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The automation of financial markets

In 1971, Fischer Black 
predicted that most 
activity on financial 
exchanges could (and 
would) be automated.
Also: Demsetz (1968), Black (1971), 
Fama (1970 pg. 399), Garbade and 
Silber (1978), Hakansson, Beja, and 
Kale (1985),  Amihud and Mendelson
(1988)



Complete mechanization
“Originally, the universal assumption 
had been that automated trading 
would involve a human being 
inputting orders into a computer 
terminal.”

“… perhaps 
human beings, with their inevitably 
slow reaction times, could then be 
removed altogether from electronic 
trading and replaced by entirely 
automatic systems?”

-Mackenzie (2013)



Questions

• Why are markets now automated … what’s 
the advantage?

• Are markets too fast or too slow?



Collective motion in nature



Price movements of 40 large-cap US 
stocks in one minute intervals on Feb. 

24, 2010.  Colors correspond to 
market sector. (Gerig 2015)



“Put simply, (the beauty of high-frequency trading) is the following: 
High-frequency trading synchronizes prices across global financial 
markets. It knits exchanges together into one gigantic marketplace 
where the prices of financial securities move in unison, much like a 
school of fish.” (Gerig, 2014)



Speed in markets

• Modern financial markets are 
really fast

• Current latency:
– intramarket: 1-100 microseconds
– intermarket: 0.1 – 100 milliseconds

• Are these speeds really 
necessary?



• “… price discovery at the nano-second 
interval cannot possibly give a 
significant allocative efficiency benefit 
over price discovery on a second-by-
second basis.”

– Adair Turner, 
FSA Chairman (at the time)

… probably not necessary for 
price discovery



What about liquidity/transaction costs?

• There is no need for markets to clear faster 
than the rate of order arrival

• … but, the current rate of order arrival is 
very high
• on average, there is more than one U.S. 

equity trade per millisecond during the 
trading day (see www.utpplan.com)

• milliseconds might be important!!!



Fricke and Gerig (2015)

• We model/simulate the arrival and mixing of 
orders over different time intervals

• Main result: liquidity is maximized at 
intermediate speeds
– if too slow, orders “sit” too long before 

transacting
– if too fast, not enough orders are “mixed”

• We estimate the optimal clearing speed for a 
typical U.S. stock:
– 0.2 to 0.9 seconds

• For many securities, markets are perhaps 
unnecessarily fast
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Background

• Also see Hasbrouck 
and Saar (2013)



Motivation
• Why would firms or trading venues have different timing 

patterns?
– Differences in trading system architecture and sophistication
– Differences in trading system locations
– Differences in strategies

• Purpose of categorizing patterns:
– Transaction timestamps can reveal a firm or trading venue's 

technological sophistication, location, and/or trading strategy



Questions
• Do patterns exist in timestamps and time 

lags of US equity transactions?
• What can explain the patterns?



Data
• TAQ data (trade and quote data)

– Publicly available data containing SIP messages: 
equity trades and quotes  

– We use the “participant timestamp” field, which 
is the timestamp applied by the trading venue

– Dropped duplicates of: {symbol, exchange, date, 
time}



Two Measurements
• Transaction timestamps

– Timestamp of the transaction

• Time between transactions
– Time between two consecutive transactions



Transaction Timestamps
• Null hypothesis

– Uniform distribution of digits



Transaction Timestamps
Timestamps are much more likely 
to be at or near whole seconds 
than fractional seconds.  Spikes 
also occur for tenths of seconds.

Possible explanation: many 
algorithms are programmed to 
“fire off” orders at whole seconds 
instead of randomizing time.

Data: TAQ January – June 2017 top 
500 stocks by market cap.



Time Between Transactions
• Null hypothesis

– Exponential (Poisson process, i.e., independent 
events)



Time Between Transactions

When aggregating across all exchanges, there’s a structure break in the 
decay of the distribution at about 200 microseconds, which is suggestive 
that two different processes with different inherent timescales are at play.



Time Between Transactions
There’s ‘echo’ transactions on 
individual exchanges which can be 
seen as humps in the distribution.  (For 
Nasdaq, these echos occur at about 40 
microseconds, 75 microseconds, 200 
microseconds, and 240 microseconds.)

Possible explanation: Algorithms react 
immediately to transactions, but are 
located at different geographic 
locations and therefore take different 
characteristic times to cause 
reactionary transactions.



Patterns at Different Exchanges



Cluster Analysis

When clustering timing patterns by exchange, we find clusters based on 
geographic location



Conclusions
• Transaction timestamps can reveal information about:

– Trading strategies
– Geographic location
– Technological sophistication

• Preliminary analysis suggests:
– many trading firms do not randomize the timing of their algorithms

• implication: the trades of many firms might be more predictable than they 
realize 

– geographic location plays an important role in determining time lag 
patterns

• implication: time lag patterns might be used to reveal a firm or venue’s 
location
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