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VIA FEDERAL EXPRESS

Gain Capital

Attn: Glenn H. Stevens

135 US Highway 202/206, Suite 11
Bedminster, NJ 07921

Re:  Notice of OANDA Corporation Patent Rights
Client Matter No. 096803.0017

Dear Mr. Stevens:

We represent OANDA Corporation ("OANDA™) in connection with certain intellectual property
matters, including patent matters. As you know, OANDA is highly respected in the financial
sector, providing leading and innovative solutions in the areas of currency data, trading, and
exchange rate services for a wide range of organizations and investors.

At considerable expense, OANDA has pursued and obtained certain intellectual property
protection for its innovative products, including numerous patents, trademarks, trade dress,
copyrights, and other intellectual property related to its business. For years, OANDA has owned
various patents related to its unique solutions to providing currency trading services, including
the following:

Patent Reference No. Title

U.S. Patent No. 7,146,336 Currency trading systems, methods, and software
U.S. Patent No. 7,496,534 Methods for trade decision making

U.S. Patent No. 8,392,311 | CErrency trading systems, methods, and software

We have attached copies of the above-listed patents for your convenience.

As we understand it, Gain Capital currently sells, offers for sale, uses, or imports currency
trading products or services in the United States that may infringe OANDA’s patents, including
one or more of those listed above.
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By way of example only, claim 1 of U.S. Patent No. 8,392,311 recites:

1. A method of trading currencies over a computer network connecting a trading system
server and at least one trading client system, comprising the steps of

(i) at the trading system server, determining and dynamically maintaining a
plurality of current exchange rates, each current exchange rate relating to a pair of
currencies and including a first price to buy a first currency of the pair with respect to a
second currency of the pair and a second price to sell the first currency of the pair with
respect to the second currency of the pair;

(ii) transmitting data from the trading system server to a trading client system, the
transmitted data representing at least one current exchange rate at the time of the
transmission,;

(iii) at the trading client system, displaying the first and second prices for each
received current exchange rate to a user,

(iv) at the trading client system, accepting input from the user identifying a pair of
currencies the user desires to trade, an amount of at least one currency of the pair desired
to be traded and a requested trade price at which it is desired to effect the trade;

(v)transmitting the accepted input from the trading client system to the trading
system server;

(vi) at the trading system server, comparing the requested trade price to the
respective first price or second price of the corresponding current exchange rate at that
time and, if the respective first price or second price of the corresponding current
exchange rate at that time is equal to or better than the requested trade price, effecting the
trade at the corresponding respective current exchange rate first price or second price and
if the corresponding current exchange rate is worse than the requested trade price,
refusing the trade; and

(vii) transmitting from the trading system server to the trading client system an
indication of whether the trade was refused or transacted and, if transacted, an indication
of the price the trade was transacted at.

To the extent Gain Capital sells or offers to sell products or services that are covered by
OANDA'’s patents, Gain Captial may be liable for patent infringement, directly or indirectly,
under one or more subsections of 35 U.S.C. § 271. Though it is likely that you were already
aware of OANDA and its patent portfolio, to the extent you had not been, we hereby put you on
notice of the potential for infringement and Gain Capital’s liability thereunder.

To the extent the sale or use of Gain Capital’s products or services infringe one or more of
OANDA’s patents, those acts would allow OANDA to seek numerous equitable and legal
remedies against Gain Capital, including, without limitation, an injunction, statutory damages,
enhanced damages for willful infringement, attorney’s fees, and any other remedies available
under applicable law.
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To avoid a potential dispute, we recommend that Gain Capital review OANDA’s patents and
discuss with us a potential license. To the extent Gain Capital wishes to discuss such a license,
please contact me directly by November 9, 2018.

X

Ahsan Sﬁ;ikh

Enclosures:

e U.S. Patent No. 7,146,336
e U.S. Patent No. 7,496,534
e U.S. Patent No. 8,392,311
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7N ABSTRACT

In one aspect, the present invention comprises a system for
trading currencies over a computer network. A preferred
embodiment comprises: (a) a server front-end; (b) at least
one.datahase: (c).a transaction server; (d) a rate server: (e)
a pricing engine; (f) an interest rate manager; (g) a trade
manager; (h) a value at risk server; (i) a margin control
manager; (j) a trading system monitor; and (k) a hedging
engine. In another aspect, the present invention comprises
methods for trading currency over a computer network. In
another aspect, the present invention comprises software for
currency trading over a computer network.
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CURRENCY TRADING SYSTEM, METHODS,
AND SOFTWARE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. provisional appli-
cation No. 60/274,174, filed Mar. 8, 2001, and incorporates
(he entire conlents (hereof herein by reference.

PIELD OF TIIE INVENTION

The present invention is related to currency trading; more
particularly, the invention s related 1o trading currency over
a computer network.

BACKGROUND

In a traditional on-line currency market, a trade occurs
through three steps: (1) the trader specifies (o a dealer the
currency pair and the amount that he would to trade (but
does not specify whether he would like to buy or sell); (2)
the dealer specifies to the trader both a bid and an ask price
and gives the trader several scconds to respond (the dealer
not knowing whether the trader will buy, sell, or reject the
offer); and (3) the trader either rejects the offer or specifies
whether he is buying or selling (his response must occur
within-a-time frame-of-a-few-seconds):

But performing such a three-way handshake over the
Internet is somewhat impractical because of Intemet delays:
the trader might not actually have a few seconds to respond
before the dealer withdraws the offer. Thus, there is a need
for a system and method of on-line currency trading that is
based on a trading model that is superior to the three-way
handshake described above.

Another problem is that many corporations have firewalls
that restrict access to the corporate network, and that typi-
cally restrict access lo the Intemet (and to well-known
services such as email, the World Wide Web, etc.) from
within the corporation. This inhibits the ability of on-line
trading systems to access information from and transfer
information to users behind corporate firewalls.

SUMMARY

The present invention overcomes the above-described and
other disadvantages of previous currency trading systems
and methods. In one aspect, the present invention comprises
a-system-forrading currencies over a computer network. A
preferred embodiment comprises: (a) a server front-end; (b)
at least one database; (c) a transaction server; (d) a rate
server; (e) a pricing engine; (f) an interest rate manager; (g)
a trade manager; (h) a value at risk server; (i) a margin
control manager; (j) a trading system monitor; and (k) a
hedging engine. Each of these components is described in
detail below in the Detailed Description section.

In another aspect, the present invention comprises meth-
ods for trading currency over a computer network. In one
embodiment, a preferred method comprises: (a) (ransmitting
currency market information over a computer network to an
end user; (b) receiving a currency trade order from the end
user, wherein the currency trade order comprises limits
within which the currency trade will be acceptable to the end
user; (c) calculating a market exchange rate for the currency
trade order; and (d) executing the order if the market
exchange rate is within the specified limits.

1
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2

In another embodiment, a preferred method comprises:
(a) transmitting currency market information over a com-
puter network to an end user; (b) receiving a currency trade
order from the end user, wherein the currency trade order
comprises a threshold exchange rate; (c) calculating a mar-
ket exchange rate for the received currency trade order; and
(d) executing the order (1) if the market exchange rate is or
goes above the threshold exchange rate and the order is a sell
order, and (2) if the market exchange rate is or goes below
the threshold exchange rate and the order is a buy order.

In a further embodiment, a preferred method comprises:
(a) receiving currency market information over a computer
network from a trading system server; (b) transmitting a
currency trade order to the trading system server, wherein
the currency trade order comprises limits within which the
currency trade will be acceptable; and (c) if a market
exchange rate is within the specified limits, receiving infor-
mation from the trading system server indicating that the
currency trade order was executed.

In another embodiment, a preferred method comprises:
(a) receiving currency market information over a computer
nelwork [rom a trading system server; (b) transmitling a
currency trade order to the trading system server, wherein
the currency trade order comprises a threshold exchange
rate; and (c) if (1) the applicable market exchange rate is or
goes above the threshold exchange rate and the order is a sell
order, or (2) the applicable markel exchange rte is or
becomes below the threshold exchange rate and the order is
a buy order, receiving information from the trading system
server indicating that the currency trade order was executed.

In another aspect, the present invention comprises sofi-
ware for currency trading over a computer network. In one
embodiment, preferred software comprises: (a) software for
receiving data over a computer network from a trading
system server; (b) software for displaying a first graphical
user interface display that: (1) displays continuously updated
currency exchange rates in real-time based on data received
from the trading system server; and (ii) displays action
buttons. including a buy/sell button; (c) software for dis-
playing, in response 1o a user clicking the buy/sell action
button, a buy/scll window display that: (i) comprises trade
order parameter fields; and (ii) accepts trade order data
entered into the trade order parameter fields by a user; and
(d) software for transmitting said trade order data to said
trading system server over said computer network.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts parties involved in a preferred embodi-
ment.

FIG. 2 depicts a graphical user interface of a preferred
embodiment.

FIG. 3 depicts modules of a preferred trading system
SCIVCT.

FIG. 4 depicts hardware components of a preferred
embodiment.

FIG. 5 depicts a graphical user interface of a preferred
embodiment.

FIG. 6 depicts an account sumumary table display.

FIG. 7 depicts an open trades table display.

FIG. 8 depicts an open positions table display.

FIG. 9 depicts an open orders table display.

FIG. 10 depicts a transactions table display.

FIG. 11 depicts a currency rates table display.

FIG. 12 depicts a currency exchange rate graph display.

FIG. 13 depicts a buy/sell pop-up window display.

FIG. 14 depicts an acknowledgment window display.
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FIG. 15 depicts an entry order display.
FIG. 16 depicts steps of a method of a preferred embodi-
ment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The Currency Trading System of a preferred embodiment
(hereinafter “Irading System”) of the present invention
allows traders to trade currencies over a computer network.
Preferably, this computer network is the Intemet, and the
subsequent description herein is primarily in terms of the
Internet. However, those skilled in the art will recognize that
the following description also applies to other computer
networks. Traders interface to the system using ordinary
Web browsers running feature-rich Java applets; they obtain
real-time data feeds of current exchange rates, they can
analyze past exchange rates using graphical tools, they can
review their current portfolio and past trades, and they can
place buy and sell orders in the real-time market, Businesses
interface to the system using an APL Innovative features that
set the Trading System apart from the competition are: (i)
extremely low sprends on the order of a few basis points, (ii)
the ability to trade very small amounts as low as $1, and (iii)
24 Lour a day, 7 days a week availability. This system has
the potential to revolutionize the way currency rading is
done and to open up currency trading to a new, large market
segment of investors and speculators [or whom currency
trading is not feasible today. Moreover, it allows businesses
to address their currency exchange requirements in the most
cost-cffective and cfficient way.

A description of the preferred server infrastructure used in
the Trading System follows. We first give a brief introduc-
tion of the system as a whole.

The Trading System involves three components (sce FIG.
1): (1) traders that are distributed around the world; (2)
Trading System servers; and (3) “Pariners” consisting of the
financial institution(s) through which real cumrency
exchange trades are executed, and from which real-time data
feeds are oblained.

Traders communicate with Trading System servers over a
secure, encrypted Internet connection to review their
accounts, to monitor currency exchange market conditions,
or to initiate currency exchange trades. The Trading System
servers are preferably connecled Lo the partners’ back-ofice
syslems, using direct, private lines.

Atrader trades with the Trading System similar to the way
she currently trades with a broker, except that the trading is
over the Web. occurs 24 hours a day, 7 days a week, and

allows very small trades with very low spreads. Moreover, s

an initial deposit, which may be as low as $20, can be
charged to a credit card to get started. Altemnatively, the
trader can transfer initial funds directly to the Partner bank
to be credited to her Trading System account.

The end user interface to the Trading System is a Web
page that can be displayed on any standard Java-enabled
browser. The Web page (one version is shown in FIG. 2; a
second, preferred version is shown in FIG. 5) depicts a
summary of the trader’s current position, recent trading
activities, profit/loss performance of the portfolio, and a
graphical display of recent past performance of the curren-
cies the trader has positions in, as well as real-lime exchange
rates.

As discussed above, in a traditional on-line currency
market a trade occurs through three steps: (1) a trader
specifies a currency pair and an amount he would like to
trade (and does not specify whether he would like to buy or
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sell); (2) a dealer provides both a bid and an ask price to the
trader and gives the trader several seconds to respond (the
dealer does not know whether the trader will buy, sell, or
reject the offer); and (3) the trader either rejects the offer or
accepts the offer and specifies whether he is buying or
selling, within the response period set by the dealer.

In the Internet domain, this type of three-way handshake
is problematic. The timing constraints are difficult to imple-
ment because of frequent delays in transmission over the
Internet. To overcome this problem, the present invention
uses a “two-way handshake,” in which: (1) a trader specifies
in her trade order: (a) a currency pair; (b) a desired amount
to trade; (c) whether she wishes to buy or sell; and (option-
ally) (d) upper and lower limits on an acceptable exchange
rate; and (2) a dealer (in this case, a preferred Trading
System) executes the trade using the most current “market
rates” (as calculated by the system). However, the system
only executes the order if the calculated market rate lies
above any specified lower limit and below any specified
upper limit. Note that this method does not require the use
of timing constraints, and thus avoids the Internet-imple-
mentation disadvantage of previous methods.

In the present invention, trades can be initiated by the
trader at the push of a button. A trading request form pops
up with fields properly initialized so as to minimize the
number of keystrokes required. A trader may elect to execute
a trade right away, in which case the buyer of a currency will
buy at the current exchange rate market offer price. Con-
versely. a trader can sell a currency at the current bid price.
A range of automatic trading options is available, including
setting bid/offer prices with a certain duration and “all-or-
nothing” rules. Furthermore, the trader can limit her risks by
placing stop-loss orders that are executed automatically.
Similarly, she can lock in profits, by issuing take-profit
orders.

All communication between the trader’s browser and the
Trading System server occurs through the Internet, prefer-
ably using the strongest available encryption (e.g., 128 bit
keys). Moreover, the trader must authenticate herself using
private passwords or certification keys obtained from certi-
fication authoritics, such as Verisign or Entrust.

A request for a markel (rade preferably proceeds as
follows: the trader, at a push of a button, obtains a trade
order ticket in a popup window on the browser with key
fields pre-initialized (see FIG. 13). When the trade order is
issucd, again by the push of a button, a message is scnt 10 a
Trading System server, where the market price is calculated
based on such factors as market data, size of the transaction,
time of day, the Trading System’s current exposure, and
predictions on market direction. The trade order is exceuted
using this market price. (The trader can specify limits, so
that the trade occurs only if the price falls within these
limits.) As such, the Trading System operates as a market
maker. A message is then sent back to the trader with specific
trade details, which is displayed in a popup window (see
FIG. 14) on the trader’s browscr together with a transaction
id (for future reference). Moreover, an open orders table (see
FIG. 9) and current portfolio summary table (not shown) is
updated to reflect the change.

Altematively, the trader can issue in a similar manner an
entry order (see FIG. 15) that requests a trade be made when
the currency exchange rate reaches a specified threshold.
The trader may specify how long the entry order will be
valid.

Referring to the attached figures, a preferred embodiment
comprises a method of trading that in tum comprises the
following steps (see FIG. 16): At step 1605, a trader desiring
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to trade opens a Trading Station display, and at step 1610
clicks a “Buy/Sell” button 510 on the Trading Slalion
display (see FIG. 5). At step 1615 an order window is
displayed (see FIG. 13). At step 1620 the trader decides
whether to place a market order or an entry order. 1f'a market
order, then the trader proceeds to step 1635 and enters
desired order paramcters (as shown in FIG. 13). [fan entry
order, then the trader proceeds (o step 1625 and clicks an
“Lntry” tab 1320 (see FIG. 13). At step 1630 entry order
fields are displayed (see FIG. 15). Then the trader proceeds
10 step 1635 and enters desired order parameters (45 shown
in FIG. 15).

Once order parameters are entered at step 1635, the trader
submits the order by clicking a “Submit” button 1310 (see
FIG. 13) if the order is a market order, or clicking a
“Submit” button 1510 (see FI1G. 15) if the order is an entry
order. At step 1645 data describing the order is sent by the
Trading Station application 1o a Trading System server,
where the data is stored. At step 1650 a current markel price
for the currency the trader desires to purchase is caloulated.
At step 1655 the trader’s order is cxecuted if (a) the trader’s
order is a market order and the calculated market price is
within the limits set by the trader in the markel order form
at step 1635; or (b) order is an entry order and the caleuluted
market price meets the threshold(s) spevified in the Entry
order form at step 1635.

At step 1660 the Trading System server sends trade status
data to the trader’s Trading Station application. This data
includes an indication that the order has been executed, if
that is the case, and at any rate includes an indication that the
order has been received. At step 1665, the Trading Station
application displays an order acknowledgment window (see
FIG. 14) that displays order status information.

Over time, the Trading System will accwnulate an imbal-
ance in its currency portfolio and, at times, it will need to
neutralize its risk exposure to adverse currency fluctuations.
The Trading System Pricing Engine can influence its expo-
sure by sefting its price quotes accordingly. Moreover, it can
close out its positions periodically or take hedging positions
by executing larger trades through its Partners. Preferably
the Trading System’s positions are managed based on state-
of-the-art trading models. Preferred trading models are
described in U.S. patent application Ser. No. 09/855,633,
{iled May 14, 2001, (he contents of which are incorporated
herein by reference, as well as U.S. provisional application
No. 60/274.174. filed Mar. 8, 2001.

The Trading System servers preferably operate 24 hours
a day, 7 days a week. These servers inferface with the traders

over the Internet-on the one-hand-and on-the other-hand-with—5

the Partner’s back-office operations. Using standard, state-
of-the-art database technology, it maintains the accounts of
all traders and executes trades issued by the traders. The
Trading System thus plays the role of a market maker in that
it internally aggregates all trades and only oceasionally
balances its internal positions by trading larger sums through
the Partner. These larger trades are issued to the Partner in
an automated way. The Trading System also takes hedging
positions so as to minimize risks on the unbalanced portions
of the traders’ account aggrepates.

Partner’s Role

The Partner maintains all actual funds. It is the source and
targel of all fund transfers to and from customers; it main-
{ains the aggregate aceounts; and it executes all trades issued
automatically by the Trading System servers. From a legal
point of view, all funds must be maintained in money market
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instruments. Hence, the Partucr will maintain a Long and a
Short money market fund for each currency supported.

Overview of Currency Trading System Server Internal
Design

The Trading System server architecture is designed to be:

(1) modular, in order to: (a) simplify development (lime-
to-market); (b) easily allow extensions and modifications;
(¢) ensure correctness and robustness, and (d) keep it main-
tainable:

(2) efficient. in order to provide fast response times to
online users and minimize the computational and network-
ing resources required to support the service;

(3) scalable, in order to support (with suitable computing
infrastructure) a large number of online users and high
transaction volumes; and

(4) fault resilient, so that any individual failure of a
computing node or network connection does nol interrupt
service.

The Trading System scrver sofiwarc preferably runs
exclugively on Unix platforms, and is composed of the
following modules, each with a distinct set of responsibili-
ties (see FIG. 3):

(1) Database ([XBMS) 310. This is the heart of the server.
It keeps track of customer profile information, all customer
accounts and all transactions, and ensures that atomicity,
consistency, independence, and durability (“ACID”) prop-
erties are maintained. The dalabase is the reference point for
all information kept by the systen.

The database is preferably a standard commercially-
available SQL database, configured for full replication for
reliability, availability, and improved performance. The pre-
ferred embodiment is based on IBM’s DB-2 product line,
but Oracle, for example, could also easily be used.

(2) Server Front-end 315. The server front-end 315 is
responsible for all communication with the Web-based cli-
ents. It supports both persistent and non-persistent connec-
tions to the traders. The persistent connects are used prima-
rily for periadic (i.c., every few seconds) transmission of the
latest currency rates so that the traders can update the
currency graphs and tables in real-time. Using persistent
connections significantly reduces protocol processing over-
head and reduces network bandwidth requirements. Non-
persistent connections are used for all transaction-oriented
requests, such as orders, transaction history requests, logins,
elc. All transaction-oriented communication between the
trader browsers and the Server Front-end occurs fully
encrypted, while rate information is transmitted in unen-
crypted form for efficiency reasons.

Traders preferably communicate with the server using
request-response type of protocol, The Server Front-end 315
interprets each request it receives and, for each. takes
appropriate action. For login requests, it sets up appropriate
data structures so that all future requests can be serviced in
the most efficient way. It also sets up encryption keys for
sccure communication, and Jogs the start of a new session
with the Transaction Server. For rate requests, it returns the
requested rates it obtains from the rate server. For orders, it
execules the orders by issuing appropriate requests 1o the
transaction server afler checking the margin requirements,
the availability of funds, and using rates as determined by
the pricing engine. For stop-loss/take-profit and fixed-price
orders (that may get exccuted in the future), the Trade
Manager 365 is also informed. For each trade that gets
executed, the Hedging Engine 340 and Margin Control 350
modules are informed, so that they always have an up-to-
date snapshot of the state. For transaction history, the
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appropriate information is returned to the client afier obtain-
ing il [rom the Transaction Server 355.

The Server Front-end 315 also encapsulates a standard
Web server (a la Apaclie), that services other trader requests
that entail formatted text; this includes all of the Help pages,
large transaction history requests, and server monitoring
information. The Server Front-end 315 also acts as a Fire-
wall.

Internally, the Server Front-end 315 is structured as a sct
of threads that service one request after another. The threads
allow concurrent request servicing so that many requests can
be serviced in parallel.

(3) Rate Server/Pricing Engine 325. The Rate Server
obtains currency exchange rate information from a variety of
external rate sources and stores it locally. The Pricing
Engine computes the currency exchange rates that the trad-
ers see and that are used for trading. These are computed
from the currency exchange rates obtained from the external
rate sources, the directional movement and volatility of the
market, the current Trading System exposure and a number
of other paramelters. The computed rales are made available
to the other modules of the system, and are also stored on
persistent media. Various methods of calculating such rates
are known to those skilled in the art. A preferred method is
described in U.S. patent application Ser. No. 09/764,366,
filed Jan. 18, 2001, (o Miiller et al.

Traders-can-request-historical-rate-data-so-that-they-can
graphically display the movements of any pair of currencies.
The Rate Server serves such requests and preferably has
several years of currency exchange rates available for this
purpose.

For fast response time, the Rate Server caches in memory
all of the frequently and recently requested rates so as to
minimize the number of disk accesses required.

(4) VAR (Value at Risk) Server 320. This server obtains
and serves Value at Risk information. Various methods of
calculating VAR are known in the art. A preferred method is
disclosed in U.S. Provisional Patent Application No. 60/200,
742, filed May 1, 2000, 1o Miiller.

(5) Transaction Server 355. This server encapsulates all
(ransaction funclionality and communicates the transactions
to the Databasc 310 server (which runs on a separate host)
after validating the transactions. The Transaction Server 355
also updates all other modules that need to be informed of
new transactions. Finally, the Transaction Server 355
informs (he currently online traders when a (ransaction (that
may have been issued by a stop-loss, take-profit, or limit
orderdacmon-or by the Margin Control Manager) takes
place.

(6) Interest Rate Manager 360. The Interest Rate Manager
360 periodically (for example, every few minutes, every few
seconds, or tick-by-tick) goes through all trader accounts to
compute the interest rate due or owed based on the instru-
ments currently in the portfolio, cach resulting in a trans-
action of the trader account. The portfolio information is
obtained through the Transaction Server 355. The interest
rates used arc obtained from external sources, and the
history of interest rates are stored on persistent storage.
Because real-time (or near real-time) information is used,
the Interest Rate Manager is capable of calculating, paying
out, and collecting interest by the second. Interest calcula-
tion formulas are known to those skilled in the art, and any

appropriate formula can be used in the Interest Rate Man- &3

ager without departing from the scope of the invention. An
example is the formula
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where P is the principal, r is the annual interest rate, t is the
(ime (in years) over which interest is earned, m is (he number
of times per year that interest is compounded, and A is the

, amount owed (principal plus interest). The interest earned

during time t is A-P. Thus, for example, if the annval interest
rate is 3%, and the interest is compounded daily, then the
interest 1, earned over each time period Ty=(;~l,_,, where
each t, is a clock-time (i.e., a particular day-hour-minute-
second-fraction-of-a-second) to the nearest second (thus T,
is in seconds), is calculated according to the formula [, =A ~
P,, where P, is the principal (the amount eaming interest, not
(he “original” principal) at time t,_,, and

AT
103 }:ﬂ.m;.:mn
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Ay = P‘(l +

Since there are 31,536,000 seconds per year,

T
31536000

the time in years over which the interest is being calculated.
Similar formulas can be used when t, is given to the nearest
tenth, hundredth, or other fraction of a second. If interest is
compounded continuously, those skilled in the art will
recognize how to apply the well-known formula A=Pe”
appropriately. Thus, to calculate interest on a tick-by-tick
basis, the above formulas can be vsed, with T, representing
time between ticks.

(7) Trade Manager 365. The Trade Manager 365 continu-
ously checks whether a trade should be executed on behalf
of a trader, and if so executes the trade by interacting with
the transaction server. The Trade Manager 365 consists of
multiple subcomponents: (a) a stop-loss daemon continu-
ously checks to sec whether stop-loss orders should be
executed and, if so. executes them through the Transaction
Server 355; (b) a take-profit daemon continuously checks to
see whether take-profit orders should be executed and. if so,
executes them through the Transaction Server 355; and (c)
a limit-order daemon continucusly checks 1o sec whether a
limit order should be executed and. if so, executes it through
the Transaction Server 355.

The daemons continuously monitor the current rates to
determine whether action is required. Moreover, each of the
daemons caches in memory all of the orders that it may need
to execute. They keep the orders suitably sorted so that they
can take fast action when nccessary, for example, the
stop-loss daemon sorts the orders in descending order of
stop-loss price, the take-profit in ascending order of take-
profit price.

{8) Murgin Control Manager 350. This module continu-
ously monitors the margin requirements of all trader
accounts. When necessary, the Margin Control Manager 350
will liquidate some (or all) of a trader’s holdings. It caches
in memory all of the information necessary for this compu-
tation, sorted in decreasing order of risk, so that it can take
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swift action when necessary. Holdings are liquidated
through the Transaction Server 355, when necessary.

(9) Trading System Monitor 330. This module continu-
ously monitors the current state of the Trading System.
Among others, state parameters include: (a) current Trading
System currency positions; (b) current margin situation; (c)
a summary of stop-loss, take-profit, and limit orders that
exist; (d) the number of currently onlinc uscrs; (c) the
number, size and type of trades executed per second; and (f)
a summary of the account positions held by the users.

This information is made available (a) to the Pricing
Enginc 325 (where it is used to sct the currency exchange
rates made available to the traders), (b) to the Hedging
Engine 340 so that it can determine when to issue trades with
the Partner Bankend Bank, and (c) to system operators and
Trading System financial engineers in real time via a feature-
rich Web interface. Morcover, this information is logged on
persistent storage for later, off-line analysis.

(10) Hedging Engine 340. This module continuously
monitors current Trading System currency positions, the
positions held in the trader accounts, recent trading activity,
and the market direction and volatility to determine when to
issue a trade with the backend Partner Bank. Various meth-
ods of performing such calculations are known to those
skilled in the art. The Hedging Engine 340 preferably uses
the hedging tool described in U.S. patent application Ser.
No. 09/764,366, filed Jan. 18, 2001, to Miiller et al., the
contents of whichare incorporated-herein by reference:

(11) Partner Bank Interface 335. This module communi-
cates directly with the backend Partner Bank to issue trades
and obtain account information.

(12) Computer Systems Monitor 345. This module con-
tinuously monitors the operation and state of the computer
systems on which the Trading System is running, Besides
error conditions, such metrics as memory, processor, disk,
and network utilization; paging activity; the number of
packets sent over the various networks; the number of
transactions; and the number of processes and threads are of
interest. This information is made available to system opera-
tors in real (ime via a [eature-rich Web interface and local
consoles. In addition, it is stored on persistent storage for
later, off-line analysis.

The Server modules described above are structured so that
they can run independently as separate processes Lhat can be
indeperidently mapped onto an arbitrary computer within a
cluster. Moreover. each of the modules can run in replicated
form, providing both fault tolerance and increased through-
put.

Preferred Physical Organization of the Trading System
Server

ATrading System Server of a preferred embodiment runs
on a hardware base consisting of a cluster of hosts and disk
farms connected by networks. All of the hardware compo-
nents are preferably replicated for faull tolerance, as
depicted in FIG. 4.

The cluster is connected to multiple ISPs so that if one ISP
goes down, traders can still communicaie with the server.
The ISPs are connected to the Scrver through a pair of
routers 410 that monitor each other; if one of them gocs
down, then the other will automatically take over.

For security reasons, the Database 310 is on a separate
back-end network; this way, it is not connected directly to
the Internet and can only be accessed by the Transaction
Server 355. The Database 310 is sctup in a dual configura-
tion, so that the system can continuc operating with a single
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database failure. All disks are mirrored, again, so that any
single disk [ailure will not resull in 4 loss of dala.

All of the olher server processes run on a cluster of servers
420, connected to the Internet routers 410 on the one side,
and connected to the backend database 430 on the other side.
A virtually unlimited number of servers can be used in the
cluster, allowing the system to scale up to support a large
number of users. The servers can be partitioned by [unc-
tionality, allowing specialized servers to be used, optimized
for the particular functionality. For example, the Rate Serv-
ers 325 need minimal CPU power, and only a limited
amount of memory. They also can be replicated casily
without the introduction of any complexity or overhead.
Hence, smaller, less costly hardware can be used for this

purpose.

After login, traders typically comumunicate with a particu-
lar server in “sessions” for performance reasons. Using
sessions improves cache locality, resulting in far fewer
database accesses, and it allows the cost of creating session
encryption keys to be amortized over many communication
actions. [or load balancing purposes, the trader software is
directed to henceforth communicate with the least loaded
server at the time when the trader first logs in. In case of
severe load imbalances, individual traders are redirecled (o
new, less loaded servers. If any of the servers crashes, then
the client software that was communicating with the crashed
server will detect the failure and automatically (transpar-
ently-to-the user)-go-through-a-new-login-procedure:

User Interface Description

Overview

The following is a description of a preferred user interface
of a preferred Trading System. The main user interface
display is called a “Trading Station,” and it is used for all
interactions with the trading system by a trader, such as
analyzing changes in currency exchange rates, reviewing the
trader’s current currency positions, reviewing the trader’s
past transactions, or issuing buy and sell requests. The key
features of the Trading Station are that: (1) it runs on any of
the popular Web browsers connected to the Internet; (2) it
displays continuously updated currency cxchange rates in
real-time; (3) it displays all pertinent information in one
window; and (4) all interaction with the server occurs over
fully-encrypted Internet connections.

System Requircments

The User Interfuce is preferably implemented in Java so
as to run on any browser with JDK1.2 support, which
includes all Netscape Navigators versions 4.2 and up as well
as Microsoft’s Intemet Explorer versions 5.0 and up. The
Trading Station is preferably supported for Windows 95,
Windows 98, Windows 2000, Windows NT, Linux, Sun
Solaris, and other Unix-based operating systems.

If operated from behind a firewall, then the Trading
Station may operatc propetly only if the firewall allows
HTTP requests to Port 90. Many corporations have firewalls
that restrict access to the corporate network to well-known
services such as email. Typically this restriction is accom-
plished by restricting the ports that may be used. For
example, Port 80 is typically used for littp (Web-based)
traffic. Some firewalls inspect traffic going through Port 80
to ensure that the port is being used only for Web-based
traffic. This is problematic for trading systems that do not
use http messages—it causes users behind corporate fire-
walls to be inaccessible. However, a preferred embodiment
of the present invention overcomes this obstacle by prefac-
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ing Trading System messages with standard http headers to
make them appear to be http requests and responses, even
though they are not.

Log In Procedure

In order to log in, a trader must be a registered user.
Registering is preferably free and can be accomplished by
clicking on a “new users” link on a login page. Logging in
requires a user to provide a user-ID and password. If a trader
lorgets her password, she can click on the “forgot your
password” link and fill in the information requested; ler
password will be then be emailed to her.

If user-ID and password are entered correctly, a small
window appears indicating that the Trading Station is being
loaded. After a short time, a larger window appears with the
Trading Station Graphical User Interface shown in FIG. 5.
Onee the Trading Station is properly loaded, the contents of
the small window is changed to include a number of useful
links. It is important that this small window not be closed

while the Trading Station is to remain in operation, although 2

it may be minimized so as not to be in the trader’s way. (This
small window is necessary due to the limitations of typical
Java implementations on most browsers that would other-
wise not allow a trader to continue browsing the Web while
the User Interface is active.)

Main Window of Trading Station
The Trading Station user interface is shown in FIG. 5. It
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can be resized to a convenienf size; by using the standard

resizing mechanisms supported by the trader’s operating

system’s windowing system.

The Trading Station is preferably partitioned into a num-
ber of components that each serve a different purpose:

(A) Action buttons: a vertical panel located on the left
hand side of the Trading Station contains a set of action
buttons that allow a user to perform the most common
operations.

(B) Menus: a set of pull-down menus across the top
allows a user 1o invoke additional operations.

(C) Accounl summiry: an area in the middle of the
Trading Station that gives a summary of the user’s account.

(D) Table: an area located across the top of the Trading
Station that is used to display various information in tabular
format. The information displayed depends on the most
recently clicked Action Button. 1t might display currently
held instruments, current open positions, or a history of
recent transactions.

(B) Currency rates: an area at the bottom left that displays
various currency rates. These rates are continuously
updated in real time.

(F) Graph: located at the bottom-right corner, graphs
display currency rates over lime, The graphs are also
updated in real-time as new rates become available.

Subsequent sections describe each of these components in
detail.

Action Buttons

The Trading Station preferably has the following action
buttons in a panel on the Jeft side. Clicking the uppropriate
button will invoke the described operation:

Buy/Sell: Pops up a Buy/Sell window, from which a
trader can issue trade requests. (See the description of the
buy/sell window (FIG. 13) for more information.)

Positions: Displays the currently open positions in 4 table.
(See the description of the Open Positions Table (FI1G. 8) for
the contents of the table.)
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Trades: Displays the currently open trades in a table. (See
the description of the Open Trades Table (FIG. 7) for the
contents of the table.)

Orders: Displays the open orders (that may be executed
some time in the future) in a table. (See the description of the
Open Orders Table (FIG. 9) for the contents of the table.)

History: Displays a recent history of the trader’s transac-
tions in the table, (Sce the description of the History Table
(FIG. 10) for contents of the table.)

Analysis: Pops up a new browser window with access 1o
anumber of analysis tools that might help in making trading
decisions.

News: Pops up a new browser window with the latest
currency news.

Forums: Pops up a new browser window with access to a
number ol forums (sometimes known as newsgroups) that
allow a trader to participate in discussions with other traders
and currency trading experts.

Pull-down Menus

There are preferably 5 pull-down menus (not shown),
each offering different operations or services:

Connection Menu: (1) Disconnect: disconnects the Trad-
ing Station from the Trading System server. The Trading
Station will remain open, but currency rales will no longer
be updated, and transactions will not be possible. (2) Con-
nect: connect the Trading Station to the server. so the trader
is back on line. (3) Quit: quit and exit this application.

Account-Menu:-(1)-Transeetien-history—pop-up-i-new
browser window to display an extensive list of all transuc-
tions that ocenrred on a frader’s account. See the Transaction
History section (relating to FIG. 10) for a description of
what is displayed. (2) Clear account balance and P/L: for
those who have incurred large losses on their account, this
operation allows a trader to start over again with a cleared
P/L and new funds in the account. This feature is primarily
useful when an account on the Trading System is used as a
game—i.e., no real money changes hands. (3) Add funds to
account: for a gamc account, add funds to the account for a
real money-sccount, tmnsfer money into (he account from
the trader’s ¢redit card or obiain instructions on how to wire
transfer money into the trader’s account. (4) Buy/Sell: issuc
a trade or market order (see FIG. 13). (5) Open positions:
display the open positions in a table (sce FIG. 8). (6) Open
trades: display all open trades in a table (see FIG. 7). (7)
Open orders: display all open orders in a table (see F1G. 9).
(8) Recent transaction history: display the most recent
transactions in a table (see FIG. 10).

Commands Menu: (1) Change passwords. (2) Graph:
specify the currency pair to be displayed in the graph.

Triforination Meru: (17 literest rates: display interest rate

information in a scparate browser window. (2) Market
News: display up-to-date currency market news in a separate
browser window. (3) Analysis tools: usc an analysis tool in
a separate window. (4) Forum: participate in various forums
related to currency trading. (5) Rankings: see a list of the
most successful currency traders using the Trading System.

Help Menu: (1) Documentation: links lo descriptive docu-
ments. (2) About: display software version number and
credits. (3) Debug: display debugging information in a new
window.

Account Summary

The account summary display (see F1G. 6 for an exaniple)
is a small table that provides a summary of the trader’s
account status. It preferably shows: (1) Account Balance: the
amount of the trader’s cash holding in the trader’s account.
(2) Realized P/L: the amount of profit or loss the trader has

0024



US 7,146,336 B2

13

incurred with the trader’s trading activity to date. (3) Unre-
alized P/L; the amount of profit or loss that the trader holds
with the trader’s current open positions. If the trader clears
all of his open positions, then this amount would be added
to the Realized P/I. amount. (4) Margin Used: the amount of
the trader’s account balance and unrealized P/L tied up for
margin purposes. (5) Margin Available: the amount of the
trader's account balance and unrealized P/L availuble as
margin for new (rading transactions.

This information is preferably continnously updated in
real-time to take current market conditions into account.
Moreover, the information is always shown in the trader’s
home currency.

Tables

The table area of the Trading Station shows different
information depending on the last Action Button-selected. It
can include: (1) open trades; (2) open positions; (3) open
orders; and (4) transaction history. The default is open
positions.

How the information in the table is displayed can be
controlled in two ways: (1) Scroll bars are used to scroll the
table up or down. allowing a trader to see information that
is hidden from view. (2) Sorting can be achieved by clicking
on 4 column header, which causes the luble (o be sorted so
that the column is in increasing or decreasing order. Clicking
once sorts the column in increasing order; clicking again
sorts it in decreasing order.

For all fables except Transaction Niswory, clicking vrarow
of the tuble will cause u pop-up window Lo appear, ollering
further actions for that open trade. position. or order.

Open Trades Table

The open trades table (see FIG. 7) shows a list of the
trader’s currently open trades, The table preferably has 9
columns, described from left 1 right (not all are depicted in
FIG. 7).

(1) Short/l .ong: Indicates whether the position is short or
long.

(2) Ticket Number: a number that uniquely identifies an
open trade. A trader can use this number as a reference for
inquirics to the Trading System or ils operators, or ta scarch
for purticular entries in the transaction history Luble.

(3) Currency pair: the pair of currencies involved in this
trade. The first currency of the pair is referred to as the base
currency, while the second one is referred to as the quote
currency.

(4) Units: the number of transacted units for this trade.
expressed in the base currency.

(5) S/L: the trader’s stop-loss for this trade. This trade will

he-closed-automaticatly-as-soon-as-the-currency-exchange s

rate for this currency pair crosses the S/L value. A stop-loss
limit is used to limit the loss a trader may incur with this
trade.

(6) T/P: the trader’s take-profit for this trade. This trade
will be closed automatically as soon as the currency
cxchange rate for this currency pair crosses the T/P value. A
take-profit limit is used to realize the trader’s profit as soon
as it reaches the T/P value.

(7) Rate: the exchange rate obtained when the trade got
cxecuted.

(8) Market: the current exchange rate for this currency
pair.

{9) Profit: the unrealized profit (when positive) or loss
(when negative) expressed in base currency and ona per unit
busis,

Clicking on the seroll buttons will cause the table to scroll
up or down. Clicking on a column header will sort the table
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so that the contents of the column are displayed in increasing
or decreasing order. Clicking on a row with an open trade
will cause a pop-up window to appear offering two opera-
tians: (1) Close trade. (2) Modify trade. This is used to
modify the /I, or the T/P limits.

Open Positions Table

The Open Positions Table (see F1G. 8) displays a list of
the trader's open positions. It is similar to the Open Trades
table, except that all trades of the same currency pair are
aggregated into one line.

The table preferably has 6 columns, described from left to
right (not all are shown in FIG. 8):

(1) Short/Long: Indicates whether the position is short or
long.

(2) Currency pair: the pair of currencies the position refers
to. The first currency of the pair is referred to as the base
currency, while the second one is referred to as the quote
currency.

(3) Units: the number of units held in this position,
expressed in the base currency.

(4) Rate: the average exchange rate obtained for the trades
in this position.

(5) Market; the current exchange rate for this currency
pair.

(6) Profit: the unrealized profit (when positive) or loss
(when negative) expressed in base currency and on a per unit
basis.

-Clickingon-the-scroll-buttons-will-cause-the tuble-to-seroll
up or dowt, Clicking on a column header will sort the table
50 that the contents of the column displayed in increasing or
decreasing order. Clicking on a row with an open position
will cause a pop-up window to appear offering the option to
close the position,

Open Orders Table

The Open Orders Table (sec FIG. 9) shows a list of the
trader’s currently open orders. An open order is a request
that a particular trade should be made automatically when
the exchange rate of the specified currency pair crosses a
specified threshold.

The table preferably has 9 columns, described from left to
right (not all are shown in FIG. 9).

(1) Short/Long: indicates whether the position is short or
long.

(2) Order ID: a number that uniquely identifies the order.
A trader can usc this number as a reference for inquirics to
the Trading System.

(3) Currency pair: the pair of currencies to be traded.

(4) Units: the number of units to be traded, expressed in

—the_base currency.

(5) S/L: the stop-loss for this trade. This trade, once
executed, will be closed automatically as soon as the cur-
rency exchange rate lor this currency pair crosses the S/L
value. A stop-loss linit is used to limit the loss a trader may
incur with this trade.

(6) T/P: the trader’s take-profit for this trade. This trade,
once exectted, will be closed automatically as soon as the
currency exchange rate for this currency pair crosses the T/P
value. A take-profit limit is used to realize the trader’s profit
as soon as it reaches the T/P value.

(7) Rate: specifies that the trade should be executed as
soon as the exchange rate for the specified currency pair
crosses this value.

(8) Market: the current exchange rate for this currency
pair.

(9) Duration: specifies the amount of time an order should
stand, until it is auwtomatically canceled.
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Clicking on (he scroll buttons will cause the table to scroll
up or down. Clicking on o columa header will sort the table
so that the contents of the column are displayed in increasing
or decreasing order. Clicking on a row with an order will
catise 4 pop-up window to appear offering two operations:
(1) Cancel order. (2) Modity order. This is used to modity
the exchange rate threshold at which the trade is to be
executed. or the S/L or T/P limits.

Transactions Table

The Transactions (or Transaction History) Table (see FIG.
10) shows a list of (he most recenl lrnsactions on the
account. For access to a full list of past transactions, a user
selects the Information pull-down menu and then sclects
Transaction History.

The Transaction History Table preferably has 6 columns,
described from left to right:

(1) Transaction ID: uniquely identifics the transaction.

(2) Type: identifies the type of transaction.

(3) Currency pair: the pair of currencies associated with »

the transaction.

(4) Units: the number of units to traded in the transaction,
expressed in the base currency.

(5) Price: the currency exchange rate applied when buying
or selling a currency pair.

(6) Date/Time: the date and time of the transaction.

Clicking on the scroll buttons will cause the table to seroll
upordown:-Clicking on-a-column-header-will-soct-the table
so that the coitents of the column are displayed in inereasing
or decreasing, order.

Currency Rates

The Currency Rates Table (see FIG. 11) shows the current
exchange rate for the currency pairs supported by the
Trading System. They are preferably updated in real time,
approximately every 5 seconds, When there is a significant
exchange rate movement for a currency pair, up/down
indicators show the direction of the rate change in order to
alert a trader, should a trader not currently have the currency
pair displayed in the graph.

Clicking on the seroll buttons will cause the table 1o scroll
up or down. Clicking on o currency pair's ask price will pop
up & buy window for that currency pair. Clicking on a
currency pair's bid price will pop up a sell window for that
currency pair.

Graphs

Graphs (see FIG. 12) show how currency exchange rates

change over a period of lime, ranging from minutes to
_months. All graphs are updated in real-time, as new currency
rates arrive.

At any given time, the difference between the lower
boundary and the upper boundary of the curve represents the
difference between the bid and the ask price, and the
difference may vary over time depending on market condi-
tions. Thus, the top part of the curve indicates the ask price.
and the bottom of the curve indicates the bid price.

As a mouse cursor 1220 is moved over the graph, a
sub-arca 1230 in the graph shows precisc cxchange rate
information for the target currency pair corresponding to the
time instance represented by the position of the mouse
cursor.

The graph may also display Buy or Sell widgets that
indicate at which point in time a trader bought or sold a
currency pait. Downward pointing red arrows indicate a sold
curreney pair (where a trader is hoping the rates will go
down after that point), and upward pointing green arrows
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indicate a bought currency pair (where a trader is hoping the
rates will go up afler that point).

A trader can adjust what is shown in the graph: (1) The
currenicy pair displayed is selected using the pull-down
menu 1240 at the bottom left. (2) The granularity of the
graph is selected using the pull-down menu 1250 at the
bottom right of the graph. Selecting a fine granularity, such
as 5 seconds (where cach point on the horizontal axis
represents 5 seconds of time), will display a relatively short
time interval (less than an hour, in this case). Selecting a
Jarger granularity, such as one day, will display longer-tem
trends (9 months of exchange rate information in this case).

Scroll buttons 1260 at the top right of the graph area allow
a trader to shift the time interval shown to the left or to the
right (backward or forward in time). Clicking on the graph
with the mouse will hide the Buy/Sell widgets. Clicking
again will cause them to reappear.

Buy/Sell Window

A Buy/Sell pop-up window (see FIG. 13) allows a trader
to issue buy orsell orders. The window can be caused to pop
up either by: (1) clicking on the Buy/Sell action button (see
FIG. 8): (2) clicking on the bid or ask price in the Currency
Rates Table (see FIG. 11); or (3) clicking on an existing

s trade, position, or order in the Table area of the Trading

Station display (see FIG. 5).

Two types ol orders are supported: (1) Market Orders are
orders that are transacted immediately based on market
exchange rates. (2) Entry Orders are orders that are executed
when the exchange rate crosses a certain threshold.

The type of order can be selected by clicking on the
appropriate tab in the Buy/Sell Window (see FIG. 13).
Market order comes up as the default order.

Issuing a Market Order. To issue a market order with the

S Buy/Sell Window and the Market Tab selected. a number of

fields must be filled out (although most of the ficlds are
pre-initialized with reasonable values):

(1) ACTION: choose between buy and sell.

(2) CURRENCY: choose the currency pair the trader
wishes to buy or sell. By default, this field will be initialized
as follows: (A) If the Buy/Sell button was used to obtain the
window, the currency pair currently shown in the graph. (B)
If the bid or ask price was clicked to obtain the window, the
currency pair for which the price was clicked. (C) If a trade
or position was clicked in the Table area, the cutrency pair
corresponding to the (rade or position. The pull-down menu
can be used to select another currency pair.

(3) UNITS: the number of units of the currency pair the
trader wishes to buy or sell. with units expressed in terms of
the base currency.

(4) Lower Limit: the order will result in a trade only if a
price is obtained that does not lie below this limit. By
default, no limit is selected. but one can be set by checking
the check box. If the check box is checked, then the field is
automatically initialized with a reasonable value; however
the value can be changed either by modifying the number
directly or by using the +/- buttons to increase or decrease
the value, respectively.

(5) Upper Limit: the order will result in a trade only if'a
price is obtained that does not lie above this limit. By
default, no limit is selected. but one ean be set by checking
the check box. If the check box is checked, then the field is
automatically initialized with a reasonable value; however,

s the value can be changed either by modifying the number

directly or by using the +/- buttons to increase or decrease
the value, respectively.
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{6) Stop Loss: il the order results in a tade, then the
stop-loss value given will be associated with the trade. By
default, no stap-loss limit 1s selected, but one can be set by
checking the check box. If the check box is checked, then the
field is automatically initialized with a reasonable value;
however, the value can be changed either by modifying the
number directly or by using the +/- buttons to increase or
decrease the value, respectively.

(7) Take Profit: if the order results in a trade, then the
stop-loss value given will be associated with the trade. By
default. no take profit limit is selected, but one can be set by
checking the check box. If the check box is checked. then the
field is automatically initialized with a reasonable value;
however, the value can be changed cither by modifying the
number directly or by using the +/- buttons to increase or
decrease the value, respectively.

The RATE field is set by the Trading Station and corre-
sponds to the most recent exchange rate for the selected
currency pair.

To issue the order, a Submit button 1310 must be selected.
If the order is successful, and a trade occurs, then an
acknowledgment window (see FIG. 14) pops up with a
Ticket number that can be used for future reference. More-
over, the Open Trades Table (see [IG. 7) will be updated to
reflect the new trade, as will the Open Positions Table (see
FIG. 8) and the Transaction History Table (see FIG. 10).

Several issues are important (o note:

(1)-If an order is_successful and a trade occurs, then the
exchange rate obtained for the trade will correspond to the
mos! current exchange rate maintained at (he Trading Sys-
tem servers and not necessarily the rate displayed in the
Buy/Sell window.

(2) An order without Lower and Upper Limits will always
result in a trade.

(3) An order with both Lower and Upper Limits will result
in a trade if and only if the exchange rate for the potential
trade lies between the two limits.

Issuing an Entry Order. To issue an entry order with the
Buy/Sell Window and the Entry Tab selected (see FIG. 15),
a number of flelds must be filled out (although most of the
ficlds are pre-initialized with reasonable valucs):

(1) ACTION: choose between buy and sell.

(2) CURRENCY: choose the currency pair the trader
wishes 1o buy or sell. By default, this field will be initialized
as follows: (A) if the Buy/Sell button was used to obtain the
window, the currency pair currently shown in the graph; (B)
if the bid or ask price was clicked to obtain the window, the
currency pair for which the price was clicked. The pull-
down menu can be used to select another currency pair.

{31 UNTTS: the number-of units-of the currency pair the
trader wishes to buy or sell, with units expressed in terms of
the base currency.

(4) RATE: the order will result in a trade as soon as the
exchange rate for the selected currency pair crosses the
given value; that is, for buy orders, i the rate goces below this
value. and for sell orders if the rate goes above the given
value

(5) Duration: this value is used to limit the amount of time
an outstanding order will remain effective. By default, the
order remains effective indefinitely. However, the duration
can be sct to the end of the day or for an hour.

(6) Stop Loss: if the order results in  trade, then the
stop-loss value given will be associated with the trade. By
default. no stop-loss limit is selected, but one can be set by
checking the check box. If the check box is checked, then the
field is automatically initialized with a reasonable value;
however, the value can be changed either by modifying the
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number directly or by using the +/- buttons to increase or
decrease the value, respectively.

(7) Take Profit: if the order results in a trade, then the
stop-loss value given will be associated with the trade. By
default, no take profit limit is selected, but one can be set by
checking the check box. If the check box is checked, then the
field is automatically initialized with a reasonable value;
however, the value can be changed either by modifying the
number directly or by using the +/- buttons to increase or
decrease the value, respectively.

To issue the order, a Submit button 1510 must be selected.
This results in an acknowledgment window (see FIG. 14)
popping up with a Ticket number that can be used for future
reference. Moreover, the Open Orders Table (see FIG. 9)
will be updated to reflect the new order. Note that a trader
can modify the parameters of an open order (including the
rate representing the trade threshold, or the S/L and T/P) by
clicking on the order in the Open Orders Table.

What is claimed is:
1. A system for trading currencies over a computer
network, comprising:
(a) a server front-end in communication with said com-
puter network:
(b) a database,
(c) a transaction server in communication with said server
front-end and with said database;
(d) a rate server in communication with said server
{ront-end;-and
(e) a pricing engine in communication with said rate
server; and further comprising an inlerest rate manager
in communication with said transaction server and said
database, wherein said interest rate manager is opera-
tive to calculate, pay out, and collect interest on a
tick-by-tick basis.
2. A system for trading currencies over a computer
network, comprising;
(a) a server front-end in communication with said com-
puter network;
(b) a database;
(¢) a transaction scrver in communication with said server
front-end and with said database;
(d) a rate server in communication with said server
[ront-end; and
(e) a pricing engine in communication with said rate
server; and further comprising a trade manager in
communication with said transaction server and said
database, whercin said trade manager comprises a
stop-loss daemon that (a) continuously checks whether
stop-loss orders should be executed, and (b) if a stop-
loss order should be executed, exceutes it through said
transaction server.
3. A system for trading currencies over a computer
network, comprising:
(a) a server front-end in communication with said com-
puter network:
(b) a database;
(¢) a transaction server in communication with said server
front-end and with said databasc;
(d) a rate server in communication with said server
front-end; and
(e) a pricing engine in communication with said rate
server; and further comprising a trade manager in
communication with said transaction server and said
database, wherein said trade manager comprises a
take-profit daecmon that (a) continuously checks
whether take-profit orders should be executed, and (b)
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if a take-profit order should be executed, executes it
through said transaction server.

4. A system for trading currencies over a computer

network, comprising:

(a) a server front-end in communication with said com-
puter network;

(b) a database;

(c) a transaction server in communication with said server
front-end and with said database;

(d) a rate server in communication with said server
front-end: and

(e) a pricing engine in communication with said rate
server; and further comprising a trade manager in
communication with said transaction server and said
database, wherein said trade manager comprises a
limit-order daemon that (a) continuously checks
whether limit orders should be executed, and (b) if a
limit order should be executed, executes it through said
transaction server.

5. A system for trading currencies over a computer

network, comprising:

(a) a server [ront-end in communication with said com-
puter network;

(b) a database;

(c) a transaction server in communication with said server 2

front-end and with said database:

(d) a rale server in communication with said server
front-end:.and____.

(e) @ pricing engine in communication with said rate

server, wherein said pricing engine is operable to
compule currency exchange rates based on: (a) data
obtained from external rate sources; and (b) market
directional movement and volatility.

6. A system as in claim 5, wherein said pricing engine is
further operable to compute currency exchange rates based
on positions held by said system.

7. A system for trading cwrencies over a computer
network, comprising:

(a) a server front-end in communication with said com-

puter network;

(b) a databasce:

(¢) 4 transaction server in communication with said server

front-end and with said database;

(d) a rate server in communication with said server

front-end: and
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(e) a pricing engine in communication with said rate
server: further comprising a hedging engine in com-
munication with said transaction server, wherein said
hedging engine is operable to perform at least two of
the following calculations: (a) calculate a total amount
of home currency appearing in all open positions; (b)
calculate an out-of-equilibrium exposure; (c) calculate
a new potential net exposure; (d) calculate an equilib-
rum position; (e) calculate boundaries of possible
exposures; (f) calculate values for a pair of quoting
functions; and (g) calculate an average price and an
average spread.

8. A system as in claim 6, wherein said positions are
managed based on one or more trading models.

9. A system as in claim 8, wherein at least one of said one
or more trading models comprises: (a) a price collector
component; (b) a price filter component: (¢) a price database
component; (d) a gearing calculator component: (e) a deal
acceptor component; and (f) a book-keeper component.

10. A system as in claim 8, wherein at Icast one of said onc
or more lrading models comprises: (1) a price colleclor
component; (b) a price filter component; (¢) a price database
component; (d) a gearing caleulator component; (¢) a deal
acceptor component; (f) an opportunity catcher component;
and (g) a book-keeper componcnt.

11. A system for trading cumrencies over a computer
network, comprising:

(a) a server front-end in communication with said com-

puter network;

(b) a database;

(c) a transaction server in communication with said server
front-end and with said database;

(d) a rate server in communication with said server
front-cnd; and

(e) a pricing engine in communication with said rate
server; further comprising a margin control manager in
communication with said transaction server and said
database, wherein said margin control manager is oper-
able to monitor on a tick-by-tick basis margin require-
ments of accounts and on said tick-by-tick basis liqui-
date holdings as needed 10 maintain specified margins.
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7N ABSTRACT

A method of trading assets on a market including: (1) receiv-
ing price data for an assel over one or more computer net-
works; (2) receiving current system position information: (3)
storing the received asset price data and current system posi-
tion information in a computer-readable medium: (4) calcu-
lating trade recommendation information form each of one or
more trading sub-models. wherein each sub-model is based
on a different time horizon, the caleulation based on the
received asset price data; and (5) calculating a trade recom-
mendation regarding the assel based on the trade recommen-
dation information from each of the trading sub-models. Each
sub-model preferably includes: (1) a price collector compo-
nent; (2) a price filter component; (3) 4 price database com-
ponent; (4) a gearing caleulator component; (5)  deal accep-
tor component; and (6) a book-keeper component.

12 Claims, 8 Drawing Sheets
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1
METHODS FOR TRADE DECISION MAKING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 60/274,174, filed Mar. 8, 2001. The contents of the
above application are incorporated herein in their entirety by
reference.

FIELD OF THE INVENTION
The subject invention is directed 1o trading on financial
markets, in particular to methods of using real-time trading
models to trade on foreign exchange markets.

BACKGROUND

An exchange rate is the price at which one national cur-

rency can be cxchanged for another. The most common cur- 5

rency value notion is the bilateral exchange rate (or simply the
foreign exchange (FX) rate) quoted by an FX trader or
reported by a quote vendor. This is a nominal exchange rate
because it is the number of units of a currency offered in
exchange for one unit of another (for example, 1.5 German
marks for 1 U.S. dollar). The spot exchange rate is a particular
example ofa nominal bilateral exchange rate, where the trans-
action takes.place immediately. Another example is the for-
ward exchange rate, where the price is agreed now but the
transaction takes placein the future. An FX price is composed
of two quantities: a price at which a bidder offers to buy
(termed the bid price) and a price at which a seller offers to
buy (the ask price).

‘The bid and ask prices of major financial institutions are
conveyed to dealers’ screens by quote vendors such as Reu-
ters, Telerate, or Knight Ridder. Deals are typically negoti-
ated via telephone. The FX market operates globally and
around the clock. Any market maker may submit new bid/ask
prices at any time, and many institutions have branches
worldwide, so that they can participate in continuous FX
trading.

Although the [X market operates continuously, individual
traders or institutions generally participate in this market for
only part of each day. There is thus a need for trading models
(hat tuke take local business hours and holidays into account.

There is a need for trading models that offer real-time
analysis of FX-rate movements and generate explicit trading
recommendations. A clear distinction should be made
between a price change forecast and an actual trading recom-

mietidation. A tradingrecommendation naturally-includes:

some kind of price change forecast, but must also account for
the specific risk profile of the dealer or user of the respective
trading mode!, Another distinction is thal a trading model
must take into account its past trading history. while a price
forecast is not biased by a position the trading model might be
in. A trading model thus preferably goes beyond predicting a
price chunge: it should decide whelher a certain action s lo
be taken. This decision is subject to the specific risk profile,
the trading history, and institutional constraints such as busi-
ness hours. These different parameters can be integrated into
the decision-making process and are important for construct-
ing practical models for professional traders.

There is a torther need for models that follow the FX
market and imitate it as closely as possible. These models
should be based on data from continuous collection and treat-
ment of FX quotes by market makers around the clock (up to
5000 non-equally-spaced prices per day for the German
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mark, or the euro, against the U.S. dollar). In order to imitate
real-world trading accurately, the models also should take
into account transaction costs in their return computation,
generally avoid trading outside market working hours. and
avoid trading too rapidly.

SUMMARY

A preferred embodiment of the subject invention com-
prises a system and method for operating a set of real-time
trading models. An over-all system that utilizes the subject
invention includes mechanisms for data collection, data vali-
dation, generation of trading recommendations, communica-
tion of these recommendations to user-agents, and graphical
presentation of these recommendations on the user-agents.

A preferred trading model is based on a set of indicator
computations combined with acollection of rules. The former
are functions of the price history. The latter determine the
applicability of the indicator computations in generating trad-
ing, recommendations.

A preferred embodiment comprises a method of trading
assets ona market, comprising the steps of: (1) receiving price
data for an asset over one or more computer networks; (2)
receiving current system position information; (3) storing the
received asset price data and current system position infor-
mation in a computer-readable medium; (4) calculating trade
recommendation information from each of one or more trad-
ing sub-models. wherein each sub-model is based on a dif-
ferent time horizon, the calculation based on the received
asset price data; and (5) calculating a trade recommendation
regarding the asset based on the trade recommendation infor-
mation from each of the trading sub-models. In this embodi-
ment, each sub-model has its own indicator.

A further preferred embodiment comprises a method of
trading assets on a market, comprising the steps of: (1) receiv-
ing price data for an asset over one or more computer net-
works; (2) receiving current system position information; (3)
storing the received asset price data and current system posi-
tion information in a computer-readable medium; (4) calcu-
lating trade recommendation information from each of one or
more trading sub-models, wherein each sub-model is based
on a different time of day, the calculation based on the
received asset price data; and (5) calculating a trade recom-
mendation regarding the asset based on the trade recommen-
dation information from each of the trading sub-models. In
one version of this embodiment, 24 sub-models are used. In
another version, each sub-model further comprises a pair of
sub-models, each pair consisting of a trend-following sub-
model and a contrarian sub-model.

A-further-preferred-embodiment-comprises- a-method.of
trading assets on a market, comprising the steps of: (1) receiv-
ing price data for an asset over one or more computer net-
works; (2) receiving current system position information; (3)
storing the received asset price data and current system posi-
tion information in a computer-readable medium; (4) calcu-
lating tradc recommendation information from cach of onc or
more trading sub-models, wherein each sub-model is based
onthe view and actions of'one group of traders in the asset and
is further based on its own time horizon, the calculation based
on the received asset price data; and (5) calculating a trade
recommendation regarding the asset based on the trade rec-
ommendation information from each of the trading sub-mod-
els. In this embodiment, the step of calculating trade recom-
mendation information from each of one or more trading
sub-models comprises, for each sub-model, the following
steps: (1) calculating a suitable main indicator for the sub-
model, which after application of a nonlinear discretization
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function provides a lirst raw gearing; (2) caleulating a fre-
quency indicator: (3) calculating a channel indicator; (4)
computing a weight to be applied to the raw gearing: and (5)
computing a final gearing by multiplying the weight times the
raw gearing and then discretizing the product.

In cach of these embodiments, cach sub-model preferably
comprises: (1) u price collector component; (2) a price flter
component; (3) a price database component; (4) a gearing
caleulator component: (5) a deal acceptor component; and (6)
a book-keeper component. This overall structure and data-
flow of a preferred trading model is depicted in FIG. 1,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a data flow and structure diagram of pre-
ferred trading model software.

FIG. 2 depicts an example of a total return curve over three
periods; in-sample, out-of-sample, and ex ante.

FIG. 3 depicts the USD-DEM autocorrelation function of
the price changes (with sign) with lags in units of 1 day in
physical time up to a lag of 100 days.

FIG. 4 depicts the USD-DEM serial correlation condi-
tional to volatility.

FIG. 5 depicls (he intra-day USD-DEM serial correlation
conditional to volatility.

FIG. 6 depicts a scatter plot of 8x,,,, along he x-axis
against b, along the y-axis for the bin corresponding to the
maximum positive correlation in FIG. 4. '

F1G. 7 depicts a preferred structure of a customized trading
model; sub-model and main model.

FIG. 8 depicts sub-model-related steps of a preferred
embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

At the most general level, a preferred trading model com-
prises a set of indicator computations combined with a col-
lection of rules. A detailed description of typical indicators is
provided below; indicator computations provide an analysis
of past price movements. The indicators are mapped into
actual trading positions by applving various rules. For
instonce, 0 model may enter o long position if an indicator
exceeds a certain (hreshold. Other rules determine whether a
deal may be made atall, and the timing of a recommendation.
Thus. indicator computations are based on price history, and
a collection of rules determines the applicability of the indi-
cator computations to the generation of trading recommen-
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A deal acceptor 160 validates the recommendations of the
gearing caleulator 140 under the following conditions: (1) no
deal may take place within fifleen minutes of a deal already
having occurred, and (2) a stringent deal filter determines
whether a given price is suitable for dealing. A stop-loss
detector 150 triggers if the market moves in the wrong direc-
tion and passes a stop-loss price. causing a deal-to-neutral
position, The stop-loss price can be adjusted dynamically.

Anopportunity catcher 170 searches for a realistic price at

+ which to execute the deal. preferably in a time window of2-3

minutes (depending on the currency). Then it executes a
simulated deal and provides signals to a human dealer. A
Book-kecper 180 sofiware module evaluates the trading
mode] statistics.

Imitating the real world requires a system that collects all
available price quotes and that reacts in real-time to price
movements. In a preferred embodiment of the subject inven-
tion, trading models use mainly Reuters data but other data
suppliers provide similar information in their IX quotes. A
preferred embodiment uses price quotes that have been col-
lected. validated, and stored in & database. Each record or tick
in the datubase contains (he [ollowing items: (1) the time (; in
GMT (Greenwich Mean Time) at which the price quote has
been recorded in the database; (2) the bid price p,”": (3) the
ask price pj"""", (4) the name of the bank that issued the price
quote; (5) the location of the issuing bank; and (6) the result
of a validation {iller.

The index j identifies individual database records. Reuters
pages provide the bid price p," as a complete number, usu-
ally with five digits; p, " is given with only the last two digits
and is recomputed in full by software of a preferred embodi-
ment. The granularity of the time stamps t, is 2 seconds. The
validation filter information is preferably computed by the
filtering algorithm described in the paper, Miiller, U. A.,
Dacorogna, M. M., Olsen, R. B,, Pictet, O. V., Schwarz, M.,
Morgenegg. C., Statistical study of foreign exchange rates,
empirical evidence of a price change scaling law, and intra-
day analysis. Journal of Banking and Finance, 14:1189
(1990) (hereinafter Miiller 1990).

In a preferred embodiment, trading models are each pref-
crubly nssocinted with a locul market that is identified with a
corresponding gevgraphical region, In lum, this region is
associated with generally accepted office hours and public
vacation days. The local market is assumed (o be open at any
time during office hours, which do not occur during a week-
end or a public holiday. Disclosed trading models support the
Zitrich, T.ondon and Frankfurt markets, hut it is straightfor-
ward to extend this set. Typical open hours for a model are
between 8:00 and 17:30 local time, the exact times depending

datiors.

Referring to FIG. 1, in computer software that comprises
preferred trading model software, a price collector 110 col-
lects price quotes from data feeds received over a computer
network. A price filter 120 receives the collected price quotes
and filters them in real-time, storing filtered price quotes in a
price database 130 and sending them to a gearing caleulator
140. A gearing calculator 140 specifies the recommended
gearing (exposure size), based on indicator computations that
depend on the received and filtered price quote data, trading
rules that depend on past dealing history. current position, and
other quantities such as current unrealized return of an open
position. Safiware of preferred embodiments uses the follow-
ing gearings: —1.-0.5,0,+0.5, and +1, corresponding to short
with all of the available capital, short with halfolthe available
capital, neutral, long with half of the available capital, and
long with all of the available capital, respectively. The posi-
tion is re-evaluated each time a new price quote arrives.

S

on-the-particular-local-market:

Except for closing an open position if the price hits a stop
loss limit (described helow)), a preferred model does not deal
outside open hours or during holidays. Note: in this descrip-
tion, we speak of a trading model “dealing.” or “entering a
new position,” but preferred trading models do not deal
dircctly (that is, without human intervention), but instcad
provide trade recommendations to a human dealer.

A preferred embodiment of the subject invention com-
prises a system and method for operating a set of real-time
trading models. These include data collection, data valida-
tion. generation of trading recommendations, communica-
tion of these recommendations to user-agents residing at cus-
tomers and graphical presentation of these on the user-agents.

The overall structure and data-flow of a preferred trading
model is depicted in FIG. 1.

Indicator computations form a central part of a preferred
trading model, providing an analysis of past price move-
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ments. These indicators are mapped into actual trading posi-
tions by applying various rules. For instance, a model may
enter a long position if an indicator exceeds a certain thresh-
old. Other rules determine whether a deal may be made at all.
Among various factors, these rules take the timing of the
recommendation into consideration.

A complete trading model thus consists of a set of indicator
computations combined with 1 collection of rules. The former
are [unctions of price history. The latter determine the appli-
cability of the indicator computations in generating trading
recommendations.

The most significant item displayed to a user-agent is the
model’s present position or trading recommendation. Pre-
ferred trading models make gearing recommendations of
$-1.0, $-0.5 (short positions), 0 (neutral), L+0.5 and L+1 0
(long positions). A gearing of $-0.5 means “go short with half
{he available capital” A gearing of S-1.0 means “go short
with all of the available capital.”

Software of a preferred embodiment is not constructed s a
single huge program with all the required functionality resid-
ing in that one entity. Ratherit is constructed as a collectionof
separate programs. In computer-speak, the system is snid to
be a distributed system because the various programs run in
parallel on several computers.

Each such program preferably performs essentially one
primary function. For instance, a program termed the
(i Trader takes in collected and validated price data and uses
this data to produce trading model recommendations. (Sev-
eral trading models may reside independently of one another

within one GTrader invocation). Other programs in the sys- -

tem include a price collector for receiving data from the
quote-vendors and a price database manager for storing this
data for future use. Splitting up the system into several logical
components confers several benefits:

One benefit is that a failure in one program is localized and
does not affect other programs in the system. This increases
the overall reliability. For example, if a GTrader program
should crash—hopefully, a rare occurrence but one which

may happen as a result o hardware fuilure—collection of raw

price data remains unimpaired.

A second benefit is that if a computer should fail. the
programs running on that computer may be translerred 0
another machine. Again, this promotes reliability. A third
benefit is that the performance of the system may be enhanced
by adding eéxtra hardware and moving some existing pro-
grams onto the new hardware. Finally, a fourth benelit is that
having separate programs perform logically distinet opera-
tions helps simplify the design and structure of the system.

A gearing caleulator lies ol the heart of a preferred trading.

model, The gearing calculator provides the trading model
with its intelligence and the ability to capitalize on move-
ments in the X markets. The gearing calculator also provides
the trading model with particular properties. These include
the frequency of dealing and the circumstances under which
positions may be entered.

In contrast, the other trading model components form a
shell around the gearing calculator, providing it with price
data, detecting whether the stop-loss limit is hit, and exam-
ining the trading recommendations made by the gearing cal-
culator. The gearing calculator re-evaluates its position every
time a new price tick is received [rom the quote-vendors, (As
previously noted, a filler preferably validates each price quote
beforehand, to eliminate putliers and other implausible data).

The gearing calculator preferably comprises (a) a sel of
indicators that are produced from the input price data (dis-
cussed in detail helow): and (b) trading rules that are func-
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tions of the past dealing history, the current position, and
other quantities (e.g., the current unrealized return of an open
position).

As the name suggests, an indicator provides a measure of
whether a new position should be entered. Indicators are
preferably analyzed by rules inside the gearing calculator, to
determine whether such a change of position should in fact
take place. In the simplest form, an indicator crossing a pre-
defined threshold may cause a rule to be activated that in lurn
causes such o change in position to oceur. Thus the relative
values of the indicators signify internal trading recommenda-
tions that are subsequently refined through the application of
various riles. Other, more complicated rules may modify the
indicators' basic recommendations in additional ways:

1. By inhibiting a recommendation produced by the indi-
cators. For example, if the price movements since the
previous deal are too small in either direction, an indi-
cator recommendation to reverse the present gearing is
suppressed.

2. By changing the indicator thresholds themselves. While
the model is in a neutral position, such a rule may
increase the threshold values.

3. By choosing an opposite position to the one hinted at by
{he indicators. That is, by entering a “contrarian” posi-
tion. (A contrarian position is long when prices are
declining or short when prices are climbing).

4. By imposing new stop-loss values. A smaller stop-loss
may he established if the recommended position is con-
trarian, The stop-loss is reduced because a contrarian
strategy is considered risky.

The relative values of the indicators determine the gearing
{hat should be used. That is, not only do the indicators deter-
mine the position to be entered (after subsequent transforma-
lion by the rules), they also determine the magnitude of the
gearing to be used. As stated previously, preferred models
employ half-integral gearings in the range ~1.0 to 1.0,

Other trading model components supporting the gearing
calenlator preferably do so through a standardized interface.
Newly developed gearing calculators can thus be placed into
an existing trading model environment. In addition to
embodiments discussed below, at least one preferred embodi-
ment comprises three separale gearing caleulators, each
working with seven currencies (USD/DEM, USD/CHE,
GBP/USD, USD/IPY, USD/ITL, USD/FRF and USD/NLG).
These gearing calculators differ in their respective trading
frequencies, risk profiles and other propertics. Developing a
new gearing calculator is thus akin to developing a new trad-
ing class while preserving the overall trading model structure.
This allows one to customize existing gearing calculators or

Aorexperiment with-new-ones:

The fact that the gearing calculator’s indicators and rules
suggest entering a new position does not necessarily mean
that the model will make stich a recommendation. Whether it
does or not depends on various secondary rules that then take
effect.

Thesc rules are preferably comprised in a deal acceptor,
which determines whether the deal proposed by the indicators
is allowed to be made. The primary constraint is the timing of
the proposed deal. First, no deal other than a stop-loss deal
(discussed below) may take place within fifieen minutes of a
deal already having oceurred. This is to prevent overloading a
Tunian dealer who may be following the models. Second. the
gearing caleulator may make a recommendation to enter a
new trading position, but this recommendation can be fol-
lowed only if the local market is open.

The quality of the most recent price imposes another con-
straint. A stringent deal-filter determines if a given price is
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suitable for dealing, This is to ensure that recommended deals
are made only with genuine prices rather than extraneous
data. The deal acceplor permits a new deal only with a price
passing the deal-filter.

If the gearing calculator suggests entering a new position

but the deal acceplor decrees otherwise, the suggestion of the
gearing caleulator is ignored. Bventually, when liming and
other factors are right, the gearing calculator will suggest
entering a new position and the deal acceptor will approve.

Besides being passed on to a gearing calculator, the filtered
price quotes are preferably also sent to a stop-loss detector.

The stop-loss detector triggers if the market moves in the
“wrong” direction. If the model enters a trading position
because it anticipates that the market will move in a certain
direction. but in fact the market then moves the other way, the
stop-loss price may be hit.

A preferred trading model defines a stop-loss price when a
position is entered. If the current price—that is, the most
recent price—moves below the stop-loss price (for a long
position) or above the stop-loss price (for a short position), the
stop-loss is said to be hit, Hitting the stop-loss causes a deal 10
a neutral position to be made, In effect, the stop-loss prevents
excessive loss of capital should the market go the wrong way.

The stop-loss price may change when a new position is
entered or as the current price changes (see below). The
current stop-loss price is displayed to a user-agent.

A stop-loss deal may occur at any time, even outside mar-
ket hours. The assumption is that a position that is kept open
outside markel hours is handled by a colleague in the Ameri-
can or Far East markets who will deal appropriately if the
stop-loss is hit. Should this happen, preferably no further
change in position occurs until the local market opens once
again.

The coneept of stop-prafit is associated with that of stop-
loss. The stop-loss price starts to move in parallel with the
current price once a trading model has achieved a potential
profit (3% orslightly less) since entering the latest position. In
other words. being in a situation whereby the model could
realize such a gain by immediately entering a neutral position
causcs the stop-loss price to start moving. The difference
between the stop-loss and current prices is kept constant as
long as the current price continues moving in a direction that
increases the potential profit of the open position. Thus, the
stop-loss price moves as a ratchet in parallel with the current
price. The stop price is allowed to move only during open
hours. I is never adjusted when the market is closed.

A preferred model then enters a neutral position if it detects
prices slipping backwards. This allows a model to save any

profit-it-has-generated-rather-than-lose-it-when-the-macket g,

abruptly turns. This one-directional movement of the stop-
loss price allows the model to capitalize on a price trend.

A preferred (rading model may (hus make a deal recom-
mendation in two distinct ways. One, the gearing calculator
may make a recommendation that is subsequently authorized
by the deal acceptor. Two, hitting the stop-loss price activates
the stop-loss detector.

Whichever way a deal comes about, the opportunity
catcher is activated, The opportunity catcher manifests itsclf
on a user-agent display as an eye-catching signal for the FX
dealer to buy or sell according to the recommendation.

While a dealer is actively dealing, the opportunity catcher
in the trading model collects the best price with which to deal,
either the highest bid price if going from a longer position to
a shorter one or the lowest ask price if going from a shorter
position to a longer one. This search for the best price lasts for
two or three minutes depending on the currency, the assump-
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tion being that a quoted price has a useful lifetime of about
two or three minutes even if it is superseded by later quotes.

After the two- or three-minute search period, a second
signal appears on the user-agent display signifying that the
trading model has made a simulated deal using the best price
found by the opportunity catcher. The X dealer then con-
cludes his deal-making activities and waits until the trading
model produces another recommendation.

Preferably, the opportunity catcher is not activated for a
stop-loss deal occurring outside market hours. In such a case
{he trading mode] deals directly. A human (rader following the
model should then make a corresponding deal for himself as
quickly as possible.

In a preferred embodiment, a Book-keeper makes simu-
lated deals on behalf of the trading model. It keeps track of all
deals that have been made and evaluates statistics demonstrat-
ing the performance of the trading model.

An important variable used by a Book-keeper is the aver-
age price p paid for achieving the current gearing. After a new
deal with index t, this quantity depends on the type of trans-
action as follows:

Pt if gl < lgi-1] A gegi-y >0 03]
B=fry | B!
e B2 il > el Aggie > 0
P = Tt i
P if gg 1 <0Vg =0
undefined il g =0

where g, and g, are the previous and current gearings,
respectively, p, is the current transaction price, and Prey the
average price before the deal. In the initial case, when the
current gearing is neutral, the average price p is not yet
defined.

The average price p is needed to compute a quantity central
to a preferred trading model—the return of a deal:

@
ryE (8- —g:)(_—pl— - l]
Pr-i

‘I here are deals with no returns: those starting from a neutral
gearing, g,_,=0, and those increasing the absolute value of the
gearing while keeping its sign. In these cases, eq. (2) does not
apply (whereas eq. (1) applies to all deals).

Both of the above equations allow the computation of a set

ofother giantitics that are important for the different tradig——

rules and for the performance evaluation of the models and
which are computed in the book-keeper. These are the fol-
lowing:
the current-retum 1. This is the unrcalized return of a
(ransaction when (he current position is off the equilib-
rium (g,#0). If p..is the current market price required for
going back to neutral, generalizing eq. 2 yields the cur-
rent-return,

"rz&'r(?—ll L
Pr

the maximum return when open is the maximum value of r,.
from a transaction t to a transaction t+1 reached during
opening hours,
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the minimum return when open is the minimum value of r,,
from a transaction t to a transaction t+1 reached during
opening hours,

the total return is a measure of the overall success of a
trading model over a period T and is simply equal to,

" (4)

where n s the total number of transactions that gener-
ated a retum during the period T. The total return
expresses the amount of gains made by a trader who
would always invest up to his initial capital or credit
limit in his home currency.

the cumulated return is another measure of the overall
success of a trading model wherein the trader always
reinvests up to his current capital including gains or
losses,

Ld (5)
cr=]]a+m-1
i=1

This quantity is slightly more erratic than the total
return.

(he maximum drawdown Dy over a certain period T=L,~1,.
It is defined as

Dy=max(R, -R, l,=1,51,50g) (6)

where R, and R, arethe total returns of the periods from
o 10 1, and 1, respectively.

the profit over loss ratio gives an idea of the type of strategy
used by the model. Tts definition is:

Py Ntri|ri>0) @)
Ly Nylriln<h

where N.is a function that gives the number of elements
of a particular set of variables under certain conditions
during a period T.

The book-keeper can also compute other quantities, but
they are not central to the invention. Another book-keeper
function is to save the trading history of a particular model so
it can be retrieved at any time by a user-agent.

In apreferred embodiment, status and simulation messages
are issued as appropriate (o keep the FX dealer informed of
the trading models’ states and of any likely deals.

Status messages typically give advance warning of the
market opening or closing, or notification if the market is
already closed. These messages also indicate whether the
supply of raw price data from the commercial market quoters
to the trading models has been disrupted for any reason.

Simulation messages give advance notification of a prob-
able deal. A deal is considered to be probable if the market
continues its present trend for half an hour or so.

Preferred trading models are event-driven. This means that
each model is preferably implemented in terms of defined
actions that are tripgered when some external event occurs.
An external event might be the receipt of a new price from the
commercial quote-vendors, or it might be a timer event such
as a local market opening or closing.
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This event-driven characteristic of the trading models sug-
gests an implementation in terms of a data-flow paradigm.
Reception of a new price or a timer event causes some defined
actions to be triggered and these, in turn, cause other actions
to be triggered. An action may, for example, be a calculation
with a new input price, generation of a new trading recom-
mendation, or the transfer of computed data to user-agents.
This process continues recursively, one action triggering oth-
ers, until all dependent actions are executed.

Preferred trading models are therefore preferably imple-
mented in a computer language (such as C++) that supports
such a data-flow paradigm.

An input stream to software of a preferred embodiment
provides price data and other input in the form of variables
being updated. Dependent expressions are then recursively
evaluated before new price data is subsequently provided.

In a preferred trading model environment, rules provide a
way of ensuring that the separate components such as the
opportunity catcher, deal-acceptor, simulation, and so on do
not interfere with one another. For example, simulation is
disabled while the opportunity catcher is running. Such sepa-
ration of activities is implemented in terms of mela-rules.
These are rules that monitor the activity of the other rules and
expressions within the trading model code. Depending on
what is happening inside the trading models, the meta-rules
set priorities of other rules thereby enabling or disabling other
components. In short, inclusion of meta-rules prevents the
various-trading-model.components from chaotically disrupt-
ing one another.

As noted above, the indicators form a pivotal component of
the gearing calculator and hence of the dealing decision pro-
cess. An indicator is a function only of time and the price
history. It summarizes relevant information of the past price
movements in the form of a single variable.

The indicator definition needs a time scale on which the
price history is analyzed. The usual physical time scale 1 is
inappropriate. For example, the market perceives a price his-
tory differently when it covers two working days in one case
and two weekend days (Saturday and Sunday) in another,
even if the price curves against t have the same form in both
cascs. A business time scalc, related to business activity, is a
beller choice for analyzing price history.

Changing the time scale can be viewed as an opportunity to
introduce some of the “fundamentals” that are missing in
conventional time series analysis. These fundamental eco-
nomic variables certainly have an influence on price move-
ments. but their individual and combined effects are difficult
to isolate and thus to replicate. Their impact can be better
seen, however, if one views price movements as indelible

“footprints'™ left by these-variables: A time scale based on

price movements may therefore be used to capture the tracks
left by economic factors.

Conventional business-time scales are quite simple: they
omit inactive periods such as weekends and count only the
business hours. A subtler “modified business time” scale is
achicved by cxpanding periods of high activity and contract-
ing but not omitting periods of low activity.

The 24 hour FX market indeed has periods of low activity
(for example, the noon break in East Asia) and high activity
(for example, when the European and American business
hours overlap). In (Miiller 1990), a modified business time
scale called o-time was introduced, modeling the daily and
weekly fluctuations of FX activity. This o-time is used in
preferred embodiments of the subject invention as the time
scale for indicator computations.

The o-time model considers business activity in terms of
statistical means of absolute price movements (a volatility
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measure). Hourly or daily FX transaction volume figures
would be another alternative for measuring business activity,
but such data is generally unavailable. The discussion in
Dacorogna, M. M., Miiller, U. A.. Nagler, R. ], Olsen, R, B,
& Pictet. . V.. A geographical madel for the daily and weekly
seasonal volatility in the EX market, Journal of International
Money and Finance, 12(4). 413-438 (1993) (Dacorogna
1993) argues for using price movements in a business time
scale.

FX activity exhibits distinct daily and weekly seasonal
heteroskedasticity, which can be attributed to the changing
presence of traders on the FX markets. The o-time model of
a preferred embodiment defines the activity a(t) as the sum of
three activity functions a,(1), corresponding to three sub-
markets of the worldwide FX market that are geographically
centered in East Asia, Europe and North America. More pre-
cisely, the a,(t) are functions of the time of day and ofthe day
of the week (working day or weekend day). The o-time is the
integral of a(t) over physical time t.

When the three sub-markets model is used, hourly absolute 2

price changes lose their seasonality when analyzed against
o-time instead of t.

In addition to the daily and weekly seasonal heteroskedas-
ticity, FX prices also exhibit non-seasonal heteroskedaslicity
in the form of clusters of high or low volatility. The o-time
model of a preferred embodiment does not take these into
account. Therefore, o has a regular pattern with a period of 1
week, aid may also be delermined for the future. It is cali-
brated so that one full week in o-time corresponds to one
week in physical time t. Hence, it can be measured in the same
units as t: seconds, minutes, hours, days, weeks or years.
Further details on the moditfied business time o can be found
in (Dacorogna 1993).

In a preferred embodiment, one trading model indicator is
defined as a momentum—the difference of the current Joga-
rithmic middle price x and its moving average (MA) com-
puted in g-time:

m,(Ao,, 0)=x-Md (A0,, 0), (8)

where Ao, is the MA range, a measure related to the length of
past time covered by the MA, The moving average is a useful
tool for summurizing the past behavior of a time series at any
time point. An alternative definition (not used herein) of a
momentum would be the difference of two moving averages
with different ranges.

A special moving average operator (described below) is
used in a preferred embodiment. Among the MAs, the expo-
nentially weighted moving average (EMA) plays an impor-

tant role: Tts weighting function declines exponentially-with—

the time difference of past observations from the present.
Sequential MAs along o lime series are straight-forward to
calculate with the help of 4 recursion formula: this is more
efficient than the computation of differently weighted MAs.

Although moving averages are well known for homoge-
neous time series (for instance, see Grancer, C. W. J &
NewsoLp, P., ForecasTinG Ecoxonic Time Seres (1977)), their
formalism is much less developed for continuous time series,
to which preferred embodiments of the subject invention are
addressed. Tick-by-tick data is not equally spaced over time
(neither t nor @), but can be interpolated in the time intervals
between the price quotes. A preferred embodiment uses linear
interpolation in o-time as the interpolation method. In an
alternative embodiments, the previous quote is taken as a
function value for the whole interval.

Through interpolation, a continuous time function x(o) is
arrived at, for which the EMA is an integral:
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where ¢ is the index of the current time series element and the
range Ao, is the center of gravity of the EMA weighting
function. This EMA can be computed efficiently with a recur-
sion formula:

EMA, (A0, 6, )=UEMA, (AC,, 0_)+(1-plx +(p-v)

r Ve

Ax,. 0)

where Ax_is definedasx ~x._,. For a time series representing
a function with all types of interpolation,

0,

_ 11
u=ec"=e Eﬁ. ty

where the time interval Ao, is delined as 0,~0,_,; and

S ] (12)

This is valid under the assumption of linear interpolation
between subsequent series elements. If the function value
within such an interval is assumed to be constant and equal to
the preceding series element, then the recursion formula also
applies by setting v=1 instead of equal to the right-hand side
ofeq. (12).

Together with the recursion formulae, the initial EMA
value must also be specified. There is usnally no information
before the first series element x;, so it thus becomes the
natural choice for the initialization:

EMA (A0, 0,)=x,. (13)

The error made by this initialization declines by a factor
e (o080 A part of the data must therefore be reserved to
build up the EMAs, so that this error can be made small.

The exponential weighting function with its steeply
increasing form gives a strong weight to the recent past,
which may contain noisy short-term price movement struc-
tures: These can-lead-to-inaccurate trading-signals. For.this
reason other, less-peaked MA weighting functions are often
more successful.

Different MA weighting functions can be obtained by
repeated application of the EMA operator. The EMA operator
yields a result of the same mathematical nature as its input: a
time series. Because of this property, the EMA operator can
be applied iteratively. The result at each stage is a moving
average (MA) with a weighting function more complicated
than a simple cxponential function:

EMA,™M=EMA(EMA "(A0,, 0,)) (14

where EMA (Ag,. 0,)=x.. The order of the EMA operator
(how many times the simple EMA operator is applied) deter-
mines the kind of weighting applied to the past prices.

Ina preferred embodiment, the moving average is the mean
of EMAs of different orders:
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(15)
EMAT™ =

n
> EMAD A, 0)

i=m

n-m+l

This MA has a weighting function with the center of gravity
at (m#n)Ac,/2. The weighting function has the following
properties: (1) u low weight for the most recent past; (2) a
wide, plateau-like weight maximum at time points around the
center of gravity (no sharp peak); and (3) a rapidly but
smoothly declining weight for more distant times.

The indicator is a momentum in the sense of eq. (8):

(16

I [x = EMAI™™),

N slAd, w0

where s(Ac,.m,n) is a scaling factor.

Trading signals are given when the indicator 1, crosses over
certain threshold values. There arc two types of trading sig-
nals. The first type are trend signals. These are recommenda-

tions to follow the trend indicated by 1. Good threshold ,

values are somewhat low so that trends can be detected rela-
tively early. A “buy" signal is given when I, exceeds such a
value, a ‘sl signal when I_cxceeds the corresponding nega-
tive value.

The second type of trading signals are overbought/oversold
signals. These are contrarian instructions—to stop following
an old trend, or to take the opposite position. Good threshold
values for these signals are high, at levels that are only excep-
tionally reached by L. “Overbought” refers to high positive
values, “oversold” to high negative ones.

Preferred trading models use several threshold values of
both types. Different threshold values are used in different
situations, depending on the current position of the trading
model and other internal variables of the decision-making
process. Some trading signals recommend taking a new posi-
tion with full gearing. others a new position with only half
gearing, again depending on certain internal conditions of the
decision-miking process. In many cases, the decision-muk-
ing process does not follow a trading signal because another
decision rule has precedence, as discussed above,

Trading models used in a preferred embodiment are
designed for use in a real-time service. However, for testing
purposes. for wning the trading models and for producing
statistics, a more stable, reproducible environnient is

Fequired: Thus; preferred trading models can be driven froma-

database of historical price data. That is, the defined actions
are triggered as though they were being fed from a real-time
stream. The trick here is to use the hislorical price database to
form a stream of combined price and timer events. In other
words, the timer events are simulated from the historical
prices.

This interchangeability between historical and real-time
modes is invaluable for the trading model developer. Once a
new gearing caleulator has been produced, for example, the
developer can test it using historical price data. Without mak-
ing any code changes, he can then switch the truding model
into real-time mode so that it then reacts lo new price data as
they become available.

Optimizing trading models to have minimum overfitting is
adifficult task. Overfitting means building the indicators to fit
a set of past data so well that they are no longer of general
value: instead of modeling the principles underlying the price
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movement, they model the specific price moves observed
during a particular lime period. Such a model usually exhibits
a fotally different behavior or may fail to perform out-of-
sample; that is, with data that was not used for the optimiza-
tion process. To avoid overfitting during optimization, a good
measure of the trading model performance is needed, and
robust optimization and testing procedurcs must be used. A
strict division of the available historical data used in the
different phases of optimization and testing is also important.

The first step is to define a value describing the trading
model performance in order to minimize the risk of overfit-
ting in the in-sample period and also to be able to compare
different trading models against one other. The performance
of a trading model cannot be judged by its total return only;
(e relevant issue is the averall risk profile. We need a measure
of the trading model performance that takes into account the
following requirements: () the best total return; (b) a smooth,
almost linear increase of the total return over time; (c) a small
clustering of losses; and (d) no bias towards low frequency
trading models.

A measure frequently used to evaluate portfolio models is
the Sharpe index. Unfortunately, this measure neglects the
risk due to unrealized losses while the model stays in one
position. Italso introduces a bias in favor of models witha low
dealing frequency. Furthermore the Sharpe index is numeri-
cally unstable for small variance of returns and cannot con-
sider the clustering of profit-and-loss trades. This measure
clearly does not fulfill the above requirements, In the descrip-
tion below, we present a measure of the trading model per-
formance that is risk-sensitive and indicates the stability of
returns.

As a basis of our risk-sensitive performance measure, a
new trading model return variable R is defined to be the sum
of the total retum R (eq. (4)) and the non-realized current
returnr, (cq. (3)). The variable R is more continuous over time
than R and reflects the additional risk due to non-realized
returns. Its change over a test time interval At is termed X5

X = Rlip-Rit-An, where Riri=Rit)ert) 17
We canmake N independent observations of X, withina total

test period AT, where

AT (18

A risk-sensitive performance measure of the trading model

"~ gontparable o the average returncan-be-derived-from-the

utility function formalisim of Keeney, R. L., & Rarra, H,,
Decision witH Murrie Opsscrives: PREFERENCES AND OTHER
‘Trapeorrs (1976) (hereinafter Keeney 1976). In a prelerred
embodiment, we assume that the variable X,, is stochastic
and follows a Gaussian random walk about its mean value X ,,
and that the risk aversion C is constant with respect to X,,.
The resulting utility u(X ,,) of an observation is —exp(~CX,, ),
with an expectation value of t=u(X,,) exp(C>"5/2), where
o, is the variance of X, This expectation of the utility can
be trunsformed back to a variable termed the effective refurn:
X_gar—log(=0)/C. The following definition is obtained:

Coz, (0
2

Xefar = Xar-
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The risk term Co?, /2 can be regarded as a risk premium
deducted from the original return. The variance is computed
from the sample:

N o~ o

(20}
0-12\1 = ﬁ'(xm -X

)

For a particular time horizon At, the variable X, is our
new measure of trading model performance including risk.
Unlike the Sharpe index, this measure is numerically stable
and can differentiate between two trading models with a
straight line behavior (0%,,=0) by choosing the one with the
best average return. Moreover, the definition givenineq. (19)
gives the book-keeping details of a trade a smaller role than
the Sharpe index because X, also contains elements of the
current return and is computed at regular ime intervals AL,

The measure X, ., still depends on the size of the time
interval At. It is hard to compare X, ,, values for different
intervals. The usual way to enable comparisons between dif-
ferent intervals is through annualization: multiplication by
the annualization factor, A, =1 year/At,

- C (2D
Xeff amsi = Ani Xegr.ar = X — = AaTh,

where X is the annualized return, no longer dependent on At.
In the second term of the last form of eq. (21), we find the
factor A,,0%,,. This factor has a constant expectation, inde-
pendent of At, if the return function R(t) is assumed to follow
a Gaussian random walk in addition to a linear drift. For such
a return function (our reference case), we introduce the con-
dition that the expectation of X . ,,,,, », MUst not depend on At.
This condition is fulfilled only if the risk aversion C is con-
stant, that is, independent of At. Annualized effective returns
X e computed for different intervals At by eq. (21) with a
constant C value, can therefore be directly compared.

This measure, though annualized by eq. (21), still has a risk
term associated with At and is insensitive to changes occur-
ring with much longer or much shorter horizons. To achieve a
measure that simultaneously considers a wide range of hori-
zons, we introduce a weighted average of several X4,
computed with n different time horizons At;, and thus take
advantage of the fact that annualized Xz, can be directly
compared:

where the weights w, can be chosen according to the relative
importance of the time horizons At, and may differ for trading
models with different trading frequencies. Substituting
X orann DY its expression (eq. 21), X, sbecomes

—_
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’ *lr_f (23)
LA

oo MRy
X=X <= __ A

2 "
R R T
=l

where the variance o, is computed with eq. 20 for the time
horizon At,, and A, is the corresponding annualization factor
(=1 year/At,). Because 0,°=0, we have X,,=X. By empiri-
cally balancing risk and retumn of some test trading models,
we found values between 0.08 and 0.15 10 be reasonable for
&

By adopting this new measure, we depart from the formal
utility function theory defined by (Keeney 1976). That theory
is based on the additivity of utilities, but in eq. (22), we
average cflective returns (which are non-linear functions of
utilities). Nevertheless, we choose this definition because we
do not see the utility of each horizon as a component of a
meta-utility but rather as representing atypical segment of the
market. If one of these scgments endures a bad phase, its
influence on the overall outcome need nol be over-propor-
tional, which would be the case if we kept the formalism of
additive utilities.

In the discussion of eq. (21), we have shown that the risk
aversion C has no'systematic dependence on the horizon-At;:
However, dealers using a trading model might perceive dif-
ferently the risks of various horizons. We might introduce
special C values for individual horizons uccording to their
frading preferenices. However, we can achieve an equivalent
effect by changing the weights w;, which are already differ-
entiated for each horizon. These weights reflect the impor-
tance of the horizons in terms of the risk sensitivity associated
with each horizon.

Specifically, in a preferred performance measure, a stan-
dard weighting function is uscd which determines the weights
w, and thus the relative importance of the difTerent horizons:

2
w(Ar) = a4

1+ [lug'—-ﬁl_l d:q*]

The weight maximum is set (o a 90 days horizon in order (o
give sufficient importance to the short horizons compared
with the long ones. This weighting function is.designed to be
applied to horizons At, in a roughly geometric sequence.

An approximately geometric sequence of n horizons At; is
chosen with the following construction. Once a testing period
(full sample of size AT) has been established, it is divided by
4, If this division results in a time horizon longer than 2 years,
then the result is divided by 2 and so on, until a horizon At,
strictly shorter than 2 vears is reached. We limit this highest
horizon because dealers usually close their books atter one
year and are less sensitive to return clustering on longer
horizons. The next horizon is obtained by a division by 2 of
the previous one and so on until a last horizon between 5 to 10
days is reached; this shortest horizon is then forced to be
At,=7 days. All horizons are truncated to full days. If there is
no integer multiple of a resulting At, that exactly covers the
full sample, then the first analyzed interval at the start of the
full sample is extended accordingly. The exact At, values to be
inserted in egs. (23) and (24) are the results of eq. (18).
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TABLE 1
Al 594 297 148 74 37 18 7
w; 0.086 0.139 0.212 0.234 0.171 0.104 0.056
o; 2192% 11.80%  7.81%  537%  3.64%  2.41% 1.47%
X_'A,l 36.83% 1842%  9.21%  4.60%  2.30% 1.12%  043%
Xopann.sg 7.88% 14.09% 15.15% 15.56% 16.12% 16.75% 16.99%

Typical results for the performance measure according to each horizon. The horizons At;

are given in days, the weights are normalized 1o one.

To illustrate the effective return computation, Table 1 dis-
plays typical results for a preferred trading model for the
German mark against the U.S. dollar, tested on six and a half
vears (March 1986 (0 September 1992) of data, The analyzed
horizons At,, the weights w,; the variances a,7, the average
returns X,,. and the annualized effective returns X, z.,a0
(see eq. (21)) are presented in Table 1. The average yearly
return of this run is X=22.65% and the effective yearly return

(computed according to eq. 23 with C=0.10) is X ,=14.91%. E

"I'he yearly return is preferably reduced by a “risk premium”
of about a third of the original value.

In order to optimize and test trading models, available
historical data is preferably split into three different periods.

The first period is used to build up the indicators, the second ~

one is for the optimization of the trading model parameters,
and the third for selecting the best trading models. The con-
tinuously increasing data set collected from the quote-ven-
dors is reserved for real-time (ex ante) testing.

The build-up period generally contains more than ten years
of daily dula, which is used to update long-term indicators. A
few weeks of tick-by-tick data is also needed to build up
short-term indicators. In the disclosed example, the end of
that period is 1 Mar. 1986 for the USD/DEM, USD/APY,
GBP/USD and USIYCHF major exchange rates and 1 Dec.
1986 for (he USD/NLG, USD/FRF and USD/ITL minor
exchange rates.

To optimize the trading model parameters, a three-year
in-sample period starting just after the end of the build-up
period is used. We assume that three years of tick-by-tick data
is sufficient to optimize the trading models. The end of the
latter period is 1 Mar. 1989 for the major exchange rates and
1 Dec. 1989 for the minor ones.

The in-sample performance refers to the period for which
the model is developed and optimized. Preferably, different
formulae for computing the indicators, different trading strat-
egies, and different parameters are tested until the model is
found to achieve the optimal return. This process involves

o

[}
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Only these models are analyzed in the out-of-sample perfor-
marce test. The out-of-sample period covers the remainder of
the historical data, from the end of the in-sample period until
the end of September 1991, A trading model is considered to
be valid il the in-sample and out-of-sample periods yield 4
similar quality. Otherwise, the model is rejected. To avoid
overlitting problems, the out-of-sample results are never used
to select between similar models.

Since these models were developed we can now test them
on a significant ex ante period. (We term ex ante period a
period of time that has never been used in conjunction with
model development).

A private investor may use a margin account to invest a
multiple of his equity in the market. Such a leverage factor has
an overriding impact on the total return. But the higher the
Teverage the higher too the risk of large draw-downs. Working
with a high leverage factor may lead to margin calls during
periods of draw-down, thus jeopardizing an investor's trading
strategy. We have therefore developed our models without
leverage. This should be borne in mind while evaluating the
results.

The most important performance measure is the effective
return, as defined in eq. (23). While the total return may mask
aconsiderable risk introduced by high volatility of return, the
effective return is risk-sensitive: the higher the volatility of
return the lower the effective return. In other words, high

O effective returns indicate highly stable returns.

The maximum draw-down, defined by eq. (6), is also a
significant performance indicator for a trading model user. It
is the largest loss from a local maximum to a minimum of'the
total return curve within the test period. The maximum draw-
down is a measure of risk, similar to the difference between
the total return and the effective return.

Another important performance measure is the profit/loss
ratio, defined in eq. (7) to be the ratio between the total

thousands-ofsimulation runs-Toselectihe best parameterset, s number_of profitable deals and the total number of losing

choose the solution in the parameter space that corresponds to
the larger effective return. If different solutions with compa-
rable returns are found, choose the solution that is not too
sensitive to a small change of the parameter set. In some
cases, a period of three years in-sample data is insufficient
because some volatility clusters can be as large as the opti-
mization period.

Because extending the available historical tick-by-tick data
is not possible, further restrictions are enforced on the choice
of possible parameters. A solution is considered only if a
similar cluster of good results exists for different FX rates at
about the same place in the parameter space. This implies that
various parameters must be scaled with the volatility of the
individual FX rates in order to make them comparable
between different rates.

The result of the in-sample optimization process is a small
set of diverse trading models sharing a high effective return.

55

65

deals. The preferred models let profits run and cut losses
early; they are almost always in an open position, and go
neutral only in case of stop-loss or save profit. Such a strategy
is bound to result in a lower profit/loss ratio than would be
achieved by less active models.

The first quality test of a new trading model is to compare
the in-sample and out-of-sample performances. The perfor-
mances in the two periods must be of nearly equal quality for
it to menit further consideration. To receive sufficient statis-
tical information, a model must be tested for an extended
out-of-sample period and for many different time series. 1f the
average out-of-sample performance is significantly smaller, it
may mean that the model was overfitted. However, a much
lower average volatility in the out-of-sample period can
explain a reduced performance of the model, in that there are
fewer opportunitics for profitable trading. The performance
difference, however, must not be too large.
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An example of a total return curve over all three periods,
in-sample, out-of-sample, and ex ante, is given in FIG. 2. The
results of Table 2 (see end of this description) belong to the
same cxample.

Table 2 shows the in-sample period (1.3.86 to 1.3.89 for
USD/DEM, USD/JPY, GBP/USD and USD/CIHL, and
1.12.86 to 12.3.89 for USD/NLG, USD/FRF and USD/ITL),
the out-of-sample period (1.3.89 10 1.10.91 and 1.12.89 to
1.10.91 respectively) and the ex ante period (1.10.91 1o
4.9.92), The performance indicators shown are: the annual-
ized return (X), the risk-sensitive return (X, eff), the maxi-
mum draw-down (D) over the sample, and the ratio of the
number of profitable deals to the number of deals that resulted
in a loss (P/L).

In Table 2 we compare the in-sample, out-of-sample and ex
ante performances of the preferred trading models. We
observe that the average values of these quantities are similar
to one another. This indicates the overall stability of our
trading models and that the achieved profits do not result from
model overfitting.

The individual ex ante values do, however, vary. We
attribute this variance to the relative short cx ante testing
period. The USD/PY model has also performed less
adequately than the others. This is because of the relatively
low volatility in USD/IPY trading over the ex ante testing
period.

In table 3, the performance of preferred trading models is
compared to that of a more conventional 20-day moviig-
average model. Both models share the same environment;
{hey have the same opening hours, book-keeping rules and so
on. They differ in the indicators and the rules on how to use
these. The 20-day moving-average model uses the difference
between the current logarithmic middle price and a conven-
tional 20-day moving-average as its indicator, rather than eq.
(16). In this simple model, the indicator threshold level is not
varied and there arc no overbought/oversold signals.

The preferred trading models surpass the 20-day moving-
average model in all respects: they produce much higher total
returns and effective retumns and, except for one rate, much
lower drawdowns.

When investing in equity, it is common practice to spread
the risk over different stocks. The same strategy may also be
applied for currency trading, For example, the volatility may
suddenly decline in a particular marketand it may then not be
possible to make any real money in this market for some
period of time. We have tested such portfolios with a stable
and equal capital distribution among the different models.
The results (see Table 4) show clearly that the maximum
drawdown and-the drawdown-period-are significantly lower
than those of the individual models, In line with portfolio
theory, the portfolios with the Jowest values (a little above 5%
for the maximum drawdown and 22 (21) days for the draw-
down period) are the ones comprising the most diversified
currencies. Al the same time these portfolios generate an
impressive unnualized return. Compared to the individual
models, therefore, a portfolio achieves a more stable return
with lower risk.

A second preferred embodiment comprises a trading
model, designated herein as Trading Model 60, or TMG0, that
uses different sub-models, each with its own time horizon,
thus modeling the views and actions of different trader groups
or market components.

In this second embodiment, preferred software supports
general trading model functions such as opening hours. stap-
loss and profit abjective. and internal model performance
bookkeeping including realistic transaction costs. TM60 is a
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genuine intra-day real-time model that analyzes every tick
available from (he markel to construct its rading signals.

Trading Model 60 is & multi-horizon model. It is using
three ditferent sub-models simultaneously, each with its own
time horizon. The idea behind this model structure is the
hypothesis of a heterogeneous market with trader groups that
differ in their views and actions in several respects, most
notably in their time horizons. The trading model eventually
constructs its recommendation based on the view of all these
components together, A preferred TM60 embodiment has
thiree markel components; the centers of gravity of the past
analyzed by the model indieators are of 1 day. 4 days. and 16
days (measured in o-lime, not just working days. as explained
below). The trading model eventually constructs its recom-
mendation based on the view of all these components
together.

Each sub-model has its own indicator. The indicator is
constructed from the variable x, which is here a very short-
term (range: a few seconds) exponential moving average
(EMA) of the logarithmic middle price. This very short-term
smoothing eliminates a large part of the short-term noise that
can be attributed to the different buying/selling intentions of
the price quote suppliers,

The indicator 1 is @ “momentum”, (hat is (he dillerence
between x and a specially weighted moving average of x:

JR-ENR7

where EMA* is computed through the repeated application
of the EMA operator, as defined and explained above (see
equation (15)). The superiority of the EMA®* which is nei-
ther a plain moving average nor an exponentially weighted
one has been established,

The time scale chosen for the EMA computations is o-time
as defined ahove, in order to prevent the intra-daily season-
ality of volatility from negatively affecting the trading bebav-
ior. The depth of the past considered in the indicator compu-
tation corresponds to the time horizon of the sub-model. A
normalized indicator is then computed, that is the indicator I
is divided by the square root of its own long-term moving
variance.

This normalized indicator is the basis for constructing the
sub-model signal. The signal of the sub-model flips its sign
when the indicator crosses a break level, The break Jevel is a
small positive value for positive (buy) signals and the inverse
negalive value for negative (sell) signals, The ubsolute value
of the break level is not constant: after each signal fipping, it

so—is raised by a fixed amount, the “break penalty.” Afterwards,
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it is fading with time, until a minimum level is reached. This
mechanism ensures a certain adaptivity to market situations:
he large number of signal Qippings in certain sideways mar-
kets is reduced by the raising of the break level.

As the microstructure of a markel changes over the long
ferm it is quite possible that the numerical values of the
indicators may drift to a lower or higher numerical territory.
Because models tend to function on the basis of thresholds,
this drift effect can cause models to become overactive or
under-netive. A preferred method of guarding against this is to
normalize the raw indicators over their long-term average and
to assign thresholds based on the statistical properties of the
indicator distribution instead of absolute values of the raw
indicators, For example, a raw indicator might be said to have
crossed a threshold when it increases beyond a certain per-
centile of its long-térm distribution. This effect is achieved by
normalization.
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The sign of the signal is determined by the indicator breaks
explained above. The magnitude of the signal is determined
by other factors:

Signal freshness: the signal is strong when the indicator
just crosses the break level; it is weak when the indicator
starts to move back to the opposite side.

Overbought/oversold: the signal is modulated to become
weak when the current trend (since the last indicator
break) has become exceptionally strong.

Spread correction: if the bid-ask spread is large (non-neg-
ligible) as compared to the (non-normalized) indicator
RMS value, the signal is weakened; following this signal
might lead to too high transaction costs as compared to
the profit, This effect favors long-term sub-models over
short-term ones.

Market condition: the signal is modulated to be weak when
the market is a “noisy™ sideways market. This is mea-
sured through a ratio of recent volatilities: the volatility
of short-term price moves measured on a fine time grid,
divided by the volatility of long-term price moves mea-
sured on a coarse time grid. A low ratio mcans a trending
market with little noise. Statistical studies have shown
that not only volatilities are persistent (clustered), but
also their ratios.

The modulation of the signal by these factors leads to a more
flexible model behavior and a certain adaptivity to current
market-states-and-behaviors- The-resulting-sub-model-signal
summarizes the “opinion” of the sub-model or the corre-
sponding market component.

The joint TMGO signal is simply the sum of all sub-model
signals. TM60 produces a trading recommendation (e.g., “go
long +1.0", “go neutral”, “go short ~0.5") whenever the joint
signal crosses over certain fixed threshold values. If the trad-
ing model environment forbids the production of a trading
recommendation (e.g., overnight, outside the trading hours),
there will be no trading recommendation, even if the level of
the joint TMG0 signal would imply one.

The stop-loss and stop-profit mechanism of the trading
model environment over-rides the trading recommendations
of the normal TM60 algorithm. They constitute a “safety net”;
normal trading recommendations are much more [requent
than those from a stop-loss or stop-profit. The profit objective
value (3%) is similar to those of other trading models dis-
cussed above. The stop-loss value (1.8%) and especially the
moving loss limit (the moving stop-loss after reaching the
profit objective, 0.1%) are smaller than those of other models
discussed above, leading to faster execution. These values are
the same for all FX rates in the TM60.

A perfectly adaptive trading model that would constantly
adapl its behavior according 1o some built-in analysis would
be able to adapt to any FX rate, minor or major, EMS or
non-EMS, and even to any financial price series. For such a
model, no rate-specific model optimization would be needed;
all FX rates would share the same, hard-wired parameters.

Trading Model 60 is adaptive to a certain degree but not
perfectly. Therefore, it comes in three versions that share the
algorithm but differ in some parameters:

1. A version with a high transaction frequency for freely
floating rates with high volatility and liquidity and low
bid-ask spreads. Typical application: USD/DEM, DEM/
JPY.

2. A version with a stronger spread correction and other
parameters leading to a lower transaction frequency.
Typical application: minor rates and European DEM
cross rates such as DEM/SEK.
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3. A version with longer horizons of the sub-models (4
days, 15.6 days and 61 days instead of 1 day, 4 days and
16 days), also with low transaction frequency, for all (not
too minor) rates against the USD. except USD/DEM.
Typical application: AUD/USD, USD/CHF.

Preferably, careful optimization and testing procedures are
maintained, so as to minimize the “overfitting” of models to
particular rates and time periods. For the same reason, all '’X
rates have a TM60 parameter choice strictly following one of
these three versions, even if it is possible to get a higher
hislorical performance (hrough another parameter [it.

FIG. 3 depicts the USD-DEM autocorrelation function of
the price changes (with sign) with lags in units of 1 day in
physical time up to a lag of 100 days. The horizontal lines
represent the 95% confidence interval of a Gaussian random
process. Typical auto-correlation structure for price changes
(with sign) for FX rates is shown. Note that the correlation of
the price change with sign is well within the significance
range. This correlation becomes significant only when ana-
lyzed eonditional to volatility.

A third prelerred embodiment comprises a trading model,
designated herein as model 70, that is based on the observa-
tion that although serial price changes arc known to be com-
pletely uncorrelated (sec FIG. 3), one can see significant
serial corrclation if this is examined conditional to volatility.
Work in (his direction was {irst presented by Blake LeBaron
in his paper LeBaron, B., Some relations between volatility
and serial correlations in stock markel returns. 65 Journal of
Business 199 (1992). Model 70 uses triplets, (vol(M),dx,,,,
(H),0x,,.(H)), each triplet being calculated at regular inter-
vals of a basic grid interval t, in physical or o time. Here 8x,,,,
and &x,.,, are price changes (with sign) over some horizon H
(measured as an integer multiple of t) and vol is the volatility
measured as a mean of the absolute log price change; the
mean being taken over the last M (for memory) consecutive
observations of log price change over the basic grid interval t.

FIG. 4 depicts the USD-DEM setial correlation condi-
tional to volatility. The volatility is measured as the mean
daily price change over 15 days and the correlation (solid
curve) is measured between the previous 28 day price change
against the future 1 day price change. The corresponding
unconditional correlation (horizontal solid line) is positive
but barely above its 95% significance level (short-dashed
line). The conditional correlation for low volatility is clearly
well above its significance level (long-dashed curve) as well
as the unconditional correlation. Results are based on daily
interpolated prices at 18:00 GMT [rom 1973 o 1993 (exclud-
ing weekends and holidays). Each volatility bin in the analy-

siswas chosen to contain 500 pairs. The dotted curve gives the

percentile level of the mean volatility of each bin. Typical
conditional correlation seen for FX rates is shown. Note how
the conditional correlation is clearly positive at low volatility
and negative at high volatility and in both cases higher than
the unconditional correlation.

FIG. 5 depicts the intra-day USD-DEM serial corrclation
conditional to volatility. The volatility is measured as the
mean over 12 consecutive price changes of 1.50 hours, and
the correlation (solid curve) is measured between the price
change over the last 36 o hours and the price change over the
next 1.50 hours. The corresponding unconditional correla-
tion (horizontal solid line) is barely but significantly positive
(compare with the short-dashed line representing the 95%
significance level). Results are based on data from 1973 to
1993. Each volatility bin in the analysis was chosen to contain
500 pairs. The dotted curve gives the percentile level of the
mean volatility of each bin. Typical conditional intra-day
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correlation seen for FX rates is shown. Note that the clear
signal of a volatility conditional non-linearity as seen in FIG.
4 is absent.

The collection of triplets is then sorted by volatility and the
subset of first n price change pairs of the sorted list are then
examined for their correlation. This exercise is repeated for
every consecutive set of n pairs in the sorted list. As we glide
down the list, the mean volatility of the subset of n triplets
increases. The relation between the mean volatility of a bin
and the corresponding price change correlation is shown
graphically in FIG. 4. The main message of FIG. 4s that there
is significant positive correlation in serial price changes in the
low volatility regime, and marginal anti-correlation in the
extreme high volatility regime.

Note that FIG. 4 corresponds to a series with a basic grid
interval of 24 hours in business time (skipping weekends and
holidays). Such a series is characterized by a specific hour of
the day at which the price changes are reported (the price
change being with respect to the same hour the previous
working day). FIG. 5 shows the corresponding analysis for a
basic grid interval of 1.5 hours in o time. Such a series is not
characterized by any specific hour of the day. One postulate
for the poor signal in FIG. 5 is that market microstructure
changes with the proportion of traders of different horizons.
Every time one of the three international markets (America,
Asia and Europe) opens, it brings its own mix of trading
profiles(particularly-trading-horizons);-and-every-time-it
leaves, it depletes the markel correspondingly. This efTect can
significantly distort the volatility definition used for sorting
the triplets. Volatilities which may be regarded as low under
certain market mixes may be numerically high when com-
pared to other mixes of traders. Neighboring entries in the
sorted data therefore will not uniformly correspond to equiva-
lent market conditions with regard to volatility and this will
destroy the signal. On the other hand FIG. 4, based on a series
characterized by a specific hour of the day, always refers to a
price change corresponding to one complete cycle of micro-
structure fluctuations,

The results above indicate the existence of a lucrative non-
linear signal that may be exploited by trading models. The
statistical research could have been continued in ils pure form
and refined in many ways. In particular, investigations could
have been extended to search a function space of volatility
definitions that would most accentuate the effect. An even
more ambitious front would have been to find volatility defi-
nitions corrected for intra-day microstructure fluctuations so
that the effect (now missing in FIG. 5) would also begin to
show in the intra-day regime.

FIG. 4 implies that there is a trend in the low-volatility
regime and a direction change in the extreme high-volatility
regime. This motivates the creation of 2 kinds of trading
models, one with a trend-following, strategy and one with a
contrarian strategy. From the statistical investigation we
know that, for the best cffect, the models must be based on a
basic grid size of 24 hours of business time (and therefore
characterized by a specific hour of the day, as is FIG. 4). Such
models will necessarily suller from one bad side effect: they
would not be truly high-frequency data models and would
therefore give trading recommendations at the same hour of
each day.

The “trading model incarnation” of the effect captured in
FIG. 4 is to have a model with the following attributes:

1. A volatility V(M), measured as the mean daily price

change over M (memory)days. (Normalized by the scal-
ing law price change for 1 day).
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2. A direction D(H), measured by the price change (with
sign) over H (horizon) days. (Normalized by the scaling
law price change over H days).

3. A volatility threshold value v, below which a volatility is
regarded as low in a trend-following model and above
which volatility is regarded as high in the contrarian
model.

4. A direction threshold value d, which the absolute value
of the direction measure must exceed in order to regard
the sign of the direction measure as a solid indicator of
direction.

FIG. 6 is a scatter plot of 8x,,,, along the x-axis against
O%,,,.., along the v-axis for the bin corresponding to the maxi-
mum positive correlation in FIG. 4. 1t is clear thal the distri-
bution of points is biased in favor of the odd quadrants (as a
positively correlated set with null mean should). Note how-
ever that this effect can be drastically accentuated if the points
within the vertical lines are ignored. Item 4 above is motivated
by this observation.

Referring to FIG. 6, as expected for a positively-correlated
set of numeric pairs, the scatter is biased toward the odd
quadrants. The bias can be accentuated by further eliminating
data within the vertical lines. Model 70 exploits this effect
through its parameter d, which represents the width between

s the vertical lines.

The trend-following model must have V(M)<v, and the
contrarian model must have V(M)>u in order to luke a posi-
tion. In addition, both models must satisfy the condition [ID
(H)I>d (in keeping with item 4 in the list above) to take a
position. The position taken is the same as the sign of D(H) for
the trend-following model and opposite to the sign of D(H)
for the contrarian model (where + is long and - is short).

The simple structure of the model makes it an ideal tool for
investigating market components in terms of memory M and

s more significantly the horizon H. The actual parameter space

investigated for these models is as follows:

1. Volatility Memory M ranging from 1 to 30 days (30

values).

2. Direction Horizon H ranging from 1 to 30 days (30

values).

3. Volatility Threshold v ranging from 0.1 to 3 times the 1

day scaling law in sleps o 0.1 (30 values).

4. Direction threshold d ranging from 0 to 1.0 times the H

day scaling law in steps of 0.1 (11 values).

5. The total parameter space contains 297000 points.

As already mentioned, the models are investigated with a
24-hour business time series characterized by data at a spe-
cific hour of the day. There could, however, be subtle but
significant volatility differences in series that measure price
differences from-open-lo-open-as-compared-1o-price-differ-
ences from noon-to-noon. By introducing one additional
parameter, the time of day corresponding to the series studied,
we can use the trading model to study the evolution of the
most relevant horizons through the day. Aside from the latter
academic aspect, such a study is also motivated by the tem-
poral delocalization issue to be addressed below. The addi-
tional parameter, referred to as update-hour, takes values
from 0 to 23 inincrements of 1 (24 values), and represents the
hour of the day characterizing the series studied. A complete
database of results for a given currency pair would therefore
contain approximately 297,000x24x2=14 million results—
approximately 7 million each for the trend-following and
contrarian models. With such a large database of results for
each currency, there is an extreme risk of over-fitting. The
description below presents procedures developed to reduce
this risk and also shows evidence that the procedures work as
expected.
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“Temporal delocalization” refers to the problem that any
single model as just described, corresponding lo a certain
update hour, will only give a recommendation once in 24
hours. The problem is to be able to use the relatively clean
information content in the daily business time series, but at
the same time to have a final model that is flexible enough to
take action at any hour of the day. The solution to this problem
is to regard the models at different hours to be simply sub-
modcls that arc ingredicnts of a final model, which we shall
refer to hereafter as the grand model. The grand model is thus
a portfolio of models that are each updated individually by the
daily business time series corresponding to every hour of the
day. The grand model then acts at any hour, on the hour, based
on some voting scheme applied to the most recently updated
sub-models within the past T (0=T=23) hours. For example,
ifp, (+1, 0 or —1) represents the recommended position of the
sub-mode] updated at hour h then the grand model gets into a
long or short position at hour hif

T
Py= Z Ph-isl
=

is such that [P,|>S,,, with the position being long il the sum is
positive and short if negative. ‘The model gets out of this
position and becomes neutral if [P} =S, . Of course we must
have the strength paramelers S, and S, (thresholds deter-
mined during voting rule optimization) such that S, =S,
0=8S,,<T, 0=8,,,<T. (Note that if S, =T, the grand model
will never take a position). Some other variations are
described below.

Note that the input sub-models have to be optimized for
update hours at every hour of the day, including hours when
the market may actually be closed. During optimizationof the
sub-models, the environment must be specially modified so
that deals can be executed even during closed market hours. In
the grand model, deals will never be executed when the mar-
ket is closed (barring stop losses) but the positions of the
models corresponding to the hours when the market is closed
will be held in memory since, as seen in the above equations,
the grand model uses the sum of sub-model recommendations
as an indicator.

In addition to the above strategy, which achieves temporal
delocalization up to a one hour grid (besides also increasing
robustness as a welcome side effect, by pooling the recom-
mendations of multiple models), there is an additional strat-
v for furthier delocalization 1o the continuons time-level:
This is achieved by a deal delay mechanism that works in a
way similar to the moving stap loss. The deal delay mecha-
nism will prevent the immediate execution of a deal on the
recommendation of the grand model. Instead, the grand
model will be forced to wait until a better price for the deal
becomes available. The wait will continue until a price is
obtained that is worse than the best price so far (bid or ask
depending on the recommended position) by a configurable
ratio referred to as the max-loss (say 0.1%). On some occa-
sions this will be a price worse than the price that would have
been obtained if the deal was executed immediately; but the
gamble is that on most oceasions it will be a betier price. This
algorithm is configured to work only during open hours when
deals are possible and only for a duration of 1 hour between
sub-model updates. After a sub-model update (on the hour)
the deal-delay mechanism is reset based on the latest grand
model] recommendation.
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The contrarian and the trend-following models are prefer-
ably used together. The same algorithm that allows for the
pooled opinions of the models at different times of the day can
be extended to include the “vote” of multiple models updated
at the same hour. Thus a grand model can be used that has not
just 24 models but 48 models with 2 synchronous sub-model
recommendations (one trend-following and one contrarian)
at every hour, It is expected that by and large one of these will
be neutral when the other is in a long or short position. Thus,
the 2 models complement each other.

As already described, during optimization of sub-models a
database is preferably generated (with perhaps 14 million
results) for a given exchange rate. To conserve disk space,
preferubly only those results are entered in the database that
correspond to a positive-definite value of X, Fach result
consists of a single line that, besides specifying the param-
clers, also specifies the X, the neutral fraction o (as a per-
centage of the in-sample during which the model was neu-
tral), and the mean annual return of the model, Due to this
large database, it is not a straightforward process to select the
best or set of best sub-models that wonld constitute the grand
model. In fuct, the selection procedure must itsell be an algo-
rithm that produces a final candidate for testing in the out-of-
sample. This is described below, after we introduce a new
performance measure, the effective-X

The effective-X 4, or xf[v], is defined by:

Xeg
A= 1T

0 otherwise

ifn<y

The measure fxf[v] has the advantage of evaluating the per-
formance of the model in relation to the amount of time it is
exposed to risk. This is a preferred measure in view of the final
usage of this (daily) model only as a component in the grand
madel. The goal is to find a set of sub-models that are indi-
vidually conservative and act selectively (having large neutral
fractions), but when placed together in the grand model
complement each other, causing the grand model to have a
much lower neutral fraction. The cutoff v is necessary so that
models with very large neutral fractions (due to very few
trades) would nol be rated as very high simply on the basis of
a few trades, since this would not be statistically robust.
Effective-X, ;s preferable to X,y cases where models are
largely neutral but under specific markel conditions make
money, Because such models are lartely neutral, their abso-

Nute-return can-be-lower than that-o[Lmodels-that are more

often in position. The effective-X, - scales the X, measure
with respect to the amount of time it actually was in position.
Through the effective-X, , measure models with drastically
different neutral fractions become incomparable.

There are many schemes one could use to transfer the
databasc of results for a given currency (up to 14 million
results) into a single grand model. A straightforward scheme
is to construct a grand model by choosing the best trend-
following and best contrarian model at every hour, based on
some performance measure such as X, or {x{]50]. A more
robust selection scheme would be to use as the best model at
hour h the model that has the highest mean value of a perfor-
mance measure (e.g., X, or x{[50]) over some of the neigh-
boring hours around h. Such a selection scheme is character-
ized by a distance d in hours over which the mean should be
taken. If the index i represents a speeilic set of the 4 principle
parameters of the model and j represents the update hour of
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the model with parameters i, then the performance measure of
this model may be denoted as . With the latter definition and
parameter d we can determine a parameter set i al hour h for
which %y, defined by

h+“1
_ Doy x> 0¥
Xin = jh=¢
0 otherwise

is maximum. Note that the effect of this scheme as d increases
is to prevent rapid variation of sub-models over consecutive
hours. The seasonality of the market is in effect at cross
purposes Lo this scheme, so a compromise must be made so
that suflicient intra-day market seasonality is captured while
robustness of the choice of sub-models is increased.

It is convenient at this stage to formalize the selection
schemes by referring to them as ©=8(y, d), where  is the
choice of performance measure and d is the distance param-
eter. A preferred embodiment uses 16 selection schemes as
possible candidates for choosing the final model. These are:
O(X, p d) and O(Ixf[v],d) ford e {0, 1,2, 3} and ve {25, 50,

75). These selection schemes are to be separately applied to 2

each database (of 7 million results) for the trend-following
and contrarian models for a given currency. The result of each
of-the-(automated)-selection-schemes. is.a set of (up.t0.24)
sub-models, denoted by S(rate, strategy, y, d), when the
scheme ©(y, d) is applied to the currency “rate” and to a
model of specific strategy (trend-following or contrarian),
The (up to 24) sub-models in a given set cach correspond to
the recommended components, based on the selection
scheme used, for each hour of the day in the grand model.
(Note that 24 models may not be obtained in all cases, since
the selection algorithm might not find a sub-mode that has a
posilive ,; in all neighbouring hours over which 7, is com-
puted).

In general the grand model can be constructed {rom these
sets as (he union

S(rate, trend-following, %, d, )U S(rate, contrarian, ¥, d)-

Note the subscripts on 3, and d. Since we have 16 choices of
the pairs {y, d}, there could be 256 choices of the grand
model, To limit this number we define:

S{rate, mix, i, d)=S(rate. trend-following, y, d) U S(rate,
contrarian, y, d)

as the grand model comprising up to | trend-following and 1
contrarian model at every hour, obtained by using the same

and contrarian sub-models.

Preferred voting schemes are now described. A scheme
based on the sum of sub-model recommendations was men-
tioned above. The recommendations of all, say N, models
within the last T hours are summed. If the current position is
neutral, then the grand model recommends a long (+) or short
() position same as the sign of the sum, provided that the
ratio of the sum 1o N exceeds S,,,. If the model is already ina
position (not neutral), then the model becomes neutral if the
above ratio falls to S, or less, The motivation for S, 1o be
distinet from (and less than) 8,,, is 1o inhibit the grand model
from changing position rapidly. The smaller S, is from S,
the more ditficult is the return to neutral after taking a posi-
tion. If the successive sub-models (every hour) are not too
different in their parameters this would be automatic, because
{lie sub-model at the next hour is then more likely to have the
same recommendation as the current one. Thus the choice of
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S, is far more crucial than the choice of S,,,. The logical
move is to first study the case S,,=S,,, for various values and
then finally set S, marginally lower that S,,,. We shall refer to
this voting scheme as scheme 1.

Another voting scheme is to allow %2 gearing. It is similar
to the above scheme except that the ratio of the sum of model
recommendations of all N models in the past T hours to the
total number of models is taken literally as the gearing. S,
and S, are still used as before. If the position is currently
nentral and the ratio exceeds S,,,, the environment will set the
gearing to ¥4, -4, 1 or -1 depending on which of the these
values is closest to the ratio. We refer o this as voting scheme
2.

The above two methods are fully democratic among the
quorum of sub-models and make no distinction between
trend-following and contrarian models. A third. layering,
scheme is different in that it introduces a hierarchy among the
synchronous models. As mentioned above, the final grand
mode] will preferably have one trend-following and one con-
trarian model acting synchronously at every hour. These mod-
cls are largely likely to be uncorrelated by construction since
one (the trend-following) takes a position when (he volatility
is below a cerfain threshold, and the other (the contrarian)
takes a position when it is above a certain threshold. Never-
theless, because of differences in volatility memory between
the two models, it is oceasionally possible for them 1o act
simultaneously. A layering scheme introduces a hierarchy
whereby. the non-neutral_recommendation of the trend-fol-
lowing sub-model can have a veto-like effect, overruling the
recommendation of the synchronous contrarian sub-model,
or vice versa, In other words, the subordinate sub-model can
only act if the one with precedence is neutral. If, as stated, the
trend-following sub-model has precedence, this scheme is
referred to as voting scheme 3, and if the contrarian sub-
model has precedence, it is referred to as scheme 3c.

We now describe a preferred optimization strategy for this
embodiment (model 70). We choose the in-sample region to
be alternating bands of 546 days from 01.01.87 onwards. This
gives us 3 bands for optimization. The preferred strategy for
optimization of model 70 is to first create a database of solu-
tions for the trend-following and contrarian models (for all
hours of the day for a given currency) using only (he first two
in-sample bands.

The database is then searched by the 16 candidate selection

45 procedures to arrive at the set of sub-models S(rate, trend-

following. y,, d,) and S(rate, contrarian, 7, d ), where ie|1.4]
andj€[0-3]. and where d=j, 7, =xell, .= 1x1]25]. ;= fx1] 50].
and 7-=fx1]75]. Inaddition to the selection of the sub-models,
the high-frequency erand model also needs 10 be specified

selmlrem‘ﬁ(x,—d)—forchcosing-the-trendrfollowing—so—according—to—the—following—S—high-frequeney—pa-rametex:s;-(-l_)

the parameter T, which sets the number of hours in the past
that play a role in determining the current position; (2) the
strength parameter S,,,; (3) the strength parameter S, ,; (4) the
voting scheme (1,23t and 3c); and (5) the max-loss param-
eter.

Note that here the selection procedure itself becomes a
meta-parameter. The selection procedure (determined by ¥,
and d) and the above set of 5 parameters shall be referred to as
the high-frequency parameters, since they are the patameters
that determine how individual sub-models (acting only once
daily) are to be converted into a high-frequency grand model
with temporal delocalization.

For the same choice of y and d, the choice of sub-models
can differ between currency rates. For robustness, the strategy
is to find 7, d, and the above set of 5 parameters (the set of
high-frequency parameters) such that the mean value of the
X, rover all currency rates is maximized by their choices in
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the third in-sample band. Thus, the sub-models are them-
sclves currency-rate-specific, but the high-frequency param-
eters (including the selection scheme) are common between
currency rates. It is reasonable to expect that the degree of
overfitting is diminished by (1) a judicious choice of high-
frequency parameters; (2) by optimizing them in an
in-sample band that has never been exposed to the ingredient
sub-models; and (3) choosing these to be globally uniform
over all exchange rates. It cannot be over-emphasized that the
sub-models are chosen by the selection schemes based only
on their individual performance in the first two in-sample
bands. There is preferably no optimization to pick the models
so that they work well together. (Such a scheme would be
drastically prone to overfitting).

Preferably, individual sub-models are optimized on a first
in-sample band, and the grand model parameters (including
voting scheme) are optimized on a second in-sample band.
This allows the grand model parameters, which govem how
all of the sub-model recommendations will be used (o arrive

at a final trading signal, to be optimized on a band that is 2

out-of-sample for the sub-models. This in tum allows the
grand model parameters to be optimized in a manner that
“buys insurance” against possible over-fitting of the sub-
models on their in-sample.

There is one complication that must be discussed. The
optimal selection procedure for the trend-following models
may not be the same as the one that works best for the
confrarian models. Thus (he above strategy mus( be applied to
separately construct purely trend-following and purely con-
trarian high-frequency models. The X, for these are then
separately averaged over currency rates (in the third
in-sample band) to determine the best choice of selection
procedure for the trend-following sub-models and the possi-
bly distinct best choice for the contrarian models. These two
selection procedures are then applied to construct the mixed
model, and re-optimized in the third in-sample band to deter-
mine the remaining 5 high frequency parameters cnumerated
above—again by averaging the performance over different
exchange rates as usual. We shall refer to models constructed
by this procedure as hybrid models.

In addition to the strategy of the last paragraph, we canalso
test the effect of choosing Lhe set S(rate, mix, ¥, d), defined
earlier, although it does not allow separate selection proce-
dures for the trend-following and conlrarian models. We shall
reler to models constructed by this procedure as mixed mod-
els.

A database of results for the USD-DEM, USD-JPY and
GBP-USD has been completed for the trend-following as
__well as contrarian models. The results presented helow reflect
tests in the third in-sample band but by limiting 3 of the 5 high
frequency paramelers enumerated above in the [ollowing
way:

1. T is fixed (T=23). This is a conunon-sense choice since

—
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so—the—selectionprocedure—and —high=frequency —parameters—

it seems reasonable that the more sub-models used to

pool their opinions, the better the model must behave.
Some test runs allowing this parameter to vary have
confirmed that this is reasonable. although the strictly
best models seemed to be clustered around T=20.

2.8,,,1s fixed (S,,,~S,,). Again a common-sense choice. It
is expected that performance should marginally improve
if S,,, is marginally less than S,,,, but the more critical
value is definitely S,,,.

3. The parameter max-loss is fixed (max-loss=0). This
essentially disables the deal delay mechanism. The max-
loss is the least critical of the parameter set. The valuc
can be set as the last step of the optimization process.
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All of the above parameters are preferably allowed to vary at
a later stage of the optimization process. The first step is to
identify the best choice of selection procedure and the S,
parameter. The results presented below, for the 3 databascs
ready so far (USD-DEM, USD-IPY and GBP-USD), are with
the above-enumerated parameter-space limitations.

Table 5 evolves as optimization proceeds over more rates.
If the displayed state of Table | (having studied only 3 rates)
is any indication of its future evolution, it seems reasonable to
expect that the best selection procedure for the trend-follow-
ing sub-models will differ from that for the contrarian sub-
models. The mixed model results in Table 5 are for the case
where both the trend-following and contrarian models arc
selected by the same scheme ©(y, d). After the databases for
many more currencies are prepared, one final step is prefer-
ably to test a mixed model constructed, not with the same
selection scheme for the two strategies, but with the different
and optimal selection schemes for the two strategies.

Also note in Table 5 that the strength parameter for the
mixed model is lower than that for the single strategy models.
This is to be expected since the synchronous trend-following
and contrarian sub-models are unlikely to sum to a value
greater than | (by design, as discussed earlier). Thus the sum
of sub-model positions will on an average not change much
(compared to the single strategy models), but the total number
of models is doubled, thus requiring the strength S, to be
reduced. For (his reason, the parameler S,, for the purely
trend-following and purely.contrarian models is varied from
0.0 to 0.6, in steps of 0.1, but the same parameter for the

hybrid and mixed models is varied from 0.0t 3.0, in steps of

0.05,

As mentioned above, the selection scheme must strike a
balance between allowing intra-day seasonality (by not tak-
ing d very high) and robustness (by not taking d very low).

s Tables 6 and 7 show the evolution of the horizon H (in days),

which is the most critical of the 4 sub-model parameters, for
each exchange rate, using the best selection scheme for the
purely trend-following and purely contrarian grand models as
determined by the current status of Table 5.

The rather gradual varation of the horizons from hour to
hour and the fact that only a few relevant horizons stand out in
Tables 6 and 7 provide lestimony (o (he reasonableness of the
selection schemes and their ability to thwart over-fitting.

In the final round, a new database of results must be con-
structed for each currency rate, wherein the sub-models are
cxposed to all three in-sample bands. Then the candidate
model for the real out-of-sample test, for each currency rate,
is the model constructed with these more robust sub-models
(by virtue of being exposed to a larger in-sample) by applying

gleaned from the tests and criteria in the third in-sample band
discussed ahove.

A fourth preferred embodiment comprises customized
trading models. The basic motivation for the trading model of
this embodiment, referred to herein as a customized trading
model, is that the FX and other markets can change their
nature and behavior over the years. The performance of trad-
ing models can vary with different market states. Financial
markets are known to exhibit distinct and persistent patterns
and certain clusters of behavior. In 1995 and 1996, for
example, FX markets were characterized by sideways move-
ments with few large trends, while volatility was still high
when measured at high resolution. Institutional changes, such
as the development of the European Monetary System, can
also cause behavior shifts. These changes can affect the per-
formance of a trading model (TM) optimized during periods
with particular behavior (e.g., large trends). Thus, a preferred
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embodiment comprises trading models with a variety of dif-
ferent strategies, according to different market states indi-
cated by volatilities of different time horizons and other non-
linear indicators related to volatility.

This embodiment preferably uses indicators that observe
and predict the characteristics of the market. Different strat-
egies for different types of markets are then followed. Inother
waords, specifically designed market state indicators, func-
tions of the present state of the market, are used that help a
model to adapt its strategy to the market situation, These
adaptive strategies account particularly for the situation of
sideways markets, where some other trading models under-
perform significantly. In sideways markets, short-term noise,
rather than large movements, dominates. 1 a trend-following
madel is applied, this leads to frequent loss-making transac-
tions, Detecting these states and adjusting the strategy corre-
spondingly can avoid this. Adaptivity of the model refers also
to structural breaks of the market, where old market states are
disrupled. In this case, the model should react quickly and
“forget” about the old market state.

To address these problems, a preferred embodiment imple-
ments different sub-models with individual time horizons,
thus modeling the views and actions of different trader groups
or market components. These different components range
from intra-day horizons to time horizons of about one month.

Preferably, from a user’s perspective, this trading model
(TM) is seen as just another real-time trading model. With

respect to the other embodiments described above. there are

no additional architectural or functional requirements for the
customizations.

Whereas previously-described TMs and the instant cus-
tormized trading model can be operated in the same technical
way, they differ in other respects: the so-called customiza-
tions. Some aspects, such as the choice of the active day-times

of the model, are discussed only briefly below, since they are ™

common 1o the general trading model architecture described
above. The most important customization is described in
detail below.

The trading model architecture is preferably constructed
using C++. It has very similar features and properties as the
trading model lechnology deseribed above with respect (o the
other preferred embodiments. FIG. 1 provides a graphic illus-
tration of this structure.

As in other preferred embodiments, the gearing caleulator 4

constitutes the heart of the instant trading modlel and supplies
its characteristic features. The model-specific ndicators and a
raw gearing of the model are calculated. The result is then
processed in the other parts of the architecture. The expres-

——sion*gearing”refers-to-the-direction-and-size of the position-

taken in the market; a negative gearing meansa short position.

Financial markets are known to be constituted of different
types of traders whose behaviors differ in several respects: the
markets are heterogeneous. The most important ditference
between market components is related to the time horizon:
short-term traders observe and cause minute-by-minute price
movements, whereas some long-term investors rebalance
their positions only in weeks or months.

A trading model algorithm based on a deep understanding
of market mechanisms should account for this heterogeneity.
An efficient way of dealing with heterogeneity is through the
construction of different sub-models, where each of these has
its own time horizon. Each sub-model incorporates the view
and the actions of one trader group in its analysis and arrives
at its own trading recommendations. These recommendations
are then weighted together in order to obtain the overall
model gearing,.
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Each sub-model of a preferred embodiment has the same
structure, and most parameters are identical among different
sub-models (some of them are simple power law functions of
the time horizon). This is algorithmically advantageous and
makes the optimization process easier and more resistant
against overfitting than letting all parameters be optimized
independently. The essential parameter of an individual sub-
maodel is, of course, its time horizon.

The algorithm used for the customized trading model has
some less specific elements that are described above with
respect to other embodiments, such as the price filter, the
stop-loss detector, the opportunity catcher (picking a realistic
execution price); and others. These elements are adopted by
the customized trading model, with an appropriate choice of
{optimized) parameters.

Price filtering (checking incoming quotes from the data
suppliers for autliers) is necessary to avoid trading signals
that result from misquoted prices. A description of a basic
approach to filtering is given in Dacoragna, M. M., Miiller, U.
A., Nagler, R. J., Olsen, R. B., and Pictet, O. V., A geographi-
cal model for the daily and weekly seasonal volatility in the
FX market, 12 Journal of International Money and Finance
413 (1993) (hereinafter Dacorogna 1993). A preferred price
filter is based on that approach.

A stop loss detector tripgers if the market moves in disfavor
of the taken position by passing the stop-loss price, and
causes a deal o enter a neutral position. This can happen also
overnight, when markets_are_closed._Overnight_stop-loss
transactions can be executed by a trader located in another
lime zone.

A special case is profit taking. A stop price is set as soon as
a profit objective is reached. This stop price is moving in
parallel with the level of the best price achieved so far during
the open periods of the markel,

The deal acceptor validates the recommendations of the
gearing calculator using the following rules: (1) no deal is
allowed to take place within fifteen minutes of another deal
having oceurred; (2) a deal filter (even more siringent than the
normial quote filter) determines il a given price is suitable for
trading; and (3) irading can only take place during the open
hours of the specific market of the model (except for stop-loss
trading. which is supported around the clock).

An opportunity catcher searches for a realistic price lo be
taken for the internal book-keeping of the model. This hap-
pens in a time window of 2-3 minutes (depending on the
currency), where the median of the applicable price quotes
(hid or ask) is taken. A signal i sent to a human user hefore
this time window (1o tell him 1o execute the deal) and after-
wards (to inform him of the price used for internal book-
keeping).

The book-keeper evaluates trading model statistics such as
current (unrealized) return, total return, cumulated return,
maximum drawdown, and profit-over-loss ratio. FIG. 7
depicts a preferred structure of the customized trading model:
sub-model and main model.

The final gearing as well as the trading recommendation
and some other useful results are displayed on the screen of a
user’s computer.

We now describe in detail the structure of a single sub-
model, analyzing the dynamics of one specific time horizon.
Then we describe the integration of all different sub-models
in the main gearing calculator.

A visual idea of the overall structure as proposed here can
be obtained from FIG. 7. As indicated in FIG. 7 the combi-
nation of different sub-models at the end leads to the final
gearing recommendation of the gearing calculator (sec also
cq. 54).
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A sub-model comprises ditferent parts that serve ditterent
tasks: generaling raw gearings, analyzing the market stale,
generating strategies depending on raw gearings and market
state, and finally giving a recommendation for the trading
model position, Within this structure two different market
state indicators, a “channe] indicator” (which is indicated on
the upper right in FIG. 7 and a “frequency indicator™ L., e,
(defined through the main indicator and boxed underneath in
the upper left in FIG. 7) are implemented. The different indi-
cators and strategies [or the single sub-models are defined
below.

Sub-models can be seen as complete trading models, but
the final goal is to combine sub-models of different time
horizons into one main model. The different sub-models
share the same structure and algorithm, but the time horizons
(and some dependent parameters) are different.

The structure of one sub-model can be essentially divided
into five parts (see F1G. 8):

1. The calculation at step 810 of a suitable main indicator
for the specific sub-model, which after the application of
a simple nonlinear discretization function provides a
first raw gearing (either 1 or -1).

2. The calculation at step 820 of a first market indicator, the
frequency indicator 1,4 ,, Which describes the cur-
rent degree of noisiness in the market (and therefore
whether trend-following should-be avoided):

3, The calculation at step 830 of a second market indicator,
the channel indicator I, which describes to what
degree the current and most recent market situation can
be characterized by channel configurations.

4. Computing at step 840 a weight w to be applied to the
raw gearing at the end. This weight represents the strat-
egy chosen in view of the market indicators. Thisis a key
featurc in making the trading model adaptive. This func-
tion w is also modulated by a “spread function” that
accounts for the loss due to bid-ask spreads (each
“round-trip” transaction leads to a loss of one spread,
which may affect the performance in case of frequent
transactions of the sub-model).

5. Computing at step 850 the resulting gearing as the prod-
uct of the raw gearing computed in part 1 and the weight
derived from the market indicators. This gearing is later
combined with the gearings of other sub-models. The
combination is then discretized to provide the final, dis-
crete gearing recommendation of the model.

Thie Trading iodel works in realtime; with-tick-hy-tick 5o

intra-day data, Therefore, it preferably has a way to deal with
the strong intra-daily seasonality of volatility. Price move-
ments around 4:00 GMT, when volatility tends to be low,
should be treated differently (rom price movements of the
same size around 14:00 GMT, when volatility is usually high.

The time scale o has been developed for the deseasonal-
ization of volatility; its computation is explained in detail
above and in (Dacorogna 1993). In all the indicator compu-
tations presented in the following description, we use o-time
rather than physical time as the basic time scale,

A main indicator z is created with the help of exponential
moving averages (EMA). These are computed by an iterative
application of the EMA-operator to the (not necessarily regu-
larly-spaced) time series x(1). Depending on the number of
iterations. we obtain a moving average based on a specilic
kernel function. We define:
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¥in (25)
EMALM P2 0

with a scaling function in (he denominator, where
x(=

EMA[AL o 1% 7" X](0-(14+€) EMA[AL, e 1, )7
X (O+eEMA[Al 0 1, /7 X](1) (26)

and x denotes the mean logarithmic value of bid and ask
prices:

G logpeia + logpeu 27

Y

The time 1 is meant to be the o-time, as explained above.
The parameters i and j determine the form of the kemel of the
moving average: 1=i=j. Choosing i>] results in a kernel
whose rectangular-like form starts after a lag, rather than
immediately. See U.S. Provisional Pat. Application 60/200,
743, filed May 1, 2000, to Zumbach & Miiller, the contents of
which.are incorporated herein by reference; see also Zum-
bach. G. O. & Miiller, U. A., Operators on Inhomogeneous
Time Series. International Journal of Theoretical and Applied
Finance (2000.

The EMA-function EMA[ Aty I 13 X](t) serves the pur-
pose of obtaining steadier data (avoiding “bid-ask bounc-
ing”); the time horizon At,,,,,., is therefore chosen to be in the
range of seconds. The specific time horizon of the given
sub-model is given by At,,, .., The main indicator (with posi-
tive small €) leaves space for accounting weakly for possible
curvature effects. This is done by including a component
corresponding to the (discretized) second derivative which
can be done with the help ol moving average EMA[AL,,, . 1.
j: x](t) with longer memory Aty,,.. Preferably At,,,,=2At,,54;
is chosen.

Concerning the scaling function \IEMA[Ato,i',j';xz](t), a
specific choice of At,, and (1!, j') is necessary. We choose At,,
to be multiple of At,,,,» (€., % is scaled with its own long-
term moving average). For the iteration numbers i' and j' we
choose i'=1 and J'=4, which corresponds to a kernel function
that has a platean for values close to 7ero and decays slowly
for larger values (the center of gravity is given by Atg).
Although this indicator scaling provides some adapivity, the
overall ability of the entire sub-model to adapt to different
market 'states is not yet reached by this scaling function. For
this purpose, we need the market state indicators described
below.

The indicator z serves as the argument of the following
iteratively defined discrete gearing function: Given a gearing
g at the previous quote (at ., ), the gearing at the current

X prey.
quote (at t,,,,,) is defined to be
[ +] if s> 2 (28)
Blhow) = |s(r,m) if ld<2 ]
-1 if < -2
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wherethe initialization is given by g(t,,,,,)=0. This defines the
first raw gearing of the main indicator. The threshold value z,
is a fixed parameter of the model (to be optimized), constant
over time.

In order to account for different conditions of the markets
(where a certain gearing g must be interpreted differently) the
gearing g is weighted with o markel stute indicator function
w=w(market, z) such that a modulated gearing g, is finally
obtained:

gmv(market,z) g 29)

The function w. which will be defined in detail below, is a
function of several different market state indicators. The gear-
ing values g,, of the different sub-models then serve as the
hasis fora last discretization step that provides the final gear-
ing of the overall model (see below, eq. 54).

The market indicator function w(market, 7) accounts for a
wide range of market states. Here we choose w to be non-
negative, w € [0,1]; the model avoids contrarian strategics
(positions opposite to the gearing recommendation g(z)). The
weight function w(market, z) and the strategy of the model
depend on two different market state indicators, a channel
indicator and a noisy market indicator.

One market state indicator is designed Lo detect sideways
markets through the identification and characterization of
what we call channel configurations (a term that originates
_ from technical chart analysis). Channel configurations are the
resuit of a markef consensus among traders. Here, we use a
speciully-designed channel indicator describing the degree o
which a recent price development can be described as a chan-
nel by counting the number (and amplitude) of oscillations of
prices within a given time interval and o range of prices. This
channel indicator recognizes not only static price ranges; il
adjusts to an overall linear trend of the channel as well as a
possible narrowing (“triangle formation”).

For the definition of the channel indicator 1 ,,,,,,., We pro-
ceed as follows: We choose a time horizon AT, to
specify the length of possible channels (other sub-models
have channels of different lengths). This length AT .18 4
high multiple of the time horizon AL, ., of the main model
indicator (a parameter that needs 1o be optimized). The chan-
nel extends over the time interval C of size AT, At a
given time t we define the interval

C=[t-AT pammen 1] (30)

which covers the immediate past until time t.

In the following the variable x refers to the logarithmic
price in a smoothed form: a moving average of the original x
from ey, 27; witha memory (centerof gravity of the kernel ) of
At=1/120-AT ... This smoothing leads to neglecting
extremely fine details of the price history details in the chan-
nel determination—a desired effect that reflects also the view
of market practitioners. The usage of MAs instead of original
prices also leads to a higher degree of statistical stability for
{he definition of the channel. Within the interval C we store
120 different past values of the moving average (with a cer-
tain overlap of the kemel functions) that we name x,=x(t,), t,€
C. indexed by k={1, . . ., N} (where N=120).

We make different particular choices for the time horizon
AT e i €9, 30, In order to adapt the channel indicator to
particular situations where a markel just enters into a channel.
we choose different time horizons jAT ..., that are certain
fractions of AT .. (€. i={0.5, 0.6, .. ., 0.9, 1}), and
choose j such that the corresponding timeinterval Cshows the
the most convincing channel features (measured by o variable
introduced below; see eq. 38).
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The following steps lead to the definition of the market

state indicator:

1. De-trending: We cvaluate a possible trend of the price
movements in the interval C regression and obtain the
slope m for the trend of price movements in the interval
C as the offset constant a. This trend is then subtracted
such that we obtain the residuals

i =x(r)-(a+men). (31)

2. Narrowing of the channel interval: As a subsequent
step we perform a second linear regression, this time on
the absolute values [r(1,)! of the residuals of eq. 31, in
order to account for possible channel narrowings (“tri-
angle formations”). This leads to the slope s and the
offset b. In case of a negative slope s the residuals r(t;)
are resealed with the inverse of the resulting (decreas-
ing) linear function to give (t,). We require s=0 if the
linear regression results in a positive slope, as we are not
interested in the unusual configuration of a widening
channel:

kb (32)

A further constraint that we impose is a lower limit for s
such that the channe] width at the end of the interval C be
smaller than 30% of the channel size at the beginning of
(C

. Defining the channel frequency: We next define the
interval [min,;,, max,,,] by choosing min,, (max,,,) as the
minimum (maximum) of the price residuals ¥t,) for t,
(CH

(5]

ming, = mig [F(5)] maxe, =max |7y )| (33
nec et

The value of (max_,—min,,,) defines a sort of width of the
residual channel. Instead of using this value for further
caleulation, we define another width AP of the channel
that has a certain narrowing term in the case of triangle
formations (s<0):

AP=(MaX;=ming, AT channes (34)

We now track the number of times the residual function
#(t,) approaches min,;, and max,, (alternating between
the two borders), This number is given by the following

expression
O=OAT et 1) -N{{KImymty ;. 2<k=N}) (35)
where
=1 (i) = ming) <re (36)

my =4 +1  if(moxen —F0)) <

my_; otherwise (0 in the cose k = 1)

witha tolerance level r,.. Together with this number Q we
obtain a sequence of time intervals separated by the time
pointst, of the crossings overr. that Jead toa count ineq.
35. WitTlin all these Q intervals, we find local minima
and maxima of (t,), which are used to define our modi-
fied oscillation frequency. This is defined as the sum of

0055



US 7,496,534 B2

37

absolute differences between subsequent local extrema
(scaled by the range of global extrema):

F = F(ATchomnets 1c) 37

0
Z [max{|Fuolli € (-1 1]} + max{ii(m)lia € (15, 151 D}
q=1
= -1

maxy, —Mify

Instead of choosing just one tolerance level r, of an
approach to the top or bottom of the channel, we take
several r. values in the range of 20%-40% of the channel
width. The average value of F over this range of toler-
ance levels r, is calculated. This average is more stable
and less sensitive to random effects than an I based on
only oner,level. An offset of -1 is introduced to account
for the minimum number of counts (there must be one
count at least, even if there are no oscillations).

4. Definition of the channel indicator: In order to obtain a
final indicator for the strength of'a channel configuration
in the market, the [unction F is scaled with a factor
containing the width AP, the slope of the trend m, and the
time interval jJAT g, gpupert

( AP )/‘jv (38)

wiATL)

I'(t, JAT dhirnets Tes o V) = Fit. jAToumets 1)

where the second factor I is more important than the
only moderately-varying first factor. The variable
v(AT,)) is a long-term moving average of the volatility
measured with a memory of a multiple of the channcl
length. This definition is aimed at making the scaling
factor adaptive to structural changes of the FX rate (e.g.,
a substantial volatility increase). The indicator T
receives a high value when the price alternates often
between the borders of the considered interval, which
corresponds exactly to what we want to describe as a
channel. The wider this channe] (factor

[ AP !
lU(ATL))

with an exponent p=0.3), the longer the channel (factor
GAT yamer)” With v=0.5) and the smaller the slope as
compared to the width

the higher the indicator value.

We emphasize here again that we choose channels of
different lengths in order to make the channel indica-
tor more flexible, especially in situations where the
market just entered a new channel (which is short at
the beginning), The final indicator I, 1 then
given as the maximum among these channels:
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The channel indicator 1, is found to be correlated to
volatility (and the ratio or difference of coarse and fine vola-
tility), All these quantities measure. in one way or another, the
intensity of price changes. An advantage of the channe! indi-
cator lies in its ability to quickly catch the disraption of an old
market state (channel break). These breaks may occur very
suddenly; purely volatility-based indicators are unable to
catch them with the same speed.

Another measure of the market state is introduced by a
second market state indicator, one that measures directly the
“noisiness” of the market. In sideways markets (which are not
always described by a clear channel configuration) the short-
term noise dominates the large movements and long-term
trends. This can lead to frequent, loss-making transactions of
a trend-following model. A noise indicator aims at detecting
these situations, and enables the incorporation of correspond-
ing features into the definition of the market statc function w.
The indicator is similar to a direction change frequency as
defined in Guillaume, D. M, Dacorogna, M. M., Davé, R. D,
Miiller, U. A., Olsen, R. B., and Pictet, O. V., From the bird’s
eve to the microscope: 4 survey of new stylized facts of the
intra-daily foreign exchange markets, 1 Finanee and Stochas-

ties 05 (1097), but is directly associated with the main indi-

cator z itself. "The definition of the noise indicator is as fol-
lows:

Lyod jrog "EMAAL g g 1.5 8](1) (40)

with a moving average with a specific kernel and a long
memory Al,,, ., that is another parameter in the optimiza-
tion of the model. The function 8 is defined as follows:

. ) 41)
IE glnow) # 8ltprev.) (

S = ¢ tww—tprey

U otherwise

where (., and t,,,, denote the times of the current and pre-
vious quote, respectively, and g is defined by eq. 28. This
definition of I,,,,; 4., essentially corresponds 1o the frading
frequency of an unconditional trend-following model, that is,
a model that strictly follows the trading rule specified in eq.
28,

This indicator essentially tells us when trend-following is
dangerous: a high value of I, 4., 0ccurs in markets with a
high degree of noise. An unconditional trend-lollowing
model makes many transactions that Jead to subsequent
losses. Accordingly, a trend-following strategy should only
be followed in market situations with a low value of the
indicator 1,,,,; ., - The indicator defined in eq. 40 has a very
important feature: a high autopredictive power (high aulocor-
relation). Indeed, our studies have shown that 1,4 5., POS-
sesses significant autocorrelation extending to lags of one
order of magnitude longer than the memory At,,,; 4., of the
moving average. By being based on the main indicator z,
Li,atsivq, als0 has the advantage of indicating exactly the type
of noise that is most damaging for trading.

The two market state indicators—the channel indicator and
the noise indicator—are now used to define the market state
function.
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When defining an adaptive weight function w for the main
indicalor we first wanl to differentiate three market slales.

1. The price is localed within a clear channel (high value of

I

2. A break out of a clear channel occurs (high value of

I and the current price clearly moves out of the

channel?

boundaries of the recent channel).

3, There is no channel present (low value of I ,,,,,,;). In this
case we differentiate between market states with a high
valuc of the noisc indicator I, 4 s, and thosc withalow
trading frequency.

charlncl)'

These different market situations must be treated differently
for the definition of a final gearing—each one of them leads to
a different form of the weight function w.

Before defining the specific strategy, we must set up rules
{o differentiate the different configurations of the market with
respect to the channel indicator. In order to define a price to be

“inside a channel” or in a “channel break,” we must refertoa *

specific channel of the recent past. One way to do this is to
choose the last computed channel without accounting for any
other recent channel computed at a previous time. If we want
to account for possible different relevant channels in the
recent past, we must construct a “channel memory” in order
to find the most significant channe! of the recent channels.
The “quality of a channel” at time { is measured by the
ifsdicatorT s, () Forour model the rule for sclectionofthe
most relevant channel at a time 1 is as follows: Given the
current indicator value I, ,,,,./(1); the most significant channel
1 hesi(t) at the current time t is chosen as

channel

" lheflre 42)
be. by Wevir
I (0= max L Ubefore )t M ot (1)

where t,,,,. is a suilably-chosen decay constant, The channel
boundaries of recent channels are extrapolated with the linear
trend only. and not with the narrowing trend.

The “inside a channel” as well as the “channcl break”
situation at time t is conditional to a considerable channel
formation, characterized by a high value of Lpaner (). We
choose a threshold tr. (which becomes an important param-
eter of the model), below which we do not consider the price
to be in a channel. This parameter is also exposed to a certain
“hysteresis”™: it acquires a higher value if the recent market
configuration has not been detected to be a channel, whereas
it is lowered if the market has already been in a channel
before.

In orderto detect a current price to be inside a channe] state
attime t, the following formal conditions have to be satistied:

Unparn ™ 0517 Dm0 = 0L pare AP (1) <1
H0lepanmeAP) @y

where the parameter “tol ..., defines a tolerance level that
has to be exceeded before we detect an outbreak.

The situation of a channel break differs from the “inside the
channel” situation only insofar as the price moves outside the
channel borders. In order to detect a channel outbreak at point
{, the following formal conditions have to be satisfied:

U (051108

((X(1)~ 2% 510y APV (=) (4 10L
netAP] “4)

=
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Once the market is in a channel-break situation, it remains
there as long as the main indicator z keeps its sign, irrespec-
tive ofeq. 44.

The situation of no channel presence in the market can be
simply characterized by

L™ (1)<, (495)

The nois¢ indicator 1,,,.; ., is only considered in the no-
channel situation: 1. (D)<t eq. 45. Here, we differ-
entiate between two cases for the definition of the market state
functionw:1,,,,; 4., exceeds a threshold parameter tr, ;. O is
lower than this threshold:

L it frog <MWoise (46)

2 Lad freqg > oise (47)

Being inside a channe] can be a dangerous condition for a
trend-following model (as well as a high value of I, 500 )-
The model is likely to recommend frequent transactions
mostly at the wrong time—just before the trend to be fol-
lowed is turning, A price development inside a detected chan-
nel should not be followed. As a consequence, a preferred
(sub)model does not give any trading recommendation in this
case, in other words:

w=0 (48)

There will be neither trend-following (w>0) nor contrarian
strategies (w<0) in this case. The expression “contrarian”
refers to the given time horizon. Evidently, the giobal model
can take a position “contrarian” to the raw gearing g of a
single time horizon, in the case that other horizons interpret
the market differently. There is the possibility of adapting a
very testricted trend-following strategy for the case that the
price moves from a channel border with a main indicator
indicating a trend towards the other side of the channel. This
strategy component can be systematically tested indepen-
dently, First tests did not yield a convincing improvement of
the results, though. when this additional strategy is applied.
A break of a channel configuration constitutes a substantial
or sometimes even structural change in the market and should
be specifically accounted for in the trading model. The price
development occurs outside a former “market consensus” as
formulated by eq. 44. The model should react quickly—old
assumptions on cerfain turning point behavior inside the
channel lose their validity. We distinguish between whether a
break occurs in the same direction as the trend of the channel
or against that trend. The latter case should be considered with
more caution. We define the strategy function as follows:

1 if mg >0 (49)
wh= ) . hLA.>0
(1 - K¢) otherwise

The final w is obtained by a modulation with a function
F,(distance, 1;,,,,..,”) depending on the distance of the
price from the channel border and on the channel indicator
value:

= (distance el 0SF Z1 (50)

When the distance from the channel is small, right after the
break, F, is also small. but it rapidly grows and saturates at a
higher level with increasing distance from the channel. This
saturation level is 1 for clear channels with high 1.,/
and lower in case of lower 1, ..
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In case there is no channel present in the market (1;,4e b
(t)<tr), the noise indicator 1,,,; s, comes into play. The
market state function is here defined as follows:

{“'lrrnd i Trag, freq. < Mroise (&)
w=
0 otherwise
where
Worend=CoF 2o channer)y 0EF2E1, 0<cpel (52)

The parameters tr,,,,,, and ¢, enter into the model. As before
with the case of a channel-break, the final w is scaled with a
function 0=F.=1. depending on the channel indicator, in
order (0 give a smooth transition between channel and out-
of-channel situations.

It should be mentioned that the presented threshold values
are all subject to a “hysteresis™ modulation In other words,
their value depends on the previous state of the market. This
avoids random oscillation between different market states
and makes them more inert.

[tach sub-model has a gearing recommendation g, result-
ing from eq. 29. A preferred trading model algorithm inte-
grates these gearing recommendations to produce one final
gearing recommendation G,

‘T'he set of sub-models and their horizons has to be chosen,
A factor of about 2 between neighboring sub-model horizons
is preferably selected. The longest main indicator has a hori-
zon of 32 days, its channel a length of a few months. We
choose the shortest main indicator to have a horizon of 3 hours
in o-time (corresponding to an hour or less in physical time
during the most active trading periods). However. a sub-
model with a main indicator horizon of atout 12 hours makes
little sensc as there is an cmpirically observable gap between
genuine intra-day traders and traders with avernight posi-
tions. Altogether 8 sub-models are preferably employed.

The goal is Lo oplimize the risk-corrected return ensuing
from the gearing recommendations G. G 1s changing over
time and can be seen as a time series. Noisy oscillations of G
should be avoided as every move of G implies a transaction
and thus transaction costs. Therefore, the formula for G
should dampen the noise originating from (he varying g,
values of the many sub-models.

The following sub-model integration formula is chosen to
produce gearing recommendations G:

(534
Gp=¢C

1u i", 8mi
1+ Lw

where n is the total number of sub-models (n=8 in this
embodiment). G, mainly reflects those sub-models with a
cleur view. Sub-models in a channel or sideways (noisy)
market (where the valuel, .. is large) have w and thus g,
values close to zero: they hardly contribute to G,,—they are
“switched off”. The constant ¢ is a scaling constant that is
chosen such that the following discretization can be per-
formed with threshold values between =1 and 1.

G,, is a volatile quantity changing its value at every tick. It
has to be canverted to a discrete gearing value G with as few
noisy oscillations as possible. The diserete gearing values are
preferably either -1, =22, 0, 'z, | (short, half-short, neutral,
half-long. long). A finer gearing scheme can be implemented

M

40

45

50

42
in order to lower the risk and, in thin markets, to keep trade
sizes small and avoid slippage. The following formula for G
is related to the above 5-position scheme and can be easily
adapted to other schemes:

1 ilGy2l 54

1
mzm{;, Gou] ifl>Gnzy

mox(0, Gu) iy >CGnzy:
G=4 G if y2> G < =72
min0, Goe)  if =y22Gpn <-7

1
min[—;, Gm] if ~y2zG6n<-n
-1

if —792Gn

where G,,, is the G value before computing the new G,,,. This
formula acts like a hysteresis with a dampening effect (or a
dragging anchor): G moves only if G,, substantially deviates
from the old value G,. The threshold values have the following
relation:

13924520 (55)

Many parameters of the algorithm are “weak” parameters
and are not subject to syslematic parameler optimizations,
They are chosen according to the logics of the algorithm and
from seprrae studies; and then they are frozen:

Only a few essential parameters such as the main threshold
values are systematically optimized. Limiting the overall
numberof parameters to be optimized decreases the danger of
overfitting—fitting random features of the specific in-sample
period rather than real market structures. The parameter val-
ues are as much as possible optimized for all time horizons
and FX rates together; different treatments of these should
follow from the adaptivity of the algorithm rather than from
separately optimizing parameters. The most relevant param-
elers for optimization are:

the channel length AT, ,,....; (see eq. 39)

thresholds (01T, e, (Se€ €4, 46), 1 ame (€ €4, 45), and

the main indicator z (z,, sec eq. 28)

the memory Al s, (see eq. 40)

the channel tolerance tol .., (see €q. 43)

the channel memory t ., (see eq. 42).

Animportant additional parameter is the scaling constant ¢ in
eq. 56.

The full sample (the full time period with available raw
data) is preferably divided into alternative pieces cf a length

af about-15-months:-in-sample, out-of-sample, in-sample,

out-of-sample, . . . . Only the in-sample periods are used for
performance measurement during the whole optimization
phase.

After the in-sample optimization, the algorithm and its
parameters are frozen. The out-of-sample test then measures
the performance of the model in the out-of-sample periods—
those that have not been tested yet.

If some FX rates (or other financial instruments) have been
left out in the in-sample optimization, their test in the full
sample can also be considered as a valid out-of-sample test.

It is to be expected that the model performance is not as
good oul-of-sample as in-sample. The out-o[-sample perfor-
mance is a much better (though not perfect) measure of the
true performance in the future than the in-sample perfor-
mance.

While the subject invention has been particularly shown
and described with reference to preferred embodiments of the
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system and methods thereof; it will also be understood by
those ol ordinary skill in the art that various changes, varia- TABLE 2-continued
tions, and modifications in form, details, and implementation - — X i D N
may be made therein without departing from the spirit and rate = A ¥
scope of the invention as defined by the appended claims. For 3 USDATL in sample 112%  58% 133% 046
example, although the description of preferred embodiments out of smple 202% 149%  64% 047
has focused on a currency trading system, it will be apparent [ L
ha Al Y g sysiem, 1t will be app Average in sample 169% 117%  93% 054
to those skilled in the art that the subject invention is also out of sample 187% 125%  8.1% 0.1
applicable to sccurities markets, options markets, and other » ex ante 174% 127%  45% 059
markels. Also, becanse U.S. Provisional Application No. ; e eriod (L3861 1.8 for USDYDEM, USDAPY, GBR/USD aud
: : n-sample period (1.3.86 to 1.3.89 for / b /JPY, / an
60/ ,274! 174, filed Mar. 8, 2001, has been incorpor, ate‘,i‘l?er €0 USD/CHF, and 1.12.86 to 12.3.89 for USDINLG, USD/TRF and USDATL),
in its entirety by reference, the (rading models disclosed ¢ out-of-sample period (1.3.89 to 1.10.91 and 1.12.89 to 1.10.91, respec-
therein, in particular in Chapter 11 (pages 286-338), are part  tively) and the ex ante period (1.10.91 t0 4.9.92).
of this disclosure, and are intended to be encompassed by the "
appended claims. ’
PP TABLE 3
TABLE 2 FX rate Model X Xueff D PL
FX rate Sample X Xeeff D piL USD/DEM MA(Q20) B&%  33%  143%  0.37
20 Preferred model ~ 21.9%  14.1%  77% 041
USD/DEM in sample 19.1% 13.5%  84% 048 USD/IPY MA(20) —0.7% -7.1% 39.9%  0.16
out of sample 26.9% 19.0%  7.6% 041 Preferred model 16.2% 121%  82%  0.66
ex ante 28.8% 222% 39% 0.9 GBP/USD MA(20) 87% 43% 93% 045
USD/IPY in sample 151%  9.7%  75% 0.6l Preferred model 17.7% 114% 109% 043
out of sample 13.4% 87% 82% 070 USD/CHF MA(20) 79%  1.1% 189% 035
ex ante -02% -11% 42% 057 o DPreferred model ~ 17.7%  10.7% 13.0%  0.62
GBP/USD in sample 14.6%  89% 11.1% 043 ° USD/NLG MA(20) 105%  6.3% 12.8% 041
out of sample 209% 149% 75% 046 Preferred model  20.1% 142%  89% 057
ex ante 13.7% 11.8% 11% 038 USD/FRE MA(20) 88%  4.4% 12.7% 030
USDIGHF———in-sample————18.4%. . 14.4%___6.9%... 0.69 _Prefeed model . 22.1% . 15.9%.  8.6% . 0.49
out of sample 125%  6.2% 120% 051 USDATL MA(20) 6.6% 23% 144% 034
ex ante 27% 157%  32%  0.68 Preferred model 153% 103%  92% 046
USD/FRF i sumple 193% 130% 103% 048 30
out of sample 174% 124%  63% 048 Performance Comparisons with o 20 Day MA Model (between the preferred
ox ante 9.1%  65% 57% 049 trading models and a more conventional 20-day moving-average model).
USD/NLG in sumple 203% 16.6%  7.6%  0.63 The test was conducted from 3.3.86 to 1.10.91 (major rates) and from
out of sample 19.6% 111% 84% 053 3.12.86 to 1.10.91 (minor rates). The same performance indicators as in
ex ante W% 04% 42% 074 Table 2 are displayed.

TABLE 4

Preferred Trading Model

Preferred Trading Model Portfolios

Exchange Annualized Maximum Drawdown  Annualized Maximum Drawdown
rales return drawdown period return drawdown period
USD/GBP 17.61% 11.07% 95 days

USD/DEM 23.06% 8.36% 133 days 18.35% 5.24% 22 days
USD/JPY 14.19% 8.24% 21 days

USD/DEM 23.06% 8.36% 133 days

USD/CHF 15.77% 12.00% 142 days 17.73% 5.41% 22 days
USDAPY 14.19% 8.24% 21 days

USD/GBP 17.61% 11.07% 95 days

USD/CHF 15.77% 12.00% 142 duys 15.95% 6.26% 21 days
LISDHPY L4 e 24 21 days

USD/DEM 23.06% 8.36% 133 days

USD/CIIF 15.77% 12.00% 142 days 18.95% 6.62% 149 days
USD/GBP 17.61% 11.07% 95 days

USD/FRF 18.51% 10.28% 129 days

USD/DEM 23.06% 8.36% 133 days 18.28% 6.54% 129 days
USD/IPY 14.19% 8.24% 21 days

Performance Results of a Portfolio of Trading Models (portfolios of three preferred trading models
with 1 stable, equal distribution of capital among the three models over a test period from Mar. 3,
1986 (Dec. 1, 1986) to Mar. 2, 1992).

TABLE 5
Selection Voting S, Xy Xer Xy Xy
Strategy ~ Scheme Scheme S, USD-DEM USD-JPY GBP-USD Mean
Trend  O(ff[501,2) 2 04 1.46 1.61 022 110
Tollowing
Contrarian  @(Ixf[75], 1) 0.3 2.66 6.93 516 491
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TABLE 5-continued

Selection Voting ~ S;, Xer Xy X.r Xor
Strategy ~ Scheme Scheme S,, USD-DEM USD-JPY GBP-USD Mean
Hybrid  ©(fxf[50], 2) i 0.15 3.00 9.20 169 4.6

O(fx{[75), 1)
Mixed o(xf[75],3) 1 0.2 1.28 11.81 020 443
Model 40 1.80 -3.61 -1835 -6.72
Model 50 -1.21 -0.34 -1033  -3.96

Results for the purely trend-following and purely contrutian models as well ps for the mixed
and hybrid models (constructed with onie trend-following and cne contrarian sub-model
scting synchronously st every hour) in the third in-sample hand (to which the sub-models
listve 1ot been exposed ). Indicated in the table are e set high [requency parumelens (Lamehad-
ing the selection scheme] in order to get the highest mean N over the 3 mtes studied so far,
The individual performances for cach mte that contribute to the mewn e also ineluded, (It
shionld be noted that the best results for the individual mtes are of course different). For
comparison, the corresponding performance for other preferred models in the third

in-sample band (24.12.92 to 22.06,94) arc also presented.

TABLE 6

‘Frend-Following Horizons using 0 fxf]50], 2

Rate/Hour 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
USD-DEM 28 28 18 28 28 18 28 28 28 28 28 28 28 28 15 15 15 18 28 28 28 28 28 28
USD-IPY 17 17 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 1S 16

GBP-USD 14 14 14 14 16 16 16 16 16 15 15 15 17

14 14 14 14 14 14 14 16 16 16 16

exchange rates studied.

TABLE 7

=]
w
N
9
(=)
-
=
L =)
=
-
=
—~
(5]

Rate/Hour 0 1

w
-
w
w
w
w

USD-DEM 4 5 4 4 4
USD-IPY 4 3
GBP-USD 3 3 71 1 7

14 15 16 17 18 19 20 21 22 23
7 71 7 17 3 3 3 3 3
5 6 6 6 6 4 6 3 3 3

14 13 4 4 3 4 4 4 6 6

Variation of contrarian sub-model horizons (in days) over the hours of the day using the selection scheme 0(fx{[75],1) for the

exchange rates studied.

What is claimed is:

1. A method of trading assets on a market, comprising the
steps of:

(a) receiving price data for an asset over one or more

computer networks;

(b) receiving current system position information;

(c) storing said received asset price data and said current
system. position information in_a computer-readable
medium;

(d) calculating trade recommendation information from
each of a plurality of trading sub-models; wherein each
sub-model is based on a different time of day. said cal-
culation based on said received asset price data;

(e) calculating a trade recommendation regarding said
asset based on said trade recommendation information
from each of said trading sub-models.

2. A method as in claim 1, wherein 24 sub-models are used.

3. A method as in claim 1, further comprising the step of
evaluating the performance of said sub-models using a risk-
sensitive performance measure.

4. A method as in claim 3, wherein said risk-sensitive
performance measurc is used to optimize the performance of
{he trading models.

5. A method as in claim 3, whercin said risk-scnsitive
performance measure is an effective return.

45
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55
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6. A method as in claim 1, wherein each sub-model com-
prises:

(a) a price collector component;

(b) a price filter component;

(¢) a price database component;

(d) a gearing calculator component;

(¢) a deal acceptor component; and

(f) a book-keeper component.

7. A method as in claim 1, wherein the step of calculating
a trade recommendation regarding said asset based on said
trade recommmendation information from each of said trading
sub-models is performed by summing weighted trade recom-
mendations of the sub-models.

8. A method as in claim 1, wherein the step of calculating
a trade reconunendation regarding said asset based on said
trade recommendation information from each of said trading
sub-models is performed by summing weighted trade recor-
mendations of N sub-models within the last T hours, where N
and T are positive integers.

9. A method as in claim 1, wherein the step of calculating
a trade recommendation regarding said asset based on said
trade recommendation information from each of said trading
sub-models is based on a ratio obtained by summing
weighted trade recommendations of N sub-models within the
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last T hours, where N and T are positive integers and dividing
that sum by the total number of sub-models.

10. A method as in claim 1, wherein each sub-model is
based on a triplet comprising price change and volatility data
calculated at regular intervals of a basic grid interval.

11. A method as in claim 10, wherein the volatility is
measured as a mean of absolute log price change.

48
12. A method asinclaim 11, wherein the mean is taken over

the last M consecutive observations of log price change over
the basic grid interval, where M is a positive integer.

0061



US008392311B2

12y United States Patent o) Patent No.:  US 8,392,311 B2
’ ’
Olsen et al. @5) Date of Patent: *Mar. 5§, 2013
(54) CURRENCY TRADING SYSTEM, METHODS, (56) References Cited
AND SOFTWARE
U.S. PATENT DOCUMENTS
(75) lnventors: Richard B. Olsen, Zurich (CH), 5787402 A * 771998 Dotteretal. ..cooocrerirrs 705/37
Michael Stumm, Toronto (CA) H2064 H * 5/2003 Buchalter ... .. 705/37
HO0002064 H * 5/2003 Buchalter ... 705/37
. . 2001/0049651 Al* 1272001 Selleck ....... .. 705/37
(73) Assignee: Oanda Corporation (CA) 20020023053 AI* 212002 Sz0c ctal, oo 705/39
(*) Notice:  Subject to any disclaimer, the term of this OTHER PUBLICATIONS
patent is extended or adjusted under 35 Cagan, Penny. Financial risk management sources: A walk on the
U.S.C. 154(b) by 1305 days. wild side; EContent 22.6 (Dec. 1999): 16-25.*
. . . . ) By Darren McDermott, Corporate Performance 1999 Review: I
This patent is subject to a terminal dis-  guarter—Latest Pro; Wall Street Journal [New York, N.Y] May 3,
claimer. 1999: CL.*
Turton, Jonathon. It is time rethink your netting; Corporate Finance
(21) Appl. No.: 11/634,014 175 (Jun. 1999): 32-34.*
(22) Filed:  Dec.4,2006 * cited by examiner
. - - Primary Examiner — Hani M Kazimi
(63) FrigrExblicofionDate Assistant Examiner — Hatem M Ali
US 2007/0078755 A1 Apr. 5, 2007 (74) Attorney, Agent, or Firm — Ward & Zinna, LLC
57 ABSTRACT
Related U.S. Application Data In one aspect, the present invention comprises a system for
— — trading-currencies-over-a-computer-network.-A- preferred
(63) Continuation of application No. 09/858,610, filed on embodiment comprises: (a) a server front-end; (b) atleast one
May 16, 2001, now Pat. No. 7,146,336. databasc; (c) a transaction server; (d) a rate server; (c) a
(60) Provisional application No. 60/274,174, filed on Mar,  Pricing engine; (f) an interest rate manager; (g) a trade man-
8. 2001. ' ager; (h) a value at risk server; (i) a margin control manager;
’ (j) a trading system monitor; and (k) a hedging engine. In
(51) Int.Ch another aspect, the present invention comprises methods for
G06Q 40/00 (2012.01) trading currency over a computer network. In another aspect,
(52) US. Cl ... cgsaiismeinsimiisza T05/37 the present invention comprises software for currency trading
(58) Field of Classification Search ............... 70537 ~ Over a computer network.

See application file for complete search history.

7 Claims, 14 Drawing Sheets

/ Participant
Partner |« Trading
Bank System Participant
Servers
Participant

0062



US 8,392,311 B2

Sheet 1 of 14

Mar. 5, 2013

U.S. Patent

juedioied

ueddiped

juedioiped

\ [/

[ 31

SI9AIDS
WoJSAg
Buipeu )

\ 4

Jueg
Jauped

0063



US 8,392,311 B2

Sheet 2 of 14

Mar. §,2013

U.S. Patent

T 31

MOpUIA Y00y (DM
INND
[~ 097 0g08°h avaruse
L 4l -4 GO 00'bL COER €0/ s680°t + annea
= oL rooLLL Adrdan
bb 7 60GEL Adr RN
EOLP'E v£ 700820 4803
Bk /bbb ® avarasn
Leery oL IbLZSE 4 SHO/QSN
£E 1 SEVOL AdF4GSN
8Ly quMUnnﬂﬂ LS 7 EbOL asrvaao
8t s BEZ'L asnuna
[T
ZELVL 2929408 NP AY uBeN psiia @
aLezz PISN WORA o @
BELE'L $0°0Z- 31y01g IO
— .- 1920200 soueeg g @
aw

. 2 P @

£100°0" ez L 096Z b eLreze 00S€E asnn3 oL e Bq!.-o
__14408d  LDIVYA 3D ari s NIDYYIN S1tNN ¥¥N3 JE TN

er= .m__.w._.n R YD X4 VANYO

0064



US 8,392,311 B2

Sheet 3 of 14

Mar. 5, 2013

U.S. Patent

N

e qa_\_>
SKWaa
Jojpuoy Mm W - JBAI0G
swoyshg 1B i uopoESURL) |
sound W 1seiaju)
wod josuod epelj : I
uibueyy
X busjuos
ouibuza . // FEYNTYS
BuiBpsH é / /
Jojuoly ouibu
o | | e .
soupey Bupesy :HMM.,W A
HYA

0065



US 8,392,311 B2

Sheet 4 of 14

Mar. 5§, 2013

U.S. Patent

"SI

0 TN T

S19AI9S
aseqejeq

TE EnY Iy

S19AI9S

sJanoy

dSli

0066



US 8,392,311 B2

Sheet 5 of 14

Mar. 5, 2013

U.S. Patent

EL it eaem [2]_cmmns) Ao

+988°0
+208'0

Zeoe nh

80 7 08P b6 AdrrEns
0 /7 Z000°0 dgordn3a
O / ZECS'L avorasn
St FLLGLY dHorasn
€8 7 08’804 Adrrasn
08 / P81 qasSN/480
8 7 TBOB'0 asn/un3

T=1

BIAWY LrIENNMITT

€896 'C; 08°+0E"Z6 aqeEvAY Wb
0 ‘9202 pIsn wibiey

poLB 0 00ZZ- S0 [FI0L

k] ‘00:gl S oL T | 00°000°008 souTieg

1] - QOO ‘6 LDO - OEMA/UND ABWV IS LNNDODY
Z000'0- Zo98'0 6860 oLL8'0 1080 0000+ asnsn3 pOLEE 8
Wooqo. bBYD' b e8bY’ L 2b50°L OB b 00000+ asn/ded SOLEE @
L 11408d | 13¥uvw | 301d | a8 | ws | siinn | wuna | i3xoiL ||

1=

EAQwa ) N340

disHy RASASRA W3

uoRavWuoD

abueyoxaioy ¥,

0067



US 8,392,311 B2

Sheet 6 of 14

Mar. §5, 2013

U.S. Patent

L ‘81

68080 80980

£000°0- Z6880 S280 00059 asnani 65¢6€ S
20000 ELpLh SibLd 00000+ 3HOrasSN 0OLE€E S
11408d [ 13uvn | 30wd [T dan | ws [ sumng | wund [ 13wann |
_UM_ SE30vEl N3d0
9 314
08°LOE'Z6 s|qepenyy wbiepy
0} 920°2 pasn wbiepy
(8 [0 QA sjjoid jejo
00 000001 aouejeg

ANV INWNIE 4AMNOOIY

0068



US 8,392,311 B2

Sheet 7 of 14

Mar. 5, 2013

U.S. Patent

6 31

pauyIpuUn BOSEB zio'ee €682 €6 €02 €6 000002 Adrran3a @z 6
NOILwHNAa | 1398w | 33iad || a2 | s | sunn | wund | w3aguo [ |
_uu BEH3IOBO R3D0)
8 31
8000°C- 1608'0 6898'0 000S0 asn/an3 s
80000 yds ¥ 0 civL’) 00000t IHIIASN S
11303d | LIAYVA [ 3%1d onv | SLINN | TR |

[ 1]

EMNDLUIEBDY NGO

0069



US 8,392,311 B2

Sheet 8 of 14

Mar. §, 2013

U.S. Patent

01

31

240G} ‘000Z ‘43 PO 680380 000SZ asnin3 WPWEW 11°S ZZD45
£0:6t ‘000Z 'L} PO 8888'0 000S2Z asnAIN3a wyen Ang L2048
8€°Z) “000Z ‘L L PO post’L 0000l asn/dao Woid e ) LODLS
€04 "000Z ‘'8 PO a8ttt b 000C0L asn/dao Ppew Ang 65806
Zt:01 ‘0002 '8 RO +898°0 0000 asnvynN3 Pyen Ang 856806
INIL/3LVA [ 3omd | simn | #¥n2 3dAL | NDILIOVYSNYYL

[1-]

ABNCLE ANIDITY

0070



US 8,392,311 B2

Sheet 9 of 14

Mar. 5§, 2013

U.S. Patent

11 314

6b / 0EZZ6 Adfrdn3
206+ 06850 d8os48n3
bL s 0L0G°0 aw/asn
£8 F E£98L} 3H34ASN
887 09201 Adrsasn
8L /GLSP) asnsdas
gb 7 SPS80 asnsan3

s

HIALVY Y LMNTMINNAD

0071



US 8,392,311 B2

Sheet 10 of 14

Mar. §,2013

U.S. Patent

Z1 ‘811

a suw g || jearmiy |a asnsan3 | Aouasng
obS8'0

1 B
bBS80
85980l
20480
96280

0] __GL 90| L 190]__£F W02 190] |_LL 190

- 00OOZ ‘Ol 130 - OSM/NN3

0072



U.S. Patent Mar.5,2013  Sheet 11 of 14 US 8,392,311 B2

-+ Market Order

FOREXZHAMGE

@ MARKET  \| ENTRY '\

ACTION BUY 4
CURRENCY EURUSD ]
UNITS 10000
RATE |o.8548
[V Lower Limit |0.8533 +
IV upperLimit |0.8558 +
[V Biop Lo [oss20  +
[T Take Profit | +
You are buying EUR
and selling USD
Submit Cancel

Weming: Applet Window

Fig. 13

0073



US 8,392,311 B2

Sheet 12 of 14

Mar. 5, 2013

U.S. Patent

p1 "SI

OpUl M, 19jddy ‘Buiiem |

20

0 :12qUInU 33301 ]
"J9p10 jaxiew paj}dador J3AalRg

OJdN)

12p1(] 19ie W

0074



US 8,392,311 B2

Sheet 13 of 14

Mar. 5, 2013

U.S. Patent

Gl 814

MOopUI 19)0dy [Buiue M |

1Isoueln ,_ —‘ wgnsg _

asn Buyjss pur

HN3 Buring e no A

T~ L2ss 0]

— = — + 0ZS8 0

sso—y dois |\|:.-

—4 smm_uo._.“ vonEINg
[- I+ _exseq il
oot SA4INN

= asnsgna| AON3HHND
—Ill Lr.Dmm NOI1LDV
N ANLNS | L3N

=] =5 &~

e sl e B |

13p1 O AIu P L.

0075



U.S. Patent

US 8,392,311 B2

Mar. §, 2013 Sheet 14 of 14
1605 1610
Trader opens Trading Station i I "
display Trader clicks "Buy/Sell” button
1615

Order window is displayed

Trade order executed if (a) @ market order and the market
price is within limits, or (b) an entry order and market price

meets specified threshold

1625
Trader clicks
*Entry” tab
1620 order v
Trader decides whether to place Market 3
Order or Entry Order 16830
Entry order flelds
displayed
Market 1635
order
Trader enters order
parameters
i 1640
Trader submits order
1650 1645
Market price Order data is sent to Trading
calculated System server
1660
1655

Fig. 16

]

Trading System server sends
trade status data to Trading
Station application J

1665

Order acknowledgment window
is displayed




US 8,392,311 B2

1

CURRENCY TRADING SYSTEM, METHODS,
AND SOFTWARE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is a continuation of application Ser.
No. 09/858,610 filed May 16, 2001 now U.S. Pat. No. 7,146,
336 which claims priority to U.S. provisional application No.
60/274.174. filed Mar. 8, 2001, and incorporates the entire
contents thereof herein by reference.

FIELD OF THE INVENTION

‘I'he present invention is related to currency trading; more
particularly, the invention is related to trading currency over a
computer network.

BACKGROUND

In a traditional on-line currency market, a trade occurs
through three steps: (1) the trader specifies to a dealer the
currency pair and the amount that he would to trade (but does
not specify whether he would like to buy or sell); (2) the
dealer specifies to the trader both a bid and an ask price and
gives the trader several seconds to respond (the dealer not
knowing whether the trader will buy, sell, or reject the offer);
and (3) the trader either rejects the offer or specifies whether
he is buying or selling (his response must occur within a time
frame of a few seconds).

But performing such a three-way handshake over the Inter-
net is somewhat impractical because of Internet delays: the
trader might not actually have a few seconds to respond
before the dealer withdraws the offer. Thus, there is a need for
a system and method of on-line currency trading that is based
on a trading model that is superior to the three-way handshake
described above.

Another problem is that many corporations have firewalls
that restrict access to the corporate network, and that typically
restrict access to the Internet (and to well-known services
such as email, the World Wide Web, etc.) from within the
corporation. This inhibits the ability of on-line trading sys-
tems to access information from and transfer information to
users behind corporate firewalls.

SUMMARY

The present invention overcomes the above-described and
other disadvantages of previous currency trading systems and
methods. In one aspect, the present invention comprises a
system for trading currencies over a computer network. A
preferred embodiment comprises: (a) a server {ront-end: (b)
at least onc database; (c) atransaction server; (d) a rate server;
(c) a pricing enging; (f) an interest ratc manager; (g) a trade
manager, (h) a value at risk server; (i) a margin control man-
ager; (j) a trading system monitor; and (k) a hedging engine.
Each of these components is described in detail below in the
Detailed Description section,

In another aspect, the present invention comprises methods
for trading currency over a computer network. In one embodi-
ment, a preferred method comprises: (a) transmitting cur-
rency market information over a computer network to an end
user; (b) receiving # currency trade order from the end user,
wherein the eurrency trade order comprises limits within
which the currency trade will be acceptable to the end user;

—_
=

45

0

ss

=N

0

65

2

(c) calculating a market exchange rate for the currency trade
order; and (d) execuling the order il the market exchange rate
is within the specified limits.

In another embodiment, a preferred method comprises: (a)
transmitting currency market information over a computer
network to an end user; (b) receiving a currency trade order
from the end user, wherein the currency trade order comprises
a threshold exchange rate; (c) calculating a market exchange
rale for the received currency (rade order; und (d) executing
the order (1) if the market exchange rate is or goes above the
threshold exchange rate and the order is a sell order, and (2)il
the market exchange rate is or goes below the threshold
exchange rate and the order is a buy order.

1na further embodiment, a preferred method comprises: (a)
receiving currency market information over a computer net-
work from a trading system server; (b) transmitting a cur-
rency trade order to the trading system server, wherein the
currency trade order comprises limits within which the cur-
rency trade will be acceptable; and (¢) il a market exchange
rate is within the specified limits, receiving information from
the trading system server indicating that the currency trade
order was executed.

In another embodiment, a preferred method comprises: (a)
receiving currency market information over a compuler net-
work from a trading system server; (b) transmitting a cur-
rency trade order to the trading system server, wherein the
currency trade order comprises a threshold exchange rate; and
(c)if (1) the applicable market exchange rate is or goes above
the threshold exchange rate and the order is a sell order. or (2
the applicable market exchange rate is or becomes below the
threshold exchange rate and the order is a buy order, receiving
information from the trading system server indicating that the
currency trade order was cxecuted.

Tnanother aspect, the present invention comprises software
for currency trading over a computer network. In one embodi-
ment, preferred software comprises: (a) software for receiv-
ing data over a computer network from a trading system
server; (b) software for displaying a first graphical uscr inter-
face display that: (i) displays continuously updated currency
exchange rates in real-time based on data received from the
trading system server; and (ii) displays action buttons, includ-
ing a buy/sell button; (c) software for displaying, in response
to auser clicking the buy/sell action button, a buy/sell window
display that: (i) comprises trade order parameter fields; and
(ii) accepts trade order data entered into the trade order
parameter fields by a user; and (d) software for transmitting
said trade order data to said trading system server over said
computer network.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts parties involved in a preferred embodiment.

FIG. 2 depicts a graphical user interface of a preferred
embodiment.

FIG. 3 depicts modules of a preferred trading system
server.

FIG. 4 depicts hardware components of a preferred
embodiment.

FIG. 5 depicts a graphical user interface of a preferred
cmbodiment.

FIG. 6 depicts an account summary table display.

FIG. 7 depicts an open trades table display.

FIG. 8 depicts an open positions table display.

FIG. 9 depicts an open orders table display.

FIG. 10 depicts a transactions table display.

FIG. 11 depicts a currency rates table display.

FIG. 12 depicts a currency exchange rate graph display.
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FIG. 13 depicts a buy/sell pop-up window display.

FIG. 14 depicts an acknowledgment window display.

FIG. 15 depicts an entry order display.

FIG. 16 depicts steps of a method of a preferred embodi-
ment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The Currency Trading System of a preferred embodiment
(hereinafter “Trading System”) of the present invention
allows traders to trade currencies over a computer network.
Preferably. this computer network is the Intemet, and the
subsequent description herein is primarily in terms of the
Internet. However, those skilled in the art will recognize that
the following description also applies to other computer net-
works. Traders interface to the system using ordinary Web
browsers running feature-rich Java applets; they obtain real-
time data feeds of current exchange rates, they can analyze
past exchange rates using graphical tools, they can review
their current portfolio and past trades, and they can place buy
and sell orders in the real-time market. Businesses inter face to
the system using an APL Innovative features that set the
Trading System apart from the competition are: (i) extremely
low spreads on the order of a few basis points, (if) the ability
to trade very smull amounts as low as §1, and (iii) 24 hour a
day, 7 days a week availability. This system has the potential
to.revolutionize the way. currency trading is done and to open
up currency trading to a new, large market segment of inves-
tors and speculators for whom currency trading is not feasible
today. Moreover, it allows businesses to address their cur-
rency exchange requirements in the most cost-effective and
efficient way.

A description of the preferred server infrastructure used in
the Trading System follows. We first give a brief introduction
of the system as a whole.

The Trading System involves three components (see FIG.
1): (1) traders that are distributed around the world; (2) Trad-
ing Systemservers; and (3) “Partners” consisting of the finan-
cial institution(s) through which real currency exchange
trades are cxecuted, and from which real-time data feeds arc
oblained.

‘Iraders communicate with Trading System servers over a
secure, encrypted Internet connection to review their
accounts, to monitor currency exchange market conditions, or
to initiate currency exchange trades. The Trading System
servers are preferably connected to the partners” back-office
systems, using direct, private lines.

A trader trades with the Trading System similar to the way
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not specify whether he would like to buy or sell); (2) a dealer
provides both a bid and an ask price to the trader and gives the
trader several seconds to respond (the dealer does not know
whether the trader will buy, sell, or reject the offer); and (3)
the trader either rejects the offer or accepts the offer and
specifies whether he is buying or selling, within the response
period set by the dealer.

In the Intemet domain, this type of three-way handshake is
problematic. The timing constraints are difficult to implement
because of frequent delays in transmission over the Internet.
To overcome this problem, the present invention uses a “two-
way handshake,” in which: (1) a trader specifies in her trade
order: (a) a currency pair; (b) a desired amount to trade; (c)
whether she wishes to buy or sell; and (optionally) (d) upper
and lower limits on an acceptable exchange roie; and (2) a
dealer (in this case, a preferred Trading System) executes the
trade using the most current “market rates” (as calculated by
the system), However, the system only executes the order if
the calculated market rate lies above any specified lower limit
and below any specified upper limit. Note that this method
does not require the use of timing constraints, and thus avoids
the Internet-implementation disadvantage of previous meth-
ods,

Inthe present invention. trades can be initiated by the trader
at the push of a button. A trading request form pops up with
fields properly initinlized so a8 to minimize the number of
keystrokes required. A trader may elect to execule a trade
right away, in which case the buyer of a currency will buy at
the current exchange rate market offer price. Conversely, a
trader can sell a currency at the current bid price. A range of
automatic trading options is available, including setting bid/
offer prices with a certain duration and “all-or-nothing™ rules.
Furthermore, the trader can limit her risks by placing stop-
loss orders that are executed automatically. Similarly, she can
lock in profits, by issuing take-profit orders.

All communication between the trader’s browser and the
Trading System server accurs through the Internet, preferably
using the strongest available encryption (e.g., 128 bit keys).
Moreover. the trader must authenticate herself using private
passwords or certification keys obtained from certification
authorities. such as Verisign or Entrust.

A request for o markel trade preferably proceeds as [ol-
lows: the trader, at a push of a button, obtains a trade order
ticket in a popup window on the browser with key fields
pre-initialized (see FIG. 13). When the trade order is issued,
again by the push of a button, a message is sent to a Trading
System server, where the market price is calculated hased on
such factors as market data, size of the transaction, time of
day, the Trading System’s current exposure, and predictions

shefurrent-ly—t-rades—wi-th—a—broker,—except—l-hat-t-hertrading~is_50_on_1nar.kct_di1:ecﬁon_'ﬂ1e_tradc order is executed nsing this

over the Web, occurs 24 hours a day, 7 days a week, and
allows very small trades with very low spreads. Moreover, an
initial deposit, which may be as low as $20, can be charged to
a credit card to get started. Altematively, the trader can trans-
fer initial funds directly to the Partner bank to be credited to
ler Trading System account.

The end user interface to the Trading System is a Web page
that can be displayed on any standard Java-enabled browser.
The Web page (one version is shown in FIG. 2; a second.
preferred version is shown in FIG. 5) depicts a summary of
the tracder’s current position, recent trading activities. profi/
loss performance of the portfolio, and a graphical display of
recent past performance of the currencies the trader has posi-
tions in, as well as real-time exchange rates.

As discussed abave, in a traditional on-line currency mar-
ket a trade occurs through three steps: (1) a trader specifies a
currency pair and an amount hie would like fo trade (and does

55
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market price. (The trader can specify limits, so that the trade
occurs only if the price falls within these limits.) As such, the
Trading System operates as a market maker. A message is
then sent back to the trader with specific trade details, which
is displayed in a popup window (see FIG. 14) on the trader’s
browser together with a transaction id (for future reference).
Moreover, an open orders table (see FIG. 9) and current
portfolio summary table (not shown) is updated to reflect the
change.

Alternatively, the trader can issue in a similar manner an
entry order (see FIG. 15) that requests a trade be made when
the currency exchange rate reaches a specified threshold. The
trader may specity how long the entry order will be valid.

Referring to the attached figures, a preferred embodiment
comprises a method of trading that in tum comprises the
following steps (see FIG. 16): At step 1605, a trader desiring
to trade opens a Trading Station display, and at step 1610
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clicks a “Buy/Sell” button 510 on the Trading Station display
(see FIG. 5). At step 1615 an order window is displayed (see
FIG. 13). At step 1620 the trader decides whether to place a
market order or an entry order. If a market order. then the

6

The Trading System server architecture is designed to be:
(1) modular, in order (o: (a) simplify development (lime-
to-market); (b) easily allow extensions and modifications; (c)
ensure correctness and robustness, and (d) keep it maintain-

trader proceeds to step 1635 and enters desired order param- 5 gble;

eters (as shown in FIG. 13). It an entry order, then the trader
proceeds to step 1625 and clicks an “Entry” tab 1320 (see
FIG. 13). At step 1630 entry order fields are displayed (see
FIG. 15). Then the trader proceeds (o step 1635 and enters
desired order parameters (as shown in FIG. 15).

Once order parameters are entered at step 1635 the trader
submits the order by clicking a “Submit™ button 1310 (see
FIG. 13) il the order is a market order. or clicking a “Submit”
button 1510 (see FIG, 15) if the order is an entry order. Al slep
1645 data describing the order is sent by the Trading Station
application to a Trading System server, where the data is
stored. At step 1650 a current market price for the currency
the trader desires to purchase is calculated. At step 1655 the
trader’s order is exccuted if (a) the trader’s order is a market
order and the calculated market price is within the limits set
by the trader in the market order form at step 1635; or (b)
order is an entry order and the calculated marke! price meels
the threshold(s) specified in the Entry order form at step 1635.

At step 1660 the Trading System server sends trade status
data to the trader’s Trading Station application. This data
includes an indication that the order has been executed, if that
is the case, and at any rate includes an indication that the order
has been received. At step 1665 the Trading Station applica-
tion displays an order acknowledgment window (see F1G. 14)
that displays order status information.

Over titme, the Trading System will accumulate an imbal-
ance in its currency portfolio and, at times, it will need to
neutralize its risk exposure to adverse currency fluctuations.
The Trading System Pricing Engine can influence its expo-
sure by setting its price quotes accordingly. Moreover, it can
close out its positions periodically or take hedging positions
by executing larger trades through its Partners. Preferably the
Trading System’s positions arc managed based on state-of-
the-art trading models. Preferred trading models are
described in U.S. patent application no. [METHODS FOR
TRADE DECISION MAKING, to Olsen et al. |, filed May 14,
2001, the contents of which are incorporated herein by refer-
ence, as well as in U.S. provisional application No. 60/274,
174, filed Mar. 8, 2001.

The Trading System servers preferably operate 24 hours a
day, 7 days a week. Thesc servers interface with the traders
over the Tnternet on the one hand and on the other hand with
the Partner’s back-office operations. Using standard, state-of-
the-art database technology, it maintains the accounts of all
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(2) efficient, in order to provide fast response times to
online users and minimize the computational and networking
resources required to support the service,

(3) scalable, in order to support (with suitable computing
infrastructure) a large number of online users and high trans-
action volumes; and

(4) fault resilient, so that any individual failure of a com-
puting node or network connection does not interrupt service.

The Trading System server soltware preferably runs exclu-
sively on Unix platforms, and is composed of the following
modules, each with a distinct set of responsibilities (see FIG.
3):

(1) Database (DBMS) 310. This is the heart of the server. It
keeps track of customer profile information, all customer
accounts and all transactions, and ensures that atomicity,
consistency, independence, and durability (“ACID”) proper-
ties are maintained. The database is the reference point for all
information kept by the system.

The database is preferably a standard commercially-avail-
able SQL database, configured for full replication for reliabil-
ity, availabilily, and improved performance. The preferred
embodiment is based on IBM’s DB-2 product line, but
Oracle, for example, could also easily be used.

(2) Server Front-end 315. The server front-end 315 is
responsible for all communication with the Web-based cli-
cnts. It supports both persistent and non-persistent connec-
tions to the traders. The persistent connects arc used primarily
for periodic (i.e., every few seconds) transmission of the latest
currency rates so that the traders can update the currency
graphs and tables in real-time. Using persistent conncctions
significantly reduces protocol processing overhead and
reduces network bandwidth requirements. Non-persistent.
connections are used for all transaction-oriented requests,
such as orders, transaction history requests, logins, etc. All
transaction-oricnted communication between the trader
browsers and the Server Front-end occurs fully encrypted,
while rate information is transmitted in unencrypted form for
cfficiency reasons.

Traders preferably communicate with the server using a
request-response type of protocol. The Server Front-cnd 315
interprets each request it receives and, for each, takes appro-
priate action. For login requests, it sets up appropriate data
structures so that all future requests can be serviced in the

traders-and-executes.irades issued by the traders. The Trading 50 most efficient way. It also sets up encryption keys for secure

System thus plays the role of a market maker in that it inter-
nally aggregates all trades and only occasionally balances its
internal positions by trading larger sums through the Partner.
These larger trades are issued to the Partner in an automated
way. The Trading System also takes hedging positions so a5 to
minimize risks on the unbalanced portions of the traders’
account aggregates.
Partner’s Role

The Partner maintains all actual funds. It is the source and
target of all fund transfers to and from customers: it maintains
the aggregate accounts; and it executes all trades issued auto-
matically by the Trading System servers. From alegal point of
view, all funds must be maintained in money market instru-
ments. Hence, the Partner will maintain a Long and a Short
money market fund for each currency supported.
Overview of Currency Trading System Server Internal
Design

S5

60

65

communication, and logs the start of a new session with the
Transaction Server. For rate requests, it returns the requested
rates it obtains from the rate server. For orders, it executes the
orders by issuing appropriate requests to the transaction
server after checking the margin requirements, the availabil-
ity of funds, and using rates as determined by the pricing
engine. For stop-loss/take-profit and fixed-price orders (that
may get executed in the future), the Trade Manager 365 is also
informed. For each trade that gets executed, the Hedging
Fingine 340 and Margin Control 350 modules are informed,
so that they always have an up-to-date snapshol of the state.
For transaction history, the appropriste information is
returned to the client after obtaining it from the Transaction
Server 355.

The Server Front-end 315 also encapsulates a standard
Web server (a la Apache), that services other trader requests
that entail formatted text; this includes all of the Help pages,
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large transaction history requests, and server monitoring
information. The Server Front-end 315 also acts as a Firewall.

Internally, the Server Front-end 315 is structured as a set of
threads that service one request after another. The threads
allow concurrent request servicing so that many requests can
be serviced in parallel.

(3) Rate Server/Pricing Engine 325. The Rate Server
obtains currency exchange rate information from a variety of
external rate sources and stores it locally. The Pricing Engine
computes the currency exchange rates that the traders see and
that are used for trading. These are computed from the cur-
rency exchange rates obtained from the external rate sources,
the directional movement and volatility of the market, the
current Trading System exposure and a number of other
parameters. The computed rates are made available to the
other modules of the systen1, and are also stored on persistent
media. Various methods of calculating such rates are known
to those skilled in the art. A preferred method is described in

U.S. patent application Scr. No. 09/764,366 filed Jan. 18, ,

2001, to Miiller et al.

Traders can request historical rate data so that they can
graphically display the movements of any pair of currencies.
The Rate Server serves such requests and preferably has

several years of currency exchange rates available for this -

purpose.

l‘or fast response time, the Rate Server caches in memory
all of the frequently and recently requested rates so as to
‘minimize the number of disk accesses requiréd.

(4) VAR (Value at Risk) server 320, This server obtains and
serves Value at Risk information. Various methods of calcu-
lating VAR are known in the art. A preferred method is dis-
closed in U.8. Provisional Patent Application No. 60/200,
742, filed May 1, 2000, to Miiller.

(5) Transaction Server 355. This server encapsulates all
transaction functionality and communicates the transactions
to the Database 310 server (which runs on a separate host)
after validating the transactions. The Transaction Server 355
also updates all other modules that need to be informed of
new transactions. I'inally, the Transaction Server 355 informs
the currently online traders when a transaction (that may have
been issued by a stop-loss, take-profit, or limit order daemon
or by the Margin Control Manager) takes place.

(6) Interest Rate Manager 360. The Interest Rate Manager
360 periodically (for example, every few minutes, every few
seconds, or tick-by-tick) goes through all trader accounts to
compute the interest rate due or owed based on the instru-
ments currently in the portfolio, each resulting in a (ransac-
tion of the trader account. The portfolio information is
ohtained through the Transaction Server 355. The interest
rates used are obtained from external sources, and the history
of interest rates are stored on persistent storage. Because
real-time (or near real-lime) information is used, the Interest
Rate Manager is capable of calculating, paying out, and col-
lecting interest by the second. Interest calculation formulas
are known to those skilled in the art, and any appropriate
formula can be used in the Interest Rate Manager without
departing from the scope of the invention. An example is the
formula

yomt
A=P(l +—)

where P is the principal, r is the annual interest rate, t is the
time (in years) over which interest is carned. m is the number
of times per year that interest is compounded, and A is the
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amount owed (principal plus interest). The interest camed
during time 1 is A~P. Thus, (or example, [ (he annual inlerest
rate is 3%, and the interest is compounded daily, then the
interest 1, eamed over each time period T, =t,~t,_,, where
each t, is a clock-time (i.e., a particular day-hour-minute-
second-fraction-of-a-second) to the nearest second (thus T, is
in scconds), is calculated according to the formula I,=A,-P,,
where P, is the principal (the amount earning interest, not the
“original” principal) at time t,_,, and

eST
0.03 ]'jru—b,"um

Ay =P‘(l+m

Since there are 31,536,000 seconds per year,

T
31,536,000

is the time in years over which the interest is being calculated.
Similar formulas can be used when 1;, is given to the nearest
tenth, hundredth, or other fraction of a second. If interest is
compounded continuously, those skilled in the art will recog-
nize how to apply the well-known formula A=Pe"” appropri-
alely. Thus, (o calculate interest on a tick-by-tick basis, the
above formulas can be used, with T, representing time
between ticks.

(7) Trade Manager 365. The Trade Manager 365 continu-
ously checks whether a trade should be executed on behalf of
a trader, and if so executes the trade by interacting with the
transaction server, The Trade Manager 365 consists of mul-
tiple subcomponents: (a) a stop-loss dacmon continuously
checks to see whether stop-loss orders should be executed
and. if so, executes them through the Transaction Server 355;
(b) a take-profit daemon continuously checks to see whether
take-profit orders should be executed and, if so, executes them
through the Transaction Server 355: and (c) @ limit-order
daemon continuously checks to see whether a limit order
should be executed and, if so, executes it through the Trans-
action Server 355.

The daemons continuously monitor the current rates to
determine whether action is required. Morcover, cach of the
daemons caches in memory ail of the orders that it may need
to execute. They keep the orders suitably sorted so that they
can take fast action when necessary; for example, the stop-

sn_loss daemon sorts the orders in descending order of stop-loss

price, the take-profit in ascending order of take-profit price.

(8) Margin Control Manager 350. This module continu-
ously monitors the margin requirements of all trader
accounts. When necessary, the Margin Control Manager 350
will liquidate some (or all) of a trader’s holdings. It caches in
memory all of the information necessary for this computa-
tion, sorted in decreasing order of risk, so that it can take swift
action when necessary. Holdings are liquidated through the
Transaction Server 355, when neccssary.

(9) Trading System Monitor 330. This module continu-
ously monitors the current state of the Trading System.
Among others, state parameters include: (a) current Trading
System currency positions; (b) current margin situation; (¢) a
summary of stop-loss, take-profit, and limit orders that exist;

s (d) the number of currently online users; (e) the number, size

and type of trades executed per second; and (f) a summary of
the account positions held by the users.
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This information is made available (a) to the Pricing
Engine 325 (where it is-used to set the currency exchange
rates made available to the traders), (b) to the Hedging Engine
340 so that it can determine when to issue trades with the
Partner Bankend Bank, and (c) to system operators and Trad-
ing System financial engincers in real time via a feature-rich
Web interface. Moreover, this information is logged on per-
sistent storage for later, off-line analysis.

(10) Hedging Engine 340. This module continuously
monitors current Trading System currency positions, the
positions held in the trader accounts, recent trading activity,
and the market direction and volatility to determine when to
issue a trade with the backend Partner Bank. Various methods
of performing such calculations are known to those skilled in
the art. The Hedging Engine 340 preferably uses the hedging
too] described in U.S. patent application Ser. No. 09/764,366,
filed Jan. 18, 2001, to Miiller et al., the contents of which are
incorporated herein by reference.

(11) Partner Bank Interface 335. This module communi-
cates directly with the backend Partner Bank to issue trades
and obtain account information.

(12) Computer Systems Monitor 345. This module con-
tinuously monitors the operation and state of the computer
systems on which the Trading System is running. Besides
error conditions, such metrics as memory, processor, disk,
and network utilization; paging activity; the number of pack-
ets senl over (he various networks; the number of transac-
tions; and the number of processes and threads are of interest.
This information is made available to system operators in real
time via a feature-rich Web interface and local consoles. In
addition, it is stored on persistent storage for Jater, off-line
analysis.

The Server modules described above are structured so that
they can run independently as separate processes that can be
independently mapped onto an arbitrary computer within a
cluster. Morcover, cach of the modules can run in replicated
form, providing both fault tolerance and increased through-
put.

Preferred Physical Organization of the Trading System
Server

A Trading System Server of a preferred embodiment runs
on & hardware base consisling of a cluster of hosts and disk
farms connected by networks. All of the hardware compo-
nents are preferably replicated for fault tolerance, as depicted
in FIG. 4.

The cluster is connected to multiple ISPs so that if onc ISP
goes down, traders can still communicate with the server. The
18Ps are connected to the Server through a pair of routers 410
that monitor each other; if one of them goes down, then the
otherwill automatically-take over.

For security reasons, the Database 310 is on a separate
back-end network; this way, it is not connected directly to the
Internet and can only be accessed by the Transaction Server
355. The Database 310 is setup ina dual configuration, so that
the system can continue operating with a single database
failurc. All disks arc mirrored, again, so that any single disk
failure will not result in a loss of data.

All of the other server processes run on a cluster of servers
420, connected to the Internet routers 410 on the one side, and
connected to the backend database 430 on the other side. A
virtually unlimited number of servers can be used in the
cluster, allowing the system to scale up to support a large
number of users. The servers can be partitioned by function-
ality, allowing specialized servers to be used, optimized for
the particular functionality. For example, the Rate Servers
325 need minimal CPU power, and only a limited amount of
memory. They also can be replicated easily without the intro-
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duction of any complexity or overhead. Hence, smaller, less
costly hardware can be used for this purpose.

After login, traders typically communicate with a particu-
lar server in “sessions” for performance reasons. Using ses-
sions improves cache locality, resulting in far fewer database
accesses, and it allows the cost of creating session encryption
keys to be amortized over many comumunication actions, For
load balancing purposes, the trader software is directed to
henceforth communicate with the least loaded server at the
time when the trader first logs in. In case of severe load
imbalances, individual traders are redirected to new, less
loaded servers. If any of the servers crashes, then the client
software that was communicating with the crashed server will
detect the failure and automatically (transparently to the user)
go through a new login procedure.

User Interface Description
Overview

The following is a description of a preferred user interface
of a preferred Trading System. The main user interface dis-
play is called a “Trading Station,” and it is used for all inter-
actions with the trading system by a trader, such as analyzing
changes in currency exchange rates, reviewing the trader’s
current currency positions, reviewing the trader’s past trans-
actions, or issuing buy and sell requests. The key features of
the Trading Station are that: (1) it runs on any of the popular
Web browsers connected to the Internet; (2) it displays con-
tinuously updated currency exchange rates in real-time; (3) it
displays all pertinent information in one window; and (4) all
interaction with the server occurs over fully-encrypted Inter-
net connections.

System Requirements

The User Interface is preferably implemented in Java so as
to run on any browser with JDK 1.2 support, which includes
all Netscape Navigators versions 4.2 and up as well as
Microsoft’s Internet Explorer versions 5.0 and up. The Trad-
ing Station is preferably supported for Windows 95, Windows
98, Windows 2000, Windows NT, Linux, Sun Solaris, and
other Unix-based operating systems.

If operated from behind a firewall, then the Trading Station
may operate properly only if the firewall allows HTTP
requests to Port 90. Many corporations have fircwalls that
restrict access 1o (he corporale network o well-known ser-
vices such as email. Typically this restriction is accomplished
by restricting the ports that may be used. Forexample, Port 80
is typically used for http (Web-based) traffic. Some firewalls
inspect traffic going through Port 80 to ensure that the port is
being used only for Web-based traffic. This s problematic for
trading systems that do not use http messages—it causes
users behind corporate firewalls to be inaccessible. However,
a preferred embodiment of the present invention overcomes
this obstacle by prefacing Trading System messages with
standard http headers to make them appear to be http requests
and responses, even though they are not.

Log in Procedure

In order to log in, a trader must be a registered user. Reg-
istering is preferably free and can be accomplished by click-
ingona “new users” link on a login page. I.ogging in requires
a user 1o provide a user-ID and password. If a trader forgets
her password, she can click on the “forgot your password”
link and fill in the information requested; her password will be
then be emailed to her.

If user-ID and password are enfered correctly, a small
window appears indicating that the Trading Station is being
loaded. After a short time, a larger window appears with the
Trading Station Graphical User Interface shown in FIG. 5.
Once the Trading Station is properly loaded, the contents of
the small window is changed to include a number of useful
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links. It is important that this small window not be closed
while the Trading Station is to remain in operation, although
it may be minimized so as not to be in the trader’s way. (This
small window is necessary due to the limitations of typical
Java implementations on most browsers that would otherwise
not allow a trader to continue browsing the Web while the
User Interface is active.)

Main Window of Trading Station

The Trading Station user interfaceis shown in FIG. 8. [tcan
be resized 1o a convenient size, by using the standard resizing
miechanisms supported by the trader’s operating system’s
windowing systen.

The Trading Station is preferably partitioned into a number
of coniponents that each serve a different purpose:

{A) Action buttons: a vertical panel located on the left hand
side of the Trading Station contains a set of action buttons that
allow a user to perform the most comumon operations.

(B) Menus: a set of pull-down menus across the top allows
a user to invoke additional operations.

(C) Account summary: an area in the middle of the 1rading
Station (hat gives a summary of the user’s uccount.

(D) Table: an area located across the top of the Trading
Station that is used to display various information in tabular
format. The information displayed depends on the most
recently clicked Action Button. It might display currently
held instruments, current open posilions, or 4 hislory ol recent
transactions,

(B) Currency rates: an area at the bottom left that displays
various currency rates. These rates are continuously updated
in real time.

(F) Graph: located at the bottom-right corner, graphs dis-
play currency rates over time. The graphs arc also updated in
real-time as new rates become available.

Subsequent sections describe each of these components in
detail.

Action Buttons

The Trading Station preferably has the following action
buttons in a panel on the left side. Clicking the appropriate
button will-invoke the described operation:

Buy/Scll: Pops up a Buy/Sell window, from which a trader
can issue trade requests. (See (he description of (he buy/sell
window (FIG. 13) for more information.)

Positions: Displays the currently open positions in a table.
(See the description of the Open Positions Table (FIG. 8) for
the contents of the table.)

Trades: Displays the currently open trades in a table. (See
the description of the Open lrades Table (FIG. 7) for the
contents of the table.)

Orders: Displays-the-open-orders—(that-may-be_exceutedso—trader's account balance and unrealized P/L tied up for mar-

some time in the future) in a table. (See the description of the
Open Orders Table (FIG. 9) for the contents of the table.)

History: Displays a recent history of the trader’s transac-
tions in the table. (See the description of the History Table
(FIG. 10) for contents of the table.)

Analysis: Pops up a new browser window with access to a
number of analysis tools that might help in making trading
decisions.

News: Pops up a new browser window with the latest
currency news.

Forums: Pops up a new browser window with access to a
number of forums (sometimes known as newsgroups) that
allow a trader to participate in discussions with other traders
and currency trading experts.

Pull-Down Menus

There are preferably 5 pull-down menus (not shown), each

offering different operations or services:

20

40

45

60

65

12

Connection Menu: (1) Disconnect: disconnects the Trad-
ing Station from the Trading System server. The Trading
Station will remain open, but currency rates will no longer be
updated, and transactions will not be possible. (2) Connect:
connect the Trading Station to the server, so the trader is back
on line. (3) Quit: quit and exit this application.

Account Menu: (1) Transaction history: pop up a new
browser window to display an extensive list of all transactions
that occurred on a trader’s account. See the Transaction His-
lory section (relating o FIG. 10) for a description of what is
displayed. (2) Clear account balance and P/L: for those who
have incurred large losses on their account, this operation
allows a trader to start over again with a cleared P/L and new
funds in the account. This feature i1s primarily useful when an
accounton the Trading System is used as a game—i.¢., noreal
money changes hands. (3) Add funds to account: for a game
account, add funds to the account; for a real-money account,
transfer money into the account from the trader’s credit card
or obtain instructions on how to wire transfer money into the
trader’s account. (4) Buy/Sell: issue a trade or market order
(see F1G. 13). (5) Open positions: display the open positions
in a table (see FIG. 8). (6) Open trades: display all open (rades
inatable (see FIG. 7). (7) Openorders: display all open orders
in a table (sec F1G. 9). (8) Recent transaction history: display
the most recent transactions in a table (see FIG. 10).

Commands Menu: (1) Change passwords. (2) Graph:
specily the currency pair to be displayed in the graph.

Information Menu: (1) Interest rates: display interest rate
information in a separate browser window. (2) Market News:
display up-to-date currency market news in a separate
browser window. (3) Analysis tools: use an analysis tool in a
separate window. (4) Forum: participate in various forums
related to currency trading. (5) Rankings: see a list of the most
successful currency traders using the Trading System.

Help Menu: (1) Documentation: links to descriptive docu-
ments. (2) About: display softwarc version number and cred-
its. (3) Debug: display debugging information in a new win-
dow.

Account Summary

The account summary display (see FIG. 6 for an example)
is a small table that provides a summary of the trader’s
account slatus. I preferably shows: (1) Account Balance: the
amount of the trader’s cash holding in the trader’s account.
(2) Realized P/L: the amount of profit or loss the trader has
incurred with the trader’s trading activity to date. (3) Unreal-
ized P/L: the amount of profit or loss that the trader holds with
the trader’s current open positions. If the trader clears all of
his open positions, then this amount would be added to the
Realized P/L amount. (4) Margin Used: the amount of the

gin purposes.(5) Margin Available: the amount of the trader’s
account balance and unrealized P/1, available as margin for
new trading transactions.

This information is preferably continuously updated in
real-time to take current market conditions into account.
Morcover, the information is always shown in the trader’s
home currency.

Tables

The table area of the Trading Station shows different infor-
mation depending on the last Action Button selected. If can
include: (1) open trades; (2) open positions; (3) open orders;
and (4) transaction history. The default is open positions.

How the information in the table is displayed can be con-
trolled in two ways: (1) Scroll bars are used to scroll the table
up or down, allowing a trader to see information that is hidden
from view. (2) Sorting can be achieved by clicking on a
column header, which causes the table ta be sorted so that the
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column is in increasing or decreasing order. Clicking once
sorts the column in increasing order; clicking again sorts it in
decreasing order.

For all tables except Transaction history, clicking on a row
of the table will cause a pop-up window to appear, offering
further actions for that open trade, position, or order.

Open Trades Table

The open trades table (see FIG. 7) shows a list of the
trader’s currently open trades. The table prefcrably has 9
columns, described from left to right (not all are depicted in
FIG. 7). (1) Short/Long: Indicates whether the position is
short or long.

(2) Ticket Number; a number that uniquely identifies an
open trade. A trader can use this number as a reference for
inquiries to the Trading System or its operators, or to search
for particular entries in the transaction history table.

(3) Currency pair: the pair of currencies involved in this
trade. The first currency of the pair is referred to as the base
currency, while the second one is referred to as the quote
currency.

(4) Units: the number of (ransacted units for this trade,
expressed in the base currency.

(5) S/L: the trader's stop-loss for this trade. This trade will
be closed automatically as soon as the currency exchange rate
for this currency pair crosses the S/L value. A stop-loss limit
is used to limit the loss a trader may incur wilh this (rade.

(6)T/P: the trader’s take-profit for this tracle. This trade will
be closed automatically as soon as the currency exchange rate
for this currency pair crosses the T/P value. A take-profit limit
is used to realize the trader’s profit as soon as it reaches the
T/P value.

(7) Rate: the exchange rate obtained when the trade got
executed.

(8) Market: the current exchange rate for this currency pair. 35

(9) Profit: the unrealized profit (when positive) or loss
(when negative) expressed in base currency and on a per unit
basis.

Clicking on the scroll buttons will cause the table to scroll
up or down. Clicking on a column header will sort the table so
that the contents of the column arc displayed in increasing or
decreusing order. Clicking on a row with an open trade will
causea pop-up window to appear offering two operations: (1)
Close trade. (2) Modify trade. This is used to modify the S/L
or the T/P limits.

Open Positions Table

The Open Positions Table (see FIG. 8) displays a list of the
trader’s open positions. It is similar to the Open Trades table,
except that all trades of the same currency pair are aggregated

-into-one line:

The table preferably has 6 columns, described from left to
right (not all are shown in FIG. 8):

(1) Short/Long: Indicates whether the position is short or
long.

(2) Currency pair: the pair of currencies the position refers
to. The first currency of the pair is referred to as the base
currency, while the second one is referred to as the quote
currency.

(3) Units: the number of units held in this position,
expressed in the base currency.

(4) Rate: the average exchange rate obtained for the trades
in this position.

(5) Market: the current exchange-rate for this currency
pair.

(6) Profit: the unrealized profit (when positive) or loss
(when negative) expressed in base currency and on a per unit
basis.
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Clicking on the scroll buttons will cause the table to scroll
up or down. Clicking on a column header will sort the table so
that the contents of the column displayed in increasing or
decreasing order. Clicking on a row with an open position will
cause a pop-up window to appear offering the option to close
the position.

Open Orders Table

The Open Orders Table (see FIG. 9) shows a list of the
trader’s currently open orders. An open order is a request that
a particular trade should be made automatically when the
exchange rate of the specified currency pair crosses a speci-
fied threshold.

The table preferably has 9 columns, described from left to
right (not all arc shown in FIG. 9).

(1) Short/Long: indicates whether the position is short or
long.

(2) Order ID: a number that uniquely identifies the order. A
trader can use this number as a reference for inquiries to the
Trading System.

(3) Currency pair: the pair of currencies 1o be traded.

(4) Units: the number of units to be traded, expressed in the
base currency.

(5) S/L: the stop-loss for this trade. This trade, once
executed, will be closed automatically as soon as the currency
exchange rate for this currency pair crosses the S/L value. A
stop-loss limit is used to limit the loss a trader may incur with
(s trade.

(6) T/P: the trader’s take-profit for this trade. This trade,
once exccuted, will be closed automatically as soon as the
currency exchange rate for this currency pair crosses the T/P
value. A take-profit limit is used to realize the trader’s profitas
soon as it reaches the T/P value.

(7) Rate: specifies that the trade should be executed as soon
as the exchange rate for the specified currency pair crosses
this value.

(8) Market: the current exchange rate for this currency pair.

(9) Duration: specifies the amount of time an order should
stand, until it is automatically canceled.

Clicking on the scroll buttons will cause the table to scroll
up or down. Clicking on a column header will sort the table so
that the contents of the column are displayed in increasing or
decreasing order. Clicking on a row with an order will cause
a pop-up window to appear offering two operations: (1) Can-
cel order. (2) Modify order. This is used to modify the
exchange rate threshold at which the trade is to be executed,
or the S/L or T/P limits.

Transactions Table

‘The Iransactions (or Transaction History) lTable (see FIG.
10) shows a list of the most recent transactions on the account.
For aceess to.a [ull list of past transactions, a user selects the
Information pull-down menu and then selects Transaction
History.

The Transaction History Table preferably has 6 columns,
described from left to right:

(1) Transaction ID: uniquely identifies the transaction.

(2) Type: identifies the type of transaction.

(3) Currency pair the pair of currencies associated with the
transaction.

(4) Units: the number of units to traded in the transaction,
expressed in the base currency.

(5) Price: the currency exchange rate applied when buying
or selling a currency pair.

(6) Date/Time: the date and time of the transaction.

Clicking on the scroll buttons. will cause the table to scroll
up or down. Clicking on a column header will sort the table so
that the contents of the column are displayed in increasing or
decreasing order.
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Currency Rates

The Currency Rales Table (see FIG. 11) shows the current
exchange rate for the currency pairs supported by the Trading
System. They are preferahly updated in real time, approxi-
mately every 5 seconds. When there is a significant exchange
rate movement for a currency pair, up/down indicators show
the direction of the rate change in order to alert a trader,
should a trader not currently have the currency pair displayed
in the graph.

Clicking on the scroll buttons will cause the table to scroll
up or down. Clicking on a currency pair’s ask price will pop
up a buy window for that currency pair. Clicking on a cur-
rency pair's bid price will pop up a sell window for that
currency pair.

Graphs

Graphs (see FIG. 12) show how currency exchange rates
change over a period of time, ranging from minutes to
months. All graphs are updated in real-time, as new currency
rates arrive.

Atany given time, the difference between the lower bound-
ary and (he upper houndary of the curve represents (he dil-
ference between the bid and the ask price, and the diflerence
may vary over time depending on market conditions. Thus,
the top part of the curve indicates the ask price, and the bottom
of the curve indicates the bid price.

Asamouse cursor 1220 is moved over the graph, a sub-area
1230 in the graph shows precise exchange rate information
for the target currency pair corresponding to the time instance
represented by the position of the mouse cursor.

The graph may also display Buy or Sell widgets that indi-
cate at which point in time a trader bought or sold a currency
pair. Downward pointing red arrows indicate a sold currency
pair (wherea trader is hoping the rates will go down after that
point), and upward pointing green arrows indicate a bought
currency pair (where a trader is hoping the rates will go up
after that point).

A trader can adjust what is shown in the graph: (1) The
currency pair displayed is selected using the pull-down menu
1240 at the bottom Jeft. (2) The granularity of the graph is
selected using the pull-down menu 1250 at the bottom right of
the graph. Selecting a fine granularity, such as 5 seconds
(where each point on the horizontal axis represents 5 seconds
of time), will display a refatively short time interval (less than
an hour, in this case). Selecting a larger granularity, such as
one day, will display longer-term trends (9 months of
exchange rate information in this case).

Scroll buttons 1260 at the top right of the graph area allow
a trader to shift the time interval shown to the left or to the

right-(backward or forward in time). Clicking on the graph s

with the mouse will hide the Buy/Sell widgets. Clicking again
will cause them to reappear.
Buy/Sell Window

A Buy/Sell pop-up window (sce FIG. 13) allows a trader to
issue buy or sell orders. The window can be caused to pop up
gither by: (1) clicking on the Buy/Sell action button (sec FIG.
5); (2) clicking on the bid or ask price in the Currency Rates
Table (see FIG. 11); or (3) clicking on an existing trade,
position, or order in the Table area of the Trading Station
display (see FIG. §).

Two types of orders are supported: (1) Market Orders are
orders that are transacted immediately based on market
exchange rates. (2) Entry Orders are orders that are executed
when the exchange rate crosses a certain threshold.

The type of order can be selected by clicking on the appro-
priate tab in the Buy/Sell Window (see FIG. 13). Market order
comes up as the default order.
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Issuing a Market Order. To issue a market order with the
Buy/Sell Window and the Market Tab selected, a number of
fields must be filled out (although most of the fields are
pre-initialized with reasonable values):

(1) ACTION: choose between buy and sell.

(2) CURRENCY: choose the currency pair the trader
wishes to buy or sell. By default, this field will be initialized
as follows: (A) If the Buy/Sell button was used to obtain the
window, the currency pair currently shown in the graph. (B) If
the bid or ask price was clicked to obtain the window, the
curreicy pair for which the price was clicked. (C) Ifa trade or
position was clicked in the Table area. the currency pair
corresponding to the trade or position. The pull-down menu
can be used to select another currency pair.

(3) UNITS: the number of units of the currency pair the
trader wishes to buy or sell, with units expressed in terms of
the base currency.

(4) Lower Limit: the order will result in a trade only if a
price is obtained that does not lie below this limit. By default,
no limit is selected, but one can be set by checking the check
box. If the check box is checked, then the field is automati-
cally initialized with a reasonable value: however the value
can be changed either by modifying the number directly or by
using the +/- buttons to increase or decrease the value,

s respectively.

(5) Upper Limit: the order will result in a trade only if a
price is obtained that does not lie above this limil, By defaull,
no limit is selected, but one can be set by checking the check
box. If the check box is checked, then the field is automati-
cally initialized with a reasonable value; however, the value
can be changed either by modifying the number directly or by
using the +/- buttons to increase or decrease the value,
respectively.

(6) Stop Loss: if the order results in a trade, then the

5 slop-loss value given will be associated with the trade. By

defavlt, no stop-loss limit is selected, but one can be sct by
checking the check box. If the check box is checked, then the
field is automaticaily initialized with a reasonable value;
lLowever, the value can be changed either by modifying the
number directly or by using the +/- buttons to increase or
decreasc the value, respectively.

(7) Take Profit; if the order resulls in a lrade, then the
stop-loss value given will be associated with the trade. By
default, no take profit limit is selected, but one can be set by
checking the check box. If the check box is checked, then the
ficld is automatically initialized with a rcasonable value;
however, the value can be changed either by modifying the
number directly or by using the +/- buttons to increase or
decrease the value, respectively.

The RATT: field is set by the Trading Station and corre-
sponds to the most recent cxchange rate for the selected
currency pair.

To issue the order, a Submit button 1310 must be selected.
Ifthe order is successful, and a trade occurs, then an acknowl-
edgment window (see FIG. 14) pops up with a Ticket number
that can be used for future reference. Morcover, the Open
Trades Table (see FIG. 7) will be updated to reflect the new
trade, as will the Open positions-ions Table (see F1G. 8) and
the Transaction History Table (see FIG. 10).

Several issues are important to note:

(1) I an order is successful and a trade occurs, then the
exchange rate obtained for the trade will correspond to the
most current exchange rate maintained at the Trading System
servers and not necessarily the rate displayed in the Buy/Sell
window.

(2) An order without Lower and Upper Limits will always
result in a trade.
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(3) Anorder with both Lower and Upper Limits will result
in a trade ifand only il the exchange rate for the potential irade
lies between the two limits.

Issuing an Entry Order. To issue an entry order with the
Buy/Sell Window and the Entry Tab selected (see FIG. 15), a
number of fields must be filled out (although most of the fields
are pre-initialized with rcasonablc values):

(1) ACTION: choose between buy and sell.

(2) CURRENCY: choose the currency pair the trader
wishes to buy or sell. By default, this field will be initialized
as follows: (A) if the Buy/Sell button was used to obtain the
window, the currency pair currently shown in the graph; (B) if
the bid or ask price was clicked to obtain the window, the
currency pair for which the price was clicked. The pull-down
menu can be used to select another currency pair.

(3) UNITS: the number of units of the currency pair the
trader wishes to buy or sell, with units expressed in terms of
the base currency,

(4) RATE: the order will result in a trade as soon as the ,

exchange rate for the selected curreney pair crosses the given
value: that is, for buy orders, if the rate goes below this value,
and for sell orders if the rate goes above the given value

(5) Duration: this value is used to limit the amount of time
an outstanding order will remain effective. By default, the
order remains effective indefinitely. However, the duration
can be set to the end of the day or for an hour.

(6) Stop Loss: if the order results in a trade, then the
stop-loss value given will be associated with the trade. By
default, no stop-loss limit is selected, but one can be set by
checking the check box. If the check box is checked, then the
field is automatically initialized with a reasonable value;
however, the value can be changed either by modifying the
number directly or by using the +/- buttons to increase or
decrease the value, respectively.

(7) Take Profit: if the order results in a trade, then the
stop-loss value given will be associated with the trade. By
default, no take profit limit is selected, but one can be set by
checking the check box. I the check box is checked. then the

field is automatically initialized with a reasonable valuc; |

however, the value can be changed cither by modifying the
number directly or by using the +/- buttons 1o increase or
decrease the value, respectively.

To issue the order, a Submit button 1510 must be selected.
This results in an acknowledgment window (see TIG. 14)
popping up with a Ticket number that can be used for future
reference. Moreover, the Open Orders Table (see FIG. 9) will
be updated (o reflect the new order. Note that 4 trader can
modify the parameters of an open order (including the rate
representing ihe trade threshold. or the S/L and T/P) by click-
ing on the order in the Open Orders Table.

What is claimed is:

1. A method of trading currencies over a computer network
connecting a trading system server and at least one trading
client system, comprising the steps of:

(i) at the trading system server, determining and dynami-
cally maintaining a plurality of current exchange rates,
cach current exchange rate relating to a pair of curren-
cies and including a first price to buy a first currency of
the pair with respect to a second currency of the pair and
a second price to sell the first currency of the pair with
respect to the second currency of the pair;

(ii) transmitting data from the trading system server to a
trading client system, the transmitted data representing
at least one current exchange rate at the time of the
transmission;
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(iii) at the trading client system, displaying the first and
second prices for each received current exchange rate to
a user;

(iv) at the trading client system, accepting input from the
user identifying a pair of currencies the user desires to
trade, an amount of at least one currency of the pair
desired to be traded and a requested trade price at which
it is desired to effect the trade;

(v) transmitting the accepted input from the trading client
system to the trading system server;

(vi) at the trading system server, comparing the requested
trade price to the respective first price or second price of
the corresponding current exchange rate at that time and,
if the respective first price or second price of the corre-
sponding current exchange rate at that time is equal to or
better than the requested trade price, effecting the trade
at the corresponding respective current exchange rate
first price or second price and if the corresponding cur-
rent exchange rate is worse than the requested trade
price, refusing the trade; and

(vii) transmilting from the trading system server to the
trading client system an indication of whether the (rade
was refused or transacted and, if transacted, an indica-
tion of the price the trade was transacted at.

2. The method of claim 1 wherein the requested trade price
is derived from a respective one of the first price or second
price of (he received current exchunge rate and 4 user inpul
limit value defining a maximum acceptable difference
between the respective one of the firsi price or second price of
the received current exchanpe rate received at the trading
client system and the respective one of the first price or second
price of the corresponding current exchange rate determined
at the trading client system at which the trade can be effected.

3. The method of claim 2 wherein the user can input a first
limit value to define a maximum acceptable difference
between the first price of the current exchange rate received at
the trading client system and the first price of the correspond-
ing current exchange rate determined at the trading client
system and can input a second limit value to define a maxi-
mum acceplable difference between the second price of the
current exchange rate reccived at the trading system and the
second price of the comesponding current exchange rale
determined at the trading client system and the requested
trade price is derived from the first price or second price of the
current exchange rate received at the trading client system
and the corresponding onc of the first limit value and sccond
limit value.

4. 'The method of claim 2 wherein step (iv) comprises the
steps of:

{21) the user selecting one of the first price and second price
of the current cxchange rate displayed at the trading
client system;

(b) displaying to the user a set of input fields to define a
desired trade, the input fields including an identification
of the pair of currencies the user desires to trade, the
amount of the currencies desired to be traded, the
selected first price or second price of the current
exchange rate reccived at the trading client system and a
liniit value, and where the input fields to identify the pair
of currencies and the first price or second price are
populated with appropriate values determined {rom the
user’s sclection of the one of the first price or second
price;

(c) receiving from the user input to the input field defining
the desired amount of currency to be traded; and

(d) determining the requested trade price from the sclected
one of the first price and second price and the limit value.
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5. The method of claim 4 wherein in step (b) the displayed
sel of input felds includes: a first limit value 1o define a
maximum acceptable difference between the first price of the
current exchange rate received at the trading client system
and the first price of the corresponding current exchange rate
determined at the trading client system; and a second limit
value to define a maximum acceptable difference between the
second price of the current exchange rate received at the
trading system and the second price of the corr¢sponding
current exchange rate determined at the trading client system
and in step (d) the requested trade price is derived from the
selected first price or second price and the corresponding one
of the first limit value and second limit value.

6. The method of claim 2 wherein, when the limit value is
zero, the requested trade price is the current corresponding
first price or second price of the current exchange rate at the
trading server.

7. A method of trading currencies over a computer network
connecting a trading system server and at least one trading
client system, comprising the steps of:

(i) at the trading sysiem server, determining and dynami-

cally maintaining a plurality of current exchange rates,
euch current exchange rate relaling 1o a pair of curren-

cies and including a first price to buy a first currency of

the pair with respect to a second currency ofthe pair and
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a second price to sell the first currency of the pair with
respect to the second currency of the pair:

(i) transmitting data from the trading system server (o 4
trading client system, the transmitted data representing
at least one current exchange rate at the time of the
transmission;

(ii1) receiving at the trading system server input from a user
of the trading client system identifying a pair of curren-
cies the user desires o trade, an amount of at least one
currency of the pair desired to be traded and a requested
trade price al which it is desired to effect the trade;

(iv) at the trading system server, compuring the requested
trade price to the respective first price or second price of
the corresponding current exchange rate at that time and,
if the respective first price or second price of the corre-
sponding current exchange rate ot that time is equal to or
better than the requested trade price, effecting the trade
at the corresponding respective curent exchange rate
first price or second price and if the correspanding cur-
rent exchange rate is worse than the requested trade
price, refusing the trade: and

(v) transniitting {rom the trading system server to the trad-
ing client system an indication of whether the trade was
refused or transacted and, i transacted, an indication of
the price the trade was transacted at.
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