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High	
  Frequency	
  Trading	
  (HFT)	
  &	
  	
  
Latency	
  Arbitrage	
  (LA)	
  

HFT:	
  
•  Rapid	
  trading	
  of	
  securi,es	
  by	
  computers	
  
•  Controls	
  over	
  50%	
  of	
  trading	
  volume	
  today1	
  
Latency	
  Arbitrage:	
  
•  Type	
  of	
  HFT	
  taking	
  advantage	
  of	
  speed	
  
advantages	
  &	
  delay	
  across	
  markets	
  to	
  generate	
  
nearly	
  risk-­‐free	
  profit	
  

•  Currently	
  accoun,ng	
  for	
  an	
  es,mated	
  $21	
  billion	
  
in	
  profit	
  per	
  year2	
  



Market	
  Fragmenta,on	
  

•  Over	
  40	
  trading	
  venues	
  in	
  U.S.	
  for	
  stocks,	
  each	
  
with	
  its	
  own	
  highest	
  bid	
  &	
  lowest	
  sell	
  price	
  

•  Implies	
  possibility	
  of	
  price	
  disparity	
  across	
  
markets	
  

•  Mi,ga,on?	
  Regula5on	
  NMS:	
  routes	
  orders	
  for	
  
best	
  execu,on	
  based	
  on	
  an	
  aggregated	
  best	
  bid	
  
and	
  sell	
  price,	
  the	
  Na5onal	
  Best	
  Bid	
  and	
  Offer	
  
(NBBO)	
  

•  Routed	
  via	
  Security	
  Informa5on	
  Processor	
  (SIP)	
  	
  



Latency	
  Arbitrage	
  
•  Traders	
  face	
  latency	
  in	
  their	
  own	
  market	
  and	
  
in	
  ge[ng	
  the	
  NBBO	
  

•  Latency	
  arbitrageurs	
  face	
  lower	
  latency	
  and	
  
can	
  take	
  advantage	
  of	
  price	
  dispari,es	
  
between	
  NBBO	
  and	
  single	
  markets	
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Previous	
  Work	
  &	
  Our	
  Model	
  

•  Elaine	
  Wah’s	
  Simula,on3	
  
– Two	
  market	
  model	
  
– Focused	
  on	
  LA	
  effects	
  on	
  surplus	
  and	
  liquidity	
  
	
  •  Our	
  Simula,on:	
  similar	
  
–  Include	
  delay	
  for	
  latency	
  arbitrageurs	
  
–  Include	
  delay	
  for	
  agents	
  to	
  local	
  markets	
  
– Mul,ple	
  latency	
  arbitrageurs	
  
– Focus	
  on	
  reac,ons	
  of	
  compe,ng	
  HFTs	
  
	
  



Compe,,on:	
  Latency	
  Arms	
  Race	
  

•  Latency	
  Arms	
  Race:	
  a	
  scenario	
  where	
  HFTs	
  try	
  
to	
  keep	
  reducing	
  their	
  latencies	
  un,l	
  they	
  
approach	
  0	
  

•  We	
  are	
  interested	
  in	
  modeling	
  this	
  by	
  looking	
  
at	
  revenues	
  in	
  our	
  model	
  to	
  predict	
  how	
  
arbitrageurs	
  value	
  reducing	
  latency	
  

•  In	
  reality,	
  HFT	
  firms	
  spend	
  millions	
  of	
  dollars	
  a	
  
year	
  inves,ng	
  in	
  technology	
  to	
  reduce	
  latency	
  



Methodology	
  



Model	
  





Single-­‐Equity	
  Model	
  

Captures:	
  
•	
  Communica,on	
  latencies	
  (between	
  
exchanges,	
  informa,on	
  processors	
  and	
  traders)	
  
•	
  Current	
  U.S.	
  regulatory	
  environment	
  (order	
  
rou,ng,	
  Regula,on	
  NMS)	
  
•	
  Rela,onship	
  between	
  market	
  fragmenta,on	
  &	
  
latency	
  arbitrage	
  
•	
  Compe,,on	
  between	
  latency	
  arbitrageurs	
  



Experiments	
  
•  Simulate	
  two-­‐market	
  model	
  with	
  two	
  latency	
  

arbitrageurs	
  
•  Measure	
  revenues	
  at	
  various	
  latencies	
  
Scenarios:	
  
1.  Both	
  agents	
  at	
  equal	
  latency	
  
2.  Agents	
  at	
  unequal	
  latencies	
  
•  Focus	
  on	
  what	
  reac,on	
  each	
  HFT	
  will	
  take	
  to	
  different	
  

situa,ons	
  and	
  how	
  these	
  decisions	
  affect	
  shared	
  revenue	
  
of	
  agents	
  

•  Use	
  Empirical	
  Game	
  Theore5c	
  Analysis	
  (EGTA)	
  to	
  ensure	
  
fundamental	
  agents	
  respond	
  appropriately	
  to	
  varying	
  
HFT	
  strategies	
  



Hypothesis	
  

•  Predict	
  HFTs	
  face	
  a	
  prisoners	
  dilemma	
  in	
  the	
  
form	
  of	
  a	
  latency	
  arms	
  race	
  
– HFTs	
  will	
  invest	
  in	
  faster	
  technology	
  regardless	
  of	
  
other	
  firm’s	
  decision	
  

– Would	
  be	
  best	
  off	
  not	
  doing	
  this	
  



Hypothesis:	
  HFTs	
  Will	
  Invest	
  

•  If	
  the	
  other	
  HFT	
  does	
  not	
  invest	
  in	
  faster	
  
technology:	
  
– This	
  HFT	
  has	
  incen,ve	
  to	
  invest	
  to	
  receive	
  all	
  of	
  
revenue	
  from	
  latency	
  arbitrage,	
  rather	
  than	
  half	
  

•  If	
  the	
  other	
  HFT	
  does	
  invest	
  in	
  faster	
  
technology:	
  
– This	
  HFT	
  has	
  incen,ve	
  to	
  capture	
  half	
  of	
  revenue	
  
from	
  latency	
  arbitrage,	
  rather	
  than	
  none.	
  	
  

–  If	
  possible,	
  it	
  will	
  speed	
  up	
  more	
  as	
  it	
  now	
  finds	
  
itself	
  in	
  the	
  situa,on	
  above	
  



Hypothesis:	
  Prisoner’s	
  Dilemma	
  

•  Assume	
  cost	
  of	
  inves,ng	
  in	
  technology	
  is	
  
nonzero	
  and	
  revenue	
  for	
  arbitrageurs	
  is	
  not	
  
significantly	
  correlated	
  with	
  latency	
  when	
  
greater	
  than	
  zero	
  

•  Arbitragers	
  are	
  best	
  off	
  mutually	
  agreeing	
  not	
  
to	
  invest	
  in	
  technology	
  





Future	
  Work	
  

•  Changing	
  minimum	
  bid	
  increment	
  to	
  see	
  
effects	
  

•  More	
  complex	
  latency	
  arbitrage	
  strategies	
  
•  Look	
  at	
  different	
  model	
  structures	
  
– Call	
  market	
  vs.	
  two	
  CDA	
  market4	
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