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A

X cordicbhenchmark circuit, structural description
LUT mapping by AB@cgh; if; mfs script)

.model cordic

inputs X0 eyl a3 ey0 ex1 a2 x1 ey2
ab a4 y2 ex2 vab ex0x2 z2 z0 x3
z1y3 vyl y0

.outputs ddn

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

.gate invl a=ex1 O=n26

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

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

Petr Figer, Jan

Schmidt:

.model cordic

inputs  y3 a3 ey0 x1 ex0x3 a2 z2 x0
y2 y0 ey2 eyl yl a4 z1 ex2 a5 a6
z0v x2 exl

.outputs dnd

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

.gate invl a=ex1 O=n26
.gate and2 a=n25 b=n26 O=n27
.gate nor2 a=ey2 b=eyl O=n28
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It dtarted With.NJI S R

X cordichenchmark circuitstructural description
LUT mapping by AB@cgh; if; mfs script)

.model cordic

inputs X0 eyl a3 ey0 ex1 a2 x1 ey2
ab a4 y2 ex2vab ex0x2 z2z0 x3
z1y3 vyl yO

.outputs ddn

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

.gate invl a=ex1 O=n26

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

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

Petr Figer, Jan

W&@ 36 LUTS

Schmidt:

.model cordic

inputs  y3 a3 ey0 x1 ex0x3 a2 z2x0
y2y0 ey2 eyl yl a4 z1 ex2 a5 a6
z0v x2 exl

.outputs dnd

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

.gate invl a=ex1 O=n26

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

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

-
\\\@277%’

,.&@ 390 LUTSs
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Alreadly kaoowirfact

Synthesis igot Immuneto neutral detailsin the input

~ N

results of different quality . semantically unimportant changes
Size ., ordering of variables
delay ., ordering of HDL statements
power . signal names
X . X
How seriously? Why it happens?
units of percent reported , local search
[PuggelliWelp, DAC'11] , Iterative heuristics
reality is much worse . Qgreedy nature
[FIO SSehmidt)WLSL1] v depends orlexicographic order
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Outline

Random behavior of EDA algorithms

Y non-expectable results

Y insufficiency

vy different means of measuring quality needed
Poor guality of algorithms
Y Insufficiency

Y attempts to remedy
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Randomness of Algorithms



Randtonmesss

The algorithm output depends on bias introdudagdesigner
Input perturbations[PuggelliWelp, DAC'11
externalbias, external randomness (F5 Sthmidt, DDECS'14]

selection
external bias ~ Mechanism
optimized description
iInput description >
—-
variance

Y random behavior of deterministic algorithms
Y their robustnesscompromised
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Excanmibdécod {ood) robustimesss

Case study:

Processes tried:
ABC, optimization & standard cells mappiiugh; map)
ABC, optimization &-LUT mappingdch; if; mfs)
~ two commercial FPGA mapping tools
228 LGSynthbenchmark circuits measured
permuted inputs and outputs in the source file
repeated 100,0049imes (100,000 permutations)

Results:

ABC Gatenapping | ABC LUmapping | tool #1 tool #2

Avg. difference | 14.49% 17.84% 0.22%

Max. difference| 86.47% 97.01% 17.26% |66.62%
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Modeling tineghle@oaiaroon

Randomness from outside 140 , ,
Y Independent random events .,
Y Gaussian distributioexpected
experiment:
br2 circuit
LUT mapping ABC
(‘'dch; if; mfs) 0L
Yy Gaussian distribution seems to
be working “r

: . 0 | | |
Practice: . " ” ”

limited by optimum Size
v truncated Gaussiadistribution
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Another heHaioor

cordiccircuit , LUTnapping @ch; if; mfs)
Yy three maxima,
Y three components 50

Gaussian mixtures 50 || ]
EM algorithm applied

40 -

30 H

Frequency

20 H

10 1

I | I la
0 100 200 300 400 500 600 700

Size

0
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ExanpbiécbbBAGIRIS

br2 circuit , LUTmapping @ch; if; mfs)
Y one maximum,
Y two components 140 ' . |

Gaussian mixtures 120 |-
EM algorithm applied 100 |-

=
= 80 |-
@
S
o
e 60 -
40 +
20 +
0 | | | A .
0 10 20 30 40 50

Size
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How fireqlusaittanectieey ?

Model classes: benchmarks counts (out of 264)
Local max Component Gate mappin LUT mapping

Observations:
sometimes unique solutions are produced. Mostly for "simple" circtL

the most frequent case isangle local maximum and two Gaussian
components

cases with two or more local maxima are rare
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CadlsEnR S

"Simple"processes are severely sensitive to randomness

~ 15% quality difference on average
"Simple" processeasroduce results forming "classes of quality"
Gaussian mixture is a good distribution model

b
Quality must be measured more precisely
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Measuring Quality



JudEingonQaktyy

Comparison of two algorithms (1)

5

Which one is
better?

180
160 SAT-Compress
140
m CPDCI
120

Frequency
=
o
o

80

60

40

20

0

Q Q Q Q Q Q Q N Q Q Q Q Q N N N Q Q
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% ST 67 AT % q@or{)’r{p V{?l\g’r\f\r\%@f&

N
Bitstream length
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JudEingonQaktyy

Comparison of two algorithms (2)

5

Which one is

450 better?
400 m SAT-Compress
350 m CPDCI —

300

250

200

Frequency

150

100

. HIIIIII!HII
0

135 155 175 195 215 235 255 275 295 315 335 355 375
Bitstream length
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Quiartificatimnot Quisl |ty amdcRBlolntalIeSS

., Qualityof algorithms cannot be measured by a single value

Y average (mean) values from randomized measurements

e T « . adaverage value
QA O EOD QRO
| Qd w Ot .

? WAQE ¢ b Qa0

Robustnesaneasure required
vy with of the histograms

a.wL0L) a QEOL
I Q0 Q@MW1 Q£ \f%) ‘ .‘QC )
o w OL)
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Frequency

Siiudly oF TABIB Grptesssses

264 benchmark circuits
LUT mappingdch; if; mfs)
Relative quality measured

Petr

1 Y 1 P Y Al

10
Relative quality

Figer,

100

Jan Schmidt:

Observations:

maximum ca. 1.3
(30% above knowmptimum)

69 cases above 2.0

14 cases above 10
(10-times theknown optimum)
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Frequency

45

40

35

30

25

20

15

10

Siiudly oF TABIB Grptesssses

264 benchmark circuits
LUT mappingdch; if; mfs)
Relative difference measured

} 1  Observations:

maximum ca. 0.13
(13% variation)
much higher differences are

common
(2 = 100%)

| m = |
0.5 1 1.5 2 2.5

Relative difference
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CadlsEnR S

Processes must be evaluated statistically
., average dquality values
robustness; span of the values
"Simple" processeackboth qualityand robustness

b
Both quality and robustness mulse improved
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First Attempt to Remedy

Iteration



ABC téessinon

ldea: making the process "better"
v ABC iteration

o cordic
220] LUT mappingdch; if; mfs)
fz-_ process iterated (repeated)
160-
(n 140__ . . .
5 = definitely better quality
100
80
60
40
20 —
0] 5 10 15 2 25
lteration
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ABC téessinon

ldea: making the process "better"
vy ABC iteration

250 alu4
- SC mappingdch; map')
_ process iterated (repeated)
2400 -
5 20 definitely better quality

1600 . .

T T T T T 1
0 500) 1000 1500 2000
lteraion
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ABC téessinon

Observation:

iteration does improve
rel. quality

1000 —
= 1 iteration vs. 40 iterations

100 |

10 |

LUT mapping, 40 it. rel. quality

0.1 . L | L L IR I I [ B B |
1 10 100 1000

LUT mapping, rel. quality
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How rsiitieessione 2 @ adeeled@d”?

Experiment:
490 circuits, academic benchmarks, industrial designs
standard cells mappingd¢h, map’)
5000 iterations
After how many iterations the processnverged:

Iterations  # of circuits # of circuits- cumulative
1 10 100(20%)
2¢10 16 269 (55%)
11¢20 3 299 (61%)
21¢100 343(70%)

101¢500 365 (74%)
501¢1000 380(78%)
10012000 405 (83%)
2001¢5000
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Improvement

Improvement

How mimsaiyyitiee saiooe pay off?

2-20 iterations 21-100 iterations
100,000% 100,000%
10,000% € 10,000%
1,000% € 1,000%
0,100% % 0,100%
0,010% S 0,010%
0,001% £ 0,001%
0,000% —esmrmmrerpm-0-0 @ 0,000% )
1 100 10000 1000000 1 100 10000 1000000
Circuit size (gates) Circuit size (gates)
101-1000 iterations 1001-5000 iterations
100,000% 100,000%
10,000% ' g 10,000%
1,000% € 1,000%
0,100% % 0,100%
0,010% S 0,010%
0,001% £ 0001%
0,000% 0,000% :
il 100 10000 1000000 1 100 10000 1000000
Circuit size (gates) Circuit size (gates)
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The sstqmingto pableleim

Most of circuits require iteration
For majority of circuits 20 iterations are sufficient
Y acceptable amount
But for some circuits, even 5000 is not enough
Y does this effort pay off?

General questionWWhen to stop the iteration?
General answer:

Let's sacrifice 10% of retnme for 2% improvement.
General problemiHow to find out online?
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The sstppimgch pobleleim

What about behaviors like this:

max512benchmarkcircuit IWLS 200%¥ga_lcd
benchmarkcircuit
250
40000
200 ............................. 35000
A ——— 30000
(2] 150 ................. 0 Y E——
5 @ 25000
— 100 | 3 20000
15000
50 ............................. 10000
0 5000
— O 1 O 1 © 1 © «1 © 1 O O
D "1 O ANMNMWT O U O
N~ ANMFRINLR 1 201 401 601 801
Iteration lteration
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ABCitéesaibnr& robustimesss

Idea: improve quality of the proce¥s improve robustness (?)

Processes tried:
ABC, optimization & standard cell mapp(tdrh; mag), 20 iterations
ABC, optimization &-LUT mappingdch; if; mfs), 20 iterations
~ 264circuits, 100,00@ermutations
Results:

ABC gatenapping ABC LUtnapping
1 iteration: Avg. differencer 14.49% g 17.84%
Max. difference 86.47% ~. ® 97.01%

\ |
ABC LU'happing

pAON eV ilo 1o IS Ay diifference: 15.0% e 20.01%
Max. difference 87.3% 85.71%
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On rsarcbrimga el els

cordig LUT mappingdth; if; mfs), 1-10 iterations, 2 M permutations

700000 ]
- 50000 1404
m- d 1204
1 iteration 40000-
5000008 z ®
863_
400000 R
E ]
: 06-30 640 660 680 700
8 300000 s
2000008
100000- 0 100 200 I 3CID | 4(II) I 5C|D :
1 LUTs
0- —_\ . . .

| 1 | |
0 100 20 300 400 00 500 700
LUTs
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On rsarcbrimga el els

cordig LUT mappingdth; if; mfs), 1-10 iterations, 2 M permutations

2 iterations
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