i) Comparison of ST-VPlace w/ and w/o spatial variation

	
	T-VPlace
	ST-VPlace w/o spatial
	ST-VPlace w/ spatial

	Yield loss (pp10K)
	2.37
	0.54
	0.36

	Runtime
	1X
	1.29X
	2.86X


The above table summarizes the comparison and the details are as below.

The following table compares the stochastic placement w/ and w/o spatial variation. Both are evaluated w/ spatial variation. ST-VPlace w/ spatial variation achieves the same mean delay but reduces the standard deviation by 2.5% on average compared to the one w/o spatial variation. This leads to a 0.18pp10K (up to 12.7 pp10K) yield loss reduction. 

	circuit
	T-Vplace
	ST-Vplace

	
	
	w/ spatial
	w/o spatial

	
	Tgrd
	Tmean
	Tsigma
	Ylst-v(pp10K)
	Tmean
	Tsigma
	Ylst-v(pp10K)

	alu4
	29.10 
	18.50 
	2.56 
	0.17 
	18.84 
	2.64 
	0.50 

	apex2
	34.50 
	21.80 
	2.99 
	0.11 
	21.19 
	2.93 
	0.03 

	apex4
	27.10 
	18.70 
	2.49 
	3.73 
	18.75 
	2.50 
	4.20 

	bigkey
	15.60 
	11.30 
	1.29 
	4.43 
	11.52 
	1.38 
	15.45 

	clma
	60.50 
	37.40 
	5.08 
	0.03 
	37.87 
	5.12 
	0.05 

	des
	30.35 
	20.96 
	3.16 
	14.94 
	21.15 
	3.05 
	12.99 

	diffeq
	45.40 
	25.80 
	4.39 
	0.04 
	25.38 
	4.67 
	0.09 

	dsip
	16.00 
	10.70 
	1.77 
	13.39 
	9.84 
	2.05 
	13.47 

	elliptic
	53.40 
	30.20 
	5.09 
	0.03 
	31.39 
	5.31 
	0.17 

	ex1010
	36.70 
	26.40 
	3.18 
	5.99 
	25.76 
	3.13 
	2.33 

	ex5p
	30.40 
	19.40 
	2.66 
	0.17 
	18.92 
	2.55 
	0.03 

	frisc
	71.20 
	42.30 
	7.22 
	0.31 
	42.01 
	7.00 
	0.15 

	misex3
	30.15 
	18.29 
	2.41 
	0.00 
	18.20 
	2.45 
	0.01 

	pdc
	39.80 
	26.80 
	3.31 
	0.43 
	26.87 
	3.38 
	0.64 

	s298
	62.50 
	36.90 
	5.62 
	0.03 
	38.09 
	5.76 
	0.11 

	s38417
	42.54 
	27.49 
	3.89 
	0.56 
	29.52 
	4.33 
	13.26 

	s38584.1
	32.62 
	20.34 
	3.26 
	0.83 
	20.04 
	3.51 
	1.70 

	seq
	26.80 
	17.90 
	2.30 
	0.56 
	18.15 
	2.37 
	1.31 

	spla
	37.40 
	24.90 
	3.03 
	0.19 
	25.14 
	3.15 
	0.50 

	tseng
	38.10 
	23.20 
	4.04 
	1.14 
	22.81 
	4.02 
	0.72 

	geo
	35.40 
	22.65 
	3.23 
	0.36 
	22.66 
	3.31 
	0.54 


As shown in the following table, compared to T-VPlace, the stochastic placement algorithms take 1.29X and 2.86X runtime w/o and w/ spatial variation, respectively.

	circuit
	t-vplace
	st-vplace

	
	
	w/o spatial
	w/ spatial

	alu4
	16.82
	27.74
	59.16

	apex2
	44.42
	61.01
	113.67

	apex4
	29.55
	32.72
	58.4

	bigkey
	57.51
	83.9
	198.79

	clma
	586.72
	739.02
	2645.94

	des
	54.48
	73.1
	143.43

	diffeq
	42.64
	60.95
	99.05

	dsip
	41.89
	54.18
	96.15

	elliptic
	145.19
	191.05
	475.21

	ex1010
	190.42
	226.33
	491.35

	ex5p
	26.31
	31.52
	56.64

	frisc
	216.42
	279.46
	877.75

	misex3
	24.61
	37.1
	64.39

	pdc
	253.48
	281.38
	563.83

	s298
	43.73
	46.8
	127.15

	s38417
	268.26
	340.16
	1050.64

	s38584.1
	230.97
	294.47
	877.49

	seq
	29.31
	44.39
	68.3

	spla
	109.43
	93.99
	278.42

	tseng
	15.91
	23.43
	51.26

	Geo.
	1X
	1.29X
	2.86X


ii) Stochastic Routing: (S-Pathfinder) considering variations

1. Cost function in Pathfinder

Considering the connection to sink j of net i, the cost to include a routing source n is
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where the first term is the timing cost and the second term is for wire congestion. The static criticality is defined as 
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where MaxCrit is the maximum criticality that any connection can have, η is the criticality component. Both are the parameters to control how a connection’s slack impacts the congestion delay tradeoff in the cost function. Setting MaxCrit to 1 makes the nets on the critical path pay no attention to congestion. It has been shown that a MaxCrit of 0.99 can achieve a better routability without impact on circuit timing compared to a MaxCrit of 1. In addition, η of 1 leads to the best circuit timing.

PathCost(n) is the total cost of the path from the current partial routing tree to node n and is defined as
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The total cost includes the expected cost from node n to target sink j and is defined as


[image: image4.wmf])

,

(

)

(

)

(

j

n

st

ExpectedCo

n

PathCost

n

TotalCost

×

+

=

a


(4)

It has been shown that an alpha of 1.2 leads to the best results.

2. New cost function in S-Pathfinder

In order to consider variation in the stochastic router, we replace (2) with
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Where SCriticality(i, j) is the probability that connection (i, j) is timing critical considering variation. Plug (5) into (1) and we have stochastic cost function as
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Plug (6) into (3) and then (4) gives us the new cost function considering variations.

3. S-Pathfinder development 

Coding on S-Pathfinder has been finished, debugged and tested. The coding mainly includes

· for each net, route the statistically critical sink first instead of statically critical sink first

· After routing a net, instead of only updating the nominal delay for routing tree, calculate the delay in canonical form for the tree;

· After one iteration of routing, using SSTA instead STA for criticality analysis

· Ongoing work includes tuning the cost function and performing experiments
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