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.model cordic

.inputs x0 ey1 a3 ey0 ex1 a2 x1 ey2 

a5 a4 y2 ex2 v a6 ex0 x2 z2 z0 x3 

z1 y3 y1 y0

.outputs d dn

. gate nor2  a=ex2 b=ey0 O=n25

.gate inv1  a=ex1 O=n26

.gate and2  a=n25 b=n26 O=n27

.gate nor2  a=ey2 b=ey1 O=n28

...

.model cordic

.inputs y3 a3 ey0 x1 ex0 x3 a2 z2 x0 

y2 y0 ey2 ey1 y1 a4 z1 ex2 a5 a6 

z0 v x2 ex1 

.outputs dn d

.gate nor2  a=ex2 b=ey0 O=n25

.gate inv1  a=ex1 O=n26

.gate and2  a=n25 b=n26 O=n27

.gate nor2  a=ey2 b=ey1 O=n28

...

36 LUTs 390 LUTs

¸Χ cordicbenchmark circuit, structural description

¸ LUT mapping by ABC ('dch; if; mfs' script)



Lǘ ǎǘŀǊǘŜŘ ǿƛǘƘΧ

Petr Fiġer, Jan Schmidt: The Logic Synthesis Homework Is Not Done Yet, GNLS 2014

.model cordic

.inputs x0 ey1 a3 ey0 ex1 a2 x1 ey2 

a5 a4 y2 ex2 v a6 ex0 x2 z2 z0 x3 

z1 y3 y1 y0

.outputs d dn

. gate nor2  a=ex2 b=ey0 O=n25

.gate inv1  a=ex1 O=n26

.gate and2  a=n25 b=n26 O=n27

.gate nor2  a=ey2 b=ey1 O=n28

...

.model cordic

.inputs y3 a3 ey0 x1 ex0 x3 a2 z2 x0 

y2 y0 ey2 ey1 y1 a4 z1 ex2 a5 a6 

z0 v x2 ex1 

.outputs dn d

.gate nor2  a=ex2 b=ey0 O=n25

.gate inv1  a=ex1 O=n26

.gate and2  a=n25 b=n26 O=n27

.gate nor2  a=ey2 b=ey1 O=n28

...

36 LUTs 390 LUTs

¸Χ cordicbenchmark circuit, structural description

¸ LUT mapping by ABC ('dch; if; mfs' script)



Already known fact
Synthesis is not immuneto neutral detailsin the input
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¸ results of different quality
¸ size
¸ delay
¸ power
¸ Χ

¸ semantically unimportant changes
¸ ordering of variables
¸ ordering of HDL statements
¸ signal names
¸ Χ

¸ units of percent reported
[Puggelli, Welp, DAC'11]

¸ reality is much worse
[FiǑŜǊ, Schmidt, IWLS'11]

How seriously?

¸ local search
¸ iterative heuristics
¸ greedy nature
Ý depends on lexicographic order

Why it happens?



Outline

¸ Random behavior of EDA algorithms

Ý non-expectable results

Ý insufficiency

Ý different means of measuring quality needed

¸ Poor quality of algorithms

Ý insufficiency

Ý attempts to remedy
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Randomness of Algorithms



Randomness

The algorithm output depends on bias introduced by designer
¸ input perturbations [Puggelli, Welp, DAC'11]

¸ external bias, external randomness [FiǑŜǊ, Schmidt, DDECS'14]

Ý random behavior of deterministic algorithms

Ý their robustnesscompromised 
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Example of (non-)robustness
Case study:

¸Processes tried:
¸ ABC, optimization & standard cells mapping('dch; map')

¸ ABC, optimization & 4-LUT mapping ('dch; if; mfs')

¸ two commercial FPGA mapping tools

¸ 228 LGSynthbenchmark circuits measured

¸ permuted inputs and outputs in the source file

¸ repeated 100,000-times (100,000 permutations)

Results:
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ABC Gate mapping ABC LUT mapping tool #1 tool #2

Avg. difference 14.49% 17.84% 0.22% 9.23%

Max. difference 86.47% 97.01% 17.26% 66.62%



Modeling the phenomenon

Petr Fiġer, Jan Schmidt: The Logic Synthesis Homework Is Not Done Yet, GNLS 2014

¸ Randomness from outside
Ý independent random events

Ý Gaussian distribution expected

¸ experiment:
¸ br2 circuit

¸ LUT mapping - ABC
('dch; if; mfs')

Ý Gaussian distribution seems to 
be working

¸ Practice:
¸ limited by optimum

Ý truncated Gaussian distribution 



Another behavior
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¸ cordiccircuit , LUT mapping ('dch; if; mfs')

Ý three maxima,

Ý three components

¸ Gaussian mixtures

¸ EM algorithm applied



Example behaviors
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¸ br2 circuit , LUT mapping ('dch; if; mfs')

Ý one maximum,

Ý two components

¸ Gaussian mixtures

¸ EM algorithm applied



How frequent are they?

Model classes: benchmarks counts (out of 264)
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Local max. Components Gate mapping LUT mapping
Invariant Invariant 30 40

1
1

217
53

203
35

2 148 150
3 16 18

2 2
11

10
21

10
>2 1 7

>2 >2 6 4

Observations:

¸ sometimes unique solutions are produced. Mostly for "simple" circuits

¸ the most frequent case is a single local maximum and two Gaussian 
components

¸ cases with two or more local maxima are rare



Conclusions

¸ "Simple" processes are severely sensitive to randomness

¸~15% quality difference on average

¸ "Simple" processes produce results forming "classes of quality"

¸ Gaussian mixture is a good distribution model

Þ

Quality must be measured more precisely
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Measuring Quality



Judging quality

¸ Comparison of two algorithms (1)
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Judging quality

¸ Comparison of two algorithms (2)
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Quantification of Quality and Robustness

¸Qualityof algorithms cannot be measured by a single value

Ý average (mean) values from randomized measurements
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¸ Robustnessmeasure required

Ý with of the histograms
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average value



Study of ABC processes

¸ 264 benchmark circuits
¸ LUT mapping ('dch; if; mfs')
¸ Relative quality measured
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Observations:
¸ maximum ca. 1.3

(30% above known optimum)

¸ 69 cases above 2.0

¸ 14 cases above 10

(10-times the known optimum)



Study of ABC processes

¸ 264 benchmark circuits
¸ LUT mapping ('dch; if; mfs')
¸ Relative difference measured
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Observations:
¸ maximum ca. 0.13

(13% variation)

¸ much higher differences are 
common
(2 = 100%)



Conclusions

¸ Processes must be evaluated statistically

¸ average quality values

¸ robustness ςspan of the values

¸ "Simple" processes lack both quality and robustness

Þ

Both quality and robustness must be improved
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First Attempt to Remedy

Iteration



ABC iteration

Idea: making the process "better"

ÝABC iteration
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cordic
LUT mapping ('dch; if; mfs')
process iterated (repeated)

definitely better quality



ABC iteration

Idea: making the process "better"

ÝABC iteration
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alu4
SC mapping ('dch; map')
process iterated (repeated)

definitely better quality



ABC iteration
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Observation:

¸ iteration does improve 
rel. quality 1 iteration vs. 40 iterations



How many iterations are needed?

Experiment:
¸ 490 circuits, academic benchmarks, industrial designs
¸ standard cells mapping ('dch; map')
¸ 5000 iterations
¸ After how many iterations the process converged:
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Iterations # of circuits # of circuits - cumulative

1 100 100(20%)

2ς10 169 269(55%)

11ς20 30 299(61%)

21ς100 44 343(70%)

101ς500 22 365(74%)

501ς1000 15 380(78%)

1001ς2000 25 405(83%)

2001ς5000 85



How many iterations pay off?
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The stopping problem

¸ Most of circuits require iteration
¸ For majority of circuits 20 iterations are sufficient

Ý acceptable amount

¸ But for some circuits, even 5000 is not enough

Ý does this effort pay off?

¸ General question: When to stop the iteration?
¸ General answer:

Let's sacrifice 10% of run-time for 2% improvement.

¸ General problem: How to find out online?
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The stopping problem

¸ What about behaviors like this:
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ABC iteration& robustness

Idea: improve quality of the process Ý improve robustness (?)

¸Processes tried:
¸ ABC, optimization & standard cell mapping('dch; map'), 20 iterations

¸ ABC, optimization & 4-LUT mapping ('dch; if; mfs'), 20 iterations

¸ 264 circuits, 100,000 permutations

Results:
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ABC gate mapping ABC LUT mapping

Avg. difference 14.49% 17.84% 

Max. difference 86.47% 97.01%

ABC gate mapping ABC LUT mapping

Avg. difference 15.0% 20.01%

Max. difference 87.3% 85.71%

1 iteration:

20 iterations:



On marching camels
¸ cordic, LUT mapping ('dch; if; mfs'), 1-10 iterations, 2 M permutations
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1 iteration



On marching camels
¸ cordic, LUT mapping ('dch; if; mfs'), 1-10 iterations, 2 M permutations
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2 iterations


