continue p ostdo c

training for longer pro jects and develop long-term programs with bioscientists and industry .

T opics for recent sp ecial years rep orted on in this prop osal were Graph Theory and Algo-

rithms, Combinatorial Optimization, and Massively Parallel Computation as well as results of

other programs. Signi�cant results from research programs and collab orations b egun in prior

years on Discrete and Computational Geometry and on Complexit y Theory of Interactive

Computing are also rep orted.

Education, T raining, Kno wledge T ransfer and Link ages at DIMA CS

DIMACS sp onsors a v ariety of educational programs in addition to supp orted graduate

students and p ostdo cs. Programs for K-12 teachers and students are sp onsored jointly with

the Rutgers Center for Mathematics, Science and Computer Education (CMSCE). DIMACS

main programs are:

T e acher L e adership Pr o gr am in Discr ete Mathematics. This successful program, op er-

ating since 1989, targets a community of K-12 teachers who develop, use and train other

teachers to use discrete mathematics in the classro om. The program has a residential summer

institute and four 1-day followups each year. Participating teachers contribute to In Discr ete

Mathematics a newsletter with short articles, bibliographies, and classro om activities circu-

lated to 3300 readers; and to Gr e atest Hits in Discr ete Mathematics, a forthcoming b o ok of

proven classro om activities.

Y oung Scholars Pr o gr am in Discr ete Mathematics. This is a four week residential program

for 40 mathematically talented students (grades 11-12), with 4 additional 1-day meetings

during the following year. W eek long workshops are given by college and university faculty

on topics ranging from numb er theory to fractals. The program is designed to excite and

challenge the students, motiv ate them to continue the study of mathematics and computer

science, and consider careers in the mathematical sciences.

R ese ar ch Exp erienc es for Under gr aduates (REU) Mathematically talented undergraduates

are matched with researchers in mathematics or computer science at DIMACS to work together

for eight weeks during the summer. Pro jects often lead to new research results and are usually

continued during the academic year.

Bel l L abs / Bel l Cor e / DIMACS Pr o gr am for Under-R epr esente d Gr oups. DIMACS

provides computing courses, mentoring, and career counseling for undergraduates in the Bell

Labs and BellCore Summer T raining Program for W omen and Minority Students. The courses

give students a strong start for summer pro jects and contacts with DIMACS researchers.

Through its alliance with CMSCE at Rutgers, DIMACS is forging strategic alliances to as-

sure an impact well b eyond direct training: we are working with the NJ-SSI and contributing

to the NJ Mathematics Curriculum F ramework to incorp orate discrete mathematics through-

out the state scho ols; we convene the annual W orking Group in Discrete Mathematics that

will develop national curriculum recommendations.

3

1 Executiv e Summary

DIMACS, the NSF Science and T echnology Center for Discrete Mathematics and Theoretical

Computer Science is a collab oration of four hosts: Rutgers Universit y , Princeton Universit y ,

BellCore and A

T&T Bell Lab orato ries created to adv ance its sciences by promoting new

research, supp orting industry and technology through implemen tations and demonstrations

of research adv ances, and developing educational programs. The advent of digital computing

together with adv ances in discrete mathematics and awareness of discrete problems have made

these �elds central to adv ances in science and technology .

Researc h at DIMA CS

DIMACS researchers have made ma jor adv ances in algorithms, data structures, proto cols,

complexit y , optimization, approximation, discrete and computational geometry

, graph theory ,

co ding theory

, numb er theory

, extremal set theory

, probabilistic metho ds and a host of other

areas central to computational science and discrete mathematics and DIMACS memb ers are

among the world leaders in the practical asp ects of discrete scienti�c computation, holding

many of the \world’s records" in this area. DIMACS pro duces new results in discrete mathe-

matics and theoretical computer science that ultimately �nd application in telecomm unication,

transp ortation, rob otics, software , manufacturing, and other �elds.

DIMACS is a ma jor catalyst for research in the diverse areas which comprise discrete math-

ematics and theoretical computer science and their applications; it has b ecome recognized as

the world c enter for research in these areas. Unlike typical research centers, however, DIMACS

do es not supp ort a p ermanent research sta�. DIMACS’ strategy is to create an environmen t

that stimulates information exchange and collab oration among an extensiv e community of

researchers and educators, including approximately 120 p ermanent memb ers at the four sp on-

soring institutions each year, 12 long-term visitors, 9-12 p ostdo ctoral fellows, and 9 graduate

students, ab out 100 short term visitors and ab out 500 - 700 workshop participants. The com-

bined strengths of the four participating institutions - coupled with the supp orting role played

by other area universities, centers and industries - are unmatched anywhere in the world and

attract the world’s leaders in research and education.

The activities of this wide collab oration of memb ers with visitors, p ostdo cs and students

includes tutorials for researchers and educators, workshops and meetings with international

participation, and extensive research collab orations. It is very broad in participation in b oth

the sheer numb ers involv ed but also in the v aried backgrounds: graduate students, college

faculty

, university researchers and senior researchers from ma jor lab oratories. More imp ortant

is the signi�cance and impact of the work.

With the participation of p ermanent memb ers on workshop and visitor committees DI-

MACS selects topics that are rip e for rapid developmen t, increased attention, or high impact

and stimulates tremendous activity - far more than conventional grants or centers for the same

level of funding. Sp ecial years, workshops, and the results that grew out of them are describ ed

in sections following; lists of visitors, students, workshops, and seminars can b e found in the

app endices.

The sp ecial year in Mathematical Supp ort for Molecular Biology illustrates the strength

with which DIMACS can co ordinate resources to apply to imp ortant scienti�c challenges.

The year started August 1994 with training tutorials. The theme will b e develop ed in 12

workshops. Participation will range from memb ers, p ostdo cs, visitors and graduate students

2

A Senior Researc h In v estigators 51

A.1 Permanent Memb ers of DIMACS . . . . . . . . . . . . . . . . . . . . . . . . 51

A.2 Senior Research Visitors to DIMACS . . . . . . . . . . . . . . . . . . . . . . . 53

A.3 DIMACS Post Do ctoral F ellows . . . . . . . . . . . . . . . . . . . . . . . . . . 56

B Publications 62

C Disclosure of In v en tions, P aten t Applications, and P aten ts New Soft w are,

New T o ols 79

D External Advisory Committee 79

E Standards for Do cumen ting E�ectiv eness 81

1

Con ten ts

1 Executiv e Summary 2

2 In tro duction: DIMA

CS Mission and Goals 4

2.1 Overview of Research Activity . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.2 Overview of Education and Knowledge T ransfer . . . . . . . . . . . . . . . . . 6

3 Pro ject Summary 7

4 Researc h 8

4.1 Research Achiev ements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.1.1 Sp ecial Y ear 1991-9 2: Graph Theory and Algorithms . . . . . . . . . . 9

4.1.2 Sp ecial Y ear 1992-9 3 - Combinatorial Optimization . . . . . . . . . . . 11

4.1.3 Sp ecial Y ear 1993-9 4 - Massively Parallel Computing . . . . . . . . . . 13

4.1.4 DIMACS Implementation Challenges . . . . . . . . . . . . . . . . . . . 15

4.1.5 Other W orkshops and Seminars . . . . . . . . . . . . . . . . . . . . . . 17

4.1.6 Selected Other Results . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

4.1.7 Notable work by Graduate and Undergraduate Students . . . . . . . . 24

4.2 Research Plans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4.2.1 Sp ecial Y ear 1994-9 5 - Mathematical Supp ort F or Molecular Biology . . 25

4.2.2 Sp ecial Y ear 1995-9 6 - Logic and Algorithms . . . . . . . . . . . . . . . 27

4.2.3 Prop os ed F uture Sp ecial Y ears . . . . . . . . . . . . . . . . . . . . . . . 29

4.2.4 Other W orkshops and Meetings . . . . . . . . . . . . . . . . . . . . . . 30

4.2.5 The 5th, 6th, 7th, ... Implementation Challenges . . . . . . . . . . . . 31

4.2.6 Other Thrusts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

4.2.7 New Thrusts and Initiatives . . . . . . . . . . . . . . . . . . . . . . . . 32

4.3 Capital Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

5 Education, T raining, Kno wledge T ransfer, and Link ages to Other Sectors 36

5.1 Progress . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

5.1.1 Programs for T eachers and Students . . . . . . . . . . . . . . . . . . . 36

5.1.2 Serving as a Resource . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

5.1.3 New Link ages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

5.2 Plans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

5.2.1 Vision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

5.2.2 Implementing the Vision . . . . . . . . . . . . . . . . . . . . . . . . . . 40

6 Statemen t on Impact of Cen ter Mo de of F unding 45

7 Managemen t Plan 49

7.1 Executive Council and Executive Committee . . . . . . . . . . . . . . . . . . . 49

7.2 Standing Committees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

7.3 External Advisory Board . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

APPENDICES 51

i