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1. Problem formulation

Given the any type of variation source (either Gaussian or non-Gaussian) calculate the PDF of the circuit delay using second order model. 

Previous work:

Gaussian variation sources with second order model. [Zhang. CMU, DAC05].

Non-Gaussian variation sources with linear model. [TAU 06].

Advantage of this work:

This work handles non-Gaussian variation sources with second order model. The Gaussian variation sources are fully studied before. However, the non-Gaussian variation sources for SSTA still need to be studied. The TAU 06 paper uses linear canonical form to handle non-Gaussian variation sources, but such method is not accurate enough. In order to increase the accuracy, second order canonical form should be considered.
2. Max operation:

2.1. Model the PDF with Fourier Series.

For the two delay value A and B:
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where Xi are the variation sources, ai and bi are coefficients of the second order canonical form. Ra and Rb are random terms.

We use the 2d Fourier series to approximate the joint PDF of the delay of two inputs A and B:
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where ssij, csij, scij, ccij are Fourier coefficients, l and h are the range of A and B, respectively. The Fourier coefficients can be calculated as:
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If we know the PDF of variation sources Xi, the terms 
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 can be calculated. 

csij, scij, ccij can be calculated in the same way.

Compute the moments and coefficients of max(A,B)

Let 
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In order to compute the coefficients ci, we first compute the moments of C:
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Then:
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the terms 
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 can be calculated by close form formulas as talked in the previous report. 

Moreover, because all the variation sources are independent RVs with zero mean, then:

ci=E[Xi max(A,B)].

The coefficients ci can be calculated in the same way as we compute the moments before.

3. Complexity analysis.
The computational complexity of one step max operation is: N2+ n3NlogN. Where N is the number of variation sources and n is the order of the Fourier series. Usually the higher the order, the more accurate the estimation will be, and the tradeoff is the computational time, as we mentioned this in the previous report. We also figured out that n=4 is accurate enough to approximate the PDF. If we applied such SSTA to the whole circuit, the run time will be proportional to the number of LUTs in the circuit (for FPGA).

4. Experimental result:

The Matlab analysis shows that the one step max operation is close to the MC simulation as shown in the following figure.
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5. Progress 

Integrate the SSTA into VPR and see how it works in for the whole circuit. 

After I implemented the SSTA using C and integrated it to VPR frame work, I found that the result is not correct. The result of one step max operation does not match the result from the Matlab code. I am trying to figure out the bug.
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