The report mainly includes two parts. Part I is the experimental results for stochastic routing and the interaction between placement and routing. Part II is the proposed stochastic timing driven packing algorithm.

i) Experimental results for stochastic routing
1. Cost function tuning

The deterministic T-VPlace is used as the placement algorithm. We first tune the criticality exponent in the cost function. The following figure shows that exponent of 0.2 leads to the smallest mean and standard deviation of delay on average. The variation is 10%/10%/10% as 3sigma for global/local/spatial variation.
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2. Comparison between Pathfinder and S-Pathfinder

We compare the mean and deviation of S-Pathfinder and Pathfinder in the following figure. The mean and deviation of S-Pathfinder are normalized to their counterparts in Pathfinder, respectively. S-Pathfinder achieves smaller (as good as) mean and deviation for most designs. A smaller mean delay usually leads to a smaller deviation. On average, S-Pathfinder reduces mean and deviation of delay by 2% (up to 10%).
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We compare the yield loss (in pp10K) in the following table.

	
	Pathfinder
	S-Pathfinder

	circuit
	Tgrd
	Tmean
	Tdev
	Ylgrd
(pp10K)
	Tmean
	Tdev
	YL-s
(pp10K)
	TYL-s

	alu4
	29.10 
	19.14 
	2.59 
	0.62 
	18.96 
	2.56 
	0.37 
	28.79 

	apex2
	34.50 
	22.60 
	3.34 
	1.87 
	21.74 
	3.03 
	0.13 
	32.52 

	apex4
	27.10 
	18.63 
	2.41 
	2.21 
	19.02 
	2.45 
	4.88 
	27.63 

	bigkey
	15.60 
	11.52 
	1.44 
	23.17 
	11.90 
	1.44 
	50.62 
	15.97 

	clma
	60.50 
	40.17 
	5.42 
	0.89 
	38.37 
	5.18 
	0.10 
	57.78 

	des
	30.35 
	21.07 
	3.13 
	15.10 
	20.88 
	3.14 
	12.81 
	30.19 

	diffeq
	45.40 
	26.75 
	5.27 
	2.04 
	25.77 
	5.17 
	0.73 
	44.05 

	dsip
	16.00 
	10.60 
	2.06 
	43.15 
	10.67 
	2.02 
	41.79 
	15.98 

	elliptic
	53.40 
	33.57 
	5.34 
	1.03 
	31.09 
	5.16 
	0.08 
	50.24 

	ex1010
	36.70 
	26.54 
	3.22 
	8.14 
	25.85 
	3.11 
	2.43 
	35.65 

	ex5p
	30.40 
	20.43 
	2.76 
	1.47 
	20.04 
	2.70 
	0.63 
	29.82 

	frisc
	71.20 
	42.44 
	7.19 
	0.31 
	42.25 
	7.23 
	0.31 
	71.18 

	misex3
	30.15 
	19.53 
	2.77 
	0.63 
	18.75 
	2.64 
	0.08 
	28.87 

	pdc
	39.80 
	27.31 
	3.39 
	1.15 
	27.23 
	3.42 
	1.19 
	39.83 

	s298
	62.50 
	39.60 
	6.03 
	0.74 
	38.28 
	5.86 
	0.18 
	60.52 

	s38417
	42.54 
	29.13 
	4.04 
	4.53 
	29.29 
	4.01 
	4.76 
	42.59 

	s38584.1
	32.62 
	20.60 
	3.45 
	2.51 
	20.34 
	3.48 
	2.10 
	32.45 

	seq
	26.80 
	18.17 
	2.35 
	1.22 
	18.21 
	2.37 
	1.45 
	26.90 

	spla
	37.40 
	26.71 
	3.33 
	6.58 
	23.94 
	3.03 
	0.04 
	33.67 

	tseng
	38.10 
	23.48 
	4.17 
	2.29 
	23.43 
	4.18 
	2.25 
	38.08 

	geo
	35.40 
	23.43 
	3.42 
	2.37 
	22.96
(-2%) 
	3.35
(-2%) 
	0.95
(2.5X) 
	34.70
(-2%) 


The interpretation of each column is as

	Tgrd
	The 3sigma guard-banded delay in Pathfinder

	Tmean
	The mean delay in Pathfinder/S-Pathfinder

	Tdev
	The standard deviation in Pathfinder/S-Pathfinder

	YLgrd
	The yield loss in Pathfinder using Tgrd as the cut-off delay

	YL-s
	The yield loss in S-Pathfinder using Tgrd as the cut-off delay

	TYL-s
	The delay in S-Pathfinder if holding the same yield loss in YLgrd in Pathfinder


On average, S-Pathfinder reduces yield loss by 2.5X (up to 148X). If holding the same yield loss, S-Pathfinder reduces the reported delay by 2% (up to 10%).

Runtime comparison of Pathfinder and S-Pathfinder is presented in the following table.

	Circuit
	Pathfinder
	S-Pathfinder

	
	runtime
	# of iterations
	runtime
	# of iterations

	alu4
	9.18
	18
	9.07
	14

	apex2
	28.66
	22
	28.95
	18

	apex4
	16.92
	25
	14.58
	15

	bigkey
	33.82
	18
	36.82
	11

	clma
	369.27
	23
	330.91
	12

	des
	30.96
	21
	29.86
	14

	diffeq
	25.34
	20
	26.25
	19

	dsip
	23.93
	15
	25.3
	13

	elliptic
	79.5
	24
	74.25
	13

	ex1010
	111.06
	28
	99.49
	18

	ex5p
	15.1
	27
	12.57
	14

	frisc
	131.02
	21
	123.76
	13

	misex3
	14.33
	18
	15.32
	15

	pdc
	136.68
	26
	133.46
	16

	s298
	22.17
	21
	15.85
	15

	s38417
	161.73
	22
	154.14
	14

	s38584.1
	149.41
	22
	146.03
	13

	seq
	15.03
	19
	15.32
	16

	spla
	45.77
	26
	42.25
	18

	tseng
	10.09
	29
	10
	19

	Geo.
	40.38 
	21.94 
	38.46 (-4.75%) 
	14.83 (-32.44%) 


Interestingly, S-Pathfinder reduces the overall runtime (placement & routing) by 4.75% on average. This is due to the fact that S-Pathfinder reduces the number of iterations in routing by 32.44%. Within each iteration, timing analysis is only performed once. 

ii) Interaction between placement and routing

	Placement
	Deterministic
	Stochastic
	Deterministic
	Stochastic

	Routing
	Deterministic
	Deterministic
	Stochastic
	Stochastic

	

	Tmean (ns)
	23.43
	22.65 (-3.3%)
	22.96 (-2.0%)
	22.55 (-3.8%)

	Tdev (ns)
	3.42
	3.23 (-5.6%)
	3.35 (-2.1%)
	3.22 (-5.9%)

	YL (pp10K)
	2.37
	0.36
	0.95
	0.28

	Runtime
	1X
	2.86X
	0.95X
	3.10X


iii) Stochastic timing-driven packing (ST-VPack)

1. cost function review in T-VPack

T-Vpack packs cluster one by one. For each cluster, an attraction function is calculated for all BLEs. The BLE with the highest attraction value is packed into the cluster until the cluster is fully utilized, i.e., number of BLEs, number of inputs/outputs/clocks.


[image: image3.wmf]MaxNets

C

Nets

B

Nets

B

y

Criticalit

B

Attraction

)

(

)

(

)

1

(

)

(

)

(

Ç

×

-

+

×

=

l

l


(1)

where the first term is for timing and the second term is for connection. Lambda trades off timing and connection. Criticality(B) is the criticality of BLE B and is defined as
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where BaseBLECrit(B) is defined as the maximum criticality of edges if B is a seed BLE or the maximum criticality of edges that are connected to cluster C. The second term and the third term are heuristic used to break tie when a few BLE have the same BaseBLECrit(B). The second term is for number of critical paths affected if B is packing into C. The third term is the depth to source/sink. 

2. proposed new cost function in ST-Vpack

In order to take variation into account in packing, we replace (2) with the following statistical criticality for BLE B as,
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Where SBaseBLECrit(B) is the statistical criticality calculated in the same scenarios as that in BaseBLECrit(B) if B is not a seed BLE. For a seed BLE, we have two candidates for SBaseBLEcrit(B). One is the statistical criticality for the BLE while another one is similar to the way as that in BaseBLECrit(B). The two metrics are to be evaluated. We don’t need the second term TotalPathsAffected(B) since it has been already considered in SBaseBLECrit(B). We introduce an exponent parameter similar to that in routing and placement. The exponent is also to be tuned. We still need the D​source(B) such that BLEs are packed from one end of a chain of BLEs rather than from the middle.

3. Implementation of stochastic timing-driven packing (ST-VPack)

The implementation mainly includes two parts. The first part is to implement an SSTA within T-Vpack. Some global and local variations are assumed for SSTA. Spatial variation is not taken into account since we have no information on location. The second part is to leverage the criticality analyzed by SSTA into packing phase.

iv) Miscellaneous

Discussion with Lerong on details in the variation aware placement 

· How to calculate interconnect timing before placement

· How to calculate logic block timing before timing analysis after updating annealing temperature

· How to evaluate the variation aware placement. We can first perform placement with nominal delay and evaluate using accurate timing. We then perform placement with a coarse-grained timing model and evaluate using accurate timing. Comparison of the two methods gives us the gain of variation aware placement.

Discussion with Yu on SSTA module

· The usage of the SSTA module

· How to use the SSTA module after placement but before routing

· Help Yu with SSTA integration
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