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ABSTRACT: We show that for every 0 < € < 1/2, there is an ny = no(¢) such that if n > ng
then every n-vertex graph G of size at least €(}) and at most (1 — €)(}) contains induced k-vertex
subgraphs with at least 10"k different sizes, for every k < 5 - This is best possible, up to a constant
factor. This is also a step toward a conjecture by Erdds, Faudree, and Sés on the number of distinct
pairs (|V(H)|, |E(H)|) of induced subgraphs of Ramsey graphs. © 2008 Wiley Periodicals, Inc. Random
Struct. Alg., 34, 45-53, 2009
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1. INTRODUCTION

For a graph G = (V, E), let hom(G) denote the maximum number of vertices in a clique
or an independent set in G. An n-vertex graph is c-Ramsey, if hom(G) < clogn. Erd®s,
Faudree, and S6s (see [6], [7]) raised the following conjecture.
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46 ALON AND KOSTOCHKA

Conjecture 1.  For every positive constant c, there is a positive constant b = b(c) so that
if G is a c-Ramsey graph on n vertices, then the number of distinct pairs (|V(H)|, |E(H)|),
as H ranges over all induced subgraphs of G, is at least bn”/>.

As Erd6s [7] mentions, they knew the lower bound €2 (n*?) for the number of such
ordered pairs in any graph as above. In particular, the bound €2 (n*/?) follows from a result
of Erd6s, Goldberg, Pach, and Spencer [8] (see Theorem 3 below) and a simple switching
argument (see (2) below). It also is a corollary of a recent result by Bukh and Sudakov [5]
on vertices of different degrees in induced subgraphs of c-Ramsey graphs. Here we improve
this bound to Q (n?).

For a graph G = (V, E) we denote the number of vertices of G by v(G) = |V|, and the
number of edges, also called the size of G, by e(G) = |E|. If G has n vertices and e edges,
the density of G is the quantity a(G) = e(;)_l. For disjoint subsets W and U of V(G), let
ec(W, U) (or simply e(W, U) when we know the graph G) denote the number of edges (in
G) connecting W with U. If W = {w}, then e(W, U) will be also denoted by d(w, U). Let
¢ (k, G) denote the number of distinct sizes of k-vertex induced subgraphs of G. Our main
result is the following.

Theorem 2. For every 0 < € < 1/2 there is an ny(€) so that the following holds. Let
n > ng and let G be an n-vertex graph with € < a(G) < 1 — €. Then, for every k with

€
k<

ok, G) > 107k, (1)

This bound is tight up to the constant factors 1/3 and 107, as shown, for example, by
the complete bipartite graph K, 1_¢),. It also implies that for any fixed € > 0, under the
assumptions of the theorem, ) ,_, ¢ (k, G) = Q(n?).

Erdds and Szemerédi [9] proved that for every positive constant ¢, there is some € =
€(c) > 0 such that if G is an n-vertex c-Ramsey graph, then € < a(G) < 1 — €. Therefore,
our result implies that any such graph has at least b(c)n? distinct pairs (|V (H)|, |E(H)|), as
H ranges over all induced subgraphs of G.

2. PRELIMINARIES AND TOOLS

The sign G’ < G will always mean that G’ is an induced subgraph of G. Throughout this
article € denotes a fixed positive constant, and we assume, whenever this is needed, that n is
sufficiently large as a function of €. We make no attempt to optimize the absolute constants
in our estimates. To simplify the presentation, we omit all floor and ceiling signs whenever
these are not crucial.

For a graph G and a positive integer k, let

¥ (k,G) = max{e(G) —e(G") : G,G" < G and v(G) =v(G") =k)
and ¢k, G) =|{e(G):G <G and v(G) = k}|.
Lete; < ey < -+ < ey be all distinct sizes of k-vertex induced subgraphs of G.

For every k-vertex G’ < G, if we delete a vertex from G’ and add another vertex from
V(G)—V(G'), then the number of edges in the subgraph changes by at most k— 1. Therefore,

v (k, G)
k—1"~

forevery2 <i < ¢(k,G),e; —e;_y <k — 1, and in particular, ¢ (k, G) > 2)
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INDUCED SUBGRAPHS WITH DISTINCT SIZES 47

Erdds, Goldberg, Pach, and Spencer [8] (see also [4] for a proof with an explicit estimate)
derived the following bound on ¥ (k, G).

Theorem 3. ([4], [8]). For any n-vertex graph G with e edges, wheren < e < n(n—1)/4,
v (n/2,G) > 107*/en. 3)
The following simple observation will be used repeatedly.

Observationd. Let2 < k| < ky < nandlet G be an n-vertex graph. Forevery(Q < a < 1,
if there exists a ky-vertex G, < G with a(G,) < a, then there exists a k,-vertex G| < G
with a(Gy) < a. Similarly, if there is a ky-vertex G, < G with a(G,) > a, then there is a
ki-vertex Gy < G such that a(G,) > a.

The proof follows from the fact that for k; < k, and any k,-vertex graph G,

k2> (kl) (kz)
E e(G)) = e(Gy). 4)
<2 Gy <Gy:IV(Gy)l=ky 2/ \k

We need the following consequence of Theorem 3 (and Observation 4).

Corollary 5.  For any positive 0 < € < 1 and k and n satisfying 5/¢ < k < n/2, and for
any graph G on n vertices with density satisfying e < a(G) < 1—e, Yy (k,G) > 1074k3/2¢1/2,

Proof. Puta = a(G). By Observation 4 there are 2k-vertex induced subgraphs G, G, < G
such that a(G;) > a and a(G,) < a. Since one can transform G, to G, by repeatedly
swapping vertices, and as any swap changes the number of edges by less than 2k, there is
a 2k-vertex induced subgraph G; < G satisfying |e(G3) — a(22k)| < k. Thus

a(Gy) —al < — L«
a —a £ 5 = — < o,
} T 2%k-1 2

2

and hence %(22" ) <e(Gz) < (1-— %)(zzk ) By Theorem 3 (and symmetry, which enables us

to replace G by its complement in case it has more than 1 (%) edges),

2%k
Wk, G) > ¥ (k,Gs) > 107 %( ) )Zk > 1074202,

as needed. .

For the next assertion we need to introduce a couple of notions. Let G be a graph and a =
a(G).For W C V(G), let the deviation of W be the quantity devg(W) = e(G(W)) —a(}).
Similarly, for disjoint W, W, C V(G), let devg(W, W,) = eq(W, W,)) — a|W,||W,|.
Furthermore, let Devg (k) = max{|devs(G')| : G < G and |V(G')| = k}. When the graph
G is known from the context, we sometimes will omit the subscript G. Clearly, for every G,

Devg (k) < ¥ (k,G) < 2Devg(k). )]
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48 ALON AND KOSTOCHKA

Lemma 6. Let G be an n-vertex graph, and let 10 < k < n/3 and s < k. Then Dev(s) <
24Dev (k).

Proof. Recall that by (4) and the definition of the deviation, for each k; > k,

Dev(k k k
ev (k) - ( . ©)

Dev (k) 2 2
Let x = Dev(k)(> 0). Assume to the contrary that for some s < k, Dev(s) =y > 24x.
Let W, be an s-element subset of V(G) with |[dev(W,)| = y. By symmetry, we may assume
that dev(W,) > 0. Since k < n/3, we can choose in V(G) — W, disjoint k-element subsets

W, and W,. By the definition of Dev(k), dev(W;) > —x. Since k < |Wy U W;| < 2k — 1,
by (6), dev(Wy U W}) < Dev(2k — 1) < 4x. It follows that

dev(Wy, W)) = dev(Wy, U Wy) —dev(Wy) —dev(W;) <4x —y — (—x) < 5x —y.

Similarly, dev(W,, W) < 5x — y and hence dev(W,, W, U W,) < 10x — 2y.
Again by (6), we have

dev(W, UW,) < 2k k =4 1 —1
eV 2)—x<2)/<2)_ x( +2(/«—1>)
dev(W, U W, UW,) > k=1 k—9 1 2 7
VoUW 2)—_’“< 2 >/<2>‘_x<+k<k—1>)’ @

On the other hand,

and

deV(W() U W1 @) Wg) = dCV(Wl @) Wz) + deV(W(), W1 U Wz) + deV(W())

2
§4x<1—|- >+10x—2y~|-y:14x+—x—y<—x(10—2/(k—1)).

20k — 1) k—1

Since k > 10, this contradicts (7). .

Lemma 7. Let G be an n-vertex graph, 20 < k < n/3, and let G’ be any k-vertex
induced subgraph of G. Let S be the set of vertices of G’ of degree at least (k — 1)a(G) +
500V (k, G) /k in G', and let S~ be the set of all vertices of G’ of degree at most (k—1)a(G) —
500 (k, G)/k in G'. Then max{|S~|,|S*|} < 0.1k.

Proof. 'We prove the bound for |S™|, the proof for |[S*| is essentially identical. Let a =
a(G), ¥ = Y (k,G), and W = V(G’). Suppose for a contradiction that |[S~| > 0.1k. Let
s = 0.1k and let S be any subset of S~ with cardinality s.

Since ) o dc(v, W) = 2e(G(S)) + e(S, W — §) and the expected value of 2¢(G(S)) +
e(S, W —3S) over disjoint s-element S and (k—s)-element W —S in Gis a ((;) — (k;) +(3)),
in terms of deviation, the conditions of the lemma say that dev(S, W — §) + 2dev(S) <
—500svy/k < —50¢. By Lemma 6, and (5), dev(S) > —24vyr and dev(W — §) < 24y It
follows that

dev(W)=dev(W—-S5)—dev(S) + (2dev(S) + dev(S, W—25)) <24 — (=244 )—50¢ = =2,
a contradiction to (5). .

Random Structures and Algorithms DOI 10.1002/rsa



INDUCED SUBGRAPHS WITH DISTINCT SIZES 49

A simple modification of the last argument gives the following.

Lemma 8. Let G be an n-vertex graph, 20 < k < n/3, and let G’ be any k-vertex induced
subgraph of G, W = V(G'). Let A" be the set of all vertices v in V(G) — V(G') satisfying
dw, W) > ka(G) 4+ 500v (k, G) /k and let A~ be the set of all vertices v € V(G) — V(G')
satisfying d(v, W) < ka(G) — 500 (k, G) /k. Then max{|A~|,|A*|} < 0.1k.

Proof. We prove the bound for |[AT|, the proof for |A~| is identical. Let a = a(G), ¥ =
¥ (k,G), and W = V(G). Suppose for a contradiction that |[A*| > 0.1k. Let s = 0.1k and
let A be any subset of A* of cardinality s.

In terms of deviation, the conditions of the lemma say thatdev (S, W) > 500sy/k > 50v.
By Lemma 6, and (5), dev(S) > —24. Since k > 10, by (6),dev(SUW) < v (1.1k)?/k(k—
1) < 1.44. Thus

dev(W) =dev(W US) — dev(S) —dev(W,S) < 1.4y — (—24vy) — 50y < =24y,

a contradiction to the definition of . .

The last two lemmas imply the following.

Corollary 9. Let G be a graph on n vertices with density a = a(G) and let20 < k < n/3.
Define

m = 500 ‘“’;’ G ®)

For a subset W of cardinality k of V(G), call a vertex v € V(G) W-typical if

ldv,W) —ak — )] =m+ 1.

Then, all but at most 0.2k vertices inside W are W-typical, and all but at most 0.2k vertices
outside W are W-typical.

3. THE MAIN RESULT

In this section, we prove Theorem 2. The main part of the proof is the case of large values
of k; to handle small values of k we apply the following recent result of Axenovich and
Balogh [3].

Theorem 10. ([3]). For every fixed k there exists an ng = ny(k) so that if n > ny and G
is an n vertex graph satisfying ¢(G) < k/2, then hom(G) > n — % + 1.

Proof of Theorem 2. Let n, €, k and G satisfy the conditions of the theorem. Note that
we may assume that k > 107, since otherwise there is nothing to prove. Suppose, first,
that k < 5/€, and suppose also that n is sufficiently large as a function of € to allow the
application of Theorem 10, and that it is also larger than, say, 10/€*(> 2k/¢). In this case,
if (k,G) < 1077k (or even if it is smaller than k/2), then, by Theorem 10, G contains
either a clique or an independent set of size at leastn — k/2 4+ 1 > (1 — € /4)n. This implies
that the density of G does not lie in [¢, 1 — €], contradicting the assumption. Thus we may
assume that k > 5/e.

Random Structures and Algorithms DOI 10.1002/rsa



50 ALON AND KOSTOCHKA
Puta = a(G), ¥ = ¥ (k,G) and ¢ = ¢ (k, G). By symmetry we may assume that
1/2<a<1-—¢e. ®

Lete; < e, < -+ < ey be the distinct sizes of all k-vertex induced subgraphs of G, and for
i=1,2,...,¢ — 1, let the ith gap be the number g; = e;,; — ¢; and let 1, = zom% We will
say that a gap g; is big if g; > g for g = 100m = 107 %, where m = 105%. We will prove
that the average gap is at most g (thus proving the theorem, since the average gap is exactly
Y/(¢ — 1)). To prove this, we will show that

if g; is a big gap, thent; < iandforj =1,...,t, the gap g;_; is at most 2m + 3,  (10)
so that the average of gaps g;, gi—1, &i—2, - - - » &i—, 1S at Most

g +t2m+3) - 2m—+3
t+1 - 01

+2m+3 <40m < g.

Here we used the fact that since k > 5/¢, by Corollary 5 we have ¥ > 10~*k and hence
m > 10.

So, let g; be a big gap and let G’ be a k-vertex graph G’ < G having e¢; edges. Let
Wi = V(G'). We claim that G has atleast en/3 > k vertices with degree at most (1 —2¢/3)n.
Indeed, otherwise, the number of edges of G is at least

(1—¢/3n(l = 2¢/3)n _ 0o 6)(;;)

2

contradicting the fact that a(G) < 1 — €.

We will now show that after a series of switchings of typical vertices inside and outside of
G, the obtained graph will have a vertex of a small degree whose swapping with a typical
outside vertex still leads to a subgraph with at most e; edges. That would mean that the
resulting graph has “few” edges.

By Corollary 9, all vertices of G but at most 0.4k are W-typical. Thus there is at least
one Wy-typical vertex of degree at most (1 —2¢/3)n < n — 2k. Let w, be such a vertex. If
it lies in Wy, define W, = Wj. Else, let W, be a set obtained from W by adding wy to it and
by removing some arbitrarily chosen W{-typical vertex that lies in W;. Note that

le(G(W;)) — e(G(Wy))| < 2m + 3. (11)

This is trivial if W, = W,, and otherwise, follows from the fact that the two vertices swapped
while transforming W to W, are W/ -typical.

We now define a sequence of sets Wy, Wi, Wa, ..., Wy g 40m+3, Where each Wiy, is
obtained from W; by omitting a W;-typical neighbor v; of w, in W;, and adding a W;-
typical nonneighbor u; of wy in V(G) — W;. To see that we can find an appropriate u;, recall
that wy has at least 2en/3 > 2k nonneighbors, at most k of them are in W; and, by Corollary
9, at most 0.2k of the ones that lie outside W; are not W;-typical. To find a candidate for v;,
observe that wy was W-typical and hence had at least a(k — 1) — m — 1 neighbors in W,
of which at least

xi=ak—-1)-m—-1-j—-02k>atk—1)—m—1-0.1g;, — 2m+3) — 0.2k

Random Structures and Algorithms DOI 10.1002/rsa



INDUCED SUBGRAPHS WITH DISTINCT SIZES 51

are still in W; and are Wj-typical. By (9), a > 1/2. By the definition of m, and (2), m =
107%2g < 107%g; < 1072(k — 1). Together, this gives

X >05(k—1)—102(k —1) =1 — 0.1k —2- 102k — 1) — 3 — 0.2k > 0.1k,

and we can choose v; as desired.

By the definition of typical vertices it also follows that for all j, |e(G(W;41)) —e(G(W)))| <
2m + 3. Since the gap g; is bigger than 2m + 3, it follows by this fact and by (11) that
e(Gj) < e;forallj.

The degree of wy in the induced subgraph on the final set, Wy 14,1243, is at most ak —
0.1g;—m — 1l and atleastak —m — 1 —0.1g; — 2m — 3 = ak — 0.1g; — 3m — 4, and thus
swapping it with any Wy 14, 12m13-typical vertex outside Wy 14,1243 increases the number of
edges by atleast 0.1g; and by at most 0.1g; +4m + 5 < g;. Thus, the number of edges even
after such a swap must be at most ¢;. This implies that the number of edges before this last
potential swap is at most e; — 0.1g;. By (11), and since |e(G(W;4)) — e(G(W)))| < 2m +3
for every j, each gap between consecutive sizes of k-vertex subgraphs of G in the interval
[e; — 0.1g;, e;] is at most 2m + 3. Thus (10) follows, completing the proof. .

4. THE RANDOM GRAPH

As mentioned in the introduction, the motivation for this article came partly from attempts
to study Conjecture 1. As the obvious candidate for a Ramsey graph is the random graph
G = G(n, 1/2), we briefly discuss, in this section, the typical behavior of ¢ (k, G) for the
random graph. As usual, we say that G satisfies a property asymptotically almost surely
(a.a.s., for short), if the probability it satisfies the property tends to 1 as n tends to infinity.

Itis not too difficult to show that the random graph G = G(n, 1/2) satisfies the conclusion
of the conjecture a.a.s. Moreover, we can show that a.a.s., for every k < 107n, the set of
sizes of induced k-vertex subgraphs of G contains a full interval of length Q (k*?). (The
assumption that k < 1073n can be relaxed).

Theorem 11. Let G = G(n,1/2) be the random graph on n labelled vertices. Then,
a.a.s., for every k < 1073n, the set of sizes of k-vertex induced subgraphs of G contains an
interval of length at least 107k3/2.

Proof. Note, first, that a.a.s. the random graph contains every graph on at most 1.99 log, n
vertices as an induced subgraph (this appears, for example, as exercise 1 in [2], Chapter 8).
Thus, it suffices to deal with k > 1.99 log, n.

Let ¢ = 107. We will show that for every k satisfying 10™*n < k < 1073n, the
probability P(n, k) that the set of sizes of the induced k-vertex subgraphs of G = G(n, 1/2)
does not contain an interval of length ck*? satisfies P(n,k) < e *"". Thus, the sum
> 0-4naro10-3, P(n, k) will also be at most eV To prove that Y_ -5, _, 10—+, P(1. k) =
e 2" consider the subgraph of G consisting of 10 vertex disjoint copies of the random
graph G(n/10, 1/2): it will follow that the probability that for some fixed k between 10~°n
and 10~*n, the set of sizes of the induced k-vertex subgraphs of G does not contain an interval
of length ck*? is at most P(n/10,k)'" and is thus also smaller than e~*“~"_ Continuing in
this manner it will follow that a.a.s. the desired intervals exist for every k.

Suppose, thus, that 10™*n < k < 10~3n. Split the set of vertices of G into three disjoint
sets Vi, Vs, and Vs, where |V;| = 2k — 4vk — 2 and |V,| = |V3] = (n — [Vil)/2. We first
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52 ALON AND KOSTOCHKA

expose the edges of G on V. The density of this subgraph is between, say, 1/4 and 3/4 with
probability 1 — =2 and we can thus assume this is indeed the case. By Corollary 5, this
implies that ¥ (k —2vk — 1, G(V})) > 10~*k*2/T/4 > 10~5k/>. This implies that we can
fix asequence Wy, W, ..., W, of k-subsets of V|, so thate(G(W))) = e;,e; < ey < --- < ey,
eiv1—e; < k—2vk—1 < k,ande,—e, > c;k¥2. Clearly, s < ¥ (k—2vk—1,G(V})) < k2.

We now expose the edges between V| and V,. Fix an integer d € [(k — 2Vk = 1) /2 —
0.5vk, (k — 2+/k — 1)/2 + 0.5\/k]. For every fixed W; and every fixed vertex v € Vs,
the probability that d(v, W;) = d is at least % The events for a fixed W; and distinct
vertices v € V, are mutually independent, and as the expected number of vertices in V, with

d(v,W;) = d is at least 1!)‘(;2}12’ the probability there are at least 2(‘)‘3/‘2 > 2+/k such vertices

is bigger than 1 — e~ by the Chernoff bound (c.f., e.g., [2]). As the number of sets W;
is only polynomial in k, it follows that with probability at least 1 — =™, for each of our
s sets W; and for each degree d as above, there are at least 2+/k vertices v € V, satisfying
dv,W)) =d.

For each fixed i, we can now attach to the set W; aset U;; C V, of 2k vertices in about
2k ways as follows. We let U, consist of 2k vertices v with dwv, W) = (k — 2k —
1)/2 — 0.5«/%, and forj = 1,...,2k — 1, obtain U, from U;; by swapping a vertex v
with d(v, W;) = d with one satisfying d(v, W;) = d + 1, until we reach a set consisting only
of vertices v for which d(v, W) = (k — 2k — 1)/2 + 0.5v/k. This gives, from W;, a set
of about 2k subsets W; U U;; C V; U V,, each of size k — 1, so that the number of edges
in G(W;) plus the number of edges between U;; and W; ranges over all possibilities of the
interval of length 2k centered at e; + (2v/k)(k — 23k — 1)/2.

We now expose the edges inside V,. Note that as the sets U; corresponding to the same W;
are obtained from each other by swapping a single vertex, the probability that the number
of edges in G(U;) will differ from that in G(U;,,) by more than, say, vk /2,1s e 20 Thus
we may assume that this is not the case for all W; and all j. Altogether, as the intervals for
the various sets W; overlap, we now get a new family of sets X;, (1 < i < ¢) of cardinality
k — 1 each, where each X; is a subset of V; U V5, e(G(X})) < e(G(X»)) < --- < e(G(X})),
e(G(Xip1)) — e(G(X;)) < vk/2 for all i, and e(G(X,)) — e(G(X})) > ¢k

Finally, we expose the edges between V; and V,. As before, with probability at least
1 —e 2™ for all fixed sets X; and for every integer d in the range [(k — 1)/2 —0.5v/k, (k —
/2 + 0.5\/%] there will be at least one vertex v € V3 such that d(v,X;) = d. This will
enable us to attach to each set X; a single additional vertex v € V3 of any desired degree in
the above range, providing sets Y; of cardinality k so that the values e(G(Y;)) range over all
possible integers in an interval of length at least ck®2. This completes the proof. .

5. CONCLUDING REMARKS

1. The result of Theorem 11 can be easily extended to G(n, p) for any fixed0 < p < 1.
It is tight, up to a constant factor, as an easy application of the Chernoff bound shows
that a.a.s. ¥ (G(n, 1/2)) = O(n*?).

2. It could be checked that practically repeating the proof of Theorem 2, one can get the
following weighted version of it: For every 0 < € < 1/2 there is an ny(€) such that
the following holds. Letn > nj and let G be an n-vertex graph withe < a(G) < 1 —e.
Letk < %” Suppose that each vertex v € V(G) has a weight w (v) € [0, @]. For a
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subgraph G’ of G, let the weight be defined as w(G’) = e(G’) + ZVGV(G,
G has induced k-vertex subgraphs of at least 10~8k distinct weights.
Balogh and Samotij pointed out that the proof of Theorem 2 yields a bit more than
what is claimed. Namely, when we prove (10), we actually derive that the differences
between consecutive sizes in the interval [e; — 0.1g;, ¢;] are at most 2m + 3. Recall
that if a gap e;;; — e; is not big, then it is at most 100m. Thus, the proof yields that
one can find 1078k distinct sizes of induced k-vertex subgraphs of G such that the
difference between consecutive sizes is at least m.

In view of Conjecture 1, it will be interesting to find a way to apply the assumption
that a graph G is c-Ramsey in order to improve the lower estimate for ¢ (k, G). The
only property we used in the proof of the main result is the fact that the density of
any such graph is bounded away from 0 and 1, and this is obviously not enough. The
results in [3] and the ones in [1] show that even the assumption that for an n vertex
graph G, hom(G) is only a bit smaller than n already leads to some consequences that
do not hold for general graphs with density bounded away from zero and one, but it
seems that the solution of the conjecture will require some new ideas.

In[1]itis shown thatfore < 1072!,if Gis ann-vertex graph and hom(G) < (1—4€)n?,
then the number of ordered five-tuples (v(H), A(H),a(H),w(H),i(H)), as H ranges
over all induced subgraphs of G, is at least en?, where v(H), A(H), a(H), w(H), and
i(H) denote the order of H, its maximum degree, its independence number, its clique
number, and the number of its isolated vertices, respectively.

) w(v). Then

ACKNOWLEDGMENT

The authors thank the referees as well as J. Balogh and W. Samotij for their helpful
comments.

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]
(8]

(9]

N. Alon and B. Bollob4s, Graphs with a small number of distinct induced subgraphs, Graph
theory and combinatorics (Cambridge, 1988), Discrete Math 75 (1989), 23-30.

N. Alon and J. H. Spencer, The probabilistic method, 2nd edition, Wiley, New York,
2000.

M. Axenovich and J. Balogh, Graphs having small number of sizes on induced k-subgraphs,
SIAM 1] Discrete Math 21 (2007), 264-272.

B. Bollobds and A. D. Scott, Discrepancy in graphs and hypergraphs, In E. Gyori,
G. O. H. Katona, and L. Lovész, editors, More sets, graphs and numbers (Bolyai Society
of Mathematical Studies, 15), Springer, Berlin, 2006.

B. Bukh and B. Sudakov, Induced subgraphs of Ramsey graphs with many distinct degrees,
J Combinat Theory Ser B 97 (2007), 612-619.

P. ErdGs, Some of my favorite problems in various branches of combinatorics, Matematiche
(Catania) 47 (1992), 231-240.

P. Erd&s, Some recent problems and results in graph theory, Discrete Math 164 (1997), 81-85.
P. Erd6s, M. Goldberg, J. Pach, and J. Spencer, Cutting a graph into two dissimilar halves,
J Graph Theory 12 (1988), 121-131.

P. Erd6s and E. Szemerédi, On a Ramsey type theorem, Collection of articles dedicated to the
memory of A. Rényi, I. Period Math Hungar 2 (1972), 295-299.

Random Structures and Algorithms DOI 10.1002/rsa



