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abstract

In this independent study, we study the definitions and basic properties of graphs, as well
as the theories of Ramsey Numbers. We have examined simple values of Ramsey numbers
and the theorems regarding both upper and lower bounds of these numbers. Additionally,
we have delved into the approximation of Ramsey numbers, specifically R(m,n), where
1<m<9and 1 <n <9. For certain instances of Ramsey numbers precise values have
been successfully approximated, while for others, although an exact value may be elusive,

we have been able to determine both upper and lower bounds.
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(Ramsey Numbers)

3.1. Nuunusudd (Ramsey Theory)
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3.2. ANN18UD9IIUIUUSUTS (Trivial values of Ramsey Numbers)
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HANTANWIN U UNTaITIUUsHE Baan llumsUszanauen aglanamsfnwiany

519

m,n 2 3 4 5 6 7 8 9
1 1 1 1 1 1 1 1 1
2 2 3 4 5 6 7 8 9
3 3 6 9 14 11-19 13-28 15-36 17-45
4 4 9 18 13-31 16-56 19-84 22-120 25-165
5 5 14 13-31 17-70 | 21-126 | 25-210 | 29-330 33-495
6 6| 11-19 | 16-56 | 21-126 | 26-252 31-462 36-792 | 41-1287
7 711328 | 19-84 | 25-210 | 31-462 37-924 | 43-1716 | 49-3003
8 8 | 15-36 | 22-120 | 29-330 | 36-792 | 43-1716 | 50-3432 | 57-6435
9 9 | 17-45 | 25-165 | 33-495 | 41-1287 | 49-3003 | 57-6435 | 67-12870

PITNA 1: NEANEVINITUTENUAIVDITIULTUTD R(m,n) aeN 1 <m < 9uaz 1 <n <9

NATNT 1 919Ul IUUSUES R(m,n) U19is1@mnsaUssnuaoenin

Durasianileld wu R(3,3) = 6, R(3,4) = 9, R(3,5) = 14 uaz R(4,4) = 18 dmiu

J 6 Y 1 PN | i 1 N [
FIUIULINYY R(m,n) ‘U’]\W]’?JLi’ﬂ,mﬁ?ﬂ?ﬁﬂ%%%ﬂi%ﬂ’]ﬂdﬂ’]@@ﬂﬂﬂﬁLLG]Li’]ﬁ’]ﬂJ’]SﬂW%%Ui%SJ’]mLUU

YouUAUURAZURUIAANLA Wy 11 < R(3,6) < 19, 13 < R(3,7) < 25, 15 < R(3,8) < 31,

17 < R(3,9) < 37 wag 17 < R(5,5) < 70 1Jusu
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A simple technique

In this independent study, we study the definitions and
basic properties of graphs, as well as the theories of Ramsey Numbers.

We have examined simple values of Ramsey numbers and the theorems
regarding both upper and lower bounds of these numbers. Additionally,
we have delved into the approximation of Ramsey numbers, specifically

R(m,n), where 1 <m < 9and1<n <9. For certain instances of

Ramsey numbers precise values have been successfully approximated,

while for others, although an exact value may be elusive, we have been

able to determine both upper and lower bounds.

1. Finding the graph with the least number of points that when
colored gives a blue K3 graph or a red K3 graph.
From the theorem 4, R(3,3) < 6

—

Ks Cs Cs

Figue 1 : A graph with 5 vertices, which does not have any 3 vertices
where every pair of edges are blue or any 3 vertices where every pair of
edges are red, so R(3,3) > 5. Therefore, R(3,3) =6

2. Finding the graph with the least number of points that when
colored gives a blue K3 graph or a red K; graph.

From the theorem 6, R(3,7) < 28 and from the theorem 7, R(3,7) > 12

Figue 2 : By placing red edges at two vertices in the same row and blue edges
in the same column and diagonal points. This will mean that

there is no K3 blue or no K7 red, so R(3,7) > 12

that is 13 < R(3,7) < 28

3. Finding the graph with the least number of points that when

colored gives a blue K graph or a red K graph.

From the theorem 3, R(4,4) < 18

Circuits

rcuits
Figue 3 : A graph with 17 vertices, which does not have any 4 vertices
where every pair of edges are blue or any 4 vertices where every pair of

edges are red, so R(4,4) > 17. Therefore, R(4,4) = 18

the Ramsey Numbers

Sareeya Phuangwilai
Advisor : Asst. Prof. Dr. Thanasak Mouktonglang
Department of Mathematics, Faculty of Science, Chiang Mai University

for estimating

%)

Ramsey Numbers

Theorem : For all m,n > 2 there exists an s > 1 such that every 2-coloring of K
contains a monochromatic clique of order m or n
Definition : The smallest number s such that every 2-coloring of K contains

a monochromatic clique of order m or n is denoted R(m,n)

msey’s boundary
Theorems

1. R(m,n) = R(n,m)

2. R(1,n) = R(m,1) =1

3. R(m,2) =mor R(2,n) =n

4. Forallm,n € N, R(m,n) < R(m —1,n)+ R(m,n — 1)
5. Forallm,n € N, If R(m — 1,n) and R(m,n — 1) both even

then R(m,n) < R(m —1,n) + R(m,n—1) -1

& Rl (m+n72)
' m—1

7. Form,n >0, R(m,n) > (m—1)(n—1)
8. If (Z) 21=(2) then R(k, k) > n

For k >3, R(k, k) > 25

3 hl 1 i ;| 1 1 1 1

1 2 a 4 5 6 6t 8 9

- & 6 g8 14 11-19 13-28 15-36 17-45
1 4 6 18 A3=31, 16-56 19-84 22-120 25-165
i L 14 13-31 17-70 21-126 25-210 29-330 33-495
1 6 11-19 16-56 21-126 26-252 31-462 36-792 41-1287
4. 7 13-28 19-84 25-210 31-462 37-924 43-1716 49-3003
1 8 15-36 22-120  29-330 36-792 43-1716 50-3432 57-6435
1 2 25-165  25-165  33-495 41-1287 49-3003 57-6435 67-12870

Table 1 : Results of the Ramsey Numbers estimation R(m,n),

\Whenlgmggandlgngf)
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