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End-to-end Time Distribution
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Timing in the Last Centimeters
⇒ The Need
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Timing in the Last 2.54 Centimeters (“the last inch problem”)

“In either case, close attention must be paid to path latency between the PHY and 
the PTP clock in the microprocessor. In particular, substantial degradation of 
accuracy can occur when transferring PTP time from a network interface card to 
the microprocessor over a serial load/store interface such as PCI Express.”

“However, a recent PCI Express enhancement for in-band time transfer over PCI 
called Precision Time Measurement (PTM) promises to transfer time to the 
microprocessor with accuracy in the nanoseconds[35].”

https://ptolemy.berkeley.edu/projects/chess/pubs/1156.html
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We Knew that PTP Would both Solve and Create Problems

PTP Improvement

The Last cm 

Problem
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Time Transfer To Software (Within the Compute System)

1. Read CPU Counter
2. Read PTP Counter in PCIe NIC

     Wait (for the long & variable delay)

3. Read CPU Counter

⇒ What could possibly go wrong?

1. Extend the CPU Counter to PCIe NIC
2. NIC “simultaneously” captures

a. CPU Counter
b. PTP Counter in PCIe NIC

⇒ Synchronous Logic:
“Simultaneous”

The Way We’ve Always Done It
(Software-Based)

Changing the Rules with PTM
Hardware-Based
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Timing in the Last Centimeters
⇒ The Cure
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Software Time versus PTP Time via PPS Outputs

https://youtu.be/9OILFLV-Sfc?si=U9EX2iB4PTiGiIV3&t=899

This Chris H. has a 
Poster at WSTS 2024.
Check it out!

https://youtu.be/9OILFLV-Sfc?si=U9EX2iB4PTiGiIV3&t=899
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Link to Youtube on Previous Page

Last Centimeters
Time-Sync…

…is “Solved”
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Link Delay = [(t4-t1) - (t3-t2)] / 2
Clock Offset = [(t2-t1) - (t4-t3)] / 2

Source time at t2 = t1+Link Delay
     = t1 + [(t4-t1) - (t3-t2)] / 2

Two-Way Transfer: Detail

S

D

t3

t1

t2

t4

(t1 , t4 )

Questions
1. Is the Delay Symmetrical

a. Over Ethernet?
b. Over PCIE tree
c. Over SOC Fabric?

Time Source

Time Destination
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Timing in the Last Centimeters
⇒ Lessons Learned
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The Path to PTM

IEEE 1588 / PTP

PCIe PTM
Spec

The Three Criteria

https://commons.wikimedia.org/wiki/File:Three_first_fingers.JPG

CPU and SoC 
Timekeeping 

Upgrade
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PTM Readiness

https://www.opencompute.org/wiki/PTM_Readiness
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The Future of Time Synchronization
⇒ What’s Next?
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Google’s Andrew Fikes on Time

“Everybody tells you [that] you can’t trust Time. The 
clock on your server is absolutely something that you 
can’t trust, and you develop this innate fear of that 
thing. [Distrust of Time] is Legendary…

I can tell you that I completely trust our time system, 
and it has made my life so much easier. Having a 
source of global ordering that I don’t have to reach 
out to talk to, that I can reference locally, is just a 
huge huge huge thinking shift.

… It took two or three versions [of the Google 
database, Spanner] to get over that [fear of relying on 
time]” 

— Andrew Fikes (VP of Infrastrustructure @ Google, 
CoudNext 2019) (Emphasis Mine)https://www.youtube.com/watch?v=nvlt0dA7rsQ

https://www.youtube.com/watch?v=nvlt0dA7rsQ
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The Future (Beyond Accuracy)

APIs Beyond “Now()”

Authenticated Time Source

Resilient Timing Sources / Paths

Explicit Time Accuracy / Jitter Bounds

Explicit Consistency / Availability Tradeoffs

Non-Newtonian Timekeeping

https://www.cisa.gov/sites/default/files/2023-02/Technical-Level_Resilient_Timing_Overview-CISA_Fact_Sheet_508C.pdf
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1. The Last Centimeters Problem is “solved”

Implement, adopt, and deploy PTM

2. Software applications need more information

Today, they get only

now()
As we increase our TRUST in the TIME, let’s not forget to inform the application

Summary
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Thank You!
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Software Access to “Now”

https://youtu.be/9OILFLV-Sfc?si=ohnZ9U07JT7eoYN6&t=1211

http://www.youtube.com/watch?v=9OILFLV-Sfc&t=1201
https://youtu.be/9OILFLV-Sfc?si=ohnZ9U07JT7eoYN6&t=1211
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PCIe PTM: How it works — between chips / chiplets

https://youtu.be/9OILFLV-Sfc?si=6n4kS-W7645JfwJd&t=1975

http://www.youtube.com/watch?v=9OILFLV-Sfc&t=1201
https://youtu.be/9OILFLV-Sfc?si=6n4kS-W7645JfwJd&t=1975

