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TECHNOLOGY

Chronos — Expertise

Network Timing GNSS Products
and Service and
Assurance Solutions

Time, Timing
- and

Location

Testing
and
Metrology
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Many Time Source Solutions chenmns
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Many Monitoring Solutions chenmns

TECHNOLOGY

TimeKeeper® Compliance

DDMAIL}' FErformance series
TINME I [ime Synchronization

emagine
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Beyond the NIC - Members? chenmns

TECHNOLOGY

7.4 Application, Host and Wire Timestamps

= ESMA considers that any of these
timestamps will be acceptable for
members or participants to use

= Point of Capture MUST meet MiFID
requirements

= Regardless of Application layer
performance

Guidelines Requlatory technical and implementing standards — Annex |
28 September 2015



Beyond the NIC - Venues? chenmns

TECHNOLOGY

7.4 Application, Host and Wire Timestamps

" Trading Venues... ...will likely require the
use of application timestamps

= |f the Reportable Event occurs at the
Application Layer

= The Application layer MUST meet MiFID
requirements

Guidelines Reqgulatory technical and implementing standards — Annex |
28 September 2015
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Get Inside the OS — Update chenmns

TECHNOLOGY

= Microsecond timing at the NIC
— Hardware Time Stamping
— Optimised Network Design
— Resilient Time Design

" Frittered away in the Linux stack!
— Linux System Clock inaccuracies

— API calls suffering bridge / bus latency

* NIC time very accurate but...

— Virtualisation!



Test System Setup $ MM

TECHNOLOGY
* Precision PTP system delivers measurement reference time so the

performance of the system time available to the apps can be monitored
* Tuned and measured for accuracy
« Standard Linux PTPd running on Trading Server.
» Load placed on processors to emulate trading algorithms
» Time error between Linux System Time to software app and ‘true time’
recorded and logged

[ \ Trading Server \

Chronos PTP PCle C].d
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Software Time Error Sources $ mw%

TECHNOLOGY
« Timestamp point mandated by MIFIDII is in the application layer software
« Accuracy of the timestamp is affected by many factors

(Application layer software )
[Application layer | Timestamp Point
sofiware @ |eevsssesssss
J
\, GetTimeoDay) __/ Get Time of Day
/Linux Kernel layer ? Call Latency
System Time
J
\ S
/Server Hardware Layer )
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Software Time Error Sources mm

T ECHNOLOGY
« Error in application timestamp from true time driven by

« GetTimeOfDay() call latency and jitter
» Accuracy of System time recovery
« GetTimeOfDay() latency and jitter can be a large proportion of error

True Time DLl LT N
Being addressed _
by Ngtwork Time Error due to :
Engineering - Network Asymmetry
Hardware ’ - Network Load
' - PTP/NTP Algorithm qualit
Timestamps etc. g qually Total Must meet
System Time ——-—--X ------ MIEID
requirements
NOT being Time Error due to : <100 us
- Processor Load
addressed :
- Get Time of Day Call
Time Seen by oy Il
Software
Application
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Software Time Error over Time and | mw
Processor Load ML
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The Way Forward chenins

TECHNOLOGY

= Update Chronos PTP Client Hardware
— PCle
— USB

= Additional Data Gathering from App
— Demonstrate Validity of Method

= Develop Dashboard Application
= Recruit Alpha Testers



