ALGORITHMIC TRADING SYSTEM AND METHOD
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500x 35.05+300 x35.07 + (1000- (500 +300)) x 35.12 x - 1000 = 35.06537

35.07 -35.02 = 0.05 However, if the order book could be reconstructed in

a way that included the inferred hidden shares using information from

paay adlingdmzrket conditions, one would then see that the "truecaastzion/014175

the 1,000 shares is actually only about $0.045 per share: 3x 35 + 2 x

35.01+ 5x 35.024- 6 x 35.03+543 x 35.05 -i-300 x 35.07 +141x 35,12 x -

1000 = 35.06537 Thus, the cost per share y after hidden volume is

considered is: y = 35.06537 - mid quote = 35.06537 - 35.02 = 0,04537
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[0008] These findings suggest that there are underlying factors that cause a
market participant to use a hidden versus a visible limit order, considering the
controversial rationale behind using hidden limit orders. Consistent with previous
literature, there are two main beliefs for the existence of hidden limit orders. First,
hidden limit orders can be used by large liquidity traders to reduce their exposure
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[0015]Models can be built from an examination of historical data and then

applied to current data to predict the existence of hidden orders (e.qg.,

non-displayed limit orders) within a trade forum. An order book can be

MO8 LEREE that comprises both displayed and hidden ordeP8&{a5%07/014175

[0016]According to embodiments of the present invention, hidden liquidity

is estimated based on historical data, such as, 21-day median trade share

volume. [0017]Further applications and advantages of various

embodiments of the present invention are discussed below with reference
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per share. This cost is computed by first assuming that only the observable volume

is available and then climbing up the book to pay the following average execution
price x:

.= 500%35.05+300x35.07 + (1000 — (500 +300)) x 35.12
1000 '

= 35.06537

y = 35.07 —mid quote
=35.07-35.02=0.05
However, if the order book could be reconstructed in a way that included the inferred

giving a cost per share y of:

hidden shares using information from prevailing market conditions, one would then
see that the “true” cost for the 1,000 shares is actually only about $0.045 per share:

. 3x35+2x35.01+5%x35.02+6x35.034+543%35.05+300x35.07+141%x35.12
1000

=35.06537
Thus, the cost per share y after hidden volume is considered is:

y = 35.06537 — mid quote
= 35.06537 -35.02 = 0.04537

[0010] A trader seeing the “true” limit order book instead of FIG. 1 might be
willing to consider the opportunity cost relative to the market dynamics associated
with removing only a portion of the desired volume from within the spread --which
leads to improvement in per share transaction cost. As reported by Pascual and
Veredas [2004], the explanatory power of the book is concentrated within the



model of hidden order placement according to an embodiment of the
present invention, [0027]FIG. 10 is a flow chart depicting a method to
evaluate a model for inferring hidden orders according to an embodiment

of the present invention. [0028]FIG. 11 is a flow chart depicting a method
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describe orders added to, removed from and executed on the

corresponding exchange. In general, an "add order message" indicates

that a new order has been accepted by the system and added to the
displayed limit order book. The "modify order message" referencesa
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in 1-second increments. [0040]The data also show that, on average,
hidden orders have a larger size in comparison to orders that are fully
displayed. This result is consistent with Harris' [1996] findings that traders
often restrict displayed orders, especially for orders with larger expected
remainders. [0041]Table 1 CHARACTERISTIC (DAILY AVERAGE)
LARGE CAP STOCKS (CAP > $10 &WON 1 MID CAP STOCKS WO

BLUM > CAP > $1.5 BM@A%@E@E%S (CAWC51.5

BILLION) TRADES:



Number of Trades 207,000 87,800 72,000 Size of Trade (Visible) 370 300
200 Size of Trade (Hidden) 550 450 320 Percentage of Trade Hidden

21% 23% 28% FLEETING/CANCELLATION:
WO 2007/149378 PCT/US2007/014175

that the present disclosure is to be considered as providing examples of the
principles of the invention and such examples are not intended to limit the invention
to the embodiments shown or described herein.

[0031]

According to one aspect of the invention, reconstruction of a limit

order book around the best levels allows measuremnent of the “true” execution prices
if market orders or marketable limit orders are placed. The possibility of getting
better than expected execution prices has two main implications:

[0032]

quantifying best execution (ignoring execution improvement can be
misleading when comparing execution quality across markets with significant
non-displayed additional liquidity); and

undisclosed (e.g., “hidden” or non-displayed) volume is an integral part of the
pricing process. It will be seen that price improvement is largest when
spreads are narrow and volatility is large. Trader behavior is better
understood relative to additional information in the limit order book. The
findings are of great interest not only in terms of modeling pure order driven
markets and characterizing traders’ behavior, but also in giving an advantage
as it relates to implementing an automatic search (liquidity and asymmetric
information) algorithm. For more on some basic questions of pre-trade
transparency and the challenges faced when developing better trading
algorithms and improving trading . performance see Borkovec and Yang
[2005], Domowitz and Yegerman [2005a], Yang and Jiu [2006], and Domowitz
and Yegerman [2005b]. Madhavan [2000, page 234] defines pre-trade
transparency as “the wide dissemination of current bid and ask quotations,
depths, and possibly also information such as the existence of large order
imbalance.”

Aspects of preferred embodiments of the present invention are

described as follows. The data are described in the section entitled “Data.” Static
empirical evidence associated with hidden volume and its placement is described in
the section entitled “Model.” Construction of a limit order book with inferred hidden

limit orders and applications are discussed in the section entitled “Applications.”



Number of Fleeting Orders 328,500 126,800 160,100 Fleeting

Orders/Total Cancelled Orders 11% 9% 13% Cancelled Orders/Total

Added Orders 96% 96% 97%  Number of Stocks 26 43 260
(DOUAGH A 8hat the model is trade-based in nature, classifyiR§ O8RS L4175
market capitalization is inadequate since stocks within the same market

cap group can differ significantly in trade volumes. Therefore, instead of

the commonly used market capitalization, stocks can be grouped based

on their 21-day median trade share volume. As a result, stocks can be
classified with &#ffar trade volume within the same group. [0043]To get a
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Qeprasietiiyttiseaidadt readily understand from the following discussion how to
make or use the present invention.

[0034] Research data included three months of Comstock level 2 (L2) real
time information from ARCA (note that other suitable data sources are available,
such as, for example, INET direct exchange Level 2 data). Two months of data from
June to July 2005 were used to estimate the empirical models. August 2005 data
were used for out-of-sample testing.

[0035] Data feeds are made up of a series of sequenced messages that
describe orders added to, removed from and executed on the corresponding
exchange. In general, an “add order message” indicates that a new order has been
accepted by the sysitem and added to the displayed limit order book. The “modify
order message” references a previously submitted order that has been partially
executed (number of shares always reduced). A “cancel order message’ is sent
whenever an order on the book is cancelled; in the case of an Archipelago feed, this
message means cancelled or executed. Messages from INET include an “execution
message,” which is sent whenever an order on the book is executed in whole or in
part, and a “trade message,” which provides information about execution events that
involve orders not visible on the INET book.

[0036] In the case of an Archipelago feed, Level 1 trade messages must be
matched with modify and cancel order messages to determine (1) which orders have
been executed or actually cancelled, and (2) which trades have been executed
through undisclosed limit orders. To match trades with limit orders, L2 messages
can be examined within a 2-second time bandwidth to find the order cancellation or
modification message which corresponds in price, size, and exchange to a particular
trade. If a trade is matched to an order message, the side classification of this trade
is obtained from the message; such trades would be classified as being visible,
[00637] If there is more than one match, it is assumed that the correct match
is the one which is closest in absolute time difference between the time stamp and
the message time. If a trade cannot be matched with a limit order message, then the
trade can be classified as a hidden trade (i.e., coming from a hidden/undisclosed



liquid stocks and Liquidity Group 10 representing the most liquid stocks.

For each of the eleven liquidity groups, a randomly selected sample of
tickers is used in the pooled data model. Loosely speaking, micro cap

stocks belong to Liquidity Groups 0 to Liquidity Group 4, small cap stocks
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argeriaipcwihays gt tbe week and month of the year. The model could
also be extended to take care of timing associated with rebalancing
Mﬁ&los Thgﬁ%{&ﬂg day can be divided into thirteen 30-minute time bins
and the order placement pattern examined. [0050]As shown in FIG. 3,
time of day seems to explain where an order might be placed. At the
opening of the market, with no real information, a market participant might
be equally likely (33%) to place a limit order BETTER, AT, or AWAY. As
the day progresses, for example, by 3:30-4:00pm, the probability that a
market participant will place a limit order within the best bid and ask drops
to 18%. The average number of limit orders per ticker placed throughout
the day shows that most limit orders are placed at the first 2.5 hours of
the trading day. This pattern is consrsgent across all liquidity groups.
[0051]When the pattern associated with the number of the orders placed
based on the time period of the day is examined, one will note that it
seems to mimic the spread curve. This suggests that time bin might not be
a factor associated with limit order placement and that what is observed is
really limit order placement relative to the spread. The spread also
captures the market i | j _sﬂ%y first hint that there
might be asymmetric information among the market players. Glosten
[1987], Glosten and Harris [1988], George, Kaul, and Nimalendran [1991],

Rrockman and Chiina 110001 concider decomnocition of hid-aclk enraadce



[0052]Glosten and Milgrom [1985] is among the many papers that identify
that information asymmetries among investors influence the bid-ask
spread. Large spreads would seem to suggest that there is little or no
market information or activity. If the commonly known spread profile is
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as Ing th odness of fit. [0058]Wit

RV e b o S SR T
st&y&$.comparing hidden order volume for different trading horizons
and/or intervals S11-1. Such intervals may be, for example, 1-, 2-, 3-, 4-,
or 5-minute periods or instantaneous. ;,Then, for each interval, inferred
hidden order volume and trading conditions (explanatory variables) are
determined in step 511-3. The inferred hidden order volume in compared
with a historical volume pattern in step S11-5. The model's strength is
then evaluated in step S11-7. The evaluation step may include examining
the prior belief and matching it with the empirical results to see if the
results are consistent A&BSSINGUIditytgrdup’ FhéEvaluation step may
also include determining the R2 for assessing the goodness of fit.
[0059]Some stylized facts relate to modeling hidden volume. For example,

the effective spread and volatility measures capture the level of
front-riinnina and \WO 2007/14027QPCT/I1<2007/0141758 anvy abnormal



[0060]Table 2 below shows a subset of the variables used in the model for
predicting hidden sell limit order volume. The numbers in parentheses are

the standard errors for the parameters. As shown in Table 2, the
coerfiedentwyssociated with effective spread are negative and glo@/us2007/014175
coefficients associated with volatility are positive. [0061]Table 2 _

Mid-Quote Standardized Liquidity 1 Goodness of Fit R2 rLagged Hidden
Volume -1 0 Addition less Cancellation Addition between and at the best

Bid and Ask AllllleloA WM-RYV Effective Spread 0-2 0.05 0.1807

f0045]1 From FIG. 2 it can be seen that the placement pattern is not similar

across any liquidity group. For the lowest liquidity group, more than 28% of all new
limit orders were placed AT the best bid and ask leve! while for the most liquid group,
48% of all new limit orders were placed AT the best bid and ask level. The
difference in percentage reflects the differences in share trade volume, urgency to
get order completed, and the competition within the liquidity group.

[0046] In this pooled data analysis, specific factors that appear to affect the
probability of hidden order placement are identified. One intuitive hypothesis is that
hidden orders are more frequently used for stocks with a high exposure risk (Harris
[1997]).

[0047] In a market with low volatility, hidden orders may reduce the chances
of being front-run and thus volatility may play an active role in an analysis. Ina
market that enforces time precedence, front-running can be very expensive.

[0048] Since front-running is expected to be more expensive for stocks with
relatively low prices, the use of hidden arders is expected to be higher for those
stocks. As for uninformed fraders, the option value of limit orders is affected by
factors like volatility (Mid-Quote Volatility), trading activity (Depth Size, Time Since
Last Trade, and Spread) and time to total (partial) execution. Order exposure risk
may also be related to the expected time for an order to be (totally) executed and the
frequency of orders that are partially displayed is related to the trading frequency of a
stock.

[0049] Time of the day is another important variable, as there may be
privileged periods over the trading day to enter hidden orders on the market. Market
participants may place limit orders at specific periods of the day. The model could
be extended to capture the anomalies associated with days of the week and month
of the year. The model could also be extended to take care of timing associated with
rebalancing portfolios. The trading day can be divided into thirteen 30-minute time
bins and the order placement pattern examined.

[00501 As shown in FIG. 3, time of day seems to explain where an order
might be placed. At the opening of the market, with no real information, a market
participant might be equally likely (33%) to place a limit order BETTER, AT, or
AWAY. As the day progresses, for example, by 3:30-4:00pm, the probability that a
market participant will place a limit order within the best bid and ask drops to 18%.
The average number of limit orders per ticker placed throughout the day shows that
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(0.0151) -2.9563 (0.2336) -1.2840 (0.1650) 0.2043 (0.0523) 0.2155
(0.0588) 0.02051'4 (0.0763) -0.0064 as (0.0783) 3 0.05 0.1233 (0.0112)
-0.9911 (0.1329) -2.9905 (0.1888) 0.4151 (0.0385) 0.2096 (0.0425)

0.1557
most limit orders are placed at the first 2.5 hours of the trading day. This pattern is

consistent across all liquidity groups.

'[0051] When the pattern associated with the number of the orders placed
based on the time period of the day is examined, one will note that it seems to mimic
the spread curve. This suggests that time bin might not be a factor associated with
limit order placement and that what is observed is really limit order placement
relative to the spread. The spread also captures the market impatience and is
possibly the first hint that there might be asymmetric information among the market
players. Glosten [1987], Glosten and Harris [1988], George, Kaul, and Nimalendran
[1991], Brockman and Chung [1999] consider decomposition of bid-ask spreads.
[0052] Glosten and Milgrom [1985] is among the many papers that identify
that information asymmetries among investors influence the bid-ask spread. Large
spreads would seem to suggest that there is little or no market information or activity.
If the commonly known spread profile is examined, the spread is, on average, the
largest at the opening of the market (the information searching period) and, as the
day progresses and information is captured through the market transactions, the
spread declines and reaches its lowest level by the end of the trading day.

[0053] A hidden volume predictor may take all the previously discussed
variables or a subset into consideration. Some of these variables describe the stock
price dynamics, while others describe the “fundamental” or historical characteristics
of the stock. The next section discusses in more detail the model and its associated
input variables.

f0054] Dynamic variables can include “Spread,” which captures the level of
trade interest and can hint that there may be asymmetric information among the
market players; “Mid-Quote Volatility,” where high volatility reflects the market
uncertainty and the possibility of hidden volume being executed away from the mid-
quote; “Average 1st Level Depth (by side),” which provides a first idea about
available liquidity inside the spread and possible market asymmetry; “Order
Placements/Cancellations,” which signifies the intensity of information arrival to the
market; “Lagged Hidden Volume,” in which the state of the trading world is related to
what was previously observed and the level of dependency is related to the time that

has elapsed since the last observed activity; and “Misalignment of the exchange mid-
quote relative to the composite mid-quote,” where market participants react to
disequilibrium in the market price. Dynamic variables can be standardized in order

11
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(0.0541) -0.1923 (0.0553) 4 0.07 0.1072 (0,0077) -0.9270 (0_0585)
-0.3364 (0.0427) 0.1302 (0.0113) 0.1057 (0.0116) 0.1059 (0.0172)

-0.0477 (0.0150) 5 0.08 0.1746 (0.0063) -0.5122 (0.0316) -0.2447

WO 2007/149378 PCT/US2007/014175

to (1) remove the time of day effect, (2) better measure extreme events, and (3)
allow cross-sectional analysis.

Model.

A. Size of Undisciosed Limit Order Volume.
[0055] In this section, the model is described along with empirical results
associated with estimating the size of the hidden volume and its location (placement)
between the spread are examined. To achieve this goal, all trades that have been
executed through undisclosed limit orders and their associated market conditions are
identified. Because modeling the discrete choice of placing a hidden versus a visible
limit order is desired, a probability regression model that maps trade volume with
market conditions is used.
[0056] Different trading horizons (trading instantaneously, or within a 1-, 2-,
3-, 4-, or 5-minute period) can be used. A regression model that only uses the
hidden trade volume that is actually executed would produce estimators which are
biased downward. To correct that aspect, necessary censoring conditions are
specified.
[0057] The model was evaluated and stylized facts were identified by (1)
examining the prior belief and matching it with the empirical results to determine
whether these results are consistent across all liquidity groups and (2) estimating
McFadden's LRI to approximate a pseudo R? for assessing the goodness of fit.
[0058] With reference to FIG. 11, a method for evaluating a mode! for
identifying hidden order volume may include a step of comparing hidden order
volume for different trading horizons and/or intervals S11-1. Such intervals may be,
for example, 1-, 2-, 3-, 4-, or 5-minute periods or instantaneous. Then, for each
interval, inferred hidden order volume and trading conditions (explanatory variables)
are determined in step $11-3. The inferred hidden order volume in compared with a
historical volume pattern in step S11-5. The model’s strength is then evaluated in
step S11-7. The evaluation step may incliude examining the prior belief and
matching it with the empirical results to see if the resmts are consistent across
liquidity groups. The evaluation step may also inciude determining the R? for
assessing the goodness of fit.
[0059] Some stylized facts relate to modeling hidden volume. For example,
the effective spread and voléﬁ!ity measures capture the level of front-running and
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(0.0063) 0.0857 (0.0055) 0.0464 (0.0055) 0.0420 (0.0075) -0.0613
(0.0060) 6 0.08 0.2037 (0.0043) -0.2909 (0.0171) -0.0985 (0.0120) 0.0696
(0,0029) 0.0429 (0.0030) 0.0424 (0.0019) -0.0323 (0.0030) 7
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any abnormal market movement which could be associated with asymmetric
information, “herding,” market corrections, or short-term movements. Less than
normatl effective spread indicates that many market participants are front-running
and hence, to camoufiage some of the liquidity demand, the hidden volume would be
greater. As for volatility, high volatility reflects the market uncertainty and the
possibility of hidden volume being executed away from the mid-quote. With high
volatility levels, a market participant is expected to place more hidden volume, since
the probability for being executed increases and no information or strategy is
revealed to the market. A larger absolute (daily spread) for a stock is associated
with more hidden order volume. Liquidity providers might hide more hidden volume
for stocks that have larger spreads because the likelihood of being front-run
increases. When more limit orders are place, more hidden order volume is expecied
as market participants are more actively involved in the market and gaming for
asymmetric information.

[0060] Table 2 below shows a subset of the variables used in the model for
predicting hidden sell limit order volume. The numbers in parentheses are the
standard errors for the parameters. As shown in Table 2, the coefficients associated
with effective spread are negative and the coefficients associated with volatility are

positive.
[0061] Table 2
Mid-Quote Standardized
= T oo
Lo e 2 |gekRU 2 @
Z x| 3s5¢ g,5 533 SE | £3
3 |8k| BB - 0 528 |5825 9= 85
Elgs| SE8 2TF |28Es| =2 54
5 .~ T Py w
02 | 0.05 0.1807 -2.9563 ~1.2840 0.2043 0.2155 0.0205™ | -0.0064™
’ (0.0151) (0.2336) (0.1650) {0.0523) | (0.0588) {0.0763) {0.0783)
2 0.05 0.1233 -0.9911 ~2.9905 0.4151 0.2096 0.15857 -0.1823
: {0.0112) (0.1329) {0.1888) {0.0388) | (0.0425) {0.0541) (0.0553)
a |o.07 0.1072 -0.9270 -0.3364 0.1302 0.1057 0.1059 =0.0477
) (0.0077) (0.0585) (0.0427) (0.0113) | (0.0116) (0.0172) (0.0150)
5 |0.08 0.1748 -0.5122 -0.2447 0.0857 0.0464 0.0420 -0.0613
) (0.0063) (0.0316) (0.0063) (0.0085) | (0.0055) (0.0076) {0.0060)
s |o.08 0.2037 -0.2909 -0.0985 0.0696 0.0428 0.0424 -0.0323
. (0.0043) (0.0171) {0.0120) (0.0029) | (0.0030) (0.0019) (0.0030)
7 0.08 0.1387 -0.2429 ~0.1146 0.0350 0.0326 0.0328 -0.0236
) (0.0047) (0.0144) _{0.0098) (0.0022) 1 (0.0023) {0.0013) (0.0021)
8 0.08 0.1633 -0.1931 ~0.0872 0.0235 0.0284 0.0179 -0.0172
- {0.0039) (0.0134) (0.0091) {0.0015) | (0.0016) {0.0022) (0.0013)
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0.08 0.1387 (0.0047) -0.2429 (0.0144) -0.1146 (0.0098) 0.0350 (0.0022)

0.0326 (0.0023) 0.0328 (0.0013) -0.0236 (0.0021) 8 n n ufwa 0.1633

(0.0039) -0.1931 (0.0134) -0.0872 (0,0091) 0.0235 (0.0015)

WO 2007/149378 PCT/US82007/014175
8- T os| 03164 -0.0868 -0.0145 0.0115 0.0128 0.0091 -0.0070
10 | (0.0033) (0.0087) | (0.0057) | (0.0008) | (0.0010)1{ (0.0012) {0.0006)
[0062] For the variable MID-QUOTE, a 1 is assigned if ARCA’s mid-quote is

greater than that of the composite mid-quote, a O is assigned if the mid-quote is
equal, and a -1 is assigned otherwise. The coefficient values with the superscript ns
indicate that these numbers are not significant at the 95% confidence level.
Variables are standardized by their corresponding historical 3 month means and

standard deviations, i.e. X ... =5—E—3§~ where X is the mean and o (x) is the
o(x

standard deviation of x.
[0063]
order book and track order additions, cancellations, depth, previous 15-seconds mid-

Market participants can monitor the changes in the shape of the limit

quote returns, and the misalignment of the mid-quote associated relative to the
composite market. These variables act as the frontline variables to capturing market
dynamics and participants’ gaming/strategy. The results suggest that more additions
than cancellations of limit orders is a signal that there are players in the market that
hope that such actions stimulate the market, perhaps to attract the market towards
their undisciosed volume.

[0064]
than the composite mid-quote price, the expected buy hidden limit order volume will

When the nﬁidﬁquote is misaligned and the ECN's mid-quote is less

be fess than that of an ECN which has a mid-quote that is equal or even greater that
the composite mid-quote price (exemplary ECNs include Archipelago, INET, and
Brut). In other words, it has been determined that hidden buy (sell} limit order
volume follows the ECN with the highest (lowest) mid-quote price.

[0065]
examined. At first glance, one might dismiss this variable as being invisibie and

Apart from these variables, the previous hidden volume executed is

hence not a reliable explanatory variable, but this would be mixing the concept of
hidden with that of invisible. After an execution against hidden volume takes place,
there is a telltale trade tick which is printed. Research indicates that if hidden
volume is found, there is a good chance that there will be more hidden volume--that
is, Lagged Hidden Volume.

[00‘?6]
absolute (daily) spread is considered, larger absolute spread for a stock indicates

Certain stylized facts may be discerned. For example, when only

greater hidden order volume, Liquidity providers might hide more hidden volume for
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stocks that have larger spreads because the likelihood of being front-run increases.
When considering only limit order placements, when more limit orders are placed,
more hidden order volume is expected as market participants are more actively
involved in the market and gaming for asymmetric information.

B. Location of Undisclosed Limit Order Volume
[0067] in the previous section, the size of hidden volume that is assumed to
be located between the best bid and ask was modeled. In this section, it is
described how the location of this volume between the best bid and ask can be
estimated according to an embodiment of the present invention. To achieve this
goal, the spread can be divided into uniformly spaced regions and the explanatory
variables are used to estimate the probability that an order is placed in that region.
[0068] The premise is that market participants observe the market conditions
and from that, decide where to place hidden volume. Hence, changes in the state of
the limit order book cause participants to reevaluate their placement strategies. ltis
assumed that the “fundamental” factors, absolute historical (e.g. intra-day) spread (in
cents), and volatility contribute to identifying where hidden orders are being placed
on the book. The assumption is that placement is based on perceived market
conditions such as absolute spread and volatility. The mode! maps the location of a
hidden order with existing market conditions.
[0069] Table 3 discloses a subset of the variables used in the mode! for
predicting the location of sell limit order volume according to an aspect of the present

invention. Table 3 gives a brief relationship between a few market variables and the
placement of hidden volume.

[o070] Table 3
Standardized
Liquidity | Good- Return in | Addition less | Addition between | Imbaiance
ness of last 15 Canceliation and at the bhest in Depth
Fit R® seconds Bid and Ask

0-2 0.18 -0.0425™ -0.1120 0.2322 -D.0878™

- (0.0373) (0.0460) (0.1126 (0.0673)

3 0.19 -0.0854 -0.0668 0.1050 =0,0823

i (0.0430) (0.0258) (0.0707) (0.0404)

4 0.19 ~0.3023 ~0.0719 0.1584 -0.1864

’ {0.0440) (0.0194) (0.0476) {0.0308)
5 0.20 ~0.2860 -0.1125 0.0274 -0.0972™

i (0.0590) (0.0160) (0.0516) (0.0254)

6 0.20 =0.3757 ~0.0894 0.1501 ~0.0791
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[0062]For the variable MID-QUOTE, a 1 is assigned if ARCA's mid-quote
is greater than that of the composite mid-quote, a O is assigned if the
mid-quote is equal, and a -1 Is assigned otherwise. The coefficient values
wWith 2heradgsésscript ns indicate that these numbers are not significasitoat/o14175
the 95% confidence level. Variables are standardized by their
corresponding historical 3 month means and standard deviations, i.e.
A(standard) x -7 where Te is the mean and a (x) is the a(x) standard
deviation of x. [0063]Market participants can monitor the changes in the
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(in cents), and volatility contribute to identifying where hidden orders are
being placed on the book. The assumption is that placement is based on
perceived market conditions such as;gbsolute spread and volatility. The
model maps the location of a hidden order with existing market conditions.
[0069]Table 3 discloses a subset of the variables used in the model for
predicting the location of sell limit order volume according to an aspect of
the present invention. Table 3 gives a brief relationship between a few
market variables and the placement of hidden volume. [0070]Table 3
Standardized




Liquidity Good- ness of Fit R2 Return in last 15- seconds Addition Iess_
Cancellation Addition between and at the best Bid and Ask Imbalance in
Depth 0-2 0.18 -0.0425s -0.1120 0.2322 -0.0878ns (0.0373) (0.0460)

(2 206Y 0 0873) , PCT/US2007/014175

results to see if the results are consistent across liquidity groups and determining R?
for assessing the goodness of fit.

[0076] When considering certain stylized facts apart from others, certain
conclusions may be drawn. For example, if only considering increasing mid-quote
volatility, it is expected that an investor is more willing to place hidden limit orders
within the spread. Also, market participants will place more hidden volume inside the
spread since no information or strategy is revealed to the market. If only considering
increasing intra-day (standardized) spread, an investor is more willing to redistribute
hidden order placement within the spread. Also, when considering only limit order
placement, if more limit ordelrs are being placed, more hidden order volume inside
the spread is expected. Placing hidden limit orders inside the spread camouflages

one's liquidity demand and thus protects against other market participants who might
step ahead.

C. Model development

_foo77] With reference to FIG. 12, a flow chart of a method for creating a
model for calculating the probability, volume, and/or placement of a hidden orders is
shown, according to an embodiment of the present invention. Processing begins at
step 812-1, wherein real-time trading messages can be obtained or received as
already discussed above in the “Data” section. From the order data, a trade may be
classified as visible where the trade can be matched to a limit order message in step
812-3 while a trade which cannot be matched with a limit order message is classified
as hidden in step 812-5. The side of a trade classified as hidden is determined in
step 812-7. Trade classification and side determination are discussed above in the
“Data” section.
[0078] In step S12-9, tradable assets can be grouped into liquidity groups
based upon the median trade volume of the asset during a pre-determined liquidity
period. A liquidity period may be, for example, the 21-day period coinciding with the
first 21 days of the real-time trading messages.
[0079] In step 512-~11, one or more market conditions can be calculated for
each tradable asset over a pre-determined trading horizon. Market conditions may
include, for example, effective spread, mid-quote volatility, additions between best
bid and ask, average first level depth, order placements, order cancellations, and
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additions less cancellations. The trading horizon may be, for example, 1-, 2-, 3-, 4-,
or 5-seconds or instantaneous.

foosa] In step $12-13, a coefficient is calculated for each liquidity group and
each market condition, which associates the market condition with hidden trade
volume compared to visible trade volume and hidden trade location compared to
visible trade location. The coefficients can be stored in a table of coefficients, such
as in a database or other memory device. The table of coefficients, as already
described above, can be utilized as a model for estimating current hidden liquidity in
a trade forum based upon current market conditions.

[0081] Thus, a coefficient can be used to quantize the degree to which one
or more market conditions can relate to hidden order volume and or location for
tradable assets. Coefficients may also be associated with liquidity groups, as
-described above. The model (e.g.., coefficients) can then be appilied to real-time
data to estimate hidden liquidity.

Testing Model.
[0082) To examine the strength of the model in predicting the hidden volume
and its placement on the order book, all (partial) executions that have the same sigh
(buy or sell) and occur around the same time on ARCA were aggregated. For each
of these trade clusters, the existing market conditions were identified and saved and
the cluster volume, the share-weighted average execution price, and the average
execution price that is derived from the observed unadjusted limit order book at the
start of the cluster execution were calculated.
[ooa3] The difference between the limit order book’s perceived execution
price v, and the actual execution price p, is referred to as the Virtual Price Error
v, = p,. Virtual Price Errors are typically positive and give a first impression about
the usability of the displayed limit order book alone.
[oog4] Next, the limit order book can be reconstructed based on the
prevailing market conditions using the models that have been discussed in
subsections A and B above, and the estimated undisclosed limit order volume at the
appropriate price levels is included. Based on the adjusted limit order book, the

estimated execution price v/ and the New Virtual Price Error v"** - p, can be

determined.
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-0.2860 -0.1125 0.0274 41.0172 (0.0590) (0,0160) (0.0516) (0.0254) 6
0.20 -0.3757 -0.0894 0.1501 -0.0791 WO
2007/149378PCT/US2007/014175 0.0502) 0.0104 0.0323 0.0107 7 0.20
WO 2007/149378 PCT/US2007/014175

[6085] The above procedure enables: a) having a one-to-one comparison
between actual and estimated prices, and b) evaluating the superiority of the
adjusted limit order book over the unadjusted limit order book. To assess accuracy,
varying scenarios can be studied for each liquidity group, considering different Time
Of Day and different levels of Volatility, Spread, or Limit Order Volume Activity. More
precisely, for each liquidity group and scenario, the average Virtual Price Error and
average New Virtual Price Errors can be computed for all subgroups of each
scenario.

[0086] FIG. 5 shows the graphical comparison between the average Virtual
Price Error and average New Virtual Price Error for all stocks that have been
classified in Liquidity Group 2. The trading day can be broken-up into seventy-eight
S-minute bins and the average Virtual Price Error and average New Virtual Price
Error in each of these subgroups are presented. So as to capture the Virlual Price
Error distribution, the 5% and 85% levels can also be graphed. On average, there is
an error of approximately 5-cents difference between what a trader would believe to
be the instantaneous trade execution price if he only looks at the displayed limit
order book, and the actual execution price. That disparity is eliminated when the
model is used to adjust for the hidden volume. Similar results hald for all other
examined scenarios which, for brevity, are omitted here.

[0087)] As shown in FIG. 10, the performance of a model may be evaluated
by using virtual price error computations. Steps in a method of evaluating a model
include creating trade clusters for "out of sample data” S10-1, where a trade cluster
is an accumulation of (partial) executions within a short time-frame (e.g. one month)
on the same side. Virtual prices will be computed by reference to an index i/, where §
indexes the trade cluster. The index jis setto 1 in step 810-3. Next, the market
conditions around the execution time of trade cluster / are determined in step 810-5
and the average execution price of that trade cluster is computed in step 810-7. In
step 810-8, the limit order book's perceived execution price is computed and in step
S10-11, the “true” limit order, book based on the market conditions, is reconstructed
using the model's execution price. Then, the virtual price error and new virtual price
efrror are computed in steps S10-15 and S10-17. The index i is incremented in step
510-19 and subsequently compared to the number of trade clusters to determine
whether additional virtual price errors must be computed. In step S10-21, the virtual
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0.19 -0.7267 0.0589 -0.0963 0.00444 0.1192 0.0141
WO 2007/149378 PCT/US2007/014175

price errors may be subdivided into different scenarios and the averages compared
for each group.

[0088] Scenarios may be subdivided by time of day, volatility, spread, limit
order volume activity and other factors. The method of FIG. 10 permits a one-to-one
comparison between actual and estimated execution prices and evaluation of the
superiority of the adjusted limit order book over the unadjusted limit order book.

Applications.
[oo89j In this section, the practical importance of the model of the present
invention is described and illustrated. A static example associated with placing a
market order is created examine both the cost and price impact associated with
executing the order instantaneously and within a 2- and 5-minute bin period are
examined. The price impact PI, of a market order i is defined as the difference

between the last execution price p/" and the mid-quote m, immediately prior to the
market order /. Similarly, the cost C, of a market order i is defined as the difference
between the share-weighted average execution price P; and the mid-quote m,
immediately prior to the market order ;. More precisely,

Pl =&, -(p/™ —m) and C, =8, (5, -m,),
where &, =1 for a buy market order and &, = -1 otherwise.

[0090] FIG. 1 illustrates that executing a buy market order of 1,000 shares of
the company, Argonaut Group Inc. would have a price impact of $0.10 and the cost
per share would be $0.05. For illustration purposes, it is assumed that at 10:40 am,
Argonaut Group Inc. is very actively traded with an effective spread of one deviation
less than average and volatility being one half of a deviation higher than normal,
Moreover, it is assumed that in the previous 5-minute bin, of the 1,000 shares
traded, 30% are classified as being hidden shares. From the specified market
conditions, it is estimated that there will be around 60 hidden shares instantaneously
available between the best bid and ask and 147 and 280 hidden shares of sell limit
orders within the next 2 and 5 minutes, respectively. Table 4 gives the complete
breakdown.

[00981] Table 4

| PRICE [ INSTANTANEOUS | 2-MINUTES | 5-MINUTES | PROBABILITY |
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indicate that these numbers are not significant at the 95% confidence
level. |0072|AII variables were standardized by their corresponding
hisdd&a B x- 3F morths means and 3tandagd devidtions,|i.e. X046htde r i
the| $8@01a(x) and a &) is the standar deviation o8 x. [00i7 3| Th&2768/ble
"Re®i#h.02 last 15-sedond” is the timel@eighted pebdentage mid-2f36ie
retiif89Bih the previous 15 sdcondd Brior to exe@ion. [DO7AIFWBEKs in
Liqu®B,08oup 8 ard@xamined and 168 hid-Ask sBBdad isldivided 9888 six

equally sized groups, then FIG. 4 illustrates how placement of hidden

?Qﬁ“e °“a”?§*w*“§8§;s IERRaHIPLa BN TogERaUl1S 6P 1AE ot 10.40
A e e R ST o O T GR R Ut BraE YeuHas ABy T Baeton for
diffdistilextenitivithhotizerspréhel estiisatedtbiddboldsitme saxsscidigpbdity
APHBR {&Oiélm%omgwg ésee%meecéfmsﬂfér%fohw NYRHO & 5”:% he@s

of creating a hidden order location madel, referring to FIG. 9, may Include

IC4oSTE b BEREYRIHG EnEBERR T BABHLEbSRIG RIS FRUBAT R dheider
vﬁ@uﬁxe iieloEbepaat fhat flvide Region 2 = (bid, bid+0.2.(ask-bid)] Region 3 =

0.2. (as"ﬂ%l&*? th%@a‘héﬂ%‘? %Hgﬁﬁﬁaﬂé%ﬁ figdliced- Hﬁlﬂ?%%\dﬁolume can

bid+ ask-bid)] Region 5 = (bid+0.6 bid), bid+0.8-(as
W@ds (é@k 'B.d?ea%rkﬁeé@f@'rﬁ%.m%m%%\'ﬁcﬁmh@%ﬁ ﬁ@:‘ﬁ§%ﬁ sel
lﬂnn dianerf Bamg m@rmadwﬁ}dﬂawdﬁﬁd@s%arwwy yab@éﬁﬁéa B8%he

ﬁ/?tuéaatm ren ?ﬁ%@@%ﬁ eI Of c;P 68 la%ﬁggﬁ}ﬁ]gr?cg an luat"t}getgest bid

el'ss ep of evaluating del's s rength may
- anelerleieraimAkeg-the prior belief and matching it with the empirical

mu S to Se@mtmlﬁk@fﬁwgm@@féﬁiak%%}%u pdHUBE fango am,
ermi assessin e goo ] N considerin
@ﬁ?ﬁ%@ﬁﬁa A epeeeb Sl e Bl e
lmt%kammrmewwﬁdﬁ}mgﬂlﬂm’ea‘élﬁ@/brmﬂtqtabmdﬂﬁatslaﬂljlmltsorder
BIRFERAankER IGSieldh Slea HadioRAsshIenlaysseine Wi,

the spread. Also, market partici ants will place more hidden volume inside
WPRISARAlE IS ﬁ&tﬁﬁdﬂ%éﬂ@ 5&8@%@%«@&5}?&8%@%rm Igvel. If
toalirtooidetivgkircreasisguctsd-Waydsdntiar tdidddh spread, (&mpm&ﬁbﬂul@s

OﬁﬁlﬁYﬁHé‘@ Eg WQ&%?APH%?F?QSWRW%F POSITRE] r?ﬂ&%& Ps traded

so when considerin mit or erpacement if it orders are

f%'i%'ﬁ?é%’é’é”mtfﬁ BERGRIENV (D N asPisRtigneod fpealing Shpeates). Is
PRoswdndeendusitosierasnginerne|speadcame vingacatost iouindy
qalalu eoa gl hﬁ ée%t‘gacets”% Cpstqq%&r%&ﬁ(%partlupants who might

ea evelopmen 'h Teference to FIG. 12, a

[ﬂ@%]:hart of El@efhiscefaiephicalngnsasridatioorofdteding g rimenp fodaenisg! imit
O8I U AR M PERERHIB LRI BHAKIHRBLOT BRES E5sHAQY th S GCEFIHRIR Alfion

embodiment of the present invention. Proces smg begins at step S12-1,

P RAREFb A RS AR S BB TS GCH B AP PABSRILD 42 adiusted
t@loeablat tikenssedambovetimdtied Datahiseebos! yFmdmtitte Braer 3iata and 5-

r{‘f %56 ARSSUIRAATNVZI K 85%4%%&“ f”’r% ‘%fﬁi!; 5

er message in Step 512-3 w |eatradew

a\ﬂﬁﬁ‘%‘t Tﬁﬁl?ﬂﬂ@‘?ﬁ?@é@ﬁ@@ iRk S 4 HReRS ntgﬁebvgfg%ewfﬁéie

exbatiadpetagaificth $3HioBEENG thetenpatast ipriie pripbdt detragses to $0.05.
classification and side determination are discussed above in the "Data"
section. [0078]In step S12-9, tradable assets can be grouped into liquidity
groups

21

AMENDED SHEET - IPEA/US



based upon the median trade volume of the asset during a pre-determined
liquidity period. A liquidity period may be, for example, the 21-day period
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[0086]FIG. 5 shows the graphical comparison between the average Virtual
Price Error and average New Virtual Price Error for all stocks that have
been classified in Liquidity Group 2. The trading day can be broken-up
into seventy-eight 5-minute bins and the average Virtual Price Error and
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with an effective spread of one deviation less than average and volatility

being one half of a deviation higher th&a normal. Moreover, it is assumed

that in the previous 5-minute bin, of the 1,000 shares traded, 30% are
classified as being hidden shares. From the specified market conditions, it

is estimated that there will be around 60 hidden shares instantaneously
available between the best bid and ask and 147 and 280 hidden shares of

sell limit orders within the next 2 and 5 minu [ ctively. Table 4

gives the complete bre%%ﬁ&@iﬁ%éﬁ}m INSTANTANEOUS
2-MINUTES 5-MINUTES PROBABILITY



23 $35.00 37 13 0.046319 $35.01 2 4 8 0.027683 $35.02 5 12 23
0.080532 $35.03 6 15 29 0.105157 $35.05 43 109 207

their respective functions as described herein. The computers can be the same, or
different from one another, but preferably each have at least one processor and at
least one memory device capable of storing a set of machine readable instructions
(i.e., computer software) executable by at least one processor to perform the desired
functions, where by “memory device” is meant any type of media or device for
storing information in a digital format on a permanent or temporary basis such as, for
example, a magnetic hard disk, flash memory, an optical disk, random access
memory (RAM), etc.

[00104] Computer software stored on the server (“server software”), when
executed by the server's processor, causes the server 722 to communicate with the
workstations 724 and one or more sources 726 of financial data, such as data
vendors, that offer real-time securities data in an electronic format. The server
software, when executed by the server's processor, also causes the server 722 to
perform certain calculations, described in greater detail below, using the real-time
data from the data vendors 726, as well as estimating the probability of hidden
market orders, and providing estimated order book data for display on one or more
workstations 724.

[00105] The computer software stored on a workstation (‘user software”),
when executed by the workstation processor, causes the workstation 724 to receive
estimated order book data from the server 722 and to display the estimated order
book data to a user on a monitor. Real-time and historical securities data used by
the system 720 to estimate an order book can be received from a remote source
720, such as a data vendor, or from a local database 730 connected to, or
maintained on, the server 722.

[00106] The server 722 can be located at a user’s facility or at a site remote
from the user's facility. Communication between the server 722 and the data
vendors 726 and 728 can be accomplished via a direct data link connection or a
network, such as a LAN, an intranet, or internet. In alternate embodiments, one or
more workstations can be configured to perform the server functions such that a
dedicated server is not needed. It will also be appreciated that workstations can be
configured to communicate individually with data vendors and/or local databases
without being networked to a server or other workstations.

[00107] A number of embodiments of the present invention have been fully
described above with reference to the drawing figures. Although the invention has
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0.740309 [0092]Given the existing trading conditions for Argonaut Group
Inc. at 10:40 am, Table 4 presents the amount of hidden sell limit order
volume and its location for different execution horizons. The estimated
Ridsignvaksme is expected to be available for a market order begings2007/014175
executed instantaneously, within 2, or 5 minutes. If there is hidden

volume, column "PROBABILITY" shows the likelihood that hidden volume

is located at that price. [0093]Next, the location of the estimated hidden

sell limit order volume can be estimated. That is, the price level at which

tela desitisgbesthbupaiseiesassel-§mErapdenisdssing thsuRr QQ%EJ%m to
thaedeldisryussad &W&%ébéﬁpmlﬁcg \gl?ﬁ) Modalssedtion, the fatve

qpro ab }ﬁ\éasso%ated with each price le etween the best

QU ’Oaﬂetﬁéfﬂ?a‘?ﬁé?%fﬁf&ﬁmﬁe%?‘ﬁ%%wawc%ﬁamﬁ@nat
Sfepﬁpémemetmghdwg eHarpieressaplaiosiraenes 16 @bhdotbarsaiblytics

douad wﬁwmmcme@@wb% Bfl@sﬂsmlma@m&%%%m
dokalHGdeR geg,[ag% %yﬁ{‘%ﬁe ble a or below $35.02. As for

the best ask price sa prOX|ma e?y tﬁﬁ) of the total hidden
sell limit order volume Iocated at that level. If the limit order book is
reconstructed to include the hidden volume (the probabilities are multiplied
by the total hidden sell limit order volume), the price per share traded for
the instantaneous trade model (with the assumption of locating 59 shares)
is $35.065 and the cost is $0.045, which is lower than the estimated cost
for the unadjusted book. The price impact remains at $0,10. [0095]FIG. 6
is a graphical representation of trading horizon, hidden sell limit order
volume, and average execution price. FIG. 6 shows the average execution
price based on the unadjusted (static) limit order book in comparison to
the adjusted book that takes into account trading instantaneously and with
1-, 2-, 3-, 4-, and 5- minute horizon. As trading horizon increases and the
market players execute against the estimated volume within the next 5
minutes, the average expected execution price falls to $35.052 and the
expected price impact decreases to $0.05. 21 [0096]While market
venues strive to achieve greater transparency by offering market data
products with more granular and current information, market participants,
in their demand for minimal information leakage, continue to hide their
trading intent by placing hidden limit orders. This conflict between market
transparency and traders secrecy complicates the tasks of algorithmic
trading systems of seeking out both liquidity and best execution, and
complicates the tasks of the market participant by obscuring the true
liquidity of the market. [0097]The rising popularity of placing undisclosed
limit'orders instead of displayed limit orders, has greatly limited the
usefulness of the limit order book when it comes to transparency of
market participants' actions. It has been shown that using a "simple" limit
order book is insufficient for estimating true liquidity and transaction costs.
Furthermore, utilizing an analysis of the "simple" limit order book and
ignoring the undisclosed limit order volume actually alter the execution
optimization and transaction and opportunity cost reduction, with a bias
towards lower available liquidity and higher transaction costs.
[0098]However, it can easily be inferred from the results that ignoring the
probability of undisclosed volume within the spread greatly limits (at best)
the ability of algorithmic trading systems and smart order routing systems
to find the best execution price for market orders. Algorithmic trading
systems must either uniformly search across different market venues (at a
great opportunity cost) or devise smagter ways to seek out available
liquidity. So-called "smart" order routing systems that do not take into
account the probability of undisclosed volume within the spread are not
smart. [0099]The present invention provides market participants systems
and methods for monitoring the limit order book for liquidity. The Effective
Spread is negatively correlated to the hidden liquidity and the Mid-Quote
Volatility, Additions Between Best Bid And Ask, and the Additions Less

Cancellations are all positively correlated to hidden volume. Although
thace farte AN Nnot narmit 2 reconcetriictinn of the "reaal”" honlkk thev are
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[00101]For example, in algorithmic trading systems and smart routing
systems it would be obvious that given equal price and liquidity across
multiple venues, the best choice of which venue to route to would be the
one with the highest probability of undisclosed volume within the spread,;
such systems would be considered to be "smart". For market participants
this enhanced book information can be used to guide a liquidity trader to
WE BasABdurces of liquidity and could potentially be used to drive

enhanﬁ@?*\|?ﬁ@tl@6@eﬁlyﬁédiﬁ§mﬁf§%ﬁwmﬂi@w}m§@h&ﬁ%@@é@m said
R t i Qgenue,
g%?v%@t&%?%ﬁ@oﬁt %ou{ﬂ%@%ﬁ%%ﬁgﬁ%@%a%?ﬁﬁart{glps:an ﬁgg'a
more r@ﬁ%ﬂg&ﬂgﬁg , S 'c\)'t%gl%ﬁ\a/vgﬁares c?ncqatg%sea% on; [00102]In
accordBSESWinorAdNa PR NAEHY RushtRARRIE &StRidying an
aspectroédseimgatdifjcnsdbeivaernchest &ih anc askinétbeteadable asset;
followingesiapn d atiditiercalpis s ed mtediatitineafding trasabR datsefrom

each exchanas (e OpP%abiityREANITEEh BAESIIR $ieR-5bid B8et as a
CNEHs {5’{;%8%%%%%&%@5@3%%28@%lgﬁﬁﬁ%@&ﬁfiﬂér%ﬁﬁé‘& best

MCSLLP

aggregated/consolidated) In stép cent boo ty on ea
té'%cﬂ%%@é'fs @ﬂﬂ’&ﬂjmtlﬂ@ﬁ]@r‘?m%&ggaﬁd/ consolidated (for example,

limit oreRicBlaing aibisslenigrorabime bafweaetibgiResthigsand ask;
seconds)dolsténpySBHid Relevaletr lpstejeaidased statistics are retrieved

from they iarketiRptan (bee desaikarne (Fer exaamicagRabagsstingidesults of
%&l%@&ip‘#ﬁ ing \éqlume and hidden volume in the last 5 minutes) in

step S8-7. esUPnated hidden volume is calculated on the fly between

bid and ask on each trading venue and aggregated in step S8-9. .
Determinafierieeihndidh aseerdageswith Haibdsvpreainiedeopasiliyif a

liddediodeisiblalaod Hidusimnaoithlectiagg efsdayeness of trade given the
current liquidity in the market are made in step S8-11. [001031Referring

b cortaured s %ﬁ%ﬁ“f“&%@?@%ﬁ&%&é&re%ste?ﬁ?ééﬁ??ﬁ%‘éﬁ%%%%%@& said
A DI LIHTB TR RS o PRE LR ED SSLRAM Bt probabilty

of hidd@eans-ker BierRss e craiRtiastivg srisadirbiieratapleasset
inventioreansHowmeadsuspgtenmico eaie ivelatiity sktive trzeiziie asset;

commuéeaiipfonitieasaringrlgitines hekstaiites/id, Jodexskyfiehédradable
'&qt data link connection or a network such as a local area network

(LAN}), an Intranet, or internet. The server 722 and.the work,stati 4 )
can beng%?nnﬁu%%rrsmo?aasnuf [R/%eg %@I’gﬁ%_gess%%ingr%ﬂggp?gglgﬁﬁ %e{rr%)%r%n%r% asset;
23 méw@@@ﬁé&ﬁ@#ﬁﬂ@m&aaer&@éﬁﬁ'ﬁwha@Md?ﬂ@ﬁféﬁﬁ6%?&éaa#gele
assamsa Gurditiereaf theneteetivemneeadutis dticaphotawn BEll aadisiliens
PeRvBENT B bithd ad lesist ane adklitions devicestaglittonisstoring a set of

machingdgRdICHISIIAHRNS HiSaciPBIBLIES0IMEHRhRBRIRDISRY Bid and

Iesista%raa processor to perform the desired functions, where by "memory
eviceIs meant any type of medija or device for storing information in a
digital fBRASE éﬂrfﬁm%}'%ﬁgfw A sBRH as, for example, a
magnete ansdfeikomstsHatignyo e bbaekl faisraid tasiakieasset based on
resoiery (aM)oetcs D MisdEofoputdicsztingra prateabditytiod gdridelen order,
§REMRI ARSI WABSEXPRUERMN R JBR WEIPES BFRCEaRPMEaNSEsIthe

ég(c\,{ﬁgﬁ%%éogﬁggntgﬁ%[:?w&@ the workstations 724 and one or more

sources Inancia a, such as data vendors, that offer real-time
securities data in an electronic format. The server software, when
executéd by theesxaesR6eeEdng tastiainuSeSurBeIPoaITIBING MadnHTor
getgingteutationstde sidbed ordpeatdunetaihbehiddarnsorgengrieal witiea
driRdle feddatayrendors 726, as well as estimating the probability of
hidden market orders, and providing estimated order book data for display
on one or more workstations 724. [0019g]The computer software stored
on a workstation ("user software"), when executed by the workstation
processor, causes the workstation 724 to receive estimated order book
data from the server 722 and to display the estimated order book data to a
user on a monitor. Real-time and historical securities data used by the

system 720 to estimate an order book can be received from a remote
cniirce 720 c<cirich ac a Aata vvendor or from a loeal datahace 7220
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measuring additions between best bid and ask of the tradable asset;
measuring additions less cancellations of the tradable asset;

calculating a probability of a hidden order for the tradable asset as a
function of the effective spread, the mid-quote volatility, additions between
best 10bid and ask, and additions less cancellations; calculating a hidden
order volume between the best bid and ask; calculating a hidden order
price; dndd compusariotiadadnieontizdibookttoing e omgaliés-azsctitatded on
thetfestidissoforaid meteldatigaAterselbook fér 4 heatraikogdssciceaigianger book
mﬁmakﬁ@hm@ﬁr&aé&e ngeéﬁammfgadwgpﬁrbﬂgdséﬂﬁﬁl%@ function of

the time o or co %ctl rder b(%ok for a
0

tradabl@%gggil %%%nz?)f(fgsgv% SRGIGGIN ?%ggn orders, said system
compr@ﬁ@sh’fé%\g@ W%@'&%ﬁﬁlﬁ%@ﬂ'@f@%ﬁ\%%@%@?ﬁ@ tiradable

asset; meassiogradddioimteweequotsibididing esthefithadiid alscasset;
meansifasensy rﬁ@&dﬁiﬁd@Ssb@W@@lraﬁeatsbiﬂ thed@slabfdmstetdable

MCSLLP

asset; gg[@@%@i‘ﬁ 4 BYRREH| 6?‘@'%%3%%@@9@“%@9%@5%5@@@3 a
L S B o e e -
Q%ﬂﬂﬁ@%tﬁ/&%ﬁ%@gma |§ﬁ§ ﬁchﬁﬁ% {1988itions less cancellations:

meansqatc@éaémgtmbIddﬁadérﬁ!@rrd@fummh@twgﬁnef@@ pRsbbid Bideaek; and
30ask; caiduiatiaigsa dridddouatiiey privedenddrder price; and means for

COﬂS”L&SMr@&m{ ArPerteios SeiFéranRbit s Based suserspis R Rgults of
gg@g T&L galculatlng a probability of a hidden order,  said
or ca Iatl

means n a hidden order volume, and said means for
35calculating a hidden order price. 4. The system according to claim

3, furth@r EBmpIelitethie AsS96d aneryME usta ial durdhsiaiutnensripgpility of a
haddere enae hislddsooadenptics oifithe tisplaf/ddyrder book. MCSLLP
5.A computer readable medium storing computer-executable instructions

forf%”?” QtﬁBdJFQPEF?%%gjé AiRdrRle asrehatg 2RIty and a
Cal#alcr’ggr cO grd%rasén bR (r)rpén aUable tlggge Oméodsmeqthod comprising the

steps of:

accessing a plurality of trading messages from a trading forum for a
predefined period of time, each message including information about one or
more orders for tradable assets or executed trades for tradable assets, said
order information including identification of a tradable asset, a price, and a

- quantity;

identifying executed trades from said messages;

classifying a trade from the identified trades as displayed if the trade can
be matched to orders in said messages;

classifying a trade as hidden where said trade cannot be matched to
orders in said messages;

determining a side of each order corresponding to a trade classified as
hidden;

calculating a hidden trade volume and a hidden trade location for
tradable assets based upon said classifying steps and said determining step;

27



measuring an effective spread of the tradable asset; 5Smeasuring a
mid-quote volatility of the tradable asset; measuring additions between MCSLLP
best bid and ask of the tradable asset; measuring additions less
cancellations of the tradable asset; calculating a probability of a
hiddencusley Exdheriidatnblasassettas plivaitiiai vadabletiestiecrsprene of a
id> il] i1 ' \
D B e v me s
VOHETSERYSi@ BIfICRIRMIReE ARt RPEASdden order price; and
constletingimnfordechapidipidhedsadatie psselthaseddabihesastslts Bfast
said cal Ng: steps. .15 6. The method in accordance with claim 1
ogv%g}ge%n héeﬂper%'t?éb%%?lof a hidden order is also a function of the time of
day. calculgting frembaueite @aung senbitiatoracatithy adrissabamy
naRed et RN S 0cRist dhie de Baiidad den ar il ablarasart, saitiidibothade
&am rising the steps of: accessing a plurality of trading messages
| trading forum for a predefined period of time, each message
including information about one or more orders for tradable assets or

execulerh SRR ardRe g w5srif saitharRA iR uBRioiins iy
laentrcaton or a tra e assel, g price, ua ;v laen | R
B A PP B Fret A e o e Y Hraaing

meesdifiesd trades as displayed if the trade can be matched to orders in said

messages; 30classifying a trade as hidden where said trade cannot be
matched to orders in said messa?es; -determining a side of each order

corre@pdritimEth AL diagdRigd ms hivlere R ARG MG LS AGHOR F]mprises
avidasnerancf thbiddesfitrattle lemationafonid & tretd aluliatiibp etdditisedbepernen best

bicaigﬂglggfi 180, ‘ﬁ?s?fé‘é/é:!acjgg It,tSFgEPmcéﬁﬂBhté{'%%nce%%ﬂ'&)%nd

ach tradable asset in the plurality of tradable assets into one of a plurality
aglitipmeligr g RANSS IRlisns opeeRirreaterashBRINGEBPYZR dian trade

volume over a pre-determined liquidity period; calculating for each

radablp assel Difs RULBIRAGSALRR'T ARRRIMILATHBEPAT Ry groups

condition; a
is 11.

11. The method of claim 7 wherein the real-time trading messages are
obtained from ARCA Comstock Level 1 data and Level 2 data feeds.

12. The method of claim 7 wherein the trading messages are obtained from a
direct exchange L2 feed.

13. The method of claim 7 wherein at least one coefficient x is standardized ‘

8S X DY its corresponding mean and standard deviation over a pre-determined

prior standardization period.

14. The method of claim 13 wherein the pre-determined prior standardization
period is the prior three months.
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calculating for a liquidity group a coefficient associating the at least one
market condition with at least one of said hidden trade volume and said
hidden trade location. B. The method according to claim 7 wherein the
preodetermimed liquidity period is a 21-day period coinciding witbraufitsb7/014175
21-days of the plurality of trading messages. 9. The method according

to claim 7, wherein the market condition comprises at least one of the an
effective spread, a mid-quote volatility, additions between best bid and

ask, average first level depth, order placements, order cancellations, and
additions less cancellations over a pre-determined trading horizon 10, The

methog.acgording to I 7 W renthe umber of liquidity groups is 11.
11. Thﬂsmet 03\ cét:lm W (—:{:Agmlt1 redy %,%gqp? RSP ERE RO b B TS

C ck Levekl data and Level 2 data feeds.
B e O oreom TG el eestanis -

l{!ggg he tho 7 wherein at
Jﬁ%@%@%ﬁ?ﬁ(&ent x%%gn%}% Odéagérx(s d5rd %&%ﬁé’&b’bﬁ%"ﬁé’f x
e aREstsiernae\nEabA@vErdizrtodaerniathed prior standardization
period. 14. The method of claim 13 wherein the pre-determined prior
standguglizag o4 d i
h;ogé]a%g?s%@?é@r%@%?oé%mf?s é"&%&ﬂﬁ{} ool peimating a

erem the %taﬁ%51%%%’8'E%@fﬁc?@ﬁ?%s@aﬁﬂ%?&fﬁ%ﬂﬁwﬁlﬁ&ﬂ’%ﬁ@%ﬁﬁ@ of a
"tﬁ%ﬁfémﬁhla X(standard)= where TX is the mean over the pm- a(x)
determined prior standardization period and cr (x) is the standard
deviation of x over the pre-determined prior standardization period.
16, The method of claim 7 further comprising a step of estimating a
McFadden's LRI to approximate a pseudo R2 for assessing the goodness
of fit of a coefficient.
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