1. Finish implementation and debugging of a heuristic retiming algorithm for deterministic optimization, which is applicable for statistical optimization. The motivation of changing the optimal retiming algorithm to this one is as following.
The optimal retiming algorithm proposed by Hai Zhou cannot be used to consider statistical retiming in FPGA because of the following reason:


A) Layout constraints are not considered in their algorithm. In FPGA circuits, certain timing edges should be forbidden for FF insertion, otherwise, it's impossible to find a physical FF placement after performing retiming.


B) The termination condition in deterministic retiming is to check if there exists a critical circle in the retiming graph, i.e. the edges with zero-slack form a cycle. However, in statistical retiming, the slack of an edge is a probability instead of a fixed number, which makes it impossible to check the existence of critical cycle.

My solution for the above two problems are as follows:


A) Adjust retiming results after each iteration, so that the FF insertion after retiming always satisfies the layout constraints.


B) Adopt a heuristic, i.e. set an iteration# bound to control the termination. The experimental results verify the convergence.
I tested the updated retiming algorithm for deterministic optimization and the experimental results are shown as follows. The design flow is placement->retiming->routing. All are deterministic. I compared it to the flow without retiming (Non-retimed). Clock period (clock) calculated by STA and nominal value / variance calculated by SSTA are shown in the table. The settings are based on Yan's 65nm parameters.
. 
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	Non-retimed

	
	clock
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	clock
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	Clock
	norm
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	clma
	3.644480E-08
	12.90%
	4.051430E-08
	9.84%
	5.591730E-09
	7.41%
	4.184400E-08
	4.493410E-08
	6.039320E-09

	dsip
	8.075230E-09
	9.37%
	9.612280E-09
	3.95%
	1.997930E-09
	-0.69%
	8.909880E-09
	1.000810E-08
	1.984270E-09

	S298
	3.838100E-08
	4.87%
	4.088010E-08
	4.32%
	6.538160E-09
	-1.92%
	4.034390E-08
	4.272710E-08
	6.414820E-09

	Bigkey
	9.365650E-09
	7.69%
	1.118200E-08
	1.94%
	1.365640E-09
	-2.29%
	1.014630E-08
	1.140300E-08
	1.335030E-09

	S38584
	1.607350E-08
	11.16%
	1.834100E-08
	6.50%
	3.635640E-09
	1.57%
	1.809200E-08
	1.961580E-08
	3.693470E-09


2. Finish the implementation of the statistical retiming, which is based on the heuristic retiming algorithm in section 1. I tested two circuits (medium size), dsip.net, bigkey.net under the following 3 cases:

      2.1 no retiming

      2.2 determinisic retiming

      2.3 statistical retiming

    the results are as following

      dsip.net

      2.1 Tdel_norm = 1.00081e-08, variation = 1.98427e-09

      2.2 Tdel_norm = 9.61228e-09, variation = 1.99793e-09                       

      2.3 Tdel_norm = 9.60064e-09, variation = 1.90198e-09  (with 200 iteration bound)

      bigkey.net                                                                 

      2.1 Tdel_norm = 1.1403e-08, variation = 1.33503e-09                        

      2.2 Tdel_norm = 1.1182e-08, variation = 1.36564e-09                        

      2.3 Tdel_norm = 1.10363e-08, variation = 1.3215e-09  (with 200 iteration bound)

The plots of the pdf of these results are shown as following.
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                     Figure1. dsip.net                                             Figure2. bigkey.net
3. The main conclusions drawn from the section1 and section2 are

A) Without considering process variation, the deterministic retiming algorithm can improve the system performance over 8% on average compared to the design flow without performing retiming after placement.

B) Considering process variation, the deterministic retiming algorithm reduces the nominal value up to 9.8% compared to the design flow without performing retiming after placement. However, the deviation can be increased by deterministic retiming since the deterministic retiming performs optimization regardless to statistical delay values. 
C) Considering process variation, the statistical retiming algorithm reduces 1% nominal value and also reduce about 3% variance. The improvement seems not so substantial but it increases the yield when large volume designs are considered.
4. Todo

I am still debugging the statistical retiming algorithm now as there exist some numerical problems in SSTA, which makes my retiming algorithm behavior weird for certain circuits. I have discussed this with Yan and we are working on it now. I'm afraid that I won't have much time on research in the coming week since we are quite involved in m209s probject, which leads us to stay up til 6:00am recently…..
