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Téma hodiny: Kraliky
Cil hodiny: Nakrmit je

M. Simek a J. Grossmann: Exkurse do ZOO.
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Prenos frekvence a casu
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preneseny priibéh
signdlu

origindlni pribéh
signdlu

prenesenad casovad
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stupnice

7= const
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= 2000 - Primarni NTP servery TIK a TAK fizeneé prijimacem GPS

Presny cas v CESNETuU

= 2010 - Adaptery TTA pro porovnani atomovych hodin po opticke lince

= 2011 - Porovnavani casovych stupnic UTC(TP) a UTC(BEV) mezi Prahou a Vidni

= 2014 - Koherentni pfenosy ultra-stabilni frekvence (spoluprace s UPT AV CR)

= 2026 - Sluzba CESTime — nova infrastruktura White Rabbit
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g_g_gnet Protokoly pro prenos Casu

= NTP
= globalni Internet, UDP protokol, struktura mash
= hierarchie NTP serveru podle ,vzdalenosti“ od ext. reference (Stratum)
» dosazitelna presnost 1ms — 100 ps

* PTP (IEEE-1588)
» [okalni sit, Ethernet (podporuje ale i UDP), topologie strom

= predpoklada HW podporu na vsech zarizeni (boundary clock, transparent
clock) v prenosoveé trase

» dosazitelna presnost 1us (s HW podporou), jinak jen o trochu lepsi nez
NTP

= WhiteRabbit
= pfesnost lepsi nez 1 ns AE
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Princip NTP

= Klient periodicky posila pozadavky Serveru a z vysledku spocita ofset

sveho ¢asu.

» Nezavisle na ofsetu mezi Klientem a Serverem, celkové zpozdéni o je

6= Ty —T1) — (T3 —T2)

= Za predpokladu stejného jednosmeérného zpozdéni 0,5 = Oga, Offs
mezi Klientem a Serverem je

(T, —T,) + (T, — T3)
2

90=

= SkutecCny offset 0 je vzdy v intervalu (6, — 6/2, 6, + 6/2)
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cesnet Princip PTP

. . Master Slave
= Master periodicky posila zpravy Sync a pfip. Follow_Up
= Slave obcCas ovéfi round trip time pomoci zprav Delay Req a ™ sync
Delay_ Resp.
. x B Follow Up (T1 T2
= Slave ma offset ¢asu 6 ~Lollow _Up (T1)
—_ S
9 — T2 - (Tl + 5MS) g
N

Slave spocita celkové zpozdéni (round trip time) Delay Req T3
5=(T4—T1)—(T3—T2) /
T4

Za predpokladu stejného zpozdéni v obou smérech (3,5 = Og),) plati

Sys = 0 / 2

Delay_Resp (T4)
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S_?gnet White Rabbit - motivace

= VVyvinuto v CERNu

» potfeba synchronizace senzoru a dalSich zafizeni pfi experimentech
na urychlovacich

= chyba prenosu casu pod 1 nanosekundu

= CERN Open Hardware License
» zvefejnéna dokumentace (schema, FPGA kod, software, ...)
= kdokoliv muze vyrabét originalni nebo odvozené verze

= Nékolik komercénich vyrobcu
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§2§net Topologie White Rabbit

= Stromova struktura
" pouze jeden grandmaster othr absolds tming efre

= zadny PTP ,Best Master Clock Algorithm® I
= ostatni zarizeni v modu BC (boundary B —
,I ,I ownlink port

clock) (

uplink port

[ WR SWITCH ] [ WR SWITCH ] [ WR NODE ]

* Grandmaster — G
= vstup 10 MHz [ |
= vstup 1 PPS (Pulse per Second) [ wmwoe  J[[ wmwooe ]

= staci pfi startu) By Phiumi
* NTP server — doda label sekundy

» soubor leap-seconds.list
= seznam prestupnych sekund
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5_:9_§net White Rabbit —technologie

= Protokol PTP (IEEE-1588)
= protokol WR je nadstavbou PTP

» noveé specifikovano v IEEE-1588 jako profil HA
(High Accuracy default PTP profile)

» Gigabitovy Ethernet (1 GbE)
= optické transceivery SFP

= Synchronni Ethernet (SyncE)
= syntonizace vSech zafrizeni
= distribuce frekvence z grandmasteru v celé WR siti

» Obousmeérny prenos pro jednom vlakné
» vyhrazené vlakno nebo optické kanaly v multiplexu
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§§§net Co je uvnitr WRS?

White Rabbit Switch verze 3.4
= FPGA Virtex 6

= CPU Atmel

= \VCXO

= RAM + Flash

= 18x klec SFP
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Aktualnim standardem je varianta Low Jitter (WRS LJ)

= kvalitni teplotné kompenzovany oscilator (VCTCXO)
* nova deska s PLL (AD9516)

» dusledné vyuzivani diferencialnich cest na ploSném spao;ji
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§2§net Vyvijeny switch WRSv4

* FPGA typu Xilinx Zynqg UltraScale+ MPSoC

» SFP+ (10 GDbE)
= zpétné kompatibilni s 1 GbE

* Hold-over modul
= udrzi Cas pfi vypadku vstupniho signalu (optional)

orola
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* Pfechod na industrialni standard (carrier-grade)
» dudlni zdroj
= vymenné ventilator
= extension slot
= zvySena spolehlivost
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cesnet Rizeni lokalniho oscilatoru

» Pfesné méreni fazoveho rozdilu v FPGA
» Digital Dual Mixer Time Difference (DDMTD)

= Frekvence v DDMTD:

= clkin: 62.5 MHz Kk g e e
* ckDDMTD: 62.4961 MHz (N=14) %)  “liuwro- grirun PR
= clkout: 3.814 kHz _FI_FI_F—"T‘" G PR IF" T
»  Counter :1;1.:}( N+ (N2 (N3 X NE-4 Y N+5 )
= Teoretické rozliSeni 0.977 ps Ctag | (tag)
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cesnet Model zpozdéni na lince
Master Slave
t L
[ | KOnStantnl ZpOZden| PTP message exchange :z
= FPGA, SFP, ... 5 G CRCURCR
. i oo i . ‘:' Sources of asymmetry: |
* Proménne zpozdeni ve viakne : Fiber ;
» typicka hodnota disperse 17 ps/nm/km ' p=1490nm -
-> 1.4 ns /100 km pro sousedni kanaly ; As=1310nm T
—— —
= chromaticka disperze vyjadrena v koef. a i Link delay model: !
E fixed delays variable delays fixed delays i
o= s/ __ — ms sm : 1
V(A'm) 83m sl Arxm+8M " Osm < Atx ’ 5 ‘E
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Infrastruktura CESTime




g_:ggnet CESTime

= Sluzba distribuce presneho Casu a
stabilni frekvence

= testovaci provoz od 10/2026
* Technologie White Rabbit

= Vlastni atomové hodiny navazane na
Statni etalon ¢asu a frekvence

= \lyuzity optické linky sité CESNET

= ostatni komponenty vyhrazené pro
iInfrastrukturu CESTime

Olomouc

» |Integrace sluzby do dohledoveho centra
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g_?gnet CESTime v c¢islech

Cela infrastruktura v sesti Cislech:

= 20+ uzlu

= 26 optickych linek

= 4 okruhy pro redundanci

» 3785 km vilaken
= 2 atomove hodiny “ |
» projektovana presnost 5 ns Cs clock 5071A H-maser VCH-1003M
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Pripojeni k sluzbe CESTime

= Optickeé vlakno nebo kanaly v DWDM multiplexu
= protokoly White Rabbit a PTP (IEEE-1588)
= pro White Rabbit nutnost vlastniho zafizeni

= Standardni optické pripojeni (Ethernet)

= pouze protokol PTP

» Metalické pripojeni (Ethernet)
= pouze PTP a jen lokalne v uzlu

= Koaxialni kabely
= sekundove pulsy (1 PPS) a/nebo frekvence 10 MHz
= alternativa lokalniho pripojeni v uzlu
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g:esfnet WR collaboration

CESNET se v roce 2026 stal ——
Clenem White Rabbit Jc:ollaboratlon'
collaboration

CESNET delivers advanced ICT services for science, research and educationin
the Czech Republic. With extensive experience in White Rabbit they have
deployed a WR network across part of their nationwide infrastructure and are
actively involved in explormg how to best use and deploy WR. They
partlcnpate for example,in ¢ ng-Haul White Rabbit T Eri

ncuba £, which explores how preasetlmetransfercanoperateover

DWDM infrastructure at a continental scale. Find out more on their

Time Transfers cesnet

TTA transfors

WR transfers €=

White Rabbit

COLLABORATION

ute of Scaentitic Instrements

SANET
Bratigva  ER .

Czech Republic
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Dekujl za pozornost

Dotazy?

vs@cesnet.cz
vladimir@smotlacha.cz
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