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In this project report we discuss the relation between Ramsey classes and
homogeneous structures and give various examples for both of them. In
addition, we explain the role of orderings for Ramsey classes and study the
Ramsey properties of permutations.

1 Introduction

The finite Ramsey theorem states that for all natural numbers a, b and r there is a natural
number ¢ such that in any r-coloring of the a-element subsets of the set {1,...,c} there
is a monochromatic b-element subset. In the following the number ¢ will be denoted by
R(a,b,r).

Different variants and generalizations of this result (cf. Nesetril, 1995) have been inves-
tigated. The concept of Ramsey classes is the most general of these. Roughly speaking,
a Ramsey class is a class K of objects such that for each natural number r and each
choice of objects A, B € K there is an object C' € K such that an analog of the main
part of Ramsey’s theorem holds. Here, A plays the role of a, B the role of b, and C the
role of c.

In this report, we define what Ramsey classes are, give various examples of them and
explain their relation to homogeneous structures and orderings. In particular we will
discuss the Ramsey properties of permutations.

The remainder of this report is structured as follows. In Section 2 we will formally define
Ramsey classes and in Section 3 we will introduce homogeneous structures. In Section 4
we will discuss orderings and in Section 5 the connection between Ramsey classes and
homogeneous structures. In Section 6 finally, we will consider permutations.



2 Ramsey Classes

The definition of a Ramsey class can be stated for general classes of objects endowed
with subobjects and isomorphisms. So, consider a class K of objects and assume that
subobjects of objects in K and isomorphisms between objects from I are well defined.
Moreover, let K be closed under isomorphisms. Let A, B, B’ € K. If A is a subobject of
B we write A — B and if B and B’ are isomorphic we write B = B’. Moreover, (ﬁ) is
the set of all subobjects A’ with A’ — B and A’ & A.

Definition: For A,B,C € K and r € N the Erdés-Rado partition arrow C' — (B)A
denotes the following: For each partition (g) = A U...UA, there existi € {1,...,r}
and B' — C such that B’ = B and (i/) C A;. We also call B’ a monochromatic copy
of B in C and the partition of (i) a coloring.

For A € I say that K is A-Ramsey if for all B € K and r € N there exists a C € K
such that C — (B)2.

T

The class IKC is a Ramsey class if it is A-Ramsey for all A € K.

It remains to define which objects we consider as subobject of other objects. One natural
aproach is to use embeddings. In this report we consider only classes of relational
structures. For I C R let A = (4;);c; be a sequence of natural numbers. Then Rel(A)
denotes the set of all relational structures A = (X, (R;)ier) where X is a set and R; C
X%, We also call A the type or signature of (X, (R;)ic;) and write A for X. Let
A = (X,(R;)ier) and A" = (X', (R});er) be two relational structures of types A = (0;)ier
and A" = (0});er, respectively. An injective mapping f : X — X’ is an embedding of
Ainto A"if I C I" and §; = ¢; for i € I and (z;)j=1,..5, € Ri it (f(z))j=1,..57) € R}
Accordingly, A is a subobject or substructure of A’ if there is an inclusion embedding f
of Ainto A, i.e. if X C X’ and f is the identity on X. A bijective embedding is called
isomorphism.

2.1 Examples of Ramsey Classes

The finite Ramsey theorem asserts that finite sets form a Ramsey class. Here, we name
some more examples. In the following chapters, some of them will be discussed in greater
detail.

The following classes of finite structures are Ramsey classes:
(cf. Nesetril, 1995; Nesettil, 2004; Nesetril, 2005)
1. all ordered metric spaces,
2. all (lineraly ordered) relational structures of a fixed type,
3. all (lineraly ordered) graphs,

4. all partially ordered sets (together with a fixed linear extension),



5. all finite vector spaces over a fixed field,

6. all (lineraly ordered) partitions.

Here, a partition is a complete k-partite graph for some k. We say that a structure A is
linearly ordered if it is endowed with an additional linear ordering of A (cf. Section 4).

3 Homogeneous Structures

As was observed by Nesetril, 1989, there is a strong connection between Ramsey classes
and homogeneous structures. Before turning to these results in Section 5 we first need
to review some model theoretic concepts.

Definition: A relational structure B is called homogeneous if every isomorphism f :
A — A’ between finite substructures A and A’ of B can be extended to an automorphism
of B.

For an infinite structure B the age of B (denoted by age(B)) is the class of all structures
embeddable in B. We also say that B is universal for age(B).

Homogeneity is a very strong restriction to relational structures and enforces high sym-
metry. Accordingly there are not many finite examples. Studying infinite homogeneous
structures, however, turned out to be more interesting. A classical result by Fralssé gives
a characterization of homogeneous structures in terms of their age. For this we need
some more definitions.

Definition: Let K be a class of relational structures. Then K is hereditary if A’ € K
and A — A" imply A € K.

The class KC has the joint embedding property if for any A, B € K there exists C € K
such that both A and B are embeddable in C. We say, that K has the amalgamation
property if for every A, B, B’ € K and every embedding f : A — B of A into B and every
embedding f': A — B’ of A into B’ there exists C € K and embeddings g : B — C and
g : B' — C such that gof = g'of" (see Figure 3). We call (C,g,4') an amalgamation of
the amalgam (A, B, B', f, f'). If the intersection of g(B) and ¢'(B’) is equal to gof(A) we
say that the amalgamation is strong. Strong joint embeddings are defined analogously.

We can now state the result of Fraissé which gives a necessary and sufficient condition for
a class of finite structures to be the age of a countable homogeneous relational structure.

Theorem 3.1 (Fraissé, 1953)
A class K of finite relational structures is the age of a countable homogeneous relational
structure U iff the following four conditions hold:

1. K has countably many isomorphism classes,

2. K is closed under isomorphism,
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Figure 1: (C,g,¢') is an amalgamation of the amalgam (A, B, B', f, f’).

3. K is closed under substructures,

4. K has the amalgamation property.

The structure U is also called generic for K or the Fraissé limit of IC. Observe that the
first three conditions are trivial since they are satisfied for the age of any countable struc-
ture. So the essential property of ages of homogeneous structures is the amalgamation

property.

3.1 Examples of Homogeneous Structures

The homogeneous structures have been classified for a number of important classes of
relational structures.

We start with graphs. For a class of graphs I K denotes the class of all complements
of graphs in K. Moreover, let COMPL := {K; : i € N} be the class of all finite complete
graphs, £Q be the class of all finite equivalences, i.e., disjoint unions of complete graphs,
and Kp-FREEFE the class of all finite Kj-free graphs. Let £Q; be the class of all finite
euqivalences where each equivalence class has size at most k and £QF be the class of all
finite equivalences with at most k equivalence classes.

Theorem 3.2 (Lachlan & Woodrow, 1980)
Each countable infinite homogeneous undirected graph is the Fraissé limit of one of the
following classes of finite graphs:

1. COMPL (all complete graphs),
2. €Q (all equivalences),

3. £Qy, or EQF for each k (all bounded equivalences),



4. Ky-FREE for each k (all K, free graphs),
5. GRAPH (all graphs),

6. KC for each of the above classes K.

It follows that each other hereditary graph class, e.g. planar graphs or graphs of girth
at least five, does not have the amalgamation property.

The generic graph, i.e., the Fraissé limit of the class GRAPH, is the random graph, also
called the Rado graph.

The directed countable homogeneous graphs have been classified by Cherlin, 1998. There
are uncountably many of them. Here, we concentrate on some special cases: tournaments
and partially ordered sets.

Lachlan, 1984 characterized the countable homogeneous tournaments. Let Cg be an
oriented K3 and let 7QUR be the class of all finite tournaments and by 7RANS the
class of all transitive tournaments. A Tournament 7' = (V, R) is a local order if for all

vertices v € V' both, the set {w : vw € R} and the set {w : wv € R} induce a transitive
tournament in 7". LORD will denote the set of all local orders.

Theorem 3.3 (Lachlan, 1984)
Each countable infinite homogeneous tournament is the Fraissé limit of one of the fol-
lowing classes of finite tournaments:

1. {CD} (the oriented triangle),

2. TRANS (all transitive tournaments),
3. LORD (all local orders),

4. TQUR (all tournaments).

The classification programme for partially ordered sets has already been completed by
Schmerl, 1979. ORD denotes the class of all finite linear orders, CH the class of all
finite disjoint unions of finite linear orders, and CH;. those partial orders from CH that
are unions of at most k linear orders. A chain-sum between two disjoint antichains
Ay = (V4,0) and Ay = (V5,0) is the partial order P = (V4 U Vi, R) where R := {vjvs :
vy € V1,v9 € Va}. This definition generalizes to chainsums of k antichains. Then, X is
the class of all finite chain-sums between finite antichains and Yj, contains those members
of ¥ that are chain-sums of at most & antichains.

Theorem 3.4 (Schmerl, 1979)
FEach countable infinite homogeneous partially ordered set is the Fraissé limit of one of
the following classes of finite partially ordered sets:

1. ORD (all linear orders),

2. CHy, for each k (all unions of at most k chains),



3. CH (all unions of chains),

4. ANTT (all antichains),

5. Xy for each k (all chain-sums of at most k antichains),
6. ¥ (all chain-sums of antichains),

7. POSET (all partially ordered sets).

4 Orderings

Which properties do Ramsey classes have in common? In the next section we will see that
all Ramsey classes have the amalgamation property. Before explaining this in greater
detail we will investigate the role of rigidity and symmetry in this section. In particular
we will show that orderings are important for studying Ramsey properties.

According to the definition given in Section 2, substructures correspond to inclusion
embeddings. However, with this definition many interesting classes of structures are
A-Ramsey only for highly symmetric objects A. We will illustrate this for graphs.

Consider the class of all graphs with induced subgraphs as substructures. Let P3 be the
path of length 3 and C5 be the cycle of length 5. Then there is no graph G such that
G — (05),153 and consequently the class of all graphs is not Ps-Ramsey. Indeed, let G
be a graph and <g be an arbitrary ordering of its vertices. Now, choose the following
coloring of ( g ): If P € (g) is monotone with respect to <¢ then color P; with color 1,
otherwise with color 2. But in each linear ordering of C'5 we have both, a monotone copy
of P3 and a non-monotone copy of P3. Therefore there is no monochromatic copy of
(5 in G. The next lemma shows that this construction is also possible for other graphs
than P3 and Cjs (cf. Nesetril, 1995).

Lemma 4.1 (Ordering Lemma)

Let F' be an undirected graph and <pg a linear orderings of the vertices of F'. Then there
is a graph H such that for every ordering < of the vertices of H there is an embedding
f+ F — H that is monotone with respect to <p and <, i.e., u <p v iff f(u) <g f(v)
for u,v € F.

In this lemma we considered the class K of undirected graphs G together with the class
=< of all linear orderings <g of their vertices. A similar result can be shown for various
other classes K of structures together with classes < of corresponding orderings, e.g.,
partially ordered sets together with their linear extensions or metric spaces together with
all possible orderings of their points (cf. Nesetril, 2004). In this case we also say that K
has the ordering property with respect to <.

Observation 4.2
Let IC be a class of relational structures that has the strong joint embedding property
and the ordering property with respect to the class < of all orderings of its structures.



If A € K and there is an injective mapping f : A — A that is not an automorphism of
A then K is not A-Ramsey.

This can be shown by choosing a structure B that contains two disjoint copies of A; and
Ay. B exists by the strong joint embedding property. Let §}4 be an arbitrary ordering
of A and <% be such that z <} y iff f(z) <% f(y) for 2,y € A. Now, let <p be an
ordering of B that is monotone with respect to §}4 for Ay and to §?4 for Ay. Then we
can proceed in analogy to the discussion for P3 and Cs above. It follows that the class
of undirected graphs is not F-Ramsey for all graphs F' that are neither complete nor
empty.

The following more general result was proven in Nesetiil, 2005. We say that a structure
A € K is order invariant with respect to a class < of orderings if for any choice of
orderings §}4, §?4€j of A there is an isomorphism f : A — A that is monotone with
respect to §}4 and §?4.

Theorem 4.3 (Nesetril, 2005)
If I has the ordering property with respect to < and if K is A-Ramsey for A € I, then
A is order invariant with respect to <.

Another possibility is to consider substructures as embeddings themselves: Now, each
embedding A — B of a structure A into a structure B is a substructure of B. (Consider
two embeddings A — B and A’ — B as equivalent if A = A’. Then the equivalence
classes of the resulting equivalence relation correspond to the substructures of the original
definition.) With this definition, however, non-rigid structures, i.e., structures that have
a non-trivial automorphism, give rise to non-Ramsey classes.

Observation 4.4
Let K be a class of relational structures and A € K have a non-trivial automorphism.
Then K does not have the A-Ramsey property.

For this, observe that for each copy A’ of A in a structure C' € K there are two distinct
embeddings of A in A’. So, just assign different colors to these two embeddings.

Accordingly with this definition of substructures many classes of relational structures
are trivially not Ramsey. We therefore need to find another solution.

Observations 4.2 and 4.4 motivate to extend relational structures by orderings of their
vertices and to consider only monotone embeddings: Let I be a class of relational
structures and =< be a class of orderings of the structures in . Then , (K, <) contains
all objects of the form (A, <4) where A € K and <4€=is an ordering of A. In addition,
(A,<4) is a subobject of (B, <p) if there is an embedding f : A — B that is monotone
with respect to <4 and <p. It follows that structures in (K, =) are rigid. Moreover,
since each object (A4, <4) in (K, <) is endowed with a unique ordering < 4, each (A4, <j4)
is trivially order invariant (with respect to these orderings). Accordingly we avoid both
problems discussed above.



Structures Ramsey Classes

graphs COMPL, (£Q,=), (Ky-FREE, =), (GRAPH, =) !
(Nesetril, 1989)
tournaments TRANS, (TQUR, <)

(cf. Nesetril, 2005)
partially ordered sets | ORD, (CH, =), ANTZ, (2, <), (POSET , <)
(cf. Nesetril & Rodl, 1984; Nesetiil, 2005)

Table 1: The Ramsey classes for graphs, tournaments and partially ordered sets.

Observe, for example, that the class GRAPH of all finite graphs is neither Ramsey for
our original definition of substructures as embeddings nor for the definition that groups
embeddings into equivalence classes. The class

(GRAPH, <) := {(G,<q) : G € GRAPH, < is a linear ordering of G},

however, is a Ramsey class as we will see in the next section.

5 The Connection between Ramsey Classes and Homogeneous
Structures

In the last section, we saw that the structures in Ramsey classes are rigid. But this
alone is not sufficient. Another necessary condition is amalgamation.

Theorem 5.1 (cf. Nesetril, 2004)
If K is a Ramsey class then K has the amalgamation property.

By Fraissé’s Theorem (Theorem 3.1) we can therefore concentrate on homogeneous struc-
tures when searching for Ramsey classes.

Corollary 5.2 (Nesetril, 2004)
If K is a hereditary isomorphism-closed Ramsey class then IC is the age of a homogeneous
structure.

Moreover, there is a stronger version of Theorem 5.1 that involves orderings. A class <
of orderings of structures from K is called rich if the following holds: Let A, B, B’ € K
and f : A — B be an embedding of A into B and f' : A — B’ an embedding of A
into B’. Then there are B, B’ € K, extensions f and f' of f and f’, respectively, and
orderings <4, <3, < B,E< of A, B, and B’, respectively, such that every amalgamation

of ((4,<4), (B, < 3 (B, <p). [, f') in (K, 2) is strong.

'and in addition the classes K and (IC, <) for all the listed classes KC and (K, <), respectively



Figure 2: A representation of the permutation with pattern 1,4,5,2,6,3 by two linear
orders (transitive arcs are omitted).

Theorem 5.3 (Nesetril, 2004)
If < is a rich class of orderings for K and (K, %) is a Ramsey class then K has the strong
amalgamation property.

In Table 1 we indicate which of the homogeneous structures introduced in Section 3.1
give rise to a Ramsey class. By the remarks in Section 4 it is necessary to endow some
of these classes I with orderings <. For graphs and tournaments < contains all possible
orderings of objects IC, for posets all linear extensions of objects from /.

6 Permutations

There are different ways of defining permutations. In this report we use the definition
introduced by Cameron, 2002. One advantage of this definition is that it does not only
apply to finite permutations but also to infinite ones.

Definition: A permutation P = (X, <1,<3) consists of a set X C R and two linear
orders <1 and <o of X where <y is the natural order on X and <g is arbitrary. An
example is shown in Figure 6. A subpermutation of P is a permutation P' = (X', </, <))
with X' C X such that <), is the restriction of <o to X'. Let P = (X,<1,<2) be
a finite permutation with |X| = x and consider a sequence (p;)i—{1,..2} of pairwise
distinct numbers p; € {1,...,x}. Then we call (p;) the pattern of P if the permutation
P =({1,...,z}, <}, <b) with i < j iff pi <4 p; fori,j€{l,...,a} is isomorphic to P.

The countable homogeneous permutations were characterized by Cameron, 2002. An
identity permutation is a permutation of the form (X, <1,<;) and a reversal is a per-
mutation (X, <p,<g) where <s is the reversed natural order. An increasing sequence
of decreasing sequences is a permutation that contains no subpermutation with pattern
2,3,1 and no subpermutation with pattern 3,1,2. Decreasing sequences of increasing
sequences are defined analogously (no 2,1,3 and no 1, 3,2).



Theorem 6.1 (Cameron, 2002)
The age of each countable infinite homogeneous permutation is one of the following
classes of finite permutations:

1. the class of identity permutations,

2. the class of reversals,

3. increasing sequences of decreasing sequences,
4. decreasing sequences of increasing sequences ,

5. the class of all permutations.

As a direct consequence of the finite Ramsey theorem we have the following.

Observation 6.2
The class of identity permutations and the class of reversals are Ramsey classes.

In the next two sections we will study the remaining three classes from theorem 6.1.

6.1 Increasing and Decreasing Sequences and the Product Ramsey
Theorem

First, we consider the class of increasing sequences of decreasing sequences and the class
of decreasing sequences of increasing sequences. For showing that they are Ramsey we
make use of the product Ramsey theorem.

Theorem 6.3 (Product Ramsey Theorem)
For all r,p,t,n € N there exists N € N such that the following holds: If

e X1, Xs,...X; are pairwise disjoint sets,
o | X;| >N foralll <i<t,

X X
e we r-color (pl) X oo X (pt),
then there are Y; C X; with |Y;| > n for all 1 < i < t such that (};1) X oo X (Yt) is
monochromatic.

Let PR(r,p,t,n) denote the number N given by this theorem for input r,p,t,n. We
need a stronger version of this result.

For this, we consider sets A C N2 of pairs. Two finite sets A C Nx.J and A’ € NxJ’ with
J={j1,--..jny CNand J'{j1,...,4,} CNwhere j; <...<j,and j; <...<j, are
isomorphic if n =n’ and [AN (N x {j;})| = |[A' N (N x {j{})| for all 1 <4 < n. Moreover,
A’ is a substructure of B if it is a subset of B and (ﬁ) contains all substructures A" of
B that are isomorphic to A.
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Theorem 6.4
For allr,ta,tp € N and all ay,...a,,b € N there exist tc,c € N such that the following
holds: If

o A={(z,j):xe{l,...,a;},0<j<ta}
e B={(z,j):xe{l,...,b},0<j<tp}

o O ={(x,j):xze{l,...,c},0<j<tc}

e we r-color (i),

then there is a monochromatic copy of B in C.

PRrROOF:
For simplicity we assume a; = ... = a;, = a (but with a minor modification of the
product Ramsey theorem the following proof also works for distinct values for a;).

Set t(C) = R(t(A),t(B),r) and v = (igg) Moreover, define ¢(1) = PR(r, a,t(A),b) and

c(i+1)=PR(r,a,t(A),c(i)) for i > 1 and let ¢ = ¢(7y). Let

o A=A U UAyy) with A; = {(z,i) :x € {1,...,a}} for 0 <i < t(4),
e B=DBjU---UByp) with B; = {(x,7) : v € {1,...,b}} for 0 <i < (B),
e C=C1U---UCyq) with C; = {(z,i) : 2 € {1,...,c}} for 0 <i < ¢(C),

and consider a coloring x of (i)

We establish the theorem by finding sets C’j C Cj of cardinality b for 1 < j < t¢ such
that C = C, U...U éj has the following property: For all iy,...,4%, € {1,...,tc}
all copies of A'in Cj; U... U C’;A have the same color. This uniquely determines an
r-coloring of the t4-element subsets of the integers 1,...,¢{c. By the choice of ¢t and
the finite Ramsey theorem we find a monochromatic ¢g-element subset in these integers
and accordingly a monochromatic copy of B in C.

For finding the sets C’j we repeatedly apply the product Ramsey theorem. The idea
is to do the following steps for each choice of i1,...,4;, € {1,...,tc}: Consider C* =
Ciy U...UC;, , and choose the largest monochromatic subset (with respect to x) of C*.
For the following steps, restrict each set C;; to C;; N C*. Then continue with the next
choice of 41,...,4,. By the choice of ¢ and the product Ramsey theorem we will get
subsets C'j of C; with |C~’]\ > b at the end of this procedure. We omit the details. O

This immediately implies the desired result.

Corollary 6.5
The class of increasing sequences of decreasing sequences and the class of decreasing
sequences of increasing sequences are Ramsey classes.

11



6.2 The Class of all Permutations

We believe that also the class of all permutations forms a Ramsey class. Although not
all details are worked out yet, we will outline how this can possibly been proven. For
this we use the amalgamation technique, which was introduced by Nesettil and Rodl (cf.
Nesetril, 1995). This technique consists of two main parts: the partite lemma and the
partite construction. We start with some definitions.

Definition: Let a € N. An a-partite permutation P = (X; U ... U X, <1,<2) is
a permutation on the union of disjoint sets Xq,...,X, such that x <1 y for x € X;
and y € X; whenever i < j and v <; y iff x <o y for x,y € X;. The sets X; are
called the parts of P. An a-partite permutation is a transversal if each part is of size
one. As subpermutation of P we now only consider a-partite subpermutations P’ =
(X{U...UX,, <), <b) (where the X are possibly empty).

The partite lemma asserts the following.

Lemma 6.6
Let A be an a-partite transversal and B an arbitrary a-partite permutation. Then for

any 7 € N there exists an a-partite permutation C' such that C — (B)2.

We hope to prove this lemma along the lines of the proof of the partite lemma for
relational structures as outlined in Nesettil, 1995.

For the partite construction we additionally need the following lemma.

Lemma 6.7
For each a € N the class of a-partite permutations has the amalgamation property.

This can easily be seen by a direct construction.
In the partite construction we then inductively define permutations Py, ..., P(q) where
b

q = R(a,b,r). Let A and B be arbitrary permutations of sizes a and b, respectively. We
consider A as an a-partite permutation and B as a b-partite permutation. Let Py be
a g-partite permutation contaning (g) disjoint subpermutations isomorphic to B such
that each choice of b parts of Fy induces a copy of B. Such a permutation can easily
be constructed. P;y; is then obtained from P; by choosing b parts (that have not been
chosen before) of the g possible parts and performing the following construction: Let D;
be the permutation induced on these b parts. By the partite lemma there is a b-partite
permutation FE; such that F; — (Di)f. Construct P11 by amalgamating copies of P,
along the copies of B in F;. The permutation P(Z) then has the desired properties. For
this we can proceed similar to the proof of theorem 6.4 by backward induction: In P;
choose a copy of P; such that all copies of A in D; have the same color. This copy exists
by the partite lemma. Finally, we can apply the Ramsey theorem to the copy of Py we
obtained in this way, for finding a monochromatic copy of B.

This (if all the details can be completed) shows that there is a permutation C' such that
any 7 coloring of (i) contains a monochromatic copy of B and therefore the class of all
permutations form a Ramsey class.

12



7 Acknowledgements

I would like to thank the members of COMBSTRU, DIMATIA and of the Department
of Applied Mathematics at Charles University, Prague for organizing and hosting the
splendid DOCCOURSE 2005 on “Modern Methods in Ramsey Theory”. In addition, I
am grateful to Jaroslav NeSetril for supervising this project. Thanks also to Jan Foniok
for many valuable discussions.

References

CAMERON, PETER J. 2002. Homogeneous permutations. The electronic journal of
combinatorics, 9(2). 6, 6, 6.1

CHERLIN, GREGORY. 1998. The classification of countable homogeneous directed graphs

and countable homogeneous n-tournaments. Memoirs of the American Mathemati-
cal Society, 131(621). 3.1

FRAISSE, ROLAND. 1953. Sur certaines relations qui généralisent 1’ordre des nombres
rationnels. Comptes rendus de I’Académie des Sciences, Paris, 540-542. 3.1

LACHLAN, ALISTAIR H. 1984. Countable homogeneous tournaments. Transactions of
the American Mathematical Society, 284, 431-461. 3.1, 3.3

LACHLAN, ALISTAIR H., & WOODROW, ROBERT. 1980. Countable ultrahomogeneous
undirected graphs. Transactions of the American Mathematical Society, 262(1),
51-94. 3.2

NESETRIL, JAROSLAV. 1989. For graphs there are only four types of hereditary Ramsey
classes. Journal of combinatorial theory, series B, 46(2), 127-132. 3,5

NESETRIL, JAROSLAV. 1995. Ramsey theory. Chap. 25, pages 1331-1403 of: GRA-
HAM, RONALD L., GROTSCHEL, MARTIN, & LOVAsz, LAsSzLO (eds), Handbook of
combinatorics, vol. 2. Elsevier. 1, 2.1, 4, 6.2, 6.2

NESETRIL, JAROSLAV. 2004. Metric spaces are ramsey. KAM-DIMATIA Series 2004-
677. Charles University Prague. 2.1, 4, 5.1, 5.2, 5.3

NESETRIL, JAROSLAV. 2005. Ramsey classes and homogeneous structures. Combina-
torics, probability and computing, 14(1), 171-189. 2.1, 4, 4.3, 5

NESETRIL, JAROSLAV, & RODL, VOJTECH. 1984. Combinatorial partitions of finite
posets and lattices. Algebra universalis, 19, 106-119. 5

SCcHMERL, J. H. 1979. Countable homogeneous partially ordered sets. Algebra univer-
salis, 9, 317-321. 3.1, 3.4

13



	1 Introduction
	2 Ramsey Classes
	2.1 Examples of Ramsey Classes

	3 Homogeneous Structures
	3.1 Examples of Homogeneous Structures

	4 Orderings
	5 The Connection between Ramsey Classes and Homogeneous Structures
	6 Permutations
	6.1 Increasing and Decreasing Sequences and the Product Ramsey Theorem
	6.2 The Class of all Permutations

	7 Acknowledgements
	References

