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(57) ABSTRACT 

A preferred embodiment of the Subject invention automates 
the market making process for currency trading. When a 
quote request for a currency is received from a client 
(preferably over a computer network Such as the Internet), 
Software of a preferred embodiment calculates a real-time 
bid and ask price for the currency. The Subject invention is 
applicable to any asset for which market making is appro 
priate, and is not restricted to currency exchange. 
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METHOD FOR MARKET MAKING 

FIELD OF THE INVENTION 

0001. The subject invention is directed to asset trading 
over a computer network, and more particularly to auto 
mated market making. 

BACKGROUND 

0002. A market maker for an asset (security, currency, 
option, etc.) is traditionally a perSon or firm who will quote 
both a bid and an ask price on the asset whenever asked to 
do so. The bid is the price at which the market maker is 
prepared to buy and the ask is the price at which the market 
maker is prepared to Sell. Typically, at the time the bid and 
ask are quoted, the market maker does not know whether the 
trader who asked for the quotes wants to buy or Sell the asset. 
The ask is higher than the bid, and the amount by which the 
ask exceeds the bid is referred to as the bid-ask spread. The 
existence of the market maker ensures that buy and Sell 
orders can always be executed at Some price without delay. 
Thus, market makers add liquidity to the market in which 
they participate. 

0.003 Market makers make their profits from the bid-ask 
Spread. Thus, the Spread must be large enough to cover a 
market maker's risks, but Small enough to compete with 
spreads offered by other market makers. To reduce their 
exposure to losses, market makers utilize a variety of 
risk-reducing Strategies, collectively referred to herein as 
hedging. The more accurately risk can be assessed, the 
Smaller a market-maker can make the Spread. A market 
maker's risk on a particular quote is largely a function of the 
Size of the order for which the quote has been requested and 
the market maker's current position (exposure) in the mar 
ket. 

SUMMARY 

0004. A preferred embodiment of the subject invention 
comprises a market making proceSS for currency trading. 
When a quote request for a currency is received from a client 
(preferably over a computer network Such as the Internet), 
Software of a preferred embodiment calculates a real-time 
bid price and a real-time ask price for the currency. The 
Subject invention is applicable to any asset for which market 
making is appropriate, and is not restricted to currency 
eXchange. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1 depicts a data flow and structure diagram of 
preferred trading model Software. 

0006 FIG.2 depicts the graph of the function in equation 
3.16, with A=2 and b=10. 

0007 FIG. 3 depicts return versus trading model expo 
Sure e and Spread term a 
0008 FIG. 4 depicts average spread versus trading 
model exposure e and spread term a 

0009 FIG.5 depicts number of deals done after a request 
in relation to the whole number of requests verSuS trading 
model exposure e and spread term a 

spread 

spread 

spread 
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0010 FIG. 6 depicts number of trades executed in the 
interbank market verSuS trading model exposure e and 
Spread term a 
0011 FIG. 7 illustrates steps of a preferred method of 
automated market making using a hedging tool. 
0012 FIG. 8 illustrates the steps shown in FIG. 7 in 
greater detail. 

spread 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0013 1 Introduction 
0014 Market making is a fast moving business, where 
Small spreads are earned in very short periods of time. The 
potentially high returns generated from market making are 
earned by taking the risk of not being able to control the 
Short term inventory price. 
0015. A preferred embodiment of the subject invention 
comprises a method for market making. The preferred 
embodiment of the invention calculates bid and ask quotes 
based on a hedging method. 
0016 A detailed description is provided herein of a 
hedging method used to control risk in a currency trading 
System. A preferred embodiment uses known trading models 
to control eXposure risk from market making: the trading 
model positions provide a target position for hedging the 
exposure risk. In the market making process, the actual 
position is allowed to oscillate, deviating by a certain 
percentage from this target position. By restricting how far 
the actual position may deviate from the target position, the 
risk of market making is prevented from exceeding the 
(weighted average) risk of the trading models themselves. 
0017. Hedging the market making risk with the help of 
these models allows a System operator (preferably, the 
method is performed by a computer System) to provide 
Significantly lower bid/ask Spreads to Internet clients. The 
Size of the spread will depend on the performance of the 
hedging method, the quality of the market data available, 
processing costs for individual trades, and other factors, but 
the goal is to attain spreads equal to or lower than those used 
in the interbank market, which corresponds to about 5 to 10 
basis points for the major currencies. 
0018 The primary role of the hedging method ("hedging 
tool”)is to provide a currency trading System operator with 
bid and ask quotes in real time to allow transactions at any 
moment. These quotes will be a function of the trading Size 
desired by the client and of the current position of the trading 
System. 

0.019 2 Overview 
0020. A preferred embodiment of the subject invention 
uses trading models for the major FX rates (comprising 
USD, EUR, JPY, GBP, and CHF). For other currencies, the 
data quality will be the major obstacle for a real-time 
System. The hedging tool preferably is based on known 
trading models (discussed below, in Section 2.2) that define 
a general target position of a currency trading System (CTS) 
portfolio. A certain percentage of the full exposure of the 
trading models is taken by the hedging tool to quote the 
prices. ASSuming that there is no correlation between the 
overall positions of the clients and the trading model posi 
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tions, the risk incurred by a preferred CTS does not exceed 
that of the trading model portfolio. 
0021 2.1 Hedging tool 
0022. The inputs to a preferred hedging tool are the 
current open position of the CTS (as an aggregate of the 
positions of the individual clients), the position of the 
trading models, and the market price for the different foreign 
exchange (FX) rates quoted on the interbank market. The FX 
rates preferably come from a Reuters-type feed directly, or 
after being filtered. The positions of the preferred trading 
models and the current CTS net balance are provided by a 
portfolio tracking tool. 

0023 The output of the hedging tool is a series of bid/ask 
prices that depend on the Size of the respective requested 
Volume of transaction. The bid/ask price calculation is based 
on parameters that can be adjusted in order to keep the 
general position of the CTS as close as possible to the 
trading model position. The parameters are Subject to test 
ing, optimization, and experiment. Section 4 provides a 
more detailed discussion of this issue. 

0024 FIG. 7 illustrates steps of a preferred method of 
market making using a hedging tool. At Step 710, a preferred 
currency trading computer System receives foreign 
exchange rate data (asset price data). For ease and clarity of 
explication, this description of preferred embodiments is 
generally restricted to a foreign exchange/currency embodi 
ment. Those skilled in the art will recognize that the subject 
invention is applicable to any asset amenable to market 
making, and FIG. 7, as well as the appended claims, applies 
to all Such assets-not just to currencies. At Step 720, one or 
more trading models (actually, computer Software based on 
Such trading models) calculates target positions based on the 
received price data. Each position is re-evaluated each time 
a new price datum arrives. 
0.025. At step 730, the actual current position of the 
trading System is calculated. This can be done by any Sort of 
portfolio management Software, and is based on the posi 
tions of each of the system's clients. At step 740, a request 
for a quote is received from a client. This request comprises 
the volume of the order for which the quote is requested. It 
may or may not include the side of the order (buy or sell). 
At step 750, a preferred embodiment of the hedging tool 
described herein calculates a bid/ask quote (i.e., a bid quote 
and an ask quote) based on the current System position and 
the target positions calculated by the trading models, as well 
as on the size of the proposed order from the client. 
0026 2.2 Trading models 
0027. A detailed description of a preferred trading model 
structure is given in Pictet, O. V., Dacorogna, M. M., Miller, 
U. A., Olsen, R. B., and Ward, J. R., Real-time trading 
models for foreign exchange rates, Neural Network World 2, 
713-744 (1992) (hereinafter (Pictet 1992)). A second 
description is provided in Dacorogna, M. M.Miller, U.A., 
Jost, C., Pictet, O. V., Olsen, R. B., and Ward, J. R., 
Heterogeneous real-time trading Strategies in the foreign 
exchange market, European Journal of Finance 1, 383-403 
(1995) (hereinafter Dacorogna 1995). 
0028 Individual models can differ in various aspects like 
time horizon and risk profile. For those skilled in the art to 
be able to implement the subject invention, detailed knowl 
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edge about the design and implementation of the referenced 
trading models is not necessary. For those interested, 
detailed explanations of exemplary preferred trading models 
are provided in (Pictet 1992) and (Dacorogna 1995), the 
contents of which are incorporated herein by reference for 
background information on trading models. Only a general 
description of preferred trading model Software is given 
herein. FIG. 1 depicts a data flow and structure diagram of 
preferred trading model Software. 
0029. At the most general level, a trading model consists 
of a set of indicator computations combined with a collec 
tion of rules. See (Pictet 1992) for a detailed description of 
typical indicators, indicator computations provide an analy 
sis of past price movements. The indicators are mapped into 
actual trading positions by applying various rules. For 
instance, a model may enter a long position if an indicator 
exceeds a certain threshold. Other rules determine whether 
a deal may be made at all, and the timing of a recommen 
dation. Thus, indicator computations are based on price 
history, and a collection of rules determines the applicability 
of the indicator computations to the generation of trading 
recommendations. 

0030) Referring to FIG. 1, in computer software that 
comprises preferred trading model Software, a Price Collec 
tor 110 collects 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 Calculator 140. Although any appropriate method 
of real-time data filtering can be used to filter prices without 
departing from the present invention, a preferred method is 
disclosed in U.S. Provisional patent application No. 60/200, 
744, titled “Filtering of High Frequency Time Series Data.” 
filed May 1, 2000, to Muller. 
0031. A Gearing Calculator 140 specifies the recom 
mended gearing (exposure size), based on indicator compu 
tations 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 unre 
alized return of an open position. Software of preferred 
models uses the following gearings: -1, -0.5.0, +0.5, and 
+1, corresponding to short with all of the available capital, 
short with half of the available capital, neutral, long with 
half of the available capital, and long with all of the available 
capital, respectively. The position is re-evaluated each time 
a new price quote arrives. 
0032 A Deal Acceptor 160 validates the recommenda 
tions of the Gearing Calculator 140 under the following 
conditions: (1) no deal may take place within fifteen minutes 
of a deal already having occurred, and (2) a stringent deal 
filter determines whether a given price is Suitable for deal 
ing. A Stop-loss Detector 150 triggers if the market moves 
in the wrong direction and passes a stop-loSS price, causing 
a deal-to-neutral position. The Stop-loSS price can be 
adjusted dynamically. 

0033. An Opportunity Catcher 170 searches for a realistic 
price at which to execute the deal, preferably in a time 
window of 2-3 minutes (depending on the currency). Then 
it executes a simulated deal and provides Signals to a human 
dealer (see section 3.6 of (Pictet 1992) for more details). A 
Book-keeper 180 software module evaluates the trading 
model Statistics. 
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0034. A preferred hedging tool supports the following 10 
FX rates consisting of the major currencies: EUR-USD, 
USD-JPY, EUR-JPY, USD-CHF, GBP-USD, EUR-GBP, 
EUR-CHF, GBP-JPY, GBP-CHF, CHF-JPY. Each currency 
pair has at least one trading model. Preferably, Some cur 
rency pairs have a plurality of different trading models, Such 
that the effective trading model position (and therefore the 
desired exposure of the CTS) for an individual currency pair 
is defined as a weighted average of the different trading 
models positions. Some trading models are restricted to a 
local market; for example, one model might be used for 
Zurich, one for London, one for New York, etc. The deter 
mination of the precise weights of the Single models is based 
on past performance, and is optimized after a study of the 
portfolio behavior. See section 4. 
0035) In an exemplary empirical study performed in 
Section 4 we consider an equally weighted portfolio, and 
each pair of currencies is treated with a separate model for 
the calculation of the bid and ask prices. For final real-time 
trading of all the FX rates together, a multivariate quoting 
Scheme is implemented, Such that croSS-arbitrage opportu 
nities against the CTS are reduced. The solution to this 
problem will be given through the definition of “effective 
quotes” that take into account all possible croSS-trading 
possibilities. Obviously, the “effective bid” obtained through 
trading any possible combinations of croSS rates must be 
Smaller than the directly quoted ask, and Vice versa, in order 
to avoid arbitrage possibilities. In Section 4, we only exam 
ine the univariate case of a single currency pair. 
0.036 The basic underlying algorithm presented in the 
next Section will remain applicable in a multivariate quoting 
Scheme, as those skilled in the art will recognize. 
0037. 3 Calculation of bid and ask prices 
0.038. In this section we present a method for calculation 
of bid/ask quotes provided for a Single FX rate. 

0039) 3.1 Definition of exposures and constraints 
0040 Given the currency pair XXX-YYY, a preferred 
hedging tool Starts with the positions g of the trading models 
(TMs) calculated at step 730, expressed by their weighted 
Sum, denoted exy, 

ifts (1) 

0041) We define an “cequilibrium position" of the 
hedging tool: 

0.042 where e defines the desired amount of exposure of 
the hedging tool to the trading model. Its value Should be 
between 0.5 and 1.0 in order to keep the exposure of the CTS 
in the same direction as the exposure due to the positions of 
the trading models. This ensures that the risk of the CTS 
remains comparable to the risk of the TM portfolio. The 
closer e is to 1, the closer the overall risk profile of the CTS 
is to the risk profile of the TM portfolio. Inversely, the closer 
its value is to 0.5, the more the CTS is exposed to the 
uncertainties of the price inventory, i.e., the market making 
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risk. This parameter e is a crucial one for a preferred hedging 
model. Its optimal value is obtained through testing. See 
Section 4. 

0043. The exposure of a preferred currency trading sys 
tem due to the positions of N clients is: 

W (3) 
Vcients = X. -v:(p., p.) 

i= 

0044) with the variable V denoting the i-th component of 
the net exposure vector v that is due to the i-th client. We 
use the following notation: v:={v:li=1,. . . , N}. The 
variables 

W 
Phid 

and 

i 
Psk 

denote the interbank bid/ask quotes. 
0045. A preferred CTS is constructed Such that the expo 
Sure due to the trading model position is 

VTMexy'C=exy'C, (4) 
0046 where C is an input variable that denotes the 
allocation employed by the CTS. The overall net exposure 
Ve(Vitex) of the CTS is defined by 

Viet = X. Posi, (5) 

0047 where Pos, is the amount of home currency in the 
ith open position. Note that Post could be negative. (In the 
currency pair XXX-YYY, XXX is the home currency.) I.e., 
V is the total amount of home currency appearing in all 
open positions corresponding to the FX rate of interest. 
0048) V 
0049) 1... the exposure originating in the trading model 
position: VTM, and 

thus consists of two parts: net 

0050 2. the remaining exposure from the positions of the 
clients: Vors:=Vet-VTM. 
0051) Note that V is nominated in terms of the currency 
XXX: e.g., for USD-JPY, the exposure will be nominated in 
USD. Obviously, V can also be negative. AS long as the 
gearings of the trading models do not change, the exposure 
V is purely a function of V and the market price. clients 

0052 The requirement that we impose on the overall net 
exposure is 

C S Ves C. (6) 
0053 where C =xy-C-(1-e); C and C=xy-C+(1-e);C 
describe the boundaries of possible exposures of the CTS. 
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0.054 3.2 Determination of price quotes 
0.055 At any time t, the current market prices 

i 
Phid 

0056 and 

i 
Pask 

0057 (if necessary defined by previous tick interpola 
tion) are provided by a (preferably filtered) data feed. 
Furthermore, the position xy of the trading model is given 
by a portfolio tracking tool. The Overall net exposure is 
expressed by the function V (t, v, gxY), a function that 
is tracked by a System implementing the trading model. At 
each time t a new datum (price quote from the database or 
new position of the trading model) arrives, the net exposure 
V(t) has to be explicitly calculated. 
0.058 Let us now consider a client trading request enter 
ing the system: A user asks for an amount AV of XXX to be 
exchanged in YYY (AV can be negative). We define the new 
potential net exposure Veit(t) after handling Such a 
request by 

Vnetpot. (tn AV)=V(t)-Av (7) 

0059) Note that the function V, is expressed in terms 
of the currency XXX. We define an “equilibrium exposure” 
V to be equal to the exposure VTM: equilibrium 

Vequilibrium-VTM(oxy) (8) 
0060 An “out-of-equilibrium exposure' is defined to be 

Vou(t,n)-Vine (ta)-Vequilibrium(ta)-VcTs. (9) 
0061 and a “potential out-of-equilibrium exposure” V. 
for an incoming request is then Simply 

Vout (ta: Av)-Vaepot (ta Av)-Vequibrium (t,n)- 
Vis(v)-Av. (10) 

0062) The definition of V(t, Av) in eq. (10) enables us 
to define the bid/ask price to be quoted by the CTS: 

phia (, , Ay) = min(p) (,,), (ph (,,)-Aspread pod (,,)) + (11) 
fid (VC (AV))) 

0063 where 

p: 

and 

i Pspread 

0.064 denote average price and spread, respectively: 
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M p: + p. M pia - p. (12) 
PiF = 2 Pspread 2 

0065. The parameter Area will determine the spread of 
the quoted prices and constitutes an important testing param 
eter. The two quoting functions fi and f determine the 
“quoting dynamics” of the CTS and are defined below. . 
0066. In order to avoid direct arbitrage opportunities 
against the CTS, it has to be guaranteed that 

Pbid is p. and Pask 2 Pbid. (13) 

0067 Preferably, cross-rate trading arbitrages against the 
CTS are also excluded. 

0068. Note that the functions f and f are only func 
tions of the requested transaction size AV (including its sign), 
as long as the exposure V and the trading model gearings 
remain constant. This functional dependence is referred to 
herein as the “quote Smile, by analogy to the Volatility 
Smile in option pricing. Note further that equation 11 cannot 
be expressed explicitly in terms of psia (t) and ps(t), 
Since fid and fs are nonlinear. 
0069. 3.3 Extensions of the quoting function 
0070 Those skilled in the art will recognize that refine 
ments of the quoting algorithm expressed in eq. (11) include 
0071. Making the spread size of the quotes volatility/ 
activity dependent: This would preferably also include a 
proper definition of a business time Scale. 
0072 Short term forecast of prices 
0073 Forecast of clients position based on knowledge 
about their margins, trading frequency, etc. 

0074) Making the functional form of eq. (11) dependent 
on the frequency of re-balancing the position through the 
interbank market: the more often the CTS can re-balance its 
exposure, the narrower the offered spreads can be. 
0075 3.4 Definition of quoting functions f, and f. 
0076 For the exposure V, the following should hold: 

Cls Vouis C, (14) 

0077. We will define the following transformation 

out 

x=-1+2. (15) 
C - C 

0078 such that eq. (14) becomes simply: -1sxs 1. In 
the following description, we express the functions f and 
f in terms of this transformed variable. 3. 

0079 There are some “natural” properties that one 
expects the quoting functions f, and f to fulfill. For no 
exposure (X 320), their value should be zero, while their 
value should adjust dynamically for non-Zero exposure. In 
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the case of large overall CTS exposure, the function should 
lead to a strong bias in quoting So as to favor balancing the 
position towards the equilibrium exposure V. That is, we 
should have: 

0080) 
0081) 
0082) 
0.083 Asymmetry in case of large 
fia (Vu.(t)s C)< <fs (V.(t) sC) 
0084. Those skilled in the art will recognize that there are 
Several candidates with which to define Such functions. 
Examples include: 

0085) odd polynomial functions: f(x)-x", neN, 
0086) 

out 

exposure 

tangent functions: 

Aft 
f(x) c -tan(x). 

0.087 stepwise linear functions: 

A. x + b if x < x_ 

to- if x > x > x , 
A. x + b if x > x. 

0088 and 
0089) 

(16) 

f(x) e-in-- 
5-y 

0090 where A controls the location of the singularities. 

inverse Sigmoid functions: 

0.091 A preferred embodiment uses inverse sigmoid 
functions combined with a polynomial function in the hedg 
ing model. The parameter A is chosen according to the 
interval IC , C, defined in (6) and transformed as in (15): 
e.g., A=2. 

0092. In order to account for the aforementioned asym 
metry for large exposure sizes, we define a special behavior 
of the functions f and f in this critical region. The 
functions f and f above therefore have the following 
final form: 

-1 2 (17) 
init-1 if x > - E f(x) = Af. b \ 1 - x 

-0.5 x + E if x <-E 

. . ... -1 2 3 
with E = init -)-05E t 1 + E 
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-continued 

in 2 1) if x < E 
as 1 - x -0.5 x + E if x > E 

ith E=ll? -- 1:05E Wit. – , 1 )+ 

0093 where E denotes the asymmetry parameter and is 
chosen at a reasonable value of E0.9. The functions f, and 
f are displayed in FIG. 2, with A=2 and b=10. The 
parameter b determines how much bid and ask quoting 
functions deviate (i.e., how large the quoted spread is) in the 
border region of the (transformed) interval C , C.). The two 
parameters b and Afin eq. (21) must be chosen reasonably. 
They are Subject to optimization as in the exemplary Study 
described herein in Section 4. 

0094) 3.5 Closing of open positions 

0.095 At different moments the CTS has to close its open 
position/overexposure in the regular FX market, Such as 
EBS or Reuters dealing, or a regular bank. The more often 
this rebalancing can be performed, the narrower the bid-ask 
Spread offered can be. The hedging tool has to give a 
maximal accepted exposure size (and possibly time) at 
which a closing of the position has to be executed. At certain 
exposure limits C is Vs C, the CTS will start setting 
limits with respect to the interbank markets. These limits are 
Set according to the quoting function defined in definition 
(11) (or a variation of this function defined in a more refined 
embodiment of the hedging tool). In one embodiment we 
Simply Set a limit according to definition (11), once the 
transformed exposure X exceeds a certain threshold value T, 
and we choose T to be 0.92 in our empirical studies. In 
alternate embodiments a more Sophisticated interaction 
between the clearing process in the interbank market and the 
quoting process of the CTS can be defined. 

0096 3.6 Summary of Hedging Method 

0097 FIG. 8 illustrates the steps shown in FIG. 7 in 
greater detail. The order in which the StepS are listed is by 
way of example only. The preferred embodiment should be 
understood to encompass any Sequence of Steps that is 
feasible. 

0098. At step 805, a preferred system receives interbank 
bid/ask quotes psia and ps. At step 810, the system 
receives data describing the positions g of the trading 
models (TMs). At step 815, the system receives data describ 
ing an amount AV of currency XXX to be exchanged in 
currency YYY. At step 820, the system receives data 
describing open positions of the System. Once the above data 
is received, calculations are performed. However, Some 
calculations can be performed before all of the above data is 
received-again, any feasible ordering of the described 
StepS is encompassed by the Subject invention. Each calcu 
lation is performed by a computer processor, and the result 
of each calculation is Stored in a computer-readable medium. 
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0099. At step 825, the weighted sum of the trading model 
positions, denoted exy, 

ifts (18) 

0100 is calculated, along with the exposure V of the 
trading model positions. At Step 830, V is calculated. At 
step 835, Vu is calculated, and at step 840, Veit is 
calculated. At step 845, an equilibrium position x is 
calculated: 

gXYgXY (19) 

0101 where e defines the desired amount of exposure of 
the hedging tool to the trading model. 

0102) At step 850, C =gXY-C-(1-e)-C and C=gXY-C+ 
(1-e); C are calculated. At step 855, the transformation 

= -1 + 2. On (20) x = -1 + 2 - 

0103) is calculated. 
0104. At step 860, the values 

-1 2 (21) 
-ln - - 1 if - E 

low- t rit X > -0.5 x + E if x <-E 

... - 1 2 3 with E = in 1) - O.S.E 1 + E 

-1 2 
Init-1 if x < E f(x) = Af. b \ 1 & 

-0.5. x + E if x > E 

... - 1 2 3 
with E = -ln- -1)+0.5E t 1 - E 

0105 where E denotes the asymmetry parameter and is 
chosen at a reasonable value of E=0.9, are calculated. At Step 
865, the average price and average spread 

M p: + p. M pia - p. (22) 
Pir = 2 Pspread 2 

0106 are calculated. Finally, at step 870, the bid and ask 
prices quoted by the System are calculated: 

phid (t, Av) = min(p; (ii,), (ph (,,)-Aspread (23) 
pa?t,) + fid (VG (Av))) 

past (t, Av) = max(p, (i,), (ph (,,) + Aspread 
pread (in)) + fast (Vu (Aw)) 
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0107 4 Empirical study 

0108. An exemplary empirical study of the hedging tool 
illustrates a preferred method for optimizing performance of 
the hedging tool. It is based on the following: 

0109) The (filtered) price data defines the realistic market 
price level for the interbank market, 

i 
Phid 

and 

i 
Pask. 

0110. The requests of the CTS’s clients are simulated 
with EBS data (transaction prices) (EBS is an electronic 
broking Service for interbank foreign exchange; See http:// 
www.ebsp.com). An incoming EBS transaction price is 
interpreted as a client request. Thereby the Volume of the 
request and its sign (whether it is a buy or a sell request) is 
determined by the difference from the price 

Pbid + Pask 
Peif 2 

0111 so that 

Volume = a volume (PEBs - ph) (24) 

0112 Here, the parameter all is chosen to be a fixed 
multiple of the allocation size 

(Volume C: = 0.25 

0113 Abid/ask quote for the CTS is calculated based on 
the transaction volume according to formula (11). 
0114. Overexposure leads to a closing of the exposure 
through the interbank market with realistic market prices. 

0115 The following statistical properties are calculated: 

0116 total return 

0117 number of matched/executed trades versus the total 
number of requests 

0118 the number of trades executed in the market 
0119 average spread 
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0120 In the following table the relevant parameters of 
this analysis are listed and explained: 

Para 
meters Meaning Treatment 

b shape of function ficiask 
in the high exposure regime 

Af scale of the function fias preliminarily optimized to 
to Ar = 0.004 
systematically examined 

preliminarily optimized to b = 2.0 

e desired amount of 
to the TM position 

spread controlling the spread of 
the quotes 

systematically examined 

0121 Preferred software for implementation of a pre 
ferred embodiment follows C++ design. A central ingredient 
of this design is a class “HtmPriceQuote” that consists of all 
the functionality for the price quote generation. In particular, 
the functions f and f are implemented within this class. 
“HtmPriceQuote” contains a class “HtmlExposure” that cal 
culates and updates the exposure as well as the potential 
exposure for an incoming request. Furthermore "HtmPrice 
Quote” also contains the class “HtmlEookKeeper” that per 
forms the bookkeeping tasks. A class “HtmlExecute” Serves 
as the wrapper for “HtmPriceQuote.” 
0122) The exemplary analysis was performed based on 
the period from Jun. 10, 1998, to Nov. 20, 1998, and on the 
currency rate USD-DEM. We used three trading models, 
with equal weights. 

0123 4.1 Results 
0.124 We varied the parameters e and the spread term 
area Systematically while choosing the other parameter as 
specified. FIG. 3 shows the total return of the model 
depending on the choice of the trading model exposure e and 
spread term area. FIG. 4 shows the average spread quoted 
by the quoting engine verSuS trading model exposure e and 
spread term area, while FIG. 5 shows the number of deals 
done after a request in relation to the whole number of 
requests verSuS trading model exposure e and spread term 
area. Finally FIG. 6 shows how many trades were 
executed in the interbank market, verSuS trading model 
exposure e and spread term a spread 
0.125 The following table displays the relevant statistical 
information for an optimal choice of the two parameters e 
and a spread 

Statistics Value 

Total Return O.O556 
Average spread 
Number of market trades 94 

0.126 While the subject invention has been particularly 
shown and described with reference to preferred embodi 
ments of the system and methods thereof, it will also be 
understood by those of ordinary skill in the art that various 
changes, variations, and modifications in form, details, and 
implementation may be made therein without departing 
from the spirit and scope of the invention as defined by the 
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appended claims. For example, although the description of 
preferred embodiments has focused on a currency trading 
System, it will be apparent to those skilled in the art that the 
Subject invention is also applicable to Securities markets, 
options markets, and any other markets that are facilitated by 
market makers. 

What is claimed is: 
1. A method of market making in an asset trading System, 

comprising the Steps of: 
(a) receiving asset price data; 
(b) receiving current System position information; 
(c) receiving quote request information; 
(d) storing said received asset price data, said received 

current System position information, and Said received 
quote request information in a computer-readable 
medium; 

(e) calculating target position information for each of one 
or more trading models; 

(f) storing said calculated target position information in a 
computer-readable medium; and 

(g) calculating a bid/ask quote in response to said received 
quote request information, Said calculation of a bid/ask 
quote being based on Said asset price data, Said quote 
request information, Said current System position infor 
mation, and Said target position information. 

2. A method as in claim 1, wherein each of Said one or 
more trading models comprises: 

(a) a price collector component; 
(b) a price filter component; 
(c) a price database component; 
(d) a gearing calculator component, 
(e) a deal acceptor component; 
(f) an opportunity catcher component; and 
(g) a book-keeper component. 
3. A method as in claim 1, wherein Said calculation of a 

bid/ask quote is based on a weighted Sum of positions of Said 
trading models. 

4. A method as in claim 1, wherein Said calculation of a 
bid/ask quote is based on a hedging method. 

5. A method as in claim 4, wherein Said asset is a currency, 
and wherein Said hedging method comprises the Step of 
calculating a weighted Sum of Said trading model positions. 

6. A method as in claim 4, wherein Said asset is a currency, 
and wherein Said hedging method comprises the Step of 
calculating a total exposure from Said trading model posi 
tions. 

7. A method as in claim 4, wherein Said asset is a currency, 
and wherein Said hedging method comprises the Step of 
calculating a total amount of home currency appearing in all 
open positions. 

8. A method as in claim 4, wherein Said asset is a currency, 
and wherein Said hedging method comprises the Step of 
calculating an out-of-equilibrium exposure. 

9. A method as in claim 4, wherein Said asset is a currency, 
and wherein Said hedging method comprises the Step of 
calculating a new potential net exposure. 
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10. A method as in claim 4, wherein Said asset is a 
currency, and wherein Said hedging method comprises the 
Step of calculating an equilibrium position. 

11. A method as in claim 4, wherein Said asset is a 
currency, and wherein Said hedging method comprises the 
Step of calculating boundaries of possible exposures. 

12. A method as in claim 4, wherein Said asset is a 
currency, and wherein Said hedging method comprises the 
Step of calculating values for a pair of quoting functions. 

13. A method as in claim 12, wherein Said quoting 
functions are odd polynomial functions. 

14. A method as in claim 12, wherein Said quoting 
functions are tangent functions. 

15. A method as in claim 12, wherein Said quoting 
functions are Stepwise linear functions. 

16. A method as in claim 12, wherein Said quoting 
functions are inverse Sigmoid functions. 

17. A method as in claim 12, wherein Said quoting 
functions are combinations of odd polynomial functions, 
tangent functions, Stepwise linear functions, and inverse 
Sigmoid functions, and wherein Said combinations may 
comprise less than all four types of functions. 

18. A method as in claim 4, wherein Said asset is a 
currency, and wherein Said hedging method comprises the 
Step of calculating an average price and an average Spread. 

19. A method as in claim 4, wherein Said asset is a 
currency, and wherein Said hedging method comprises the 
Steps of: 

(a) calculating a weighted Sum of Said trading model 
positions; 

(b) calculating a total exposure from Said trading model 
positions, 

(c) calculating a total amount of home currency appearing 
in all open positions, 

(d) calculating an out-of-equilibrium exposure; 
(e) calculating a new potential net exposure; 
(f) calculating an equilibrium position; 
(g) calculating boundaries of possible exposures; 
(h) calculating values for a pair of quoting functions; and 
(i) calculating an average price and an average spread. 
20. Computer Software, Stored in a computer-readable 

medium, for market making in an asset trading System, 
comprising Software for: 

(a) receiving asset price data; 
(b) receiving current System position information; 
(c) receiving quote request information; 
(d) Storing said received asset price data, Said received 

current System position information, and Said received 
quote request information in a computer-readable 
medium; 

(e) calculating target position information for each of one 
or more trading models; 

(f) storing Said calculated target position information in a 
computer-readable medium; and 

(g) calculating a bid/ask quote in response to Said received 
quote request information, Said calculation of a bid/ask 
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quote being based on Said asset price data, Said quote 
request information, Said current System position infor 
mation, and Said target position information. 

21. Computer Software as in claim 20, wherein each of 
Said one or more trading models comprises: 

(a) a price collector component; 
(b) a price filter component; 
(c) a price database component; 
(d) a gearing calculator component, 
(e) a deal acceptor component; 
(f) an opportunity catcher component; and 
(g) a book-keeper component. 
22. Computer Software as in claim 20, wherein Said 

calculation of a bid/ask quote is based on a weighted Sum of 
positions of Said trading models. 

23. Computer software as in claim 20, wherein said 
calculation of a bid/ask quote is performed by hedging 
Software based on a hedging method. 

24. Computer Software as in claim 23, wherein Said asset 
is a currency, and wherein Said hedging method comprises 
the Step of calculating a weighted Sum of Said trading model 
positions. 

25. Computer software as in claim 23, wherein said asset 
is a currency, and wherein Said hedging method comprises 
the Step of calculating a total exposure from Said trading 
model positions. 

26. Computer Software as in claim 23, wherein Said asset 
is a currency, and wherein Said hedging method comprises 
the Step of calculating a total amount of home currency 
appearing in all open positions. 

27. Computer software as in claim 23, wherein said asset 
is a currency, and wherein Said hedging method comprises 
the Step of calculating an out-of-equilibrium exposure. 

28. Computer software as in claim 23, wherein said asset 
is a currency, and wherein Said hedging method comprises 
the Step of calculating a new potential net exposure. 

29. Computer software as in claim 23, wherein said asset 
is a currency, and wherein Said hedging method comprises 
the Step of calculating an equilibrium position. 

30. Computer software as in claim 23, wherein said asset 
is a currency, and wherein Said hedging method comprises 
the Step of calculating boundaries of possible exposures. 

31. Computer Software as in claim 23, wherein Said asset 
is a currency, and wherein Said hedging method comprises 
the Step of calculating values for a pair of quoting functions. 

32. Computer software as in claim 31, wherein said 
quoting functions are odd polynomial functions. 

33. Computer software as in claim 31, wherein said 
quoting functions are tangent functions. 

34. Computer software as in claim 31, wherein said 
quoting functions are Stepwise linear functions. 

35. Computer software as in claim 31, wherein said 
quoting functions are inverse Sigmoid functions. 

36. Computer software as in claim 31, wherein said 
quoting functions are combinations of odd polynomial func 
tions, tangent functions, Stepwise linear functions, and 
inverse Sigmoid functions, and wherein Said combinations 
may comprise less than all four types of functions. 
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37. Computer software as in claim 23, wherein said asset 
is a currency, and wherein Said hedging method comprises 
the Step of calculating an average price and an average 
Spread. 

38. Computer software as in claim 23, wherein said asset 
is a currency, and wherein Said hedging method comprises 
the Steps of: 

(a) calculating a weighted Sum of Said trading model 
positions, 

(b) calculating a total exposure from Said trading model 
positions, 
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(c) calculating a total amount of home currency appearing 
in all open positions, 

(d) calculating an out-of-equilibrium exposure; 
(e) calculating a new potential net exposure; 
(f) calculating an equilibrium position; 
(g) calculating boundaries of possible exposures; 
(h) calculating values for a pair of quoting functions; and 
(i) calculating an average price and an average spread. 

k k k k k 
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