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» Introduction

= Types of measurements:
1. Synchronization “TIE”
2. Packet “PDV”
3. Packet “Load”

= Measurement equipment overview

» Synchronization and Packet Analysis
= TIE and PDV based metrics

» Packet selection processes and methods
= Frequency transport metrics
» Time transport metrics

» Network Measurements

» Lab/production packet network measurements
» Linking packet delay metrics to sync performance

» Load Probe

» Load probe measurement theory

» “Load” and “PDV” measurement relationship
» Network load probe measurements



“TIE” vs. “PDV” imetriEe

Symmetrlco\m

» “TIE" vs "PDV”

= Traditional TDM synchronization measurements: signal edges are
timestamped producing a sequence of samples

» Packet timing measurements: packet departure/arrival times are sampled
and packet delay sequences are formed

= Both require (1) PRC/GPS; (2) Precision HW timestamping; (3) PC + SW

» Measurement equipment:
» TIE: Counters, TIA’s, Test-sets, BITS, SSU, GPS receivers
= PDV: IEEE 1588 probes, NTP probes, network probes
» Load: Load probe

» TIE measurements are still important in a packet world:
» Needed for the characterization of packet servo slaves such as IEEE 1588 slave devices
» There are still oscillators and synchronization interfaces to characterize

=  “TIE” measurement/analysis background important to the understanding of “PDV”
measurement/analysis

= Many of the tools can be applied to either “TIE” or “PDV” data such as TDEV or spectral
analysis

= But there are new tools and new approaches to be applied to “PDV” with some of the
traditional “TIE” tools less effective for “PDV” analysis



— 2

“TIE” vs. “PDV”
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» “TIE” (Single Point Measurement)

= Measurements are made at a single point — a single piece of equipment in a
single location - a phase detector with reference - is needed

e e S B S

3.005 ps

Ops  1.001ps  1.997 ps

Sync Measurement Software

» “PDV” (Dual Point Measurement)

= Measurements are constructed from packets time-stamped at two points — in
general two pieces of equipment, each with a reference, at two different
locations — are needed

GPS GPS

Timestamp A Timestamp B

PO IV B I O B3|

1233166476.
1233166476.
1233166477.
1233166476.
1233166477.
1233166477.

991204496
980521740
006829496
996147084
022454496
011771820

1233166476.
1233166476.
1233166477.
1233166476.
1233166477.
1233166477.

991389744
980352932
007014512
995977932
022639568
011602932

PDV Measurement
and Analysis Software
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“PDV” Measurement Setup Options sy mmetricom

Passive Probe Active Probe
(1) Hub or Ethernet Tap (1) No Hub or Ethernet Tap Needed
(2) |EEE 1588 Slave (2) No IEEE 1588 Slave Needed
(3) Collection at Both Nodes (3) Collection at Probe Node Only

PDV Measurement
and Analysis Software
> “PDV’

» |deal setup - two packet timestampers with GPS reference so absolute
latency can be measured as well as PDV over small to large areas

= Alternative setup (lab) — frequency (or GPS) locked single shelf with two

packet timestampers
= Alternative setup (field) — frequency locked packet timestampers — PDV but
not latency can be measured



“TIE” and “PDV” and “Load” Sm\

In most packet network measurement setups, both “TIE” and “PDV”
are measured at the same time

GPS

1588 Probe |
GPS T i

1588
Grandmaster E
N GPS
PDV
Measurement - El or ‘
Software iTl

E} Probe
=

»
N

N

Sync Measurement
Software

Network
Emulator

Load
NS Measurement

More on this X
) Software

later

[ e bt | Network
\ Emulator

0.0 2.0 hours/div 1.03
days days



“TIE” Analysis vs. “PDV” Analysis  symmetricom

“TIE” “‘PDV”
Analysis Analysis
* Phase (TIE) * Phase (PDV)
* Frequency accuracy * Histogram/PDF*,CDF** statistics
* Dynamic frequency * Dynamic statistics
 MTIE  MATIE/MAFE
« TDEV  TDEV/mInTDEV/bandTDEV

» Two-way metrics: minTDISP etc.

» The importance of raw TIE/PDV:

= Basis for frequency/statistical/MTIE/TDEV analysis
* Timeline (degraded performance during times of high traffic?)
= Measurement verification (jJumps? offsets?)

* PDF= probability density function

*x CDF = cumulative distribution function 7



Analysis from Phase: Frequency " I
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Analysis from Phase: MTIE/TDEV ~ symmetricom

N-n+1| n+j-1 n+j-1 delay
MTIE(S) = max {max(xi) — min (xi)}
j= i=] =]

X (t)

MTIE is a peak detector
MTIE detects frequency offset

T T T T T T T T T T T T T T T 1T 1T T T 1 T 1T >
i

B N \
O-X(T)zTDEV(T)z\/%<|:%Zn‘,xi+2n—Zﬁixi+n+%ixi:|2>

i=1 i=1 i=1

TDEV is a highly averaged “rms” type of calculation
TDEV shows white, flicker, random walk noise processes
TDEV does not show frequency offset

MTIE and TDEV analysis allows comparison to ATIS, Telcordia, ETSI, & ITU-T requirements

9



Stability metrics for PDV Symmetrlco\m‘

» Packet Selection Processes

1) Pre-processed: packet selection step prior to calculation

= Example: TDEV(PDVmin) where PDVmin is a new sequence
based on minimum searches on the original PDV sequence

2) Integrated: packet selection integrated into calculation
= Example: minTDEV(PDV)

» Packet Selection Methods

=  Minimum: X (i) = min|x; [for (i <= j <=i+n-1)
b
[ | Percentlle' X'pct_mean(i):%jzoxgﬂ
b

[ | Band' Xl’)and_mean (I) = %Z X3+i

(K1) I=a

: 2 W((nK +)z,)-¢(n,i) L [1 for [w(nK +i)—a(n) <

= Cluster: ey =B dni)= {1 BT R

>9(n)
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Packet Delay Sequence

0.0000,
0.0155,
0.0312,
0.0467,
0.0623,

R,00162;
F,001067;
R,00163;
F,00168;
R,00164;
F,00169;
R,00165;
F,00170;
R,00166;
F,00171;

1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.

/orward

#Start: 2009/10/06 15:10:30

2.473E-3
2.330E-3
2.273E-3
2.258E-3
2.322E-3

478035356;
488078908;
492882604;
503473436;
508647148;
519029300;
524413852;
534542972;
540181132;
550229692;

1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.
1223305830.

Symmetrlco\m

Packet Delay Sequence

474701511
490552012
489969511
505803244
505821031
521302172
521446071
536801164
537115991
552551628

Reve r\

#Start: 2009/10/06 15:10:30

/—-—'—\

Packet
Timestamps

0.0000, 3.334E-3
0.0153, 2.913E-3
0.0311, 2.826E-3
0.0467, 2.968E-3
0.0624, 3.065E-3

11



Packet Delay Sequence Symmetricon

When graphing packet delay phase it is often best not to connect the dots

Symmmamiricom Timakonitor Aanualyesen [Fili=xli__ 1588 padw. tak)

Phaxe dewiation in itz of bimes Fa=50000 mHz: Fo=10 000000 MHx: Z2006/068°09 01:11:068

=Li 1500 PDY Fhase: Samples: 20561 UUID: OO00SS010016:  Iritial phases offset: 12 5420 useac
EEinin]
[FET-T.

Measurement
points
connected

LI
[TETEtar g T

hours 100 howrsSdiv 1

Symmetricom TimakMonitor Analyzer [Fila=xli_ 1588 pdw_tah])
Fhaxo cisvialion in anilbs ol e Fa=50000 mHz; Fo=10 000000 MHz: ZO0G70609 O1:11:06
*>Li 1988 PDYV Phase: Samples: 28561 ; UUID: 00005501001 6; Initial phase offset: 125420 useo

o
oo “:}gﬁ*& *"i&"' Measurement
| i | points as
= S U discrete dots
2 ':t: i‘"a?fef-“f SsusEasreTa
oo e = sty T e

hours 1.00 hoursSdiv
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Packet Delay Distribution Symmetricom:

Packet Delay Distribution

S peamvamner Er oo T inmer b Gt Anul_pzur
- [ » Hixtorgprosm; Fx— SO0 0 mH=; Fo=10.00 MH=; 200850609 O1:11:068
T akiti Fhoaso, Somples: ZBEE'I LRLRIERC DDDUEEU'I Lelul ]} S Iﬂltl-ﬂl phoass offect: T2 GAZ0 wuaeso

1T kK

prie]

PDF

B

Minimum: 1.904297 usec Mean: 96.71927 usec
Maximum: 275.2441 usec Standard Deviation: 97.34 usec
Peak to Peak: 273.3 usec Population: 28561 Percentage: 100.%

= Lila By li]

Statistics
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Tracked Packet Delay Statistics Symmetricom:

| Monitor & [Hila=dmxt 4_1J NI

Ph : Fay
KL 1533 PDV Ph I'clI Buumpll 50135 Bt t B114; Throvhold: 27.0000 ux; UUID: ODAGES01 2F09; Initiol phare offret: 24,1950 unes

I.II"I.'

ap)
'IU UUUUUU MHz JUUIIUBI15 7 4%: 00

Phi ll d I Ilnn I II l Illl\l Fa=

Fha

E r 1I:I I:II:II:II:II:II:I MII 2I:II:I7II:IEI15 o7 an%:00
=i 0a; A= Iﬁ? M= rl'll'llﬂ

[Hila=pdv-2007_05_15--08_11_xt

5 b 1 Manitor A il
Fhaze dawiabion i unitz of llm- Fa=1t. I:il:i Hz; Fo=10.000000 MHz 1uu l!u:l.ﬂ:l us:ah:iu
(&) o

Tau=10x; A=167; H=00013;

Fhaze
260
iR

20.
numeddiv

Raw packet delay appears
relatively static over time

Mean vs. time shows cyclical
ramping more clearly

Standard deviation vs. time shows
a quick ramp up to a flat peak
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MATIE/MAFE Packet Metrics Symmetricom

n+k-1

2 (%0 =%)

i=k

MATIE MATIE(nz,)= max =

1<k<N-2n+1

n=1, 2, ..., integer part (N/2)

AR MAFE(nz, )= MATIE(nz, )

nz,

Mmax
1<k<N-2n+l

nfl(xmin (i+n)-x, (i )ﬂ

i=k

mMIiNnMAFE  min MAFE(nz, )= -
Ty

wheren =1, 2, ..., integer part (N/2) and where Xpp (l) =min |_XJ- JfOI’(i <=j<=i+n —1)

Reference: Maximum Average Time Interval Error, WD 60, Nokia-Siemens Networks,
ITU-T Q13/15, Rome, Sep. 2008.
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MINTDEV & bandTDEV o .
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n n n 2
TDEV o, (r)=TDEV(r) = %<{%inm —Z%wa%in} >

MiNTDEV o0, () =minTDEV (7) = \/%<[xmm (i+2n)—2x,, (i+n)+ X, (i)]2> X (i) = min|x; [for (i <= j <=i+n-1)

b
b an d TD EV O-x_band (T) = bandTDEV (T) = \/% <[Xl'3and_ mean (I + 2n) - 2Xl;and_ mean (I + n) + Xl,)and_ mean (I )]2 > X{Ja“d_ mean (I) = % z X'i+i

j=a

To define bandTDEYV, it is first necessary to represent the sorted phase data. Let “x”” represent this sorted phase sequence
from minimum to maximum over the range i < j < i+n-1. Next it is necessary to represent the indices which are themselves
set based on the selection of two percentile levels. Let “a” and “b” represent indices for the two selected percentile levels.
The averaging is then applied to the “x”” variable indexed by “a” and “b”. The number of averaged points “m” is related to “a”
and “b”: m=b-a+1.

1. TDEV is bandTDEV(0.0to 1.0)
2. minTDEV is bandTDEV(0.0 to 0.0)
3. percentileTDEV is bandTDEV(0.0 to B) with B between 0.0 and 1.0

References: Definition of Minimum TDEV (minTDEV), WD 27, ITU-T Q13/15, Geneva, June 2007
Definition of BandTDEV, Symmetricom, WD 68, ITU-T Q13/15, Rome, Sep. 2008.
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TDEV & minTDEV with Traffic  symmetricor

______ L e 50%
\ TDEV | oo | 30%
L e — a nees Mt 20%
e 10%
. 5%
- 0%

Lower levels of noise with the application of a MINIMUM selection algorithm
minTDEV at various traffic levels on a switch (0% to 50%) converge

Symmetricom TimeMonitor Analyzer [File=multilayer_switch_40percentSBGE0_txt)
minTDEY: Ho_ Awg=1; Fo=10.00 MH=z. 200609519 152830
100

_________

useddg

RN

=1=Fi4 HH = =

\ MNTDEV !

100}

[ B g
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band TDEV Calculation Symmetricom:

Symmetricom TimeMonitor Analyzer; TP5000 Fwd PDV Phase; 2008/10/17; 01:30:27

N ps— 3 7

30 psb AN A aata s i i O N

20 houré

10 ps -

1 s

0.1 s
1.0s 10 S 100 s 1 ks

18
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Metrics: Time Transport

Forward Packet Delay Sequence
#Start: 2010/03/06 17:15:30

Reverse Packet Delay Sequence
#Start: 2010/03/06 17:15:30

0.0000, 1.47E-6 0.0000, 1.11E-6
0.1000, 1.54E-6 0.1000, 1.09E-6
0.2000, 1.23E-6 0.2000, 1.12E-6
0.3000, 1.40E-6 0.3000, 1.13E-6
0.4000, 1.47E-6 0.4000, 1.22E-6
0.5000, 1.51E-6 0.5000, 1.05E-6

#Start: 2010/03/06 17:15:30

0.0000, 1.47E-6, 1.11E-6

0.1000, 1.54E-6, 1.09E-6

0.2000, 1.23E-6, 1.12E-6 Two-way

03000, 140E'6, 1.13E-6 Data Set

0.4000, 1.47E-6, 1.22E-6

0.5000, 11.51E-6, 1.05E-6

Time(s) f(us) r(us) f(us) r'(us)

0.0 1.47 1.11

: / - 0.1 154 1.09 1.23 1.09 o
Constructing f. and r 0.2 123 112 Minimum Search
fromf and r with a 3- 0.3 140 1.13 Sequence
sample time window 04 147 122 1.40 1.05

0.5 1.51 1.05

19
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Metrics: Time Transport Symmetricom

Packet Time Transport Metrics

Normalized roundtrip: r(n) = Gj [F(n)+R(n)]

Normalized offset: 17,(n) = @j [F(n)-R(n)]
minRoundtrip: r'(n) = (%)-[F’(n') +R'(n)]
minOffset: 7, () = (%j‘[':'(n’) ~R'(n)]

MIiNTDISP (minimum time dispersion): minOffset {y} plotted
against minRoundtrip {x} as a scatter plot

minOffset statistics: minOffset statistic such as mean, standard
deviation, or 95 percentile plotted as a function of time window tau

20
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Metrics: Time Transport Symmetricom

minOffset Statistics
(Two-way minimum offset statistics vs. 1)

Symmetnicom TimeMonitor Analyzer

Time stats plot in units of time; 2008/09/04; 16:55:05

min0Offzet mean [blue); minOffzet stddey [red); minOffset 95% [magenta]
5“-“ 1 1 1 1 | I I | 1 1 1 1 1 1 LI I I |

usec 1 1 [ 1 1 [ 1 1 [ BT | 1 1
e I e L o [Sp—
1 1 1 1 LI I I | 1 1 1 1 LI I I | 1 1 1 1 LI B I | 1 1

1 1 N 1 1 N 1 1 N 1 1
e I e L o [Sp—
1 1 1 1 LI I I | 1 1 1 1 LI I I | 1 1 1 1 LI B I | 1 1

1 1 N 1 1 N 1 1 N 1 1
e I e L o [Sp—
1 1 1 1 LI I I | 1 1 1 1 LI I I | 1 1 1 1 LI B I | 1 1

1 1 N 1 1 N 1 1 N 1 1
e I e L o [Sp—
1 1 1 1 LI I I | 1 1 1 1 LI I I | 1 1 1 1 LI B I | 1 1

500 |1 iiiiN

1 1 1 1 [ I B | 1 1 1 1 [ I B |
e B B SE S LR

[ [ 1 [ N N A | 1 1
e T = 7= Py R ¥ I SR P e [ S I L R e
1 [ | 1 11 1 ]

_____________________________________

! d = L -l- 1 JdJd Pep—— e d e d oL Jdd e de d J._III

-5.00 A : HEEE : I : Lo e
1000 10,00 1900 00
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Case Studies Symmetricom

Asymmetry in Microwave Transport
(Ethernet microwave radio packet delay pattern asymmetry )

Symmetricom TimeMonitor Analyzer; uWave Radio Forward PDV; 2009/06/23; 23:53:31

244 s
----------- T T e o e e BT e S Bl VAVA' L= Y/ &
2 HS/ i K : 1 TR Forward
div PDV
226 psl—
Symmetricom TimeMonitor Analyzer; uWave Radio Reverse PDV; 2009/06/23; 23:53:31
244 s T T LT T
----- el pwave
2d|_J.S/ [ I My FRNE ? ||., Il Reverse
N PDV
|| . . | - o . B . , ] |
AL 1R L L AR B
226 IJS : : . : : : : : : : : : : :
0.0 30 sec/div 7.5
minutes minutes

23
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Case Studies Symmetricon

Asymmetry in SHDSL

(SHDSL forward/reverse packet delay asymmetry )

Symmetricom TimeMonitor Analyzer [fle=probe-2009_06_16--10_21_tpk)
Phase deviation in units of ime; Fs=16.00 Hz; Fo=10.000000 MHz; 2008/06/16; 09:57-27
SHDSL DSLAM and modem; 1 [blue): TP5000 Fwd PDY Phasze; 2 [red): TP5000 Revy PDY Phase

2. EI] 1 1 1 1 1 1 1 1 1 1 1 1

NSRS OSSN U YT T O
200 | ) : L N I L o . B ] :
uzec/div ' I I I ' '

4']'] : 1 : 1 : 1 : 1 : 1 1 :

usec Eh[:::rlg 15.0 minutes/div EJU?E

24
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Case Studies Symmetricom:

Asymmetry in Wireless Backhaul
(Ethernet wireless backhaul asymmetry and IEEE 1588 slave
1PPS under these asymmetrical network conditions)

Symmetricom TimeMonitor Analyzer; Ethernet Wireless Backhaul; 2009/04/28; 11:37:01

-2.0US g,
| Min
Yaw TDISP
-6.0 s
1588
Slave
e 1IPPS
o sGPS
-1.0 ps - - - - . . | | | | i
0.0 hours 22.7 hours
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Case Studies — “

Symmetricom

Metro Ethernet Network

262 ps s
ops |5 | Forward
div “{PDV floor

257 pis 2mm

: | ! Reverse
13 i55/ PDV floor
0.0 hours ' 30 minutes/div ' 4.0 hours
Symmetricom TimeMonitor Analyzer [fille=probe-2009_03 05--13_46_twy] M etI'O Ethern et fO I'W&I’d
XY scatter plot in units of ime; 2009/03705 18:45:33
TwoWay minTDisp: Metro Ethemet: Samples: 1222442; Tau=999.999 ms; A=16; N=76402; and reverse packet delay
9.00 . . . . . . . . .
L AT TR S sequences with zooms
o into the respective floors
and minTDISP
3.00
usec/div A
minTDISP
f:;.l:] 237.0 | | : 3.00 :.lset:fdiv: ' ' ' 7700
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Case Studies
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Symmetrico

National Ethernet Network

# Forward

Ll “1PDV floor
| 4.54 ms
- = Reverse
Zd?\f/ = = PDV floor
e T 14,63 ms

21.0 hoiurs/diiv | 1.63i days

Symmetricom TimeMonitor Analyzer [File=probe-2009_03_30--18_35_twy]
*Y scatter plot in units of time; 2009/03/30 16:36:32
Two-way minTDizp; Mational Ethernet; Samples: 2234610; Tau=1.00632 =; A=16; N=139663

0.0 détys

119 : : :
Usec : : N N i
_________ T RS J P ERPUN I DU RPN B EpE ERUPpE D PSRRI REpE
' . iy ' '
_________ :_________:__.F__J‘___l__1._'___JI____:._‘,._ ._________.:________J_____
_________ L e [—— 0 e [
' el '
: TN :
_________ [ T 1 S, S D B B,
' 1 1 17 1
F00 [ :_ ________ :_ . '*#‘._"_ - LI,';_“'_:I_ _______ dee oo
nzec/div N AT -
1 1 1
_________ :_________:__ __.:'Jr______J_____
_____________________ '_ i |
'
1 P K ,
__________________ P o 7SR R
1 1
________________________________________________________
N ;..-"-:‘PE
Bk N , 1l .
N LR PR 3 1 H O ESURVR S RPUO P
: . : : A
420 : :
i 4534 - 4 542
Usec uliigielh 900 nzec/div M

National Ethernet forward
and reverse packet delay
sequences with zooms
into the respective floors
and minTDISP

mMIinTDISP
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Sync in a Packet Network Symmetricom

GPS
TA7500
PDV
E’_ Probe
TimeMonitor
PDV
GigE GigE
Network
TimeMonitor
Measurement
2.048 A — 1588 1588 1588
MHz — — — | — Slave Slave || Slave
| g ] i) n £ |
2.048 2.048 2.048 2.048
MHz MHz MHz MHz

Measurement setup for measuring PDV and the outputs of four 1588 slaves
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Symmetricomr

Packet measurement
Sync measurement

.e.
O O
c O
@

-
= 8
| -
o
Jugy =
e..l.
QD
Lo
RS
9 m
0 A
o0
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Packet data analysis:
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0.01

G.823 1PPB mask

100,00

1000.00

100000.00
1000000

packetMATIE

EBm O

(sIn30 L

=
@)
=
)
()]
Z
._le_.
'
()
]
al
M
=
(@)
-
>
)

Symmetricom TimeMontor Analyzer

MTIE: Fo
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PDV Metrics Accurately Predict

|IEEE 1588 Slave Performance

»Operational Min_TDEV
predicts frequency stability
with >90% correlation for
both clients

» Operational MAFE
achieves essentially the
same level (>86% )

» Slope of linear fit is a good

measurement of static noise

immunity (low is better)
»(Vendor X slope: 0.18,

Vendor A slope: 0.38)
(Operational Min_TDEV)

> (Vendor X slope: 0.23,
Vendor A slope: 0.47)
(Operational MAFE)

>z
Symmetricomr

Slave MDEV vs. Operational minTDEV

a 200
e
S ¢ Vendor X Client
2> 150
o B Vendor AClient
=] y =0.3828x +0.0709 =
~ 1.00 3 —— Linear (Vendor X Client)
© R®=0.9487
3_ ] Linear (Vendor A Client)
~ 0.50 2
5 Wsaax +0.0326
- 2 _
8 000 T T T T T B _096|82
0.00 0.50 1.00 1.50 2.00 2.50 3.00
Operational minTDEV microseconds
Slave MDEV vs. Operational MAFE
E 2.00 ¢ Vendor X Client
(o]
S 1.50 B Vendor AClient
'53 2 100 y'=0.4758x+0.0678 " —— Linear (Vendor X Client)
by e W —— Linear (Vendor A Client)
= [ | 'Y
a 0.50 I
8 y =0.233x +0.028
0.00 - ' " R%=009265 '
0.00 0.50 1.00 1.50 2.00

Operational MAFE ppb
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“Load” Measurement Probe Symmetricom

TA7500

m

2 048 TimeMonitor ‘

I\.17H: PDV
e /—\/\ e
Network
TimeMonitor
Measurement
s AN I g_ 1588 | - nus
{

TimeMonitor
Load

Slave | nH:
Client #1 ‘

Other

Measurement setup for measuring (1) Sync, (2) PDV, and (3) Load
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Packet Load Probe o

Symmetrlco\m‘

Instantaneous packet flow and the derivation of dynamic packet load parameters

Packet Load
| | | | | (200 msec)
0.0s 0.1s 0.2s
Packets 312 1523 95 1167 1030 290 365 297 1245 151 175 1091 1207
Busy (ms) 4 17 1 13 14 4 5 3 13 2 3 12 13
Idle (ms) |5 2 6 7 2 2 9 4 217 23 7 4 8 8
< Sample #1 > < Sample #2 ——»

Packets Idle MinIdle | Max Idle | Busy [Min Busy|Max Busy
Sample #1| 5079 39% 2ms 9ms 61% 1ms 17ms
Sample #2| 3869 57% ams 23ms 43% 2ms 13ms
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Packet Load Probe Symmetricom:

Fast FPGA hardware provides real-time packet statistics on all packets:
average/minimum/maximum busy and idle times for each sample.

Timestamp ——> *008A7484.320859192:AA84008B
0:62123:24617187:75:1525:37883420:11:1584

Different 1:62123:24617187:75:1525:37883420:11:1584
packet 3:62123:24617187:75:1525:37883420:11:1584 ~ Sample #1
streams 7:62125:24617412:75:1525:37883195:11:1584

*:008A7484.820859192:AA85008F
0:59087:12097908:76:588:50402208:132:1590
1:59087:12097908:76:588:50402208:132:1590
2:1:98:98:98:124999904:124999904:124999904 Sam P le #2
3:59087:12097908:76:588:50402208:132:1590
7:59089:12098123:76:588:50401993:132:1590
Count/Busy/MinBusy/MaxBusy/Ildle/Minidle/MaxIdle —¥Wiew— —Chan——
(* Count o

. Packet Load Measurement Data

Busy

MinBus
Example packet streams: ¢

PTP, NTP, VLAN, All

MaxBusy

Minldle

~
~
~
" 1dle
~
" Maxldle

2 0 9 0 " 9 B
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Traffic Generator Input vs. Load Symmetricom

Check of initial packet load prototype: it works — measured load matches traffic
generator sequence

-w-unl d time.  Fee71.32 mHz. For 10000000 M .. zmomns 21322 ¥ Anab
I*h.h.-k Phaze; Sf*l 1?!0 ZQI.WIIG. 2‘ 2221; 2 o l. Phase > Yv-d-o. T O, A~V 200 'I‘:é.’l:m:hs:;:‘l l;n %’Jﬂfz’rﬂ’ngnm“kmmngx’:uum Ay
® x SEE SN N N A i S . .
; Dynamic load over time

- (Left: 10 hours

o Right: Zoom)

(Blue: Traffic generator

we | ' R »3 Red: Load probe)
Mbm.'nnn-aw—: v:—r 100 wits; Fos10 00 MHz; 2010002717 10.24:40 Phawn Dm-'onmuw- Fae2 000 Ha: Fos1000 Gz 200 0/0270%; 152057
Fhaxzu: Samplux 256 g '\A;\“m Ov-lq: l.u-alllh A l?ﬁ N« nm

Histogram/Statistics
(Left: Traffic generator
Right: Load probe)

i Ti it L[CF]
TDEV Fu—1I:I 00 MHz; Fx=7.108 mH=; 2001 0/02/17;
1 [hlu-] Phaaxe; S-mpI-:. 256; 2010702117 10: i
RRtli]
E1ele]

lﬂ_.
oo
h-l
MI.I:I
-

mad): Packet Load Buzy, Samplez: 71754, Initial

TDEWV

TDEV Analysis
(Blue: Traffic generator
Red: Load probe)

ooooooo
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Compared

“Load” and “PDV”

Symmetricom TimeMonitor Analyzer

2010501711 09:32:00

10.000000 MH=
43200; Initial phase offset: 725500 kpkt: 30 min step 5% _203%

: Stop:

2 000 Hz: Fo

Fz=
Samples: 43200

FPhase deviation in units of time:

Facket Load Fackets:

Measured load
(“# packets/sample”)

6.00D
hours

30.0 minutes/div

0.000
hours

110
kpkt

1000 |
kpkt/fdiv

Symmetricom TimeMonitor Analyzer

0.00
pkt

32:39

Imitial phase offset: 29 9880 usec; HCat b-step 5%-

10.000000 MHz: 2010/01/11 17

995.1 mHz; Fo=

Fz=

TP5000 Fwd PD¥ Phase; Samples: 21497; Stop: 21497

Phaze deviation in units of time;

#i— Measured PDV

. T r',"i-
v Y]
R
i, oy -

£

.....
Fral

fi

T iE

it

'.Plaﬁ
K

— ol
T

o

N ;i_x’--'

v

+
r s

6000

30.0 minutes/div

v

a F©
L SPNERHAE TP- E a

0.000
hours

120
usec

8.00
usec/div
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Dynamic Load and PDV Symmetricom

There is a strong relationship between load and PDV
(1) Aload probe could be used to show aspects of PDV behavior
(2) Conversely, PDV measurements show load characteristics directly

Symmetnicom TimeMonitor Analyzer
TDEY;: Fo=10.00 MHz; Fs=2.000 Hz; 2010/02/05; 17:15:32
1 [blue): Packet Load Maxldle; Samples 468927; Start: 138; Initial phase offset: 14.2480 usec; Flicker noi:
10 = — o —
uzec

IFTTF""' i s
r i [ R N e ]

TDEY

TP5000 probe

PDV measurement

Load probe

Measured load “max idle”

36



/—l—\\

Traffic Generator Characterization  symmetricom

Traffic generator load for 24 hour ramp 20% to 80% from combined small/medium
and large packet streams with 0.5 second samples in the upper plot and 60 second
averages in the lower plot

Symmetricom TimeMonitor Analyzer; 2010/04/15; 12:31:28

----------------------------------------------------------------

_____________________________________

<«|dle

<« Busy
0.0 davs 2.00 hours/div 1.023 days
100% ; ; ; ; : : ; : . ; ; ;
: Avg
— <€
' Idle
Avg
Busy
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Traffic Generator Characterization  symmetricom

The traffic generator was setup with two streams, small/medium size packets with
uniform load and large packets with bursts. Measurements with the load probe

reveal th IS Symmetricom TimeMonitor Analyzer; 2010/04/16; 13:08:05/14:41:14
10% : : ; ; ; . ; . . . ;

9% Small/Medium

Packets “Busy”
8%

7%
0 min 15 min 30 min 45 min 60 min
60% : : : ; ; ; ; ; ; ;

A0% |-+

: Large Packets

“B uSy”
20%

0% ::‘-.' ":.'I"l'-:r-";‘ Ry :'r-"-'-.' e el Lo N . i
0 min 15 min 30 min 45 min 60 min
15% ; ; ; ; ; ; - -

14%
Large Packets

% Avg “Busy”

12%|,

11%
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Multiple traffic streams Symmetricom:

Here the load probe is simultaneously characterizing PTP packets, the packets in a
particular VLAN, and the total packet stream

Symmetricom TimeMonitor Analyzer; 2010/05/21; 16:53:02

50%
All
40%
packets
30%
20%1------ dooooi-- R Rk e M it M I
i ! : : : : : : . . . : *VLAN
packets
7] NS S S S SN S S S S S S 1 DU
- - - - - - - - - - - packets
0.0 minutes 5.0 minutes/div 56.9 minutes
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Summary Symmetrlco\m‘

» Three types of measurements discussed
1. “TIE”
2. Packet “PDV”
3. Packet “Load”

» Clock and Packet Analysis
» TIE analysis methods inform approach to PDV analysis
= Stability metrics (1) Preprocessed or (2) Integrated packet selection
» Frequency transport metrics
» Time transport metrics

» Network Measurements
= Lab/production packet network measurements shown
» Packet measurement analysis can be used to predict packet slave performance

» Load Probe
» Third measurement type
* Primary reference clock not required
» “Load” and “PDV” are related
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