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1. How Critical Is Time In Financial Industry

Traditional Brokerage Model of Trading

• Broker shares the profit from both seller & buyer if a bid is successful which limits the
liquidity of market
• Could be fraud activity if the trading platform does not have a traceable time reference
and has a low resolution time stamp system - unfair

Direct Market Access

Due to automation
• the number of exchanges competing against each other increased
• the amount of time required to execute a transaction decreased
• broker's profit decreased

From: http://www.turingfinance.com

High Frequency Trading
1. Algorithm trading becomes the high frequency trading when buying and selling of
stocks at extremely fast speeds with the help of powerful computers.
2. Using complex algorithms, the computers can scan dozens of public and private
marketplaces simultaneously, execute millions of orders a second, and alter
strategies in a matter of milliseconds.
3. First to market is an important feature for some buy-side strategies. Direct market
access permits traders to access execution platforms directly, without intervention
from a broker's trading desk.
4. Strategies are dependent on ultra-low latency. To realize this, a firm must have a
real-time, collocated, high-frequency trading platform where data is collected,
and orders are created, routed and executed in sub-millisecond times.

2. Regulations on Time Accuracy in US Finance Market

FINRA OATS Rule 7430
The Financial Industry Regulatory Authority (FINRA) in US issued requirements
FINRA OATS (order audit trail systems) Rule 7430 for stock market synchronization
for the NASDAQ in 2008 and for the NYSE in 2011 .
Rule 7430 requires any FINRA member firm that records order, transaction or related data

1.

2.
3.

to synchronize all business clocks used to record the date and time of any market event.
Clocks, including computer system clocks and manual time stamp machines, must
record time in hours, minutes and seconds with to-the-second granularity and must be
synchronized to a source that is synchronized to within one second of the National
Institute of Standards’ (NIST) atomic clock.
Clocks must be synchronized once a day prior to the opening of the market, and remain
in synch throughout the day.
In addition, firms are to maintain a copy of their clock synchronization procedures onsite. Clocks not used to record the date and time of market events need not be
synchronized

Tightening of FINRA OATS Rule 7430
In November 2014, FINRA Regulatory Notice 14-47 proposed tightening the time
requirement to within 0.05 s (50 ms) of NIST time with an implementation date of
February 20, 2017. From then on, 50 ms becomes the synchronization requirement
for stock market transactions in the United States.

Securities and Exchange Commission (SEC) Rule 613
In 2016, the Securities and Exchange Commission approved the consolidated audit
trail (CAT) that enables regulators to more efficiently and thoroughly track all
trading activity

CAT national market system:
1. a large trade data repository for options and equities used for surveillance and
tracking
2. FINRA and the stock exchanges to collect and accurately identify every order for
all stocks and stock options across all U.S. markets, and to send complete
documentation about the order to a central repository by 8 a.m. Eastern Time
the day following the trade

CAT reportable events includes:
1. Time of receipt or origination of an order
2. Time of routing of an order
3. Time of order is received

4. Time of an order is modified or cancelled
5. Time an order is executed

Timeline of Rule 613

From: Deloitte

3. Regulations on Time Accuracy in European Finance Market

ESMA and Regulatory Requirements
About the MiFID II
A revised version of the Markets in Financial Instruments Directive, or MiFID II, an European
regulation, published in the EU Official Journal on June 12, 2014.
Desired to push more trading away from the phone and on to electronic venues, which come
with better audit and surveillance trails.
Empower ESMA (the European Securities and Markets Authority) to develop regulatory
technical standards (RTS) as well as implementing technical standards (ITS).
ESMA delivered three sets of technical standards in 2015. The original plan was to put these
standards into effect on January 1st, 2017. Due to the high complexity and the technical
challenges this has been postponed to January 2018.

ESMA and Regulatory Requirements
MiFID II mandates new levels of detail coupled with micro and millisecond accuracy.
About the RTS 25 (There are 28 RTS in MiFID II.)
RTS 25 is on the level of accuracy of business clocks, defining standards for clock synchronization which has a
direct impact in financial industry.
RTS 25 covers two main topics: the time reference to be used and the required level of accuracy for time stamps
used in business records, detailed in the following Articles.
Article 1: Reference Time
Article 2: Level of accuracy for operators of trading venues
Article 3: Level of accuracy for members or participants of a trading venue
Article 4: Compliance with the maximum divergence requirements

Article 1
Reference time
Operators of trading venues and their members or participants shall synchronise the business
clocks they use to record the date and time of any reportable event with the Coordinated
Universal Time (UTC) issued and maintained by the timing centres listed in the latest Bureau
International des Poids et Mesures Annual Report on Time Activities. Operators of trading venues
and their members or participants may also synchronise the business clocks they use to record the
date and time of any reportable event with UTC disseminated by a satellite system, provided that
any offset from UTC is accounted for and removed from the timestamp.

Annex: Table 1 Level of accuracy for operators of trading venues

Gateway-to-gateway latency
time of the trading system

Maximum divergence
from UTC

Granularity of
the timestamp

> 1 millisecond

1 millisecond

1 millisecond or better

≤ 1 millisecond

100 microseconds

1 microsecond or better

Annex: Table 2 Level of accuracy for members or participants of a trading venue
Maximum
divergence from
UTC

Granularity of
the timestamp

100 microseconds

1 microsecond or
better

1 second

1 second or better

Activity on request for quote
systems where the response
Request for quotes systems as defined in Article
requires human intervention or
5(4) of Delegated Regulation (EU) 2017/583
where the system does not allow
algorithmic trading

1 second

1 second or better

Activity of concluding negotiated Negotiated transaction as set out in Article 4(1)(b)
transactions
of Regulation (EU) No 600/2014.

1 second

1 second or better

1 millisecond

1 millisecond or
better

Type of trading activity

Description

Activity using high frequency
algorithmic trading technique

High frequency algorithmic trading technique.

Activity on voice trading systems

Voice trading systems as defined in Article 5(5) of
Commission Delegated Regulation (EU)

Any other trading activity

All other trading activity not covered by this table.

Article 4
Compliance with the maximum divergence requirements
Operators of trading venues and their members or participants shall establish a system
of traceability to UTC. They shall be able to demonstrate traceability to UTC by
documenting the system design, functioning and specifications. They shall be able to
identify the exact point at which a timestamp is applied and demonstrate that the point
within the system where the timestamp is applied remains consistent. They shall
conduct a review of the compliance of the traceability system with this Regulation at
least once a year.

Any Impact To Asian Countries?
Two types of enterprises in Asia.

1. One consists of the global organizations (e.g. Citibank, Morgan Stanley, Deutsche
Bank, Barclays, etc...). They are active in global transactions between Asia, Europe
and North Americas and will have to follow the SEC and ESMA regulations. When
they deploy synchronization, they will do it throughout their entire global networks.
These banks will create sync deployment in Asia first.
2. The second group consists of the local banks in China, Japan, and India, which are
not as active in North America or Europe and do sync deployment later.

Any opportunity for NMI time lab?
1. UTC is the ultimate time reference in MiFID II.
2. Although many companies/institutes have long been using GPS clocks as their time
source, the questions are
• how to verify the time from these GPS clocks are accurate
• is there any audit process to check/assess the time with proper documentation

Can time lab integrate its UTC(k) to finance data centre and deliver high level of
granularity of the timing solution?

4. Why Is Time Critical in Current and Future Telecommunication

•

The telecommunications industry relies heavily on accurate time to maintain time
synchronization and frequency control in order for land and mobile telephone
services, wireless networks, and other applications to remain operational.

Time synchronization: Two clocks that are aligned in terms of their repeating interval (the
‘frequency’), their ‘phase’ (a one-second interval), and share a common time origin (or ‘epoch’).

2015-05-24
12:00:01

2015-05-24
12:00:01

•

•

Problems of synchronization loss:
• difficult to diagnose and resolve quickly
• add to operational costs
Poor synchronization affects customer satisfaction and is therefore revenue affecting

No synchronization: Two clocks that have no alignment in terms of frequency, phase or time.

An example:
A slip is a deletion and repetition of a data block. Slips are caused by
inadequate synchronization of the two clocks controlling the transmission or by
poor reception of the signal.
The slip rate between two networks is defined as SR = fFR86400

• If two networks that are synchronized by different clocks. One accuracy is +1x10–11
and the other is –1x10–11. The accuracy difference is 2x10–11.
• The slip rate is 0.0138 frame slips/day, or 72.3 days/frame slip.

SR = Slip rate (frame slips/day)
∆f = Frequency accuracy difference
FR = Frame ( a digital data transmission unit) rate (frames/second) [All telecommunications systems
operate at 8,000 frames/second]
86,400 = Number of seconds/day

1. Spectrum usage technique Frequency Division Duplex (FDD) in paired spectrum has been
used for cellular voice and data services from 2G, 3G to 4G.

2. Mobile operators are short of spectrum due to increasing data use and need of higher data
rates, then technique Time Division Duplex (TDD) is used on a single frequency
3. Synchronization is an important issue for TDD systems because the signals are transmitted
and received on the same frequency band for both downlink and uplink .
one radio frame Tframe = 10 ms
one subframe Tsubframe = 1 ms

special subframe

fUL
fDL
special subframe

fDL/UL

Frame Structure

Enabler of 5G network and IoT devices
1.
2.
3.

In future 5G network, higher accuracy time synchronization requirements are critical due to
new services, technologies, and network architecture.
Geospatial and 5G are interconnected. Accurate location information helps governments
design better cities, focus public services and engage with citizens.
As cities get smarter, much of this location data have to be in real time.

From: CommsBusiness

• 5G uses wireless networks to supplant traditional wire line connections by increasing bandwidth for devices
and minimizing latency,
• suited to cases requiring continuous response and data analysis, such as self-driving cars and traffic control.

From : IEEE Signal Processing Magazine

 Driverless cars do all of their processing on-board
 low latency allowed by 5G could mean that essential information to be transmitted in order to prevent accidents

5. Time-sync Standardization in Telecommunication Industry

1. To minimize controlled slips and eliminate uncontrolled slips, it is required to
synchronize all equipment clocks in all nodes to the same master clock or to a
number of master clocks that operate very closely matched.
2. ITU-T discusses numerous issues including network synchronization precision,
requirements for configuring networks, profiles, and testing and measurement
methods for telecommunications.

ITU-T G-Series Recommendations:

In Telecom, several technologies are often used to achieve network synchronization:

1. Synchronization by acquiring standard time from GNSS
• suitable for base stations with outdoor component to receive a GPS signal.
• fail in the case of indoor base station although some advances from GPS chipset
sensitivity suggest this limitation could be overcome in a close future.
• effect of radio interference; solar winds or hush weather conditions
• bugs in GPS

2. Synchronization over packet network using protocol
• NTP is one of the oldest protocols and is widely deployed for non-critical
applications with an accuracy of around 1ms, but in general it is not
designed with hardware support
• PTP is the mainly considered technique in order to transport phase/time by
the network with the desired accuracy.

3. Synchronous Ethernet (SyncE)
• Specified by ITU-T SG15/Q13, designed for frequency synchronization and
does not support phase/time synchronization.
• It may be used complementary to a phase/time synchronization technique in
order to improve reliability (time holdover) in case of time reference failure.

SG15 Question 13 addresses Network Synchronization performance specifications,
Equipment synchronization specifications, etc.
Several telecom recommendation series have been or are being specified
• PTP frequency synchronization with the G.826x series recommendations,
• time and phase synchronization with the G.827x series recommendations (ongoing)

Frequency, phase and time synchronization profiles from ITU-T SG15/Q13
agreed

Courtesy of J-L Ferrant

ongoing

1. ITU-T has defined six levels of precision for time and phase synchronization. Current
recommendations are for standardization at precision level 4.
2. Mobile applications are being introduced that require time and phase synchronization
precision at or below 1 μs.
Maximum time error specifications for various requirement
classes from ITU-T G.8271

Summary
1.

High precision time synchronization is needed in finance sector with the UTC traceability requirement

2.

The need of wireless telecommunication is driving new synchronization requirements

3.

Discussion and standardization activities have been on-going in ITU-T;
• No single method can achieve acceptable results for both time and frequency distribution, and a
combination of methods is required.

• Research activity is now focused on using synchronous Ethernet to transfer frequency, and then using
a protocol as an overlay to distribute time.
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