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Robust Time Delivery — Turning a Wish Into a Reality

(How To Use PTP With A Ring Architecture)
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Ring Architectures SEMTECH

O Ring architectures are already common for data transport

» Traffic can pass from any node to any other node through one of two routes
» Traditionally called East and West (viewed from bottom of ring)

= Provides alternate route in event of single failure
» As long as ring is geographically separated
O For communication between any pair of nodes one path is
likely preferred
= Normally the shortest one
= But other path provides a reasonable backup

= Different for different nodes

» For example SW9 would talk to SW1
anticlockwise while SW5 would talk to SW1
clockwise

d But how does this fit in with PTP?

= Does aring of boundary clocks work?
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Boundary Clock Ring: Node Architectures SEMEECH
A ‘normal’ Boundary clock

Standard BC:

« A PTP slave port locks to a selected master via a selected port creating a timebase.
« The Master, all egress ports and the selected output are tied to the slave timebase.
« The slave port may or may not be able to hitlessly switch on failure.

Ports can be physical or logical Primary Master
Slave Port ]J’__:Dl Slave 1 Mstr 'E Port
Let’s consider a choice of two ports
for use as sources of PTP (slave ports) Master :|-l I—E Secondary
Port o Slave Port
PTP master function will egress E’gg €
through at least two ports.

e Selected Phase
Cutpurt

Let’s call this a ‘Single BC’
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The BMCA — A Quick Refresher

J Mechanism to select best master

= When multiple masters are available selects
the best one based on number of factors
* Programmed priorities
» Characteristics of clock source

d What about aring

= Same master will be seen from both sides

» Second stage of BMCA handles this
» Looks at Steps Removed field
» Prefers links through least number of BCs

» Path closest to GM will be selected
« Either east or west depending on where in ring
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Boundary Clock Architecture:

ray
V.
SEMTECH
Conceptual- Single GM, 8-BC node ring

E—
— stave H Mstr { I_-"‘]'IFDl Slave { Mstr '[ ]"l__:D Slave { Mstr ‘[_I_-..:l_rl_:DISIavE e _I:
g™ - ..
g™ - - - g
|~ LD“‘" = LI: - L[*_'_J . LU“"
Single ;Ingle :fngfe Single
] GINSS BC 5 < BC
* Ly Selected Phase - saeg;;zra* - Seméfgjzrase L Selected Phase
] Mstr [ Dutput Dutput
Grand
Master
Phase
Cutput
e

Slave { Msir 'I:

_I_H]J_I_:Dl Slave H Mstr 'E_-“']"_l_:D' Slave H Mstr 'E_'_h]-'l__:D Slave | Mstr '[l_'
- O] I I, S Ll
Single Single Single Single
= . = T
Each node has two potential masters- selected in Slave by BMCA
The Slave’s timebase is used for all the egress ports and the output

el Primary Flow
= Secondary Flow
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Boundary Clock Architecture: eV
Single GM, BC nodes, with transmitted ‘steps removed’

SR=0 SR=1 SR=2 SR=2 SR=3 SR=3 SR=4 SR=4
I |—’ Slave H Mstr ‘D—I ]JFDW-[ ]-Il—_:D slave II M ‘[_I—"]J_I_:Dl Slave I|‘ Mstr 'I: A4
P - M.
]- i iy T RIntE Ll
Single Single Single Single
GNSS BC BC BC e
] * B Lpe Selected Phase - saegj,;zra* - Sﬂe&ﬁzrase Lpe Selected Phase
Dutput Dutput
] Mstr [_
Grond Each node compares ‘steps removed’ in BMCA and all nodes select the primary flow
ierr based on minimum steps removed value.
Thus the timing flow is in both directions from GM towards the furthest point
> ot
- Slave || Mstr 'I:_I_>| |J : | ||5|“.E " Mstr -E—I-—]—'_l_:D. Slave H Mstr -E—l b ]"l__:D Slave H Mstr '['_'A
- T 0 1t SN
Single Single Single Single
- i i S
SR=0 SR=1 SR=2 SR=2 SR=3 SR=3 SR=4 SR=4

el Primary Flow

= Secondary Flow
.



Boundary Clock Architecture: 2

_ _ _ | SEMTECH
Failure: first action, everything controlled by SR
SR=0 P SR=2 SR=3 SR=3 SR=4 SR=4
i Slave H Mstr { Slave [} Mstr -I:_.b Slave H by ‘[_I—"' Slave H Mstr 'I: V
D) Vi =D
] B ]_[ -+ L[ - iy LI: — ] - LD"'
Single Single Single Single
GNSS BC BC1 ad BC2 B¢ BC3 BC BC4
] — g Selected Phase L Selected Phase
* Lpe Selected Phase Dutput Output Lpe Selected Phase
] Mstr [_ Dutput Dutput

BC2 sees failure first =>
Grand GM1

Master Slave switches to secondary path (steps removed 3) and transmits steps removed = 4
CC=6_ Timing loop created with BC2 & BC3!

Phaze
Cutput

™ Slave [ Mstr '[_|—>|:IJ_’_:D| Slave H{ Mstr 'I:—l“ l_-_ Slave H Mstr 'E—'_h:lJl—_:Dl Slave I dleiis '['_'A
-I— il - M -I— -l—-—
J_ LE ]_ |—|: < ] L[-n—'_ _1_ LE
Single Single Single Single 5
Selected Pt selected Pt
o st o i st o soca
SR=0 SR=1 SR=2 SR=2 SR=3 SR=3 SR=4 SR=4

el Primary Flow
= Secondary Flow
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Boundary Clock Architecture: 2

_ _ _ _ SEMTECH
Failure: first action, everything controlled by SR
SR=0 SR=4 SR=3 SR=3 SR=4 SR=4
i Slave H Mstr { Slave 1} Mstr -I:_.b Slave II sy ‘[_I—"' Slave H Mstr 'I: \v’
€ Vi D]
]4 ]_[ -+ L[ - iy LI: '—]‘ LD"'
Single Single Single Single
GNSS BC BC1 ad BC2 B¢ BC3 BC BC4
— g Selected Phase L Selected Phase
] * Lpe Selected Phase Dutput Output Lpe Selected Phase
] Mstr [ u Dutput Dutput

BC2 sees failure first =>
Grand GM1

Master Slave switches to secondary path (steps removed 3) and transmits steps removed = 4
CC=6_ Timing loop created with BC2 & BC3!

Slave || Mstr 'I:—I_'.| F’::l ]l Slave || Mstr .E_...]_I—l_:D, clave H Mstr .E_l_"']-'l__:D Slave H Mstr '[‘—'A
15 sl

Phaze
Cutput

- B! = _._'_
q ] - LI: - | | |—[ et || _ LE
Single Single Single Single :
BC BC e e
Selected Phase celected P
- OUIWJ - SE'ES:E,::EE | SEIEE:::E:‘ME L e Q:}:tpmmsg
SR=0 SR=1 SR=2 SR=2 SR=3 SR=3 SR=4 SR=4

el Primary Flow
= Secondary Flow
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Boundary Clock Architecture: 2

SEMTECH
Failure: second action
SR=0 SR=4 SR=5 SR=5 SR=4 SR=4
— - stave [ mste [[] el | 'I:_P}Il-_:l} e II e i:_l_""}'_l,:u Slave I|‘ wiste ([ V
- — ‘—I‘
ik L[ > L[ < L) L[ 1]« LD"
Single ;Ingle :fngfe Single
v s o B BC er 5 BC2 c BC3 BC BC4
* E Lpe Selected Phase - saegj,;zra* - Sﬂe&ﬁzrase Lpe Selected Phase
Dutput Dutput
] Mstr [_
Grond BC3 sees increase in ‘steps removed’ from 2 to 4 on it’s input=>
sz Ayt BC3 transmits steps removed = 5 (standby path was also 4 so did not switch)
CC=6 Timing loop still exists BC2 & BC3!
i
- Slave || Mstr 'I:_I_>| |J :| ||5|“.E " Mstr -E—I-—]—'_l_:D. Slave H Mstr -E—l b ]"l__:D Slave H Mstr '[‘_'A
Iy T 0 1t SN
Single Single Single Single
g i i g
SR=0 SR=1 SR=2 SR=2 SR=3 SR=3 SR=4 SR=4

el Primary Flow

= Secondary Flow
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Boundary Clock Architecture: 2

SENMTECH
Failure occurs: third action
SR=0 SR=6 SR=5 SR=5 SR=5 SR=5
i |—’ Slave H Mstr ‘[ slave ff Matr -[_P]JFD Sl II e l[_l_h:l"_l,:Dl Slave H Mstr 'I: V
- — .-Ia
- BiY o 1) O T p g~
Single Single Single Single
i GNSS i BC BC1 BC BC2 BC BC3 BC e
]_ * E Lpe Selected Phase - saegj,;zra* - Sﬂe&ﬁzrase Lpe Selected Phase
] - [Iq | BC4 sees increase in ‘steps removed’ from 3 to 5 on it’s input=>
Grand | GM1 BC4 switches ports and transmits steps removed = 5 (standby path was 4 switch)
Master ' cC=6 BC2 responds to BC3 raising steps removed from 3 to 5 by transmitting SR = 6
. Phose Timing loop still exists BC2 & BC3!

I

ﬁ
|

Slave || Mstr 'I:—I_'.D_I—’_:DW.E_F]J—F:D clave H Mstr .E_l_"']-'l__:D Slave N Mstr A
-

- < A M
B LE J L[ B . L[*—'_ H L[ “""
Single Single Single Single .
BC BC BC -
Selected Phase celected P
. o OUIWJ - SE'ES:E,::EE | SEIEE:::E:‘ME L e Q:}:tpmmsg
SR=0 SR=1 SR=2 SR=2 SR=3 SR=3 SR=4 SR=4

el Primary Flow
= Secondary Flow
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Boundary Clock Architecture: 2

i _ SEMTECH
Failure occurs: Fourth action
SR=0 SR=6 SR=6 SR=6 SR=5 SR=5
— siave H mstr { Slave Mstr '[_-’ Slave H Mstr ‘[—|_-,_ siave N Mstr _I: \v/
- TFD i) '
- BiY o 1) O T p g~
Single ;I:gle Single Single
GNSS BC BC1 BC2 BC BC3

] i Be BC4
Selected Phase Selected Phase
* Lpe Selected Phase - Dutput - Output Lpe Selected Phase
] Mstr [ Dtk Dutpk

BC3 sees increase in ‘'steps removed’ from 5 to 6 on it’s input=>

Grand | GM1 BC3 switches ports to the standby which has SR = 5 and transmits steps removed = 6
Master ' cC=6 Timing loop removed...

Phaze
Slave || Mstr 'I:_I_>| |J :| ||5|“.E " Mstr -E—I-—]—'_l_:D. Slave H Mstr -E—l b ]"l__:D Slave H Mstr

Cutput

ﬁ
|

]+ -+ - A M
B LE - L[ B . L[ nall L[ “""
Single Single Single Single :
BC BC BC -
Selected Phase celected P
- OUIWJ - SE'ES:E,::EE | SEIEE:::E:‘ME L e Q:}:tpmmsg
SR=0 SR=1 SR=2 SR=2 SR=3 SR=3 SR=4 SR=4

el Primary Flow
= Secondary Flow
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Boundary Clock Architecture: cEMA
Failure occurs: Final action

SR=0 SR=7 SR=6 SR=6 SR=5 SR=5

I—’ stave N Mstr { Slave H Mstr '[_-’]"l__:D Slave H Mstr ‘[_I_-..]J—I—:DISIHE  str _I:

I
]
1

)- BiY o 1) O T g~
Single Single Single Single
v s o B BC e BC BC2 BC BC3 BC -
:L . [ - s g - e o st
] str [_

BC2 sees increase in ‘'steps removed’ from 5 to 6 on it’s input=>
Grand | GM1 BC2 transmits steps removed = 7

Master ' cC=6 Slaves now begin to ‘settle’ and pull in any changes

Phaze
Slave || Mstr 'I:_I_>| |J :| ||5|“.E " Mstr -E—I-—]—'_l_:D. Slave H Mstr -E—l b ]"l__:D Slave H Mstr

Cutput

ﬁ
|

] -+ - A M
h O 01 T - R
Single Single Single Single :
BC BC e BC
Selected P Selected Ph
T T et T et T
SR=0 SR=1 SR=2 SR=2 SR=3 SR=3 SR=4 SR=4

el Primary Flow
= Secondary Flow
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Boundary Clock Architecture: eV
Single GM, Lab Setup Initial state

—fre DR DD AR
P | 1= |
]‘ | |_[|_‘_1 ™ L["' L L[*_l—]‘ | LI:""
15.88.27.100 Single .;J‘:gle :fgsff Single
GNSS BC BC1 B BC3 8¢ BC4
;::L T E- 15.88.27.30 | somsmee 15.88.27.31 - st e 15.88.27.32 - Seected e 15.88.27.33 |, selected phase
Output Output
Mstr
Grand
Moster | GM1
Phaze
Cutput
h ! ] |
- P | . M | N B
| LEI-._I_.I" L[ - s l—[-il—'__l LE
Single Single Single Single
BC BC8 BC BC7 BC BC6 BC BC5
15.88.27.37 ..,s.elegethitﬂase 15.88.27.36 |, selected phase 15.88.27.35 |, selected phase 15.88.27.34 Ly selected phase
Py Cutput

Cutput

Output
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Network Manager Tool:
A Display of Networked PTP elements

‘) ToPSync Metwork Manager

File Device Tools Help

|
J
SEMTECH

=] E3

B2

Managed Devices

4

Device/Port | Address | State | Diomain | Shiow, &
= ToPSync Mew name 172,31.2258.103
Part 1 172.31.226.103 Slave 0 I3
Part 3 172.31.228.103 Master 1 I
[ ToPSync #1 (ACS9520) 172.31.2258.581
Fort 1 172,31,278,81 Slave v
|
[=] ToPSync #2 (ACS9520)  172.31.228.101
Part 1 172.31.225.101 Slave 1 I
Bl ToPSync #3 (ACS9520)  172.31.228.83 |
Part 1 172.31.2258.683 Passive 3 v
Part 3 172.31.2258.683 Master 0 v
[ ToPSync #4 (ACS9520) 172.31.2258.82
Part 1 172.31.2258.82 Disabled 1]

[
I_IL

Detected Devices

IP Address | Part

State

Unicast Discovery

[Manage |

IP address:

Add

Yersion: Mainz50ct

ToPSync #3 (AC59520)
"4 172.31.228.83
+| Port3:Master

ToPSync Mew name
4 172.31.228.103
Port 3:Master
Time: 1822336.522 5

|

ToPSync #4 (AC59520)
"4 172.31.228.82
Port 3:Master
Time: 1822336.551 s

Network Cloud

Network Cloud

Network Cloud

ToPSyne #4(AC59520)
P 172.31.228.82

Port 1: Disabled
Error: 0.000 s

TaPSync Mew name
‘ 172.31.228.103
Port 1:Slave
Error: -2,927 ns
\.

.

-
ToPSync #2 (AC59520)
"4 172.31.228.101
Port 1:Slave
Errar: -453.151 ps

ToPSyne #1 (AC59520)
P 172.31.228.81

Port 1:Slave

\
p

Error: -1.809ns
\

F ToPSync #1 (ACS9520)
A

172.31.228.81

Port 2:Slave 8]
Error: 2,887 ns L=

F ToPSync #3 (ACS9520)
| 172.31.228.83

| v

N KN




Initial Lab Setup: GUI screenshot

15.88.27.100 : 1

Grand Master r P

BC1
"4 15.88.27.30

Part 3: Master
Time: 4June 2014 13:09:37

BC2
‘ 15.88.27.31

Port 3: Master
Time: 4June 2014 13:09:37

BC3
"4 15.88.27.32

Port 3: Master
Time: 4June 2014 13:09:37

B4
‘ 15.88.27.33

Port 3: Master
Time: 4June 2014 13:09:37

BCS
'd 15882734

Port 3: Master
Time: 4June 2014 13:09:37

BCE
‘ 15.88.27.35

Port 3: Master
Time: 4June 2014 13:09:37

BC?
'd 1588.27.36

Part 3: Master
Time: 4June 2014 13:09:37

BCa
‘ 15.88.27.37

Port 3: Master

Time: 4June 2014 13:09:37 L]

Master portsJ

Network Cloud

-~

BC1
J 15.88.27.30

Port 1: Slave
Error:-532.504 ns
L

b
BC2
"d 1588.27.31

Port 1: Slave
Error:-2.65% ns
LN

b
BC3
‘ 15.88.27.32

Port 1: Slave
Error: 20.354ns
\,

p
B4
"d 15B8.27.33

Port 1: Slave
Error: 19.770 ns
LN

b
BCS
‘ 15.88.27.34

Port 1: Slave
Error:-17.208 ns
\

b
BCa
'd 15.88.27.35

Port 1: Slave
Error:-77.688 ns
LN

-

BC7
J 15.88.27.36

Port 1: Slave
Error:-80.353 ns
L

o

BC3
'd 15-88.27.37

Port 1: Slave

Error:-2.%51ns
LN

Slave ports
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Each BOX is a
PTP PORT

Each BC has two
PORTS-
one is Master &
one is Slave




Single BC loop: Initial Lab Setup 2

Semtech GUI screenshot S
Grand Master r e

15.88.27.100 : 1

ﬁgIlllll-IIIllIlllll.

smmmm s pEEEEEEEEER apmEEEEEEEEEEEEE

o* 8" N L '4 1588.27.30 .
BC1 'd 15-88.27.30 oot 1: Sla BC1 .
1: n
Port 3: Master c e .
rror: -52.504 ns B L4

'lllll ll-ﬁrienoiliﬂliﬂi‘hliﬁﬁillfv AT TTEI R R R R L LR oy amumn s smmmn?®
‘lllll 7_. IIIIIIIIIIIIII-I ssEEEEEEEEEE --?i}iz-----------------l,
: 15.88.27 3
Bcz r 15.88.37.31 4 41 BC2:
Port 1: Slave -
Port 3: Master E U r
. r_r\ % » rror —2 EBan iy "
amEEE u m@]-n!m!ﬁ}ﬂg,lllp L] TEER R LY B -: IR L smEESE
‘Illll | T T o TR EER L lllFﬁﬁllllllllllllllllll.
15.88.27 e
BC3 Els.ss.zuz Po‘rl:lﬂa . BC3:
Port 3: Master \ Erro-J: = :

| n ll.llr'lIu'asslisllllllllPill smmun®

I

L |

| |

| }

| }

| |
Ty
*

0 ammmm NN s EEcEEne Egm N ey 0 . F*

-zl;:;a:z;;;lllllnll-Bllch

Port 1: Slave
Err
E”-lg:r?unsllIIllll‘Il lllll‘

IE?S-;BTZ;;:IIIIIIIIIIIII.

Yamn

‘IIIII llllllllll
BC4
BC4 H 15.88.27.33
Port 3: Master
*e L o R UL LR ket il ol

*

‘----- _:_: ---------------
- BC5 Y e Port 1:Sia BC5:
1: Ve C
Port 3: Master ]
2 Error: -17.208 n (2 v
R e A L Ll b smumnt®
)

'l s mmnn nnEmesdlene D09 Y puy l‘Flt

>

m Bﬁllllllllllll..ll..
zﬁ.aa. == ¥
27.35 BCG

Port 1: Slave
Errar:-77.
BBBI-ISIIIIIIIEJ‘II Illll‘

‘ mEmEN Iﬂ
BC6 'd 15.332?35
Port 3: Master

Yamn

QIIIIIIII-EMH‘:EJ-'I' Nem Mg B,
‘Illll (] mEB -r c?llllllllllllllllll.
BC7 *
'4 1588.27.36 n
15.88.27.36
BC7 4 Port 1: Slave BC7:
qurﬂrll'auﬁﬁililllll-lﬁ:ln lllll‘.

Port 3: Master
u IIIIIIIIIIIII n

'.------.]&-ﬂh'hf‘flgfg.---.’t
‘llllll ﬁEBIIIIIIIIIIII llllllllllllll I?BEBIIIIIIIIIIIII Illll.‘
BC8 P 15.88.27.37 15.88.27.37 BC8 )
Port 3: Master PRSI :
Error:-2.951ns [ L4
IIIIIIIIIII‘II IIIII‘

'lllll ll‘iﬁﬂ‘i]ln'!ﬂ!@i!wls’II’IIIIIIIIIIIIIIlllll anul

Master ports Slave ports
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Single BC loop: Initial Lab Setup
Semtech GUI screenshot

Grand Masterl e

15.88.27.100 : 1

BC1
'd 15.88.27.30

Part 3: Master
Time: 4June 2014 13:09:37

BC1
J 15.88.27.30

Port 1: Slave
Error: -52.504 ns (]

il -

BC2
‘ 15.88.27 .31

Port 3: Master
Time: 4June 2014 13:09:37

15.88.27.31

Port 1: Slave

_— L)
Error:-2.695 ns P I
a

BC3
' 15.88.27.32

Port 3: Master
Time: 4June 2014 13:09:37

15.88.27.32

Port 1: Slave
Error: 20354 ns L)

A 32

B4
‘ 15.88.27.33

Port 3: Master
Time: 4June 2014 13:09:37

7 15.88.27.33

Port 1: Slave
Error: 19.770 ns ""11

& 5o

Network Cloud

BCS
'd 15882734

Port 3: Master
Time: 4June 2014 13:09:37

J 15.88.27 34

Port 1: Slave
Error:-17.208 ns L)

W oo

>

BCG
J 15.88.27.35

Port 3: Master
Time: 4June 2014 13:09:37

/1

'd 15.88.27.35

Port 1: Slave
Error: -77.888 ns [+

& cc;

BCF
'd 15882736

Part 3: Master
Time: 4June 2014 13:09:37

J 15.88.27.36

Port 1: Slave
Error: -80.353 ns (]

BCa
J 15.88.27.37

Port 3: Master
Time: 4June 2014 13:09:37

ECH
Pj 15882737

Port 1: Slave
Error:-2.951ns '\"’i

Master ports
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Initial Lab Setup: GUI screenshot

Grand Master r P

6/5/2014

15.88.27.100 : 1

BC1
"4 15.88.27.30

Part 3: Master
Time: 4June 2014 13:09:37

BC2
‘ 15.88.27.31

Port 3: Master
Time: 4June 2014 13:09:37

BC3
"4 15.88.27.32

Port 3: Master
Time: 4June 2014 13:09:37

B4
‘ 15.88.27.33

Port 3: Master
Time: 4June 2014 13:09:37

BCS
'd 15882734

Port 3: Master
Time: 4June 2014 13:09:37

BCE
‘ 15.88.27.35

Port 3: Master
Time: 4June 2014 13:09:37

BC?
'd 1588.27.36

Part 3: Master
Time: 4June 2014 13:09:37

BCa
‘ 15.88.27.37

Port 3: Master
Time: 4June 2014 13:09:37

Network Cloud

Master portsJ
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BC1
J 15.88.27.30

Port 1: Slave
Error:-532.504 ns
L

b
BC2
"d 1588.27.31

Port 1: Slave
Error:-2.65% ns
LN

b
BC3
‘ 15.88.27.32

Port 1: Slave
Error: 20.354ns
\,

p
B4
"d 15B8.27.33

Port 1: Slave
Error: 19.770 ns
LN

b
BCS
‘ 15.88.27.34

Port 1: Slave
Error:-17.208 ns
\

b
BCa
'd 15.88.27.35

Port 1: Slave
Error:-77.688 ns
LN

-

BC7
J 15.88.27.36

Port 1: Slave
Error:-80.353 ns
L

o

BC3
'd 15-88.27.37

Port 1: Slave

Error:-2.%51ns
LN

Slave ports
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Line color
denotes selected
master/slave
link

Failure + 2s




Initial Failure: BC1 to BC2 SEMEECH
BC2 slave port goes passive

Grand Master r T

15.88.27.100 : 1

BC1
‘ 15.88.27.30

EC1
"4 15882730 Port 1: Slave
BC1 Port 3: Master Error:-35.113 ns

Time: 4June 2014 13:09:40

BC2
‘ 15.88.27.31

Port 3: Master

Time: 4June 2014 13:10:16 ]
v BC3
3 ‘ 15.88.27.32
EC3
'd 15882732 Port 1: Slave
BC3 Port 3: Master L Error: 21.154 ns

Time: 4June 2014 13:09:41

BC3
‘ 15.88.27.33

Port 3: Master

b
BC4
'd 15.88.27.33

Port 1: Slave
Error: 20,020 ns
‘e

>

Time: 4June 2014 13:09:40 L o]
e BCS
A E 15.88.27.34
ECS
J 15.88.27.34 Port 1: Slave
BC5 Port 3: Master Error: -17.209 ns
) N

Time: 4June 2014 13:09:41

ECB
‘ 15.88.27.35

Port 3: Master

b

BCG
'd 15.88.27.35

Port 1: Slave
Error:-81.72% ns
‘.

Time: 4June 2014 13:09:40 ] BCT
.
3 E 15.88.27.36
EC7
BC7 P| 15.88.27.36 Port 1: Slave
Port 3: Master LError:-Bl.ﬁZlns
. OG- Ly
Time: 4June 2014 13:09:41 ng BCH
3 d 15-88.27.37

6/5/2014

BEC3
‘ 15.88.27.37

Port 3: Master
Time: 4June 2014 13:09:41

Port 1: Slave

Master ports
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Error: -2.588 ns
‘e

Slave ports

Failure + 5s




Initial Faillure: BC1 to BC2 2

_ SEMTECH
BC2 Master port goes passive
Grand Master ] oo

15.88.27.100 : 1 [

BC1
‘ 15.88.27.30

EC1
"4 15882730 Port 1: Slave
BC1 Port 3: Master Error:-35.384 ns

b

BC2
'd 15.88.27.31

| Port 1: Passive
;| Error: 0.000s
e

-

BC3
‘ 15.88.27.32

Port 1: Slave
Error: 21.336ns
N

b
BC4
'd 15.88.27.33

Port 1: Slave
Error: 19.561 ns
‘e

>

BCS
‘ 15.88.27.34

Port 1: Slave
Error: -17.207 ns
N

b

BCG
'd 15.88.27.35

Port 1: Slave
Error:-81.226 ns
‘.

BCF
‘ 15.88.27.36

Port 1: Slave
Error: -G4.556 ns
N

BCa
'd 15.88.27.3F7

Port 1: Slave
Error: -2.277 ns
‘e

Time: 4June 2014 13:09:46 L]
_l

Port 3: Passive

&Y Time: 4 June 2

'd 15882732

Port 3: Master
Time: 4June 2014 13:09:46 L+ ]

BC3
‘ 15.88.27.33

Port 3: Master
Time: 4June 2014 13:09:46 L+ ]

ECS
4 15882734

Port 3: Master
Time: 4June 2014 13:09:46 L]

ECB
‘ 15.88.27.35

Port 3: Master
Time: 4June 2014 13:09:46 L]

EC7
4 15882736

Port 3: Master
Time: 4June 2014 13:09:46 L+ ]

BEC3
‘ 15.88.27.37

Port 3: Master
Time: 4June 2014 13:09:46 L+ ]

Master ports Slave ports Failure + 6s

© 2014 Semtech Corporation
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Initial Faillure: BC1 to BC2 2

_ SEMTECH
BC2 Slave port switches from BC1 to BC3
Grand Master ] oo

6/5/2014

15.88.27.100: 1
BC1
A E 15.88.27.30
BCL
P | 15.88.37.30 Port 1: Slave
BC1 Port 3: Master Error:-55.100 ns
Time: 4June 2014 13:09:46 '-gJ & B2
3 BR.27.31
BEC2
BCZ b 15.88.27.31 ‘w
Port 3: Passive ' . .
o =1 [ ]
Time: 4June 2014 13:09:47 &_. B3
A ‘ 15.88.27.32
BC3
E 15.88.27.32 Port 1: Slave
BC3 Port 3: Master [ Error: 210601
. e A ("
Time: 4June 2014 13:09:47 | ngJ BC4
3 J 15.88.27.33
EC4
BC4 E 15.88.27.33 Part 1: Slave
Error: 20,107 ns
et Network Cloud -
Time: 4June 2014 13:09:46 L+ ]
vy BCS
A ‘ 15.88.27.34
BCS
E 15.88.27.34 Port 1: Slave
BC5 Port 3: Master ( Frrori-17.331ns
. 7
Time: 4June 2014 13:09:47 "ngJ BCH
3 J 15.88.27.35
ECE
BC6 E 15.88.27.35 Part 1: Slave
Port 3: Master L Error:-79.%1% ns
o =1 [ ]
Time: 4June 2014 13:09:46 &J BCT
A ‘ 15.8B.27.36
ECF
BC7 E 15.88.27.36 Port 1: Slave
Port 3: Master L Error:-85.231ns
- - - .J
Time: 4June 2014 13:09:47 | ngJ BCH
3 J 15.88.27.37
EC8
BC8 E 15.88.27.37 Part 1: Slave
Port 3: Master L Error:-2.18% ns
Time: 4June 2014 13:09:47 L+ ]

Master ports

Slave ports

© 2014 Semtech Corporation
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Initial Failure: BC1 to BC2
BC4 Slave port switches from BC3 to BC5

15.88.27.100 : 1

Grand Master r T

EC1
"4 15882730

Port 3: Master
Time: 4June 2014 13:09:49

BC2
‘ 15.88.27.31

Port 3: Passive
Time: 4June 2014 13:09:49

EC3
'd 15882732

Port 3: Master
Time: 4June 2014 13:09:49

BC3
‘ 15.88.27.33

Port 3: Master
Time: 4June 2014 13:09:49

Network Clowd

ECS
4 15882734

Port 3: Master
Time: 4June 2014 13:09:49

ECB
‘ 15.88.27.35

Port 3: Master
Time: 4June 2014 13:09:49

EC7
4 15882736

Port 3: Master
Time: 4June 2014 13:09:49

BEC3
‘ 15.88.27.37

Port 3: Master
Time: 4June 2014 13:09:49

Master ports

© 2014 Semtech Corporation
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-~

BC1
‘ 15.88.27.30

Port 1: Slave
Error: -54.246 ns

b

BC2
'd 15.88.27.31

Port 1: Cal A (freq)
Error: 0.000 s

BC3
‘ 15.88.27.32

Port 1: Slave
Error: 21.068 ns
N

-

b

J 15.88.27.3.
Port 1: Slave

BCS
‘ 15.88.27.34

Port 1: Slave
Error: -17.844 ns
N

b
BCG
'd 15.88.27.35

Port 1: Slave
Error: -77.862 ns
‘.

BCF
‘ 15.88.27.36

Port 1: Slave
Error: -33.284 ns
N

BCa
'd 15.88.27.3F7

Port 1: Slave

o
-

Error: -2.0%8 ns
‘e

Slave ports Failure + 10s

-



Initial Faillure: BC1 to BC2

BC3 Slave port switches from BC2 to BC4

Grand Master
B

Unknawn PTP node
15.88.27.100: 1

BC1
‘ 15.88.27.30

BC2
‘ 15.88.27.31

Port 3: Passive
Time: 4June 2014 13:09:53

EC1
"4 15882730 Port 1: Slave
Port 3: Master Error: -50.84%8 ns
Time: 4June 2014 13:09:53 '-,g_l =
7 d 1588.27.31

Port 1: Cal A (freq)
Error: 0.000 s

EC3
'd 15882732

Port 3: Master
Time: 4June 2014 13:09:53

BC3
‘ 15.88.27.33

Port 3: Passive
Time: 4June 2014 13:09:53

z 15.88.27.33

Port 1: Cal A (freq)
Error: 0.000 s
‘e

ECS
4 15882734

Port 3: Master
Time: 4June 2014 13:09:53

Network Cloud -
BCS
‘ 15.88.27.34

Port 1: Slave
Error:-18.507 ns
N

ECB
‘ 15.88.27.35

Port 3: Master
Time: 4June 2014 13:09:53

b
BCG
'd 15.88.27.35

Port 1: Slave
Error:-72.1535ns
‘.

EC7
4 15882736

Port 3: Master
Time: 4June 2014 13:09:53

BCF
‘ 15.88.27.36

Port 1: Slave
Error:-G7.361ns
N

BEC3
‘ 15.88.27.37

Port 3: Master
Time: 4June 2014 13:09:53

BCa
'd 15.88.27.3F7

Port 1: Slave
Error:-1.%21ns
‘e

Master ports

Slave ports

© 2014 Semtech Corporation
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Initial Faillure: BC1 to BC2

Slave ports calibrating, Masters passive
Grand Master ] oo

6/5/2014

15.88.27.100 : 1

EC1
"4 15882730

Port 3: Master
Time: 4June 2014 13:09:53

Port 3: Passive
Time: 4June 2014

EC3
'd 15882732

Port 3: Master
Time: 4June 2014 13:09:53

4 15882734

Port 3: Master
Time: 4June 2014 13:09:53

ECB
‘ 15.88.27.35

Port 3: Master
Time: 4June 2014 13:09:53

EC7
4 15882736

Port 3: Master
Time: 4June 2014 13:09:53

BEC3
‘ 15.88.27.37

Port 3: Master
Time: 4June 2014 13:09:53

)

Master ports

© 2014 Semtech Corporation
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4

-~

BC1
‘ 15.88.27.30

Port 1: Slave
Error: -50.84%8 ns

Port 1: Cal A (freq)
Errar: 0.000 s

BC3
‘ 15.88.27.32

Port 1: Slave
Error: 0.000s
N

o
15.88.27 .35
~
‘ Port 1: Cal A (freq)
or: 0.000 s

BCS
‘ 15.88.27.34

Port 1: Slave
Error:-18.507 ns
N

b

BCG
'd 15.88.27.35

Port 1: Slave
Error:-72.1535ns
‘.

BCF
‘ 15.88.27.36

Port 1: Slave
Error:-G7.361ns
N

BCa
'd 15.88.27.3F7

Port 1: Slave
Error:-1.%21ns
‘e

Slave ports

SEMTECH

Failure + 14s



Final Post Failure: BC1to BC2 2

. ] SEMTECH
Everything settled 24 seconds after failure
Grand Master ] oo

15.88.27.100: 1

BEC1
‘ 15.88.27.30

BC1
¥} 15.88.27.30 Port 1: Slave
BC1 Port 3: Master Error:-54.418 ns
Time: 4June 2014 13:10:43 [~} [ B2
o
3 E 15.88.27.31
BC2
BCZ E 15.88.27.31 Port 1: Slave
Error: 59.729
Port 3: Master e s
Time: 4June 2014 13:10:43 L") [ BC3
i
N E 15.88.27.32
BC3
z 15.88.27.32 Port 1: Slave
BC3 Port 3: Master | Frror:-10.061ns
) ~
Time: 4June 2014 13:10:43 L+ 1 Bra
o
3 E 15.88.27.33
BC4
BC4 E 15.88.27.33 Port 1: Slave
Error: -2.286 ns
HITEER e Network Clowd -
Time: 4June 2014 13:10:43 Ly ] BCS
J
3 E 15.88.27.34
BCS
z 15.88.27.34 Port 1: Slave
Error:-17.640
BC5 Port 3: Master e s
b
Time: 4June 2014 13:10:43 L] BCE
o
3 E 15.88.27.35
BB
BC6 z 15.88.27.35 Port 1: Slave
Error:-87.910
Port 3: Master Wkl N
Time: 4June 2014 13:10:43 L") BT
J
N E 15.88.27.36
BC7
BC7 z 15.88.27.36 Port 1: Slave
Error:-68.233
Port 3: Master kel N
Time: 4June 2014 13:10:43 '-"g BCH
o
3 E 15.88.27.37
BCA
BC8 E 15.88.27.37 Port 1: Slave
Port 3: Master Error: -6.4%7 ns
Time: 4June 2014 13:10:43 Ly}

Master ports

Slave ports

© 2014 Semtech Corporation
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Single BC Ring- Summary SEMTECH

4 PTP Rings can be created

O ‘Steps removed’ is the primary arbitration in each node

O Timing passes in two directions from GM to furthest point

0 Temporary timing loops are created

O A failure triggers a chain of events that take time to settle

O Every node that ‘switches’ may have a ‘hit’ whilst slave settles

O What to do on recovery?

6/5/2014 © 2014 Semtech Corporation



- www.semtech.com

Dual BC Ring
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: : J
Let’s consider other Node Architectures SEMTECH
d Can we make fault tolerance hitless?

O Can we remove transient timing loops?

O Can we improve failover and recovery times?

6/5/2014 © 2014 Semtech Corporation



Boundary Clock Ring: Node Architectures 2
A ‘normal’ Boundary clock

]J’__:Dl Slave || Mstr 'E
g LE
8

Single
BC
L Selected Phase
Cutput
Single BC:

A single slave port
locks to a selected
master creating a

single timebase.

The Master, all egress
ports and the selected
output are tied to the
slave timebase.

The slave port may or
may not be able to
hitlessly switch on
failure.

6/5/2014

H stave J_’_:Dﬂ

:l-l—| Slave -E

Dual
Slave

L Selected Phase
Output

Dual Slave:

Two independent slave
ports create two
internal timebases.

A single Master selects
a slave timebase and
uses it for all egress
ports and the selected
output.

The master can
hitlessly switch
between slaves on
failure.

© 2014 Semtech Corporation

SEMTECH

Slave = Mstr
H d
:l- Wistr |-= Slave -[

Dual Y
BC

Lp Selected Phase
Qutput
Dual BC:
Two completely
independent boundary
clocks.

Two slaves create a
timebase for two
dedicated masters.

One of the two
timebases is selected as
the output.

Master ports never
switch on failure,
merely enter holdover.

All switching is
performed hitlessly in
the output selection.




~
: Z
Node Architectures Summary SEMTECH

Q ‘Single BC’
» Traditional in the sense that it selects a timing ingress port and locks to it

= ‘Crosses that bridge...’
le. When a failure occurs, then press the mechanisms into action, not before

O ‘Dual Slave’

= A BC with two independent slave ports.
= Each slave is permanently locked to the selected master

= Switching performance is hitless, as slaves are pre-locked but fault management
is the same as the ‘Single BC’

d ‘Dual BC’

= Two completely independent boundary clocks
= Can maintain a timing flow in both directions
= Permanently ready for an instant and hitless response to a failure

6/5/2014 © 2014 Semtech Corporation



Dual Boundary Clock Architecture: SEMAECI
Conceptual- Single GM, 2 contra-rotating ‘sync rings’

\i
J

Slave =1 Mstr .[|_I—>
} Slave =1 Mstr 'I:

} o B I e { } Mstr l Slave -I:—:.— } Mstr |- Slave {-q_l } st el Stave £*_
Dual ! Dual i Dual A J Dual | l
e o BC ‘? BC
Ly

BC ‘?
] * — Selected Phase |—p Selected Phase
Lp Selected Phase Cutput Qutput I—p_ Selected Phase
] Mstr Output

Output
Grand Each node compares the properties of the ‘timebase’ in a BMCA
Master

All properties are identical except for ‘steps removed’.

—Ir:l— o = { |—I':|- Slave | Mstr -[
-l |

= Phase Qutp

_."I} Slave | Mstr -I:

_I—D-} Slave =l Mstr -E I‘-]— Slave ==l Mstr -D—I_..} slave i £—

} Mstr | slave {*—l—]— Mstr Slave -|: : :I- Mstr Slave -I:|-l-| } Mstr |- i slave 'E"'_

1] \% Dual A l Dual Y l Dual -

i sc -/ sc BC ‘?

Lp Selected Phase L...
Ly Lo

Output Selected Phase
Crutput

Selected Phase
Selected Phase OClutput
Crutput

Each node has two independent boundary clocks

Each slave has only ONE acceptable master- the upstream node
Each slave is dedicated to a master

Node phase output can switch hitlessly between timebases based on BMCA

el Primary Flow
me- Secondary Flow
6/5/2014

-
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Dual BC Test setup 1:
Lab setup (add a second GM for clarity)

CC=Clock Class
SR=Steps Removed

GM=1 GM=1GM=2 GM=1GM=2 GM=1GM=2 GM=1
CC=6 CC=6 CC=6 CC=6 CC=6 CC=6 CC=6 CC=6
SR=0 SR=1 SR=7 SR=2 SR=6 SR=3 SR=5 SR=4
-I—D} Slave =1 Mstr 'I:—I } lave g -E } Slave o -[I_I—D} Slave = Mstr 'l: \il
GNSS
1]7 i } Mstr b _— _[_.-_]_} Mstr |- Slave -I:-‘:'.— :l— Mstr f= Slave -E-q-l ]— Mistr e S { p
Dual ¥ Dual Yy
Mstr Dual Yv Dual Yy
b Tea| b el e e fu" o
Grand GM1 -~ Ly selected Phase Ly selected Phase -
Master CC - 6 ‘Sele::‘leld P{1ase Output Output Selett;i:rase
o e oucot GM=1 GM=1 GM=1 GM=1
nase Dutpu
Each node compares the properties of the ‘timebase’ in a BMCA (equivalent)
GNSS All properties are identical except for ‘steps removed’.
y | GM=2 GM=2 GM=2 GM=2
M str
:] I::: [} stave Mstr '[_|—|-:|- stave f——#{ Mstr H{ [——{H stave || mstr -D—|_'} Slave [—y={ s [{] A
Grand :
Mr::ter L } Mstr |- Slave -E-I—I_ } Mstr |- Slave { -
CC=6 :l- Mstr |- Slave -I: - :l- Mstr |- Slave -D-l-l
Dual Yy Dual Yy
L Phase Output Dual A J Dual A J Y
' B¢ T’ BC8 BC ~ BC7 BC ' Bc6 B¢ ‘T BC5|
L-' kleg:ti.:rase l—p.- Selected Phase l—p.- Selected Phase L.' Sglegii:ram
Output Ot purt
GM=2 GM=2 GM=1 GM=2 GM=1 GM=2 GM=1 GM=2
CC=6 CC=6 CC=6 CC=6 CC=6 CC=6 CC=6 CC=6
SR=0 SR=1 SR=7 SR=2 SR=6 SR=3 SR=5 SR=4

6/5/2014
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Dual BC Test setup 1: e s
Fallure between BC1 & BC2

’%

GM=1 “l  GM=1GM=2 GM=1GM=2 GM=1
CC=6 = CC=7 CC=6 CC=7 CC=6 CC=7
SR=0 - SR=2 SR=6 SR=3 SR=5 SR=4
-I—D} Slave = Mstr 'I: lave o -E } Slave o -[I_I—D} Slave > Mstr 'l: \il
GINSS
i } Mstr | s { Mstr |- Slave -I:-‘:'.— :l— Mstr f= Slave -E-q-l ]— Mistr e S { p
Dual ¥ Dual Yy
Mstr Dual Yv Dual Yy
;:] 0 e Poeaa| & T 2] ¢ BE3|  [o U ey
Grand GM1 -~ Ly selected Phase Ly selected Phase -
Master CC=6 ‘Sele::‘leld P{1ase Output Output Selett;i:rase
o e vt GM=1 GM=2 GM=2 GM=2
nase Outpu
BC2 primary slave enters holdover so primary master raises clock class by 1
GNSS

Change in CC is propagated round the ring and BC2, BC3 & BC4 hitlessly switch
; | y ‘ E | GM=2 GM=2 GM=2 GM=2
Mstr

[} stave Mstr '[_|—|-:|- stave f——#{ Mstr H{ [——{H stave || mstr -D—|_'} Slave [—y={ s [{] A
Grand | GM2 :
Master |CC=6 [} Vst | Save -I:"_|—:|- Mstr |« slave ([ H mstr [ slave |-t [H mstr [ slave |1
Dual Yy Dual Yy
L Phase Output Dual Y Dual Y
Bc T BCB sc 7 BC7 sc 7 Bce sc_ 7 BCS
> e L selecid e L setcted s - e
GM=2 GM=2 GM=1 GM=2 GM=1 GM=2 GM=1 GM=2
CC=6 CC=6 CC=7 CC=6 CC=7 CC=6 CC=7 CC=6
SR=0 SR=1 SR=7 SR=2 SR=6 SR=3 SR=5 SR=4
6/5/2014

© 2014 Semtech Corporation

-



- www.semtech.com

21—t =

Dual BC ring Lab test



ray
p
How the dual BC-Ring looks in the GUI SEMTECH

2

= — U Each cloud represents a domain

Seq  1s@zm
Patl 18882130 Swe 1

=

Patz sEmz@ See 10 H H H
mionmn A DB » Clockwise ring — domain 1
Fatd 1582.27.90  Mester 10 ]

Beq  mwmaa
Portl 152751 See 1 ]

Patz 1823 Sew W [ - A H 1 H 1
monmny D2 nticlockwise ring — domain 1
Pat4 mma e 1 |7 iy

Ef =] 1587% © L=} x
Patl S8R Sem o} o Wi ssar0
Pot2 1588273  Sae 10 P 15582730 Port 1: Slave
Portd 15,8827 Mester 1 = o 16,135 ms.

e A

Sece 158213 kit Bl = sa
bl 15832735 Sae 1 = P | TRt
Fatz 5@maE swe 10 Pl t5anarn Port 1: Save
Portd 15892733 Mester 1 = Ervor; 4.472ns
i e e = WO grandmasters

= 8CS 19.88.27. 34 irabimiimiasividcniin -

Fatl S Sem o} il o | 2

Fat2 1583273 Swe 10 = P 1555332 Port 1: Slave

Potd 15892734 Mesmter 1 o] Ervor 5,848 -
m s e S \ = = One per domain
= 808 15.88.27.36 sachdarer LRl -

Patl semas sae 1 ™ oo P 5smir3s

Pt 15882735 Swe 10 5] P ismnars Part 1: Shave

Pot3 1589.27.35  Master 1 e . Ervor 4723808

Portd 15882735 Master 0 3] st

= 807 15.88,27. 36 Time: § June 2014 15:38:21 a l_E
Fatl 5EZE See il o | 2B
Ptz 189273 See 10 5] P insears Part 1: Slave.

POLI 1588273  Master 1 = e — / Ervor: 7.001 8
Portd 1588273 Master 10 = —— I/
g B o Timé: 5 June 2014 15:30:21 ) / )
Pt smzs s 1 o] —pm \ W ssearas
Pat2 S@AT S 1 @ Wi iSanarss \ Port 11 Slave
Fotd 1SE827T7  Master 1 e .‘ Eror; §.604ms.
Portd  15.88.27.37  Mester 10 = _—
Time: sauneznis1sana B ’,r \ VY oo
T \ YW = F'wo slaves
P 15582136 Port 1: Slave.
= \\ Ervor: 6.201ns

. - Tme: sane 13w B [

CE P omarar u 'wo masters

Detected Devices P 1588237 port1:

o 23,8281
P Address Fat £ edm

15.68.27.40 ACSISZ0  Ready

Managed Devices

Unknows FTF nade
1588.27.103:1

e

= z e rortz sve Device/Port | Address Stake Damain sh
ToEspezomiimal = BC1 15.88.27.30

. Port 1 15.88.27.30  Slave 1
Port 4 Haster FPork 2 15.858.27.350 Slawe 10

|
Port 2: Slave

Eror: 35.434ns

Park 3 15.88.27.30 Master 1

Park 4 15.88.27.30 Master 10
= BZz 15.55,27.51

Port 1 15.88.27.31 Slave 1

Portk 2 15.858,27.51 Slave 10

Poark 3 15.88.27.51 Master 1

Park + 15.88.27.31 Master 10

| . oo
P issearn
[y
TrecSanedsisnat B

KEEEF

2 r e
Pl it
ot 4 Haser

TnesSneamstsanat B

.
Pl S
et 4 Harer

Tnessaneasisseat

KEEE

“fof. =l BC3 15.88.27.32
SR mrem Port 1  15.58.27.32 Slave 1
- Ez;mm FPork 2 15.858.27.32 Slawe 10

Port 4: Master
Tme: sune 20s4 153821 B

Park 3 15.88.27.32 Master 1
Park 4 15.88.27.32 Master 10
= BZ4 15.,858,27.33

KEEE

| 1. o
[
ort: Hastr

Tne s sieisana b

I
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Prior to the failure:

Unknown PTP node
15.68.27.100: 1

EC1
"4 15.B8.27.30

Port 3: Master
Time: 5June 2014 15:38:21

B2
15.88.27.31

Port 3: Master
Time: 5June 2014 15:38:21

BC3
'd 15.B8.27.32

Port 3: Master
Time: 5June 2014 15:38:21

BC4
15.8B.27.33

Port 3: Master
Time: 5June 2014 15:38:21

Network Cloud

BCS
"4 15.88.27.34

Port 3: Master
Time: 5June 2014 15:38:21

N

BCB
15.8B.27.35

Port 3: Master
Time: 5June 2014 15:38:21

BCF
'd 15.B8.27.36

Port 3: Master
Time: 5June 2014 15:38:21

"‘ﬂ

BCI
P/ 15.88.27.30

Port 1: Slave
Error: 16,135 ns

Unknown PTP node
15.68.27.103:1

.

BC2
"4 15-88.27.31

Port 1: Slave
Error:-6.472ns

%

BC1
‘ 15.88.27.30

Port 4: Master
Time: 5June 2014 15:38:21

-~

BC3
15.8B.27.32

Port 1: Slave
Error: 5,384 ns

\

BC2
'd 15-88.27.31

Port 4: Master
Time: 5June 2014 15:38:21

s

BC4
'd 15882733

Port 1: Slave
Error:-872.38% ps

%

BC3
15.88.27.32

Port 4: Master
Time: 5June 2014 15:38:21

-

BC3
15.88.27 34

Port 1: Slave
Error:7.001 ns

.

BECH
' 15.88.27.33

Port 4: Master
Time: 5June 2014 15:38:21

BCh
"4 15.88.27.35

Port 1: Slave
Error: 6.684 ns

%

BCS
Pj 15.88.27.34

Port 4: Master
Time: 5June 2014 15:38:21

BC7
15.8B.27 36

Port 1: Slave
Error: 6.201ns

N

ECh
'd 15-88.27.35

Port 4: Master
Time: 5June 2014 15:38:21

BECa
15.8B.27 37

Port 3: Master
Time: 5June 2014 15:38:21

-
1 BCi
| W4 1588.27.37

Port 1: Slave
Error:-20.825 ns

.,

BCF
15.8B.27.36

Port 4: Master
Time: 5June 2014 15:38:21

BCi
'd 19.88.27.37

Port 4: Master
Time: 5June 2014 15:38:21

Metwaork Cloud

|
J

SEMTECH

-

BC1
'd 15.88.27.30

Port Z: Slave
Error: 47.173 ns
LN

-
B2
15.88.27.21

Port 2: Slave
Error:-139.84%ns
b

>
BC3
'd 15-88.27.32

Port 2: Slave
Error: -35.434 ns
L

2
BC4
15.8B.27.33

Port 2: Slave
Error: -10.944 ns
\

o

BCS
'J 15.88.27.34

Port 2: Slave
Error: -9.858 ns
y

b
BCG
"4 15.88.27.35

Port 2: Slave
Error:-11.707 ns
\

p
BCF
'd 15-88.27.36

Port 2: Slave
Error:-5.612 ng
L

-~

BCa
15.8B.27.37

Port 2: Slave

Error: <479.470 ps
\




Prior to the failure: 9
SEMTECH

Unknown PTP node
15.88.27.100: 1

suEEEERE pumsmEEEEEEEERE apmEEER
15 z Esmm Unknawin PTP node
'd 15.88.27.30 2730 e e
. Port 1:
;GrtS-Hﬂstﬂ' Ert.LSIaUE . pamummsmEmmEEER EmEEN
ms:iji”?a”ﬁiﬁ:illlig apumEEpsEEEE Eoﬁ'iﬁl‘lgislllllll’ﬁ BC1 .
-Bbllllllllnn 'd 15.88.27.30 =
IBEZII------- ~ S .
: 5
'd 1588.27.31 74 1588.27.31 ‘. o lave :
Port 1:5ka . suusmEEEEEE fioi'lﬂli?mnnnnlll,pg
: Slave R
B . _ puunnnnREET,
w R Eﬁ?-z'ﬁslllnlundg F'BG! .
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Failure +4 seconds:

|
J

SEMTECH

only change is BC2 port 1 enters holdover

Unknown PTP node
15.88.27.100: 1

BCl
"4 15.88.27.30

Port 3: Master
Time: 5June 2014 15:38:29

"‘ﬂ

B
15.88.27.31

Port 3: Master
Time: 5June 2014 15:39:04

S

BC3
'd 15B8.27.33

Port 3: Master
Time: 5June 2014 15:38:29

BC4
15.88.2733

Port 3: Master
Time: 5June 2014 15:38:29

ECS
'd 15B8.27.34

Port 3: Master
Time: 5June 201415:38:29

N

BC6
15.88.27 .35

Port 3: Master
Time: 5June 2014 15:38:29

BCF
"4 15.88.27.36

Port 3: Master
Time: 5June 2014 15:38:29

BCa
15.88.27 37

Port 3: Master
Time: 5June 2014 15:38:29

-

BC1
15.8B.27.30

Port 1: Slave
Error: 13,838 ns

B2
i 15.88.27.31

rror: -6.346 ns

BC3
15.88.27 32

Port 1: Slave
Error: 2.856 ns
\

>
BG4
"4 15.88.27.33

Port 1: Slave
Error: 6.066 ns
L

-~

BCS
Pj 15.88.27.34

Port 1: Slave
Errar: 13.888 ns
h

b
BCA
"4 15-B8.27.35

Port 1: Slave
Error: 9,557 ns
N

.
BC7
15.8B.2736

Port 1: Slave
Errar: 16,797 ns
\

b

BCH
\| P4 15882737

Port 1: Slave
Error:-14.555ns
LN

)
m

=l BC2

Port 1
Port 2
Port 3
Port 4

BC3

15.88,27.31
15.88,27.31
15.88.27.31
15.88.27.31
15.88.27.31
15.88.27.32

Time: 5June 2014 15:38:28

Passive
Slave

Master
Master

BC2
'd 15.88.27.31

Port 4: Master
Time: 5June 2014 15:38:23

"‘ﬂ

BC3
15.88.27.32

Port 4: Master
Time: 5June 2014 15:38:28

BC4
'd 15.88.37.33

Port 4: Master
Time: 5June 2014 15:38:28

BCS
15.88.2734

Port 4: Master
Time: 5June 2014 15:38:28

A

ECh
'd 15.B8.27.35

Port 4: Master
Time: 5June 2014 15:38:29

BCF
15.88.27 36

Port 4: Master
Time: 5June 2014 15:38:29

BCi
'd 15.88.27.37

Port 4: Master
Time: 5June 2014 15:38:29

Network Cloud

-

BC1
"4 15-B8.27.30

Port 2: Slave
Error: -41.000 ns
>

BCZ2
‘ 15.8B.27.31

Port 2: Slave
Error:-146.552ns
\

p
BC3
' 15-BB.27.32

Port 2: Slave
Error:-35.724ns
LN

b
BC4
‘ 15.88.27 33

Port 2: Slave
Error:-9.386ns
\

>
BCS
"4 15.88.27.34

Port Z: Slave
Error:-9.13%ns
L

>
BCEH
74 1588.27.35

Port 2: Slave
Error:-11.230ns
h

b
BC7
"4 15-B8.27.36

Port 2: Slave
Error:-5.108 ns
N

r

BCa
‘ 15.8B.27 37

Port 2: Slave
Error:-1.045ns
\_




Ve
No further change: cEMEECn
as long as the failure persists

Managed Devices

DevicejPort | Address State Damain | Sh

= BC1 15.858.27.30
| F Dbk Park 1 15.85.27.30 Slave 1
Port 3: Master LEWF: e PortZ 15882730  Skve 10
Time: 5 June 2014 15:39:37 (" . Port3  15.85.27.30  Master 1
E 15.88.27.31 Pork 4 15.85.27.30 Master 10

= BC2 ; ] = BC2 15.88.27.31
E 15.88.27.31 ;7 |t a=nre Port 1 15.88.27.31  Passive 1
Port 3: Master (SErar: Portz 15882731  Skve 10
Time: 5 June 2014 15:40:12 (vl ;e Port3  15.88.27.31  Master 1
E 15.88.27.32 Pork 4 15.85.27.31 Master 10

E BC3 = BC3 15.858.27.32
E 15.88.27.32 Port1: Slave Portl 15882732  Shve 1
Port 3: Master EFEBEIYE Portz  15.88.27.32  Slave 10
Time: 5 June 2014 15:39:36 [B Bca Park 3 15.85.27.32 Master 1
Pork 4 15.85.27.32 Master 10

= BC4 15.86.27.33
Part 1 15.858.27.33 Slave 1
Part 2 15.85.27.33 Slave 10
Port 3 15.88.27.33 Masker 1
Pork 4 15.85.27.33 Master 10

= BCS 15.88.27.34
Part 1 15.85.27.34 Slave 1
Part 2 15.85.27.34 Slave 10
Port 3 15.88.27.34 Masker 1
Pork 4 15.88.27.34 Master 10

= BC& 15.88.27.35
Part 1 15.858.27.35 Slave 1
Part 2 15.85.27.35 Slave 10
Port 3 15.858.27.35 Masker 1
Pork 4 15.85.27.35 Master 10

= BC7 15.88.27.36
Part 1 15.858.27.36 Slave 1
Park 2 15.85.27.36 Slave 10
Port 3 15.858.27.36 Masker 1
Pork 4 15.88.27.36 Master 10

= BCE 15.86.27.37
Part 1 15.858.27.37 Slave 1
Part 2 15.85.27.37 Slave 10
Port 3 15.858.27.37 Masker 1
Pork 4 15.85.27.37 Master 10
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Conclusion

4 Rings of boundary clocks work

O Simple boundary clock
= Single slave instance
= Has to relock on network break
=  Will recover in time

O Dual-slave boundary clocks
= Two slave instances so backup path is pre-locked
= Can failover immediately on network break
= Much shorter recovery time

O Dual-path boundary clock
= Two boundary clocks in one
» Dual redundant flows at all times
= No rearrangement needed on network break
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And If It Goes Wrong ... ? SEMTECH

0 We all have to work to an impossible hour to fix it

B
We re

OPEN

7:00 to 26:00 Mon- Fri / 7:00 to 23: 00 Sat & Sun
Enjoy a memorable T Thai meal witiv us!

4 Thank you to Rich Lansdowne and Malcolm Green for planning
and running these tests
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