Summary of primary results
Two types of cost function have been tried. 
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It turns out that cost function (1) with criticality exponent 0.4 leads to the smallest mean and standard deviation of circuit delay.

When the variation setting is 10%/10%/10% as 3sigma for global/local/spatial variation, on average ST-VPlace reduces the mean and standard deviation of circuit delay by 3.33% (up to 10%) and 5.63% (up to 17%)  respectively compared to T-VPlace. Using the same 3sigma guard-banded delay as the cut-off delay, ST-VPlace achieves a 9.42X (up to 142X) smaller yield loss. If holding the same yield loss, ST-VPlace reduces the reported delay by 4.10% (up to 9%). ST-VPlace consistently achieves a smaller yield loss compared to T-VPlace with different guard-band factors under different variations.
ST-VPlace consistently achieves a smaller yield loss compared to T-VPlace with speed-binning under different variations. A larger variation leads to a larger yield loss. It’s due to two reasons. Firstly, the ignored with-in die variation (local and spatial) is larger. Secondly, the inaccuracy due to the fact that the nominal value in STA is smaller than the mean value in SSTA is larger. When the relaxed factor is 10%, ST-VPlace reduces yield loss by 9.73X and 5.85X under variation 5%/5%/5% and 10%/10%/10% as 3 sigma for global/local/spatial variation respectively. Details are as follows.
i) Cost function tuning for stochastic placement considering spatial variation
Two timing cost function have been tried. The first one is
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The following figure shows the geometric mean of mean delay and standard deviation of delay for 20 MCNC designs. The variation setting is 10%/10%/10% as 3sigma for global/local/spatial variation unless otherwise specified. Seven candidates from 0.1 to 0.7 have been tried for the criticality exponents. It’s clear that theta=0.4 leads to the smallest mean and standard deviation.
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The second cost function is as
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where sigma_d(i, j) is the standard deviation for each connection (i, j). Seven candidates from 0.1 to 0.7 have also been tried for the criticality exponents. The following figure shows the geometric mean for mean delay and standard deviation of circuit delay over 20 MCNC designs. We can see that theta = 0.4 still leads to the smallest mean and but not the deviation. In addition, the curves fluctuate much more. 
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We compare two cost function tuning curves as following.
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For theta = 0.4, the two cost functions have almost the same mean but the first type of cost function leads to a 3% smaller standard deviation. In the following, we use the first type of cost function.
ii) Comparison of ST-VPlace and T-VPlace considering spatial variation
The variation setting is 10%/10%/10% as 3sigma for global/local/spatial variation.
	
	T-Vplace
	ST-Vplace

	circuit
	# of CLBs
	Tnorm
(ns)
	Tgrd
(ns)
	Tmean
(ns)
	Tsigma
(ns)
	YLgrd
(pp10K)
	Tmean
(ns)
	Tsigma
(ns)
	Tst-v
(ns)
	YLst-v
(pp10K)

	alu4
	162
	17.80 
	29.10 
	19.14 
	2.59 
	0.62 
	18.50 
	2.56 
	28.33 
	0.17 

	apex2
	213
	22.20 
	34.50 
	22.60 
	3.34 
	1.87 
	21.80 
	2.99 
	32.45 
	0.11 

	apex4
	134
	17.80 
	27.10 
	18.63 
	2.41 
	2.21 
	18.70 
	2.49 
	27.45 
	3.73 

	bigkey
	294
	10.40 
	15.60 
	11.52 
	1.44 
	23.17 
	11.30 
	1.29 
	14.96 
	4.43 

	clma
	1358
	38.00 
	60.50 
	40.17 
	5.42 
	0.89 
	37.40 
	5.08 
	56.42 
	0.03 

	des
	218
	17.99 
	30.35 
	21.07 
	3.13 
	15.10 
	20.96 
	3.16 
	30.34 
	14.94 

	diffeq
	195
	23.50 
	45.40 
	26.75 
	5.27 
	2.04 
	25.80 
	4.39 
	41.32 
	0.04 

	dsip
	162
	9.51 
	16.00 
	10.60 
	2.06 
	43.15 
	10.70 
	1.77 
	15.34 
	13.39 

	elliptic
	421
	31.60 
	53.40 
	33.57 
	5.34 
	1.03 
	30.20 
	5.09 
	49.11 
	0.03 

	ex1010
	493
	25.40 
	36.70 
	26.54 
	3.22 
	8.14 
	26.40 
	3.18 
	36.42 
	5.99 

	ex5p
	123
	19.00 
	30.40 
	20.43 
	2.76 
	1.47 
	19.40 
	2.66 
	29.02 
	0.17 

	frisc
	595
	39.30 
	71.20 
	42.44 
	7.19 
	0.31 
	42.30 
	7.22 
	71.19 
	0.31 

	misex3
	153
	18.20 
	30.15 
	19.53 
	2.77 
	0.63 
	18.29 
	2.41 
	27.54 
	0.00 

	pdc
	568
	25.30 
	39.80 
	27.31 
	3.39 
	1.15 
	26.80 
	3.31 
	39.00 
	0.43 

	s298
	256
	38.25 
	62.50 
	39.60 
	6.03 
	0.74 
	36.90 
	5.62 
	58.24 
	0.03 

	s38417
	847
	24.02 
	42.54 
	29.13 
	4.04 
	4.53 
	27.49 
	3.89 
	40.41 
	0.56 

	s38584
	704
	19.69 
	32.62 
	20.60 
	3.45 
	2.51 
	20.34 
	3.26 
	31.68 
	0.83 

	seq
	198
	16.80 
	26.80 
	18.17 
	2.35 
	1.22 
	17.90 
	2.30 
	26.36 
	0.56 

	spla
	399
	26.00 
	37.40 
	26.71 
	3.33 
	6.58 
	24.90 
	3.03 
	34.64 
	0.19 

	tseng
	131
	22.10 
	38.10 
	23.48 
	4.17 
	2.29 
	23.20 
	4.04 
	37.37 
	1.14 

	geo
	295.92 
	21.71 
	35.40 
	23.43 
	3.42 
	2.37 
	22.65
(-3.33%)
	3.23
(-5.63%)
	33.95
(-4.10%)
	0.36
(9.42X )


Interpretation of each column

	Tnorm
	The nominal delay by STA in T-VPlace

	Tgrd
	The 3 sigma guard-banded delay by STA in T-VPlace

	YLgrd
	The yield loss in pp10K in T-VPlace analyzed by SSTA using Tgrd as the cut-off delay

	Tmean
	The mean delay by SSTA in T-VPlace/ST-VPlace

	Tsigma
	The standard deviation of delay by SSTA in T-VPlace/ST-VPlace

	Tst-v
	The delay in ST-VPlace is holding the same yield loss as YLgrd

	YLst-v
	The yield loss in pp10K in ST-VPlace analyzed by SSTA using Tgrd as the cut-off delay


From the above table, we can see that on average ST-VPlace reduces the mean and standard deviation of circuit delay by 3.33% (up to 10%) and 5.63% (up to 17%)  respectively compared to T-VPlace. Using the same 3sigma guard-banded delay as the cut-off delay, ST-VPlace achieves a 9.42X (up to 142X) smaller yield loss. If holding the same yield loss, ST-VPlace reduces the reported delay by 4.10% (up to 9%).
The following figure compares the normalized mean and standard deviation of circuit delay for 20 MCNC designs in ST-VPlace. Both of the mean and deviation are normalized to their counterpart in T-VPlace. It’s clear that ST-VPlace achieves a smaller mean and deviation for most of the designs.
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ii) Effect of guard-banding
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The above two figures shows the yield loss by T-VPlace and ST-VPlace with different guard-band factors under different variation settings. The variation settings are 5%/5%/5% and 10%/10%/10% as 3sigma for global/local/spatial variation respectively. A larger variation leads to a larger guard-band cost with a same guard-band factor. With the same guard-band factor, the yield loss in T-VPlace is similar under different variation settings. ST-VPlace consistently achieves a smaller yield loss compared to T-VPlace. Under the same variation, the gain of ST-VPlace over T-VPlace increases with a larger guard-band factor. With the same guard-band factor, the gain of ST-VPlace over T-VPlace decreases with a larger variation setting. The cost and yield loss are based on the arithmetic mean and geometric mean over 20 MCNC designs respectively.
ii) Effect of speed-binning
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We arbitrarily partition the bins such that the fast/medium/slow bin contains 40%/30%/29.999% chips. The slowest 0.0001% (0.1pp10K) chips are always discarded. The timing specification for each bin may be relaxed by 0% to 20%. The above two figures show that the yield loss in T-VPlace and ST-VPlace with different relaxed factors under different variations. The data are based on the geometric mean over MCNC designs. It’s clear that ST-VPlace consistently achieves a smaller yield loss compared to T-VPlace. A larger variation leads to a larger yield loss. It’s due to two reasons. Firstly, the ignored with-in die variation (local and spatial) is larger. Secondly, the inaccuracy due to the fact that the nominal value in STA is smaller than the mean value in SSTA is larger. When the relaxed factor is 10%, ST-VPlace reduces yield loss by 9.73X and 5.85X under variation 5%/5%/5% and 10%/10%/10% as 3 sigma for global/local/spatial variation respectively.
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