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The case for PTP



Schematic representation of read returning outdated information
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Schematic representation of read returning outdated information
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Commit-wait reads issued against PTP and NTP backed clusters

Commit-wait reads issued against PTP and NTP backed clusters
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The PTP architecture



Regional PTP architecture
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The PTP rack



GNSS

GNSS antenna in one of the Meta Data Center location
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Huber-Suhner GNSS-over-fiber technology tested in Meta Dublin office



The Time Card

Facebook Time Card

Miniature Atomic Clock

US Patents 6927636 & 6320472 A

A2




The Time Card

Frequency vs. Tempertature
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The Time Card

e : Offset between the Time Card and the Network Card PHC

Short cable between PPS-out of the Time Card and PPS-in of the NIC
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sszs roor 20 0 20,00 1226 7e rﬁ ai‘@x:xzz ust/local/bin/ptpdu _vorkers

Settings Statistics

2WayTE 2021-10-13 22:30:08
Wed Oct 13 22:06:47 2021

2WayTE

FwdPDV

RevPDV
TDEV

200 300 400 500 600 700s

Sample time: 33 ms Start: Immediate Duration: 1 days 1 hours Reference: Auto




Config 4 you (c4u)

C4U architecture

=

oscillatord

tzdata

s -

ptp4u

A

$ cat /etc/ptp4u.yaml
clockaccuracy: 34
clockclass: 6
draininterval: 30s
maxsubduration: ThOmOs
metricinterval: 1ImOs
minsubinterval: 1s
utcoffset: 37s



The PTP network



Two-step PTP exchange
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Transparent clock

Transparent Clock and Correction Field. . .-+
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¢ T, T2,
CF Origin timestamp = T1 Origin timestamp = T1 Origin timestamp = T1
o CF, = 864 ns SYNC . CF,=423ns SYNC * CF,=0ns SYNC
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clock_offset = (T2 - T1) - mean_path_delay



Transparent clock impact
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The PTP client



Hardware timestamps

$ ethtool -T ethO

Time stampling parameters for ethO:

Capabilities:
hardware-transmit
hardware-receive

hardware—-raw—-clock

PTP Hardware Clock: O
Hardware Transmit Timestamp Modes:

spike detected => max offset locked: 33, setting offset to min offset freq mean: -13065.039314

sS2
sS2
sS2
sS2
sS2

freq
freq
freq
freq
freq

128 bits 64 bits 64 bits 64 bits
Socket control Software Legacy Hardware
message header Timestamp Timestamp Timestamp
-13105 path delay 3493
-13100 path delay 3493
-13087 path delay 3493
-13098 path delay 3493
-13093 path delay 3493

skip 1/15 large offset (>33) 224401
-13115 path delay
-13091 path delay
-13088 path delay

off

on
Hardware Receilive Filter Modes:

none

All
ptp41[40.432]: offset -16
ptpd4l[41.432]: offset -6
ptpdl[42.432]: offset 9
ptpd4l[43.432]: offset -5
ptp4l[44.432]: offset 1
ptp41[45.432]:
ptp41[46.432]:
ptpd4l[47.432]: offset =21
ptp4l1[48.432]: offset 9
ptp4l1[49.432]: offset 10
ptp4l1[50.432]: offset -8

sS2
sS2
sS2
sS2

freq
freq
freq
freq

-13103 path delay

3493
3493
3493
3493




ptp4l

Sharding

Schematic representation of sharding



fbclock

servo

PTP4l
PTP management
protocol /
daemon
Go code to talk to ptp4l,

Collect data from it,
Calculate clock’s error bound

CGO wrapper around C mmap

NIC with
PTP

Hardware
Clock

A

G'lared mem with \

struct containing:

Time of last
Sync

Error bound of
the clock
Holdover

multiplier J

ioctl

Fbclock library
Pure C11 code providing few methods:
int fbclock_init(fbclock_1lib*x 1lib,
const charx shm_path);
int fbclock_destroy(fbclock_libx 1ib);
int fbclock_gettime(fbclock_lib* lib,
fbclock_truetime *truetime);

typedef struct fbclock_truetime {
uinté4_t earliest_ns;
uinté4_t latest_ns;

} fbclock_truetime;

Calling fbclock_gettime will do the
following:

e Fetch time of last sync, holdover
multiplier and error bound from POSIX
shmem

e (Callioctl to get latest time from PHC

e Calculate Window of Uncertainty and
return Earliest, Latest to the caller




fbclock

Estimated E2E Variance = [GNSS Variance + MAC Variance + ts2phc Variance] + [PTP4L Offset Variance] = [Time Server Variance] + [Ordinary Clock Variance]

n

Estimated E2E Variance = (12ns * 2) + (43ns * 2) + (52ns *2) + (61ns *2) = 8418 which corresponds to 91.7 ns Var Z e |} = Z Var(X;

1=1 1=1
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How we monitor the PTP architecture



Calnex
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Calnex Sentinel monitoring data
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S

ptpcheck

ptpcheck diag

we expect 1t to be within 1s

OK ] GM 1s present

OK ] Period since last ingress 1is 972.752664ms,

OK ] GM offset 1s 67ns, we expect it to be within 250us

OK ] GM mean path delay is 3.495us, we expect it to be within 100ms
OK ] Sync timeout count is 1, we expect it to be within 100

OK ] Announce timeout count 1s 0, we expect it to be within 100

OK ] Sync mismatch count is 0, we expect 1t to be within 100

ptpcheck fbclock

{"earliest ns":1654191885711023134,"latest ns":1654191885711023828, "wou ns":694}

S

PHC offset:
Delay for PHCI1:
Delay for PHC2:

ptpcheck phcdiff -d /dev/ptpO -d /dev/ptp2
—-15ns

358ns

2.588us

ptpcheck sources

_________ T
SELECTED | IDENTITY | ADDRESS

_________ T
true | abcdef.fffe.111111-1 | timelOl.example.com.
false | abcdef.fffe.222222-1 | time(02.example.com.
false | abcdef.fffe.333333-1 | time(03.example.com.

—————— it s
| STATE | CLOCK | VARIANCE
—————— it s
| HAVE SYDY | 6:0x22 | 0x59e0
| HAVE ANN | 6:0x22 | 0x59e0
| HAVE ANN | 6:0x22 | 0x59e0



API monitoring

Fbclock APl monitoring
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Linearizability check

Client following Time Server 2
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Linearizability check

Client following Time Server 2

Client

Data Center time



Thank you






