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Fundamentals of stock market trading




Every stock has a “bid” and an “ask” price.


Buyers of a stock pay the “ask” price



Sellers of a stock receive the “bid” price



The difference between the bid and the ask is the “spread,” or
the profit made by the market maker who handles the transaction

High Frequency Trading (HFT)


The use of computers to buy and sell stocks, began in the late 1990s.



It led to high frequency trading (HFT), which involves the use of high
speed computers running complex trading algorithms that
automatically place and execute orders based on market conditions.



HFT has led to more stock exchanges. A very large number of trades
can occur in one second.



More than half of all stock market volume comes from HFT orders.



It’s important to know the order in which trades are placed, so that
the stock fraud could be avoided.

New rules of Taiwan stock market

Date

Call Auction

2013/ July

15 s

2014/ Feb.

10 s

2014/ Dec.

5s

2020/ March

Continuous
Auction

Note
one-time centralized matching
of buy and sell orders accepted
during a specified period.

V

continuous matching of
buy and sell orders on a
one-by-one basis
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The effects of HFT on the stock market
• Example





Small investors get in line to place market orders for A-company when the current
bid is $19.23 and the current ask is $19.25. No one else is in line when these
small investors places their orders so they assume $19.25 is what they will pay.



Mr. Big enters the line 0.4 seconds later with an order to buy one million shares of
A-company. The automated trading computers allow Mr. Big to “cut in line” and
execute the big order first.



The large trade immediately raises both the bid and the ask price by 15 cents, to
$19.38 and $19.40, respectively. This action causes the investors to pay $19.40
rather than $19.25.



Mr. Big happily sells his million shares at the new bid, taking an instant profit and
giving the small investors an instant loss.



“Cutting in line” is called “front running” and is illegal.
Due to HFT, it becomes more important than ever for all exchanges and
trading platforms to have accurate, high resolution time stamps that
originate from a common clock, to avoid stock market fraud.
「Accurate, Traceable, and Verifiable Time Synchronization for World Financial Markets」
~ Journal of Research of the National Institute of Standards and Technology, Volume 121 (2016)
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Requirements for clock-synchronization (Europe and U. S.)
•

•

In Europe, MiFID II requirements for clock-synchronization (RTS-25) -require firms and venues to timestamp events accurately relative to
Coordinated Universal Time (UTC) and to an appropriate level of
granularity depending on where a trade is executed and the gateway-togateway latency of the venue. Specifically, Article 4 of RTS-25 states ~
• 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 and functioning.
• They shall be able to identify the exact point at which a timestamp is
applied and demonstrate that the point remains consistent.
• Reviews of the compliance with this Regulation of the traceability
system shall be conducted at least once a year.
In the US, FINRA Regulatory Notice 14-47 was finally implemented in
February 2017. The time stamp requirement for computer clocks was
reduced to be within 50 milliseconds of NIST time.
* MiFID ~ The Market in Financial Instruments Directive
* FINRA ~ Financial Industry Regulatory Authority

Requirements for clock-synchronization (Europe and U. S.)
Financial market Regulators understand that accurate timestamp
is important - for trading activity monitoring and analysis.
- for trading risk management
Rule/Author

Synchronization Requirements with
Respect to Reference Time Source
1s

MiFID II

1 ms

/ESMA*

0.1 ms
1 s

National Market System
Plan Governing the
Consolidated Audit Trail
/SEC* (USA)

50 ms
1s
1 ms

Manual orders
Automated orders,
time stamp
(non-HFT)
HFT
HFT time stamp
resolution
Automated orders
Manual orders
time stamp
resolution

Time
standard

In effect

UTC

2018/1/3

NIST

2016/11/15

*ESMA ~ European Securities and Market Authority
10
*SEC~ Securities and Exchange Commission

Financial Market- Low-latency trading
•

Low-latency trading - to react to market events faster than other
traders to increase profitability of trades.
Trading system
Broker

Exchange system

Order
FIX/FAST protocol

confirm

network
Trader

Messaging
Middleware

Matching
system

Price

Trading Algorithm
(Decision & Execution) Propagation delay
1 µs ~ 1 ms
<1 µs

Processing
<100 µs

 Co-location: Trading system physically close to the Exchange, even in the same
building, to reduce latency.
 Transaction reporting and Order record keeping: Data streams with accurate
timestamp
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Financial timing System in the U.S.
 UTC(NIST) is the official time for financial exchanges in the United States,
as indicated in the discussion of FINRA OATS Rule 7430 in Sec. 2.2.
NIST disciplined clock (NISTDC)


The NISTDC locks to UTC(NIST) by using GPS common-view



A NISTDC is a rack mount instrument (PC-based) with a touch screen display



Local oscillator is a rubidium with a built-in distribution amplifier (multiple 1 pps
and 10 MHz outputs)



Utilizes “classic” common-view method over baselines shorter than 5000 km,
utilizes “all-in-view” method over longer baselines

NTP Measurement System - to compare the time stamp packets with UTC(NIST)


The reference for the measurements is a clock board synchronized with a 1 pps
signal from UTC(NIST)



The system sends an NTP request to servers every 10 s. Measurements are
recorded in 10-minute segments and then uploaded to the SIM web site.



The maximum uncertainty is half of the round trip delay. The advantage is
obvious to place the NTP/PTP server, as close to the stock exchange as possible
「Accurate, Traceable, and Verifiable Time Synchronization for World Financial Markets」
~ Journal of Research of the National Institute of Standards and Technology, Volume 121 (2016)

Financial timing System in the U.S.

UTC(NIST)
NISTDC+
NTP/PTP server

brokers, traders and
investors

1 pps,
Time of Day

NTP server

NTP server
NTP server

NTP, PTP(IEEE 1588)

The NISTDC is located
in a data center, as
close as possible to the
stock exchange.



NTP/PTP servers
provide time for
financial market
computers.



The NIST customer’s
time servers provide the
time stamps for all of
the transactions used to
record a stock trade.



These servers are
referenced to a 1 pps
signal from a NISTDC
and get time-of-day
information from a
PTP/NTP server which
is in the same box as
the NISTDC.

GPS
common view

Exchange

Trading
system



1 pps

Clock Board

request /10 s

NTP
Measurement
system
FTP
Server

Financial timing System in the U.S.
 NIST provides financial market customers with a replica of the UTC(NIST)
time scale in the form of a NISTDC. The NISTDC is placed as close as
possible to the stock exchange.
 The frequency uncertainty of a NISTDC is less than 1 × 10-14 after one day of
averaging, and the time uncertainty is ~10 ns, with respect to UTC(NIST).
 This uncertainty is increased by a factor of 1000 by the NTP and PTP
methods of transferring time to computers, but still at least 1000 times lower
than the U. S. requirements and can easily meet the new MiFID II
requirements in Europe.
 Because NISTDCs are measured and compared in real-time, NIST
customers are able to provide continuous evidence to auditors that they are
in compliance with all current stock market synchronization requirements.

http://www.npl.co.uk/commercial-services/products-and-services/npltime/mifid-ii/
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The roles of UTC Lab in the Stock market
A. Local UTC time Source (dissemination via GPS CV, NTP/PTP links)
B. Consultant/explain related issues and advise on technical matters
C. Certificates/ provide the evidence of their traceability

Thank you for your attention!
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