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Picosecond scale measurements
for nanosecond scale frading

Dr Matthew Grosvenor
STAC Summit NYC, Spring 2017
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Disclaimer:
Not STAC measurements

;
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Trading In nanoseconds

;
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120ns tick to frade

http://solarflare.com/solarflare-and-lda-technologies-harness-the-power-of-xilinx-fpgas

;
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?5ns switching

https://exablaze.com/exalink-fusion

;
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49ns multiplexing

https://exablaze.com/exalink-fusion-mux

;
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<5ns multicast

https://exablaze.com/exalink-fusion

https://www.metamako.com/products/metamux-48.ntml

;
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How do you
verity hanosecond scale
operationse




Measurement resolution
(precision)




Device A
Device B
Device C

ExXaNIC X10

Precision

/.5NSs
4.0ns
/.5NSs

6.2Ns




Trading 4-50ns
VS
Measurement 4-7.5ns

;
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Trading 4-50ns
VS
Measurement 4-7.5ns

50 ns x7.5ns

;
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Trading 4-50ns
VS
Measurement 4-7.5ns

50ns+7.5ns 30% ‘error margin’
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Trading 4-50ns
VS
Measurement 4-7.5ns

50 ns £ 7.5ns 30% ‘error margin’
5ns t4ns 80% ‘error margin’
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47NS

;
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47Nns = 8ns

;
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42ns =+ 8ns
~40% error margin
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Measurement repeatabillity
(accuracy)




Capture Device

Opfical

source Splitter RXj

RX>

;
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Capture Device

Opfical

source Splitter — RX 1

RX 2

error = RX2 - RX;

;
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bevice A

resolution 7.5ns

10,000,000 samples

;
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Error Distribution

70%
52.5%
35%

17.5%

0% ’
-15.00 -11.25 -7.50 -3.75 0.00 3.75 7.50 11.25 15.00

Error (ns)

;
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Error Distribution

70%

52.5%

Better Better

35% ﬁ —
17.5%

0% ’
-15.00 -11.25 -7.50 -3.75 0.00 3.75 7.50 11.25 15.00

Error (ns)

;
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Error Distribution

70%

52.5%

Better Better

35% ﬁ —
17.5%

0% ’
-15.00 -11.25 -7.50 -3.75 0.00 3.75 7.50 11.25 15.00

Error (ns)

;
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Device A

70%

52.5%

35%

17.5%

0%
-15.00 -11.25 -7.50 -3.75 0.00 3.75 7.50 11.25 15.00

Error (ns)
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Device A

70%

52.5%

35%

17.5%

c->1 5.00 -3.75 0.00 3.75 7.50 11.25 15.00

Error (ns)
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Gotcha #1

Measurement Precision #
Reporting Precision

/7.5ns not evenly divisible by 1ns

;
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Device A (cleaned

70%
52.5%
35%
17.5%
09,
-15 -11.25 -7.5 -3.75 0 3.75 7.5 11.25 15
Error (ns)
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Device B

resolution 4ns

10,000,000 samples

;
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Device B

50%
37.5%
25%

12.5%

ol .

-8.00 - .67 0.00 2.67 5.33 8.00

Error (ns)
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Gotcha #1 (again)

Measurement Precision #
Reporfing Precision

4ns not representable as binary fraction

;
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Tip #1

Round to nearest multiple of
measurement clock period

;
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Device B (cleaned

50%
37.5%
25%
12.5%

0%

-+

-8 -5.333 -2.667 0 2.667 5.333 8

Error (ns)

;
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Device B (cleaned

50% average 1.24 ns
37.5%

25%
12.5%

0% -8 -5.333 -2.667 0 2.667 5.333 8

Error (ns)

;
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Device C

resolution 7.5ns

10,000,000 samples

;
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Device C

40%
average -0.65ns
30%
20%
10%
0%
-22.5 -15 -7.5 0 7.5 15 22.5

Error (ns)

;
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| Device C (cleaned)

average -0.65ns
30%
20%
10%
0%
-15 -7.5 0

-22.5 7.5 15 22.5

Error (ns)
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Device C (cleaned)

40%
37.5ns
30%
20%
10%
0% +
-22.5 -15 -7.5 0 7.5 22.5
Error (ns)
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42ns = 8ns
~40% error margin
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472ns + 18./75ns

;
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472ns = 18.75Ns
~90% error margin!
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Gotcha #2

Accuracy matters more
than resolution

;
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ExaNIC X10

resolution 6.2ns

10,000,000 samples

;
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ExaNIC X10 (raw)

80%

average 0.56ns
60%

40%

20%

?22.50 -15.00 -7.50 0.0 7.50 15.00 22.50

Error (ns)
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Remember tip #17?

Round to nearest multiple of
clock period;
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Tip #1B

Or use a device/tormat that
conveys the full precision
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ExXaNIC X10

resolution 6.2ns
accuracy * 6.2ns

10,000,000 samples

;
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Tip #2

Calibrate first!
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Quantify Accuracy

;
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Quantify Accuracy

Standard Deviation (o) ¢

d d mm www.exablaze.com



Quantify Accuracy

Standard Deviation (o) ¢

3 (x, - 1)

0:\. n-1

E laze Pty Lid Presented at STAC Summit NYC, Spring 2017 www.exablaze.com



Precision
(ns)

Device A /.50
Device B 4.00
Device C /.50

EXaNIC X10  6.20

Standard Dev
(ns)

4.8
4.3
15.1

2.7




ExaNIC HPT
High Precision Timing Capture

;
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Precision
(ns)

Device A /.50
Device B /.50
Device C 4.00

ExaNIC X10  6.20
ExXaNIC HPT

Standard Dev
(ns)

4.8
15.1
4.3

2.7




Precision Standard Dev
(Ns) (Ns)

Device A 7.50 4.8
DeviceB 7.50 15.]
Device C 400 4.3

ExaNIC X10  6.20 2.7
ExXaNIC HPT 0.25




Precision Standard Dev
(Ns) (Ns)

Device A 7.50 4.8
DeviceB 7.50 15.]
Device C 400 4.3

ExaNIC X10  6.20 2.7
ExXaNIC HPT 0.25

1 6X




Precision Standard Dev
(Ns) (Ns)

Device A 7.50 4.8
DeviceB 7.50 15.]
Device C 400 4.3

ExaNIC X10  6.20 2.7
ExaNIC HPT 0.25 0.1




Precision Standard Dev
(Ns) (Ns)

Device A 7.50 4.8
DeviceB 7.50 15.]
Device C 400 4.3

ExaNIC X10  6.20 2.7
ExaNIC HPT 0.25 0.1

27X




Capture Device

Opfical

source Splitter —> RX 1

RX 2

error = RX2 - RX;

;
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Capture Device

Source Opfical Splitter

> RX 2

>

error = RX2 - RX;

;
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Capture Device

Source Opfical Splitter

> RX 2

>

error = RX2 - RX;

;
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Capture Device

Source Opfical Splitter

> RX 2

> >

error = RX2 - RX;

;
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Capture Device

Source Opfical Splitter | X 1

> RX 2

error = RX2 - RX;

;
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Capture Device

Source Electrical Splitter

error = RX2 - RX;

;

Copyright © 2017 Exablaze Pty Lid Presented at STAC Summit NYC, Spring 2017 www.exablaze.com 64



;
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EXaNIC HPT

70%
52.5%
35%
17.5% I
% 075 -0.5 E 0 + 0.25 ? 0.75

Error (ns)
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EXaNIC HPT

70%
average 0.08ns
52.5%
35%
17.5%
0% == E—
o-0.75 -0.5 -0.25 0 0.25 0.5 0.75

Error (ns)
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EXaNIC HPT

70%

52.5%

35%

17.5%

0%

-0.75 -0.5 -0.25 0 0.25 0.5 0.75
Error (ns)

;
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ExXaNIC HPT vs X10

70%
52.5%
35%

17.5%

0%
-22.5 -15 -7.5 0 7.5 15 22.5

Error (ns)

;
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Picosecond measurement of
something real?




Optical Optical
Source Splitter SUT Splitter Dest

¢ Xd
| Xd

Capture Device
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Source

Optical
Splitter SUT

Im

Copyright © 2017 Exablaze Pty Lid

Optical
Splitter

Im

Dest

¢ Xd
| Xd

Capture Device

Presented at STAC Summit NYC, Spring 2017

www.exablaze.com
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Optical Optical
Source Splitter SUT Splitter Dest

¢ Xd
| Xd

Capture Device
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Optical Optical
Source Splitter SUT Splitter Dest

¢ Xd
| Xd

Capture Device
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Optical Optical
Source Splitter SUT Splitter Dest

¢ Xd
| Xd

Capture Device
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Optical Optical
Source Splitter SUT Splitter Dest

¢ Xd
| Xd

Capture Device
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Optical Optical
Source Splitter SUT Splitter Dest

¢ Xd
| Xd

Capture Device
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How fast Is the
speed of lighte
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Exablaze Fibres

lengths 0.20m - 5.5m

;

Copyright © 2017 Exablaze Pty Lid Presented at STAC Summit NYC, Spring 2017 www.exablaze.com 79



Exablaze Fibres

lengths 0.20m - 5.5m

Increments 0.25m -0.5m

b d d mm www.exablaze.com



Exablaze Fibres

lengths 0.20m - 5.5m
iIncrements 0.25m -0.5m

total 18x

b d d mm www.exablaze.com



Speed of Light in Fibre

80.00

60.00 =2

L J
a
L

2 a
< o ®
o 40.00 ®
E o0 o
=

20.00

0.00

0.00 1.50 3.00 4.50 6.00
Length (m)

;
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Speed of Light In Fibre

80.00
60.00 2
a
Qa
o
» a
Y 40.00 [
) .
E ot e
-
v=491x + 34.03
20.00
0.00
0.00 1.50 3.00 4.50 6.00
Length (m)
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Speed of Light In Fibre

T y=491x+3403
R2=0.9999795212

Length (m)
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Speed of Light In Fibre

T y=491x+3403
R2=0.9999795212

Length (m)
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Speed of Light In Fibre

T y=491x+3403
R2=0.9999795212

Length (m)
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Tip #3

C In fibre 4.91ns/m
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Speed of Light In Fibre

80.00
60.00 2
a
Q
o
> a
< o ®
o 40.00 o
S oo’

7 v =4.91x + 34.03
R2=0.9999795212

0.00 1.50 3.00 4.50 6.00

20.00

0.00

Length (m)
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Coppere
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Exablaze DA Cables
lengths 0.25m - 12m

d d mm www.exablaze.com



Exablaze DA Cables
lengths 0.25m - 12m

INncrements 0.25m -0.5m




Exablaze DA Cables
lengths 0.25m - 12m

INncrements 0.25m -0.5m

gauges AWG24/30




Exablaze DA Cables
lengths 0.25m - 12m

iIncrements 0.25m - 0.5m
gauges AWG24/30

total 25x




Speed of Light Copper (AWG30)

Time (ns)

60

45

30

15

vy = 5.03x + 33.20
R2=0.9999927968

1.5

3 4.5 6

Length (m)




Fibre
AWG30

4 91r

5.03r

s/

s/

34.03r
33.20r




Filbre 4.91ns/m

AWG30  5.03ns/mr

34.03r
33.20r

SFP cost = 830ps




Fibre 4.91ns/m
AWG30  5.03ns/rr

Copper slower!

34.03r
33.20r




Gotcha #5

Copper isn’'t faster than fibre.
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Time (ns)

Speed of Light Copper (AWG24)

75

60

45

30

15

0

y = 4.14x +33.68
R?2=0.9990213965

I A T
NS sy e} N ’:\,'

Length (m)




Time (ns)

60

30

Speed of Light Copper (AWG24)

"'.y = 4.14x +33.68

R?=0.9990213965

Only 0.999¢2 -

Length (m)



Time (ns)

60

30

Speed of Light Copper (AWG24)

Ty = 4.14x +33.68

R?=0.9990213965

33.68#33.22 -

Length (m)



Speed of Light Copper (AWG24)

90
75 €
60 -

45

30

Copyright © 2017 Exablaze Pty Lid Presented at STAC Summit NYC, Spring 2017 www.exablaze.com 102



Speed of Light Copper (AWG24)

Length (m) Time (ns) ns/m
2.01 41.66 417
2.53 43.81 4.16
3.00 48.35 5.03
3.99 49.97 4.17
5.00 54.24 4.19

;

Copyright © 2017 Exablaze Pty Lid Presented at STAC Summit NYC, Spring 2017 www.exablaze.com 103



Active cable?¢

;
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Active cable?¢

;
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Active cable?¢

Length wronge

Copyright © 2017 Exablaze Pty Lid Presented at STAC Summit NYC, Spring 2017 www.exablaze.com 106



Active cable?¢

Length wronge
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Active cable? ) ¢

Length wrong? X

Data bade




Active cable? ) ¢

Length wrong? X

Data bad?e X




;
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;
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Speed of Light Copper (AWG24)

BEXABLAZE

CAB-10GSFP-24-P3M
DAC AWG24, 3m, passive

;
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Time (ns)

Speed of Light Copper (AWG30)

75

60

45 o

LTy = 4.19x +33.29
. R2=0.9999744775

0

R Y. Y R I

Length (m)




AWG24A 4.19ns/m
Fibre 4.91ns/rr
AWG30 5.03ns/m
AWG24B 5.03ns/m

Slower




Remember Goicha #3?

Copperisn't faster than
fibre.




Gotcha #3B

Copperisn't always faster
than fibre.




Remember Goicha #3B?

Copperisn't always faster
than fibre.




Tip #47?

Copper isn't always faster
than filbre

Unless you get your copper
from Exablaze...




Optical Optical
Source Splitter SUT Splitter Dest

Im @ 4.91ns/m?@

¢ Xd
| Xd

Capture Device
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Optical Optical
Source Splitter SUT Splitter Dest

Im @ 4.91ns/m?@

¢ Xd
| Xd

Capture Device
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Im @ 4.91Nns/m =4.91ns

;
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@ 4.91r

@ 4.91r

s/

s/

=491r
= 5.40r




@ 4.91r

@ 4.91r

s/

s/

= 4.91ns
= 5.40ns

500ps!




1.00r
1.10r

1.T1m

@ 4.91r
@ 4.91r

@ 4.91r

S/
S/

S/

= 4.91ns
= 5.40ns
= 5.45ns

550ps!




Goticha #4

Imisn't 1.00m
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Optical Optical
Source Splitter SUT Splitter Dest

AN

¢ Xd
| Xd

Capture Device

;
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Source SUT Dest

;
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Source SUT Dest

TX1 > RXT

;
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Source SUT Dest

( ( (= (=

TX1 > RXT

;
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Source SUT Dest

X1 K > RX1

;
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Source SUT Dest

X1 K RX1

T1

;
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Source SUT Dest

X1 K < RX1
< >
T1
TX1 > RXT
< >

12
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Source SUT Dest

X1 K RX1
>
T
X1 - RX1

T2

Delay = T2-T71-K
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Source SUT Dest

X1 > RX1
>
T
>

T2

Delay = T2-T;-K
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;
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Source SUT Dest

X1

< RX1

TX1 > RXT
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-
—
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Source SUT Dest

X1

< RX1
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Source SUT Dest

X1

M= « =T 1 Rx
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;
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’ Coupler +5¢
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Speed of Light PCB

12.000

9.000

oy =6.20x+ 9.91
= R?=0.9999230509

0.000
0.000 0.030 0.060 0.090 0.120

Delay (ns)

PCB Track Length (m)
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Speed of Light PCB
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Speed of Light PCB
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Source SUT Dest

X1 < RX1
< >
TX1 > RX1
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Source SUT Dest

X1 0 < RX1

TX1 > RXT
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Source SUT Dest

X1

< RX1

TX1 > RXT

;
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SFP Latency
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SFP Latency
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SFP Latency

000000

.y =6.30x + 43.080
| R2=0.9996222852

0.060

PCB Track Length (m)

y = 42.060

SFP latency = 43.080 - 42.060 = 1.02ns

;
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SFP Latency
330ps vs 102005

;
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SFP Latency

330ps vs 102005
1020 - 830 = 190ps




SFP Latency

330ps vs 102005

1020 - 830 = 190ps
HPT resolution 250ps




SFP Latency

330ps vs 102005

1020 - 830 = 190ps
HPT resolution 250ps
SFP ~ 92505




Source SUT Dest

Ons

~0.462Ns 0.463ns
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Source SUT Dest
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Source SUT Dest

X1 < RX1
< >
TX1 > RX1

Network Multiplexor ?
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Source Exablaze FastMux Dest

;
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Source Exablaze FastMux Dest

TX1 > > > RX1

;

Copyright © 2017 Exablaze Pty Lid Presented at STAC Summit NYC, Spring 2017 www.exablaze.com 161



Source Exablaze FastMux Dest

TX1 > > RX1

Yy VY VY VY VYVYY

;
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EXABLAZE

Performance Report — Exalink Fusion FastMux

This report details the performance of the ExaLINK Fusion FastMux firmware (ver 1.6.0). All measurements were taken
using the ExaNIC HPT, High Precision Timing capture card (0.25ns resolution) from the start of a frame arriving, to the start
of a frame departing the device. For this test, line card bay B was used and port B14 was configured as the upstream
(egress) port. Ingress ports were configured in the following order: B4,2,1,12,6,5,16,15,10,9,8,13,7,3,11. Reported results are
port-to-port at 10 Gb/s, delays due to SFP+ transceivers and signal propagation over fibers/cables are not included.

Bpst Qasq ‘ ‘ quiaq Ca§e ‘ . Worst Case
0.20 F 0.20 — b 0.20 — F
0.15 t 0.15 L 0.15 - 8
0.10 t 0.10 L 0.10 s
0.05 t 0.05 L 0.05 L
0.00 —— : | ] 0.00 -4 | - - - - 0.00 T T T T T
48 50 52 54 56 58 48 50 52 54 56 58 48 50 52 54 56 58
Latency (ns) Latency (ns) Latency (ns)

Figure 1: Latency distributions for (a) best case - B12, (b) median case - B15, and (c) worst case - B1

Figure 1 shows latency distributions for the best case (minimum of minimums), median case (median of medians) and worst
case (maximum of maximums) configurations, found on ports B12, B15 and B1 respectively. The results show distributions
strongly centered on a median of approximately 53ns and minimal variance between the cases.

Table 1 shows the performance of ports B1-B16 sorted in order of average latency. The absolute minimum latency of 48.79ns
is achieved by ports B12, B11, B7 and B9. The median of medians latency of 53.79ns is found on the majority of ports. The
median latency varies by 0.5ns between all ports. The latency for any given port varies by at most 9.50ns.
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Exalink Fusion
FastMux 49ns

48.79ns

;
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Exalink Fusion
FastMux 49ns

48.79ns (min)
53.79ns (med)

59.79ns (mMax)
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Gotchas - Beware

;
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Gotchas - Beware

#1  Device Precision # Report Precision

;
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Gotchas - Beware

#1  Device Precision # Report Precision
#2  Accuracy matters more than resolution
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Gotchas - Beware

#1  Device Precision # Report Precision
#2  Accuracy matters more than resolution
#3B Copper isn’t always faster than fibre.

;
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Gotchas - Beware

#1  Device Precision # Report Precision
#2  Accuracy matters more than resolution
#3B Copper isn’t always faster than fibre.
#4 1misn’t 1.00m

;
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Tips - Remember

;
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Tips - Remember

#1 Round to nearest multiple of clock period
Or use full precise device/format

;
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Tips - Remember

#1 Round to nearest multiple of clock period
Or use full precise device/format

#2 Quantify and calibrate accuracy first!

;
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Tips - Remember

#1 Round to nearest multiple of clock period
Or use full precise device/format

#2 Quantify and calibrate accuracy first!

#3 C in fibre 4.91ns/m
C in copper 4.20 - 5.03ns/m
C in PCB 6.25ns/m

SFP latency 925ns




Tips - Remember

#1 Round to nearest multiple of clock period
Or use full precise device/format

#2 Quantify and calibrate accuracy first!

#3 C in fibre 4.91ns/m
C in copper 4.20 - 5.03ns/m
C in PCB 6.25ns/m

SFP latency 925ns
#4 Get your copper from Exablaze ;-)

;
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EXABLAZE

Questions?
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