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Time

Why is time important?
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Correct time

e Who has the correct time?
e Earth's rotation - UT1
e one “atomic” clock - UTC

« Even if we all agree, how do we keep nodes
synchronized?

* |t takes time to send a signal
* in between signals nodes will drift
 how often can we send signals
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Presentation Notes
The Earth rotates once in about 24 hours with respect to the sun and once every 23 hours, 56 minutes and 4 seconds with respect to the stars. Earth's rotation is slowing slightly with time; thus, a day was shorter in the past. This is due to the tidal effects the Moon has on Earth's rotation. Atomic clocks show that a modern-day is longer by about 1.7 milliseconds than a century ago, slowly increasing the rate at which UTC is adjusted by leap seconds.
UTC (French: Temps universel coordonné), Coordinated Universal Time, is the primary time standard by which the world regulates clocks and time. It is within about 1 second of mean solar time at 0° longitude; it does not observe daylight saving time. Based on TAI (International Atomic Time)
TAI (French: Temps Atomique International), International Atomic Time, is a high-precision atomic coordinate time standard. TAI is a weighted average of the time kept by over 400 atomic clocks in over 50 national laboratories worldwide.
Atomic clock: the second as the duration of 9192631770 cycles of radiation corresponding to the transition between two energy levels of the caesium-133 atom at rest at a temperature of 0 K.



A correct clock

Drift is change in how well one clock can measure a time interval.
Monotonic is the property that time always moves forward.
Correctness often means monotonic and low drift.

A correct clock might not be synchronized.
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How to synchronize

033-415783
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Presentation Notes
SP (Science partner, Technical Research Institute of Sweden (www.sp.se) provides a service for synchronizing computer clocks via dial-up modem. SP has two modems connected to respective time code. The time distributed from these are directly traceable to the official Swedish time UTC (SP). The telephone number is 033-415783, standard telephone charges. - See more at: https://www.sp.se/sv/index/services/time_sync/modem_time/sidor/default.aspx#sthash.s3KUx7gb.dpuf


Synchronization

Accuracy or external synchronization:

 Each node in our network is synchronized with an
external (global) source within a bound.

Precision or internal synchronization:

« Every pair of nodes in our network are synchronized
within a bound.
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Asynchronous networks

One server is connected to external source and used to
synchronize other nodes in the network.

Problem is of course that round-trip times are unknown and
that they vary.

A minimum propagation time can be known.
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Christian’s algorithm (using a time server)

sending request —
~~_ req
received request
(1]
| reply [t
[t] - ply [t]
v Pt
T -receivedreply —
\ 4 \ 4
What is the time at T? T =t+r1/2 What is the accuracy?
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Cristian [1989] suggested the use of a time server, connected to a device that receives signals from  a source of UTC, to synchronize computers externally . Upon request, the server process S  supplies the time according  to its clock
The time at the server when the reply arrives is within [t + min, t+T_round-min] – the width of this range is T_rounf-2*min, so the accurancy is +-(T_round/2-min)


Network Time Protocol (NTP)

* An architecture targeting reliability and wide area networks.
* Ahierarchy of servers: stratum-1 connected to external sources.

« Fault tolerant: servers can be degraded to lower stratum if
external source is lost, client can connect to secondary servers.

« Several synchronization protocols: LAN multicast, request reply
and synchronous.
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Presentation Notes
Network Time Protocol (NTP) is a networking protocol for clock synchronization between computer systems over packet-switched, variable-latency data networks. In operation since before 1985, NTP is one of the oldest Internet protocols in current use.


NTP

t1: sending request Z req(tl]
~ ~ \A
t2: received request
reply [t1,t2, 3] t3: reply [t1, t2, t3]
Ve -~
t4: received reply
\4 \/

Similar to Christian’s but with better estimate of delay.
Stateless, no need to record r.
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Berkeley algorithm
Used to synchronize a network of nodes.
— send requests to all nodes

— collect it and calculate an average time T
— send out individual deltas to each node
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Summary

Clocks can be synchronized:
« internally
e oOrto an external source
Synchronization limited by:
* network jitter
o clock drift
Synchronize to UTC (Coordinated Universal Time):
« NTP connected over Internet: a few 10 ms
* local GPS clocks connected to LAN: <1 ms
e on board GPS clock: few ms to ns
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