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Foreword 
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The mai n focu s o f thi s Worksho p wa s o n presentin g curren t trend s i n discret e 
mathematics i n al l it s versatility . 

The Worksho p wa s par t o f th e internationa l Cooperatio n betwee n tw o centers , 
DIMACS an d DIMATIA , whic h i s supporte d b y grant s fro m th e Czec h an d U S 
National Scienc e Foundations . 

DIMACS gratefully acknowledge s the generous support tha t make s its programs 
possible: Th e Nationa l Scienc e Foundation , throug h it s Scienc e an d Technolog y 
Center program , th e Nationa l Securit y Agency , th e Ne w Jerse y Commissio n o n 
Science an d Technology , DIMACS ' partner s a t Rutgers , Princeton , AT& T Lab s 
Research, Bel l Labs, Telcordia Technologies (formerl y Bellcore) , and NEC Researc h 
Institute. 

Fred S . Robert s 
Director 

Robert Sedgewic k 
Co-Director fo r Princeto n 
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Preface 

The following book is an outgrowth of the DIMATIA-DIMACS Conference "Th e 
Future o f Discrete Mathematics " whic h wa s hel d a t Stif m Castl e i n th e vicinit y o f 
Prague i n Ma y 19-25 , 1997 . Thi s wa s th e inaugura l Conferenc e unde r a  progra m 
of officia l Cooperatio n o f th e tw o centers , whic h i s being supporte d b y Joint Czec h 
Academy -  Nationa l Scienc e Foundatio n grant s 055/199 7 an d NSF-INT-96-05174 . 
The Conferenc e wa s furthe r supporte d b y Czec h grant s GAC R 201/1996/0194 , 
GAUK 194/1996 , F R MSMT , an d Czech-U S Scienc e an d Technolog y gran t 94051 . 

The ambitiou s ai m o f th e meetin g wa s t o presen t curren t trend s o f Discret e 
Mathematics i n all its versatility, width and depth. Discret e Mathematics has take n 
its plac e amon g th e leadin g discipline s o f mathematic s an d theoretica l Compute r 
science. Thi s i s accompanie d o n on e sid e b y it s growin g importanc e i n universit y 
curriculae an d o n th e othe r sid e b y it s growin g rol e i n variou s application s whic h 
ränge fro m optimizatio n t o molecula r biology . 

More tha n 5 0 participant s (includin g student s fro m severa l participatin g uni -
versities) too k par t i n the Conference , an d th e enclosed progra m mirror s the qualit y 
and th e scop e o f the meeting . 

The presen t boo k i s no t jus t a  Conferenc e proceedings . W e hav e trie d t o as -
semble contribution s t o th e volum e tha t featur e som e o f the mos t attractiv e fields 
of contemporar y Discret e Mathematics . W e believ e tha t w e have manage d t o pu t 
together a  sampl e o f bot h researc h paper s an d survey s tha t reflect s th e scop e an d 
excitement o f the field.  Th e delay between the Conference and collection of final ver-
sions enabled th e author s t o reflect ne w developments an d includ e ne w results fro m 
the relevan t areas . Al l contributions wer e refereed an d w e take thi s opportunit y t o 
thank ou r referee s fo r thei r help . 

As expected , th e larges t numbe r o f paper s dea l wit h grap h theory . Amon g 
them ar e survey s b y W . Made r o n topologica l minor s an d M . Simonovit s o n ex -
tremal grap h theory . Researc h paper s i n thi s are a includ e paper s o n pat h Sys -
tems (A . Frank) an d o n the generalize d matchin g proble m an d bounde d tree-widt h 
(A. Gupta , D . Kaller , S . Mahajan , an d T . Shermer) . Severa l researc h paper s ar e 
devoted to various versions of the classical coloring and recently introduced oriente d 
chromatic number (A . Kostochka, T . Luczak, G . Simonyi and E. Sopena; P . Boiron , 
E. Sopena , an d L . Vignal ; A . Sal i an d G . Simonyi) . T o the are a o f grap h colorin g 
Problems als o belong s a  surve y o f choosabilit y an d lis t coloring s b y J . Kratochvil , 
Zs. Tuz a an d M . Voigt . Mos t o f thes e paper s als o investigat e computationa l com -
plexity o f the variou s grap h theoretica l problem s an d investigat e variou s problem s 
of theoretica l Compute r science . 

A more structural (algebraic ) approac h i s taken in papers by P. Mihök ( a survey 
of reducibility o f graph properties ) an d b y J . Nesetfi l an d C . Tardi f wh o survey th e 

xi 
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recent Solutio n o f density problem s i n fül l general i ty. A  survey o f a  recen t Solutio n 
of th e proble m o f representation s o f partiall y ordere d set s b y circula r Order s i s 
presented b y W . T . Trotter . Thi s pape r als o deal s t o a  larg e exten t wit h ne w 
developments i n Ramse y theory . Geometrica l Ramse y theorem s relate d t o th e 
classical Erdös-Szekere s theore m appea r i n th e pape r b y J . Nesetfil , J . Solymosi , 
and P . Valtr . Fur t her geometrica l problem s ar e studie d i n a n elegan t pape r b y 
P. Osson a d e Mende z an d H . d e Frayssei x o n plana r representation s o f graphs . 
Geometrie method s ar e als o use d i n th e pape r b y G . Eleke s o n larg e homotheti c 
subsets an d b y J . Grigg s an d G . Rot e o n distributio n o f vecto r sums . 

Combinatorial question s o f a n algebrai c natur e ar e represente d b y article s b y 
W. Hochstättie r an d M . Loeb l o n base s o f lattice s an d M . Rosenfel d o n matching s 
in finite fields, a  wor k relate d t o Hadamar d matrices . Tw o paper s ar e devote d 
to problem s relate d t o Davenport-Schinze l sequence s intensivel y studie d i n Pragu e 
(P. Valt r surveyin g geometrica l application s o f thi s combinatoria l strueture , an d 
M. Klaza r considerin g severa l generalizations) . 

Problems of a purely Computer science nature are studied in papers by S. Fekete, 
S. Kromberg , Ch . Moll , an d W . Hochstättie r o n th e complexit y o f th e invers e 
shortest pat h proble m an d b y J . Diaz , M . Serna , an d P . Spiraki s surveyin g linea r 
and nonlinea r Systems , an d i n a n extensiv e surve y b y R . G . Downe y an d M . R . 
Fellows devote d t o parametrize d complexit y analysis . 

Finally, application s ar e represente d b y a  survey o f F . S . Robert s o n problem s 
stemming fro m th e socia l science s an d relate d t o limitation s o n conclusion s abou t 
optimal Solution s o r decisio n makin g impose d b y consideration s o f measuremen t 
scales, and b y a  pape r o f V. Janota , P . Pancoska , an d J . Nesetfi l whic h i s a furthe r 
contribution t o th e literatur e o n protei n foldin g problems . 

This boo k i s the resul t o f one o f the flrs t activitie s o f the DIMATI A Cente r o f 
Charles University . Th e Cente r fo r Discret e Mathematics , Theoretica l Compute r 
Science an d Application s wa s established i n Septembe r 199 6 a t Charle s Universit y 
in Prague as a Joint projeet o f Charles University, Academ y of Sciences of the Czec h 
Republic an d Institut e o f Chemica l Technology , Prague . Th e cente r i s ope n an d 
actively seek s partner s fro m al l part s o f th e world . Th e purpos e o f th e cente r i s 
to foste r researc h i n al l fields  o f discret e mathematic s an d it s moder n application s 
and relationshi p t o Compute r science , Operation s researc h an d fields  a s divers e a s 
biology, chemistr y an d th e socia l sciences . Toward s thi s en d th e cente r organize s 
a continuin g progra m o f Workshops, Conferences an d researc h visit s bot h i n Pragu e 
and othe r place s togethe r wit h cooperatin g institutions . Th e projee t concentrate s 
on researc h topic s tha t ar e a t th e forefron t o f curren t researc h i n discret e mathe -
matics an d theoretica l Compute r science . 

DIMATIA i s a  corporat e struetur e founde d b y thre e leadin g Pragu e researc h 
groups workin g i n discret e mathematics , theoretica l Compute r scienc e an d thei r 
applications. Th e researc h tea m include s 1 4 permanen t members , mostl y math -
ematicians an d Compute r scientists , thoug h som e member s o f th e researc h tea m 
are physicist s an d chemists . Al l thes e member s ar e staf f member s o f th e found -
ing institution s -  Facult y o f Mathematic s an d Physic s o f th e Charle s Universit y 
(V. Janota, M . Klazar, J . Kratochvfl , L . Kucera, M . Loebl, J . Matousek , J . Nesetfil , 
P. Pancoska , P . Valtr) , Mathematica l Institut e o f th e Academ y o f Science s o f th e 
Czech Republi c (I . Havel, J . Krajicek , P . Pudläk , J . Sgall ) an d Facult y o f Chemica l 
Engineering o f th e Institut e o f Chemica l Technology , Pragu e (D . Turzik) . Thi s 
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number doe s no t includ e associate d researchers , foreig n associate s an d graduat e 
students. 

The cente r ha s a  Directo r (J . Nesetfil ) t o provid e scientifi c leadershi p an d 
day-to-day Operatio n o f th e center . I n tha t h e i s assiste d b y Deput y Directo r 
(J. Kratochvü ) an d Scientifi c Secretar y (V . Janota) . Charle s Universit y provide s 
the cente r wit h a  par t tim e secretar y position . 

The cente r ha s a n Internationa l Scientifi c Advisor y Boar d consistin g o f repre -
sentatives o f DIMATI A participatin g organizations . DIMATI A i s a n ope n Insti -
tution, directe d t o Cooperatio n o n th e whol e Europea n scal e an d ope n t o furthe r 
collaboration. Thi s is a very specia l feature o f the DIMATIA concep t an d key to it s 
intended activities . Presentl y the foreign associate s ar e Sobolev Institute o f Mathe-
matics, Novosibirsk ; LaBR I Institute , Bordeaux ; Pacifi c Institut e o f Mathematica l 
Sciences; Institut e o f Computationa l Mathematics , Pisa ; Operation s Researc h In -
stitute, Bonn ; Universit y Bielefeld ; Mathematica l Institute , Budapest ; Universit y 
Barcelona; an d DIMACS . 

DIMACS, the Cente r fo r Discret e Mathematic s an d Theoretica l Compute r Sci -
ence, i s a  consortiu m o f Rutger s an d Princeto n Universitie s an d AT& T Labs , Bel l 
Labs, Bellcore , an d NE C Researc h Institut e ( a newl y adde d partner) . DIMAC S 
has entered int o the partnershi p wit h DIMATI A i n order t o enhance an d stimulat e 
international collaboration s an d direct the attention o f the internationa l mathemat -
ical science s Communit y towar d th e fields  o f discret e mathematic s an d theoretica l 
Computer scienc e and thei r applications . Suc h an internationa l partnershi p als o of -
fers outstanding youn g people from bot h side s the opportunity t o be exposed to th e 
world's leading mathematica l scientist s an d t o gain early internationa l experiences . 
DIMACS i s delighted t o celebrat e th e openin g o f th e DIMATI A Cente r an d i s en -
thusiastic abou t th e partnershi p wit h suc h a  leadin g scientifi c Organization . Th e 
Stiffn Conferenc e wa s th e first  Join t projec t withi n th e newl y founde d DIMATIA -
DIMACS framework , whic h als o include s mor e focused  Workshops , exchange s o f 
visitors, an d program s fo r postdoctora l fellows , graduat e students , an d undergrad -
uates. W e al l believ e an d hop e thi s wa s th e first  o f man y mutuall y beneficia l an d 
exciting scientifi c collaborations . 

Ronald L . Graha m 
Jan Kratochv ü 
Jaroslav Nesetfi l 
Fred S . Robert s 
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Eugene Luks : Algorithmi c Application s o f the Simpl e Group s Classificatio n 
Ludek Kucera : Fas t Deflectio n Routin g o f Long Message s 
Josep Diaz : Approximatio n o f # P Problem s i n RN C 
Jifi Sgall : O n Pair s o f Intersecting Familie s 
Conference banque t 

Thursday Ma y 22 , 199 7 
9 a.m.-1 2 noo n 
Jaroslav Nesetfil : Th e Structur e o f Grap h Homomorphism s 
Jan Kratochvil : Lis t Coloring s an d Choosabilit y o f Graph s 
Alexander Kostochka : O n Colour-critica l Graph s an d Hypergraph s wit h Fe w 

Edges 
Afternoon excursio n to Ceske Budejovice (exhibitio n of paintings by Naceradsky 
and Nesetfil ) an d t o Velk e Popovic e (brewery ) 

XV 
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Friday Ma y 23 , 199 7 
9 a.m.-1 2 noo n 
Läszlo Loväsz : Rando m Walks , Mixing , an d Samplin g 
Andräs Frank : Algorithm s fo r Increasin g th e Connectivit y o f Graph s 
Eric Sopena : Acycli c Imprope r Coloring s 
2-6 p.m . 
Jan Krajicek : Proo f Complexit y an d Som e Relate d Algebraic o -  combinatoria l 

Problems 
Arvind Gupta : Monadi c Secon d Orde r Logi c an d Complemen t Problem s 
Mike Fellows : Th e Shor t est Vecto r Proble m an d th e Prospect s fo r Cryptosys -

tems Base d o n NP-Har d Problem s 
Gyorgy Elekes : Metri e Combinatoric s an d Combinatoria l Algebr a 
Gabor Simonyi : Informatio n Theor y i n Combinatoric s 
William F . Smyth : Periodicit y i n S t rings 

Sa turday Ma y 24 , 199 7 
9 a.m.- l p.m . 
Walter Deuber : Ramse y Theor y an d Linea r Algebr a 
Graham Brightwell : Grap h Homomorphism s an d Branchin g Rando m Walk s 
Wolfgang Mader : A n Extremal Problem fo r Subdivisions of K$ and Topologica l 

Subgraphs i n Graph s o f Large Girt h 
Sändor P . Fekete: A  New Exact Algorith m for General Orthogonal d-dimension -

al Knapsack Problem s an d a  New Lower Bound fo r Bin Pack -
ing Problem s 

Shiyu Zhou : Computin g undirecte d Connectivit y i n smal l spac e 
3-6 p.m . 
Martin Klazar : Extrema l Problem s fo r Colore d Tree s 
Miklös Simonovits : Genera l Method s t o Prov e Exac t Result s i n Extrema l 

Graph Theor y 
Peter Mihök : Th e Structur e o f Hereditar y Propertie s o f Graph s an d Minima l 

Reducible Bound s 
Petr Pancoska : Proteins , Graph s an d Spectr a -  Selecte d Problem s 

Sunday Ma y 25 , 199 7 
9-11 a.m . 
Jerry Griggs : Th e Distributio n o f Subse t Sum s i n R 771 and i n Finit e Abelia n 

Groups 
Pavel Pudlä k :  Ne w algorithm s fo r satisfiabilit y 
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