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Timing in the Last Centimeters
= The Need




Timing in the Last 2.54 Centimeters (“the last inch problem?)

Timing in cyber-physical systems: the last inch =
problem N I S PC S 2015 International IEEE Symposium on
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Abstract—Distributed cyber-physical systems (CPS) are in- Section V then discusses how these primitives enable timin, see see .
e am o Rl e e e Sl o i Mercure Wanshang Beijing, Beijing, China

“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
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Time Transfer To Software (Within the Compute System)

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

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

Wait (for the long & variable delay)
3. Read CPU Counter

= What could possibly go wrong?
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Changing the Rules with PTM
Hardware-Based

Extend the CPU Counter to PCle NIC

NIC “simultaneously” captures
a. CPU Counter
b. PTP Counterin PCle NIC

= Synchronous Logic:
“Simultaneous”



Timing in the Last Centimeters
= The Cure




Software Time versus PTP Time via PPS Outputs

OCP TAP CAll: "Precision Time in the Last Centimeters with PCle PTM: A Deeper Dive" August 23, 2023

Intel Atom* x6000E series /225
TIME INACCURACY WITH AND WITHOUT PCIE PTM Credit: Chris Hall
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See backup for system configuration. Results may vary.

OCP TAP / 23 August 2023 / OCP TAP / K. Stanton

https://youtu.be/9OILFLV-Sfc?si=U9EX2iB4PTiGilV3&t=899

© 2024 Stanton Consulting LLC. All rights reserved.


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

Last Centimeters
Time-Sync...

...I1S “Solved”

Link to Youtube on Previous Page
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Two-Way Transfer: Detail

t t Link Delay =[(t,-t,) - (t;-t,)] / 2
Clock Offset = [(t,-t,) - (t,-t,)]/ 2

= Source time at t, =t +Link Delay
< =t I, t) - ()] / 2
Questions
‘ 1. Is the Delay Symmetrical
t t a. Over Ethernet?
203 b. Over PCIE tree

Time Source

Time Destination c. Over SOC Fabric?
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Timing in the Last Centimeters
= [essons Learned




The Pathto PTM

The Three Criteria IEEE 1588 / PTP
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PTM Readiness

List of Precision Time Measurement Readiness [z

class ¢ Manumcture [

https://lwww.opencompute.org/wiki/PTM_Readiness
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The Future of Time Synchronization
= What's Next?




Google’s Andrew Fikes on Time

can tell you that | completely
trust our time system.

https://www.youtube.com/watch?v=nvItOdA7rsQ
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“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...

| can tell you that | completely trust our time system,
and it has made my life so much easier. Having a
source of global ordering that | don’t have to reach
out to talk to, that | 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

The Future (Beyond Accuracy)
e

APIls Beyond “Now()” ¥ CISA

O T8 CYBERHINFRASTRUCTURE

DEFEND TODAY. SECURE TOMORROW.
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Authenticated Time Source
TIME — THE INVISIBLE UTILITY

WHY IS TIME IMPORTANT?

Time is critical to certain services used within most organizations, yet many organizations are
unaware of their dependence on time, the source of their time, or the existence of a world time
standard.' As systems grow in complexity, becoming global and mobile, access to resilient, accurate,
and precise time is a necessity in both the private and public sectors worldwide. Without accurate

EX p I i C i‘t Ti m e ACC u ra Cy / J itte r B O u n d S and resilient time, critical functions and services can become unreliable, inaccurate, or unavailable.

-~ SECTORS AND INDUSTRIES DEPENDENT ON TIME

(

Resilient Timing Sources / Paths »

\3;

&
.. . . - DSy s A : _ :
Y communications | Transportation _ Power Grid ___ Finance ___ Securty | |
Explicit Consistency / Availability Tradeoffs i
Telecommunication Aviation Cryptography y
y Maitifré Monitoring Regulatory Access Control  SMart Devices
Cloud Operations o Multi-rate Requirements i Incident
Internet of Things Pipelines Forensics

Billing ATM Networks Investigations

Non-Newtonian Timekeeping = Pl autDetcton

- WHY SHOULD YOU BE CONCERNED ABOUT TIME NOW?

"." GPS has become the de facto time standard for many commercial users because of its relatively low
o cost and ubiauitous availabilitv In 1997 the President’s Commission on Critical Infrastructure Protection

https://www.cisa.gov/sites/default/files/2023-02/Technical-Level_Resilient_Timing_Overview-CISA_Fact_Sheet_508C.pdf
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Summary

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
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Thank You!




Software Access to “Now”

OCP TAP CAIl: "Precision Time in the Last Centimeters with PCle PTM: A Deeper Dive" August 23, 2023

CPU COUNTER = SYNCHRONIZED TIME
/CPUTSC é \

Time “now"” (from a Linux application)

, clock_gettime(CLOCK_MONOTONIC_RAW, &now);
== — Returns TSC scaled to nominal nanoseconds

.clock_gettime(CLOCK_MONOTONIC, &now);
— Returns TSC scaled to track TAI, in nanoseconds

¢ A 4 / » clock_gettime(CLOCK_REALTIME, &now);
— Returns CLOCK_MONOTONIC + (now-1/1/1970) [incl. leap seconds]

Cross-Timestamp “Snapshot”

ioctl(phc_fd, PTP_SYS_OFFSET[_PRECISE))
= e — Returns (CLOCK_REALTIME, PTP_TIME)
(PP

— Used to nudge m up or down over time

[ Piecewise-Linear Clock Model: y=mx+c ]

OCP TAP / 23 August 2023 / OCP TAP / K. Stanton

https://youtu.be/90ILFLV-Sfc?si=ohnZ9U07JT7e0YNG6&t=1211
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http://www.youtube.com/watch?v=9OILFLV-Sfc&t=1201
https://youtu.be/9OILFLV-Sfc?si=ohnZ9U07JT7eoYN6&t=1211

PCle PTM: How it works — between chips / chiplets
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https://youtu.be/90ILFLV-Sfc?si=6n4kS-W7645JfwJd&t=1975
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OCP TAP / 23 August 2023 / OCP TAP / K. Stanton

PCIE PTM IN ACTION

At t1', snapshot PTP Counter

Soon after t4', use t1, t4, t2', t3-t2 to compute:

[(ta—t1)—(t3-t2)]
2

RIS R GRSl — t2’ - LinkDelay

* LD = LinkDelay =

Return the Cross-Timestamp:
= (PTM Root Time @t1', PTP Counter @t1')

Repeat as requested (e.g. by software)
Note: All PTM timestamps are in units of nanoseconds

Note: Clock discontinuities are allowed at any time in the Upstream Port except between

11214, 11214, etc



http://www.youtube.com/watch?v=9OILFLV-Sfc&t=1201
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