Ewcayoyn

H Xvvdvaotikn Avdivon ivar 1 Teployn TV LOOMUATIKOV, TOL OCYOAEITAL LUE TNV
avamTuén TEXVIK®OV amapiBunons copmieypdtov. ['a to Adyo ovtdv Guyva avoapEpeTat
Kol ¢ ZOUTAEKTIKY] AvAAvoT). ZopmAéypata eival oikoyéveleg GuVOL®mY (cGLVIBwG
TMEMEPUCUEVES) UE CUYKEKPIUEVEG YUPOKTPLOTIKES OOUEG OTO GTOLXELN 1) TOL VTOGVVOAL
tovc. Ot puéBodot g ZuvdvaoTikng Avdivong emtpémovy v Tayeio omapifunon tov
oToyelov T€to10v cvupmieyudtov. O 6pog amapifuncn tov oot eimv evog
CUUTAEYLLATOG, TTOV PN GLLOTOIOVUE GTO TOPOV KEIUEVO, OVOPEPETUL GE APKETES POCIKES
JOpEG CLUTAEYHATOV, OTTMG eKEVI TG amapiBunong OA®V TV THUVAOV GLVIVAGUOV V
OTOLEI®V EVOC TEMEPACUEVOL GUVOAOL LLE LEYAAVTEPO TANOOC GTolYElV OId TO V .
YVVenmG eivat SVOKOAO vaL avapEPOVIE G' AT TN 6EAda OAa Ta BEpaTa Tov pmopet vo
OVTILETOTIGEL KATOL0G GTNV TPATY| TOV TPOGEYYIOT) GTH GLVIVAGTIKOL avdAvon. Emiong,
AOY® Tov 0TL TO BP0 efvan e€apeTikd ypNoo, 1 ZuvovaoTtikn Aviivon anoteAel
TPOUTOLTOVLEVT] YVAOT] Y10 TNV KATAVONGT NG ZTotXetddovs Ocwpiag IIiBavothtmv, g
Yrotyeidoovg Osmpiog ApBumv, kol e Ocswpiog I'papnudtov.

2y Zuvovaotikny Avdivon teptlopBdavovtot kot TAEov moAvTAOKES HéBodot apibunong
ouvormv. ['a mapaderypa, ot deikteg akorovOidV GUVOLDY cLYVA amekoviloviat 6
GEPES OLVAIEMY TOV LOPPOTOLOVV ETGL TIG YEVVITPIEG GUVOPTNGELS, Ol OTTOiEG UTOPOHV
peTd va avaAvBovv xpnoHoToldVToS TEXVIKES TS Mabnuatikng Avaivong. (A@ov
ToAAEG néBodoL amapiBunong tepAapfavouy SImVLIIKOUG GUVTEAEGTEG, OEV EKTANGGETOL
KOVelg amd TV ELPAVIOT) TNG VIEPYEMUETPIKNG GLVAPTNONG). L& PUEPIKES TEPMTMOGELS N
apiBunon etvat aocLUTTOTIKY (Y10 TOPASELY O, Ol EKTIUNGELS Y10 TO TAN00C TV
SWUEPICUDV VO aKeEPOIOD). e OPKETEC TEPIMTOGELS 1| apiBunon pumopel va yivel pe
évav KaBapd cuvOETIKO TPOTO YPNGILOTOIDOVTAS "GTOLYEIDMOT AOYIGHE" . ZVVIVACTIKEG
neEBodoL Y1t TOV TPOGIOPIGUO TMV GUVTEAEGTAOV YPNGLOTOLOVVTUL YL TOV TPOGIIOPIGUO
TAVTOTNTOV HETOED GLUVOPTHGEMV, EWOIKA LETAED ameipwV 0BPOICUATOV 1] YIVOUEVOV
O6nmg o1 yvwotég Tantotnteg Ramanujan.

Mua eproyn ™ ZuvovacTikng AVAALGNG, TOV OV EVTACCETOL OUWMG GTNV TEPLOYT TMOV
TEYVIKQOV amopifunong, stval n HeAé tov popemv oyedioong, oOniadn cuVOL®VY Kl TV
VTOGLVOA®MVY TOVG SLUTETAYUEVOV GE TOAD GUUUETPIKEG 1) ACVUUETPES LOPPEC. ATO
aTEG, I0MG Ta MO YVOOTA elvar Ta Aativikd TeTpdywva (dlatdéelg otoyeimv o€
opBoydvio mivaka ywpig emavarnyelg o€ oelpéc 1 6tYAES). Emiong yvwoto sivor to
eminedo Fano (eptd onpeio mov avikovyv o eptd "gvbeiec”, kKabe pia pe Tpio onueio),
OV VIOJEIKVOOVV TN OYE0T UE TEMEPACUEVES YewUeTpiec. (Me katdAANAN adlopotikn
Oeperinon, avtd Teivovy va Y0V TN LOPON YEOUETPLOV VILEP TEMEPACUEVOV TESIOV , OV
Ko TEnEPacpEVa eninedo sival o evédikta.) To pitpoedn (matroids) pmopovv va
€€eTAOTOVV (G YEVIKEVIEVEG YEOUETPIES KOl YioL ALTO GuUTEPIAApPAvVOVTOL ETioNG OTN
YuvovaoTikn] Avdivon. Ag onueiwBel 0Tt ta ypapnpata ival LopeEs, Kot 6€ OTL apopd
N ZVVoVaoTIK] AVAAVGT CLUUTEPIAAUPAVOVTOL LOVO TO. KOVOVIKE YPOOTLLATO, OTTMG TO
TAnpn, Ta ypoenuate Kwratofsky .d.)

‘Eva ypapnuo amoteleitan amd éva cvvolo kopvedv V kot éva chvoro akuav E. Kabe
ototyeio Tov E avtiotoryeitorl povoonpavta o€ éva cuykekpipévo (evyog oTotyeimv Tov


http://www.lib.duth.gr/e-learning/f16edescmath/COMBINATORICS_2.htm

ouvorov V. Avtdg o amhdg opiopdc kabiotd T Ocwpia ['papnudtov Ty KaTdAAnAn
YADGGA Y10l TPOGEYYIOT TOV (OLASIKMOV) GYEGEMV GLVOAWV TOL OVOUEIBoAa amoTelel
evpvtarto Opa. Mia o Aemtopepng Teptypapn eivat dStoubéciun ot oeAida
nepleyopévav yoo T Oswpio Mpaonudtov. Mepikd and to OEpata evolapépovtog elval
01 TOTOAOYIKEG 101OTNTEG OTIMG 1] GLUTOYOTNTO KOt 1) EMTESOTNTO (UTOPEL TO YPAPTLQL VOL
OmEKOVIOTEL 6TO €MINEDO;), Ta TPOoPANHaTa amapiBunong (Toca ypoae ot
OLYKEKPIULEVOL TOHTTOV LILAPYOVV ), TPOPALOTO YPOUATIGHOD (AVOYVOPICT) SUEPDV
YPOPNUAT®V, TO OE®PNULO TOV TEGGAP®V YPOUATMV), O100POUES, K VKADUOTO KOl KOG
dadpopdv (1o TpoPANLHa TV Yeeupdv Tov Koningsberg). Yrdapyet évog onuovtikoc
ap1OpOG BemPNTIKAOV BEPATOV GYETIKA LE TO YPOPNUOTO TOV ATOTEAOVV OVTIKEIILEVO
TOAOTAOKN G VTOAOYIGTIKNG LEAETNG ( TO TPOPAN LA TOV TEPLOEVOVTOC TAUCIE,
alyopifpot Ta&vopong, to TpdPANUa TV IGOHopP®V Ypaenudtmv). H Bempia
EMEKTEIVETAL KON GTO TPOGAVOTOMGUEVO, TO CTOOUGUEVE KOOMG KO TO TOAAATANDG
GUVEKTIKA Y PAPTLLOITOL.

Extremal set theory looks at questions involving the interaction of sets of subsets of a
given set. For example, there is the open conjecture of Frankl: Given a collection of sets
closed under the taking of unions, then some element of their union is in at least half of
them. Classic results of this type are known collectively as Ramsey theory. (The Ramsey
number R_K(n) is the smallest integer N such that whenever the complete graph on N
vertices is colored with k colors, there is a monochromatic subgraph with n elements.
Since R_2(3)=6, for example, at any gathering of at least 6 people there is either a subset
of 3 people who all know one another, or a subset of 3 people none of whom know each
other). This area includes matching theorems (e.g. the "marriage problem™) and other
transversal topics.

Algebraic tools are used in a number of ways in combinatorics. For example, incidence
matrices can be associated to graphs, symmetry groups can be associated to block
designs, and so on. Particularly common in the study of strongly regular graphs are
association schemes. A particular algebraic topic of interest to combinatorialists is the
study of Young tableaux, closely connected to the symmetric groups (enumerating, for
example, their representations). Codes (in the sense of coding theory) may be considered
part of combinatorics, particularly the construction of nonlinear codes.

Iotopwko

BAéne 10 tedevtaio Oéua (Biggs, Lloyd, kar Wilson) oto Handbook mov avagépetat mo
KATo.

IeprocoTepeg mAnpoopieg

Yvvovacpoi (Combinations)

MeraBécsig (Permutaions)
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Awataéeig (Orderings)
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http://www.samos.aegean.gr/icsd/aleros/courses/prob/handouts/classnotes2.pdf

http://www.mpassociates.gr/software/distrib/science/mathsoft/mcad8tour.html

E@opnoyég kor ovyyevi) meota

Note that some combinatorial questions involve well-known sets of numbers (e.g.
binomial questions) which are potentially of interest in 11: Number Theory. For example,
most questions about partitions are part of 11P: additive number theory. (The partition
numbers have also for some reason been a focus of factorization attempts.) Likewise
combinatorial questions are often answered with computations in 11T: Finite Fields.

There is considerable overlap between combinatorics and 20: Group Theory. Graphs (and
other combinatorial structures) have automorphism groups, some of which are exotic
(e.g. the Mathieu groups). The subgroup structures (e.g. coset spaces) of groups can be
used to construct some interesting designs; in particular, this is true of the highly
transitive groups. Lie groups (and algebras) and their finite analogues are studied through
their combinatorial structure (roots systems, buildings, etc.); indeed, a current theme in
finite group theory is to generalize this association of finite geometries to other finite
groups.

Some combinatorial problems lead nicely to recursions or generating functions, which are
treated with, say, series techniques.

A number of classical combinatorial questions are essentially geometric, hence there is
interaction with 51: Geometry. Indeed, combinatorial geometry, essentially the theory of
polyhedra (52), provided historical precedent for aspects of 57: Algebraic Topology
(Betti numbers and so on).

Elementary questions in 60: Probability are essentially combinatorics.

The theory of designs is also a topic in experimental designs, in 62: Statistics.
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The complexity of combinatorial optimization problems is treated in 68: Computer
Science; in particular, the complexity of combinatorial geometric problems (e.g. choosing
furthest pairs of points) is treated with 68U05: Computational Geometry.

Combinatorial games such as Nim are (somewhat incongruously) included in 90D: Game
theory (90DXX).

Many important optimization problems involve choices in a large by finite set; this is
combinatorial optimization, and is also treated in 90: Operations Research

The general principles
of coding theory are
part of 94: Information

theory

Other areas with
appreciable overlap:

o 92: dvowég

EMOTNUESG
e 06: Ordered

structures

e 15: poppxn
dlyeBpa

e 03: Logic and
foundations

« Packing and
covering is
related to the

sphere FAQ.

Yroneoio

05A: Enumerative combinatorics [Classical combinatorial problems]

05B: Designs and configurations, For applications of design theory, see 94C30
05C: Graph theory

05D: Extremal combinatorics

O5E: Algebraic combinatorics

Combinatorics (Section 05) is one of the larger sections of the Math Reviews database,
but this is largely because of the size of Graph Theory (05C), one of the largest of the
three-digit areas. Most references to Graph Theory have been moved to a separate index
page. (This mirrors a split many years ago in the Journal of Combinatorial Theory -- split
into Series A (Combinatorics) and Series B (Graph Theory) !)

Browse all (old) classifications for this area at the AMS.
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Bifiia, epyacicec ava@opads, Kol ONUELOGELS 0T0
TOVETIOTUOKES TAPAOOGELS

e Xvviotaton to ditopuo "Handbook of Combinatorics", twv exdotdv R. L. Graham,
M. Grotschel and L. Lovasz, and tov exdotikd oiko Elsevier Science B.V.,
Amsterdam; MIT Press, Cambridge, MA, 1995. ISBN 0-444-88002-X

[Ma evdeleym eloaymyn oty padnuotiky Oempio mov vrootnpilel TV TEPLOYN TG
YvvdvaoTtikng Avdivong

e "Combinatorial theory", tov Marshall Hall, Jr. John Wiley & Sons, Inc., New
York, 1986. ISBN 0-471-09138-3.

e "A course in combinatorics”, twv J.H. van Lint and R.M. Wilson, Cambridge
University Press, Cambridge, 1992. ISBN 0-521-41057-6; 0-521-42260-4:
comprehensive.

e "Combinatorial methods in discrete mathematics",tov Vladimir N. Sachkov,
Encyclopedia of Mathematics and its Applications, 55. Cambridge University
Press, Cambridge, 1996. ISBN 0-521-45513-8

o Extremal problems are treated quite nicely in "Ramsey theory", twv Graham,
Ronald L.; Rothschild, Bruce L.; Spencer, Joel H.; John Wiley & Sons, Inc., New
York, 1990. 196 pp. ISBN 0-471-50046-1, MR90mM:05003

KotainAdtepa yio Tpomtuylakons eortntég

"Introductory combinatorics”, by Richard A. Brualdi, North-Holland Publishing
Co., New York, 1992. ISBN 0-444-01616-3

e "An introduction to combinatorics”, by Alan Slomson, Chapman and Hall, Ltd.,
London, 1991. ISBN 0-412-35370-9

o "Applied combinatorics", by Alan Tucker, John Wiley & Sons, Inc., New York,
(3rd edition) 1995. 462 pp. ISBN 0-471-59504-7 covers quite a bit of territory but
focuses on examples rather than theoretical development

Aokt Bipiia Yo portntéc mov mpoceyyilovy 10 B péca amd 1oyvpoOTEP
podnuatikny Bedpnon mov mepropPavel Bswpio mvaKkmv Kot oTotyeumon dryeppa
AOYIKNC.

O Gian-Carlo Rota mapovciace éva evolopépov "Report on the present state of
combinatorics"; see Discrete Math. 153 (1996) 289--303. (O cvyypoapéag givar
TPOTOTOPOG GTO TEGTO AVTO TOV HOONUATIKOV. )

E¢ icov onuavtikn fondeia Bo umopovoe va Ppei o pot tng oto "Classic papers in
combinatorics", mov £kd60nKe and tovg Ira Gessel kot Gian-Carlo Rota, Birkhduser



Boston, Inc., Boston, Mass., 1987. 491 pp. ISBN 0-8176-3364-2 (cvALoyn mepimov 40
epyoasimv amd 1o 1973)

Klee, Victor: "Combinatorial optimization: what is the state of the art?", Math. Oper. Res.
5(1980), no. 1, 1--26. MR81b:90146. Extevéotepn aviivon eppaviletor 6o
"Information linkage between applied mathematics and industry"” (Proc. First Annual
Workshop, Naval Postgraduate School, Monterey, Cal., 1978), pp. 71--136, Academic
Press, New York-London, 1979. MR80i:90067

Mailing list oyetikn pe ™ Zvvdvaotikn Avdivon Oa Ppeite oto comb-
|@cmuvm.csv.cmich.edu;

[eprocdtepec mAnpoopieg :mailing list information

AOYIGUIKO KO TIVOKES

The Stony Brook Algorithm Repository

ACE -- an Algebraic Combinatorics module for Maple.

SF -- a Symmetric Functions module for Maple.

Packages for Mathematica, versions 2.2 and 3.0. especially Combinatorica: A

Mathematica Package for Combinatorics and Graph Theory

o The Magma system is well suited to combinatorial as well as algebraic structures.

o LEDA handles combinatoric and graph-theoretic problems as well as discrete
geometry.

o Sometimes the easiest way to get information on a counting problem is to
compute a few small values of a function, then look for a match at the sequence
server; if you find a hit, you can sometimes get citations to the literature.

o Snippets of C code for permutations, etc.

o Integer-valued functions software.

Here is a database of some combinatorial objects.

There is a newsgroup alt.sci.math.combinatorics.

AMLeS 10T00E0EIS Y100 TO AVTIKEINEVO

e Amd6 v homepage tov Electronic Journal of Combinatorics pmopei kémotog va
nePAoEL 6€ £val AplOUd CNUOVTIKOV SUVOUIKAOV 16TOCEAId®V € dtdpopa BEpata
2uvovaoTIKNG Avaivong.

e From the homepage of the Springer Annals of Combinatorics one may jump to a

"hyperbook” linking to surveys on several topics in combinatorics.

Small Ramsey numbers.

A compendium of NP optimization problems

Overview of Modern Heuristic Methods of combinatorial optimization

Preprint server at Los Alamos.
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e Matroid Theory index.
o Here are the AMS and Goettingen resource pages for area 05.
e UTK archives page

Emieypéva avtikeipeva 6€ avto to Site

o How to list all subsets of a given cardinality of a given set.

o Elementary problem: how to enumerate subsets with distinct labels?

« Enumerating all permutations of a finite set

o Sample counting problem: how many ways of drawing balls from urns?

e How many ways to select at most one item in each subset... (Generic counting
problem)

« Pointer: derivation of formula for number of derangements

« Stirling numbers of the second kind: counting ways to arrange N objects into K
subsets.

« Probability that adjacent cards have different values (standard deck)

o Odds of a run of given length existing in a sequence

e Minimum number of telephone calls to exchange information

e Aknight's tour (but cannot be a magic square)

o Langford problem (sequence 2 sets of first n numbers with each pair suitably far
apart)

« Recursive formulas for partition functions

e How many ways to slice the cake (in n dimensions)?

e Sperner's Theorem: the maximum number of incomparable subsets of a k-element
set is C(k,k/2)

e Sperner's theorem on maximal collections of incomparable subsets

e Subsets of a committee meet several times... incidence problems and
combinatorial geometries

o Number of ways N ordered whole numbers, each no greater than N, add up to
N”2-N. (A classic counting problem)

o Frankl conjecture on finite sets (open)

e What are Steiner systems?

o Steiner systems: what they are, example of construction

« Application of Steiner systems to lottery analysis

« Efficient orthogonal array generation

« Balanced tournament designs

« Block Scheduling Algorithm for tournaments

e Scheduling tournaments for Whist, bridge, golf, tennis

e The "most rapidly increasing function™: the Ackermann function

e Ackermann function -- pointers and code

o Priifer codes to count labeled trees

o Philip Hall's marriage theorem (making a matched set from a collection of sets)

e The Set Partitioning problem: find a collection of subsets which cover the whole
set

e A set-covering problem (which arose in weaving!)

e Finding Graeco-Latin squares
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Kirkman's schoolgirl problem (block design)

How many ways to group p people into n teams?

Interesting problem still open: Given some sticks of integral length at least n,
whose total length is n(n+1)/2, can one cut them into pieces of length 1, 2, ..., n?
Generating linear extensions of posets.

The Mobius inversion function on posets

Additive computability -- if S 1 ={1}, S 2={1,2},and S_m=S_(m-1) \union
(S_(m-1) + S_(m-1)) , what's the first set S_m containing a given n?

Pointer to software for combinatorial optimization (shortest path, etc.)
Comparison of assignment problem and traveling salesman problem.

An assignment problem (optimally split people into groups)

A general optimization problem between the knapsack problem and sphere-
packing problems.

The Knapsack problem: finding subsets of a set of integers which add to a given
total.

The subset-sum problem: solving exactly (hard) or approximately (easy)

The subset-sum problem (minimize the sum of a set of reals)

Ramsey Theory: complete disorder is impossible

Known values of Ramsey numbers

Proving weak estimates for Ramsey numbers R(Kk,k)

Ramsey numbers for 3-colored sets

Table of some known Ramsey numbers

Van Der Waerden's theorem on coloring coloring arithmetic progressions.
Number of partial orders on a finite set

Famous conjectures: existence of Hadamard matrices, projective planes, Jacobian
conjecture
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