Securities Trading Sinmulation TECHNI CAL FIELD This invention relates to
securities trading, and nore particularly to the provision and application
of a securities trade sinmulator. 5 BACKGROUND A securities trader receives
orders to trade certain quantities of a security and, in response to these
orders, the trader will buy or sell the security in one or nore
transactions nade over the course of a certain tine period. For exanple, a
trader may receive an order to buy 50,000 shares of |IBM stock that he or

she may break up in 10 diffSeemtitibs Jrsdnis Sandlageh varyi ng anounts and
varying prices over the course of a trading day. At the end of the trading
day, the trader will have obtai ned 50,000 shares at a certain average price
per share. It is often useful to neasure the quality of the price obtained
by the trader for an order. VarTEUENIGAL$FIBED used in the securities
tradi ng i ndustr £ ce of. .one or nore
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over the course of the entire tradi ng da the order was executed. The VWAP
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average price for the five mnute period before the order was received.
Still ot hertafigdapthespaderuil] hige Qh‘?éﬂeéé&ppq shagss aba ¢ettgidaverprel piigePZonpar i ng t he
trade priceph@ an opening or closing price of the security for the day in
question. Wile each of these techniques provide sone nmeasure of the
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during the trading period. | A securities ator as described in
nor e det'dj |PeHempncesoinne gt marcgrecuted orders. One way of measuring performance of an

executed order is to’compare the actual trade price with the volume weighted average
(VWAP) of the security over the time period which the trader execuied the order or over
the course of the entire trading day the order was executed. The VWAP is computed most
easily by dividing the total dollar value of all trades by the total trading volume in shares.

20 Another way of measuring the performance of an executed order is to compare the actual

trade price with the market price of the security when the trader received the order. This
market price may be the price of the security in the transaction for the security that )
immediately preceded the time the order was received. Altematively, the market price
may be an average price of the éccurity for a certain time period before the order was

25 received, e.g., the average price for the five minute period before the order was received.
Still other ways of evaluating the quality of a trade include comparing the trade price to an
opening or closing price of the security for the day in question. While sach of these
techniques provide some measure of the performance of an executed order, they do not
account for the effects on execution performance of market momentum and volatility that

30 occurs during the trading period.



executed trade and provides for another way to neasure the quality of a
trade. Such a trading simulator accounts for the effects of nonentum and
volatility, and, thus may provide a nore realistic neasure of trade
quality. A securities trading sinulator, however, 5is not limted to
application as a benchmarking tool, but rather may al so be used in a
nunber of different ways. For exanple, a securities trading simulator my
be used to predict opportunity and risk before a trade is made or used in
t he val uati on ofA stewitica tradimssim@aiohisRi¢scribad oreorad@aitbelow Siaulatew emt i on
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of market data, adding to the accumulated volume, comparing the accumulated volume

—t

with the volume V, and recording a simulated trade price until a stopping condition is met.
The selection of pieces of market data may be randomly selected from the pool of data or
selected by some other means, e.g., by a deterministic selection algorithm. If random
25 selection is used, the random selection may be uniform {i.e., each piece of data in the pool
has an equal chance of being selected) or through some weighting function which
describes a relative probability of selecting a piéce of market data.
| The pool of market data may include individual quotes, individual ticks, ot
aggregated ticks or quotes. The time interval over which the simulation is run may span
30 one trading day, a portion of a trading day, more than one trading day, or portions of

multiple trading days. The security on which the simulation may be run is not limited fo



exchange rate. The nethod may select only a random fraction of the vol une
of each piece of selected market data. This random fracti on may be between
a mni mum and/ or maxi num 5 value (e.g, between 0 and 1). The m ni num
fractional value nmay be determ ned according to the ratio of the volume V
of the sinmulated trade to the total volune available over the trading
interval T. The nethod may include renoving the sel ected piece of market
data fromthe pool after each piece of market data is sel ected. The nethod
may expr esatidicsiantypa metimay bakestg cleonds: dehieative) conmmodigy, ghfoedemaver age pri ce
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In another aspect, the invention features a method of simulating a securities frade
that includes (i) receiving input identifying a security on which to perform a simulated
trade, a desired volume of the simulated trade, and a time period over which the simulated
trade is to occur, (ii) creating a pool of pieces of market data, wherein each piece of

25 market data includes information identifying the volume of the security represented by the
piece of market data and information identifying the price of the piece of market data, (i)
selecting a piece of market data from the pool, (iv) recording an accumulated
volume based on the information identifying the volume of the éecurity represented by the
selected piece of market data, wherein the recorded accumulated volume is not greater
30 than the desired volume, (v) comparing the accumulated volume with the desired volume
of the trade, and if the accumulated volume is less than the desired volume, and then

repeating the steps of selecting a piece of data and recording an accumulated volume until



the accunul ated vol une equal s the desired volune. Once the accunul at ed

vol unme equals the desired volune, then the nethod records a sinul ated
trade price that is based on the information identifying the price at

whi ch the piece of nmarket data was traded for each piece of

random y-sel ected market data. 5 Enbodi nents may include one or nore of the
follow ng features. The nethod may repeat the steps of selecting a piece of
mar ket data, recording an accunul ated vol ume, conparing the accunul ated
vol ume wi t hthe hesuniakted adluug|egwads thadatired @bmred iOnge the sicnumnbteddrotun@aguady | ce
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20 maximum amount (e.g., between 0 and 1).

The method may remove each selected piece of market data from the pool after it
is selected. The method may frther determine, afier each piece of market data is removed
from the pool, whether the pool of market data contains any pieces of market data. If the
pool of market data does not contain any pieces of market data, then the method may

25 return all removed pieces of market data to the pool, set the accumulated volume to zero,
and I
repeat the steps of selecting a piece of market data, recording an accumulated volume,
comparing the accumulated volume with the desired volume, and recording a simulated
trade price until a predetermined condition has been satisfied.

30 The method may include accessing one or more dafabases containing ticks that
\represeﬁt actual fransactions of a plurality of security, identifying the ticks that represent

actual transactions of the identified security, and forming a pool of pieces of market data



4 fromthe identified ticks. The nmethod may include filtering out ticks
that represent a transaction above and/or below a predeterm ned threshold
val ue or aggregating the ticks that were recorded during a tinme interval.

I n anot her aspect, the invention features a nethod for sinulating
securities 5 transactions that includes performng a plurality of simulated
securities trades of security S at a volunme V using recorded nmarket data
that reflects a plurality of actual trades involving security S to obtain
a pr edet er nftore thendastiBed tixfics sTimuhalicedngyrindiels fiderigaetitieks yhabreptesenyol une V; and

formng a sj rd distri.butio i t he sipul at prices of
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rel ationshi p,betweenthe nmean price of. the .sinulated trad rice
di stributi o‘ﬁohu%en\\é\"e OTRE lgﬁe'%g"f‘defﬁée %Fﬁ'ﬂ)tﬂmﬁﬁﬂ?g tsﬂ?gageqoq‘"l’(‘fﬁﬂfe
exam ni ng asewdrilly 8 aofoltdeVsi nul ated trade price distribution to determ ne
an estimgted opportunity available for a propgsed trade. The 20 wi dth of
The st miat ed  PaipeRien e iR ol rateorfahe BB RGe SfiFe ThPNOSr 't he
_cll_ihst ri :)lﬁt Lmﬂnﬁ@?ﬁ&lﬂ&gﬁﬁfaﬁg@tﬁeis@laﬁtﬁde b]t&%egiis%triﬁdﬁenanlt@mdﬁmf dradgvi ati ;)_n) :

e nmethod may furtheg include estim ir.value of a derivative
securtty ¢ HAEY GLRintE st Eondafne HB5asiie oL Bg poel ik PlwiscBafil 1y The
details of theisimolatediyade gidedibtrivetidrs The mlelird oT\ie Hotua tradE Bricedh céfiakiBod N t he
25 acconmpanyi.ng draw ngs .and the.description bel ow,, Oher... tures,
obi et o armit e RS Pt R GRS o R 2° s ERBHEORRB A ¢ e
descr i ptisorsialated trads vagdd otadiala béterprice itn eleictisl trddESRE BOEt 6N a@FthBRAW NGS FI G
| is an illustrati.on.of a.networked conputer syste n which.a securities
30"t adi ng "SRR B BIPPL{ eiep as Sepc DB B ST TP BRTHURT NGOk he
oper ati on aindhesemulprick.es tradi ng sinul ator.

The method may further include examining a width of the simulated trade price

distribution to determine an estimated opportunity available for a proposed trade. The

20 width of the simulated trade price distribution may be the entire width of the distribution
or some lesser portion of it (e.g., the standard de¥iation). The method may fiwther include
estimating the fair value of a derivative security that depends on the trade price of the
underlying security.

. The details of one or more embodiments of the invention are set forth in the

25 accompanying drawings and the description below. Other features, objects, and

advantages of the invention will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS
FIG 1 is an illustration of a networked computer system on which a securities
30 trading simulator is run.

FIG 2 is a flow chart illustrating the operation of a securities frading simulator.



5 FIG3 is a histogramillustrating the distribution of a nunber of
sinmul ated prices. Like reference synbols in the various draw ngs indicate
i ke el ements. DETAILED DESCRI PTION As shown in FIG 1, a networked
conput er system 100 includes several trader 5 termnals 102a-1 02d t hat
communi cate wth ad atabase 104 over network 106. Database 104 includes a
mar ket print (or "tick") for each securities trade that has been nmade on
one or nore trading markets. Each tick will include information about the
trade, includi ngFIGHeis aihibartdnt Yluafatitdibe Se@BLEidnorb hades of {ihelaealpus®, of the
trade, the pricg.for.-the trade,. and the .tige .which the security was
traded. For exaﬁ‘p et nc?ﬁé”%\ﬁ%?)?’%ogfg@ﬂ’n’éﬁ%ﬂt@éﬂ‘?g\‘&mﬁ@at es a lo trade
of 5,000 shares of IBM stock at a price of $100 per share, a tick will be
recorded on database 104.thatydyigk #9eSE &'ﬁ,' rmati on. On each term nal
) by
102a-102d resides a securiti esEtragl ng %I rrulrltaI or (not shown) that
si mul at es t r adeAsghoyam s, saetworied esmputergystem $@0iailsdes borabiradeonmodi ti es,
deri vat i ueSierbt§i10 0al 988 bl GlBuuh ' Cachidt wn.in FIG
2, a securitjes trading i mul at or %W?&%@P@%@Sf rre%e%‘iv%%&ﬁé ]?’lggq?f% 15
trader: (1)!G4echidgepniatisgt print (dyétickBclor éack sepnritidsitode thitdashoen eds @norhoul d be
run (bl ock £Qdore tradifd mhikEis OB Sk & . 'ﬂ]gy\,inow whi,ch is.the. time
i nterval over 'V\I?]i% e Si n%rlglta?‘gfrlllrlgﬁ%_u ° eglroﬂﬁbo(uf)*hggﬁé%f% u&nﬁﬁ]ﬁe (3) the
vol une of tifentiseefithe sepuriy trodedcthe Ydhensofithd tzadeghe mive titrdhdterde and (Heltmek 206)
20 Once th‘ewﬁi:]{'ﬂﬁle@écgﬁtty%paghﬁ ei LSei v eat es a_.pool of market
data that the sinulator wﬁg Eésﬁg&?&ﬁgf”t%g{btg?\ggeYoﬁﬁﬁflgﬁlfco e(fgﬁ%%%tﬁsazo&. The
pool of fartkade ofRIC shereg pEIBMedlockfat ppricelvé $100qies stomni télneit] biemecbiied b adi ng
dat abase 1065090 HahinbL&3s thd £ e L en he, pool. of market data
is sinply a col | ect f#gn _O}J glﬂﬁlg%{(}r@?‘}g}rﬁti c%&ﬁeccr%go a?@rzgretsﬁgs?ar get
security osspurtiniryling simulator (di showayi thed simuidisstiradese f eoittaseomdtids e.g he tradi ng
25 dat abasgy,d QG GRRO Y t ol ..of market a i,.5,a collection
of fixed-tine Pﬁ:{f&e&?é\}gm pr ?’?e |%?5sj &%%ﬁﬁ%sﬁ tlglgsg ﬁcof‘iéeg%neésjaga%?sea@@'ol une
wei ght ed aver agésphévwoeindliGi3, ¢ ksuties tradiag finmttbr 2D cdives direraihput-aGomex anpl e,
if ating ipggrval is defined as three mnutes, then a price bin nay be
the vol ume wei ghted average of the ticks that were traded during a three-
m nute wi ndow. (1) thiélentitadf thgsdomnity po which e sivailation shouldid dub @lédkaadzyg day,
e.g., 9:30 am 3p,t PO, and. the. bi.n interval efined as
3- i nut es, thenPlr)htgé g&\%gcllj 1?% rev%g&o“éw%cth i5the time m%rval over w\"!\ll?ci fge
simmlation should be run (block 204); and

(3) the volume of the security on which the simulation should be nm (block 206);
20 Once the simulator 200 receives this input, it creates a pool of market data that the
simulator will use in its trade simulations (block 208). The pool of market data is created
from the ticks contained in the trading database 104 (shown in FIG. 1). In one
embodiment, the pool of market data is simply a collection of all of the ticks recorded for
the target security over the desired trading window that are contained in the trading
25 database. In another embodiment, the pool of market data is a collection of fixed-time

interval “price bins,” which each represent a volume weighted average price of ticks over
a fixed time interval. For example, if a time interval is defined as three minutes, then a
price bin may be the volume weighted average of the ticks that were traded during a three-
minute window. Ifthe trading horizon interval is an entire trading day, e.g., 9:30 am

30 through 4:00 pm, and the bin interval wasg defined as 3-minutes, then there would be a



total of 130 possible bins over the course of the trading horizon (i.e.,
130 bins = 6.5 hrs x 60 mn/hr. =3 mn.). After creating the pool of

mar ket data, the simulator 200 resets a counter to zero (block 210) and
random y selects a piece of market data (e.g., a price bin) fromthe pool
of 5 relevant market data (block 212). The sinulator nmay use any random
sel ection technique to select the piece of narket data. For exanple, the
simul ator may randomy select a piece of market data fromthe entire pool
of market ditd ofiIGpostible binsoyer tho abwirhd ¢fithqtiading hokmali.c. 3@ basefs.smE ket dat a

in the pool shas 4.he §ﬁﬁﬂ; chance of being selected) or through sone
wei ghting function Ee. g:, a exponentially decaying function) which

descri bes a rel abfsrercbngthopmbof iiryetdhia bt Sk dE260 BictGRodicBrEet data.
i,gured to. i ne pieces of market data in

{he pool  seClsheNaf ) sy S esiT rBTet P G v GPSE DBrFohBraBTicR! |y, by
i ncreasi g/ Mm@ﬁﬂﬂml 200). p‘ﬁ& ﬁﬁ))llaaiﬂﬁlafrafml & bﬂayld(dsfﬁlsag&iog%%ﬁ @Xﬂ.n‘i ned
pi ece using ‘cqin-flinp" ithm 1t shou e understood that the
securities 1:otas 3 %‘étﬂjﬁe 1§%°r?gfﬂﬁ&8$d%£fet§8]? P3Eglente Srlalys gy preplnselestiapieeed to any
particul ar ehakétidein fibh theahind gidEof ke dath Site QikdmSRIHABIkily Tl 2ecabh €CE  Of

mar ket dat a % j

bl ack .2 . the sj,nul.ator 200 cal.cul ates the accunul at ed
vol une wei ght e (%n} 1&%‘%%‘8%@8&1&??&{3@@9 erePt Ppipg sqlectedlgr thropgh soms first run

t2 f21 (r) ;)ug h ht hewéiglrtéf:g ﬂllﬁ!g'ﬁﬂ Celfg-,tafmp@bﬂiﬁﬂlj ! lﬁgwayﬁlig fifhction !w@ﬁa?i&es%ﬁges a%clélzéﬁvé 16, ﬁ18a

, t ac at vol une we e rice . is sinply the volume weighte
price of 't H&° 1]’%?’1’558}?1%“553&“589 Pl 'Jﬁe FRrletor m plso bgeprfigaedi®c unul at ed
volune is tdmmimepises dimaitvedats AEOR0Y sog@dnEallyRE gD biaeIticalik@isedat a. As t he
si mul at or c%gl ei"gicﬂh@?i‘;gh t he i‘?ner loop, the accunul ated vol une wei ghted

average pricen FFrEshRtegtredne whpeyanpy)ispdragfombyselect pachhe r andom y

sel ect ed pieaminedpicteuisipta ‘deib-dliprtbokifen. oK shoald 13 bBabrMOIIURR HeSedkig® Y t he

sum of the yvalune qf all of the pieces of nmarket data. For exanple, if the

si nul at or at a@%&éﬁ%ﬁd{‘qﬁﬂn E}fﬂ‘i&rn"lt Oiiedrte an pageslanselechemdont y sel ect s

t hr ee prisceaedtinitme. one of 1,000 shares at a volunme weighted price of $100,

a second of 100 are ith a volume wejghted price of $101, and a third
oy el Bk

of 10, 000 share r Lnet gigeeef gatp fblagl 212), thp siomlaiar 200 at ed vol ume
i's sinply IdhlchBfts gltatasufdtedSrolumb, A8t %é%(ﬁd@&ﬂ%ﬁ@é@@umérd%ﬁ)ckﬁ umul at ed

vol ume wei ght.ed. aver age ice is $9/7.31 per share (i.e., [1,000*$100 + 30
100*$101 +%&%§’%$?‘7“¥€me 10?5’1"%%%%"%%98]%@&1?’ H4stt B or may
cal cul ate tZze),wmm@hmwﬁﬁ@earsilﬁﬁy&%vaiube%igﬂ%lrpﬁé@&k@ar es j ust
prior t recod‘rgdl ng%q%%sl mul ated price rather than continually updating the

vol ume i d?ﬁ Hﬂ)é Blep; ?fdxéaﬂgg ta and the accumulated volume is the volume of the
randomly selected piece of market data. As the simulator cycles through the inner Ioop,

the accumulated volume weighted average price is the volume weighted average price of
all of the randomly selected pieces of market data and the accumulated volume is siply
the sum of the volume of all of the pieces of market data. For example, if the simulator

25  cycles through the inner loop three times and randomly selects three price bins, one of
1,000 shares at a volume weighted price of $100, a second of 100 shares with a volume
weighted price of $101, and a third of 10,000 shares at a volume weighted price of $97,
the accumulated volume is simply 11,100 shares (i.c., 1,000+100+10,000 shares). The
accumulated volume weighted average price is $97.31 per share (i.e., [1,000%$100 +

30 100%$101 + 10,000%$97]/11,100). In another embodiment, a simulator may calculate the
volume weighted average price of all accumulated shares just prior to recording a

simulated price rather than continually updating the volume weighted average price as



7 shown in block 214 -of FIG 2. It should also be noted that a securities
simul ator need not express the sinulated price in terns of the vol une

wei ght ed average price of the accunul ated shares, but may al so express the
sinmulated price in terns of the total price paid for all of the

accunul ated shares. 5 After the sinulator cal culates the accunul ated vol une
wei ght ed average price (block 214), it checks to see if the accumul ated
volune is less than the target volunme (block 216). If it is, then the |ast
pi ece of nastkwh iddock AHaf Fifhs It shodidrdsy bs ebted theich desuriticesimuithr figedmot he pool

of rel evant . (bl ock 218 anot her. pi ece of market data is
sel ect ed fr%%s%i%g B‘g%?a?e(i &1%8%{1%%5’%&FH§“I§83V31$8€6§?‘%&8§8F i ght ed aver age
price and l@cwuderdiiatesdbuvnkysn apescibé dmubtedhritdihteins 3i#) totapdcd he
accumnul at ed i ai ecked to see if it is less than the target
vol ume. Owc%a\{%?ggﬁg%éctﬁerr% ‘éff“éﬁate‘?ﬁoai?ﬁe is not |ess than the target volume, the
si mul at o5 checkisfiet the sizeildtdr chibalatacthe sathatREd volutiBBrelghted gubgetp@icd he tar get

t hen t.he accunul at ol unme i ght ed aver age

vol une (blo o). Lf it IS, d
pr: ceisr ﬁg’?rc é%%&gﬁcﬁﬁrﬁﬁiﬁm@@iEﬁgg&g&f;%ﬂda.e t"Fgmt“'ﬂamcculrrul at ed
volume is oc S, @lece/afl st t il EteR volume is
greater tharré th %artget o%u nd tp S{T‘U%g r om?ly.tak s the vol une
needed from ‘ée%l 75t EP%%S %’E‘%ﬁ&%e %’53('*]50? Lﬁd’é‘f"ﬁf ecf’&f@@’ﬁ‘e fadfre (Dbl ock
224). For =wlketepiren tsyppbdivck Di2)}the getmblated idluins waighOdivesdgapase mad the
For 10, 080 “SHAPHAE {ohun koS fFPk 2 sy et B e b L0, 000
shares and abedked adjerlit it lees thncthenatgat wdru| ume wei ght ed average price
nei gnted- aver agieqpr seefled FHERE 1 s S of ettt Biped St (he
accumul at ecbheekls tnee ithaghtwenulated el@eis paial ® thetafgeoohaiedbRek 2005 MiMigt ed price
ner ement o Brtot PR IRER S Sebi veia it Ioiis! e mBERE Eount e has
r eached 1ah[:(bbdeﬂillﬂ).niflﬁ&¢cﬂmdxNéuzﬂ’d’I@ntEtwqii&Eo thd\afRYvdhEnd; elef @ecd bK t he mt:J)ser
running the si or or.it ma reprogrammed. .In any case, the nunber
N shoul d beacflg?r%aégaé‘f?i S BRgt %%tg@%gefﬁoq%%wége simulptor ordy fake§ thy, reani ngf ul
set of si Muohinechepded G@: thé fastipee 61 Markétidat ihapansd tafdgepwhdﬂéi(bl‘dcﬁ prayl at ed

a

prices, then all_ of the renoved piec f market ta are returned to the
pool of r el &SP FYPBPSe tafargehval Ilf)gq'i()o%ébﬁ“%ﬁ‘i’&ﬂ%ﬁ?ﬁ? ated YAlYWRi8d price is

obt ai ned. Q8O0 klikeess [he BxOpicdddF maRKebdaneis fdN 10000 Rares) thesdimlat 6l gy ces, it
then an %!’) y Ztgkse 25&)8 o? tlhgtla,l()gd'j Iar%? at?df Mﬁlag}lulst@cﬁeegcu%ﬁlgtgg vo(lublzlle(a) v%léighted average
price accordingly. After the final piece of market data and accumulated volume weighted
average price is adjusted to equal the target volume, the accumulated volume weighted
average price is recorded as a simuléted price (block 222).
After a simulated price is recorded, the simulator 200 increments a counter (block
25 226) and checks to see if the counter has reached a predetermined number N. The number
N may be selected by the user running the simulator or it may be préprb grammed. In any
case, the number N should be large enough (e.g., 1000} to produce a statistically
meaningful set of simulated prices. If the simulator has not recorded N simulated prices,
then all of the removed picces of market data are returned to the pool of relevant market
30  data (block 230) and another simulated price is obtained. Once the simulator has obtained
N number of simmlated prices, it then analyzes the distribution of simulated prices (block
232). '



232). 8 I n another enbodi nent, a securities trading sinmlator nmay not
obtain a predeterm ned nunber of sinulated trade prices, but may generate
sinmul ated trade prices wuntil sone other stopping condition is net, such as
a condition that halts trade price sinulations when the sinulator

determ nes that additional sinulated trade prices are only 5 marginally
affecting the shape of the trade price distribution. This nmay be
acconpl i shed, for exanple, by calculating sone statistical neasure (e.g.,
mean, nedi an, Sﬂmmd:al[edem&&imhaitjmcudtﬂﬂrﬂlﬂig%unlﬂﬂd'rhi}&dtblkt@)laafter each

simul ated t and.t.he si mul at ar S

si mul ati on é\gg%nf%%&g‘f%?ef gy }iﬁteﬁrgrﬁg‘iﬁrgesf’ g‘lltlr'%aytgﬁ‘w&aﬁ%ﬂ “&8 Fal n

anou n'él oV erumil sumﬂm]nelr sﬁaplsngmﬂnéineﬁl 1spﬁ¢t &L as Iﬁ?bndetmmﬁdt ﬁaltsaTaab ﬁi‘éﬂeat 08 may

recor 100 al. e rices or. ea ated trade price

t hereafter, gﬂg n#‘e%éﬁ énuﬁaﬁ%rede aﬂrlﬁa‘gdét%“&]tsﬂlﬂ at8$trg%ém§?sr?fﬁ oed trade
price di st rmiagﬁmmmffeamhasmpas &t&h&h&tﬂd@iﬁﬂd’du{iﬁmﬁon, THiOhaf BOSR6H MK, Si nul at ed
trade prlceis fail ltﬁ lilaP the rd devi ation b%qlm)re than a certain
amount (e. g., % PHEY %E@easﬁlfﬁ (G $rdoRBeisHe frndard ustrated in
FIG 2, thedeviatich, mgus:c@uhcaﬂhe hkea@ﬁeﬁk&ﬂﬁb@ﬂ%&\ﬂ@ia@mééudf&laﬂlé@s@é thgach piece

of random Y ehes dat r| n ch trade simulation (except for
the | ast plsé‘@‘éat(?fgorsgjﬁgg ﬁé‘feaﬁ?ﬁfrfﬂ’éﬁtoﬁgﬁn@eb%ﬁfﬁ%s

adj ust ed tmmmlﬁaﬁzbréﬁlmﬁeaﬁiga&hum@& ); Fdﬂ@)ﬂ@x\iﬂéasﬁmﬁdt&%@r%éo@tﬂﬁood ypically
does not, bu%‘}“ﬂﬁe‘iﬁg({ t he fH %l?LurEe (g ?ﬂ%har epresented in a tick or
col | ectidn i °PRRE PR & an ulgted fradgpHe orf > ligeaycmereghced to only
Ei ake a fra&#tandd&ddéwit?ﬁoﬂ&h@@l@édt@ﬂ@bgéﬁﬂ%ﬂu?’n S@io%atc&%ﬂh@g&r(ﬁ 20 ggg ket
ata. For if.a si tor r 0 selects . a prjc in of 1,

shares at e@i%’f@ﬂg S @&Ce%f%‘nm W%“geﬁ?étagis%fi%‘ﬁﬁwnﬁﬁymbﬂp%“% ake a-
randomfraafertﬁﬂamanﬁ(eg,zﬁf%,ﬂﬁfsmtﬂtﬁmﬁ@ﬂ €s, fromthis binin performngits
price sinulatio en_of the pri.ce bin_need not be randomy

The frac ta
sel ected, but EP*BFWBP ‘é}‘ﬁf)"é&r gredsin iy 2. he tradipg siplator 20 fised fhegvhole known
vari abl as aahwu dfeachiplieee bf rafdodly et nhariaf BitPMuBE cidhSraaslinfiafh i eces of
mar ket dat eﬁ/ ﬁrp ovide fo é‘_@%@rglgre real istic sjnmulator, the trading
si mul at or ﬁW tieF iBulestrech P ¥ selepifdipiece ofmazkat dafa, which Wesadivgied foe evant
mar ket dat a:edmmuaget vamn@yeﬂaﬁe&er b BR gk itk dfpRaIIYNIdeh notqnl&wr La eiing 50% of
each piece o et data. the simylator runs qQut of nmarket data when

per f or mi ng VQ “'3}3 “édeﬂr?sﬁ’&f in;atickor pollectipn oftigks, and thsredors, aSimIAIGE BAY ¢ r ade

price, but bseoﬁ@marto amsitaké@w@n@kthe%luﬁlbefmJﬁﬁ&oﬂ@fsaeéi&pﬂiedem0 the pool

and start t he si rrullgtl on qver.
market data. For example, lf a simulator randomly selects a price bin of 1,000 shares at

$100/share from a pool of bins, the simulator may only take a random fraction, e.g.,25%
of the shares, from this bin in performing its price simulation. The fraction taken of the
price bin need not be randomly selected, but in other embodindents, may be a fixed
fraction or a known variable.

25 While selecting a random fraction of the selected pieces of market data may
provide for a more realistic simulator, the frading simulator may ran out of pieces of
market data from the pool of relevant market data because, on average, the simulator will
only be taking 50% of each piece of market data. If the simulator runs out of market data
when performing a simulated trade, it is not able to record a sinmilated trade price, but

30 rather must return all of the market data back into the pool and start the simulation over.
In order to reduce the probability that the simulator will run out of market data during a
simulated trade, a simulator may be configured to ensure that the trading simulator takes at



In order to reduce the probability that the simulator will run out of

mar ket data during a sinulated trade, a sinmulator nay be configured to
ensure that the trading sinmulator takes at 9 |least a mninmmfraction of
the vol une of the randomy sel ected piece of nmarket data. In one

enbodi ment, the mninmum fracti on maybe set according to the ratio of the
volunme of the sinulated trade to the total volune avail able over the

simul ated tradi ng wi ndow. For exanple, suppose a trading sinulation w ndow

is set to pémftaminane fdiak bDfe MBI afiob R ERR @ bictEMEiRE K Ver a 2

hour period _on articular. day, and, during that 2 hours_ trading w ndow,
a total of f’&)ﬁfr%t?gmﬁeﬁh Jugrn Lpprgy Yesst dorording to fp ratip oS the yelame phe rati o

the sinul at €d sinnAsdetirade kofie tdi vbiige hklalc M@k HRRInEt Q0% inE R En @ At O may
be confi gured tl ake—r:ilgrE rrandom fraction, of between 20% I100% of each piece

ot
of market dStAPISE{PPAsGIdTanE Siplation ¥ mda it topademsipelaiier 69.60tind 100
percent, & hehates@diBN s®tlotNedt Qhowigetiod chQ ﬁﬁﬂic&Mﬁ&@gﬁﬂT &iﬁéﬁ%ﬂ:@pﬁ/ﬁ&&s the total
ool .

vol une before.runni.ng out. o ket data in the poo he m ni num tradi ng
fraction neéﬁd%‘ymﬂ%‘g’saet?ta]a%g&}&gé ares,0fTRM stogkives grpdedn & this|cagethefatiohe

sinul ated t thadiendlded thided eitabe 16ah IR Wlidhd i8B0%. USEMbARY BhiHl Shagtd adi ng
w ndow, but be, fixed or_user-selected. I n another enbod nent a

securities Eogglfvf’laﬁ@udg Hon,of beirrR 2 X1 09% f eeah piscaniaket datyiBstes of nar ket

data from t bestpaiethg the indsa BAGHENbetwRbk Z%GQD@b&&nE,%@rﬂﬁk%ﬁxﬁdﬂéﬁﬁgfb
e one

selectiop algorithm Fﬁgrpgﬁ}agggl e, a determnistic algorithm coul

that att SnptEEREsige BvoktRe bl PERIB Ytk dats whwaeel. or
downwar d tremﬁinmsum&aﬁﬁ@ﬁmbnp@ﬂdoﬁ:%ls&%doﬁﬁnﬂo%&%ﬁ&&fmdgﬁﬁe&@ﬁea based on
t hese trends. exanmpl simulator could be configured to exam ne the

or, e, a X ) Jgur
pi eces of nﬂ?lﬂgfedgé‘ieéﬁﬂ}? totgkvaliten avadablegver the dimplated tredipgwinders, brbmhg gi nni ng
of the tineberordorusanstissryl d sel ect a piece of market data if five
consecutive pi eﬁges of %t data show_an increasing (or decreasing)
vol ume wei ght ed ‘BEiey embedupent 2 soqyrtiss Spdipg sivplates sry ibg condisasd tosdrami| at or i s
to sel ects apiie@6RmAtketMBh iR Hahedl,R¥t BXRHIN blCaccSURE Yo 4 EM-RinRkigce of mar ket
data starting fromthe beginning of the time wi ndow and selecting a piece

of market d¥PEIgYRIGORGTR FRL SXAERlS @ detemuristicoigositaneondberae Kt atiempts tshow 25 an
increase (OfodieRbREREH ah&‘eﬁ&ﬂm‘b?'e%ﬁﬁnﬂ%h%@gr (ﬁa‘éﬁ%’%ﬂﬁﬁeﬂﬁé iﬁ%e%art re than a
y

certain anoynt gig.g_., 1% . It should De understood that nany other

det er i ni st? selentiag Plest of et et hesedos thege Badssar ckample, sstmpldtericonldt r adi ng

si mul at or  VelcbRiiurdiaP Bk nlingthé 51208 bhRarkbtNE M ¥ BoA2PERL &?Ig.{lg frbi gar i ous
ator

enbodi msnt_s11 d.es_cri{béd herein. A securities trading sinu such as the
i

si mul at 6P i 9°BYLPg gt (e ting windew and wapld select a piece of market data if five consecutive

pieces of market data show an increasing (or decreasing) volume weighted average price.

Another way to configure the simulator is to select a piece of market data by examining
every tenth piece of market data starting from the beginning of the time window and
selecting a piece of market data if two consecutive pieces of examined market data show
25 anincrease (or decrease) in the volume weighted average price of more than a certain
amount (e.g., 1%). It should be understood that many other deterministic selection
techniques could be used in a securities trading simulator without departing from the
inventive aspects of the various embodiments described herein.
A securities trading simulator, such as the simulator illustrated in FIGS. 1 and 2,
30 may be used in a wide variety of applications.
In one application, a securities trading simulator is used as a trade quality

measurement tool which measures the quality of the price obtained by a trader in a

10



30 maybe used in a wide variety of applications. In one application, a
securities trading sinulator is used as a trade quality neasurenent tool
whi ch neasures the quality of the price obtained by a trader in a 10
transaction. In this application, a securities trading sinulator is
provided with the nane of the security, the traded volune, and the desired
tradi ng wi ndow. The desired trading w ndow nay-be the tinme the order was
pl aced by the custonmer until the end of the trading day. The sinul ator

then runs atraesdtien. Dfthis bgdicatibh/AkealritiedSadu ShAHCE pRvRlt MW RIR Db bfe S
di stributiop. Fro&&lhitr%%f‘gi sitribution, the performance of the actual trade

may be neas ivglf”'y"etﬁpdms.iw‘%ﬂi%% widewt Ehq desiseddradiniscat i on,
suppose a twhdek nf2§0ethéeithealle (& Was bReca®l thaxAsiORE: wnBBE 671 Hhnd oM@t 10: 00
amon a paL‘SIC ar, day. Throu%hout the course of the trading day, = the
trader sol ddt | %W,”ﬁg’é’r&%"‘@é apres of fndg simlasions o erpduseaysimgdated pres of $112
er share. distifiitons From f ' e.g.,
2000, of sales of 0 R A pe e

di stributi of 2ROWKOI WS G 3. The price .actually obtained by the trader
may be conpar ed TillistrbRenis %Q&a&ian,@{épgo%ﬂdewe@éi%ahard@rtﬂ‘é Sodf  ways to

neasure the gl%grgrmance of the tra One way to neasure the performance of

the trade i ¥ BMizh 9070 enspparticulpr day Thropsheyt esotyye efdhetrpdingalajean pri ce
yi el ded frQﬁéﬁﬁt&r&ikmdlﬁl,@%@h&%-ﬁayolﬁé&%?@ﬁteﬁQv&a{gfgprigt)oﬁﬁ er %hmﬁfk price
¢ y

and conpari it to the actual price. cost oOf "the trade nmaybe
expressed SRR begup tospmaie ¢ fagrawmbe £-84h 1009, efisales of S0HE0 dhardser ence

bet ween t heoraBknsMck tcplsﬂa&ﬁ;e%@ﬁw@sﬂmﬁi&neﬁdﬁﬁﬂi&tﬁ%@%ﬁw distribution.
Thus, in this_exanple,, the cost per share is $112-$110 or +$2. The cost

of the trad® by ithedrager maayhe sempatedaitipthe gesplis of thetsimaulater iv e sembesof shar e t 0

the price padyd tdhedstreldSeionEhodithoiahce, €. 9., +2/112 or +2/110. These

rati os maybe converted into basis points (by multiplying by 10, 000) and

expressed in b&%‘?é‘mﬁ@ﬂIﬁﬁ%weﬂleg’?ﬁomﬂ&@fﬁ}ﬁér,ad@@&%@methm“@osfésfthqaf a trade

may al a5 DarBX by @sAt Al ViRed Sbil okintiBidiNes M ADDs A rid18) o3 MUl at ed
the wdth™o ated

trade price distribution. A neasure of : the si'mi
di stri but i d§achmskprice gad ¢ompaging if fodhegctnalprise. Thecodi ofthettade menbée. g., $8 in

FIG 3), tQﬂpr%&s@&‘ﬁ!@e[lﬂe&%y.@Eﬂa?éhad@d,%&iipéiﬁp%thﬁ(ﬁ&e @%Me&ﬁ?\é&%i on, or

it may be sone other fraction of the entire 1. For exanp one may
choose to FE&%#Hdhe meangrige pf the simplated distribntien. | Thus, dsthistesanplé fler @staeri n pri ce

between a RRiML AR5 g ahedsPSiarah fitaf bfgHhd %re\é\@ﬁ L8a £980Phet NE

si nul at ed ) )
20  cost per share to the price paid or to the benchmark price, e.g., +2/112 or +2/110. These
ratios may be converted into basis points (by multiplying by 10,000) and expressed in

basis points, e.g., + 179 bps, +182 bps.

The cost of a trade may also be expressed as a ratio relative to the width of the
simulated trade price distribution. A measure of the width of the simulated distribution
25 may be the entire width of the distribution (e.g., $8 in FIG. 3), the standard deviation, a
multiple of the standard deviation, or it may be some other fraction of the entire width.
For example, one may choose to measure the width of the distribution as the difference in
price between a point on the simulated price distribution where 20% of the simulated
trades have a lower price, and a point where 80% of the trades have a lower price. In this
30 example, the width would be $4. If the width is defined as the entire width of the
distribution, the cost as a fraction of this width is $2/$8 = .25. If the width is defined as

the difference in price between the point where 20% of the simulated trades have a lower

11



trades have a |l ower price, and a point where 80% of the trades have a | ower
price. In this 30 exanple, the width would be $4. If the width is defined
as the entire width of the distribution, the cost as a fraction of this
width is $2/$8 =.25. If the width is defined as the difference in price
bet ween the point where 20% of the sinulated trades have a |lower 11 price
and 80% of the trades have a |ower price, then the cost as a fraction of
this width is .5. There are, of course, any nunber of ways one may choose

to define thﬂce\liiudish%(bftﬂeh@des(ﬂh\&taﬂ&b&tph@@ theht@ c@araeahyaiohxfﬂﬁsﬁ%il@ed as the
hal f-wi dth %f agﬂ; edlstrlbtlo curve. Thus, 5 following this

exanpl e, if™t Rt GOLTSFrERY VYR QDEREY 'T'hé"%t‘ﬂfkfﬁnﬁfhet"ﬁéthpﬂf thee

di stri buti odisibatve, t he opport unity would be $4. If the width is neasured
as the differ en bet ween, t oi nt V\ere 20% and 80% of the trades have
| ower prices, B‘HF“P%%SP?E“% Khorrive disgibytioncuneasiirs t he

per f or rramcefdllSwmg i btaetipRt ﬂtﬂehﬁdtﬁﬁﬁ}ﬁéafsﬁ&@élﬁé/thé ik Owid ofifirict ade, which is
the ratio o&‘mgst per share to the opportunity available for the trade. 1o

In this casUSTPHITEYEE. 18§ CRPAEERY eyld hedb4q & thepidthyis meqlsateﬂ\aetheélffer@cman

($110) is $Betwddnithe fodnts ek abdo\ued S0% 6LME BRads AKR 1RGer ?ﬁéé&%& fifdriiinyt he
opportunity i("‘ié § ;}5‘% the entire width measurenen yield an
oppor t uni t yVPHE PeSginotheryaysogcasupe thepesfosmanse isitpeal e gpporiymity 1349 0 shows

that the trad@éuaﬁhwmmeﬁt@mfﬁ%oeﬁe&ﬁﬂé Biethe Yo rthaty v iBKIIE e he mean
i ce achi eved the sinulator. There are, of course, many

and t he best
ot her wal’s ﬁ‘ﬁh’gﬁ?séﬁhﬁ@siﬁéh%é@ﬁ'{t{@e G L Helatiyerie themsen (S yOHeS2isEEs $5 neasur e

trade qual idelatipOpiRICHRMEED okBLlized By he Bfpodthdly G4 L&) thabahywidy, t hat are
known in the art. Apother way to_neasure performance is to cal culate the

probabi | i tﬂ?ﬁﬁ@@ﬁ%?Oa)ﬂ%ﬁm%@W%mmwérﬁmm% Ha thgeage theqpperémity| n thi s
exanmpl e, t hati® sHous @ the BRdY adhitive P L L QPR that iR h&l?%fﬁetgvé& thé ﬁ'i@él gt of the

1000 sinmulation runs, thus the probability the sinmulator

out - per f or nPf Rt %ﬁe&ﬁﬂ“e‘fe%ﬂg’tes%ﬂa*‘?{STéﬁrewf%u@@é@ﬂymhé%w%ﬁsmh@hm nul at or
may al sos b&hélfe@&ltstdfﬂﬁ%ﬁmﬁétoﬁnéy%@%d 18 8leRufe BRe QlaliS R efollRIt8Sydnd M ade by
providing sinulated trade results using recent nmarket data (e.qg., the

mar ket dat &FigRuTHisticabinelysis hat B kiqvenis %qm of trading). For exanple, using
recent nmarket @aioﬁwr%sﬁotxﬁeaﬁﬁ‘é p&ﬁnﬁﬁk«ﬁm&&cﬁﬁﬁtéﬂ?;{xﬁﬁ@aﬂ;tmﬂe%Emﬁé&gr current

opportunity available (i.e. wi dth of the distribution curve)

for a secur¥iud ewperfonpibe agtupl H%Htlntﬂéis eragple, theyimulaierenky awgperfrsmedpor t uni ty
avai | abl e figg uada,elmslowofmmo@ G Bkioh Ama bR ﬂ@ﬁgﬁnﬂﬂﬁée Btferabove and

bel ow t he mean price he or she woul d expect to pay tra e and t hus
t he 20 would out-perform the actual trader is .15 or 15%.

A securities trading simulator may also be used to assist a trader before he or she
makes a trade by providing simulated trade results using recent market data (e.g., the
market data recorded over the previous hour of trading). For example, using recent market
data, the trader is able to sce the mean price and current opportunity available (i.e., the

25 half-width of the distribution curve) for a security the trader is about to trade. By
examining the opportunity available for the security, the trader is able to see how much
above and below the mean price he or she would expect to pay for the trade, and thus the
opportunity/risk involved in the trade.

A securities simulator may be used to siniulate trading of a security over several

30 days, weeks, or months, to provide a historical perspective of the security. For example, a

trader may calculate the width of a simulated price distribution curve for trading 20% of
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opportunity/risk involved in the trade. A securities sinulator my be used
to sinulate trading of a security over several 30 days, weeks, or nonths,
to provide a historical perspective of the security. For exanple, a trader
may cal cul ate the width of a sinulated price distribution curve for trading
20% of 12 the volune of IBMfor each day over a period of a week, and use
the results to predict future wdths or opportunities on simlar future
trades. In another application, a securities simulator my be used to
estimat e t hthefvalume\wiIRM for@bichalal bed@ pefiodofd6vdel,ahd ¥R tigaests tofpred@etd. , an
option or a_futur t hat depends.on the 5 gnderlying trade price. For

exanpl e, a SHIP WEHbs B qrpeRnites ) sispxtar ftwig adest ne actual trade price, T, is

| ess than or equialabtherapstichitidaSs REu@Rs siuladitehag bpayakd esifnalb1de fafr vAiuk S
greater than t.ion provides inpsur I%}na%:&;for a trader agai nst

X.. Thus,.the o
payi ng nor eof%éﬁﬁlegi]?ﬁér“é’étwﬁfse By B8 &y ehtior ona Wilg, pepdsiondBfer can estimate
t he ;?l E sv alutrigihg tride peios. | Editelila{rnl(jl[a,hﬁdag@bﬂid’ﬂ}gmé anyoffcagb%@%manﬁmE al of the
payo i.e.,. T agai nst a_simulated trade price distribution (i.e.,
El payo f f }Pﬁwa»?% }Eﬁﬁgt-ﬁa%&)fﬁiﬂ*ﬁ} e striles Pes ), m&bﬁrwaﬁ 8hLyit 4 it prseterihansi nul at or
A nunber  of Xembos imeeplicn [26vidd3 ensiaue ot OifadepaseinReRTing 8% thitebricdey s t hel ess,
it wll be, understood that various nodification nade w t hout

. s nay be
departing ch?ﬁﬂWe‘ Seg’ﬁ'iqf" i‘ﬁfHﬁﬁc@%ﬁ@atﬁfl‘e{%vaﬂqﬁ\?éﬁ‘ﬁi%%@ Wcﬁahé%g’i‘ﬁ)ﬁh%, a
securities follaehHnaGntedrilelf the PhyolEy L.T-30 RPihse§l sitl QAR pribe AR (1S
distribution for a collecti:on of sinulated trades of one or 15 nore
securities. Additionally, a securities,trading sinulator may be configured

to sinmulate trades of one%u éeﬂr it ey Jyarious tradi ng w ndows.
For exanple, a securities d%qyn'g Si Icat or rlaq:’gg configured to sinulate a
pur chase,,of ) S ,ﬂ & .ock between 9:30 amand 3:00 pm and a
purchasgoofP@%g%‘a%‘Eﬁis (o) i tElt'tween 3:00 pm and 4:00 pm A securities
sinul ator may alAuounfler ofsmbbtigctls ok e wiventionthavrteet éscribepoblkeventhel2@, ittar ket

i

data i n whi .ol at i on. for example, filtering out ticks that
are below. Sl bethnftifod dudisclh yRlitlon A BEAMM Groold A BHMREoB .l b or
creat e the gpoitlandfcopmefidat invaltivm Xig iergnple haeduritentadiag simubderandyrbadi ng days.
Simlarly, rifie i S| tor | S0 configured to update
the. pool ” of PRLFHb b Bedbahlith B Ao oRip o BRUTE S 4 B ccos ot
mar ket dat ambs seduetigro dlddidisndllyescantics eatmghiulatde meche dohfigaed toathwige
si mul at or | it Lo simul.ati.on. of .stock. trade but nay al so be
appl i ed toztgaldﬁ%?{abt%% ﬁgﬁl_{gre g%lqﬂ%es_og?r a_lél_‘r)lu stfaglgg o I\I/dté)?vls'vlé%r,exaém &ESHEET i es.
Addi t i onal |tyadmgssagulatot ngsbetcoafifungl ts isimulad Dpurchaye of 10,000 shares of IBM stock

between 9:30 am and 3:00 pm and a purchase of 90,000 shares of IBM between 3:00 pm

and 4:00 pm. A securities simulator may also filter the ticks when it creates a pool of

20 market data in which to run a simulation by, for example, filtering out ticks that are below
or above a threshold volume. A securities trading simulator may create the pool of market
data using data from one or more trading days. Similarly, a securities trading simulator
may also be configured to update the pool of market data in real time by adding ticks or
other pieces of market data to the pool as they are recorded. A securities trading simulator

25  is pot limited to simulation of stock trades, but may also be applied to simulating trading
of bonds, derivatives, and commodities. Additionally a securities trading simulator may
perform simulated trades, not only using recorded actual transaction (e.g., ticks), but may
perform simulated trades using pieces of market data that represent potential fransactions
(e.g., a quote fo buy or sell a volm.ne of a security at a certain price). Accordingly, other

30 embodiments are within the scope of the following claims.
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perform sinmul ated trades, not only using recorded actual transaction (e.g.,
ticks), but may perform sinmulated trades using pieces of market data that
represent potential transactions (e.g., a quote to buy or sell a volune of
a security at a certain price). Accordingly, other 30 enbodinents are
within the scope of the followng clains. 13 WHAT IS CLAIMED IS: | . A

nmet hod of sinulating a trade of a security at volunme V over a tinme interval
T, the nethod conprising: 5 selecting a piece of nmarket data from a pool
of market dwrAT WErAMEEBech piece of narket data in the pool reflects one
or nore actual or potential transactions of a volune of the security at a
price during the tine interval T, adding, using a conputing system sone or
al | of the vol ung niettioli 8€imolaiiny 4 e Pf £&Curit@ht \BRINRCT 6ér AEMEiterdlAl@tHz0 an
accunul ated_vol yne not to exceed the volunme V; 10 conparing, using the
comput i ng sYETEN " PH¥ &ccunul ated volune with the volume V, and if the
accunul & ed vol usekclifg d 88 of Madkettdar fioal Apedl M mdrke dath 8fRAdH &gh plde: &t eps of

sel ecting a pijece of dat d addi ng, usi t he.conputijn stem to the
Accuml ar edmBYGAHE B 04 T HES SREcH RSB PR SHEAF N i GHTERAL v:  and
once the aciesab@y ech prizk dofngeigiahSintedal vol une V, cal cul ating a sinul at ed
trade 15 price tdgat represents the price of hgie algcu atgd Eol_ume. 2. The
met hod of clai m#% PﬁT‘FWéFCE’BWﬁP’?ﬂSﬁ%‘ES?’E‘?ﬂ At REMEFEIEeR N BePIEEt i ng a
pi ece of nuasfkelbctelxhaket datdtdh actisiulfed VoRuntaivpistekrgd tleywsaimv;t o t he
accunul gt ed vol une, conE)ariH usi.ng the conputi S Ftem.t e 20
accurul Gt ed vol JFEPHER Y %‘(Lﬂ“?PHﬂH ,yStSWd%E’glF “%?‘idﬁé umesyifh f %Y‘ﬁ.'ﬂfn? rade
price unti |Vand ftegetungiaaiailincol ldssthirethe é(ﬂ;lma- W?th‘afgﬁeb@g%@ﬂweieﬁd@ 2I vv[megI ein

redet.erm pe erﬁflglrruae

15

t he stopping, condition,i t qmen .a n
trade pricaSRlge REERT de W pddink singg comping Selptodhe seeuptisd uher o n
sel ecting, whinikgmtihde soRLbicd golsms bials i pluaeey;ahd mar ket data from a pool
of market data co ises r ﬁo selecting a pie of market . data froma
pool of narket ooé.'fn‘gtﬁ’e %ﬁu’gf‘%{% é‘g?f’réf’ ﬁ‘b‘ﬂgd@ev %ﬁf»&a\%ﬁ‘&?'&%f%ﬁ%w sel ecting
a pi ecetsof priae thet regladeats fe@iic@of thoakumidlatedvdahe.dat a conpri ses randonl y
sel ecting a piece of market data froma pool such

2. The method of claim 1 further comprising:

repeating the steps of selecting a piece of market data, adding, using the computing
system, to the accumulated volume, comparing, using the computing system, the

20  accumulated volume with the volume V, and calculating a simulated trade price until a

stopping condition is met.

3. The method of claim 2 wherein the stopping condition is met when a
- predetermined number of simulated trade prices have been calculated.
25
4. The method of claim 2 wherein selecting, using the computing system, a piece of
- market data from a pool of market data comprises randomly selecting a piece of market

data from a pool of market data.
30 - 5. The method of claim 4 wherein randomly selecting a piece of market data from a
pool of market data comprises randomly selecting a piece of market data from a pool such

that each piece of market data has the same probability of being selected.

6. The method of claim 1 wherein each piece of market data in the pool of pieces is a

35 quote.
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that each piece of market data has the sane probability of being sel ected.
6. The nethod of claim1 wherein each piece of market data in the pool of
pieces is a 35 quote. 14 7. The method of claim| wherein each piece of
mar ket data in the pool of pieces of market data is a tick. 5 8. The

met hod of claim 1 wherein each piece of market data in the pool represents
an aggregate of ticks recorded during a fixed-tinme interval. 9. The nethod
of claiml wherein the tine interval T spans nore than one trading day. 10
10. The method of claim 1l wherein the security conprises one of the
follow ng: a stock, a bond, a derivative, commodity or foreign exchange
rates. 11. The nethod of claim 1 wherein adding sone or all of the vol une

reflected in theThekietipidegelaii 1 SAteinteath piRRE kBharflatdatatiDtha PosioE pisatk af ed vol une
conprises: rapdonmy s%%ecting, usi ng the conputing system a fractional

val ue F; anB*&#aPif ¥*actional value F, using the conmputing system of the
vol unme reflected in the piece of selected market data to an accunul at ed

volume. 20 12. The method of claim 11 wherein the fractional value F is
botween 0 e 1. TEATIGT igim bTrn Shoied o TR R 4 16 PP SETSSOHSA val e F
i's no | ess dg@mBat@ofichs feudrded dvdiag h OiRal-ti@intéewal. 25 14. The net hod of claim 13
wherein the mninmumfractional value is dependent on ratio of the volune V
of the simulated trade to the total volume avail able over the trading
interval T.9.15. Thometied bdkimf1 veledditmh tifnd fidtéred] TGPEMRhGE thgh oGradink Qly.
selecting a piece of market data fromthe pool of market data, renoving the
sel ected piece of market data fromthe pool. 16. The nethod of claim!]l

further comuti siThgmeth3bofldnimfitvetieredahb sqeintt§ @omprisdBodeais tidabliovite: seloegt ed,
conput i ng, i tem _.an accumul ated vol ume wei ght ed

sing fhe conputing s
average pri‘ nﬂfgi‘sdtgﬂvaé’?{e’tc lgmﬁ‘@g‘b PrsteB G<PEEGESand t he
11. The method of claim 1 wherein adding some or all of the volume reflected in the
15 piece of selected market data to an accumulated volume comprises:
randomly selecting, using the computing system, a fractional value F; and
adding fractional value F, using the computing system, of the volume reflected in

the piece of selected market data to an accumulated volume.
20 12. The method of ¢laim 11 wherein the fractional value F is between 0 and 1.

13. The method of claim 11 wherein the fractional value F is no less than a minimum

fractional value.

25 14, The method of claim 13 wherein the minimum fractional value is dependent on
ratio of the volume V of the simulated trade to the total volume available over the trading
interval T.
1S. The method of claim 1 further comprising:

30 after selecting a piece of market data from the pool of market data, removing the
selected piece of market data from the pool.

16. The method of claim 1 further comprising:

35
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price reflected in each piece of randomy selected market data. 5 17. The
met hod of claim | wherein the sinulated trade price i s expressed as the
vol une wei ghted average price per share of the accumul ated vol une. 18. The
met hod of claim1 wherein the sinmulated price is expressed as the total
price for the accunmul ated volunme. 10 19. The nethod of claim 15 further
conprising: after each piece of market data is renoved fromthe pool
determ ni ng whether the pool of market data contains any pieces of market

gat a, aﬂd i f tpaﬂwéﬂchpfﬁcmﬂaﬁ&t&?ﬁ@saaﬁ@ caﬁﬂutlﬁg:;mlhl?gmea@yplgﬁlggﬁ&ngf ][rar ket
ata, then performn e steps, o 15. returni a ved pieces o

mar ket | dat SN GPEHEEEIume Sl esrarist B Pa e acvumlaid vblms BhEHE ang
repeating tfirke sdflegted feadepiee of Adoamipideedefarksaokgt data, adding, using the
conputing system to the accumul ated vol unme, conparing, using the
conputing system the accunulated volunme with the desired vol une, and

cal cul ats ngl’/'a Simllﬁettl&ﬂ df tlaike! phéreia theninmliateDirale priegie tgidkeaed thunber  of
simulated tr %fa have been [eco he method of claim1

ed. 20. a‘
wher ei n addi® VERES Ryice PRSYB PR 2Pl KUIE the  piece of
sel ect ed mar ket data to an accunul ated vol unme not to exceed the volume V
conpri ses: ec one al.l of t olune reflected in the piece of
random y se ectg‘ltli1 é’ clainy g‘f"‘l“d%!f‘@}f’rﬁ‘%‘l prﬁfgi‘%ed‘p’feﬁgg%tﬁfﬁ?faii Adesystem if
the accumulfai telacsomuladvbitdnet he sel ect ed vol ume woul d exceed the vol une Vv,
and if so, then reducing the anount of selected volunme to an anount that
woul d cause the accumul ated volunme to equal the 30 volunme V. 21. The

nmet hod of cl9ai mﬂxefrrwltﬁoldefclmﬁﬂﬁrﬂlﬁlhdﬂgomﬂr&mgi ng an estimated trade price
di stribution usi ed nunb

055 e et hal O p B S e e R R e oo it es B Loy S >

securities pobladenapitet d:8a tontaih @nepitdesdl atkétidae candrif thepddl Sftmdrkdd dht@does
not contain any pieces of market data, then performing the steps of:
15 returning all removed pieces of market data to the pool;
setting the accumulated volume to zero; and
repeating the steps of selecting a piece of market data, adding, using the computing
system, to the accumulated volume, comparing, using the computing system, the
accumulated volume with the desired volume, and calculating a simulated trade price until

20 apredetermined number of simulated trade prices have been recorded.

- 20. The method of claim 1 wherein adding some or all of the volume reflected in the
piece of selected market data to an accumulated volume not to exceed the volume V
comprises:

25 selecting some or all of the volume reflected in the piece of randomly selected
market data;
determining, using the computing system, if the accumulated volume with the
selected volume would exceed the volume V, and if so, then reducing the amount of
selected volume to an amount that would cause the accumulated volume to equal the

30 volume V.

21. The method of claim 2 further comprising:
forming an estimated trade price distribution using the predetermined number of
simulated trade prices. ' '

35
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and 5 determ ning a nmeasure of performance of an actual securities trade in
conparison to the estimated trade price distribution. 23. The nethod of
claim 22 wherein the neasure of perfornmance is the probability that a

sinmul ated trade price on the estimated trade price distribution would be
greater than the 10 actual securities trade price. 24. The method of claim
21 further conprising: determ ning the opportunity of the estimted trade
price distribution. 15 25. The nmethod of claim 21 further conprising:
integrating a payoff of a derivative against a estinmated trade price

distributio geperate a trading sinulator ; and generating a nmeasure
of the fair“valu ed’f‘eﬂ&%c?gf\'/lf"\l)hilifsgf?ergﬁmﬁ%“.mgA nmet hod of sinulating a

securities tradesoniphtngmatabios sedrifies tide gricerte e iestinigeditapepridedesaibufii; ng a
security on ich to performa sinulated trade, a desired volune of the
simul ated t¥4de, and a tinme period over which the sinulated trade is to
occur; @reating dtgpadingafimdas@cepedbrnmpcdatan daha secuhitss @ade @achpgisece of

mar ket dat 5 includes informati.on identifying the volune of the security
represent egtoﬁve%atﬁcf%%gp%‘fed‘% 8% data and information identifying the

price of the piece of market data; selecting a piece of market data from

t he pool; rgcordin usi a conput.i syste n_accumyl at ed .vol u based
on the 1 nf B mat BBt PG Bk BE ot reREnBaG Pe ol Ut ea by
t he sel ect edsipileeé trafe prid@onhs és@matdd trade pee dRiributidnevdubiinr dglextkr #ma tieul at ed
vol une 1i S noélfugsr eat.er, than the desired volune; conparing, using the
conput iNg STEPEEUTRYTR Bli%ul at ed vol ume with the desired vol ume of the
trade, and if the accunul ated volune is |l ess than the desired vol une, then

35 17 repeat,ing .L,he steps ,af cting a.piece of data and recording an
accumul at ed*vol Wﬁ\ogpﬁcl?‘W§§é@Wﬁ?r§Qrgﬂp%ol ume equal s the desired vol une,
once t he accunuldateediningltheroppetiny of théiestidasd tradk priot diseibutiml cul ating a
sinmulated trade price that is based on the information identifying the

price at which the piece of
15 25, The method of claim 21 further comprising:

integrating a payoff of a derivative against a estimated trade price distribution
generated by a trading simulator ; and

generating a measure of the fair value of a derivative.

20  26. - A method of simulating a securities trade, the method comprising;:
receiving input identifying a security on which to perform a simulated trade, a
desired volume of the simulated trade, and a time period over which the simulated trade is
to occur;
creating a pool of pieces of market data, wherein each piece of market data
25  includes information identifying the volume of the security represented by the piece of
market data and information identifying the price of the piece of market data;
selecting a piece of market data from the pool;
recording, using a computing system, an accumulated volume based on the
information identifying the volume of the security represented by the selected piece of
30  market data, wherein the recorded accumulated volume is not greater than the desired
volume;
comparing, using the computing system, the accumulated volume with the desired

volume of the trade, and if the accumulated volume is less than the desired volume, then

35
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5 market data was traded for each piece of randonly-sel ected market data.
27. The nmethod of claim 26 further conprising: repeating the steps of
selecting a piece of market data, recording, using the conputing system
an accumnul ated vol une, conparing, using the conputing system the 10
accunul ated volume with the desired volume, and cal cul ating a simul ated
trade price until a predeterm ned condition has been satisfied. 28. The
met hod of claim 26 wherein creating a pool of pieces of market data

conpri ses: ikpeatiag the figpsaf pdatin®i pipteast daa 0id rarding adatandlatedvineeasil of mar ket

dat a t hat riflect ] agt(gal or Pol?t:?gﬁt.i | transactions occurring between a
first tinme QhFcumuacdyelums pqpals thegeiied Y8Y9Fy updating the pool of pieces of
mar ket data w t honpé the eSumiblated viRine dqial thddekirgdaioh@] caklatiag a imupdddent i al
transactions .occurring after, the second tine. 20. 29. The net hod of claim 26
wherein sel G PHS téatbsiq’gﬁeél ogthe ﬁ%f?é*lt“’a eﬁ“é’%meﬁ‘i‘é‘a godie tE%Wf)‘iﬁioges random y
sel ecti sy, m&kagathhas cakp tiricnd piees bBmhdomipidedodartonddet data from the
pool . 30. The nethod of claim 26 wherein the predeternmined condition is a
predeterm ned 25 nunber of sinulated trades. 31. The nethod of claim 26
wher ei n eacly. pi ebie nethodwf kelin ZhfuahdrBohf®ingool represents an aggregate of

ticks recorded durin f.ixed-ti interval .. 30 32. The net hod of claim 26
wher oi 1 r acor di TP B HHPLI It HFE % Qe G- FRer MErPOEA | on

i denti f yi ngotpatingalatene, of actiul&etitlirhe/ comrias asihg thelkympitingsedaatthel pi ece of
mar ket data conprises: addi using the co .1ng.s m .a randgm portion
of ol e grSPBE SR PeeEl e, Byl SBbaPud Bt Fhachles Pl Ret
data to the mektrihat @ddivioh asdeenasatk(idd. 18 after addi ng a random portion of
the volune to the accunul ated volunme, determ ning, using the conputing
system if the accunul ated volume is greater than the desired volune, and
i f so, ther28redulhcngthotef clandmmlpedin creingh pbdlef pieded oEmhrhetaiataanount  t hat
causes the accunul ated vol une to equal the desired volunme. 5 33. The net hod

of clai m3Z°WKe¥&i n the random portion is between 0 and 1.
15 forming a pool of pieces of market data from pieces of market data that refiect

actual or potential transactions occurring between a first time and a second time;
continuously updating the pool of pieces of market data with pieces of market data

that reflect actual or potential transactions occurring after the second time.

20 29. The method of claim 26 wherein selecting a piece of market data from the pool
comprises randomly selecting, using the computing system, a piece of market data from

the pool.

30. The method of claim 26 wherein the predetermined condition is a predetermined

25 number of simulated trades.

31. The method of claim 26 wherein each piece of market data in the pool represents

an aggregate of ticks recorded during a fixed-time interval.

30 32, . The method of claim 26 wherein recording an accumulated volume based on the
information identifying the volume of the security represented by the selected piece of
market data comprises:

adding, using the computing system, a random portion of volume of the security
represented by each selected piece of market data to the accumulated volume; and

35
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34. The nethod of claim 32 wherein the random portion is no less than a

m nimum fractional value. 10 35. The nethod of claim 26 further

conprising: after selecting a piece of market data fromthe pool of market
data, renoving the selected piece of narket data fromthe pool. 15 36. The
met hod of claim35 further conprising: after each piece of market data is
renoved fromthe pool, determ ning whether the pool of market data
contai ns any pieces of market data, and if the pool of market data does

not contain any fiee&RingQfraidmkRiticdal the vbings tdé humRgdvbamst eps of :

returning all renoved pjeces of market _data to the pool; 20 setting the
accunul at ea‘k%‘ﬂ?ﬁ’@’ 't‘sﬂ)nggtl%"r HMPHHYE Sryétﬁ‘@affiﬂilf‘gacf‘f‘i’@“‘?%“gﬁg‘ﬁ[ﬁ is grpleE g a pi ece of
mar ket dat adesificonstieNghd itlsl, ihgn feheigaRPiahddagporSySsfaRs voliingxo ahl bt ed vol une,

conparing, using the conputing system, the .accunul ated volune with the
desi red voUﬁﬂﬁ?%QHE°ﬁﬁP%E?ﬁgfﬁﬂmékgﬂﬁﬂﬁﬁ?gﬂr Mad8®rice until a

pr edet erami ned condition has been satisfied. 25 37. The nmethod of claim 26
wherein the si at e ri.ce. i s expressed as the vqlune wejghted average
per share oF t hel oLl Tovoeis T gnddn eorin b vHEn 85 b 26 wher ei n
creating a pool -of pieces of market data 30 conprises: accessing one or
nor e dat abases ntaini.ng ticks that represent. actual transactions of a
Bl ural ity oft sectFIeodelghim 13 Vhrier s HideR SomAl s ol dienAr WL Bal
transact i onfsactifnat ¥ubuel denti fi ed security; formng a pool of pieces of

mar ket data fromthe identified ticks. -35 19 39. The nethod of claim 38
wherein“form ng a pool of pieces of narket data fromthe identified ticks
conprises: 35i | t efhengti@diof tlaiok® fuliRdr cofpisagent a transacti on bel ow a
predet er mi ned threshgld 5.va tQﬁd of ckgin138 wherein

| ye. 40, The
Formng & pool  dHopBEds ehal Borked o Brpoiter mans il Temavihs e

selected piece of market data from the pool.

15 36. The method of claim 35 further comprising:
after each piece of market data is removed from the pool, determining whether the
pool of market data contains any pieces of market data, and if the pool of market data does
not contain any picces of market data, then performing the steps of:
returning all removed pieces of market data to the pool;
20 setting the accumulated volume to zero; and
repeating the steps of selecting a piece of market data, recording, using the computing
system, an accumulated volume, comparing, using the computing system, the accumulated
volume with the desired volume, and calculating a simulated trade price until a
predetermined condition has been satisfied.
25
37. The method of claim 26 wherein the simulated price is expressed as the volume

weighted average per share of the accumulated volume,

38. - The method of claim 26 wherein creating a pool of pieces of market data
30  comprises:
accessing one or more databases containing ticks that represent actual transactions
of a plurality of security;
identifying the ticks that represent actual transactions of the identified security;
forming a pool of pieces of market data from the identified ticks.
35
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identified ticks conprises: filtering out ticks that represent a

transacti on above a predeterm ned threshold 10 value. 41. The nethod of
claim 38 wherein form ng a pool of pieces of narket data fromthe
identified ticks conprises: dividing the tinme interval over which the

simul ated trade is to occur into a series of 15 bins, each bin
representing a fixed period of tine within the tinme interval; and
aggregating, using the conputing system the ticks that occurred within the
time period of each bin. 42. A conputer program product residing on a
conput er readabl e medj um f or inul.ating a trade of. a securjty at volune
V over a ti%g i n?léﬁq}%bogffgif%%&@?e‘f’rﬁ%‘?‘ﬂ'l?gatl?ot‘}'h%fa@?}es A st %‘t&b%?%meer to:

sel ect a pi demifiefi tikarck@prisdat a from a pool of market data, wherein each

pi ece of market_data in.th ool reflects qgne or re actyal transactions
of a vol une of tﬁ‘gerglgé?ﬁtﬂlci‘i/%mﬁfpr A Egsa W%‘?E’W %%rg%t%mie Wl T, 25 add
sone or @l lvade.t he volune reflected in the piece of randomy sel ected

mar ket data to an accunul ated vol une not to exceed the volunme V; conpare

t he accunul ated volunme with the volune V of the trade, and if the

accunul at eddtvol uTiee mahddasslatr ahwhdrein Y@itge péol dfipeaes ApRdet difh fedie tist eps of
sel ecting aiint%%g. of data and adding to the accunul ated vol unme until the
accunul at ed Vol 'ur’r%‘;ké(iﬁlgwésef'he 30 desired volune; and once the accunul at ed
vol ume equal s t hiiltatiag buteidksibhtueeeseitalnaidasticn abosd Aptbdetedtined thadlpri ce t hat
represepts ‘Wu% price of the accunul ated vol une. 35 20 43. The conputer
program proc?uct of claim42 further conprises instructions to cause a
.conmputer to: repeat the steps of selecting a piece of market data, adding

to the accujpul at.gd ol.une,.c ri.ng the acc L at ed vol u ith the
desired vol{Jliur're, ghr?dn e\c{%dcog‘f? Bje T%Egggere'%Q%WW@IaﬁoggorPtﬁfeﬁffé’gH}aﬁ%‘é&%WH’ﬁ
pr edet er m nidehtifiedhtéls canpritas been net. 44. The conput er program product of

L e oy B M, RO PSP 3455 B EAf7 ned

15 bins, each bin representing a fixed period of time within the time interval; and
aggregating, using the computing system, the ticks that occurred within the time

period of each bin.

42, A computer program product residing on a computer readable medium for
20  simulating a trade of a security at volume V over a time interval T comprises instructions to
cause a computer to:
select a piece of market data from a pool of market data, wherein each piece of
market data in the pool reflects one or more actual transactions of a volume of the security
at a price during the time interval T;
25 add some or all of the volume reflected in the piece of randomly seleéted market
data to an accumulated volume not to exceed the volume V;
compare the accumulated volume with the volume V of the trade, and if the
accumulated volume is less than the volume V, then repeating the steps of selecting a piece
of data and adding to the accumulated volume until the accumulated volume equals the
30  desired volume; and
once the accumulated volume equals the desired volume, calculate a simulated

trade price that represents the price of the accumulated volume.
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10 45. The conputer program product of claim42 further conprising

I nstructions to: randomy select a fractional value F;, and add fractional
value F of the volune reflected in the piece of randomy selected market
data to an accunul ated volunme. 15 46. The conputer program product of claim
42 further conprising instruction to: forman estimated trade price
distribution using a plurality of the calculated sinmulated trade prices.
47. The conputer program product of claim46 further conprising

i nst ructi on®s.t o: The2®@mputem@aegara prodadt whtlametUuithdr esmprisediestpictian td autehe
estimated t goq(gm%“oce distribution; and determ ne a neasure of performance
of an actual sécuritfies trade in conparison to the estimted trade price

di stribution. 25redd! th¥kepsadnqistiag a piecgofamarket daly adding tochezdconmhilatédir t her
conmpri sing Jfghd Y i th%g mgf‘?a{eﬁl;'mupn% \!&i&l%heotﬁg(r)eﬁtv% ulrr;[e}/an(afcaltcagtinegsat | mat ed
ttion. "2t

trade price distri
5  simulated trade price until a predetermined condition has been met.

44, The computer program product of claim 43 wherein the predetermined condition

occurs once a predetermined number of simulated trade prices have been calculated .

10 45, The computer program product of claim 42 further comprising instructions to:
randomly select a fractional value F; and
add fractional value F of the volume reflected in the piece of randomly selected

market data te an accumulated volume.

15 46. The computer program product of claim 42 further comprising instruction to:
form an estimated trade price distribution using a plurality of the calculated

simulated trade prices.

47. The computer program product of claim 46 further comprising instructions to:
20 compare an actual securities trade price to the estimated trade price distribution;
and
determine a measure of performance of an actual securities trade in comparison to

the estimated trade price distribution.

25  48. The computer program product of claim 47 further comprising instructions to:

determine the opportunity of the estimated trade price distribution.

21



