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Importance of PTP Timing  
in Complex Networks

Timing precision is essential across industries, and monitoring 
Precision Time Protocol (PTP) performance is crucial for 
maintaining network stability. 

In today’s data center architectures, complex hierarchical  
PTP setups with multiple Boundary Clocks (BCs) require precise 
synchronization from the Grandmaster Clock at the top down to 
the leaf switches and end nodes at the bottom.
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Measuring and Maintaining 
PTP Stability

By capturing Sync Message timestamps and analyzing Capture 
Time Offsets (CTOs), PTP performance can be measured without 
the need for an additional GNSS timing reference. 

Continuous monitoring is essential, especially during “holdover 
periods” when Boundary Clocks are disconnected from a PTP 
source, as timing becomes less stable and unpredictable.
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Test Setup: 
Spine-Leaf Architecture
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Scenario 1: 
Initial Synchronization and 
CTO Measurement

In the first test scenario, we conducted a 15-minute initial 
synchronization followed by a 15-minute Capture Time Offset 
(CTO) measurement.
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Results showed stable CTO values across all devices, affirming 
reliable synchronization within the network architecture.
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Scenario 2: 
Leaf Switch Disconnected, 
Then Reconnected

When the PTP source of one leaf switch was disconnected and 
later reconnected during the second test scenario, it caused 
significant fluctuations in Capture Time Offset (CTO).
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TIME CTO

after 4 min (with PTP) -125 ns

after 6 min (1.5 min w/o PTP) +750 ns

after 6 min (1.5 min w/o PTP) +2750 ns

after 7.8 min (before reconnect) +3.300 ns

after 9 min (1.5 min with PTP) -130 ns
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Conclusion

The performance of Boundary Clocks (BCs) during holdover 
periods is often unpredictable and unstable. Continuous 
monitoring of synchronized devices is essential to reduce reaction 
and recovery times. 

Setting CTO thresholds and enabling automatic alerts (such as 
SNMP or email notifications) ensures that synchronization issues 
in the network are immediately addressed.




