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Inventlon ]This invention relates generally to systems and methods
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invention relates to systems and methods for post trade estimation of
transaction costs taking into account realized market conditions.
Background of the Related Art [0003]In the financial trading industry,

[0001] Pursuant to 35 U.S.C. § 119(e), this application claims priority to
U.S. Provisional Patent Application Serial No. 60/853,765 filed on October 24, 2006,

the entire contents of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] This invention relates generally to systems and methods for
estimating transaction costs for institutional trading. Particularly, this invention
relates to systems and methods for post trade estimation of transaction costs taking

into account realized market conditions.

Background of the Related Art

[0003] In the financial trading industry, understanding the components
beﬁind transaction costs has become an integral part of the investment process. In
order to increase investment returns and boost the ranking of a firm or fund, traders
need to examiner closely their transaction costs. Over recent years, “the Market”
has seen an unusual increase in utilization of pre-trade transaction cost models,
which identify trading strategies that weigh expected trading costs against execution
risk as modeled by stock price volatility. Such models are typically based on the work

of Bertsimas and Lo (1998), Aimgren and Chriss (2000}, and Huberman and Stanzl
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unknown conditions, such as market effects due to other market participants, short-

term serial correlations in price movements, news events/announcemehts, and the
underlying investor sentiment in the market. Evaluating these conditions can render
useful trader information.

[0007] Post-trade benchmarks exist which can estimate transaction costs
based on actual data, which could include such market effects. However, known
| benchmarks are merely simple‘regressio.ns of costs versus market factors and do
not account for one's own trading or trading strategies.

[0008] Thus, there is a need for new and improved systems and methods

for estimating transaction costs.
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provided for estimating transaction costs. The method may include receiving a

selected trade strategy and calculating, for a plurality of proposed trade orders
associated with a trade submitting entity, estimated pre-trade transaction costs
for each of the proposed trade orders based on a selected trade strategy and
on historical market data. The method further may include a step of receiving
execution data related to an execution of the plurality of proposed trade orders.
The method further may include a step of calculating, by a computer configured
to estimate post-trade transaction costs, estimated post-trade transaction costs
for each executed trade based upon corresponding cost of said estimated pre-
trade transaction costs, said execution data, market returns, and trade
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imbalances relating to said proposed trade orders. The method further

may include a step of aggregating estimated post-trade transaction costs

to generate an aggregated estimated post-trade transaction cost for said
trade submitting entity. [0012]According to an embodiment of the present
invention, a method is provided for post-trade estimation of transaction
costs. The method may include steps of dividing a trading time into a
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various embodiments will be further appreciated in view of the following
description in conjunction with the accompanying figures. Various
embodiments can include and/or exclude different aspects, features
and/or advantages where applicable. In addition, various embodiments
can combine one or more aspect or feature of other WO
2008/051545PCT/U S2007/022492 embodiments where applicable. The
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5 Is a table of descripfive statistics for listed stocks;

configured to receive order data relating to a plurality of trade orders, to receive
simulated execution data related to a simulated execution of the plurality of
trade orders, to calculate post trade estimated transaction costs for each of the
plurality of trade orders based upon a pre-trade cost estimation model, the
execution data, trade imbalances relating to said proposed trade orders, and
simulated market conditions at an execution time of the plurality of trades, and
to store the post trade estimated transaction costs. A market simulator may be
provided for simulating the market conditions utilizing historical trade data. Data
storage facilities may be coupled with the transaction cost estimation facilities
and configured to store at least the post trade estimated transaction costs in an
accessible format.

[0016] The above and/or other aspects, features and/or advantages of
various embodiments will be further appreciated in view of the following
description in conjunction with the accompanying figures. Various embodiments
can include and/or exclude different aspects, features and/or advantages where
applicable. In addition, various embodiments can combine one or more aspect

or feature of other




[0022]FIG. 6 is a table of descriptive statistics for over-the-counter (OTC)
stocks; [0023]FIG. 7 is a chart of equally-weighted average realized
transaction costs by liquidity group; [0024]FIG. 8 is a chart of
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a flowchart of a method for estimating transaction costs
according to an embodiment of the present invention;
[0018] FIG. 2 is a block diagram of a system for estimating transaction

costs according to an embodiment of the present invention.

[0019] FIG. 3 is a table reporting results for different strategies;

k[0020] FIG. 4 is a table of liquidity group thresholds;

[0021] FIG. 5 is a table of descriptive statistics for listed stocks;

[0022] FIG. 6 is a table of descriptive statistics for over-the-counter (OTC)
stocks;

[0023] FIG. 7 is a chart of equally-weighted average realized transaction

costs by liquidity group; |

' [0024] FIG. 8 is a chart of equally-weighted average realized transaction
costs by order size for Listed stocks;
[0025] FIG. 9 is a chart of equally-weighted average realized transaction
costs by order size for OTC stocks;

| [0026] FIG. 10 is a chart of average adjusted RZ's for different liquidity
groups for Listed and OTC stocks;
[0027] FIG. 11 is a chart of estimates of coefficient gamma for different

order size buckets for liquidity group 10 of listed stocks;




WO 2008/051545PCT/US2007/022492 [0028]FIG. 12 is a chart of
estimates of coefficient gamma for different order size buckets for liquidity
group 5 of listed stocks; [0029]FIG. 13 is a chart of average realized costs
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[0032]FIG. 16'is a chart of a
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estimates for OTC stocks;
trade ITG® ACE® estimates for listed stocks;
[0030] FIG. 14 is a chart of average realized costs vs. pre-trade and post-
trade ITG® ACE® estimates for OTC stocks;
[0031] FIG. 15 is a chart of a comparison of cost prediction errors for pre-
trade and post-trade ITG® ACE® estimates for listed stocks;
[0032] FIG. 16 is a chart of a comparison of cost prediction errors for pre-
trade and post-trade ITG® ACE® estimates for OTC stocks;
[0033] FIG. 17 is a chart of average realized costs for opportunistic vs.
non-opportunistic orders for listed stocks;
[0034] FIG. 18 is a chart of average realized costs for opportunistic vs.

non-opportunistic orders for OTC stocks; and

[0035] FIG. 19 is a screen shot of an exemplary interface

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0036] According to the present invention, systems and methods for
estimating transaction costs utilize a novel post-trade transaction cost model that is
based on a pre-trade cost model and which incorporates general market factors,
such as market returns and trade imbalances, and actual trade data, into an
estimation of transaction costs. Further, the inventive model may be also applied to
known pre-trade estimation systems and methods, such as, Investment Technology
Group's Agency Cost Estimator (ITG® ACE®) (embodiments of which are described

in U.S. Patent Application Serial No. 10/166,719, filed on June 12, 2002, the entire




[0033]FIG. 17 is a chart of average realized costs for opportunistic vs.
non-opportunistic orders for listed stocks; [0034]FIG. 18 is a chart of
average realized costs for opportunistic vs. non-opportunistic orders for
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This instrumental variable approach yields reasonable predictions for the
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in which the instrumental variable approach does not yield a reasonable
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according to an embodiment of the present invention. Method 100 may be applied to
either a pre-trade strategy or a realized strategy, and further may be applied as part
of a simulation method. At step 105, a desired trading horizon, or time, can be
divided into a plurality of bins. At step 110, an appropriate pre-trade model, such as
[TG® ACE® and those described in further detail below, is used to determine
expected transaction costs for proposed trades during at least one of the bins. At
step 115, actual execution data for the bin or bins is received. For example,
execution data can be obtained from a sell side brokerage or from an investment
firm. At step 120, a regression is performed on the actual execution data received in
step 115. The results of the regression are coefficients used in the calculation of
step 25. At step 125, transaction costs for the proposed trades are calculated based

upon the expected transaction costs and on the execution data for the actual trades.
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[0038]FIG. 1 is a flowchart of a method for estimating transaction costs
according to an embodiment of the present invention. Method 100 may be
applied to either a pre-trade strategy or a realized strategy, and further
may be applied as part of a simulation method. At step 105, a desired
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20081051545PCT/US2007/022492 Market factors are incorporated into
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the present invention. System 200 can include a number of trading
deyiessniaRzgR YR Hasies ettt glegitenicalpbamibiuaty @F30dssing facilities
Internet, intranet, LAN, WAN, etc.), which can access a number of trading
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portfolios, etc. Further, system 200 can include processing facilities for
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[0040]Trading devices may include well knQw tr desks 202, PC clients
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are not shown. [0041]Trade forums may include the New York Stock
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are not shown.
[0041] Trade forums may include the New York Stock Exchange 210,
ITG's POSIT® 212, the over-the-counter market 214, ECN'’s 216, and other ATS's

218.




WO 2008/051545PCT/1182007/022492 [0042]A transaction cost
estimation system 208 can be coupled to the electronic data network 220
and may include processing facilities for transaction cost estimation 208a

and data storage facilities 208b for storing cost estimation mg %)3
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may be provided for which trade cost estimation may be requested for a
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rade data Tor e entity - - in this case, the entire
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Isplays industry average costs along side of post trade estimated costs
(RAyAE Faqualnag Ppide mitkamyribtmesiork §0exAPee Rigillealitnatherest shibt of
recognize that the post trade estimated costs can be a useful benchmark
fauch oadlel eAstytoperfonanceywhletharmuibhskef-dtesert Nipmeg. firifers, and
manager or an individual trader. Further, althogﬁh the data displayed in
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a Sl lagram of a system capable of performing the
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only one of many that could be used, and in no way should the present
ipeadion br Fmiadsadtiecysiesnakovertitst BECtich of the GUI labeled
Order/Trade Details, displays aggregate trade data for the selected trade entity - - in
this case, the entire firm. The second half of the GU! labeled vs. Arrival Price with P-
T ACE, displays industry average costs along side of post trade estimated costs (PT
ACE)., along side other information.

[0044] One skilled in the art will recognize that the post trade estimated
costs can be a useful benchmark for a trade entity’s performance, whether a

brokerage or trading firm, a manager or an individual trader. Further, although the

data displayed in Fig. 19 is limited to a number of different Filters, one skilled in the
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[0046]Further details regarding various features of the systems and
methods for post-trade transaction cost estimation according to the
present invention are set forth below. Post-trade Cost Estimation Model

P44l hisssection outlines the general framework of exemplgy,pEgoliaeia92
Deshananndertdren ol e o5 DO AR KIRRGRARBAIIAEIG be

ates e systems and ods of the

%E%ﬁ89%;%’%#§%migﬁ?eﬁd%ﬁkeﬁﬁ@ﬁt88% BRUNALIN Bedes, Akrmessyisr.

rovi INng necessary assumptions underlying existing pre-trade

mcﬂon cosimeels. (218 a St iidPien drtdhis Clesas hpagasticof
models is mapped to a post-trade model setting that provides useful,
peAehviay Shepheswrineatsidn, itatindicusuedenstatiotsatdbemtting to
embodiments of the present invention. [0049]An exemplary theoretical
preftgadamissaiione ob ManbiateapidiDrIdsed cangdu g Wiy sheyidthe
periods of equal duration;bins). For example, for the U.S. financial trading

prasest imverkaaing Uaeddn B BYsieh SARYRHIEEH S0-minutes bins. A
g%a&lgg horizon %%Rh%?’n el%lgfrgggr Er?gl) 9%%8&@%5?&8‘38{ ¥h§t§{/§{¥r’n§%%d
methods for post-trade transaction cost estimation according to the present invention

are set forth below.

Post-trade Cost Estimation Model

[0047] This section outlines the general framework of exemplary pre-trade
models and features of the invention for providing enhanced post-trade transaction
cost estimates.

[0048] The systems and methods of the present invention utilize a post-
trade cost estimation model. A framework is provided including necessary
assumptions underlying existing pre-trade transaction cost models (e.g., ITG®
ACE®), and this class of pre—trade models is mapped to a post-trade model setting
that provides useful, nonobvious enhancements to trading cost estimations,
according to embodiments of the present invention.

[0049] An exemplary theoretical pre-trade transaction cost model may
divide each trading day into N periods of equal duration (bins). For example, for the
U.S. financial trading market, the trading day can be broken into thirteen 30-minutes

bins. A trading horizon can consist of several days with arbitrary starting and ending

11




WO 20081051545PC11US2007/022492 bins on the first and last day,
respectively. Thus, a trade order for any given security may be defined by:
the trading horizon T fin days) with starting bins on the first day and
ending bin e on the last day, the side 8, where a =1 (-1) for BUY (SEL

¥ey g"él,séﬁd the trading strate?y frivLthe sequence of shgr%T@(f%ﬂ?iJ/t_/iae%‘m

bissin Yor Brghiner MestdaureennastvRlyniiNSe? BRIREE"IPHREYBLGRECUMY
traded in bin Jon day i and N is the number of bins on a given day. It may
Bréaégﬁﬁﬁg'&e%%trading of all share quantities is completed within their

reSPeahis B, WRIH HeRNEIAIS R SSARIPR PO U MRPF ShaI )l endin

trade f)ttp eFav(\{/]mS? gﬁée%% o?e@w%gﬁegst%é may lbe defined as?éz signed o
'{;(ege%p@,g%tgy%g the price of the security at order placement time (i.e.

the end of bin s-1 of day 1) and the volume-weighted average execution

price. §Regiicadllywnere 5 =1 (-1) for BUY (SELL),
the size S, and

the trading strategy (nj) the sequence of share quantities per bin

fl,n Ty j=l N
foragiven T,

where n, is the number of shares of the security traded in bin jon day iand N

is the number of bins on a given day. It may be assumed that trading of all share

quantities is completed within their respective bins.

[0050] The average transaction costs (per share) of a trade order with the
above characteristics may be defined as the signed difference between the price

p.,., of the security at order placement time (i.e. the end of bin s~1 of day 1) and

the volume-weighted average execution price. Specifically,

Pre_ Cost(S ,(n,.j )izl,..,T;j=1,...,N ) =4 ([ Z P, /Sji = Dy J . (1)

T
=l j=I

1

where
N

T
S=Zzng with n,j=0, Jj<s and nm.z(), Jj>e, | (2)

i=l =l
and p; is the execution price in bin j on day I,

[0051] The actual trade start date 1<T,

Start

<T and trade start bin s, do

not have to match with the order placement date, 1, and time, s, e.g.,
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where with nu =0, j<sand nTd =0, j > e,(2) and -45 is the execution
price in bin Jon day [0051]The actual trade start dateand trade start bin
ss, do not have to match with the order placement date, 1, and time, s,

e\i%, =0 for k <Ts:an;j=1,...Nand k =Ts,an; j =1,...,SS,, 1(!;32
2008/051545 T/US2007/022492

nkj =0 for k<TS¢an; j:L‘“’N and k‘—'Tsm? j=1""’SSmrt _1- (3)

[0052] One distinction among existing pre-trade transaction cost models is

how py is forecasted to include price impact and spread costs. In general, these two

cost components are modeled separately and thus the cost formula can be

subdivided into

.....

(4)
Pre_CostSpread ((ng )

N) +Pre_C0stPI(S,(ng.)

iz, Tl i=h, T j=l N )
where Pre_CostSpread is the pre-trade transaction cost estimate due to the
spread and Pre_CostP! is the pre-trade transaction cost estimate due to the price
impact.
[0053] Typically, the price impact costs are decomposed into a temporary
and a permanent component. The temporary price impact may be of a transitory
nature and is purely an inventory effect where market imbalances are adjusted with
price incentives. The permanent or persistent price impact reflects changes in the
market participant’s views about the vaiue of the security due to one’s trading. Thus,
demanding liquidity with a BUY reveals to the market that the security may be
undervalued, whereas demanding liquidity with a SELL signals that the security may
be overvalued.

[0054] in order to forecast the expected price impact associated with §

units of a particular security with a trading horizon of T days, mid quote prices at the
end of each bin are often modeled iteratively. For example, the mid quote price p;

at the end of bin j of day i/ associated with the executed trade volume », may be
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[0052]One distinction among existing pre-trade transaction cost models is
how IN, is forecasted to include price impact and spread costs. In general,
these two cost components are modeled separately and thus the cost

ﬁ@g%bgfﬁﬁ@za?? SU]PP”Viquj intﬁ Prg Cos S,(nv):SPre PCT/US2007/022492
ostSpread((nv)fr,...rij=1)...,N)+ Pre . CostPI(S,(ti,.N)(4 wher

PR RRAION A e Brs AR TP GG Togce
spread and Pre_CostPI is the pre-trade transaction cost estimate due to
tHelypR esinthave oS Bl TS vRiRiterp A thpReridsenireedbesmpdsed
into a temporary and a permanent component. The temporary price

impact may yﬁ@,f,@-itr,wi,t@rym't re and is purely an inventory effeqts)
where market imbalances are éé}tsted with price incentives. The

TBBEYIen o PGSR PIE AR SLIRIGELR EMBSR N8 A onimens

ant's views about the value e security one's trading.

ThesotrReardingliguidityanith aBbhbreveals-indee mereddiRaiphieize their

security may be undervalued, whereas demanding liquidity with a SELL
siaarlg shatdhr sesuttyistazd enbuataqimedn [O0b4Hiarovdemte forkvalstihe As
expected price impact associated with S units of a particular security with
ddr sy arbetzemiohant alyis, eitfidrdonceegricasasiette amel fonetinshabprar&rade
often modeled iteratively. For example, the mid quote price p v at the end

drbiRignsPaSY FeiuEteiarRIganHANte BRelURPEYRION GhinfcARBrAYEyaied by the

estimate
f’if=f(E(Vij)’E(Gv)’o’”wﬁfj—x)r (6)

where E( ) denotes the expected value and may be estimated by the historical
mean or median. Therefore, instead of estimating transaction costs based on the
“true” price dynamics in equation (5) pre-trade models use equation (6).
[0056] Post-trade models have the benefit of the availability of actual
execution data and can utilize all tﬁe trade information from the actual trading
process. However, one cannot simply replace estimated variables in a pre-trade
model (e.g., ex. (6)) with the true variables in (5) to arrive at a predictable, useful
solution. Replacing estimated variables in a pre-trade model with actual data is
problematic for at least three reasons. First, the above mentioned pre-trade models
are structural models and require variable input that is relatively smooth and free of
outliers. Unusual volume or volatility can cause unintuitive results. Second, using
equation (5) does not solve the problem of possible model misspecification. That is,
if the model is wrong, better input variables will not necessarily result better cost
estimates. Third, all of the input variables such as intra-day volume, volatility, and
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WO 2008/051545PCT/1TS2007/022492 modeled as a function of the
previous bin's last mid quote price pu_" the trade volume nu, the volume
v,i, the volatility au and the market sentiment msu, i.e., pu =
f,0-u,msu,nu,pu_1).(5) [0055]Given that the actual trade volume, volatility,
WRLHEPREYSentiment are not known prior to the trading, moLF o070 292
peelerimtzmlcosteswrdalfantrhiiy onesiowadiagirgralewRe h aRg Hitiasiecaodel is
intra-day mean or median volume and volatility. As for the market

suppPseA iR 2RABFNEIFF NG PPh cernaabie. AR ARdiiRN 0P SEPRRIDEIrC

imbal turns. C tly, the "true” equation (5), i
BB Lo R TR e R O AL B here

#&gﬁtes the Z)répc?f%%%é/ ?J)u&r%%ggﬁ%?gf ?t’?é' Qﬁ%ﬂt %&%&H?Q@F%‘erwin

or medi erefore, Inst estimating transaction costs base

YEn SIEEFYOREHGHR BRUAHABE AR SabiRsie arkeiseieets from th
ggﬁ%ﬁgé lfg)qé[%éggé%y:’ost-trade% rgodels have theegbenefit of the avai%t;(i)l?gy °

ahRolRExRGHIE detaaay thorplatibzeeihdbedratel infortheafiost-trade thede!.
actual trading process. However, one cannot simply replace estimated
Tiiledein aanalitra teembddintenys, efXheq)ieast inentinnvaaxnesmP(aito
arrive at a predictable, useful solution. Replacing_estimated variables in a
fRetera e 8aENalke! FRIHIES AR ITaqR dBRABASRSIOF S IR TRASLCASLINNE!
First, the above mentioned pre-trade models are structural models and
AJuilHS AU 8T8 Mtively smooth and free of outliers. Unusual
volume or volatility can cause ynintuitive results. Second, using equation
(5) doeBant é,(htge) erqbzllerpjeﬂf possible model misspecification, That is,
if the model is wrong, bétter input variables will not necessarily result (7)
better cost e&timé&est STiir, all of heingltS/AiablesstaltSaBintra-day
volume, volatility, and WO 2008/051545PCT/US2007/022492 trade

imbalapges.are AR PYLNFSOME HRHRAIIMNRCEAH @HIIRUST) are

model is supposed to be a benchmark and nhot "gameable.” In addition, an
Segometc RrphlGR) AL RAASIS VL AHRE S W tage i more
etal OW.
(v@)-E(VD))/EF D),
the normalized actual volatility over the trading period
(o(D) - E(o(D))/E(o(T)).

the normalized actual spread over the trading period (s(T)-—E(s(T)))/E(s(T)),

and

a proxy of the signed intra-day stock-specific momentum over the trading
period m((n,.j),T)/E(cr(T)).
[0058] The coefficients y,,7,,..,y, ¢an be estimated for different exchanges

and liquidity groups using the following Panel data regression:
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[0057]According to embodiments of the present invention, after deriving
expected transaction costs from a pre-trade model, general market effects
from the time when the trades actually took place are incorporated into the

post-trade model. This model, according to embodiments of the present
N85 1¥dy incorporate factors such as market returns anBAFH@007/022492

Qa%l.? Ce(s?ﬂ;ég:jt ost-trad _g%;et n&cagtlk?ﬁ thus be Even by the equation
S ' h ' ¢

i
wheré risize,.F is the-trading \nbrzan-(im days) and X (S,T) 8)

are factors such as the normalized actual volusagsorer the tragipg period
the normalized actual volatility over the trad%g beFiod (o-(T)- HE

)1E(cr(T) : i i i
(Egﬁﬁg (s (T»)/EE?-I‘P)?} %ﬂ%ﬂgﬁﬁﬁﬁ%e%%%@%%@;}%ﬁ&%ﬁg del,
MeMREBeQH RERIAGENS PaUShMEND AVdrdHeTHght hand side of Equation

(7). If the equality does not hold, a multiplicative calibration factor C can be added

in front of “Pre_Cost” in the equation. Thus, the equation would be:

Post_Cost(S,(n,.j)

iz, T N)

c *Pre_Cost(S,(n,j) )-i—y‘ X (S,T) 4t 7,y Xy (S,T)

=L, T3 =N
in what foliows we assume C = 1.

[0060] Further, stock-specific intra-day momentum is not used directly
because the stock-specific momentum proxy and transaction costs are highly
correlated and co-dependent. Ignoring endogeneity between costs and the stock-
specific momentum proxy may lead to biased estimates. Thus, it may be possible to

~ obtain large R%s when regressing costs against the stock-specific momentum proxy
because both variables are co-dependent. However, the associated regression
parameters may be misleading since the distance function would not be able to
obtain stable parameter estimates.
[0061] To avoid endogeneity, the stock-specific momentum proxy within
the trading period T may be approximated with an instrumental variable that is
determined by factors completely independent of the selected pre-trade model.
Specifically, for the most liquid stocks, stock-specific momentum proxy may be
estimated with the intra-day market return and the stock-specific trade imbalances
during the trading period. For liquid stocks, the sector return and trade imbalances

can be used, and for the least liquid stocks, the sector return, the industry return, and
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[0058]The coefficients y" r'can be estimated for different exchanges and
liquidity groups using the following Panel data regression: WO
2008/051545 Realized _Cost(Si(ny)ut PCT/1182007/022492 (8)
¥9(H08)pFe440059]Equation (7) assumes that there is no biasdmn/tise007/622492

el AfeamaReR daf bAvesagendaitdanusideiciEquation phferyetagevery
(right hand side of Equation (7)). If the equality does not hold, a

niuUiipsiaiiy evitiabh tatvairifactor iGdosinybretamiched! itndso intafdUReeaCendogeneity
the equation, Thus, the equation would be:

problem that embodiments of the present invention address.

[0062] Trade imbalances may be defined as the intra-day signed share
volume imbalances. The trades are classified as BUYS and SELLS using a
generalized version of the Lee and Ready (1991) algorithm. Trades above (below)
the mid quote are classified as BUYS (SELLS). Trades at the mid quote are
classified using the tick test, i.e., up ticks are classified BUYS and down ticks are
classified SELLS.

[0063] The stock-specific intra-day momentum may be defined as the

strategy-weighted return starting at the order decision time and ending when the

order is fully executed. Specifically, for the stock-specific intra-day momentum

n..

T
’"(("u)»T)=ZZ§'(P., _pls—l)/p1s~) , if Tg,, =1 and s, =5,  (9)

i=l j=

and

m((”ﬁ)’T)z[ i i%(pu ”PLSW—I)/*D*H}LM (10).

“enh G M2444448 bt
(*)

[0064] Equation (10) incorporates the stock-specific momentum proxy

between order placement time (1,s) and the time when the order starts to be

executed at (Ty,,,,S,, ) The endogeneity problem occurs only when trading starts.

Consequently, the stock-specific intra-day momentum component (*) may be the
only part that needs to be approximated by an instrumental variable.

[0065] The intra-day market, sector, and industry momentums may be
defined and calculated the same way as in (*) of equation (10), i.e., as the strategy-
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Post Cost(S,(ny )ji. ,Tv=i N C * Pre Cost(S,(110)",,,,T;frl "v ) +(S, T) +...+,
X N(S,T), In what follows we assume C = 1. [0060]Further, stock-specific
intra-day momentum is not used directly because the stock-specific
momentum proxy and transaction costs are highly correlated and

BRALPERERL. 1gnoring endogeneity between costs and the SfoEREI8LfE*”
meiugﬁadmttpr@@qmamgaq,;gg tiakBd JeSthe ateck-spreificttragy iNtbplassmBay
to obtain large R2's when regressing costs against the stock-specific

o MENBIBIRTIRNY heratse o radabitslare eoitkemhdbrtukdewe(@ofthe
associated regression parameters may be misleading since the distance
femqaiam Wdl!d not be able to obtain stable parameter estimates. [0061]To
avoid endogeneity, the stock-specific momentum proxy within the trading

Reties T may berappiaxiBRIet WMburaniingl amee) i imblefdratiisthe post-
determined by factors completely independent of the selected pre-trade

MogeLsEReELigaliie4an (78 PARTdigmidsiqrksrsiedrsiegie ! rg.emﬂnn%m

proxy may be estimated with the intra-day market return an
sieskesPB5Yi adecsrm Aisres dlsidn g ahenteactn gmeTieduilardiipticstrategy.

stocks, the sector return and trade imbalances can be used, and for the
|Fastdiquidsttaeigicd mecaccte twetdifferené thiogstohoesing tmprevirade strategy
208/051545PCT/1JS2007/022.492 trade imbalances can be used. The

eseluf e aniveusalizedPo s s dipginskol pptiniting ¥tk kRameERgS0

drive the industry return and thus, introduce an endogeneity problem that
SIS e HROBEhE e B PP RS MRS B et

be defi  the | -day.signed sh /0l i I
R o e G N
e %ﬁta;%dcdéi8&\9}{4&59%5%&98%@5@9@69%@»(&(mmwetraag ghigte

are classified as BUYS (SELLS). Trades at the mid quote are classified
Using 408 tiglHephekBnt iR digksnare classified BUYS and down ticks are

classified SELLS.
[0067] FIG. 3 is a table reporting results in order to illustrate various
trading strategies. For a hypothetical order in Argonaut inc. (Symbol AGH) of 25,000
shares which is approximately 18% of median daily share volume (MDV), report four
different pre-trade strategies are reported. The pre-trade strategies are based on the
information set at the time of order placement, here 9:10am on August 1, 2006.
[0068] The first strategy assumes zero risk aversion, that is, ignore risk
associated with a trading strategy is ignored and the expected transaction costs are
minimized. In the example, ITG® ACE® gives a two-day strategy as optimal
strategy. The shares in each trading bin are reported in FIG. 10.
[0069] The second strategy assumes a risk aversion of 0.3, which is

considered as being neutral. Now, ITG® ACE®'s optimal strategy is a one-day

strategy that is somewhat front-loaded.
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[0063]The stock-specific intra-day momentum may be defined as the
strategy-weighted return starting at the order decision time and ending

when the order is fully executed. Specifically, for the stock-specific

intra-day momentum Tn It),11=1 Z.HST (l,, if Ts,™., =1 and sstan,(9) and
WNIHSASIP'4'4 4442444444 -1 () -l Pis-1) (10). PCT/US2007/022492
[0070] The third strategy assumes a risk aversion of 0.9, which is

considered as being aggressive. ITG® ACE®'s optimal strategy is a one-day
strategy with heavy trading early in the day. Finally, the fourth pre-trade strategy is a
one-day Volurﬁe-Weighted Average Price (VWAP) strategy. The strategy mirrors the
average intra-day volume distribution of the stock. |
[0071] These pre-trade strategies are optimal at the time of order entry at
9:30am. However, traders usually adjust their trading behavior during the course of
the day to current market conditions. For our example, trading for the order actually
does not start until 11:30am.

[0072] 'FIG. 3 reports two such strategies that utilize all available
information. Strategy 5 is based on the actual empirical VWAP on that day. A trader
just trades with the order flow of the stock. Finally, Strategy 6 is based on a VWAP
strategy put in place at 11:30am when trading starts. That means one may trade
according to the volume distribution estimated at 11:30am. 1t is obvious from FIG. 4

that different strategies yield quite different trading patterns. These trading patterns
enter equations (9), (10), and thus also (7) through the strategy(n,.j) .

Data

-[0073] This section describes the data that have been used to estimate
post-trade agency costs. To model post-trade costs, data from ITG's proprietary
Peer Group Database™ (PGD), which consists of execution data (market and limit
orders) from more than 8O large investment management firms. (Systems and
methods for generating the PGD data are disciosed and claimed in U.S. Patent
Application Serial No. 10/674,432, filed on October 1, 2003, the entire contents of

which are incorporated herein by reference.)
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Pls-i [0064]Equation (10) incorporates the stock-specific momentum
proxy between order placement time (Ls) and the time when the order
starts to be executed at (Tsn"."s,,a") The endogeneity problem occurs only

WB%OE%QJQ% starts. Consequently, the stock-specific intra—dq,yemgwmgz
nent (* th | h d j

o G ST R R SR GO
W@Wﬁgﬁl’ X renhsdeingd and CalrHa G bR SABIE WAy 18Ut thefitutions.

equati , 1.e., as the strategy- WO
2Q08(RRI RSB RIS CARTORI AR spswiasKnargd batarssiato ridtiple

(T,e). The stock-specific trade imbalance may be defined similarly using
intnaneayriedeThebalanaesoisttehditf tettasriantgdafiegeslsof {1@itial
intended trade may then be reported in the database. In order to capture the price
impact and execution costs of institutional trading associated with the initial order, a
clustering technique is introduced which is well known in the transaction cost
literature (see e.g., Chan and Lakonishok (1995)). A BUY (SELL) “cluster” is the
successive purchases (sales) of a particular stock by the same manager. The order
cluster ends when the manager stays out of the market for at least one day, the
manager does not execute more than 2% of median daily volume (MDV), there are
no other trades that have been placed as an order within the execution horizon of the
package.

[0075] After reconstructing the initial clusters, the market conditions
associated with each cluster may be identified. Generally, the execution time stamps
are not reported. In order to establish a trading timeline, it may be assumed that the
investment manager used a volume-weighted average price (VWAP) trading
strategy. Large institutions often use VWAP as their benchmark. Using ITG's
Agency Cost Estimator (ITG® ACE®), one can derive the pre-trade cost estimates of
each cluster which may be based on historical market conditions and neutral market
sentiment. Consequently, the pre-trade ITG® ACE® costs are entirely based on
one's own trading strategy and direct market impact. Pre-trade |TG® ACE® per se
does not assume market effects due to other market participants. It may be

assumed that a VWAP trading strategy with trading horizon in days. This strategy
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[0066]The strategy (ne) found in (9) and (10) and therefore in the post-
trade estimate defined in (7), can be either a pre-trade strategy (e.g. an
optimal strategy based on a certain risk aversion parameter), or an actual
trading strategy. These two strategies measure two different things:

‘E%{ IR€ pre-trade strategy evaluates actual realized.cog’tgwa%ﬁ?g/?ﬁ@”
cole@s SmbAMREAIHTES!S fREan Ve aaRdmcONFESHEUINS B8 iRdng

strategy evaluates an execution against peers that used the same trading
M&F@é\y. With both options, inclusion of the strategy in the momentum

g@h:r}ngjtions adqﬁsr{%rgr{%t@%%ggtbdc%‘ﬁo%%gi%r{gﬁﬁ%ﬁtﬂ% ?t%taccount

tes of the present invention. a table reporting results

IR RIdRFIR HULS Rt MBHAN S HALINGSHBtEgagsEOLREMIPEEEE AL RIUISH the
Argonaut Inc. (Symbol AGII) of 25,000 shares which is approximately 18%

ajsnedinnsiady shemangel tMesEYIB e aperictous Widierxoh prgetianeex) or other

strategies are reported. The pre-trade strategies are based on the
infitabiatexcisetoat tAd otingr ofoskdengldecrnositened I G Gtacken Hagfssmay
2006. [0068]The first strategy assumes zero risk aversion, that is, ignore
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as being aggressive. ITGO ACEOQ's optimal strategy is a one-day stratégy
wiufama \grdipdingprashnis theisiay iGinakiodbcatauitiuiars-yiade sUaeesimts
a one-day Volume-Weighted Average Price (VWAP) strategy. The

stiategyt tiquidrstticksa Feeaigblenindiday pobserdsdisriiquiitity gfottetbtesholds for
[0071]These pre-trade strategies are optimal at the time of order entry at

d:Btrethand dvdVER, staeksrdernestiyelidjust their trading behavior during the

course of the day to current market conditions. For our example, tradi

FBRH order actliliy 256 RIE SAkTERRITS HoRSHRve stalstcs for Listed stbcks,

and FIG. 6 is a similar table for OTC stocks. For Listed stocks, FIG. 5 reports almost
1.6 million orders in the sample with more of the orders being concentrated in the
more liquid stocks. Share volume ranges from a low of 10 million shares for liquidity
groups 0-2 to 8.15 billion shares for liquidity group 9 with}the total share volume of
executed orders being 22.27 billion. Dollar volume totals almost $750 billion dollars
and ranges from $150 million for liquidity groups 0-2 to almost $292 billion for
liquidity group 10. The average execution price across all orders is $33.68, but the
average execution price raises from $10.64 for the least liquid stocks to $39.80 for
the most liquid stocks. The average order size is about 14,000 shares with a range
from 3,910 to more than 18,000 shares. The most liquid stocks have the largest

average order size and the standard deviation also is largest for the most liquid
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[0072]FIG. 3 reports two such strategies that utilize all available

information. Strategy 5 is based on the actual empirical VWAP on that

day. A trader just trades with the order flow of the stock. Finally, Strategy

6 is based on a VWAP strategy put in place at 11:30am When trad?ﬂ% 0
22492

Y8R heans one may trade according to the volume df:
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data (market and limit orders) from more than 80 large investment
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are disclosed and claimed in U.S. Patent Application Serial No.

1040itidBRgfdapso D @it tbe By@@Q8, ditecanbeutasiditscbMmenian daiy
incorporated herein by referenceg WO

2008pes MNP EsTMeRsRIRSIIY 2001 53 fay TagHIge fanswmc&@awe@éﬁéges
based on U.S. d f h, 2006.
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sma ers cost associated wit agmente ments of the
'ﬂ%@h&%ﬂﬂﬁé‘. trade may then be reported in the database, In order to
capture the price impact and execution costs of institutional trading

geesjated with thye OTiabRUke] te ChiiéanMGechaigue BnnspsREaliohich
is well known in the transaction cost literature (see e.g., Chan and

Laxklorsishokr(4 98B witiBdt SHhe proRistesing me@utreé@tmérpumﬁabé@td
(sales) of a particular stock by the same manager. The order cluster ends

vitRakShEOR g B5ePS Bid drarreansiRObRsNAtiRRs bk dagranelume
manager does not execute ore té] %2% fmedl %l}/ {AﬁmeﬁéMD\Q’
tﬁ%’i%eérfé%ao\‘?]‘@tofé&@@% AP ’QH' 4 &EQRs a{?l FePURhRTEheS Tor
Xechoa.farizan of the %‘ik%%% JORAR ?Wé&&%%%w&&% fgégalbnhon.

I'Ss erg gtrhe marke con tlons assoclate each cluster m

IgRNtHCHLRENELAN VIS SHE SHIINIIMBSIABRMGES G SRORRELH RoPIRRIdity

to establish a trading timeline, it may be assumed that the investment
NgenRAoS EdISasH § MU binierweidhtatitagesaga Priten(pardaR) tradistesisatelg)in
Large institutions often use VWAP as their benchmark. Using ITG's

Agenby torstars tieneiop ST HIATED eot & adnocRAVBYLFRE PreCtrierkOdte
estimates of each cluster which may be based on historical market
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trading strategy with trading horizon in days. This strategy
stocks. The average order size is about 18,600 shares with a range from 3,620 to

almost 32,000 shares. The most liquid stocks have the largest average order size
and the standard deviation also is largest for the most liquid stocks. Compared to the

Listed stocks, orders in the OTC stocks tend to be larger. The average market
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WO 2008/051545PCT/US2007/022492 reflects the benchmark costs for

an average (typical) trader during the trading horizon. [0076]Listed and

OTC stocks may be distinguished to take into account cost differences for
@Wﬁfﬁﬁ afket structures Listed stocks may be listed on the, X¥1522492

ie?&f%%xasm S B F S ey Droion e A%’ex Socks
S R S R A S B S e A g
t%%s'ﬁ%%kgﬁaaméﬁﬁﬂmmsmﬂm%tastews: ﬁ&glnalegpeéﬁacmgmtb stocks

during the sample period. For Listed and OTC stocks separately, the
sheskmanay daengisle ebitie lateye Stlicki ity @reamsiel Thaditggimipel)s to
represents the least liquid stocks and liquidity group 10 represents the
neostpliefiod istabkst T BeltybfoialFiQuiditpgreapis The timeitiisizgroaforders does
thresholds for Listed and for OTC stocks, respectively. [0077]FIG. 5 is a
taDicees o fopendescingaisibaiRus ol it Bd BEIERISBIRARAh Lisied
similar table for OTC stocks. For Listed stocks, FIG. 5 reports almoi%‘tla

V}I as
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volume totals almost $750 billion dollars and ranges from $150 million for
liggticiba preupedle? f6r alenoTichagabillinteitrlquiTigiogre ape10ssTiiid
average execution price across all orders is $33.68, but the average
es@optiogd poitee ndided $tocks$10.64 for the least liquid stocks to $39.80 for
the most liquid stocks. The average order size is about 14,000 shares with

alPARGE from 3,9AGtd Srerh3HhR A moe Elizes transanini fesirifatskiguidity

have the |largest average order size and the standz%rd deviation also

i R Sl RO TS e e

S el P PN B AR Bt R LM R 2 s
bemstQ@bea{steﬁd'ﬁam'éyn%guwb%@%%@uﬁé%swbq@%&azwerbanem

substantial at $15.2 billion and $89.5 billion, respectively. The average
drysalssIBR 3kes risaqpe Ut tHisuthaym detypib iy ity tB501428. iG bR BRoeks have
horizon of orders does not seem to depend on the liquidity groups.

Oarya bithest\aragdsohdee dxatcates eststst ford disad @adyOilustes kD) not
as measured by the 21-day median. The participation rate ranges from

3965%6@%%@11\@3@@@13macgt&a@f@fiﬁﬁﬁmﬂ%%wwwmam&%tocks

R of caiy A A A8 ﬁ@@%é’f?&%‘%@lﬁ%@ﬁeﬁ?&%@% iR preergee
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|ng concentr int stocks. For
thee HERQRRFeINRHeSaGH dstshrreasdumel éa@gs@mﬁ@dgéf@%ce
million shares for liquidity group 3 to 5.19 billion shares for liquidity group
10npidt e dolialishstee kg liuiiiof groeputednavaedtis e realiz28Qdsiliaue to
Dollar volume totals over $300 billion dollars and ranges from $34 million
fdvdiogrigigeironacs ttoveres faddyriointiditicgienns gilaip seencomparéteto
the Listed stocks in FIG. 5, there are fewer observations and less trading

aétf(ﬁf?%? ty preEageneaiiang %é%&@%%%@f%f?iyr%ea?%‘ég ﬁ\?%l’%&'&mmd
but the ver ge execution PrIC raises fr. $% r the Ie
Re
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sample tend to be Iower priced stocks compared to the Listed stocks. The
average order size is about 18,600 sharé8 with a range from 3,620 to
almost 32,000 shares. The most liquid stocks have the largest average
order size and the standard deviation also is largest for the most liquid
stocks. Compared to the Listed stocks, orders in the OTC stocks tend to

be larger. The average market




WO 2008/051545PCT/US2007/022492 capitalization is $16.8 billion. For
liquidity groups 3 through 9 the firm size is relatively small between $300
million and $3.6 billion. Only for the liquidity group 10 is the market
capitalization substantial at $64 billion. As expected, the OTC stocks are
YRANPBDEPared to the Listed stocks in our sample. The avEfAJESaj4ianto2
cRmRifpenisaahalib e dys Tarsatdigeigivirpteupghd heritmienbacizaosteffor the
orders does not seem to depend on the liquidity groups. This finding is
idestiqlic toeksisCsttooks. aDperall tenaveraxpeositertexe bisied Stogksof
median daily volume (MDV), as measured by the 21-day median. The
puhaBipRmiER iR oF ATERSSIASAMB.5% for the least liquid stocks to only 1A,

for the most liquid stocks, The average participation r ay be greater .
IO T stods S AEEROTRE G- REE R o o PR e
Listed st 9 lzed i (o]
S e e s T, R R S R e
jncreases for both Listed and OTC stocks. They range from almost
25 basis points (bps) to about 2 bps for Listed stocks and from almost 35

bps to about 4 bps f()t‘ TC stocks. The pattern in transaction costs may
be attribdtéd M rfy fts ke fact tat less liquid stocks have larger bid-ask

spreads. Note that average costs for Listed and, OT.C stocks may ndf bk
directly compfféb]@%é(c%%’égigfngg‘g rit Nigthiehit\d Br MS thresholds.
[0080]FIGS. 8 and 9 display average realized costs by relative order size

LR Ry R S O R L A RS e

. e chas Show thal aVefage costs | aive
A come RS FROREP v IR SHAN A B 3 S g he
%{&‘&Q.%R%?ﬁs @cﬁ&gﬂr@% ﬁﬁ\i&ﬁcﬁiﬁé{é’fﬁgﬁe%ﬂ G4 AN EERA TR del is

betweeh groups. also keep in mind that the same relative

Ot g8 paH By kA Nebdeling Breun fa o0 assosiaW®with
2008/051545PCT/11S2007/022492 very different actual order size. This
ndayistigpl dtonhexpegleel aoa enpacbtzitity forytoalyriessiggifidestabkigihGsual
stocks appear to be more expensive than Listed stocks when controlling
fanduaxpeaeshiioqooBagificreyants lifieoRipxies ¢y slgsrertisddidddeyrc,

the parameters in equationaﬁg) may be estimated separately. In the

fa?mﬁ‘éj{'%ﬁ'gﬁjg??ﬂée%- diBrsad gy a 60-day rolling window. Note that it may

be independent of one’s own trading since only market, sector or industry
movements and trade imbalances are factored in net of one’s own trading.

[0083] Equation (11) and the discussion above show that the approach
described has decomposed transaction costs into two components: the costs due to
one’s own trading and the costs due to general market effects.

Empirical Results

[0084] Empirical evidence associated with how market dynamics variables

affect the prediction of transaction costs are described next.
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POSi COSt( S,(nii)j.i, ,ni,rl,..,N) -Pre _Cost(S,(ny)i=,T ((nu),1+; where
anis the signed proxy for stock-specific intra-day momentum. proxy
[0082]The dependent and independent variables are normalized with the
stock-specific volatility to control for heteroskedasticity. This one factor
Wodersditgfivated in part by its mere simplicity. Modeling thBGik{pein7/022492

desssjated with \Weeiatompificatyenpdeieg emlatioa &0, Vodaeiibpyrimtealy be
significant during unusual and unexpected stock-specific events. The

meridisforabiens speefiict ntabliemy eiipsdaihmasacern b andogenaiby where

based on a 60-day rolling window. Note that it may be indePendent of

dR YslintRRSHin g SIRBRISAIP A kRO SBAGH SH IR By IR fiRge this
R A IR SRR

above snow e roac cri

e e
Rasultswn trading are used as instrumental variables as described above.

[0086] Note that for the time between order decision and actual start of
trading, the étock-specific intra-day momentum could be.used without introducing
endogeneity as in equation (10). Consequently, the results would only improve by
using the stock-specific momentum proxy in equation (10).

[0087] The second problem relates to the fact that the model coefficients
for the difference in pre- and post- trade costs may depend on liquidity group
(defined in FIG. 4), Listed vs. OTC, and order size. A non-parametric approach may
be used to address this issue. The parameter coefficients are estimated separately
for different order size buckets (relative to MDV). Order size buckets are 0-1%,
1-2%, ..., 99-100% of MDV. The coefficient estimates for the size buckets may then
be smoothed with a polynomial function.

[0088] The performance of the instrumental variables may be assessed by
analyzing the prediction errors between the stock-specific momentum proxy and the
instrumental variable prediction. For liquidity group 10, the prediction error is within
50 bps for the majority of cases with extremes of as much as 120 bps. This
compares to the stock-specific momentum proxy of as much as about 210 bps. For
liquidity group 3, a large portion of the distribution of the prediction error is again

within 50 bps. However, in the extreme, the prediction error is as large as about 200

bps which compares to the stock-specific momentum proxy of more than 350 bps.
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[0084]Empirical evidence associated with how market dynamics variables
affect the prediction of transaction costs are described next. WO
2008/051545PCT/US2007/022492 [0085]When empirically modeling
equation (11), there may be two potential problems. The first problem
PeReBR5 R concern of endogeneity where the stock-speciff€ rBFRER{ATH2
Srosnplis thepetatedtsiiticaie thabthreinatrioentelvar@biespropshinmeost-trade
share-weighted market, the share-weighted sector, and the

e WRAIRECISILATSOIR AINA Wb ALING B HESBRGHIC SRIBRITAREXY-
VR 2 Gecindl Ho0lS SOSBBNENRAL or s THE BERE 3
docisio start of tradi necific intra-day mop
SRR AL R s ik g e e
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momentum proxy in equation (10). [0087]The second problem relates to
heipstdhatbmiimedcireefic)ens twdbeshifguritgeioupee3 arabpois?7% and
trade costs may depend on liquidity group (defined in FIG, 4), Listed vs.
Q3% famidsted emsi £, Astanksp sespaetiveppisdonlinvigiti@rosed o haaagre
this issue. The parameter coefficients are estimated s?z}oarately for

difieienarndsinsl B efscre aqkenaah ePradions ke E PR RBE Bl Lverall,
0-1%,,1-2%, ..., 99-100% of MDV, The coefficient estimates for the size
Bhe ke S 2R SRIF 0 iR BREIYSEh a polynomial function. [0088]The
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the prediction errors betwe -specific momentum proxy a
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ps for the ‘majority of cases w as much as'1
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about 210 bps. For liquidity group 3, a large portion of the distribution of
theapre dielieeetiar jsigadrensing ol Rpativeoresasiz T exstenmeintoiive.
prediction error is as large as about 200 bps which compares to the
Foclarpe ftemorasiumparoayent prioeitatih bpsne’s own trading should
become more and more important. The coefficient estimates exhibit larger
fluctuations with increasing order size. This may be due to the dramatically lower
number of observations for larger order sizes.
[0091] FIGS. 13 and 14 plot average realized transaction costs, pre-trade
ITG® ACE®, and post-trade ITG® ACE® transaction cost estimates for Listed and
OTC stocks, respectively. In both charts realized and pre-trade ITG® ACE®
transaction costs match very well. This is no surprise since pre-trade ITG® ACE®
transaction cost estimates are calibrated to realized transaction costs. However, the
pre-trade ITG® ACE® estimate may be much smoother than the average realized

costs. This is to be expected since a smooth estimator may be constructed that does

not take into account market conditions. The post-trade ITG® ACE® transaction cost
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WO 2008/051545PCMS2007/022492 Overall, these results indicate that
the instrumental variable approach in post-trade ACE explains a
considerable amount of the stock-specific momentum proxy. [0089]FIG.

WOrapgis axerage adjusted R2's for regression (11) over allQrfiegsiges 2492

];%%ﬁ ?e{? HFéiggﬁ&’g%@h{ﬂ%f&fthéﬁ&i%ﬁjc@&& ERESelNG fRE 5réade

y lower stocks than for Listed stocks. They are greatest for

ligiginERUHRALLIRY 337 e didkk and dRuasbipidiuaitib atRuNAgain,
at about 27% and 24% for Listed and OTC stocks, respectively. R2s for

|iidictito PeOLRseOtel, SiRteX@rposbiraepITe® SI0E® hesketreonditiensaghtaken
observations (see FIGS, Sand 6). Overall, the R2s are of considerable
rindgaielat [PEDAIEIYS redlizedicostsaombaierctmained. of coefficient r in
regression (11) for different order size buckets for selected liquidity grougo
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number of observations for larger order sizes. [0091]FIGS. 13 and 14 plot
awragretirealized transaction costs, pre-trade ITC(r) ACE(r), and
post-trade ITG(r) ACE(r) transaction cost estimates for Listed and OTC
40934, respectividlig. atheothtoltisetand alinple medeldortracknCiiBOPERER
transaction costs match very well. This is no surprise since pre-trade

IF@GRROE postritB Aeaior! pastiadpiaaySataCatibtd8s QREG-ANSEE traders who

t ti ts. H .th -trade ITG(r) AC ti b
B S B TEAPRE HULTED T AP Fosl0e RLAES B pecied

Z@%S@ﬁl&%ﬂ&%&ﬂggﬁé?@ﬁ@ﬁ w&n%w&g&e AIRES IO FKR 1BOvecute.

ount market con e post-trade ITG(r) ACE(r) transaction cost
As a result, there are two pre-trade ITG® ACE® cost estimates: one is called pre-

trade discretionary ITG® ACE® and the other is called pre-trade non-discretionary
ITG® ACE®. As the names indicate, for pre-trade discretionary ITG® ACE®, all
executions are included, i.e., even orders for which the traders can postpone or
abandon trading to take advantage of the market conditions. For pre-trade non-
discretionary ITG® ACE®, opportunistic executions may be excluded and only
include orders for which the traders do not have much discretion and have to
execute the orders no matter if the market is favorable or not.

[0094] FIG. 17 and FIG. 18 plot the average realized costs curves that are
associated with pre-trade discretionary and non-discretionary ITG® ACE® along with
the average realized cost curve for opportunistic orders for Listed and OTC stocks,

respectively. In both charts it is apparent that opportunistic orders are very different,
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WO 20081051545PCT1US20071022492 estimates are also very similar

to the realized costs. Compared to the pre-trade ITG(r) ACE@ estimates,
they are more volatile and closer to the realized costs. Again, this is to be
expected, since for post-trade TG(r) ACE(r), market conditions are taken
W28 UAtSand average realized costs are better explained® {8083{1@%8492
Hreqind\Ebyprotdhecdigsiibfitocbed thegrneatictienstedorsobinereasenitharder
post-trade ITGO ACE@ transaction cost estimates for Listed and OTC
sieekEhecsnsé ot asSotielaMth sHewanaNeedsesiasE T BRA CER is

pre-trade ITC(r) ACE@ is much more fat-tailed, The t-tr TG@
e e AT A e MUl el el

d simpl | f lina.pre-trad ; :
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matbe faiions.ath (Ruaaple d bederiied geriaderapnasiusistic

ers may not match with the costs of traders who have to execute. As a

'RfdigE) there are R REEdaBIR UG (NaABE [esost instintiateailignevisealled
pre-trade discretionary ITGC) ACE@ and the other is called pre-trade

niyndlisieretomnarwihGéspadt (g ghegttediaades andiome My mpeeideaaisurate
discretionary ITG(r) ACE(r), all executions are included, i.e., even orders
forsuitidhrtasinglddradeaypostpd AR abkifd GadreeRtianeftiRdes RIAMB X
of the market conditions. For pre-trade non-discretionary ITC@ ACE(r),

Jppeninglidirnalve ea RECRMRAHROBRcluded and only include orders for
hich the trad not di | dh

JRIE no matte ATHE AL R Brabie i R Ui PR e

15 8lahe avpar ealiaed asta R DMy eAssesialadin o

e discretionary and rion-discretionary ITC@ ACE@ along with the

ayErARarRRizes aaslseur ek ARROMHYHIFIgEIebSHi 165RAcAthOdve

stocks, respectively. In both charts it is apparent that opportunistic orders
aigprsindifieiente iz€12068MIbIS S6R Tate SRBORCRRARDItvey Mévmaiaryst
low costs, often close to zero and costs do not increase with order size.
Tditlecente ahad ayweriseaern Withas e U HREERIENS e yaalzrd aesEinus
Is above the cost curve associated to pre-trade discretionary ITG(r)
Aroettiade IBGRAtRPEXcIuding the opportunistic orders pushes the cost

D e S R B et

ir}:\é%lﬂgr%glseﬁowg&ct, which may be hosted on a storage medium and include
executable for performing one or more steps of the invention. Such storage
mediums can include, but are not limited to, computer disks including floppy or .
optical disks or diskettes, COROMs, magneto-optical disk, ROMs, RAMs, EPROMs,
EEPROMs, flash memory, magnetic or optical cards, or any type of media suitable
for storing electronic instructions, either locally or remotely.
[0098] In another embodiment of the current invention, the post-trade

model can be used to provide systems and methods for simulating trades. For

example, a trader could run a series of simulations using the post-trade model of the
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beneficial results with respect to aggregated trades and may not provide
accurate results for a single trade evaluated alone. Thus, aggregation of
trades allows for meaningful analyses and comparisons.

[0096]Additionally, it should be noted that the post-trade models of the
yiegetstiFhsention are especially useful because they can be BctUfatd o2
awgnifinaattiosnall datasat Feisvsidgstated indigs irbBesndibg, watieve

the curve representing the realized cost minus post-trade ITGOACE(r)
dettiogedrathgintalsooktagiNyYéRcd s i @m@rﬁ@q@ﬁ@g@mﬁ tn?é therpest-trade

representing the realized cost minus post-trade ITGOACE éOOQ?%%Fne
AnarvE BbHErBIHBVSRISEAGTRIIBART It oy masked BRSy B

pro'a?(i fg? 'Bd \?/Sbe hor?cta?nqa e §tod'a§evgp iﬁj ?’H\%I‘Q&HJ%&L%%! spread,
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inc u |ng oppy or optical disks or diskéttes OMs, magneto-optical
digknRRMs RAMTYERRAMSiTERPR M. tHash dnemoe iy theaunetcrader
optical cards, or any type of media suitable for storing electronic
insitiediapaseitage beallxtor sbimotelye i 088 toarvathierenabedioent s ehies
current invention, the post-trade model can be used to provide systems
aidimeldtods feraiveliddimyivaabsn Cotimbiiadiag sttedemy looihe irpday
series of simulations using the post-trade model of the WO

JoaskeeadiiprsT e BimuatauspayReh ABRHSS %&smﬁ!&mﬁ%
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HOABS A a0 eGSR RPN KA e e AT BA B ctea.
CHURRLIOMGRHERACE8 WBk (RtdA I AR GABRURN S B0 %y each

normallze% trading volume, norma |zed rading volatlllty, normalized actual
SRERDN IR HhendiecksiReeisrTMRapRiIHTbRIANY HB Y simyBatimBdhariables can
intra-day conditions that the market is currently experiencing or is likely to
eprREee drethet fiite, @ ttaderdiilizitgtagyasittratiedemanatteohtiet
current invention would be able to run a series of simulations iteratively to
ascnditanannoplintelneadingadivatedy ferrtine Roraxampinaftee owilsetdhisending
These simulations may rely on the use of historical data in creating

sevaede dighsrveialibifet \m@ﬁ%ﬁ@ﬁ%snaam&%@&%@g&@tw&é‘%@%&ﬂ that
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tra er, aﬁ%l‘%?e mar et conéytlons in which the simulation is to be run. For
CXSHBIRIE R dnRyk ebiSit et HVRE A besvel iy daroleegr egsth
stocks, a series of simulations could be run that not only changed the
tretetiteg g iretiegiesiheingadssicobditiaten afloréag duthadeolkatiligkefaheducated
simulated market. Once the simulations have been run, a trader could
cdecirien gsdambevaigertaseriedieg e narkedisBnsuidied inhgiag wilkts for

each strategk/@é n the various market conditions, allowin gnthe trader to make

aHEARAN IR gAY (O MBWED SYBRERE S PIOTET T EIRE S r e
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acilities tan be a %Ito systems eth

dggaglg%@eq)g}{gullgt%qgygf%,mrgwg@twh a novel simulation system or

method. [0099]In another embodiment of the present invention, the

prggspde modelcandasppplirditneanyfatgsriseet ofitsatah)ehagsssiradeh
as: futures,
model can be applied to any other type of tradable assets, such as: futures,
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WO 20081051545PCTIUS2007/022492 currencies or derivatives. Further,
the present invention may be used in relation to one or more foreign
markets, and is not limited to U.S. markets. Country specific variables may

be added, and United States specific variables may be deleted, in order to
Ui 2888 1565t-trade methods and systems of the current invBh{ig2007/022492

IAETEncies ehaasivativas invethrin thealr ere tidaveriam Ny O e pRd Htitelioaty

in models that span countries. [00100]The invention being thus describﬁg,
n
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f ith d ing f h iri d f the i ion.
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dded or s rom the models of the present invention. Any and all
Msh-HedificabrrsmiavaiaBaeskipdaa v usledanibindheastonedstshemodels
following claims. THE CLAIMS: A method for estimating transaction
ahstspaaropuiiteg. receiving a selected trade strategy; calculating, for
a plurality of proposed trade orders associated with a trade submitting
dagtp®stimated pedrvaniorrdedurtive desesied dhoi bethRPpFepdedRose

trade orders based on a selected trade strategy and on historical mark

cdlied in the-ait g Bieeme R AGHRItEY itb%?ﬂé%i?ﬁ?%ﬁ_ﬁé%%ﬁi%}’m
gbgrfﬁoé’@sgggé?gﬁ?ggﬁﬁgg\é%tc5}1".3Li'a;tz'é‘r%’ B%rat 8%9%%%(:%] Fm'gtq@gtetg to the

: Il‘lOCOS S, esﬁmate Pos -fra e_trans on _
ng;%aﬁgfef&% g8 %ﬁﬁwﬁﬂﬁéﬂ%ed@ea%gm%mrf-eo?@ameg,%%i@md
estimate pr -trade transaction COStS, sald execution data, market returns,
FHekrRGRHAkANEE DI lMIRG: i Srich RRENASESILIdR. QSRS t @Véntion. Any

and all such modifications are intended to be included within the scope of the

following claims.
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aggregating estimated post-trade transaction costs to generate an
aggregated estimated post-trade transaction cost for said trade submitting
entity. 2.The method as claimed in claim 1, wherein the trade submitting
entity is a broker, an investment manager, a trading firm, or an individual -
trader. The method as claimed in claim 1, wherein said calculating MCSLLP
estimated post-trade transaction costs step includes execution of the

THE BLMMBsst  Cost(S Pre Cost(S,(n))+71.XI(S,T)+".+ 7,v X A,(S,T)
where S is an order size, T is a trading horizon (in days), nu is a number
of shares to a security traded in bin j on day i and N is a number of bins on

1a givéhraahrbienaminaiae i easHAsife U EQRRTRM share
quantities per bin for T, 7,, 7"l are coefficients estimated for different
exchdAgeYIBAP SRR bafe SHirdedY(57) are trade factors, comprising

at least one of: a normalized actual volume over a trading period where V
is volgateulating, for a plurality of proposed trade orders associated with a

trade submitting entity, estimated pre-trade transaction costs for each of the
proposed trade orders based on a selected trade strategy and on historical
market data;

receiving execution data related to an execution of the plurality of
proposed trade orders;

calculating, by a computer configured to estimate post-trade transaction
costs, estimated post-trade transaction costs for each said executed trade
based upon corresponding cost of said estimated pre-trade transaction costs,
said execution data, market returns, and trade imbalances relating to said
proposed trade orders; and

aggregating estimated post-trade transaction costs to generate an
aggregated estimated post-trade transaction cost for said trade submitting

entity.

2. The method as claimed in claim 1, wherein the trade submitting entity is

a broker, an investment manager, a trading firm, or an individual trader.

3. The method as claimed in claim 1, wherein said calculating estimated

post-trade transaction costs step includes execution of the equation:
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a normalized actual volatility over the trading period
(a(T)-E(a(T)))1E(0-(T)), where a is volatility, a normalized actual spread
over the trading period (s(T)-E(s(T)))/E(s(T)), intra-day volatility, where s is. ,
spread, and a proxy of a signed intra-day stock-specific momentum
over the trading period 42,i),TVE(0-(r)). 4.The method as claimed in claim
3, where 772"7, are estimated using a data regression: Realized
Cast(%é?li i)ClgEi(sg;ﬁi(f,(n". 5. The method as claimed in claim 1, wherein
the method for estimatirgtrangaction costs is done according to a trading
horizon, wherein the ing horizon is divi into a number ins, and
each said stépo 8%&? ’tqi'f?gaxesmnatla%Eéq-tegd@ﬁéhggﬁﬁé?ﬁ gogg
receiving execution data, calculating estimated post-trade transaction
costswirslagyieaatinglestivated ipastradite hanzaction dagsy,is; is a number
performed in at least one bin, and said calculating estimated post-trade
ofrehansiion g esisusigptiadepording amdayakred M umhvoheea ing dnea
bin; a normalized actual volatility during the bin; a normalized actual
gRRIgREAFUINg the bin; and 2 wiRpKSEREHG NETRRIEMgPECYdidite Bfshare
bin. 6. The hethod as’claimed in claim 5, wherein the stock-specific
momentum proxy is determined using data corresponding to: ntra-day
qnmt(éesqbembdmﬁbstﬁclg/§pyc2:ific,tya}vd@timbaﬁﬁciegmmgnatedifﬂrsﬁmnt
return and trade imbalances during the bin; or sector return, industry

eXe 5?1@%@5\“8‘1%%@'%?835& and X(S,7) are trade factors, comprising at

{
i

least one of:

a normalized actual volume over a trading period
(v(1)- E(v(1)))/E(v(I)), where V'is volume,

a normalized actual volatility over the trading period
(o(D) - E(c(D))/E(a()), where o is volatility,

a normalized actual spread over the trading period

(s(1)- E(s(1)))/E(s(D)) , intra-day volatility, where s is spread, and
a proxy of a signed intra-day stock-specific momentum over the trading

period m((ngf.),T)/E(O'(T)).

4. The method as claimed in claim 3, where y,,7,,...,7, are estimated using

a data regression:
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7. The method as claimed in claim 6, wherein the data is used in

determining the stock-specific momentum proxy is based on a liquidity
measure of a specific stock. IvIC.SP 8. A computer program product
comprising a computer storable medium storing computer executable MCSLLP
instructions for estimating transaction costs, said computer executable
instruction performing operations comprising: receiving a selected trade

trategy:; (c /trflting, for & ppyrali 4} sed trag:)(o_:rders
%@é&t@d@ atragle: su itt%élentl V) %" t}ia' aied;prevrade transaction
costs for each of the proposed trade orders bas\e/?'{I Qtée select%r&d% :
strategy and on historical market data; rechitA g‘% Eution d: L)+E
related to an execution of the plurality of proposed trade orders;
calculating, by a computer configured to estimate post-trade transaction
costs, estimated post-trade transaction costs for each said executed trade
5 basedTigometirodspoctiingesbsi ofsaid estvertindtpeeneitiedfonsaiiivating
costs, said execution data, market returns, and trade imbalances relating
trémsaddipnomstedstdnieeadenssiagoto a sadirgyhongastinaesiptin-tradieg
transaction costs to generate an aggregated estimated post-trade
héndesaddidiviotest fotosaid urabersaftiinigirandreagh sareiepeitaluatogam
product as claimed in claim 8, wherein the trade submitting entity is a
ebtinkaie diprienesis mansaciayecoaty adingifing, eeautiodidatamlceieidating
estimated post-trade transaction costs, and aggregating estimated post-trade
transaction costs is performed in at least one bin, and said calculating estimated
post-trade transaction costs step incorporates a normalized actual volume
during the bin; a normalized actual volatility during the bin; a normalized actual

spread during the bin; and a stock-specific momentum proxy during the bin.

6. The method as claimed in claim 5, wherein the stock-specific momentum
proxy is determined using data corresponding to: intra-day market return and
stock specific trade imbalances during the bin; sector return and trade
imbalances during the bin; or sector return, industry return, and trade

imbalances.
7. The method as claimed in claim 6, wherein the data is used in

determining the stock-specific momentum proxy is based on a liquidity measure

of a specific stock.
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10.The computer program product as claimed in claim 8, wherein said
calculating estimated post-trade transaction costs operation includes
execution of the equation: Post _Cos S (n );=,,) Pre Cost(S,(n)+7 X MOSLLP
(S,M+...+y ,v X,v(S,T) where 8 is an order size, T is a trading horizon
(in days), nil is a number of shares to a security traded in bin Jon day i
and N is a number of bins on a given day,is a trading strategy comprising
8.a seqh@ncarstennregfasmied sd CoMREBNIR7OMPHIe RAEBRIG MGHLM
estimated for different exchanges and liquidity groups, and X(SIT) are .
sigHAg ATYiRioniBRYtAg Iatnsls Singfor Sl RERa vansRRlianasiResaid
over a trading period (v(T)-E(v(T%)%)E(v_(T)), where Vis volume, a

COBRHEGT, 8 IG NG iR PRECHFANAP PEFRIP (G- CPTRERNE))) 1

E(cr(T)), where a is volatility, a normalized actual spread over the trading

perioBEEE MY 3(F§PEESFRImEEaE P volatility, where s is spread, and

calculating, for a plurality of proposed trade orders associated with a
trade submitting entity, estimated pre-trade transaction costs for each of the
proposed trade orders based on the selected trade strategy and on historical
market data;

receiving execution data related to an execution of the plurality of
proposed trade orders;

calculating, by a computer configured to estimate post-trade transaction
costs, estimated post-trade transaction costs for each said executed trade
based upon corresponding cost of said estimated pre-trade transaction costs,
said execution data, market returns, and trade imbalances relating to said
proposed trade orders; and

aggregating estimated post-trade transaction costs to generate an
aggregated estimated post-trade transaction cost for said trade submitting

entity.
9. The computer program product as claimed in claim 8, wherein the trade

submitting entity is a broker, an investment manager, a trading firm, or an

individual trader.
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a proxy of a signed intra-day stock-specific momentum over the trading

period tn((ny),T) 1 go- (1) . 11. The computer program product as claimed

in claim 10, wherein are estimated using a data regression: Realized MOSLLP

Cast(S,(n.GAst v=y,.X(S,7)+...+7,N.XN(S,D+6 12. The computer W

program product as claimed in claim 8, wherein the instructions for

estimating transaction costs are executed according to a trading horizon,
1herdihemranditey hovigamipiddeldtiniamemibesaibifs Vaeieia srigaid

step of calculating estimated pre-trade transaction costs, receiving )
celeetating et atald washiadtitansaginn-aesis appriianinebislesmgcution

aggregating estimated post-trade transaction costs is performed in at least
obtietsauatidrsaid calculating estimated post-trade transaction costs step

incorporates a normalized actual volume during the at least one bin; a

normajized acty 5,\@@ ility during_the at least one bin; a normalized actual

spread dufing thee at leastione-Bin; and a stock-specific momentum proxy

during the af least o in.\ 13. The pyter ram, progu claimed

in claim 122,31;v</ er%éolﬁ flsé Stdek-specifi g%‘o%grb;fu (.%1|c')'r'c[)p>23}/3vi?El determined

using intra-day market return and stock specific trade imbalances during

the atigast ondsbam setosiasurn snal tredlagrbetzomcés diaysy thesaleastber

one bin; or sector return, industry return, and trade imbalances. 14. A
ofysierasios madm@irtiruatéahintiizingrmpdsy-tradd Astinzatiombétrahbinstion a

costs, comprising: transaction cost estimation computer configured to
oieeRiva\Rriler)data relating soraingalitatigyastasclehisg @ seqeivrce of share

simulated exécutiofi'ddta related to a simulated execution of the plurality

of trade orders, to calculate post trade estimated transaction costs for
qeachittdspit piarédityTofrage orders lsseavefficientprestiaadasbiar different

estimation model, said execution data, trade imbalances relating to said

SO A L e i

transaction costs; a market simulator for simulating said market
le@sidieefutilizing historical trade data and generating simulated market

data; and . _ ,
a normalized actual volume over a trading period

(@)~ E(r(D)))/E(V(I)), where Vis volume,
a normalized actual volatility over the trading period
(o(7)~E(o(D)))/E(c(T)), Where o is volatility,

a normalized actual spread over the trading period

(s(T) - E(s(D)))/E(s(D)) , intra-day volatility, where s is spread, and
a proxy of a signed intra-day stock-specific momentum over the trading

period m((ny,),T)/E(O'(T)).
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data storage facilities coupled with said transaction cost estimation
facilities and configured to store at least said post trade estimated

transaction costs in an accessible format. 15. The system as claimed in y;¢ 51

claim 14, wherein said transaction cost estimation facilities are
configured to calculate estimated post-trade transaction costs further
based upon market returns and trade imbalances relating to said |
1Thropodel %aetaﬁqé}gqgra%ﬁ@(éarématm@'@ﬁ%ﬁ@&!ﬁbﬂﬁuﬂ&@rem
transaction costs operation includes execution of the equation: C S ILP
7Past CoS SLIPAeddSRIASIMA 'agiesHPN: X 3(S,T)  where S is

an order size, T is a trading horizon (in days), nu is a number of shares to

Al iy A Lot ter e

per bin for T, 7,, 72,..., yv are coefficients estimated for different .

e?changes and liquidity groups, and Xi(S,T) ané 1§68 Bctors )6ompliSidd+<
a

12. The computer program product as claimed in claim 8, wherein the
instructions for estimating transaction costs are executed according to a trading
horizon, wherein the trading horizon is divided into a number of bins, and each
said step of calculating estimated pre-trade transaction costs, receiving
execution data, calculating estimated post-trade transaction costs, and
aggregating estimated post-trade transaction costs is performed in at least one
bin, and said calculating estimated post-trade transaction costs step
incorporates a normalized actual volume during the at least one bin; a
normalized actual volatility during the at least one bin; a normalized actual
spread during the at least one bin; and a stock-specific momentum proxy during

the at least one bin.

13.  The computer program product as claimed in claim 12, wherein the
stock-specific momentum proxy is determined using intra-day market return and
stock specific trade imbalances during the at least one bin; sector return and
trade imbalances during the at least one bin; or sector return, industry return,

and trade imbalances.
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least one of: a normalized actual volume over a trading period where V is
volume, a normalized actual volatility over the trading period where a is
volatility, a normalized actual spread over the trading period e
(s(T)-E(s(T)))/E(s(T)), intra-day volatility, where s is spread, a proxy ogf""”"’\“:"‘”““ir
a signed intra-day stock-specific momentum over the trading period
rm((n,),T)/E(a(T)), and whereare estimated using a data regression:

1Realifeaysiem o1 Paskehsimulation ytilizingoppt-trade eginstione
wherein the system performs market simulation according to a trading

trapRa6HO I ReRESn SRERHEIRG horizon is divided into a number of bins, and
the system performs receiving order data, receiving simulated execution
data, BARSALAING S8t AAHDVIMERRIPHIGTERMFHERRLY MiPMBMdYAdta

ost trade estimated transaction costs in at least one bin, and said

pos A ! >
relalingiong RUHAILYCRS astarametra it sensive siRu s exapign data related

normalized actual volume during the bin, a normalized actual volatility
teiariig WA XeRuHARIMh S Bl yrebiRfFiRaTS df calfylate post trade

stock-specific momentum proxy during the bin; and
estimated transaction costs for each of said plurality of trade orders based upon

a pre-trade cost estimation model, said execution data, trade imbalances
relating to said proposed trade orders, and simulated market conditions at an
execution time of said plurality of trades, and to store said post trade estimated
transaction costs;

a market simulator for simulating said market conditions utilizing
historical trade data and generating simulated market data; and

data storage facilities coupled with said transaction cost estimation
facilities and configured to store at least said post trade estimated transaction

costs in an accessible format.

15.  The system as claimed in claim 14, wherein

said transaction cost estimation facilities are configured to calculate
estimated post-trade transaction costs further based upon market returns and
trade imbalances relating to said proposed trade orders;

said calculating estimated post-trade transaction costs operation includes

execution of the equation:

37




said stock-specific momentum proxy is determined using either the
intraday market return and stock specific trade imbalances during the bin,
sector return and trade imbalances during the bin, or sector return,
industry return, and trade imbalances, based on a liquidity measure of
specific stock. 16.A system for post-trade estimation of transaction costs,
comprising: transaction cost estimation computer configured to receive
order gaia relal ﬁg? plurality thrade orders, to receive execution data
related to an executionofte-plurality of trades, to calculate post trade
estimated tmsa@&%(lécgﬁﬁ for eachpf';ai/g ye}ljl}{.gf}}ragie Ws based
upon a pre-trade cost éstimaticrrmodel,'said execution Yata, trade
imbalances relating to said trade orders, and actual market conditions at
an exetaionstimanisder plaealiyiskxtradisgditizpstdredayd)posigradember
estimated transaction costs; and 1\ACS L P data storage facilities
otebpled toith sadditityrisadadnircbist fetirdaydmngchitie s andnsifigiubéiston a
store at least said post trade estimated transaction costs in an accessible
gf@élmahyl,Mh)_e system ais aldmauidgrstriteyyl 6pmipeisitg sasbcalentatiofshare
estimated post-tradé tfansaction costs operation includes execution of the
equation: Post Cost(S'( A=1 Pie _Cost(S,(tt) u )+ yi Xt(S,T)+...+yi," X
quastitips per bin for T, VY Y, are coefficients estimated for different

MCSLLP
éﬁ CHLLE

exchanges and liquidity groups, and X (S,7) are trade factors, comprising at
least one of:

a normalized actual volume over a trading period
(VD) - E(V(I)))/E(V(T)), where Vis volume,

a normalized actual volatility over the trading period
(a(1) - E(c(1)))/E(a(T)), where o is volatility,

a normalized actual spread over the trading period
(s(T)-—E(s(T))) /E(s(T)) , intra-day volatility, where s is spread,

a proxy of a signed intra-day stock-specific momentum over the trading
period m((n_,,),T)/E(a(T)), and

where 7,,7,,...y, are estimated using a data regression:

Realz'zed_COSz(S,(nlj) )-Pre__a;sz(s,(@,.)

i T N)

7% XD+t yy XS T)+e:

i1, T =, N
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where 8 is an order size, T is a trading horizon (in days), nG is a number
of shares to a security traded in bin Jon day i and N is a number of bins on
a given day,,7 ,}=I?" is a trading strategy comprising a sequence of share

sl D

quantities per bin for T,IN are coefficients estimated for different MOSLLI

exchanges and liquidity groups, and XJ(S,T) are trade factors, comprising

at least one of: a normalized actual volume over a trading period where V

is voluheraimbensisemapeitaesamaikel sinatianiageudng iharkadiag

volatility, a normalized actual spread over the trading period
hesizonsvhpiaindpe frastinadigrigemdtig videerintoig sprmber Al Pinpcagshe

a proxy of a signed intra-day stock-specific momentum over the tradin
sy=iRBHRARITE)EERITY)I order data, receiving simulated execution dafa,

calculating post trade estimated transaction costs, and storing said post trade
estimated transaction costs in at least one bin, and said calculating estimated
post trade transaction costs incorporates a normalized actual volume during the
bin, a normalized actual volatility during the bin, a normalized actual spread
during the bin, and a stock-specific momentum proxy during the bin; and

said stock-specific momentum proxy is determined using either the intra-
day market return and stock specific trade imbalances during the bin, sector
return and trade imbalances during the bin, or sector return, industry return, and

trade imbalances, based on a liquidity measure of a specific stock.

16. A system for post-trade estimation of transaction costs, comprising:
transaction cost estimation computer configured to receive order data
relating to a plurality of trade orders, to receive execution data related to an
execution of the plurality of trades, to calculate post trade estimated transaction
costs for each of said plurality of trade orders based upon a pre-trade cost
estimation model, said execution data, trade imbalances relating to said trade
orders, and actual market conditions at an execution time of said plurality of

trades, and to store said post trade estimated transaction costs; and
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18. The system as claimed in claim 17, wherein y"y2,...,rv are estimated
using a data regression: Realized Cost .5,(it) ,,,-1,..,T.i4,..,Nr -hi?
Costt(S,(riii)= 19. The system as claimed in claim 16, wherein the system_, . Lp
performs post-trade estimation according to a trading horizon, wherein the" SLLI
trading horizon is divided into a number of bins, and the system performs
receiving order data, receiving execution data, calculating post trade_
estimdadd staraaetfenibiriscaunriestomitly sk thrrsaciian caghasdigation
transaction costs in at least one bin, and said calculating estimated .
fasiiiiepaidteaniisitied tostonas Inashsoidieesd HadaarEnaied Hansamen
during the bin; a normalized actual volatility during the bin; a normalized
cegitiH) spreagassitg fREMAH; and a stock-specific momentum proxy during
the bin. 20. The system as claimed in claim 19, wherein the stock-specific
momentum proxy is determined using intra-day market return and stock
specific trade imbalances during the bin; sector return and trade )
Timbalheey aia@meamedrissdaimrdfinhprgiR saikaalsuiaiing ggtimated
imbalances. 21.The system as claimed in claim 20, wherein which data is

postHadeaerartinhEanis Seralipadiudsmexsetiprel Reaeeatiana

liquidity measure of a specific stock.
Post_Cost(S,(n,j) =

i=1 7 =N

PrewCost(S,(nU) )+y1 X (S, T) ot 7y X, (S,T)

=L, T j=1, N

where S is an order size, T is a trading horizon (in days), n;is a number

of shares to a security traded in bin j on day i and N is a number of bins on a

given day, (m) y is a trading strategy comprising a sequence of share

i=1,..,7,/=1,..,
quantities per bin for T, VoV, y, are coefficients estimated for different

exchanges and liquidity groups, and X (S,7) are trade factors, comprising at

least one of:

a normalized actual volume over a trading period
(r(m)-E(v(D)))/E(V(T)), where Vis volume,

a normalized actual volatility over the trading period
(o(T) - E(a(1)))/E(a(T)), Where o is volatility,

a normalized actual spread over the trading period

(s(T)~ E(s(1)))/E(s(D)) , intra-day volatility, where s is spread, and
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MCSLLP

a proxy of a signed intra-day stock-specific momentum over the trading

period m((n{.}.),T)/E(o’(T)).

18.  The system as claimed in claim 17, wherein y,,7,.,...y, are estimated

using a data regression:

Realized__(hst(S, ( g )izl,..,T; j:l,...,N) —Pre_(bst(S, ( & )

=1,..,Tj=1,..,.N )

7 - X (S D+ 4y - X (S, T)+e

19. The system as claimed in claim 16, wherein the system performs post-
trade estimation according to a trading horizon, wherein the trading horizon is
divided into a number of bins, and the system performs receiving order data,
receiving execution data, calculating post trade estimated transaction costs, and
storing said post trade estimated transaction costs in at least one bin, and said
calculating estimated post-trade transaction costs step incorporates a
normalized actual volume during the bin; a normalized actual volatility during
the bin: a normalized actual spread during the bin; and a stock-specific

momentum proxy during the bin.

20. The system as claimed in claim 19, wherein the stock-specific
momentum proxy is determined using intra-day market return and stock specific
trade imbalances during the bin; sector return and trade imbalances during the

bin; or sector return, industry return, and trade imbalances.
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21.  The system as claimed in claim 20, wherein which data is used to in
determining the stock-specific momentum proxy is based on a liquidity measure

of a specific stock.

42




