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• Layer 1 switches – patching, broadcast,

tapping

• Low latency order-entry switches 

• Accurate packet capture

• FPGA platform for applications
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What do we do?



Capture Everything

• 32 optical or copper taps built in
• Aggregation switch

• Precise timestamps
• Huge packet buffer
• Time synchronisation
• Industry standard trailer format

• Compatible with third party analytics

MetaWatch



MetaWatch

MetaApp 32 Device

MetaWatch App Persistence and 
Analytics

1. L1 Switching
2. Taps
3. Timestamping
4. Synchronisation
5. Buffering

MetaWatch:



The Issue

Vendors regularly quote accuracies, but 
there is no standard accuracy measurement.



Basic Principles



PPS



PPS



Synchronisation on the same device



Synchronisation on the same device

Packets

Capture Card

Source of 
Packets

Passive 
Optical 
Splitter Device Under Test

Persistence and 
Analytics

Any resemblance to a particular model 
of capture card is purely coincidental.



Synchronisation on the same device

PPS

Packets

MetaWatch on 
MetaApp 32

GM

Source of 
Packets

Passive 
Optical 
Splitter Device Under Test

Persistence and 
Analytics

Capture Solar 
System



Port-sync test
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Port-sync results from two different devices

Popular Capture Card

Not STAC Benchmark (Yet)



Port-sync test: MetaWatch
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Port-sync test: MetaWatch Results

Capture 
Card

MetaWatch

Min -8 ns -4 ns
Average 5.49 ns -0.43 ns
Median 7 ns 0 ns

Max 15 ns 3 ns
Stddev 3.9 ns 1.1 ns

Not STAC Benchmark (Yet)



Multi-device sync



Multi-device sync

PPS
Packets

MetaWatch on 
MetaApp 32

Timetech
PPS Dist GM

MetaWatch on 
MetaApp 32

Source of 
Packets

Passive 
Optical 
Splitter Device Under Test

Persistence and 
Analytics

Capture Solar 
System



Multi-device sync results

Not STAC Benchmark (Yet)
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Port Sync Test For Two MetaWatch devices, 
synchronised via PPS from Timetech

Not STAC Benchmark (Yet)



Multi-device sync results

Not STAC Benchmark (Yet)
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Multi-device sync results

Not STAC Benchmark (Yet)
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Multi-device sync results

MetaWatch
Min -14 ns

Average 0.42 ns
Median 1 ns

Max 13 ns
Stddev 3.3 ns

Not STAC Benchmark (Yet)



What’s the actual time?
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What are we trying to timestamp?
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What are we trying to timestamp?

• Each byte represented 
by 10 bits

• 0.8 ns per bit

• 64 bit blocks 
represented by 66 bits

• 0.097 ns per bit

1GbE

10GbE



What are we trying to timestamp?

• Each byte represented 
by 10 bits

• 0.8 ns per bit

• 64 bit blocks 
represented by 66 bits

• 0.097 ns per bit

1GbE

10GbE

The correct time is the middle of the 
first bit after the preamble



Absolute Time Measurement



Scope setup



What that looks like

Not STAC Benchmark (Yet)



x-axis SDA1 SDA3
second Volt Volt

-0.000005000000 -0.198 0.176
-0.000004999800 -0.206 0.176
-0.000004999600 -0.173 0.055
-0.000004999400 -0.157 0.136
-0.000004999200 -0.173 0.095
-0.000004999000 -0.198 0.136
-0.000004998800 -0.198 0.136
-0.000004998600 -0.190 0.136

What that looks like



What that looks like
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After processing



Matching up the packets

Not STAC Benchmark (Yet)



MetaWatch results

MetaWatch 
Capture

Scope Trace 
Capture

= 2 ns



Trust chain

1. Measure the port-sync on the same device. 

2. Measure the port-sync between two devices 
synchronised to PPS.

3. Measure the absolute timing accuracy to PPS using an 
oscilloscope.  



What do you do when 
you’ve got a really 

accurate measuring 
device?

Measure some stuff



y = 4.9512x + 4.0405
R² = 0.9999

y = 4.9764x + 4.0481
R² = 0.99997

y = 4.5954x + 3.1128
R² = 0.99992

0

5

10

15

20

25

30

35

40

45

0 1 2 3 4 5 6 7 8 9

La
te

nc
y 

(n
s)

Measured cable length (m)

Fibre vs. Copper Latency

SMF Fibre MMF Fibre DAC Linear  (SMF Fibre) Linear  (MMF Fibre) Linear  (DAC )

Copper is faster than fibre

MMF:

SMF:

DA Copper:



Measuring MetaMux Latency

MetaApp with 
MetaWatch App

MetaMux 48



Measuring MetaMux Latency

MetaApp with 
MetaWatch App

Fibre 
Joiner



Measuring MetaMux Latency
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Results for MetaMux 48 running mux-0.14.3

BypassNot STAC Benchmark (Yet)



Measuring MetaMux Latency
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metamux_0.14.3_4x16 BypassNot STAC Benchmark (Yet)



Measuring MetaMux Latency

bypass mux_4x16
Min 18 80
Average 18.31 87.61
Median 18 88
Max 22 97
Stddev 0.7 2.5

*Not STAC benchmark (yet!)



69 ns
*Not STAC benchmark (yet!)



Dr. David Snowdon

https://www.metamako.com
info@metamako.com




