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1. What is Ramsey’s Theorem

• Definition: the Ramsey number R(s, t) is the number of vertices in 
the smallest complete graph which, when 2-colored red and blue, 
must contain a red K_s or a blue K_t , where we denote the 
complete graph on n vertices by K_n . 



1. Ramsey Theorem R(3,3)=6

• For any complete graph with 6 vertices, use red and blue to color 
its edges in arbitrary way, then, there must be a red K_3 or a blue 
K_3.  The 6 is the smallest number with this property. 



1. General Ramsey’s Theorem:

• For any positive integers s,t >1, R(s,t) <+∞. 

• R(4,4) =18,

• 43<=R(5,5) <=48,  102<=R(6,6) <=165.



2. A hand proof of Ramsey Theorem 

• For the original Ramsey Theorem R(3,3)=6 :







3. How to prove Ramsey’s Theorem by symbolic 
computation?

• Step 1: Use 0,1 to represent the edge color red and blue. If edge 
between the vertex $i$ and the vertex $j$ is red, then $x_{ij}=0$, if 
it is blue, then $x_{ij}=1$.    





3. How to prove Ramsey’s Theorem by 
symbolic computation?
• Step 2: Assume that a complete graph K_n is colored by 0 (red) 

and 1 (blue). x_{ij} takes 0 if the edge between i, j is red, and x_{ij}
takes 1 if the edge between i, j is blue.  Define two functions I and
J as follows:



3. How to prove Ramsey’s Theorem by 
symbolic computation?
• Step 3: Compute the polynomial J x I, using the simplify rules:

• If  the result is J x I = 0 (zero polynomial), we claim R(3,3)<=n;

and if the result is not a zero polynomial, we claim R(3,3)>n.



3. How to prove Ramsey’s Theorem by 
symbolic computation?
• For example, for the complete graph K_5, we have:



• The multiplication J x I: 



3. How to prove Ramsey’s Theorem by 
symbolic computation?
• For the complete graph K_6, we have 

• J is a polynomial with 5,789 monomials, 

• I is a polynomial with 5,395 monomials, (see next page)

• And J x I = zero polynomial after simplification.





4. Prove R(3,4)=9 via symbolic computation

• Theoretically, the same method can be used if there is no 
intermediate computation explosion.

• For the complete graph K_9, the number of variables x_{ij} is 
9x8/2=36. Direction computation of J,I polynomials is too 
complicated.

• Method: 



4. Prove R(3,4)=9 via symbolic computation



4. Prove R(3,4)=9 via symbolic computation





5. Discussion 

(1) An improvement of Ramsey’s Theorem:



5. Discussion 

• (2) for three colors, we may use 0, -1, 1 to represent the colors, 
and the following characteristic polynomials:

• to represent that a complete subgraph of Kn is colored by one 
special color.



5. Discussion 

• Can quantum computers be use to do computation for simplify 
the polynomials generated in the proof of Ramsey’s theorem？

• (This is the end page)



•Thank you very much!

•The authors are very sorry that they are not able to 
join the conference in Belgrade Serbia.  

•Zhenbing Zeng at Shanghai, 2023-09-18


