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NB This is a 3-hour partial tutorial overview of Market-Based Systems ...in three 60min chunks

- partial as in incomplete: we can’t cover everything in three hours
- partial as in biased: this is my version of the story...

* Lecture |:Rationale and Background

Here we'll find out why computer scientists should care about market-based systems, review some
notable applications, and also cover some of the background economics.They call economics "the dismal
science" for a reason, so that background economics stuff won't delay us too long...

* Lecture 2:Artificial Trading Agents for Fun and Profit
This lecture tells the story of some of the best-known algorithms used for autonomous "trader-
robots", and how they were found to consistently beat human traders.

* Lecture 3:What's hot, what's not, and where next:Tales from the City
Looks at work on automatic optimization and design of trader-agents, and online market
mechanisms, with particular reference to the current hot topics in the automated trading
technology in the financial markets.
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Recap of Lectures |1& 2...

* Transition to utility-scale/”cloud” computing & service-oriented business
models gives need for automated trading strategies/software

* Human traders do a lot, quickly

* More than zero intelligence is necessary

* Non-economists at HP and at IBM motivated to develop trader “robots”

* The Autonomous Agents academic research community start playing games

* 1997: ZIP open-sourced
* 2001:1BM do ZIP a very nice favour

* The financial markets start to take an interest

* But there was something that IBM didn’t know...
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GA-optimization of ZIP traders

* Meanwhile at MIT & HP Labs...

Genetic Algorithms (GAs) to optimize ZIP-trader parameters to particular markets
* First presented at CIFEr’'98, New York, Mar’98; & ASCMA98, Minneapolis, May ‘98
« Tech report in 2001: http://www.hpl.hp.com/techreports/200|/HPL-2001-99.html

if GA-tuned ZIP traders had been used by IBM, maybe ZIP would have dominated

* ZIP-trader marketplaces have 8 control parameters

initially set by educated guesswork

* Trivial to use a genetic algorithm (GA) to optimize the 8 parameters
- genome: a single point in the eight-dimensional real hyperspace R®
* actually, points constrained to lie within the unit hypercube in 8-space
- vanilla GA: with annealing mutation; population size 30; 500 generations

University of
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http://www.hpl.hp.com/techreports/2001/HPL-2001-99.html

ZIP: quantitative margin adjustments

* ZIP algorithm is adaptive: adjusts margins up or down usi Ine learning rules

* Quote-price p,(t) set by limit price A, and margin p(t): p(t)=A, - (1+1

Seller A u(t) in [0,o] forall t; pi(t)+= raises margin; 1(t)-= lowers margin

Buyer p(t) i raises margin; /(t)+= lowers margin

* ZIP uses Widro rule to adjust actual output A wrt desired D using rate [3:

- A(t+1) = A(t) + A(t); where A(t - (D(t) - A(t) )

- With momentum (damping) factor y in [0,1]: A(t+1)=y - A(t) + ( (

* So for ZIP we have:

w(t+1) = (p (D) + A1) /A - 1

- A =0 - (1(t)-p(t)); where target price T(t) = (A[(t) + R(t) - q(t) ); A() & R() stochastic
* Giving:

p(t+1) =(p(t) +T.(t) )/ A,— 1, where [,(0)=0and I".(t+1) =y, - T.(t)+ ((1- y,) - A(t) )
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The Genetic Algorithm: not a lot of code

See e.g:

D. Goldberg
Genetic Algorithms
Addison-Wesley, 1986

M. Mitchell
An Introduction to Genetic Algorithms
MIT Press, 1998

/*population size*/

POP_SIZE=30;

/*number of generations to evolve for*/
MAX GENS=200;

/*create initial population at random*/
generate random population(Popl[]) ;
/*evolve..*/

for (g=0;g<MAX GENS;g++)

{

}

/*evaluate fitness of each member of population*/

for (i=0;i<POP_SIZE;i++)

{ evaluate_fitness(Popl[i]) ;}

/*identify the best member*/

elite=find fittest(Popl[]);

/*breed new population using tournament selection*/

for (i=0;i<POP_SIZE;i++)

{ /*randomly pick 3 distinct possible parents*/
parents[l]=irandpicklst (POP_SIZE) ;
parents[2]=irandpick2nd (POP_SIZE,parents[1l]);
parents[3]=irandpick3rd (POP_SIZE,parents[l] ,parents[2])
/*sort them into order of fitness*/
sort fitness(parents[]);

/*the two fittest parents “breed” to make a kid*/
Pop2[i]=breed new_kid(parents[l], parents[2]) ;

}

/*preserve the elite*/

Pop2[0]=Popl[elite];

/*new population replaces old population*/

Popl[]=Pop2[];

University of

BRISTOL

St Andrews: Market-Based Systems — Copyright © 2007, Dave Cliff page 6



GA optimizing from “easy” genomes

* Initial population genomes seeded with original parameter values as used in the initial

ZIP trader studies. 200 generations; populationsize=30.

University of
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Generation

Slight improvement:
shows that the GA can
improve on the
parameter values used
by the inventor of the
ZIP algorithm



GA optimizing from “zero” genomes

* Initial population genomes all seeded with positively unhelpful (0,0,0,0,0,0,0,0) values

* 200 generations; populationsize=30

Definite improvement:
shows that the GA can
improve even when
commenced
inconveniently with
traders that (initially)

have no adaptation or
Generation memory
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GA optimizing from “hard” genomes

* Initial population genomes all seeded with absolutely ridiculous parameter values:
each value deliberately way too high or way too low. 200 gens; populationsize=30.

Definite improvement:
shows that the GA can
improve even when
initiated from trader
genomes with
maliciously/idiotically
poorly-chosen
parameter values

10"
Generation
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If the computer twiddles the knobs...

...why limit the number of
knobs!?

* ZIP60, and ZIP100, both have too many parameters for a human to set by hand
without dying of boredom.

* But a small cluster of PCs can happily spend a couple of days/weeks finding the
right settings for the 60 or 100 knobs.

* And, on a decent-sized HPC facility, you get the twiddling done in a few minutes.

* “Real-world” trading algorithms are now routinely being developed and deployed
that assume the availability of adaptation, learning, and/or optimization.

* But if all the traders (or just the majority of traders) in the marketplace are
robots, why use a human-compatible marketplace!?

University of
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Now evolve the auction mechanism too

* If you're going to use trading agents instead of humans, then why use
market mechanisms designed by humans for humans?

* Use GA to search a space of possible auction types
* GA simultaneously co-adapts ZIP trader parameters, as before

* Fitness measure: minimize root mean square deviation of transaction
prices from equilibrium price

- (front-weighted average of Smith’s O, as before)

* Problem: how to encode for a range of auction styles!?

* D. Cliff. Evolution of market mechanism through a continuous space of auction-types.
Computational Intelligence in Financial Engineering (CIFEr), Hawaii, May 2002.
http://www.hplL.hp.com/techreports/200 | /HPL-2001-326

University of
BRISTOL


http://www.hpl.hp.com/techreports/2001/HPL-2001-326

A continuum of auction mechanisms

* Let Q, denote the probability that the next quote comes from a seller,

- i.e. Q, denotes the probability that the next quote is an offer/ask
- NB probability of a quote coming from a buyer Q,=1.0-Q,
* In the English Auction, Q.=0.0

* In the Dutch Auction,Q=1.0

* In a CDA a quote is equi-probable from either the seller-side or the buyer-side,
so Q=0.5

* What if we interpret these 3 human-designed mechanisms (0.0,0.5, & 1.0) as
points on a Q, continuum?

- e.g.how about auction based on Q =0.1?

- Nopstandard values of Q:are easilyimplementable-in online e-marketplaces



Doing it for real: not a lot of code.

Real q s=0.1;

r=uniform random real(0.0,1.0);
if (r<qg_s)

{ get next quote(sellers); }
else

{ get next quote (buyers); }

University of
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Doing it for real: manually, with humans

* Spin-the-wheel...

N
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Effects of shock-changes to schedules

* Maybe the fact that a single unchanging schedule is used for the duration
of each experiment is too simplistic?

- The ZIP traders don’t have to deal with any changes in supply/demand
- Overfitting!?

« Using same experiment set-up, see what Q_ evolves when, partway

through each evaluation, there is a sudden “shock” change in the supply
and demand schedules

* http://www.hpl.hp.com/techreports/2002/HPL-2002-128

University of
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http://www.hpl.hp.com/techreports/2002/HPL-2002-128

Lots of results...

data in orange is significantly
different from CDA Q_=0.5

(Wilcoxon-Mann-Whitney@ | %)

The non-CDA auctions are all
better than CDA

D. Cliff. "Explorations in evolutionary
design of online auction market
mechanisms", Journal of Electronic
Commerce Research and Applications.
2(2):162-175, 2003.

Hypothesis: there are
exploitable regularities in most
markets, most of the time.

University of
BRISTOL

MI only: Q=~0.0
M2 only: Q.=~0.0
M3 only: Q=~0.16

MIM2 “shock”: Q=~0.25
M2MI “shock”: Q.=~0.50
M2M3 “shock’”: Q .=~0.56
M3M2 “shock”: Q =~0.14

MIM2MI “shock”: Q =~0.51
M2MIM2 “shock”: Q.=~0.50
M2M3M2 “shock”: Q =~0.58
M3M2M3 “shock”: Q. =~0.52
MIM2M3 “shock”: Q.=~0.56
M3M2Mil-“‘shock’: Q =~0.47



That was just the start

* Replications and extensions by postgraduate students...

- Zengchang Qin (Bristol, 2002) replicated & extended to pure English/Dutch auctions

- VibhuWalia (Birmingham, 2002) demonstrated evolution of hybrid auctions in ZI-C traders
- Neil Robinson (Sussex, 2002) evolved hybrid auction mechanisms for MBC of UDC

- David Shipp (Leeds, 2004) explored longer sequences of supply/demand shocks

Dan Wichett (Birmingham, 2004) explored co-adaptive dynamics of heterogeneous gene-pools

* Andrew Byde (HP) demonstrated GA-evolution of optimally hybrid nt"-price
sealed-bid auctions, regardless of intelligence of traders
* Dave Cliff (HP) developed new 60-parameter super-variant of ZIP traders

- 60-dimensional hyperspace better than the original 8-parameter version

- evolutionary control of dimensionality demonstrated to be beneficial

« See www.ziptrader.org and www.ziptrader.org/zip60; IEEE TransEC: 2008

University of
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http://www.ziptrader.org/zip60

New Scientist May 25, 2002
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The Economist Nov 30, 2002

- Robo-traders

-l a3 S
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Financial News, 24 March 2005

fa Financial News soft Internet Explorer provided by Hewlett-Packard

“Algorithmic Trading has the potential to
replace human traders completely, if you trade futu res
according to one of the scientists Who |I e e R
pioneered the use of advanced trading FINANCIAL NEWS 2
systems in the financial markets.

Speaking at last week’s Financial News ) Traders under threat from rise of machines
Trading for Investors conference in 23 20

London, David Cliff, head of complex
adaptive systems research at Hewlett-

@ ChicagoBoard of Trade

Packard, said:“| don’t see why Al Increst Rate
c ’ . N gin % Complex
everything a trader does can't be done [§ - Da it et
by a machine. | don’t want to say when [f _
it will happen as the technology is not f _ treasuries
” - @ ChicagoBoardof Trade
there yet.

Interest Rate Complex SHOpS

swaps

municipals = |

munlclpals
http://www.efinancialnews.com/
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The Trade, Jan-Mar 2005, p.30

“Traders under threat from rise
of machines’, screamed a recent
headline in the Financial News.
It seems a professor of complex
adaptive systems who dresses
like the bad guy in a Bond movie
has been talking about traders
being an unnecessary cost who
can be replaced by algorithms.”

Richard Balarkas,

Global Head of AES Sales,
Credit Suisse

http://www.thetrade.ltd.uk/cissue_realitycheck.htm
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http://www.thetrade.ltd.uk/cissue_realitycheck.htm
http://www.thetrade.ltd.uk/cissue_realitycheck.htm

HP Labs & London Stock Exchange

Alas, NDAs mean | can say very little about this project ak= T ondon

STOCK EXCHANGE

| can tell you that | led the HP side of it from the outset

* Five years ago it was abundantly clear that:
The current wave of M&A activity in the exchange-operator space was coming soon
Algorithmic Trading & Automated Execution increasing very rapidly

New technology (e.g. Net/Web/DMA/STP) lowering barriers to entry for disruptive
technologies, and for disruptive new companies

* Technology innovations could give LSE an edge

* HP Labs team worked with LSE’s nascent R&D unit

* HP: global revenues of $80bn p.a.; $4bn R&D spend; $200m of that on HPLabs; HP
established in 1939 — centralised innovation established at HP Labs in 1966

* LSE:a UK-based SME; significant revenue slice from data provisioning; enjoys accidental
privilege of national monopoly status; R&D unit a recent addition in its 200yr history.

University of
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And then | became a banker...

Joined Deutsche Bank London FX Complex Risk Group

Wondered when | would be shown the secret technology

Started out on a tour around the trading floor on “rotation”, learning what everyone
did and how it fitted together: Spot & Derivs; Prop & Client; Trading & Sales

Coming in as a techie, with expertise in Computer Science & Al, thought | would be

able to help out a lot of folk by coming up with whizzy innovative solutions to their
problems, but...

* Dissatisfaction/distrust of technology was much higher than | expected

* A lot of the solutions needed did not need a PhD to solve

A lot of the solutions needed did not actually need any technology innovation

My impression is that the above three points are true:

* At many investment banks, not just Deutsche
* And in many asset classes, not just FX

University of
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Algorithmic Trading in Foreign Exchange

* FX is interestingly different from equities

- No single central exchange pumping out price/vol data; still a lot of OTC
- Massively liquid: $1,900bn/day, 24*7

- Regulatory structure is pleasantly relaxed (verging on the non-existent)
- Approx 2-3 years or more behind equities wrt uptake of algorithmics

- Oh, and there’s not much in the way of historical data. Really there isn’t.

* Deutsche Bank London FX Trading Floor

- biggest & best in Europe
- 70% of DB London FX spot trades go through a single robot (>>£1bn/day)

- aggressively developing more advanced technologies

- My main job was to help improve the robot for high-frequency trading

University of
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What | did at DB (1): Price Discovery

~EBS Best Price EBS IC P
Currency Pair E";ﬁ;‘i‘“ﬁ ,':‘;',',;"E"é;mr Value Date ® SC ree n (P re' / \
Big Figure Big Figure
EURUSD] 1.23 23 24 1.23 10 - Mar

Local -
Trader 2 d

ID S LtliL-le
Dealable Best Price Size Dealable Regular Price i Th € Wh O I € curve

Dlﬂllﬂ'!l'ﬂl best dealable bid-offer Indicator Dﬁmﬁ best dealable bid-cMfer

availabla to local trader, as r
datermined by pre-screaned cradit for a pre-determined amount

 “Laddered” prices

24 25 26 27 28 29 20
5 1 1 7 4 20 Quantity
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Really Reality: Reuters FX dealing

* Reuters D2000-2 spot USD/DEM supply and demand cu
internal order-book data (hidden by the GUI) — usual

University of
BRISTOL

cf Price “Ladders”

showing a list of
~180 prices




What | did at DB (2): Execution Logic

Pre-existing hand-coded “points” in strategy space

Smooth interpolation between the points
- generated stochastic “hybrid” strategies

Not a million miles from what | had previously done on ZIP etc

No pretty pictures, and no details here either ©

University of
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What | did at DB (3):Visualisation
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Where next!?

* All three of these areas still hold some interesting challenges
* Will come to some future research challenges in a bit

* But first: some observations on technology innovation...
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Innovation at HP & DB: spot the differences

* Research & Development Process

- HP:Well established processes & checkpoints; woven into the company’s DNA
* Recruit skilled scientists and engineers; separate paths for managers & techies

* Innovation workshops & training in creative/innovative thinking
* Mapping of Intellectual Property “landscape” and of business sector “ecosystems”
* Patent Strategy Review Panels staffed by senior technologists
* Execution is an issue: manana, manana...
- DB: Often ad-hoc, accidental, introspection-based, suck-it-and-see
* Recruit immensely bright and quick-witted talent, from diverse educational backgrounds
* Lack of formal innovation process(es) gives great speed and agility

* Execution is almost immediate: Is it done yet? Is it working? How much has it made?

* Performance/Effectiveness Timescales & Measures
- HP:20-year patent lifetime; delay on feedback means intangibility is an issue

* “10% success bankrolls the 90% of failures”; plus a specific success, squeezing ink onto paper

- DB: 3-month P&L driven; conservatism is favoured: better out than down
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Innovation at HP & DB: why the differences!?

* HP has, from its outset, been a technology company
- Makes its money from excelling in particular technologies
- The specific technology HP excels in has changed from decade to decade over 60yrs
- Hewlett invented HP’s first patent; the patent made the money; that set the trend
- HP employment contract lays claim to all IP of its employees, now and forevermore

* Corporate/lnvestment Banks have traditionally not been technology companies
- Successful CIBs excel in customer relationship management
- Successful CIBs excel in innovation too, but not necessarily innovating technology
* An innovation might be a new financial product; a new business model

- My DB contract non-compete clauses, stated that on departure:
* No stealing DB’s customers

* No poaching DB’s staff
* Er, that’s it

* But technology is now inter-woven and on the critical path for all CIBs
- CIBs are fast becoming technology companies, partially at least
- even if they don’t realise it yet

University of
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Financial Times January 9%, 2007

MTELLECTUAL PROK

Banks lay traps for

copycats

r
.‘.rz'.'!":-.p b

Beware the ‘patent trolls” of finance
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Don’t all rush at once

* Data from USPTO database of granted patents, June 2007, results of keyword
searches:

* “algorithmic trading”: 0

* “trading algorithm™: 2
- 6892186(HP),5101353(Lattice); + 2 irrelevant

* “implementation shortfall”: |
7110974(Lehman).

* “volume weighted average price”: 6

7228289(Trading Tech.), 7110974(Lehman), 6462758 (Reuters);
6098051 +6012046+5845266(Optimark).

* “automated execution”’+“financial”’; 6

7209896+7181424(Nasdaq), 7085739(Accenture),
6112189+6098051+6012046(Optimark) + 19 irrelevant + 8 designs.

University of
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So why don’t CIBs have Laboratories?

Just because big companies like HP (and IBM, and MSFT, and Xerox, etc) have
centralised research & development labs, doesn’t mean that CIBs should too

* In fact, the idea of a central internal R&D Lab/function is starting to look
distinctly last-century

FoREwORD 8Y JoHN SEELY BROWN

HENRY CHESBROUGH

* The new buzzwords on the Tech Innovation street:
Open Innovation

- R&D replaced by A&D 208
UFEN
* Attractively Darwinian oo

* R&D risk is borne by the investors in the start-ups INNDURTIUH
Not by the customers of the products The New Imperative
. . « el . For Creating and Profiting
* Start-up exit strategy is acquisition by a gorilla o Te oGy

Not bubble-style IPO

A few examples from my time at Deutsche...
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Flextrade FX Algo Platform

_ﬁ FlexTrade > Flex FX - Microsoft Internet Explorer provided by blueyonder

E TRADE 7ajourbests

HOME ABOUT US PRODUCTS

B Overview

Fle r hosted A

= Fx algorithmic trading
= Liws eaming dealable quotes
= Full market depth
ble algorithmlinterface

= Full 5TF integration

FLEXTRADER?>
i Trading

FLEXOPT:
{ rading

FLEXFUTURES?
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Codefarm Automated Credit/CDO Structuring

o -

>
Tools =

codefarm

Generating Yield For Structured Credit

Applying mathematical approaches based on evolutionary
computing, Codefarm is a structured credit technology company
that provides powerful tools for next generation portfolio
construction.

Home Which Galapagos is the right tool for you?

Galapagos Structurer

+® Galapagos Structurer

Codefarm's powerful CDO structuring tool

Galapagos Manager

News tinues to help arrang match
demand even in the most volatile : managers pre
About Codefarm 4 g L
performance of all their deals in parallel.
Contact us
search Galapagos Manager leverages
d compute grid, fundamental credit opi automatically
ates the generating optimal portfolio substitutions
structuring pre e to maintain or improve r
spread potential i =, facilitate efficient defensive trading.
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Complexity Science for real: ww.eurobios.com

% Eurobios: Home Page - Business Intelligence a ecision-making are - Windows Internet Explore
e E— e  camam

@'\u:} - |g http:.-".-"w.e_uroI'.?i.Ds.com;’html_.:"_gbfeurobio&asp E & - | ‘f| .4 | | Google

v 5

f — 3 >
- & Eurobios: Home Page - Business Intelligence and ... f_’} ~ B ~ d= - |k Page ~ Tk Tools =
¢ 9 g

I contact us ]

Eurobios, worldwide leader in managing complexity sciences, is a software vendor
providing powerful products and solutions at strategic, tactical and operational levels.

With Eurobios user-friendly software solutions and know-how, cutting-edge companies can solve
their complex problems and improve their efficiency in the following domains
Complexity Scienc

. R&D Project Risk Management
Supply Chain Management B

Management optimisation
B
Logistics Marketing & CRM
efficiency

Predictive analysis

Supply Chain Simulator (SCS) Froject Fortfolio Optimizer / Risk Simulator / Enterprise
R&ED




Oh, and Syritta Algorithmics too, one day...

o>

that'll never fly
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The truth lies in the middle

* Rol for an industrial R&D Lab has time horizons way longer than are
commonly acceptable in CIBs — that culture will not change in a hurry

* But the basic practice of an R&D Lab can be incorporated into a CIB
community, whether cash or dreivs, trading or sales, or any cross-product too

* What | call the “P-I-P-E-R” loop: Predict — Invent — Protect — Exploit - Repeat

- Anticipate/guess at likely future scenarios

- Imagine the opportunities and problems in those scenarios

- Plan to exploit the opportunities, and to avoid/ameliorate the problems
- Protect the intellectual property/capital thereby generated

- Exploit — get your Rol

* This takes practice/training, but it is way cheaper than setting up Central Labs
- If you are practiced/trained, you can better evaluate the offerings of A&D innovators

* It’s this practice of technology innovation that students should get educated in

University of
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Some predictions for the next few years

“Semantic web” machine-readable semantic tags on ticker news-feeds and real-time
Natural Language Processing on time-based media (voice channels, video feeds)
combine to allow algo trades to be triggered/modified by text/voice/video data

Algorithms structuring & executing cross-asset trades on basis of searching vast
databases for high-order nonlinear correlations will become the de facto norm

* “Arms-race” co-adaptive dynamics in algorithm sophistication continues to drive up
complexity of algorithms; so hand-design gives way to machine-design & optimization

Barriers to entry continue to lower: plug-and-play piping & interfaces & algos & services

Speed & Latency:
Co-location “proximity servers” give way to direct hosting on exchange servers
Algorithms move into silicon (FPGA,ASIC, etc) for nanosecond execution

Exchange API via a motherboard/backplane (...leading to stochastic polling?)

Trader Interfaces:“ungameability” (impact-reducing obfuscation) is a hot topic

More sophistication needed to for X-asset “battlefield command” “head-up display”

University of
BRISTOL



You can do this...

Eadanlei SGetmid iH;l IntBrdlasaplanany SEiehin

A NASDAQ

MARKET SIMULATION

INSIGHTS OM A MAJOR MARKET FROM
THE SCIEMCE OF COMPLEX ADAPTIVE SYSTEMS

VINCENT DARLEY « ALEXANDER V OUTKIN

...and then wrap a
GA around it?
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Trader HUD/UUI

Human traders will be around for several
more years

* But the job could get much more complex

* The trader’s human-computer interface is an
area ripe for productive innovation

- numeric tickers & spreadsheets not enough
* Lots of numeric data can instead be combined
into dynamic graphic displays
- with audio warnings
- maybe with haptic input/feedback
* It’s easy to get this sort of stuff very wrong

* Combat aircraft could hold some clues...
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Trader HUD/UUI

C/D Improvement Candidate
Example

Great Circle Steering Coe

G/ Steering
Error (+0 Degrees )

Boresight Cross
Flight Fath Marker

Attitude Bars
S01 Symbol =
Normal Acceleration Vertical Velocity Scale
HI ! 4
|mamlﬁm Steerpoint Symbol
Alfspeec Dopwes Radar Altitude
Offset Aimpuint : - Scale
Mach Numbser e T R Altitude
. L1 -1 ] E [it]
Mg - & Altitude Low Setting
Operating Mode : i Slant Range (oo
Stamus Indiates Invalid Data)
Roll Indicator Time To Steerpoint
Distance To Steerpoint
Magnetic Heading Scale ( ¥ Index. Mark Indicates Steerpoint Number
Magnetic Groundtrack Seale )
University of St Andrews: Market-Based Systems — Copyright © 2007, Dave Cliff page 43

BRISTOL



...they don’t replace them

ves/006426.html)
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New Scientist June 29,2007

Where have all
the traders gone?
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Bloomberg Markets, June 2007

Bloombehg Markets
Jurie 2007 COVER STORY

Artificial intelligence, once
the stuff of sci-fi fantasies,
is closing in on Wall Street.
A corps of scientists is
trying to teach computers to
think like traders—and

T ; outsmart human stock pickers.
HE By Jason Kelly

ACHINE

Way up.in a New York skyscraper, inside the headquarters of
Lehman Brothers Holdings In¢.; Michael Kearns is trying to teach
a computer:to'do something other machines can’t: think like a Wall
Street trader.

In his-cubicle overlooking the trading floor, Kearns, 44, consults
with Lehman Brothers traders as Ph.D.s tap away at secret-software.
The programs they're writing are-designed to sift through billions of
trades and-spot subtle patterns in world markets.

Kearns, a computer scientist who has a doctorate from Harvard
University, says the code is part of a dream he’s been chasing for more

PHOTOGRAPHS BY BRAD TRENT

University of St Andrews: Market-Based Systems — Copyright © 2007, Dave Cliff age 46
BRISTOL Y Pyrig pag



Euromoney Algorithmic Trading, July 2007

My family and other
algorithms

by Professor Dave Cliff, University of Bristol

IN THE SUMMER OF 1996, | INVENTED A TRADING ALGORITHM THAT
OUTPERFORMS HUMAN TRADERS. THE ALGORITHM, KNOWN BY THE ACRONYM
‘ZIP’ (FOR ZERO-INTELLIGENCE-PLUS) IS EMBARRASSINGLY SIMPLE. BEING

VERY SIMPLE MAKES ZIP VERY FAST, WHICH, NOWADAYS, WITH MAJOR PLAYERS
RUNNING THEIR ALGORITHMIC TRADING OPERATIONS ON PROXIMITY-SERVERS
HUDDLED AS CLOSE AS PHYSICALLY POSSIBLE TO THE MAIN SERVERS ON MAJOR
EXCHANGES, IS A NOTABLE POINT IN ZIP’S FAVOUR. ANOTHER THING THAT MAKES
ZIP ATTRACTIVE TO MANY PEOPLE IS THAT YOU CAN USE IT FOR FREE (AND I'VE
BEEN TOLD THAT SOME MAJOR ALGO HOUSES DO EXACTLY THAT) FULL DETAILS
OF THE ALGORITHM, INCLUDING THE ‘C’ SOURCE-CODE, WERE PUBLISHED ON THE
WEB IN 1997 AND HAVE BEEN AVAILABLE THERE EVER SINCE.

University of

BRISTOL

In the 10 years since it was invented, other algorithms have
come along to challenge ZIP; but over the same period
I've been involved in the development of various extended

versions of the original ZIP - there is now a whole family

of ZIP algorithms, and the original has been re-christened
“ZIP®’ (for reasons that will becom ar later). This family
of extended ZIPs demonstrate significant improvements in
performance, with little or no increase in latency. The most
recent of the ZIPs to be given away for free goes by the
name of ‘ZIP60’. | will come back to ZIPéo later.

ZIP - the basics

In 1996 | was working as a lecturer in computer science

and artificial intelligence at the University of Sussex, and
supplementing my meagre academic salary by day-trading
equity options on LIFFE, the main London futures exchange.
The good folk at Hewlett-Packard labs in Bristol offered me a

seven month stint working with them as a visiting academic,

and told me that | could come up with my own research
project for my stay there. In those days, trading at LIFFE

was still based heavily on face-to-face open-outcry trading

Professor Dave Cliff, Department of Computer Science,
University of Bristol
tel: +44 (117) 954 5264 OF +44 7977 552250

e-mail: dc@cs.bris.ac.uk or davec@syritta.com
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New Scientist June 29,2007

Balarkas says human traders will still
have plenty to keep them occupied, for
the time being at least. “People who
think computers are going to put them
& out of business really don’t understand
" e traders,” he says.
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End of the road for human traders!?

* Human traders are just humans; humans are just animals

* Animals are the result of 4 billion years of trial-and-error evolution;
* For 99.9999% of those 4bn yrs

- humans and their ancestors were evolving to become traders

- Rather, they were evolving to satisfy the
* For last 2000/200/20 years humans have tried to adapt to trading in markets
* But we humans are purpose-built to trade...

...we're limited in and in and trading just keeps getting
harder/faster/higher-bandwidth

* ZIPs (and other “robot” traders) are this gives them a
distinct advantage

* No convincing argument for why human traders could be
replaced by machine traders, the technology isn’t quite there yet

University of
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If you won'’t believe me, will you believe IBM?

‘“The trader is dead,
long live the trader!”

* 20-page IBM Consulting (+EIU) report
from www.ibm.com/services/fm2015

* “Power will shift from the traders who have
benefited from merely facilitating transactions,
to the buyers & sellers who take positions on
either end of the trade...”

* “Transparency and speed are driving firms to
develop a true client orientation and optimize
risk/return efficiency, and are pushing them to
become specialist enterprises — a task that will
require a conscientious approach to
innovation and significant modification of their

&
¢

T

operating models.”
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The Joker’s Prerogative: question authority

“Traders who think computers ARENT

_ going R VAL R business really
don’t understand technology”

eople who

gooing to put them
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My day-job: www.lscits.org

— . :
e Large Scale Complex IT Systems | Welcome - Windows Internet Explorer

The UK National Research and Training Initiative

LSCITS

Large Scale Complex IT Systems

Home | Initiative Overview | Research Programme | Training Programme | People | Publications Contact Us

LSCITS home Welcome

News
This is the website for the UK's EF SR C-funded research and training initiative in the science and engineering of

People
B Large-Scale Complex IT Systems (LSCITS). The Initiative officially commenced on October 15t 2007.

Calls for Proposals

Events We've taken down the "under construction” signs: all the pages accessible on this site are complete enough,
Canbats although in coming weeks and months we expect to make some further enhancements and add some more
rnaterial.
Links
ELETSETEI
History
Wiki

Copyright (c) 2007, D. CIiff, J. Keen, M. Kwiatkowska, J. McDermid, & | Sommerville. www.lscits.org

@ Internet
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* Market-based systems are worth knowing about.

* Know you know everything that | know.
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Thanks

* Collaborators, Colleagues, Competitors
* At HP:Andrew Byde, Janet Bruten, Steve Gjerstad, Chris Preist, John Cartlidge

* At MIT: Rod Brooks, Jake Beale,Won-Suk Chun, and the FABLab UROPs

* At London Stock Exch: David Birch, Howard Miller, Laura Pandit, Tom Stenhouse
* At Deutsche Bank:Tony Hall, Gio Pilliteri, Rhomaios Ram, Phil Wood.

* At Southampton: Nick Jennings, Krishnen Vytelingum

* The IBM guys

* At St Andrews:
* lan Sommerville for the invite & hosting

* You lot, for listening. ©
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