SDG Game – Solved using Linear Programming

SDG game can be well played by using linear programming. The idea is to generate linear equations based on the min max problem and solve them to get right price, weights for relations and assignment.

Analysis:

For a symmetric formula F , the game matrix can be defined as: 
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	Sik = Probability that constraint i is true if k variables are set to true.
	

	
	
	
	
	
	
	


We have one row for each relation and one column for each value of k.

Buyer

For a buyer, it makes sense to maximize the satisfiability ratio. Therefore we can have equations like

max t;

and rest of the equations will be of form:

s10*l0+s11*l1+ … +s1n*ln ≥ t
s20*l0+s21*l1+ … +s2n*ln ≥ t
…

where lk are the probability of setting k variables to true.

Therefore, l0 + l1 +…+ ln = 1

Buying decision 

1) On the basis of t, a buyer can make a decision if the derivative should be bought or not.

2) If t is greater than the offered price for derivative, buyer will make profit by finishing the product with t.

Finishing agent

l0 + l1 +…+ ln = 1

But since k can achieve only one value, only one of l0-ln will be 1 and rest will come out to be zero.

Once we have got the value of optimum k, we can set any k variables to true and finish a symmetric raw material. Here we are assuming that the seller will play rationally and produce a symmetric formula.

Seller

A seller will always try to minimize the satisfiability ratio therefore,

Min t;

Rest of the equations will be of kind

•s10*m1+s20*m2 + … ≤ t

•s11*m1+s21*m2 + … ≤ t

•…

•s1n*m1+s2n*m2 + … ≤ t
where mi is the probability of choosing relation i. Also,

m1 + m2 +…. +mr  = 1 where r is the total number of relations

Pricing

The price of the derivative will be t.

RawMaterial agent
A symmetric formula with weights m1… mr. The probabilities can be converted into weights by multiplying it by 1000 or 10000 depending on what precision is sufficient.

Example

Here is an example which shows that the above theory works. The equations were generated using class SDGlp

Case I

Relations :         170  (1,1)

                          119  (2,0)

no of variables: 100

Seller

t = 0.6191

m0 = 0.55204

m1 = 0.44796

Buyer

t = 0.61798

Optimum value for k reached at 162 variables.

Ideally, the above values of t should have been same and they were coming out to be same before the condition of lk to be an integer (0 or 1) was enforced.

Case II

Relations :         170  (1,1)

                          119  (2,0)

no of variables: 500

Seller

t = 0.61825

m0 = 0.55327

m1 = 0.44673

Buyer

t = 0.618

Optimum value for k reached at 309 variables.

From the above two cases, we can see that as we increase the number of variables,  we get closer to the theoretical value.

Comparing above results with the one got by numerical method:

	
	Numerical
	LP (for 500 variables)

	Price
	0.618034033
	0.61825

	Weight for 170
	0.553 (precision 0.001)
	0.55327

	Weight for 119
	0.447 (precision 0.001)
	0.44673


The results are comparable.





















































































