FPGA power and delay variation model considering spatial correlation
In an FPGA chip, there are three variation source: Leff, Tox, and Vth. Assume that the three variation sources are independent. 

For each source, there are three components: global variation, spatial variation and local variation and we assume that the three components are independent:
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Where ΔX (X∈{L, T, V}), is the variation source, Xg is the global variation, Xs is the special variation, and Xl is the local variation. Assume that all Xg, Xs, and Xl are all Gaussian random variables with zero mean. The correlation between Xs1 and Xs2 in different locations of the chip depends only on the geometry distance:
Cov(X1, X2)=σx ρx(v12)

Where ρx(v) is the spatial correlation function and v12 is the distance between two points. 
FPGA delay variation model:

For each circuit element, we use the same delay variation model as [1]:
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Where D0 is the nominal value, c1 and c2 are the coefficient obtained by linear fitting. 

The path delay of an FPGA circuit is:
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Where P is the set of circuit elements of the path. Because ΔL and ΔV are Gaussian random variables with zero mean, the total path delay is a Gaussian random variable with mean and variance:
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Where 
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 is the spatial correlation function. 
If we consider N longest paths: P1, P2…PN, and the delay of these paths are D1, D2…DN, respectively. Let 
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. Because Di is the sum of Gaussian random variables, 
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 is a Gaussian random vector with mean and variance:
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The critical path delay of the circuit is:
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