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MARGINAL CQBII@@Q%I&LON TO 3PERFORMANCE PLATFORM 4RE%¥EB@E‘E‘H&ATIONS 5]o
oi]Applicant hereby claims priority under 35 USC 119 for United States e provisional patent application
serial no. 61/152,588 filed February 13, 2009, entitled r "APPARATUSES, METHODS AND SYSTEMS
FOR A MARGINAL CONTRIBUTION TO a PERFORMANCE PLATFORM," attorney docket no.
17209-093PV. 9 [000 2]The entire contents of the aforementioned application is herein expressly io

incorporated igysrferenes, MWHTEODJLANOOOSIThE prasrnt inyention sciestrbganeniyto an
apparatuses, methods, 13 and syste FSRIEGRSANEIRRICNTE GRBL more particularly, to APPARATUSES,
METHODS 14 AND SYSTEMS FOR A MARGINAL CONTRIBUTION TO PERFORMANCE 15
PLATFORM. 16BACKGROUND 1R oA ERb#eRP LidiAg iHUd s the buying and/or selling of
financial 18 instruments, such as stocks, bonds, derivatives, commodities, and/or the like, often 19
within the context of a market exchange. Trades may be executed on behalf of customers 20 by one or

more traders oiq MaySMRIgY: viatieys Uadindssieiagiesderendisg enihe.2hpaiticulangoals and/or
requirements of the customer, trader, or trade in question. WO 20101093963PCT/US2010/024148 2
§ provisional patent application serial no. 61/152,588 filed February 13, 2009, entitled
7 “APPARATUSES, METHODS AND SYSTEMS FOR A MARGINAL CONTRIBUTION TO

8 PERFORMANCE PLATFORM,” attorney docket no. 17209-093PV,

s fooo2]  The entire contents of the aforementioned application is herein expressly

10 incorporated by reference.

1 | FIELD

2{0003]  The present invention is directed generally to an apparatuses, methods,
13 and systems of financial trading, and more particularly, to APPARATUSES, METHODS
4 AND SYSTEMS FOR A MARGINAL CONTRIBUTION TO PERFORMANCE
15 PLATFORM.

16 BACKGROUND

17 [0004]  Financial trading involves the buving and/or selling of financial
1 instruments, such as stocks, bonds, derivatives, commodities, and/or the like, often
19 within the context of a market exchange. Trades may be executed on behalf of customers
% by one or more traders, who may employ various trading strategies depending on the

21 particular goals and/or requirements of the customer, trader, or trade in question.



Among such strategies are market orders, whereby the trader executes a trade 2 immediately at the

current markew%%%rﬁ@ traded instrument, and limit orders, 3 Wherepéétﬁl&gﬁ’%%lwits to execute
the trade until a counterparty is found willing to 4 trade at a pre-set price. Electronic trading systems

have also come about, employing 5 information teéhnology systems to facilitate trades. 6SUMMARY 7
[0005] The APPARATUSES, METHODS AND SYSTEMS FOR A MARGINAL a CONTRIBUTION TO

PERFORMANEGE RicATHQRMereinalieriMGBRLATEORM irachigues sighificant gaing in
increasing the utility and efficacy of algorithmic trading. In 10 one embodiment, the MCP Platform
facilitates optiradieictiraditye ofufiren ciad ke tipstranien th o yrialeditating arop tindz dtign fiderework that
optimizes order-placement. 12 The MCP Platform may minimize a total, generalized cost associated

with a trad&hsyePs SepSdmg b JoerarsisthE Sties prodes s eurdntiorseng adimem decisions

and 14 future,order placement degisions. Future order placement decisions may then be 15 evaluated
analytically At th8 &iFr&Rt Br&r %\ggé?ﬁé%fr&g%ﬂgg‘?ﬁlgﬁf@da}ﬁ?nﬁ%ﬁ? tEBRSEREly reduce

the dimepg{rp&qﬂ%gﬁ@&%ﬁm%@r&%&ﬁﬁﬁé_gﬁg ate 17 optimization to be performed quickly

and efficiently. is [0006]In one embodiment, the ATFORM may receive a request from a is
trader indicating that a client has placed an order for a security with the trader. The 20 MCP
PLATFORM may retrieve order parametersSidpREARyparameters from the 21 request. The MCP
PLATFORM may also retrieve market parameters from one or more 22 exchanges. If all required
inputs for executing the client's order have not been received,

1[ooos] The APPARATUSES, METHODS AND SYSTEMS FOR A MARGINAL
8 CONTRIBUTION TO PERFORMANCE PLATFORM (hereinafter “MCP PLATFORM™)
s achieves significant gains in increasing the utility and efficacy of algorithmic trading. In
1t one embodiment, the MCP Platform facilitates optimized trading of financial
1 instruments by facilitating an optimization framework that optimizes order-placement.
iz The MCP Platform may minimize a total, generalized cost associated with a trade by
13 separating the overall optimization process into current order placement decisions and
w# future order placement decisions. Future order placement decisions may then be
15 evaluated analytically and the current order placement decisions evaluated numerically
1 to effectively reduce the dimensionality of the optimization problem and facilitate

17 optimization to be performed quickly and efficiently.

2 fo0o06] In one embodiment, the MCP PLATFORM may receive a request from a
1 trader indicating that a client has placed an order for a security with the trader. The
2 MCP PLATFORM may retrieve order parameters and security parameters from the
21 request. The MCP PLATFORM may also retrieve market parameters from one or more

2 exchanges. If all required inputs for executing the client's order have not been received,



WO 2010/093963PCT/US2010/024148 the MCP PLATFORM may attempt to retrieve and/or construct
such inputs be\%%%m%&l? supplied data and/or based on the data in the MCP PLATFORM database
and/or 3 other data sources accessible by the MCP PLATFORM. 4 [0 O%ﬁqj@ts&gh(’éigﬁ@f)rocesses for
market var ables may be specified based on the 5%etrieved data. The implementation shortfall
measuring the additional trading cost 6 incurred for trading the security above the benchmark cost and

calculated fiasest piherFRYIeYRY sechily aramelers Ay bshscliag Apalpmepigon cos

may be 8 specified as a function 6f expected implementation shorttall an ated values, such s as
risk aversioie anppipimizediid detbrmineplacementpelisigsransiarntrading isshedules yielding
minimal implementation cost values. The MCP PLATFORM may n define a total implementation cost
as the sunvéfethéainsanceneotssdibielbynidnthioh NosTHQRdE.a given order placement decision and the
corresponding go-forward optimal 13 implementation cost, as specified by a selected paradigm. Once
the total 14 owplerhentatiothasist paschsen determinedatne MCRPLATHORMIMAYdetarmine an 15
optimal current order placement decision by, in one implementation, minimizing the is total
implementigiwsdstiat a Thactioplofhontigiplagemidnl decisions tilne tlthitonal 1 Faiidfortke like. The
determined optimal current order placement may be passed to a is trading system to execute a trade
of the spé&ﬁ%ﬁrﬁifﬂﬂﬁféﬂ@gamlé?ﬁﬁ%oﬁﬁ shakenchoprk qariong eharasadinand wibBaraded, the

MCP PLATE may. update the total 20 implementation cost model with current values including
current mar kgt%%l{%asveg urgg ARG The d‘%%]%nggﬁ t%ﬁea?l%glef%éﬁfgﬁ (?Bngtﬂﬂﬁy(‘t?éstnfﬁﬁ?ﬁ%@d again to

yield the next 22cantimahauiEsnbsass Rlace R 20001 AAGE QNG 1RAN.ASRREL theke is provided

a processor-implemented method for trading a financial instrument, comprising: receiving an order
request that intdludesessioal quinifiyhaiskdares ndrantieeirizamwithinewhich 40 xecite 8
transaction; retrieving order parameters, security parameters, and market parameters associated with
the transaétiapriweavistiineandites i lemeptatiple nushtetlonsc GtcaBl 6FUPLAGHE OR Mturesnumber of
shares to trade after a current time interval based on at least some of the retrieved parameters;

evaluatify ALy AR R AHAIRFREh B REBteALhe AORERGRIGP Be TR MGHBEPBIERares to
trade during the current time interval hased. on at least,some of the retrieved parameters; gptimizing
via a prézc%gsrsoar gll's{)etgl %’ﬁdglén?%ar?%%%% c%%s?1 clz)ogeflé}r(?n%nhéa a%mgﬁﬁ?ﬁgf{glﬁréﬂf &r GFMites from the
total quantigyfieiadasiiing.he curreptimesinigrval, whereln e iolimplgmentagion t%(gat is a sum of
the future implementation cost and the current implementation cost; and executing an order for the
optimal euimgritmenthtoofebaies dethe dinanaiakiisthemect [POOTRpRegoRdinGIR-2nHREASPECt,
there is provided a financial instrument trading apparatus, comprising: a memory; a processor
disposed iAPEHRINEIHkEHOT I Plaseeehisg s iandroii gure tintpléssesaiphyralitirofprgabssing
instructions stored jn the memory, wherein the processor issues instructions to: receive an order

request ﬁ]gqtf d_H‘(P %e%ﬁ1odh5?ﬁﬁﬁ%ﬁsﬂ%§oﬁn%fé)¥ﬁﬁ% %F%Wiﬁ?ﬁﬁ?ﬁfeﬁ?@%i’é’éﬁ@g _
transactlpgh@g% qﬁglee'rﬁ%r%g%gﬁﬁlr% egr%lyaPaIrl%r%g%er%dea}na arpe%lég% %?r%?gleters adcgomated with

a e 3 02
the transaction; uate analytically a future implementation cost as a tfunction dfftitdrentimber of

shares tg radmalipsamkusrenidime inigyet bassskamat Isashapme ol dhe eltigyed.patameters;
evaluate numerically a current implementation cost as a function of current number of shares to trade
during theladéitdimesiMervakhasedwobatiadsat, shmaioitia. arered parameleks ieptisaize via a
processor a total implementation cost to determine an optimal current number of shares from the total
quantitytd ke guky s Fedetimishirterent ktluesimhedivgatimplsnrenieictzostises, sum of the

future imple egtatio cost and the current lmlg)lementation caost; and execute an order for the optimal
numberzofagréla?e% %P%%eﬁn ol émﬂlgmw cost may be minimized again to yield the next

2z optimal current order placement.



WO 2010/093963PCT/US2010/024148 4 [0008]This Summary is provided to introduce a selection of
concepts in a 2 simplified form that are further described below in the Detailed Description. This 3
Summary is not intended to identify key or essential features of the claimed subject 4 matter, nor is it
intended to be used as an aid in determining the ggope of the claimed 5 subject matter. 6BRIEF
DESCRIPTION OF THE DRAWINGS 7 [0009]The accompanying appendices and/or drawings
illustrate various non- 8 limiting, example, inventive aspects in accordance with the present disclosure:
[0ID1G{RGERE 1 praciceshgrioverdswaf therenditiesviate! aciionseasth-anslamanteh gt $ystem
CompoLAnts if pRE G Pﬂ%i{?“%grﬁf ggﬁ}ﬁ%% LALEDRMa @%’éﬁ% RE HUtHrigsdaiadigw in one
embo imer_% of therM%P 12 I%L_ TFORM opetation; 13 {wan]FIGUR q% shows an implementation of
overalf¥&GiEh GlviRasee anHetnHBGimIRAST W0 MIEL T EXSRIE oD SIRARAFIPS: [((RIISTING URE 4 is of a
logic flamsdiagramdiusiratiparaalestion sistachrstipisfrrRiessesidaneemiadinempktiadCP
PLATFORN;E 173[% 141FIGURE 5 is of a logjc, flow diagram.illustrati ecifying implementation 15
chort S S IR B T R SRR RS L R RUEHS b STRTETAORE & is
of a locifl effediagraraniitisedtiingvepbaifyingn s kasicsttanior§ #& cetidvettioramaiers eaviodiment of the
MCP R%EEQM; current implementation cost as a function of current number of shares to frade

during the current time interval based on at least some of the retrieved parameters; optimizing

via a processor a tofal implementation cost fo determine an optimal current number of shares

from the total quantity to trade during the current time interval, wherein the fotal implementation

cost is a sum of the fufure implementation cost and the current implementation cost;, and

executing an order for the optimat current number of shares of the financial instrument.

[06007b] According to another aspect, there is provided a financial instrument trading

apparatus, comprising: a memory; a processor disposed in communication with said memory,

and configured fo issue a plurality of processing instructions stored in the memory, wherein the

processor issues instructions to: receive an order request that includes a total quantity of shares

and a time horizon within which to execute a transaction; retrieve order parameters, security

parameters, and market parameters associated with the fransaclion; evaluate analytically a

future implementation cost as a function of future number of shares fo trade after a current time

inferval based on at least some of the retrieved parameters; evaluate numerically a current

implementation cost as a function of current number of shares to trade during the current time

interval based on ai ieast some of the retrieved parameters; optimize via a processor & {otai

implementation cost fo determine an optimal current number of shares from the total quantity o

trade during the current time interval, wherein the total implementation cost is a sum of the

future implementation cost and the current implementation cost; and execute an order for the

optimal number of shares of the financial instrument.



W02010/093963PCT/US20101024148 5 1 [0 0161FIGURE 7 is of a logic flow diagram illustrating
constructing apgragigi.g:for evaluating the implementation cost in onew&g&imﬁ%tl &f the MCP
PLATFORM,; 3[0 017]FIGURE 8 is of a logic flow diagram illustrating the determined optimal 4 current
order placement in one embodiment of the MCP PLATFORM; 5 [0018]FIGURE 9 is of a drawing
illustrating a non-limiting example of an Order 6 Placement Decision question that may be solved by

the MCP1RIAIEORM; THE el RE irisiaba Rlogkiagram ildrisating smbadiments of the MCP a
PLATFORM controller; 9 [00 20]FIGURE D. is of screen shot diagram illustrating one embodiment of

the 10 MOPrRLifTEGRM dsar imerfiacbed sorBHT ellsading numberiefiebekrizfesancmrumber
within the drawings 12 indicates the figure in which that reference number is introduced and/or

detailed. SAEHEIGIRHS Aefeinirnfens & ddrilr keverermseehtiplerivmen ol theeckdored anbjertintroduced

14 in Figure i, Reference number, 201 is inttoduced. in Figure 2, etc. WO )
2010/093*@%%%7?8%‘56%6)1}?%%% PR BHESE RN RAEE SPRTE SR RT221 This
disclosuredgtailsagpgcts of the MCP PLATFORM. Itis to be

5 BRIEF DESCRIPTION OF THE DRAWINGS

7{0009]  The accompanying appendices and/or drawings illustrate various non-

s limiting, example, inventive aspects in accordance with the present disclosure:

:foo10] FIGURE 1 provides an overview of the entities interactions with and

0 among MCP system components in one embodiment of the MCP PLATFORM;

11{ooit] FIGURE 2 illustrates data flow in one embodiment of the MCP

12 PLATFORM operation;

13 [oo12] FIGURE 3 shows an implementation of overall logic flow in one

« embodiment of the MCP PLATFORM operation;

s loo12] FIGURE 4 is of a logic flow diagram illustrating selection of stochastic

16 processes in one embodiment of the MCP PLATFORM;

7 [0014] FIGURE 5 is of a logic flow diagram illustrating specifying implementation

1 shortfall as a stochastic integral in one embodiment of the MCP PLATFORM;

% {oo15] FIGURE 6 is of a logic flow diagram illustrating specifying implementation

20 cost function in one embodiment of the MCP PLATFORM;



4 understood that, depending on the particular needs and/or characteristics of a trader, 5 buyer or
seller of a financial instrument, financial instrument modeler and/or other MCP PLATFORM user,
financial prodl%?,zr(ﬁgfﬂga%nd/or exchange, computer 7 implementation,Pgﬁré%zrﬂtlﬁ)@sze{f various
embodiments of th_e MCP PLATFORM may 8 be iiplemented that enable a great deal of flexibility and
customization. The instant 9 disclosure discusses embodiments and/or applications of the MCP

PLATFORMM@ecte@fe@r@ﬁiaqs%qa&qggémi Deial iRl %ﬁ%g&%ﬁ@%ﬁ%ﬁv be 11

traded on a market exchange. However, it is to be understood that'the syst ed herein

may be readiwehiatiodred angleneusiontzes farasigpsangemmbi shetherrapplicationg,and/or
implementations. For example, aspects of the MCP 14 PLATFORM may be adapted for non-exchange

traded fingngisl instrumeisriraging .ol gl el WRes AL afad-geadsiservices: comipadites. andior
the like, predictive is modeling, and/or any of a wide variety of other applications. 17
[00231Furthermored asplacémehthe dhe PriflcAitia RV nay Op epRftgunes fo is generate, administer,
and/or manage trading strategies for a wide variety of different 19 financial instruments, securities,
and/or therlikg pgyondspacific smhadiments.antiQra0dmplemeniaians.desctibeelin ggiall herein. For
example, MCP PLATFORM generated 21 trading strategies may be employed with and/or linked to
equities, delatenoenaidiasn22a0tes (egmsibetaesingtes) Mmcks sarefaued shares, bonds,
treasuries, debentures, WO 2010/093963PCT/1JS2010/024148 7 1 options, futures, swaps, rights,

warrants, egrgT@litiesyRUTRACIBSisMWRAUSLHIBNI ARKRL AP RAS AN dl b BBUIRNGRBnd/Or risk

transfer agreements, annuities, and/or 3 other assets or investmeént interests. It should be noted that
the MCP: PLATFORW 4ranciler;MCP PLATFORM analysis may be configured to provide particular
utility to 5 investors, traders, brokers, specialists, and/or the like seeking to fulfill specific goals o and/or

purposes, 46l 8§ 10 MMIMIZE 1SKS oAYAILLIMAREHOSIEmAMVAEINEIKRe (LS fagpdgystood that

the MCP PLATFORM may be further adapted to other a implementations or investment, finance,
and/or risRVGEEgernemid ppbc atiehfice.

1 fooz1] The leading number of each reference number within the drawings
12 indicates the figure in which that reference number is introduced and/or detailed. As
13 such, a detailed discussion of reference number 101 would be found and/or introduced

1 in Figure 1. Reference number 201 is introduced in Figure 2, etc.



9 [ ¢)2 4]In order to optimize various Order Placement Decisions during order is execution, the MCP

PLATFORM, inggﬁeﬂ?ﬂ%g(%diment, may seek to minimize ii implementatiog c/gg,t ‘%I,,}{%%ég‘g’ wherein
implementatio‘ﬁ cost'may include elements of 12 impact cost, cost of risﬁ, HEREVAFEEL of the stock,

and/or the like. In one 13 embodiment, the MCP BLATFORM may separate the overall Order
Placement Decision 14 optimization into two parts: (1) the current Order Placement Decisions, and (2)
all is future Order Placement Decisions. For example, a client may wish to buy 10,000 shares 16 of
S&P 500 ETF over the next hour, e IMAREIDAPESRRIRTY €K to estimate and 17 minimize the
cost of trading by placing market orders at the ask price for shares of this 19 ETF in such a way that all
10,000 shares will be purchased over the next hour. In order is to decide the sizes of these market
orders, tpe MCP PLATFORM may sepam?ﬁ]ﬁ_ At the cost of trading into two parts to reduce
the complexity of the estimation. 21 In the first part, the PLATFORM may use a paradigm (i.e. a

mathemafieat mallel) 22 foriesinaingithalsizeniceedspiimalmarkat orderbat mipmizesthe cost of
trading in 23 the current time period, such as in the next 1 minute. In the second part, the MCP 24

PLATFQRNdeayoasd leap alesigdinfp oe stimpiinig the: sigelefithly optinaah chatketondertivwier,
2010/093963PCT/US2910/024148 8 1 that minimizes the cost of trading in all the later time periods,
such as bYEY thehesd b Hfingrdabipasipetin g HredakiasTRem gIeer ke SHGE Qhardifferent

sizes, the P M may.determine the optimal market.order size in the current time period
3 that mirtihed 1 T daiSrod BOG1 B v THE WD BLMIEORA) SREinSE T & Rinimize he
cost of traglingyeiRREAINL RIS EAIAINTIR AN 6f NG SUISEAVERYD SIS RSRAF T af

a
[0025]Optimization of Order Placement Decisions during order execution is a
¢ be implemented that enable a great deal of flexibility and customization. The instant

¢ disclosure discusses embodiments and/or applications of the MCP PLATFORM
1 directed to trading strategies for financial instruments, such as those that may be
11 traded on a market exchange. However, it is to be understood that the system
12 described herein may be readily configured and/or customized for a wide range of
13 other applications and/or implementations. For example, aspects of the MCP
14 PLATFORM may be adapted for non-exchange traded financial instruments, trading
15 of other types of traded goods, services, commodities, and/or the like, predictive

s modeling, and/or any of a wide variety of other applications.

7 {oo2a] Furthermore, aspects of the MCP PLATFORM may be configured to
15 generate, administer, and/or manage trading strategies for a wide variety of different
1 financial instruments, securities, and/or the like beyond specific embodiments and/or
20 implementations described in detail herein. For example, MCP PLATFORM generated
2t trading strategies may be employed with and/or linked to equities, debts, derivatives,

22 notes (e.g., structured notes), stocks, preferred shares, bonds, treasuries, debentures,



8 very tough problem - often referred to as "adaptive" or "dynamic" optimization. The 9 problem is that
one has so many variables to optimize, literally tens of thousands of is individual order placements,
that even the MBS HVEREed numerical optimization 11 methods take sEVAH NS converge on
a solution. Unfortunately, these decisions 12 needzto be re-optimized several times a second. In one
embodiment to facilitate this 13 optimization, the MCP PLATFORM may use derivative pricing theory

T morpSptforts AT RGO 1 A0E VSR E AR AL A S Bl N R GERAY aoouming

a 15 contintum limit, and may Uusehurmerical te¢hniques to evaluate part relate current

placementidreghdsrithe, dimes)sienadity.ef {he/eptimizationiobiemmrmene. fimplemedigtion, using
this approach may reduce the dimensionality of the optimization is problem by three or more orders of
magnitudesthad mseysfacilitatessolringithedstoptinsizatidnber olbledh thathd MEPPRATFEEORM in
milliseconds or faster, as oggosed to 20 previous processing/time intensive analysis that involve

calculatiéri® doie MO8 Thé PAOIHYr sodvviinnaysbe resEprscetaintptife Bavisgsmraibignificant within

the realm of 22tfinancigl 'grargs\%l‘gtions - where tim%iteri{%/]li, money. Theé\lﬂ%1 PLATFO may also
COMPUATORER pOWETTo TSR RS bt Pat BREMT P UEITY RN 8 2

23 use l6s8 compUtg’Elonésl’po‘

requirementa ARG INGRASNAAAB Iy WA AHORRHAGRRGL AIs 0 I0R Al dRE e, 8 OIFIGURE

1 provides an overview of the entities interactions with and 2 among systém components in one

embodimest ofitie-M&R RLATRRRIWide Flowerdinr mcligd 105amrhepb af, orgigeto trade
securities with a trader no. In one 4 embodiment, the client may place the order using a

communidatiplametivdidas 06 irimestrecs infipleme raddor, ik commpemicatigpietionk 115 may be the
Internet. In another implementation, the communication network 115 may be a private communication

7 networkieteeh a dierraad ihepasiere IVisitabeouasensteeshahabahile 80l 006 corpEpunication
network 115 is shown for clarity, multiple distinct communication 9 networks may exist connecting

each of thexsystam, cimpdfehtand Effifiatedientities dohwitimeach other sEelrthernuitgjrahough

illustrated as separate entities, it is to be
11 implementation cost of trading, wherein implementation cost may include elements of
12 impact cost, cost of risk, the literal cost of the stock, and/or the like. In one
13 embodiment, the MCP PLATFORM may separate the overall Order Placement Decision
1 optimization into two parts: (1) the current Order Placement Decisions, and (2) all
15 future Order Placement Decisions. For exaniple, a client may wish to buy 10,000 shares
16 of S&P 500 ETF over the next hour. The MCP PLATFORM may seek to estimate and
7 minimize the cost of trading by placing market orders at the ask price for shares of this
18 ETF in such a way that all 10,000 shares will be purchased over the next hour. In order
19 to decide the sizes of these market orders, the MCP PLATFORM may separate
w0 estimating the cost of trading into two parts to reduce the complexity of the estimation.
21 In the first part, the MCP PLATFORM may use a paradigm (i.e. a mathematical model)
22 for estimating the size of the optimal market order that minimizes the cost of trading in

23 the current time period, such as in the next 1 minute. In the second part, the MCP

24 PLATFORM may use a paradigm for estimating the size of the optimal market order



n understood that the MCP Platform facilitates significant flexibility and certain features 12 and
functionality may be combined or separated depending on the particular working 13 imbplementation
and the needs"d1 thEVAHBUs users. For example, aspects of the MCP 1&%3%%#’1426 and the MCP
PLATFORM database 140 may be part of a trading platform is 121 having a variety of other
components 122. In another example, aspects of the MCP 16 Platform 120, the MCP PLATFORM

database 440 AhTiader g mavhe combine e (i sidls frandaransaqiop faajtaton

system. In another example, a client ma ver a telephoné network, While the trader

may commuRnigate BithheMEPHOBHATHIRM L 20.ave b e inteinel20.10024U panviegeiving the

order from the client, the trader, also referred to herein 21 as a user, may use the MCP PLATFORM
120 to exdtud HiRkdidenindeteoptimaherapeand2noplimalnday sire onelemitodimeit dhed4aP
PLATFORM may use data from various 23 sources, such as from exchanges 125a and/or 125b,
supplied‘0P4henyagsrerobettie e pettnated taB et 1BingrohhaNd R AR-PL RO R RS ase 140,

and/or the like, to WO 2010/093963PCT/US2010/024148 10 | determine an gptimjzed trading solution
that inciUEL UG FAEIESOCH 1OF EXSCHOEHTS G o5 AR SRR e D Rt o5, By

way of nop=limiting example only, a exchanges 125a, 125b may be any financial exchanges such as
the NYSE, NASDAQ, 4 and/or the like. 5 [0028]Below is a table illustrating some of the notation used

in the fo]7l in l-SSOﬂescr' I;Eion. of Ihfe V\%}Céf LAP_ EORM. g)is_.to be ynderstoqd that this is not an
exhaustlv%?% notg%olrr]n (e Th the e Iﬁ‘ﬁ%ﬂfegﬁ YA Othe %&5t%ﬁ%§§eéBB8ﬁr1§h?oughout the
specificaati%}.y tough problem — often referred to as “adaptive” or “dynamic” optimization. The

s problem is that one has so many variables to optimize, literally tens of thousands of

1 individual order placements, that even the most advanced numerical optimization

11 methods take several minutes to converge on a solution. Unfortunately, these decisions

12 need to be re-optimized several times a second. In one embodiment to facilitate this

13 optimization, the MCP PLATFORM may use derivative pricing theory and stochastic

14 control theory to analytically evaluate part (2) related to future placement assuming a

15 continuum limit, and may use numerical techniques to evaluate part (1) related to

16 current placement to reduce the dimensionality of the optimization pfoblem. In one

17 implementation, using this approach may reduce the dimensionality of the optimization

1¢ problem by three or more orders of magnitude, and may facilitate solving the

13 optimization problem by the MCP PLATFORM in milliseconds or faster, as opposed to

20 previous processing/time intensive analysis that involve calculations done over the

21 course of minutes. These processing time savings are significant within the realm of

22 financial transactions — where time literally is money. The MCP PLATFORM may also

23 use less computational power to solve the optimization problem, reducing hardware

2 requirements and increasing scalability.



WO 2010/093963PCT/US2010/024148 11 1 [0 029] X : reniaining position y : market order trade rate

N : initial position T : horizon : drift : volatility E covariance. 77 tatrix f : fill rate : ha//spread : ?market
- ; : PCT/US2010/024148 .
twining flaw ra?eg:zfg%og%gr%iry market impact function exponent a : temporgr)gbﬁ”larlk/e% impact function

coefficient a : : diagonal matrix with diagonal elenfents : permanent market impact function coefficient
IS : implementation shortfall U or IC implementation cost : pricc C : ("if f betty ET2 C (ILL: ed IS and

expected I026]  FIGURE 1 provides an overview of the entities interactions with and
2z among MCP system components in one embodiment of the MCP PLATFORM. In Figure
311, a client 105a or 105b places an order to trade securities with a trader 110. In one
+ embodiment, the client may place the order using a communication network 115. In one
s implementation, the communication network 115 may be the Internet. In another
s implementation, the communication network 115 may be a private communication
7 network between a client and the trader. It is to be understood, that while only one
8 communication network 115 is shown for clarity, multiple distinct communication
9 networks may exist connecting each of the system components and affiliated entities
1 with each other. Furthermore, although illustrated as separate entities, it is to be
+t understood that the MCP Platform facilitates significant flexibility and certain features
2 and functionality may be combined or separated depending on the particular working
1 implementation and the needs of the various users. For example, aspects of the MCP
14 Platform 120 and the MCP PLATFORM database 140 may be part of a trading platform
15 121 having a variety of other components 122. In another example, aspects of the MCP
16 Platform 120, the MCP PLATFORM database 140, and Trader 110 may be combined into
17 a single financial transaction facilitation system. In another example, a client may place
i¢ an order over a telephone network, while the trader may communicate with the MCP

18 PLATFORM 120 over the Internet.

w {ooz7] Upon receiving the order from the client, the trader, also referred to herein
21 as a user, may use the MCP PLATFORM 120 to execute the order in an optimal or near
2 optimal way. In one embodiment, the MCP PLATFORM may use data from various
2 sources, such as from exchanges 125a and/or 125b, supplied by the trader from the

x trader database 130, from the MCP PLATFORM database 140, and/or the like, to



A or k risk aversion coefficient : beta value unth respect to some benchmark : cumulative col ittne
profile v'instar@neous valuing pro file 2 [0 0 3 o]In one embodiment, the MCP P%ATFORM also

; 20101093963 5 L . ; . PCTIUS2010/024148 . o
makes certain’ 3 assumptions including: stock price follows an arithmetic random walk with drift it and 4
volatility a; an order of N shares should be execute@ within an interval of length T; 5 passive
spread-capture strategy is estimated to be filled at a rate f shares/sec; and y(t) is 6 the trading

schedule abBATAL AFHG BRGNS AhASRSaGn N 20HUA30IRCTIA 152040/0R4148 12 1

[0401]FIGURE 2 illustrates data flow in one embodiment of the MCP 2 PLATFORM operation. At 205,

the MCP: BhAGHeQR Mhonayexebeivearindinatjon iromh.aB3 tragesithabaighieiizhasplpkedmy) order for a
security with the trader. In one 4 embodiment, such an indication may be in the form of a request to

determinecaplBrgssnikasd t2idingacheduls forahddraeth®ges 032k | nsotie SMISHHiMeRD ARk request
may include gne or more order 7 parameters, such as stock symbol, quantity of shares to trade, time
within whitR46PE5B i the order, and/or the like, specified by the client. At 210, the MCP PLATFORM

s may retrieve such order parameters from the request and place them in corresponding lo variables
used by tHHOMeB PLAPFHORM srigheniligstretiv s wraordfahparaindtersisfdrin the following

s description of the MCP PLATFORM., It is to be understood that this is not an exhaustive
7 list of notation used in the description, and that other notation may appear throughout

¢ the specification.



11 example, a C++ function that parses the request and copies the order parameters into 12
corresponding variables may be used to facilitate the retrieval. 13 [0033]In arsl’oth%r grépbodiment, the
request may a DHHEE Dne or more security 14 parameters, such as (é?él,] 3?&?, \%ollastility, temporary
~market impact coefficient, is temporary market imjgact exponent, and/or the like, specified by the
trader. In one 16 implementation, beta may indicate risk of the security compared to the market, drift
17 may indicate how the pricq,:o,f 1l ,gse_culr'gy"ya[igs" with time, volatility may indicate the 18 volatility of
. . S L PTETYRELTLEIL G RS TTRT. .
the security price, and temporary mart et péct ‘coeﬁlment and temporary 16 market impact exponent
may indicate how the price off.'a:sét‘?fﬁtffy'”imwifﬁéitéﬂﬁd‘r@frﬂy 20 affected by the temporary liquidity
imbalance due to placement gf am,-g&g@lr.gjggg@gggl implementation, the trader may specify one or
more security parameters baﬁed on Zg(¥?lues stored in the trader database 130. For example, the
trader may calculate the valué 2 'of betd based on historical data regarding the security stored in the
trader database. At WO 2010/098963PCT/US2010/024148 13 1 215, the MCP PLATFORM may
retrieve such security parameters fiom the request and 2 place them in corresponding variables used
by the MCP PLATFORM program code t0 3 store security parameters. 4 [0 03 4]The MCP
PLATFORM may retrieve manget("ﬁéF%iﬁﬁiéf'e?s‘??td?h%ne or ore 5 exchanges 220. The market
parameters retrieved by the MCP/RILATFORM may include 6 security bid price, security ask price,
volume, and/or the like paramgtegs that facilitate 7 the operation of the MCP PLATFORM. In one
embodiment, the MCP PLATFOR ay X
i omerkel velume flow rate
v bernporary market ampact function erponent
o o temnporary market vmpact function coe fucient
. £1
g —
g
& : diagoral matrue weth divgonal elements oy
i permanent market impact function coef fierent
15 implementation shovt fall
Uor IC  implementation cost
S oprice
Crdef fobetween yealized IS and crpected TS
A OF 1 risk aversion coef fiorent
A beta value with respect fo some benchmark
V' cumdative volume profile

1 [oo29] v nstanfanecus valume profile

:foo30] In one embodiment, the MCP PLATFORM also makes certain
3 assumptions including: stock price follows an arithmetic random walk with drift x and
4 volatility ; an order of N shares should be executed within an interval of length T

5 passive spread-capture strategy is estimated to be filled at a rate f shares/sec; and y(t) is

6 the trading schedule of market orders, whose unit is shares/sec.



8 be part of a financial transaction facilitation system and the market parameters may be 9 retrieved by
making a C++ function call to a module of the financial transaction 10 facilitation system that provides
market data. IW%H‘H'{H%’?%FT}bodiment, the market ii parameters may be 1%%’3%%1?’%?‘&4% exchange
through a market data feed via a 12 communicatidps network. In one implementation, the data feed
may be in an XML 13 format and may take on the following form: 14 15 16 17 18 19 20 21 22 23 [0

XMIL> X 0351 <R 52558, SYIEI0Z Sasset, SIbol ol RUSE"A0R 91 SR price>
cask_price>100.02c/ask_price, cvolume>500,000c/volume> </Asset,

2 PLATFORM operation. At 205, the MCP PLATFORM may receive an indication from a

3 trader that a client has placed an order for a security with the trader. In one

s+ embodiment, such an indication may be in the form of a request to determine an

5 optimized trading schedule for the order.

sloogz] In one embodiment, the request may include one or more order
7 parameters, such as stock symbol, quantity of shares to trade, time within which to
& execute the order, and/or the like, specified by the client. At 210, the MCP PLATFORM
¢ may retrieve such order parameters from the request and place them in corresponding
1 variables used by the MCP PLATFORM program code to store order parameters. For
1t example, a C++ function that parses the request and copies the order parameters into

12 corresponding variables may be used to facilitate the retrieval.

nfoo33] In another embodiment, the request may also include one or more security
« parameters, such as beta, drift, volatility, temporary market impact coefficient,
15 temporary market impact exponent, and/or the like, specified by the trader. In one
% implementation, beta may indicate risk of the security compared to the market, drift
17 may indicate how the price of the security varies with time, volatility may indicate the
w volatility of the security price, and temporary market impact coéfﬁcient and temporary
19 market impact exponent may indicate how the price of a security may be temporarily
u affected by the temporary liquidity imbalance due to placement of an order. In one
21 implementation, the trader may specify one or more security parameters based on
22 values stored in the trader database 130. For example, the trader may calculate the value

23 of beta based on historical data regarding the security stored in the trader database. At



In another implementation, the data feed may be a text file containing N data fields separated by a
separator character, such as "I" and may take on the following 25 form: 26asset symbolbid priceask
price 1 volum& S R3*$510/093963PCT/US2010/024148 14 1 [oosa]nﬁ’%ﬂﬁ%fé’rﬂé%tation, data
from a market data feed may be extracted by 2 passing a data file, such as by using the Pen I m//
operator (e.g. m/.*I/). In another 3 implementation, data from multiple data feeds may be received and

combined i RIS BLMRTIGN SXAMALE. LINDQL IS fesds SR AR egaiding e same 5

market parameter, the MCP PLATFORM may pic rom a preferre the average

value, andipi-pigicthenvabiespinlied byrthe arestesiynumbeceiferdsor 03 4Ehe MR BLATFORM

may make a determination at 225 as to whether all 6 required inputs for executing the client's order
have beenstreeereditinpareretebodiment, 9 the list of the required inputs used by the MCP
PLATFORM may be specified by a MCP 10 PLATFORM administrator and may be stored in a

configuratjendie;ased thetheoM ERAT RORMIRQR Vetkt-anathele mbadisnantaiha skl these parameters
may be hard coded 12 into a software program that facilitates the operation of the MCP PLATFORM,

such as a<kBisufpamre progeamwttearinnCers i j0O3BLIf thet ML R BLARE MIOP RLATREIORM may
attempt to retrieve and/or ) )

6 security bid price, security ask price, volume, and/or the like parameters that facilitate

7 the operation of the MCP PLATFORM. In one embodiment, the MCP PLATFORM may

¢ be part of a financial transaction facilitation system and the market parameters may be

y retrieved by making a C++ function call to a module of the financial transaction

1o facilitation system that provides market data. In another embodiment, the market

11 parameters may be retrieved from an exchange through a market data feed via a

12 communications network. In one implementation, the data feed may be in an XML

13 format and may take on the following form:

14 <KML>

15 <Agset>

16 <asset symbol:EYZ</asset symbols
17 <bid price>100.01l</bid_prices>

18 <ask_price»100.02</ask_prices

19 <volumes»500,000</volunes

20 <fAgsets

21 </ XML>

22

n[o0o25] In another implementation, the data feed may be a text file containing
2 data fields separated by a separator character, such as"|" and may take on the following

» form:

26 asset_symbol | bid_price | ask price | wvolume

27



15 construct such inputs based on the supplied data and/or based on the data in the MCP 16
PLATFORM database and/or other data sources accessible by the MCP PLATFORM. 17 For
example, if th&'MEFBLEXFFORM did not receive a security parameter spebifyriyi&téta, the MCP
PLATFORM may attempt to construct a measure pf beta based on 19 historical market data, if such
data is available in MCP PLATFORM database and/or zo other data sources accessible by the MCP

PLATFORM. 0 In ane embodiment, security parameters may,be stored in the MCP 22
PLATFO’F:\;{I\'Y/I& ga&[éé)aseilgkgﬁ f’ﬂIL’IslPa\iae %Eg%%]?gbgggcﬁgfggg |%%§0%§§8?. %g}% ﬁ\ﬁifts“@ﬁﬁ‘?d’\\ﬁ)’o
2010/093963RET ISR 02A484 B andiar the e I ons implementations the segtiriiy parameters
may be inserted into 2 the database u’filn% INSERT cggfnpand%t%ayﬁ&?on the fkcﬁ)){owing form:
3INSERT iiNjlenBecutiityP draméters Takitepldriftty dlailitymbetay 4VANE Sdriftvamed vialatility value,
beta value) 5 [ 0 40]In one implementation, security parameters may be retrieved from the 7 MCP

PLATFORIY BatapaseisiRgraesEn B Ticoimmint ehatendy sakelpnddie feovding 8fersam@SELECT

drift, VOlatriﬁllg%’ beta 10FROM SecurityParametersTable 12 [0041]If the MCP PLATFORM is not able to
retrieve ANBPOFEISHTEHShd e ES g TSR Varmes PiFe e et Remamuisrasiirsdutdan error

message aeangdhe d radey 833 Lihemse ML RATEORM ey anghyiically evaluate a

future 15 implementation costas a function o e number ares £920. In one is
embodimfirr%)t, theli\/ICP PLATEORM may split the time horizon into a current time u period_(tam),
t

tllow-Fat) HPWHicH to tratfe AN SAdrEd URAEe S S EmEp HaPiEt2Ra 48 (RAKDS RS Talbe
Nrernamjing 8% g&gg@Q qu ‘é%% d.%n order to analytically. is evaluate the future
implementaﬂ?ﬁa{oslt, the MCP E’L}A‘glit R&enmg’yorreﬁrlél\?g%ne B{r%;%ﬁ‘éﬁw({eé\é?a?%ene%%%ﬁﬂ%%n evaluated
at functignakexremadaseeeNiabuts used by the MCP PLATFORM may be specified by a MCP

o PLATFORM administrator and may be stored in a configuration file used by the MCP

11 PLATFORM. In ancther embodiment, the list of these parameters may be hard coded

12 into a software program that facilitates the operation of the MCP PLATFORM, such as a

13 software program written in C+-+.

11 [0038] If not, at 230 the MCP PLATFORM may attempt to retrieve and/or
15 construct such mputs based on the supplied data and/or based on the data in the MCP
1% PLATFORM détabase and/or other data sources accessible by the MCP PLATFORM.
17 For example, if the MCP PLATFORM did not receive a security parameter specifying
1 beta, the MCP PLATFORM may attempt to construct a measure of beta based on
19 historical market data, if such data is available in MCP PLATFORM database and/or

2 other data sources accessible by the MCP PLATFORM.

21 {0039} In one embodiment, security parameters may be stored in the MCP

22 PLATFORM database, such as a SQL database, using Microsoft SQL Server, MySQL,



21 implementation shortfall, as described in more detail in Figure 3. In one 22 implementation, such
mplementaﬂo& g(ﬁ)ﬁf@%@g&:&on may be selected by the user ar_ld 23 spec%%q,jg}m&ggﬁg st. 24 [0042]In
order to numerically evaluate an instantaneous implementation cost as 25 a function of current number
of shares to trade at 245, the MCP PLATFORM niay WO 2010/093963PCT/US2010/024148 16 |
retrieve an instantaneous implementation cost function expressed as the sum of the 2 direct cost of

trading AN shasestamediatele angithe.HoRas!, Qﬁéts@&&@@i}saﬁé}hétm% mmgdiaielinip one
S

implementation, such implementation cost function may be 4 selected by the user and specified in the
request. 5t{3048FHacctosaldrap INBERA oM cesid sHensumabt thethu dsddmiplefogatation cost and the
instantaneous implementation cost. At 250, the MCP PLATFORM may 7 determine an optimal current
number of sharesANto trade at2bb-trartihe remainirgiazquantineof,shares N remaining by finding

the optimal cuksent nunber.of shases to: trada 9 that minimizes the total implementation cost based on
current parameters (e.g. At, T, la expected spread, volatility, impact coefficients, and/or the like). ii [coo
44]If the MCP PLATFQRM de,terrpines at 260 that all N shares have not yet 12 been traded, the MCP
PLATFORN? i dipdate R topar TRERATSHatEHEbS FRATEHE" T8 WH Uit BEFarHemrs e rhe MCP

PLATFOW%W @a{gﬁgpéi 'e%%%ﬁggl?d %}ES&%tgqotr}g{ﬁr%g%r ta?ﬂ Q&Lli%%l £ rent number of

shares until the MCP PLATFORM is detérmines that the total quantity of shares has Seenttraded 270.
16 [0 0 45RkalJRE 3 shows an implementation of overall logic flow in one 17 embodiment of the MCP
PLATFORM operation. At 301, upon receiving a request to 18 determine an optimized trading
schedule for g=glient:order, the MCP RLATFORM may 19 retrieve one or more market parameters

(e.g. secyrity bid, price.; security. ask price, 20 volume), security parameters (e.g. beta, drift, volatility)
and/or order parameters (e.g.

2zioog41] If the MCP PLATFORM is not able to retrieve and/or construct the
12 missing input values, the MCP PLATFORM may produce an error message alerting the
1 trader 235. Otherwise, the MCP PLATFORM may analytically evaluate a future
15 implementation cost as a function of future number of shares to trade at 240. In one
18 embodiment, the MCP PLATFORM may split the time horizon into a current time
17 period (tnow, thow+At) in which to trade AN shares and a future time period (tnow+At, T)
18 in which to trade Nremaming shaves that remain to be traded. In order to analytically
19 evaluate the future implementation cost, the MCP PLATFORM may retrieve an
2 implementation cost function evaluated at functional exirema based on an
21 implementation shortfall, as described in more detail in Figure 3. In one
2 implementation, such implementation cost function may be selected by the user and

23 specified in the request.

2% loo42] In order to numerically evaluate an instantaneous implementation cost as

2 a function of current number of shares to trade at 245, the MCP PLATFORM may



21 security symbol, time within which to execute the order) from one or more data sources. 22
[0046]Stochastic processes for market variables may be specified based on the 23 retrieved data at
305. In one im%% 5}6({95%%, market variables may comprise the price fprus010/024148
2010/093963PCT/US2010/024148 17 and/or voluée trading of a financial instrument. In one
implementation, the stochastic 2 process specified for market variables comprises an arithmetic

random walk;EQr Shexamlentbe-singhasis amsesspesilied ot therics ofia inandjalipstrument

may 4 comprise an arithmetic random walk and may take on the following form: ,0413(f) 5 6 7 [0047]In
this stochastieiprosess:rideny aynnhatis intnsatiuily Sl itsicppies 10 archanges avaatinge is
expressed based on drift p, which may indicate how the price of the security varies based on time t,
and volatilityracdidiieli- nfay indidatpltneentititifity ofdhelspbemisnica bastdfoncisandam halk variable
dB(t). In one embodiment, the values of ii drift and volatility may be based on the retrieved security
parametéﬁ&?%‘?‘*ﬂfﬁﬁ’é‘? ERsEANES pegiARS it 15818 of stochastic processes see Figure 4. 13
[0048]The implementation shortfall may be defined as the difference between 14 the realized trading
cost andsdehiedtadget Bdechrisrin Flomextatipte castaigshdbenchofarie T8tsrchnagemeatritierprice
benchmark, may specify an optimal trading cost for trading a 16 security. The implementation shortfall
measurdsShit ARditinhdrtraimeeens dmBlnsg gion cost. At 250, the MCP PLATFORM may

7 determine an optimal current number of shares AN to trade at 255 from the remaining
s quantity of shares Nigmainmg by finding the optimal current number of shares to trade
s that minimizes the total implementation cost based on current parameters {eg. AL T,

10 expected spread, volatility, impact coefficients, and/or the like).

11{o044] If the MCP PLATFORM determines at 260 that all N shares have not yet
12 been traded, the MCP PLATFORM may update the total implementation cost model
13 with current parameters, The MCP PLATFORM may continue to re-optimize and re-
1 execute orders for an optimal current number of shares until the MCP PLATFORM

15 determines that the total quantity of shares has been traded 270.

% {0045] FIGURE 3 shows an implementation of overall logic flow in one
17 embodiment of the MCP PLATFORM operation. At 301, upon receiving a request to
18 determine an optimized trading schedule for a client order, the MCP PLATFORM may
12 retrieve one or more market parameters (e.g. security bid price, security ask price,
2 volume), security parameters (e.g. beta, drift, volatility) and/or order parameters (e.g.

21 security symbol, time within which to execute the order) from one or more data sources.

2[0046] Stochastic processes for market variables may be specified based on the

2 retrieved data at 305. In one implementation, market variables may comprise the price



17 trading the security above the benchmark cost. In one embodiment, a client and/or a is trader may
choose a benchmark based on market expectations, risk tolerance, and/or is the like. For example, the
arrival price bé%%ﬁ%%‘f?{x%ﬁ:‘ay be harder to game, but may be zo noisier thaH YAE WA benchmark. In
one embodiment, the benchmark cost may be 21icalculated based on the retrieved security
parameters. The implementation shortfall 22 may be specified as a stochastic integral 310. In one

implementayi r%m%@%ﬁg%%bgﬁ Y, i@x@rmﬁl n?elr?%s%%ﬁe el WS, Y essli%chastic

2010/093963PCDUS2010/ 48 18 orec, price (La.lc end tn-tding. y is the markca order
schc'thile.prdbesohgeryelpfisi exacdtingnarketeuderiged isnthatddidate.ahpassiveHirgand 5,, (is
the observed price of executing passive limit orders f. 1 2 [0049]In this implementation, the
fundameneaiistplek Bricetachysbie pasedsosptiiddsfochbstiorproot asfileseiillingshawmensessirity price
changes over time and make take on 4 the following form: = So + itt 013(t) 5 6[0050]The realized price

of executiRtFAPRESREFGIdERsHay Ao Hk s8d BriYHekr swBidislioiae&asdescribing how a security

price changes over time and make take on 8 the following form:

dS(t) = pdt + odB(t)
5
&

rTooav] In this stochastic process, the way in which a security’s intrinsic price dS(t)
s changes over time is expressed based on drift i, which may indicate how the price of the
¢ security varies based on time ¢, and volatility o, which may indicate the volatility of the
10 security price based on a random walk variable dB(¢). In one embodiment, the values of
11 drift and volatility may be based on the retrieved security parameters. For further detail

12 regarding selection of stochastic processes see Figure 4.

12 {0048]  The implementation shortfall may be defined as the difference between
t4 the realized trading cost and some target benchmark. For example, a target benchmark,
i such as an arrive price benchmark, may specify an optimal trading cost for trading a
15 security. The implementation shortfall measures the additional trading cost incurred for
17 trading the security above the benchmark cost. In one embodiment, a client and/or a
1 trader may choose a benchmark based on market expectations, risk tolerance, and/or
10 the like. For example, the arrival price benchmark may be harder to game, but may be
2 noisier than the VWAP benchmark. In one embodiment, the benchmark cost may be
21 calculated based on the retrieved security parameters. The implementation shortfall
2 may be specified as a stochastic integral 310. In one implementation, implementation

23 shortfall (IS) may be defined as follows:



9 is whereis the expected market volume flow rate, a is the temporary impact ii coefficient, and
market orders%g) c}( sgread 6a as well as temporary market impact 12 13519 05 1 In one embodiment,
the implemen R eRon may comprise a 14 stochastic integral of th (ﬁf‘flgren(/:m%eﬁfween a realized
cost for a traded instrument and is an arrive pricell@enchmark cost, and may take on the following form:
2 where the last step follows from integration by parts. 3 [0052]In another embodiment, the
implementation shortfall may comprlse a 4 stochastic integral of the difference between a realized cost
for a traded instrument and | j evgeghte}q{a era pncg (V )!,ipenchmark cost. Let 17(1)=
fv(t)dt denote the e normallzed o Ative vollime: pro e V(Jf) may b a monotonically increasing
function, 7 where V(0)=0 and V(T)=1. In one implementation, the implementation shortfall B
corresponGﬂhgi‘tb5f|if1ii§,i AWIPfpricenpenshmark magebe givendbyi@elo wihere the faststepfollows from
integrationtbypartsciSinide. the ivolumeprofilechn beitd thighly, Ungertain;\beaRehalisis;tends to be
more difficeftthiaiitsanrival priee ;WOI2010/093963POTAISL2016/024%48.20:2 chimterpast. See
Figure 5. fobfgtissriderailé regarding speaifying: thedmpl¢mentation

:[0049] In this implementation, the fundamental stock price may be based on the
3 stochastic process describing how a security price changes over time and make take on
4 the following form:

Sty = 8y + pt + aBl1
5

s fo0o50]  The realized price of executing a market order may also be based on the
7 stochastic process describing how a security price changes over time and make take on

8 the following form:

Y N
Swlt.y} =St} + 6. + a ( f)
i

4

w0 where Y11} is the expected market volume flow rate, a is the temporary impact

11 coefficient, and market orders pay spread 8, as well as temporary market impact

e
oy (—‘-)
'\yl.

12

3 {o051] In one embodiment, the implementation shortfall may comprise a
w4 stochastic integral of the difference between a realized cost for a traded instrument and

15 an arrive price benchmark cost, and may take on the following form:



2 shortfall as a stochastic integral. 3 [0 053]An implementation cost, also referred to herein as utility,
may be specified 4 as a function of expected implementation shortfall and/or related values 315. The 5

function speciVthtfifBfEfientation cost may be selected by a trader, by*thEWREP'EBEATFORM
administrator, or may be hard coded into the MCR &LATFORM based on 7 beliefs regarding the
tradeoffs between using a less accurate proxy of traders' a impatience when trading securities, such
as a mean- varlance measure - assomated with 9 less computational complexity, and using a better

proxy, sucp as a n-risk- -mea vlnanqre mputational complexity. 11 [co 054]In one
embodlment |m rrf téi’l’bn 065# e|grfé b’oth f’fhe ei%gaa 12 transaction cost and execution risk.
For example, the ﬁnplementatlon cost may 13 comprise a sum of an expectation value for the
implementatioa shortfall apt ap 14 expectatian risk, such as a variance and/or standard deviation of
the implementation 15 shortfall multiplied by a risk tolerance and/or aversion factor. For example, the
risk is aversion f}t’tor K may be rowded the client, mag/ be selected by the trader, or may be 17 a

default value i the MCP PEATEORMY) Iﬁ" ne' |ﬁ41<§ émeﬂﬁe\l 6ﬁ the risk aversion factor 18 may be
specified quantita {y In another i mzﬂ ntajn the I’I§k aversion factor may 19 be specified as a

gualitative value m[ ﬂggmspwemp e,.copgeryat _ggq;qcpg\zpr}z by the MCP PLATFORM
into a predeter ne corresponding q ative/21 vaI 2 [0055]In"one |mplementat|on

implementation cg ay be measured/ysing a 23 mea iiarlance medsure and may take on the
followmg form» €n1®/09396’8|%’51' Us201@/ 241%8;51;14@ ﬁE{I??M@VdHﬁSI

2 where the last step follows from integration by parts.

sfooz2l In another embodiment, the implementation shortfall may comprise a

+ stochastic integral of the difference between a realized cost for a traded instrument and

s a volume weighted average price (VWAP) benchmark cost. Let ¥ (1) = fv(f)dt denote the
0

¢ normalized cumulative volume profile. V(%) may be a monotonically increasing function,
7 where V(o)=0 and V(T)=1. In one implementation, the implementation shortfall

g corresponding to the VWAP price benchmark may be given by:

T SN T
15 _—_/ (éﬁ d—f i+ (E) ag) dt + / {4y — g Sied
0 SN . Ny,
T Ty T T
2f <J 6~ fd+a (-“) -y) dt +f (N =1 =ViN e
¥ ) o &

T
+[ (X — (1= VINydB
1

9

10 where the last step follows from integration by parts. Since the volume profile can be

1t highly uncertain, VWAP analysis tends to be more difficult than its arrival price



2 3 [0056]In another implementation, implementation cost may be measured using a 4

quadratic-utili%ﬂﬁﬁ%%gg 6§1nd may take on the following form: 51C = KISI], gﬂ%@@& J 4LOOS?]In yet
another implementation, implementation cost may be measured a using a mean-risk-measure and

may take on the following form: IC = E[IS] + fol(Vaf}ISD 10 II [0 058]In one embodiment, the preferred
implementation cost measure may be 12 selected based on security parameters (e.g. beta, drift,

volatility), QyEgfPRIAMSLETSiER.Q- 4 3R IR SYDAR!x '@?a%@%&ﬂﬁﬁﬁ@ﬁﬁ%&ﬁ@&%ﬁﬂ’ and/or

the like. For example, 14 if a client desires to execute a trade involving a large portfolio of stocks within

one hour, sadhdathean statlance-measilre may be selected as the preferred implementation cost 16
measure. However, if a client desires to execute a trade involving a single security over 17 the course

of & day. g e isksRARIRRAY O elesleshap hetSleret s iRl TRNpUap castmeasure. I

another embodiment, the preferred implementation 19 cost measure may be selected based on easy
of use assaciatbdhwitntbé inpleraeriiainm2Ntensh Reciie asdiceieddyiheclienrt and/or the user.
See Figure 6 for further details 21 regarding specifying the implementation cost. 22 [0059]In various
embodinmdhestipr ipgldiins taipleestatioy lsesbptinyiZed sol@3edetorminmptacémehe pdlifies and/or

trading schedules vielding, minimal 24 implementation cost values. These extrema may then be
determiﬁe%wg\(ﬁg%ﬁﬁﬂgm]étmtor’ or may be hard coded into the MCP PLATFORM based on

7 beliefs regarding the tradeoffs between using a less accurate proxy of traders’
¢ impatience when trading securities, such as a mean-variance-measure - associated with
9 less computational complexity, and using a better proxy, such as a mean-risk-measure,

10 having increased computational complexity.

1[0054] In one embodiment, implementation cost weighs both the expected
12 transaction cost and execution risk. For example, the implementation cost may
13 comprise a sum of an expectation value for the implementation shortfall and an
14 expectation risk, such as a variance and/or standard deviation of the implementation
15 shortfall multiplied by a risk tolerance and/or aversion factor. For example, the risk
16 aversion factor K may be provided by the client, may be selected by the trader, or may be
7 a default value in the MCP PLATFORM. Tn one implementation, the risk aversion factor
18 may. be specified quantitatively. In another implementation, the risk aversion factor may
19 be specified as a qualitative value (e.g.: aggressive, moderate, conservative) and
20 converted by the MCP PLATFORM into a predetermined corresponding quantitative

23t value.

2z [o055]) In one implementation, implementation cost may be measured using a

23 mean-variance-measure and may take on the following form:



25 implementation cost at those placement policies and/or trading schedules to yield WO

2010/093963 T% Q% /024148 22 1 optimized implementation cost 13 ) R{;f&rred trading
strategy used%i‘f]ét u:i;(;‘? gg\%gluation may be selected by a MCP PLATFORI?\(/LI éa m‘}%gtraltor, selected by a

MCP 3 PLATFORM user, hard coded into a softwidre program, and/or the like. For example, the 4
preferred trading strategy may be selected based on computational complexity, market 5 conditions,
set of securitiess degired. spged of execution, and/or the like. For example, if a the order parameters
indicate that a client wants to trade a single stock within the 7 course of a day, an adaptive
mean-variance strategy for a single stock may be used. If the 8 order parameters indicate that a client

wants to’t %% ortfollb OP RSE RS AMERE G cHUPLIRIARR ATviUReY, be ARt @ Efean-variance
sateqy 1ok A AFCIR IS5 0 TIRS 5o SIoat g of paracioms may be used

evaluate implementation 11 cost in various embodiments asfllustrated by non-limiting paradigm
examples 12 gengEggE'[gS;Ee section entitled Implementation Cost Paradigms. See Figure 7 for 13
it I

further detail$ regjE ing constructing a paradigm for evaluating the implementation 14 Cost. 15 [0

060]JANn immediate contribution to the implementation cost, e.g., an 16 instantaneous implementation
cost, may [lsecexplessd astasiuridtion opbunariabonl/ ompkinemetiotecost enplabementaed/or trading
decisions 325. In one implementation, the ie immediate contribution to implementation cost is given by:
19 20 wheldthaé Ms e rep skl eoshofalaning MRhares immediately, and

g 10 = E[18] + k{var[Is]
10

1 [0058] In one embodiment, the preferred implementation cost measure may be
12 selected based on security parameters (e.g. beta, drift, volatility), order parameters (e.g.
13 security symbol, time within which to execute the order), and/or the like. For example,
1 if a client desires to execute a trade involving a large portfolio of stocks within one hour,
15 the mean-variance-measure may be selected as the preferred implementation cost
16 measure. However, if a client desires to execute a trade involving a single security over
17 the course of a day, the mean-risk-measure may be selected as the preferred
15 implementation cost measure, In another embodiment, the preferred implementation
19 cost measure may be selected based on easy of use associated with the implementation
20 cost measure as perceived by the client and/or the user. See Figure 6 for further details

21 regarding specifying the implementation cost.

2 [o0o59] In various embodiments, the implementation cost may be optimized to
2 determine placement policies and/or trading schedules vielding minimal
2 implementation cost values. These extrema may then be determined by evaluating the

25 implementation cost at those placement policies and/or trading schedules to yield



21 the third term represents the impact cost. WO 2010/093963PCT/U S2010/024101 23 1 [0 0 61]The

MCP PLATFORA\/I may define a total implementation cost as the sum 2 oéthe instantaneous
. W 2(}1(3{3%3963. . PCTUSa0T0024148 .
implementation cOst for a given order placement decision and the 3 corresponding go-forward optimal

implementation cost, as specified by the selected?¢ paradigm, at 330. Once the total implementation
cost has been determined, the MCP 5 PLATFORM may determine an optimal current order placement

decision 1bgp{%g%iqm§%@q%@, @;&jnaigiggot_h%gjé%%greglgq}%%%o%ﬁ%gst as, aef nct gln of order 7

: . 1 .
placement decisions, time horizon, and/or the like igures or further 8 details

regarding ¢heldetermingdepiinatauient proermlacerrnt. ARGRRIFNe detesmines,optifrg! current

order placement may, in one io implementation, be passed to a trading system to execute a trade of
the specifiBdAIFMBiImsentisaac dided imbe softsize esd@mlrnadeth e iipleFoe riatiopiehieeoptimal 12
current order placement may be provided for display to a broker, trader, investor, 13 and/or the like to
aid and/éMFEsUetwatne ﬁﬁ‘éﬂi@&h@?@b?.@A%@%me%@ﬁ%&é%l%m{hém@@ﬂwere are

more trades tqQ.pe executed 345,.such as for one or more js financial instruments for which. the total
impleme%gé)t%gﬁgggsst egsogseeeﬁﬁl D S v ?L%Sﬁrb‘e.xﬁc%‘?fﬁ@ﬁlgz ri%ﬁléﬁ?eﬁf&tﬁiﬁ“@é’&’ odel may be
updated yila theuteRiRa ahditiadanie, naliments 40, aad Ihendatstialgmplpmentation

cost may be minimized is again to yield the next optimal current order placement 335. Otherwise, the

current is soung of fragingns dene Shra30/1eiA6R NISLIRE A4Sk R 196i flow siagramiiiiystrating
selection of stochastic 21 processes in one embodiment of the MCP PLATFORM. In Figure 4,
informatioprd2rregandirigravhidicatmtket varizblewatistd thedspe pifiethhs sfothestiophdcesses may be

5 course of a few minutes, a non-adaptive mean-variance strategy for a portfolio of stocks

i may be used instead. A variety of paradigms may be used to evaluate implementation

1 cost in various embodiments as illustrated by non-limiting paradigm examples

12 described in the section entitled Implementation Cost Paradigms. See Figure 7 for

13 further details regarding constructing a paradigm for evaluating the implementation

14 CcoOSst.

15 [0060] An immediate contribution to the implementation cost, eg, an
16 instantaneous implementation cost, may be expressed as a function of current and/or
77 immediate order placement and/or trading decisions 325. In one implementation, the

18 immediate contribution to implementation cost is given by:

U, (AN) =0, nunlAN N _y+(8, +8,) max(AN - ¥

e e’

0

+ o AN AT 80 (17 2+ 1+ oW Tl y
19

2 where the first two terms represent direct cost of trading AN shares immediately, and

21 the third term represents the impact cost.



23 retrieved 405. In one implementation, such information may be stored ina MCP WO

2010/093963%%T2/0L1JS/(}29910/024148 24 PLATFORM configuration file. In W&gﬂﬁ;@%%iment, such
information may be ard® coded into a C++ software program. 3 [0064ﬁn one'em od‘lment, the MCP

PLATFORM may determine whether a 4 stochas@ process for a market variable was selected by a
MCP PLATFORM user at 410. 5 For example, the MCP PLATFORM user may select a stochastic

process fqrdagsTprket G yaiaple daamed ione bestowiefI9r e MAS! copdlians. st of

securities, desired 7 speed of execution, and/or the like. If so may check

whether ; ethgematiseitvariablasfleediobensrefintas Sl ehastis nacRsseR Al AN eturn to 9

410 until all the market variables on the list have been determined to be specified as io stochastic
processes:ottefposdihpngy-ifeore d mbddinh énmtp e diGioR LaTE @RMavifiy checkhat #1&t:2 whether a
stochastic process for a market variable has been selected as a default value, 13 such as by a MCP
PLATFORNI adisihist a6 PareibaripleltmNrorpriirrorNsbsamiatarainehdpadtenine how

the stochasti s for the market variahle should 15 be specified, and may update a configuration
file storifig ge%‘%ﬁ%@u%%ﬁg fie iiélégtﬁ%tgzi’ti@%%efélgfgats%gﬁa&fbc%‘?%s vtk Rratkétrariable

should beihaad-toRf ./ imAiRmentatan, g MefREATERRMadmniskalasgaytpdale the defaul

settings is using a graphical user interface by typing in, selecting a radio button, selecting an option 19

in a selechbexnand/@sdbplikeiassaoiaied, with herdelned sioshasticpeaceasday therarmarket variable
in an administration control panel of the MCP PLATFORM. In another 21 implementation, the

stochasticipteitessiodmgribeldtoariaisié ontinbbcaneiaulteapiedeyn2@tbeing hard coded into a
software program, such as a software program written in C+ +. If 23 there is a default value, the MCP

PLATFORM awychecRhwhaihernihet masketatarkablest order placement may, in one
© implementation, be passed to a trading system to execute a trade of the specified
1 instruments and/or number of shares 340. In another implementation, the optimal
12 current order placement may be provided for display to a broker, trader, investor,
13 and/or the like to aid and/or instruct a trade made thereby. A determination may be
# made as to whether there are more trades to be executed 345, such as for one or more
15 financial instruments for which the total implementation cost has been established at
16 335. If so, then the implementation cost model may be updated with the current book of
17 tradable instruments 350, and the updated total implementation cost may be minimized
18 again to yield the next optimal current order placement 335. Otherwise, the current

19 round of trading is done 355.

% [oc06s] FIGURE 4 is of a logic flow diagram illustrating selection of stochastic
2t processes in one embodiment of the MCP PLATFORM. In Figure 4, information
22 regarding which market variables should be specified as stochastic processes may be

1 retrieved 405. In one implementation, such information may be stored in a MCP



WO 2010/093963PCT/US2010/024148 25 1 need to be specified as stochastic processes at 425 and
return to 410 %‘%”2;%% fghe arket 2 variables on the list have been deterr?g:g% 15)/&§B§cified as
stochastic processes.%‘g[ﬁ)%]lf not, in one embodiment, the MCP PLA may prompt the MCP
4 PLATFORM user to select the stochastic proce&# for the market variable at 420, such as 5 by using
a user interface of the MCP PLATFORM (e.g. an input box, a radio button, a 6 select box, and/or the

like), by seleatingang/QreRieHRAANOrAN RXGR  SHIRRARNERL L andiasnelike nQApeR &ll market

variables have been specified as stochastic processes, the MCP PLATFORM proceeds to 310 of

Figure 3.24d06 TG OREbisvefaplegiafiow diagram illustrating specifying implementation lo shortfall
as a stochastic integral in one embodiment of the MCP PLATFORM. In Figure 11 5, information

regarding pyajlafie benghmaris may.heeticyada ¥a1pang 12 /ralamentation e lisf of
available benchmarks may be specified in a configuration file 13 of the MCP PLATFORM. In another

implementatiohadhe isic-oéafailabla berchmsde il day-noretneve d romFieNMGE: RLATG-ORM
database. 15 [0068]At 510, information regarding the available benchmark related parameters 16 may
be retrievdtpriproneteribediih@nt LAUBIDRI msatiomyrlebeaspecifietidyrtivesader GfelmabeeMCP

PLATFORM (e.(ge. risk tolerance). In another embodiment, the MCP 18 PLATFORM may generate
such paratiStariesisaicaiatieting (@ g 1R ErEkfraatiersforsd # tRENIED PEAFRORM

database). é) % p 69 _505111551% o%t%ﬁmif?l?é! g(l}a){ %eh%algj ﬁwgﬁ%% \%;5{;%% t{e l[!% reselected 21 a

& £eXe ! : CCIL W I
preferreci Benchmark. Thone implémenta lon, this’determination may ased 22 'on data

contained il SREf QAHESTd % 4RO Bk RIS AU K HiS JRIRITURAHO0R = and return to

s 410 until all the market variables on the list have been determined to be specified as

10 stochastic processes.

1 [co6s5] If not, in one embodiment, the MCP PLATFORM may check at 415
12 whether a stochastic process for a market variable has been selected as a default value,
13 such as by a MCP PLATFORM administrator. For example the MCP PLATFORM
14 administrator may determine how the stochastic process for the market variable should
15 be specified, and may update a configuration file storing defauit values to indicate that a
16 selected stochastic process for the market variable should be used. In one
17 implementation, the MCP PLATFORM administrator may update the default settings
18 using a graphical user interface by-t.yping in, selecting a radio button, selecting an option
% in a select box, and/or the like associated with the defined stochastic process for the
20 market variable in an administration control panel of the MCP PLATFORM. In another
21 implementation, the stochastic process for a market variable may be a default value by
22 being hard coded into a software program, such as a software program written in C++, If

23 there is a default value, the MCP PLATFORM may check whether other market variables



23 may be based on the available benchmark related parameters (e.g. a user profile WO
201(1/093963PCT/US2010/024148 26 1 specifying the client's and/or ﬂ}%i"'f?g?%)sny
re

i (%I? lt&lerance, stored
in the MCP PLA%&QW?database). 3 [0070]If the user selected a prefer enchmark, the MCP

PLATFORM may 4 retrieve and/or apply such beBShmark at 520. For example, such user selected 5
benchmark may be the Volume Weighted Average Price (VWAP) benchmark. If the user G did not

select a pigfanerkheneh Al s MF, R ATEQRM mey selest A BrSRmAsfaniL hengapmark at 525

In one implementation, such system default benchmark may be the 8 Arrival Price benchmark. 9

[0071]In-ongieMbosinentsthplernent diemsheidied eayherspesiiied s iprsteshastic integral at 530
based on the selected benchmark and the specified stochastic processes for market variables. 12 [0 0

T2FICURRRs 01 2 ogindotdipgrambiaiaing.snaelvipd rRameail i astiupeson in one

embodiment of the MCP PLATFORM. In Figure 6, information 14 regarding available implementation

cost meaREATRERNDeJettieveldathosolihane bhoinplesnentatian:dheslisthaf availapiedmplementation
cost measures may be specified in le a configuration file of the MCP PLATFORM. In another

implementativfinge liseoftaravaitibkeiMple MbATHORMdst anamsupes beay hearditrievedfrem the MCP
PLATFORM 18 database. 19 [0073]At 610, information regarding the available implementation cost
measurd SBTeIAtEY FardRTetars iy Hesrdtrdva anty sherdribisdiniat, Suercrirsrisatiorehay be 21

speuﬁed{ QX&?S'} l{ﬁ%ri&]ceFr@nMeCapﬂ %%ﬁgﬁgg%{gégdaev%sgegﬁ %f)gm 1es %!saé (9(:}\{\41% '1ca1qrocesses,
g the MCP PLATFORM proceeds to 310 of Figure 3.

s [o067] FIGURE 5 is of a logic flow diagram illustrating specifying implementation
10 shortfall as a stochastic integral in one embodiment of the MCP PLATFORM. In Figure
1 5, information regarding available benchmarks may be retrieved at 505. In one
1z implementation, the list of available benchmarks may be specified in a configuration file
13 of the MCP PLATFORM. In another implementation, the list of available benchmarks

12 may be retrieved from the MCP PLATFORM database.

5 {0068]  At510, information regarding the available benchmark related parameters
% may be retrieved. In one embodiment, such information may be specified by the user of
7 the MCP PLATFORM (eg. risk tolerance). In another embodiment, the MCP
15 PLATFORM may generate such parameters based on available data (e.g. historical data

18 stored in the MCP PLATFORM database).

0 i00649] At 515, a determination may be made regarding whether the user selected
21 a preferred benchmark. In one implementation, this determination may be made based
22 on data contained in the user request. In another implementation, this determination

23 may be based on the available benchmark related parameters (e.g. a user profile



22 implementation cost measure as perceived by the client and/or the user). In another WO
2010/093963PCT/US20101024148 27 1 embodiment, the MCP PLATFORM malﬁgéanerate such

parameters based oK available 2 data (e.g. historical data stored in the MEPBURTFESRM database). 3

[0074]At 615, a determination may be made regaBding whether the user selected 4 a preferred
implementation cost measure. In one implementation, this determination 5 may be made based on

data conjajpedahensaloRauasldp aRolEd rﬁ@i@{n@%@'@,nstér%&%&%s EPG9ATRYRe based on

the available implementation cost measure related 7 parameters (e.g. a user profile specitying the
client's andsstihe)ser's perception of ease a of use associated with an implementation cost measure,
stored in the MCP PLATFORM database). 10 [ O 75]If the user selected a preferred implementation

cost meas e, fag MCR WL PLATEORM ey eitiye angiar apelysisfcmplemaniaipn gst measure

at 620. For 12 example, such user selected implementation cost measure may be the mean-risk- 13

measure: ttthiewssendidinappdlectehpiefemechitnpienientation cashprRasiHe theMeRddPLATFORM
may select a system default implementation cost measure at 625. In one is implementation, such

system detanitingik mentatidre dostmeibtigh by eeagrelrien WA Rabemdesméali e 1s2{007611n
one embodiment, implementation cost function r;faéé)e specified based 18 on the selected

impleme?1_ ﬂ&WEE@F%@%ﬁ?@WCwP@%?ﬁ _Eoé;?l\i Iﬁ_@i’csﬁ]@ﬁ? aiggram dedadthting
consci AGSUATLZ0 MBI et o e et o e

PLATFORM. ormatfon regarding selected implemen
implementatian Price benchmark.

sfooyi] In one embodiment, implementation shortfall may be specified as a
1 stochastic integral at 530 based on the selected benchmark and the specified stochastic

11 processes for market variables.

2 {oo7z] FIGURE 6 is of a logic flow diagram illustrating specifying implementation
13 cost function in one embodiment of the MCP PLATFORM. In Figure 6, information
1 regarding available implementation cost measures may be retrieved at 605. In one
15 implementation, the list of available implementation cost measures may be specified in
15 a configuration file of the MCP PLATFORM. In another implementation, the list of
7 available implementation cost measures may be retrieved froﬁ the MCP PLATFORM

1 database,

v [oo73] At 610, information regarding the available implementation cost measure
20 related parameters may be retrieved. In one embodiment, such information may be
z specified by the user of the MCP PLATFORM {e.g. ease of use associated with an

22 implementation cost measure as perceived by the client and/or the user). In another



22 cost function may be retrieved at 705. For example, in one implementation, such 23 information

may be retrie c(fdtlj che storing information output at 530 and 63
;g‘va }%@5%»]%1 9{:*13%8010/024143

2010/093963 /024148 28 1 In one embodiment, information regarding market parameters
may also be retrieved at 2 710. 3 [0078]A paradighi of the go-forward optimal implementation cost may
be 4 constructed at 720. In one embodiment, such paradigm may be constructed based on a 5

evaluationegfiheiimspte eniatiprreas-uRet %h?%%é%f%%ﬁ?&%%?ﬁ&@%%é&%ﬂ?ﬁ%ﬂ fhprder

placement policies, using variational calculus and stochastic control theory, 7 associated with the
selected inipie feentasioni sl atitalktored émeataionPeostfOmtiatut Sbame).market parameters. In one
implementation, the evaluation of the implementation 9 cost function at the functional extrema with

respect to [uidey placemeniNaligias-mankensiPrRhinR daiakase AARAhES alementation, the

evaluation of the implementation ii cost function at the functional extrema with respect to order

placement polities:tayierishhatohcante dristougeCint srftinare neogsgon, kB iH00AHH @R 8 is of a

logic flow diagram illustrating the determined optimal 14 current order placement in one embodiment of

the MCP* PR TIeOHRNE Pasgdm Srfiafepniatind iaghediet reitkestpbr ametess irs@amentatiovaluation of

the total 16 implementation cost,may be retrieved. In one embodiment, numerical techniques may 17
ki i i

be used {0 HiMATLE YA (5t e ARSRT R FECRPHARKE I DR FHRCRTAHAR MRSl iERie WI9F815, a
market ' sOg| | inimi : implementation cost 19. may-be obtained. In
one imp?é?%ggﬁg%g%ﬁ% ﬁ%%fgrg‘ﬁ \ng eg%iﬁg%g-}ﬁee\%%%i%é% ggﬁrlees%sg ﬁ&%%“%%pt l%nrra}g?ﬁ%? order
quantity {hatiscagsesiaerhwithahenpininizediatehst measure, stored in the MCP PLATFORM

s database).

1w [oovs] If the user selected a preferred implementation cost measure, the MCP
11 FLATFORM may retrieve and/or apply such implementation cost measure at 620, For
12 example, such user selected implementation cost measure may be the mean-risk-
13 measure. If the user did not select a preferred implementation cost measure, the MCP
14 PLATFORM may select a system default implementation cost measure at 625. In one
15 implementation, such system default implementation cost measure may be the mean-

16 variance-measure,

7 [0076] In one embodiment, implementation cost funetion may be specified based

1 on the selected implementation cost measure at 630.

e [ooy7] FIGURE 7 is of a logic flow diagram illustrating constructing a paradigm
» for evaluating the implementation cost in one embodiment of the MCP PLATFORM. In
2t Figure 7, information regarding selected implementation shortfall and implementation
2z cost function may be retrieved at 705. For example, in one implementation, such

2 information may be retrieved from a cache storing information output at 530 and 630.



21 implementation cost. 22 [00 80]FIGURE 9 is of a drawing illustrating a non-limiting example of an

Order 23 Placement Decision question that may be solved by the MCP ELlAnggeRfel\zA:]gso we submit
WO 2010/093863PE¢I82010/024148 29 a market order now paying a ﬁaﬁjspreacf1 and market impact

or wait on a limit order 2 saving a half spread witl2géhe risk of not filling the order immediately and with
the risk of 3 the price deviating away from the arrival price benchmark further? As described above, 4

in one empedrRMLERME i RIARERRVEMAY SOWE HUs GHESIRR. DY, f@@ﬂ%@%%%@d%’“ma'

strategy or near optimal strategy for trading N shares in time interval T. In one odiment, the MCP
PLATFORMmay output the market order size that should be 7 placed during each sub-interval of the
time interval T. It is to be understood that the 8 MCP PLATFORM may solve a variety of Order

Placemenf Becigipn questinng; Miher RRO-IMiing. BxagiRies PhRKGRAUGSHRRS May aglude: How many

shares should | show io now as a limit order with limit equal to thé current best-bid? How many shares

should | 1 tcexecutechavy 2xs. Masketcentosm Al vwiah it ATice sAOWE dprstunyShaes en ECN-Z? 12
How many shares should | post to DarkPoolX as Peg-Mid orders? 13 [0081]FIGURE 11 is of screen

shot diagraraliriireangoementoditiencoftiimadion GRIRIATEORY Eysermntedace perohe
embodiment, a trader may place an order with 15 the MCP PLATFORM by specifying various

parametér%‘f‘%% HESHREY iIRAGFE P8 isardiaralasrlrpiE orddr parkamtiecostidh daesarurity
bol, tity, oA 7;hari d/or.the like, T d h h kt
symbo %‘%@6&%@.%&'%‘%@ eliptd i i ogﬁ?li%%@'i{ﬁﬁeﬁ@ o Qo asgg";‘cﬁz]enc marx fo

use such as arrival is price benchmark, enchma € (gii also specify
an is implemenation sastReAsUIR KhHIRSKAARMEARNALRNCEBIEAR IS iARdRticaulity- 20
measure, mean-risk-measure, and/or the like. The trader may also specify risk tolerance 21 that the
MCP PLAT#=ORMShoatdhistitedetel mineadiskdavessionteagtigieMcdhient policies may be

1 stored in a database, In another implementation, the evaluation of the implementation

11 cost function at the functional extrema with respect to order placement policies may be

12 hard coded into a C++ software program.

un[oco79] FIGURE 8 is of a logic flow diagram illustrating the determined optimal
% current order placement in one embodiment of the MCP PLATFORM. At 803,
15 information regarding market parameters used in the evaluation of the total
16 implementation cost may be retrieved. In one embodiment, numerical techniques may
17 be used to minimize the total implementation cost based on the market parameters. At
18 815, a market order quantity associated with the minimized total implementation cost
19 may be obtained. In one implementation, this may be a value of a C++ variable
n corresponding to the market order quantity that is associated with the mi_nimized total

21 implementation cost.

2[o0080] FIGURE 9 is of a drawing illustrating a non-limiting example of an Order

22 Placement Decision question that may be solved by the MCP PLATFORM: do we submit



22 trader may submit the order by clicking on the "Submit Order" button. WO

2010/093963%CE/&?%%L%/OMMS 30 Implementation Cost Paradigms %é%?%% IIQ/OQE; éembodiment, a
non-adaptive mean-variance strategy for trading a 3 single stock with arriva pnce“%enchmark may be

used. A non-adaptive trading strategy 4 is a tradi2g schedule y(t) that only depends on time, and the
stochastic component 5 comes from the random walk dB(t) of the mid-quote price. Using the

non-adapiivi, & REIRUALBNCESHASOK MY G desmoampualianaliointensive Ihan ysipgpn adaptive

7 mean-variance strategy. In one implementation, the expected implementation shortfall 8 and the

variance; ghtheg mpleresriationsiostfalk Ersich astaiostcmanha xeressedas tFd Wkoff Jo 10
Irar[IS]JO 11 [0083]Depending on a user's expectation of market performance, the temporary 12

market impecpfineciyirting amegtiyomayheakeion pricarietycbinalifs:thetnes B smidledrntation, the user
may set the temporary market imrxeéact function ex onen@/ to 14 between O (inclusive) and 1. In this
implemehtBtfSH, TP RAFRAIGn e MEGRIRAIAG M s sliiteidatrbieeies Magbe ainamohs: Wo

201O/OQ?%%%%%M%{%%O}Q{[OH%%% %%timal strategy for trading N shares in time interval T. In one

s embodiment, the MCP PLATFORM may output the market order size that should be
7 placed during each sub-interval of the time interval T It is to be understood that the
¢ MCP PLATFORM may solve a variety of Order Placement Decision questions. Other
s non-limiting examples of such guestions may inciude: How many shares should I show
10 now as a limit order with limit equal to the current best-bid? How many shares should I
11 execute now as market orders? At what limit price should 1 post my shares on ECN-Z?

12 How many shares should I post to DarkPoolX as Peg-Mid orders?

1n[oo81) FIGURE 11 is of screen shot diagram illustrating one embodiment of the
1 MCP PLATFORM user interface. In one embodiment, a trader may place an order with
i5 the MCP PLATFORM by specifying various parameters. As illustrated in figure 11, the
w trader may input order parameters such as security symbol, order quanfity, time
17 horizon, and/or the like. The trader may also choose a benchmark to use such as arrival
1 price benchmark, VWAP benchmark, and/or the like. The trader may also specify an
19 implementation cost measure to use suchlas mean-variance-measure, quadratic-utility-
» measure, mean-risk-measure, and/or the like. The trader may also specify risk tolerance
21 that the MCP PLATFORM should use to determine a risk-aversion coefficient. The

2 trader may submit the order by clicking on the "Submit Order" button.



31 hoclel fT/9=(5-t5)f++s+aPdt=Nods=adz: = fT =EIf8]+ K7V ail S| We need to solve

the following segond-order ODE cry(1+ 7.1)=0OL - f) + 20,r2X - with theép&%&%?{{ﬁﬁg%gition. ()=N
solvel

N(T) =0 The %o%/gem(sigﬁﬁ%an be solved efficiently by any standard OD 4such as the

one provided by INISL. 3 [0085 ]In another implem@ntation, the user may set the temporary market
impact 4 function exponent y to 1. In this implementation, the paradigm for evaluating the 5

implementation cost may be aqm&qwm@{mwr@bgr@pyrﬁf&q{@ and zero

2[loo82] In one embodiment, a non-adaptive mean-variance strategy for trading a
3 single stock with arrival price benchmark may be used. A non-adaptive trading strategy
4 is a trading schedule y(t) that only depends on time, and the stochastic component
s comes from the random walk dB(t) of the mid-quote price. Using the non-adaptive
¢ mean-variance strategy may be less computationally intensive than using an adaptive
7 mean-variance strategy. In one implementation, thé expected implementation shortfall
s and the variance of the implementation shortfall for such a strategy may be expressed

g as.

n T

. 3 ~ - - PR ; B Y e g L

Elis]= / (ﬁ gl = FE g (- ff.u-?‘&f.,f}) dt + Tj:‘\vi
0\ i -

Var(ls] = / X2(t)o %
40

10

1 [0083] Depending on a user's expectation of market performance, the temporary
12 market impact function exponent y may take on a variety of values. In one
13 implementation, the user may set the temporary market impact function exponent v to
14 between ¢ (inclusive) and 1. In this implementation, the paradigm for evaluating the

15 implementation cost may be as follows:



6 permanent impact is assumed): WO 2010/093963PCT/US2010/024148 32 Model Results U =

E[IS] + (Sid[lS‘JJOOiUSI&rQ:i,’IQEgI 2 3 [CP 0 86]In another embodiment, an alq%%ijv% nal%%‘n;\s(ariance
strategy for trading a % Sifngle stock with arrival price benchmark may be GSEG AR adlaptive trading

strategy is a 5 trading policy that depends on timeas well as the state space. The state space includes
6 the remaining position and some representation of the price history. In the absence of

Model

T r nA\ »\ :-:.,i‘
f5 o / [{S — 8 F+ (5 + &8 + o (:;{) ) _t;} dt — N - 5g
Ja . ¥/,

T .
/ (y+ frdt=N
G

dS = pdz

y o= y{t),

Utility
U = E[IS] + «Var[lS]

Results
We need to solve the following second-order ODE

oy (1o ) X

p — ={ 1 = fn)+ DX
(7L O e ) Lt h

1
with the boundary condition
Xy = AN
X{T) = 0
The above ODE can be solved efficlently by any standard ODE solves
2 [0084] such as the one provided by IMSL.

s[oo085] In another implementation, the user may set the temporary market impact
¢ function exponent y to 1. In this implementation, the paradigm for evaluating the
s implementation cost may be as follows (for notational brevity, zero drift and zero

¢ permanent impact is assumed):



WO 2010/093963PCT/US2010/024148 33 persistent major parameter mis-estimates on such things
as drift, an adaptive stratesgy 2 leads to lower implementation cost on average than its non-adaptive
counterpart. 3 L&HE W rket price follows a driftless arithmetic randorh Wi I%zgé%gff‘)‘ssdf Consider an
order of size N with trading horizon T. For brevity3assume zero limit-order 5 fill rate (i.e., f = 0). Let X(t)
denote the remaining position of the order, and the position 6 change is due to a trading policy tin 1
eThe implgpentation 7 shortfall IS may have the following dynamics:= (0'1/2B(t), _ 8 where a linear
temporary impact is assumed andi is the impact coefficient. Let C represent the difference between IS
and its expe‘(gce;gﬂ lue, namefy, C;= j@JJQLLSJ ¥ h’%n 10 EEC] = o. Moreover, d(C))(X - EX)] dt alt113(0'
where Ey2 n indicates the expected value of the random variable y2. The objective is to find the 12
optimal tradi "‘é,pgliﬁ}@yj fhat minimizes the objective function F = E[IS(T)] + U K. Var[IS(T)] where K is

f

1

the risk aversion coefficienit: 14 ,min F guiin 9} { E[l 8(S(T);} 15 [00871In one implementation, the
optimal adg&tlii\(g strategy may be formulated 16 in a form amenable to efficient numerical procedures.

Let the state space be 0, X, CY. 17 the whole objective function becomes:
= B8] 4 aVar(l¥]
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3 [0086] In another embodiment, an adaptive mean-variance strategy for trading a
4 single stock with arrival price benchmark may be used. An adaptive trading strategy is a
s trading policy that depends on time as well as the state space. The state space includes

s the remaining position and some representation of the price history. In the absence of



F 18 WO 2010/093963PCT/US2010/024148 34 1 [0 0 8 8]To find an efficient way to calculate EilS(T)]

and VaillS(7)1, the dynamics 2 of the first and second moments of X angc%r%% (9((}3 as follows: EFIS]

: 14 .
3since EKIi, is%%ﬁoa%f 6780 E[XI dE[X. E;Tyl, Yli + -EC - -E[C-;) by second-order 2I‘layéior expansion 98
"a2--E[C2] SINOC EC 1 is equal to zero 8 EIX23 dEIX21 -=dt Irtar(IS)

i persistent major parameter mis-estimates on such things as drift, an adaptive strategy

2 leads to lower implementation cost on average than its non-adaptive counterpart.

3 Assume market price follows a driftless arithmetic random walk 45 = odB{t).

+ Consider an order of size N with trading horizon T. For brevity, assume zero limit-order

5 fill rate (i.e., f = 0). Let X(t) denote the remaining position of the order, and the position

s change is due to a trading policy ¥ Cloie. dX(t) = —y()dl. The implementation

HIS) = {dy® + pX)dt + o XdB(1),
7 shortfall IS may have the following dynamics: AIS) = {ey” + pXjdl + o NdB({)

ik

‘ droom 2 . .
s where a linear temporary impact is assumed and © ~ ¥ is the impact coefficient. Let C

¢ represent the difference between IS and its expected value, namely, C = IS - EfIS]. Then

feey o T ar 2 g, 2 e VoA Yo 2
0 B[C] = 0. Moreover, A = {p(y” — By + wi X EX) dt + o XdB(t), where Ey?

1 indicates the expected value of the random variable y2. The objective is to find the
2 optimal trading policy y* that minimizes the objective function F = E[IS(T)] +

13 K-Var{IS(T}] where K is the risk aversion coefficient:

Yy =aremin F
wi-

=argmin {ES(TY + k- Var[fS(T)]}

14 wl-i

s[oc0o87] In one implementation, the optimal adaptive strategy may be formulated
1% in a form amenable to efficient numerical procedures. Let the state space be {t, X, C}.

17 the whole objective function becomes:

o
o T T e VT Tl Pl ey, B 3
F = / (R + no” BXY] & 2nd BCy" ) di
" Ja



dizar [i SId (721 didl - = Er2c5Clly2 - Ey2) a2 X21 = 2011 EIC212E[X2] WO

2010/093963PCIAS2010/024148 35 2[0089]In the case of a linear m | ction, the four
ordinary 3 dif%%@t}g%l(%%ésations (ODEs) and boundary conditions may ggiﬁg#ﬁ%&%{ wE[X]: tato

E{C2ilt_ o =0 E [X'211 r yrd 6[0090An efficient odé&-dimensional search over a to find the optimal a'
that 7 minimizes the mean-variance objective function may be done. For each potential value of a, the

above sy3t®:9% POEeIHRAbE srived Whih eaRhmansen AR IHRT 8 e duAdiaMn of a

second. i0 [0091]In the case of a power-law market impact function, the four ordinary
2 of the first and second moments of X and C may be as follows:

FEST

d S o
i L. "&Ei?g]
di -
= Gi° gince EICT is equal to zero
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= Zagy” EYC7 + 07 E1LXT




ii differential equations (ODEs) and boundary conditions may be as follows: WO
2019/093963%%Tzé%%g%%g)/omms 35 .d.E[C21 Qt dEfx.Cl dt - /72'E[X%chﬁ[§5%{5'/éz{%]8 3 [009%]As in
the linear-market-impact case, an efficient one-dimensional search 4 over'ato find the optimal a" that
minimizes the mean-variance objective function B8y 5 be done. [0093]In another embodiment, a
non-adaptive mean-variance strategy for 7 trading a portfolio of stocks with arrival price benchmark
may be usegd sip:this a embodiment, the price of the ith stock) is assumed to have an arithmetic
random 9 walk as follows:

AE XN 5 e _

S Bl X (5 - By~ oC]

= adif E{XC] ~ §E[CVT + ol

4
N Qe 1 A,
= g BIXC) = L5810 + S GE(CY by second-onder Taylor
£ 9 Lk % o |
1 CEPOATEEROTE

2[0089] In the case of a linear market impact function, the four ordinary

3 differential equations (ODEs) and boundary conditions may be as follows:

dEX) . ot a0
bl e ] l pesp— Y f"'}'
et ¥ ( 4 FLC 'E)

dEIX? PSR!
== 2y L BIX T+ - EIXC
dt y(i’ix-‘ ’;ZEILR‘(;}
1ECH 5 g e
dEIC7] = 2ady HICT 4+ 0" ELXE
{it e b H 3
AEIXNC, e Oy
— = aer E{XCT - 5@5:.-5 Bhi
4
E[)a} o =V
ElCA . =0
N T _ N2
IR el —
5£Q0Jﬂ~0

s foogol} An efficient one-dimensional search over a to find the optimal a* that
7 minimizes the mean-variance objective function may be done. For each potential value
8 of a, the above system of ODEs may be solved, which can he done on the order of one

s hundredth of a second.

1t [oo91] In the case of a power-law market impact function, the four ordinary

11 differential equations (ODEs) and boundary conditions may be as follows:



ii[ 0 0 94]The random walks of the ith stock and the jth stock are correlated, and the 12 correlation can
be described g;% cgvariance matrix E, where its element is: 13 [09:%%?50%5%8411_4\;@' WO
2010/093963 010/02-04 37 1 [0096]In one implementation, the‘para&f’gm iGls evaluating the
implementation 2 cost may be as follows: 4 [0 093 he close-form solutions may be obtained as
follows: = f2:1 12 + ift Mo..2 h-Var[arS1 =kr AcT42'A/15k Ii' M6 + 2AT - 2 cosh(2AT) - 1 M2 =2A
cosh( AT) - Jé%gﬁk?CAT) -, sinhCcAT)cosi Al =clA coshiAP - 1sh(AT)(AT) - AT)

Pl
=g ] e oitesd

dt y . 11 _{_,?}JELC: !
dE[X?] et

el B ORI SN

% i (‘rﬁj - I+?[{XC;)

o = 2adi I E[CY + 0* ENF]

(it
AL T o
S g BN ) - — af E|C

Cfﬁ - N 4 %an = . H

sfoogz] ~ As in the linear-market-impact case, an efficient one-dimensional search
4 over a to find the optimal a” that minimizes the mean-variance objective function may

5 be done,

s [0093] In another embodiment, a non-adaptive mean-variance strategy for

7 trading a portfolio of stocks with arrival price benchmark may be used. In this

¢ embodiment, the price of the ith stock 84t} is assumed to have an arithmetic random

5 walk as follows;

dSi(t) = it + 3 TydB(t) = i + UidB(1)

10 o

1 [0094]  The random walks of the ith stock and the jth stock are correlated, and the

12 correlation can be described using the covariance matrix T, where its element is:

s[o0gs]  Ti = coul(dSi{).dS(t) = ¥ =T7



-'2AT sinhi:ATcosh(2AT) - 1 1 sinh(2AT) 2A/' = A 2 cosh(2AT) - 1 41=9A) cAT1 11(shth(AT) +
AT)VAT) - 1 5 co(th 9AT% - ISinh(AT) AT) - 1)(sinh(AT)--r AT)cosh(AT) - cos%AMsinh( AT)IASA 6
[0098]The i%%lzerllplé’% &ton cost may be written as follows: WO 2010/095584M! %2010/024148
38 C=,151, -r-T) 2T) - | -Z A ; it .2 shili(Anshdon¥psh( An -1 1 AAT rt +or N

1foog6] In one implementation, the paradigm for evaluating the implementation

2 cost may be as follows:

The expected cost can be written as

“

.

Egmm[ (:z,u,f“.fxzﬁfzuz {i,}-Zii))cfé +6° - N,
I

and the execation risk is

.
Var]S] = / ST AZdL

; Jg B

s[ocoy] The close-form solutions may be obtained as follows:

EUS =2 M2+ 57 MyZ + i M+ 87 N

Var(l§) =2 M,Z + 57 M Z+ab My
Tosinh{2ZNTY 4 2XT
Ay = X —
) cosh{2AT} — 1
AL =0 cosh(AT) ~1 2\ (cosh{AT) — Dy(sinh{ AT — AT}
CTT sinh(ATy 7 cash{ ZXT} ~ 1
c:a:-s.l'x{ AT} - 1 DAT 4 9 A{{f()&éhfz\?j - i!( Siﬁfh{kf‘) - AT}
sinfi{ AT} cosh{2ZANT) — 1
1 sinh{2A\T) — 2AT
27 cosh{2AT) = 1

My =

My —2 {eosh(AT) — Isinh(AT) + AT} cosh{AT) ~ 1

N Pk
coshi{2AT) — 1 T sinh(AT

M, =2 {rosh{AT" - ]; {'sir;ah{}v:{"} +AT} 0 t()*-ili\ATJ - I AT
cosh{2AT) — 1 sinhiAT)

- R LiE
: A=A

s [0098]  The implementation cost may be written as follows:



h(AT) 2 [00991In the special case with zero drift, the terms become simplified as follows: 121 A
sinh(2AT) ZA;RI} 263 I;g 6J5 inh(2AT) - 2AT , cosh(2AT)-1T) - S'tth(”AQéﬁBQz]@%&?JE gnother
implementation, a commerC|aI optimizer may be uséd to obtain s the trajectories of the constrained
problem, and the trajectories obtained in the 6 optfinizer and the closed-form objective function
obtained analytically may be combined 7 as follows. Based on the optimal trajectories obtained in the
optimizer, the e’rg_}thiB trading;hoerizon is divided into sub-intervals [to =0, tt.17 _2,,tn. 1,tn =7],
where a stock is elt er trad{ng or not trading during each sub-interval. The trajectories will also
provide io the remainify igof the p@ﬁbﬁg_élﬁﬁﬁ_ér@ of each sub-period, [ N1, N2, .. = 0] ii When
trading during the subsinigrvallending at t,, us&tiéAnalytical framework to 12 optimize Wlth the
boundary condltlon )((t NzsRexibdieally t%%ﬁ’JUmlzar is,called to 13 update the sub-interval
|nformat|on 14 [O 101 ‘1}he {oilowimng not usgd e elements of the stock position vector X 15
are re- arranged such that the actively traded stocks are listed first, followed by the 16 stocks not

trading czlhtrg] 8 ej sub; In tl;,vs%lema Cc)agg x]&r%lf?%egrgo(séfﬁcgg t%%%%%/(%%ﬁf sglmphﬁed as follows:

e Lzr o SInh{ZAT) 4 2XT -
L}‘Jm e A cnsh{ﬁ.)&T} — 1
1ar osinhi2AT) — 20T -
1& jc‘f —7 - % n Z
A cosh(INT) — 1
e oar cosh(XTT} .
1€ =2 X 7 N
sinh{ AT

3

¢« [00100] Inanother implementation, a commercial optimizer may be used to obtain
s the trajectories of the constrained problem, and the trajectories obtained in the
¢ optimizer and the closed-form objective function obtained analytically may be combined
7 as follows. Based on the optimal trajectories obtained in the optimizer, the entire
s trading horizon is divided into sub-intervals [ts = 0, 1y, ta, ..., Iney, ta = T, where a stock is
¢ either trading or not trading during each sub-interval. The trajectories will also provide
10 the remaining shares of the portfolio at the end of each sub-period, [ N, N., ..., No =0 ].
11 When trading during the sub interval ending at t;, use the analytical framework to
1z optimize with the boundary condition X(t;} = Ni. Periodically the optimizer is called to

13 update the sub-interval information.

1#Joo10o1] The following notation is used. The elements of the stock position vector X
15 are re-arranged such that the actively traded stocks are listed first, followed by the

1 stocks not trading during the sub-interval:



39 2[00102] The diagonal matrix of temporary impact coefficient, the covariance 3 matrix, and the
drift term may 51? pzﬂgg—(%rranged accordingly: 5[00103] Denote the t}()ar[r%nsgzlj 1sﬂtlock ositions as: X
Q17 [0010419 2 Békote the guantities traded during the sub-intervald 8 fﬁﬂi 5] The solution
is given as follows: -K1- u2PT z ==thc-142p7- z =28slab( A 112(ti -2 sitho' /2 (t, (sini.iii. 112(t - tsacAt-
to

3

[o0102] The diagonal matrix of temporary impact coefficient, the covariance

[

matrix, and the drift term may also be re-arranged accordingly:

I S ¥y T i
q’EE{}l N fi:T ST PR
‘ LU e | Tz X o
5 [00103] Denote the terminal stock positions as:
TN
Xty =
5 e ! }L f\fz }

7[00104]1 Denote the quantities traded during the sub-intervals as:

Xt —X{) =

AN [ e

L AN | 0

i

[2n]

fooi105] The solution is given as follows:

.}Lfl mfj)l“ I#EQP”,"Z
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T il H Z
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cinhi A L2 g AL .
N aﬁi.hgjf\. !m {£—t; ) . &;&n?}.({’xw- (—1) 1)
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sinv All' U.,))sinht Ai itt WO 2010/093963PCT/US2010/024148 2 [0 0106] Let T =t,- t, and the cost
function can as follows: TCOS11(-(- Z AZ + shim An111(A T) -TCO(S11(- A zo
4A Asinh( ATt){g&ﬁ? W‘ﬁﬁ%.x&zo 1 3 4 [00107] Using the linear impac?’k){)%%?%ﬁ%)lt%{ future and
current risk-adjusted 5 costs are quadratic functiof8, so the optimal trading quantities can be
determined 6 analytically, and the optimal trading quantities can be obtained by minimizing the sum 7
of the costs as follows;GrAn= Gl LAY +ALIA - (b.- AAN 8+ NT NN [0 0 io 8J In another
implementat#or: a fottar=nemtr ’ ,ﬁti’é% may also be lo added to the objective function to take
into account dollar-H8UtrAlity 4s foiidws: WO 2010/093963PCT/US2010/024148

cosh(A' 2t — i, cosh{ A2 {t; — 1))

Al f-;hﬁ
Séllh{i\ e %i!i - 5‘, l}} Siﬁ'}il{a’iu?ii.g e ﬂim, 1 :iwf

2 qus'j.;‘;?ﬁj\fy]‘
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- 1 1 . fr -
it l“:‘;;j-ﬁs ‘"P(}?'iwl"” {pty + 280 X0}
s
YL 1Y
A =rdy Y Py R

1 A=A 1/2

»[00106] Let T =1 - tiy, and the cost function can be computed as follows:

s cosh{ATY cosh{ AT — 1 5

10 =2 Ao Z 4+ i 20 —=
sitth{ AT} TH sinh{AT)
. EJ' P cosh( AT} — 1 7. ZZ’QT i cosh{ AT} — 1 P

sinh (AT sinh(AT}

cosh{ AT — 1 N
+ !J:! . (?AJ‘W -— ;XT) f.f- ",‘” 61 . .’jl.?'%f

o s

+ 7 (i_.t-g} X+ X X, + Ay AZU}
3 i
¢ [0010%] Using the linear impact model, both the future and current risk-adjusted
5 costs are quadratic functions, so the optimal trading quantities can be determined
s analytically, and the optimal trading quantities can be obtained by minimizing the sum
7 of the costs as follows:

O = Ch{AN} + Cy(N ~ AN}
= ANT . (Ag+ AQAN + {by - by — ZA, NV AN

; +NT AN N

s [00108] In another implementation, a dollar-peutral penalty term may also be

10 added to the objective function to take into account dolar-neutrality as follows:



41 2[00109] In another implementation, time-dependent parameters may be used. 3 Let's break up
the horizon [O'Wg 2'9}(9/ tgvglc% Partg,. namely: [0, T1]and [T1, 7]. The 4.para|p%%§2&%g€g iﬂ%[o, Tr]. are
based on currént marke conditions, while the parameters 5 used in [T1, T| are estimated using some
smoothing mechanism that takes into account 6 Bdth current observations and historical patterns. In
this implementation, the total 7 implementation cost may be expressed as follows: IC a,ll 66.X' rdt O

Z; s ZTAIZI 8 9 where the subscripts 1 and 2 indicate the association with the first segment [0, T] and
lo the secqnpd éejmi@t“gr o Bh fe,§g@ﬁ?’}ze‘}ﬁ%aﬁd_ggﬁr&_@gﬂ*g Qthonokg lijtransformations of X.
The boundary cdaditions are X(0) = N'and X(T)= 0. 12 [0 0 1 1 0]fhe optimal cost-to-go value for [T1,
7' is equal to: T)[; W2 (T - T1) Z271) 13 V}l% 2010/093963PCT/US2010/024148 42 1 [c 0111]The

7
optimal cost-ta-gf v the#or o,/ Td IS8gudlitor -

e axT R e A P 2T e
1 T {h T 1‘1}«1& (;"{, T E‘__-n + RS .I(TH.E. ) _,ji:l i

2{00109] In another implementation, time-dependent parameters may be used.
3 Let's break up the horizon [0; T] into two parts, namely, [0, T3] and [T%, T]. The
4 parameters used in [0, 7:] are based on current market conditions, while the parameters
s used in [T, T are estimated using some smoothing mechanism that takes into account
s both current observations and historical patterns. In this implementation, the total

7 implementation cost may be expressed as follows:

Tl T e+ e “
IC = [ (Bly+y P y+eX T X} a
40 ,

T
+- / (63w +u ®ow + kX TS, X ) dt
R

Fal . .
' el > T - .
:/ ((&iy—i—Zg Zg“?*Zil,f\]Zg)(ﬁ
A0

T .
+ (ééy 2y Zot 7} Agzg) dt
8

¢ where the subscripts 1 and 2 indicate the association with the first segment [0, 71} and
1w the second segment [T, T], respectively. Z, and Z. are some orthonormal

11 transformations of X. The boundary conditions are X(0) = N and X(T) = 0.

12 [00110] The optimal cost-to-go value for [T\, T is equal to:

CATy. Ty = 8 X (TVy + [ Zo(T0y] %L,.x;f”-”am;h (...‘x YT - T ;)j Zo(T}
13 '



3 [00112]The total cost-to-go value for [0, 7] is equal to: T) =CA T C 5[0 0 1.13J In theory, the MCP
PLATFORM may use more segments than just two, s albeit at the cost i utational
burden. The MCPBIATEORM may apply this 7 approach in a rolling hogir{l:z&](/)%r?%g%zﬂ%gr{%% that it may
distinguish between current market e conditions &l expected market conditions throughout the
execution. [00114] In another embodiment, a dynamic mean-variance strategy for trading a is

portfolio ptggqlﬁ ith ,ﬁ{g\é%ltﬁ%%g&%t‘gg%w% P((; m.e%%p%sthe same lines as in ii the

single-stock case, the dynamic portfolio execution problem is to minimize the 12 following objective
function: 14 [00115] In this embodiment, the following ODEs and corresponding boundary 15
conditions May-b& Lsed: WO 2010/093963PCT/US2010/024148 dt 2 3[0 0116 ] In another

embodiment, éaz-‘@lxneim{pﬁq n-yg;!@ﬂ(@ gtgrtalle,gy fqritegggﬂ%a:fﬁkﬁ?“!gJ%ﬁt&cl_(_ \%EQM?TAP benchmark

may be used. [et vt be theé hormalized

+20Z (T {A 2 (ot AT ~ c.-m:-a‘(_.xi-f‘ﬁn‘;) L Z40) - Z,(T))
2 k 124 )

s[Joo112]  The total cost~to-go value for [0, T] is equal to:
. CO T =CWU, T+C(T, T)

s{oo1rg] In theory, the MCP PLATFORM may use more segments than just two,
s albeit at the cost of heavier computational burden. The MCP PLATFORM may apply this
7 approach in a rolling horizon fashion so that it may distinguish between current market

s conditions and expected market conditions throughout the execution.

s[oo114] In another embodiment, a dynamic mean-variance strategy for trading a
10 portfolio of stocks with arrival price benchmark may be used. Along the same lines as in
11 the single-stock case, the dynamic portfolio execution problem is to minimize the
12 following objective function:

T 1 r
F=E E /ﬁ (6"y +y by + s X TX)dt| + 2 f Cov (I8, u dy)dt

13 J

uw[oo115] In this embodiment, the following ODEs and corresponding boundary

15 conditions may be used:



5 instantaneous volume profile corresponding to [0, T]. Denote the cumulative volume 6 profile -
tBasically, 1/1 is equal to the market volume in [0, t] as a fraction of 7 the market volume in [0, 7]. Then
Vo = o and V"2 iqiﬂ?gﬁ‘fGBy definition, dVt = vtdt. If 8 the volume profile]fgﬂﬁgﬁf.]@{??%‘iﬁme time instead
of calendar time is used), then Vtis equal to t/T. Gmmce the total market volume in [0, T] is not
observable until time T and to the final market volume is countable, Vtis a semimartingale. 11
[0011]Let St be the mid-quote price that follows some arithmetic random walk. 12 Then the VWAP
price in the inter@ﬁ@j 7]is: gg’, v Egydl(& [,80118]The VWARP price in the interval [o, t] is: WO

2010/093963PCPWBE2010/024148344" 2 J0'0119]In the absence of uncertainty in Vt, using calculus
gives: A P@E%N?MI)@P,LIC 4 [00120] For gincertain volume profile, one option is to model Vt as a
Brownian 5 Dridge-tet § rephesentthé ,ekpygté'c’ﬁdgtantaneous volume profile. Let a be the volatility 6
corresponding tgﬁktg_@rowniqp bridge In this case 'll; =Li( BB) where BB is a

© = 2aff’ PHEICT] + FIXTLX]

it :
dFEICX - ‘ @
; R R el v el o A ot
| — = wy’ PykiC X Ef:.ft iy
L[X}W{ = N
EXTEX),_, =N'EN

ECX) =0
5 2 FRE -1t

100116} In another embodiment, a dynamic mean-variance strategy for trading a
¢ single stock with VWAP benchmark may be used. Let v be the normalized

5 instantaneous volume profile corresponding to {0, T1. Denote the cumulative volume

sﬁJ

¢ profile e vedt by ¥,

t Basically, V1 is equal to the market volume in [0, ] as a fraction of
7 the market volume in [0, T]. Then Vi = 0 and V¢ = 1. Also, by definition, dV; = v.dt. If
¢ the volume profile is flat (i.e., volume time instead of calendar time is used), then V; is
9 equal to {/T. Since the total market volume in [0, 77 is not observable until time T and

10 the final market volume is countable, V; is a semimartingale.

11 f00117]  Let S: be the mid-quote price that follows some arithmetic random walk.

12 Then the VWAP price in the interval [0, T is:

A sl
{3

13 4

14 00118} The VWAP price in the interval [o, ] is:



standard Brownian bridge and can be assumed to be independent of the price Brownian s motion. [on

01.21]Let Cov(Pt, 1/2) be the instantaneous covariance between St and Vt. The vs implementation
shortfall correSPSAUIY I the VWAP benchmark is as follows: WO 201853858646¢13%)52010/024148

45 1 [00122] Since the last term is exogenous (i.e44t is constant from the mean- 2 variance
perspective), it may be dropped it from consideration. Assuming dS = udB, 3then: dIS4 a[X-N (1-
V): dB 5[0 0 1 23] Denotg the cumulative trade quantity by Irt.In this case, = N- Xt. Define 6 P&L at
time t by Onalgnqlpﬁ 7 8 hire bt is the target cumulative trade quantity at time t. The sum of the first
two terms in the last equatloﬁ corresponds to the actual cost paid for buying Yt shares in 10 [0,t). The
sum of this actual cost and the third term represents the "realized" cost of ii trading fart shares by time

t (assumgwg(.;@{iiq)gj at tﬂlngxé %ﬁ)géﬁgg g%eusnsc)ellt%i%%y%rl r(,) usu’kg calculus gives:

VAR :i—’“ (P, — VW AP, dt
= (P, ~ VW AP)) dilogV')

3
+[001206] For uncertain volume profile, one option is to model V; as a Brownian

s bridge. Let vt represent the expected instantaneous volume profile. Let o be the volatility

s corresponding to the Brownian bridge. In this case @V = it + 0 BE] (hove BBisa
7 standard Brownian bridge and can be assumed to be independent of the price Brownian

& motion.

sfoo121] Let Cov(P;, Vi) be the instantaneous covariance between S: and V;. The

1v implementation shortfall corresponding to the VWAP benchmark is as follows:
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12 if 171 is greater (less) than WI, the MCP PLATFORM sells (buys) the difference at 13 midquote at
time t. The last term in the above equation is NV times the realized VWAP 14 price between o and t.
Therefore, pal’ At tHHETH the difference between the "realized" is cost BhY the B&FEfark cost. 16
[00124] If the objective function is set to be of quddratic utility type, then the 17 dynamic objective
function is as follows: WO 20101093963PCT/US2010/024148 46 1 and fits into the adaptive

stochastiq eApyRLamanaienS1 2 Qcka ik Qe VAP lipRce: dnpiepl iy Vi, ipdagsoLet .53

indicate the 3 average execution price seen by AP in [o, T]. Let Ml represent the average Let PR
be the 5:pariaipatipaspieinamelys e MbsPeMithifoaasend k0L 26LTheabaverelagonship also
sheds some light on dynamic VWAP. If, in the presence of volume profile uncertainty, the performance
of a dynariienV1ATAP strategy is 9 close to (I - PR) 'then little may be done to reduce the
implementation cost. 10 [ 0127] In another embodiment, a non-adaptive mean-risk strategy for trading
a 11 single stock witly arrival price benchmark may be used. In one implementation, the user 12 may
set the terfiporary* %r et iMipaceihctieh edponéhtifto between o (inclusive) and 131. In this
implementation, the paradigm for evaluating the implementation cost may be 14 as follows: Nita del

s [oo123] Denote the cumulative trade quantity by V.In this case, ¥; = N - X,. Define

L &
s P&L at time ¢ by Jo 813, namely:

- f "y AT f - o
IS, = / 4 ({i) -yt 4 [ X =N (1= Vs
S0 . Ja ’

£ P -« 4
- / " ( ?—) it / (f+y)Sdt + (NV, =Y S, — NV, VIV AR
40 H Je

7

¢ where NV; is the target cumulative trade quantity at time t. The sum of the first two
s terms In the last equation corresponds to the actual cost paid for buying i shares in
w0 [0,8). The sum of this actual cost and the third term represents the “realized” cost of
11 trading NV; shares by time ¢ (assuming trading at time ¢ is frictionless). In other words,
12 if Y; is greater (less) than NV, the MCP PLATFORM sells {(buys) the difference at
13 midguote at time t. The last term in the above equation is NV; times the realized VWAP
14 price between 0 and t. Therefore, P&L at time t is the difference between the “realized”

15 cost and the benchmark cost.

© [o0124] If the objective function is set to be of quadratic utility type, then the
17 dynamic objective function is as follows;

v t} . R
F=F [ / Gyt + kot X = N(1— V7P 4 2naCyidr|
S ]

18



15 WO 2010/093963PCT/US2010/024148 47 Utility ,7" = .E11,51crA/f4y +tuft Definitions Kt715 /97N

72702 27,fT' _2324824/32 Ftesults ={/a-zbv3whent<t
WO 20107093963 PCT/US2610/024148

46

i and fits into the adaptive stochastic control framework.

E_VW AP =
:foo125] Define VWAP slippage, denoted by VS, tobe ~ 8 ° Let  indicate the

3 average execution price seen by VWAP in fo, 71. Let M. represent the average

+ (relative) market impact incurred in [0, T, namely, I = T ks Ly ot PR be the

5 participation rate, namely, PR = N/Vr. In this case:

S‘ — Y .-'P.f - ORI
vs =22 VWAL ppy T
6 )

7Joo126] The above relationship also sheds some light on dynamic VWAP. If, in the
s presence of volume profile uncertainty, the performance of a dynamic VWAP strategy is

- PRy MT

¢ close to 1 , then little may be done to reduce the implementation cost.

1 {oo1z7] In another embodiment, a non-adaptive mean-risk strategy for trading a
1 single stock with arrival price benchmark may be used. In one implementation, the user
12 may set the temporary market impact function exponent y to between o {inclusive) and
13 1. In this implementation, the paradigm for evaluating the implementation cost may be

1 as follows:

Maodel

1
IS = / 1—1, S8+ ( S+8+w / ) 3;} dt — N5y
da | \v Y
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/ g+ b= N
o i}
A5 = odz
5 y = yit).
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2 [ 00128 ] In another implementation, the user may set the temporary market impact 3 function
exponent y to 1. In this implementation, the paradigm for evaluating the 4 implementation cost may be
as follows (for‘mtzé'ﬂ%“g%gevity, zero drift and zero 5 permanent impact fsAsEdHEH Rl ode]  Utility
7. U =+aylt(y 4- Pik: WO 2010/093963PCT/US2880/024148 49 Definitions NT N Trnx, = T7 37ThriN
1113 3} = min( T.) ,zcitl3(T'

I . N
= 1 -2 b oy — £
f\" ¢ ( Jf ] 3 \; 3}’}- L3
J I R S [T
£y = (\(a"g - -:gii}i"b' e g(ﬁf}‘z - 13551‘}‘) ‘ \f’—T—
RS 1. 16 Z T
el L T R ¥ B S
Sp= Lo gppeb gl At bt

:{00128] Inanotherimplementation, the user may set the temporary market impact
3 function exponent y to 1. In this implementation, the paradigm for evaluating the

4 implementation cost may be as follows (for notational brevity, zero drift and zero

5 permanent impact is assumed):

Model
v ) , ] .
Jo 7 J
-
A0
8 3 = ylt],
Uitility

F
/= ElIS] 4 5 / oy + fidt
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P Mak. 4] 00129(] In one implementation, the MCP PLATFORM may re-
: Q 2016/
MCP logic wakes up.
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+[00129] In one implementation, the MCP PLATFORM may re-optimize every time

s the MCP logic wakes up. Suppose the MCP PLATFORM is at to. The goal is to find the



SO 1 optimal AN shares that the MCP PLATFORM should trade in the next At seconds using 2 market
orders, which isapz%gt !ogstgr%e optimal policy that minimizes the overall costPS intezgrated fromtoto 7'. 4
[00130] The ir}?]egraf)ﬁomzto to T is broken up into two parts, namely, the(fﬁf%re{fjgzﬁg% to to to + At
(immediate cost) and the integral from to + At to Bgfuture cost). The 6 MCP PLATFORM may
approximate the integral from to to to-FAT by a rectangle. The 7 first integral may be based on

realime pasame ek ahsRYaRng end e RS BTent markehcondians. The seegnd mearal

may be based on smoothed parameter estimates. en thoug PLATFORM

has a clqa@armﬁmmjommmeﬁgt@axﬂomﬁéi%ﬁ*ﬂiﬁﬁ[?s@ﬁéyomﬁ@ HknthesMEP REATRGRM does not

have a closed-form 12 solution when the lower limit of the cost integral is positive. To evaluate the
optimal 3rdegtatedyodrora to F At to T, the MCP PLATFORM may use efficient numerical 14
techniques built around the closed-form solution corresponding to the cost integral 15 fromoto T. 16 |

0 0 13 24 fwoexanpleribeMeRIFEAT FORMiMay se B alans RHRSIRIe R /optinaality. Suppose

there is an optimal trade-out trajectory from o to T und a tail of the 18 trajectory from tto T for some o
<t < T. If theraettaltX ()it @oueddé:thersimbdribé isirermdifiog sharas forojéiecoyotne titial trade-out
trajectory, the tail is the optimal 20 solution that minimizes the cost integral from t to 7. If other
parameterdcB AT AR 1 dreirsimatedly inHomboRBaty thoreadihy i teweogler Bige. Therefore,

to mlnlm?gzﬁerszcz.}lt%e cqst |nte%%alpfrona tto T,?t{ue MCP PLATFORM may first pgfrform an efficient search

23 (e.q., bisection Searthior GolRERs A vy AP firftil 1S Wb S P rGeoamiel e wo

2010/093263RG THARRO 1004448 The second integral may be based on smoothed parameter

g3 estimates.

0 {00131} Even though the MCP PLATFORM has a closed-form solution when the
1 cost is integrated from o to T, the MCP PLATFORM does not have a closed-form
12 solution when the lower limit of the cost integral is positive. To evaluate the optimal
1 cost-to-go from fo + At to T, the MCP PLATFORM may use efficient numerical
14 techniques built around the closed-form solution corresponding to the cost integral

s fromoto T

6 [00132] For example, the MCP PLATFORM may use Bellman’s principle of
17 optimality. Suppose there is an optimal trade-out trajectory from ¢ to T and a tail of the
18 trajectory from t to T for some 0 < ¢ < T. If the actual X{1) is equal to the number of
19 remaining shares projected by the initial trade-out trajectory, the tail is the optimal
2 solution that minimizes the cost integral from ¢ to 7. If other parameters constant are
21 held constant, X(¢) is monotonically increasing in the order size. Therefore, to minimize
22 the cost integral from ¢ to T, the MCP PLATFORM may first perform an efficient search

23 (e.g., bisection search or golden search) that finds the fictitious order size for which X(#)



51 is equal to the observed number of remaining shares at t. For this fictitious order size, 2 there is a
closed-form solution of the trade-out trajectory from o to T. The tail of this trade-out trajectory from t to
T is the optiméﬁ &iHon that minimizes the cost integral 4 fromtto T. Tﬁg%ygggf(}{ﬂzéﬂfbture cost can be
calculated in closed-form. 5 [0 0 1 3 3] Let M denbfe the upper bound on AN. For each round-lot AN
between 0 6 and M, the MCP PLATFORM may calculate the sum of the immediate cost and future 7
cost and inimi 0, . iate cost is a trivially
convex flf r{%%g(?rtl%ﬁg%ﬁ%%@%@%%ﬁ%%%hgg%ﬁ%%ﬁrﬁgﬁﬁjggﬁ%ﬁ;&? %no %)r AR Why is the
future costisarviexiniosdd-flar bbligortg Mk Gfremainiag,shareoabl T, AR hiieingigmental cost
of trading one 11 more share is increasing in the number of remaining shares, which is a plain English
12 way of deflningtdoriveieity fSimce tthE sutheofitimad colexoiutictiomsrisrdorsvehe thet dvegall13 cost
function is convex in AN. As such, when the MCP PLATFORM conducts a search for 14 the optimal
AN, the MERPPLIRTEOR L Ge fraerese wnibricasHatchinopasadtiarsblution, which is guaranteed
to be globally optimal due to the convexity property of the 16 overall cost function. 17 [00135] In
another irlplmaidtiohetdd MOsPba THOR Womay vedeNcFan erderdsiilingfiletFdemond market
close for ta%zurrent daﬁ.HWithout loss of generality, let's 19 assume the MCP PLATFORM will be done

with exeé s By tielhl SHhE RSN raring s lais thestm aftbméirmedigietestanéiiag's market
close, next day's market gpen and 21 next.day's market close, respectively. The boundary conditions
are X(0) Lcﬁﬁ%{’]@%ﬁgm %%aﬁ %Zﬁ?%:m]flwaﬁ%ﬁg T|a§ft?10e3%:‘emaining quantity at the end of the 23

current tr ing daa/. The optimal M" can be obtained using an efficient one-dimensional
00134] Theimmediate cost is a trivially convex function in AN. The future cost is

s also convex in AN since it is convex in X(f) - AN. Why is the future cost convex in X(t) -
10 AN (i.e., the number of remaining shares at t + Af)? The incremental cost of trading one
11 more share is increasing in the number of remaining shares, which is a plain English
2 way of defining convexity. Since the sum of two convex functions is convex, the overall
13 cost function is convex in AN, As such, when the MCP PLATFORM conducts a search for
1 the optimal AN, the MCP PLATFORM can stop as sbon as it finds a local optimal
15 solution, which is guaranteed to be globally optimal due to the convexity property of the

18 overall cost function.

7 [00135] In another implementation, the MCP PLATFORM may receive an order
18 having time T beyond market close for the current day. Without loss of generality, let’s
19 assume the MCP PLATFORM will be done with execution by the end of the next trading
% day. Let T1, T2 and T3 indicate current day’s market close, next day’s market open and
21 next day’s market close, respectively, The boundary conditions are X{0) = N, X{T3) = 0
nand N4 =M%T, 1< Ts where M is the remaining quantity at the end of the

2 current trading day. The optimal M" can be obtained using an efficient one-dimensional



WO 2010/093963PCT/US2010/024148 52 search technique. Let cr, and 02 indicate intra-day volatility
and overnight- ' latility, respectively. Then the MCP PLATFO p a penalty
function for 3%@@@% rgépe parts as follows: 5 which is equivalent to: 7 0@%6 F‘i"eﬁia(‘lﬁj/ICP
PLATFORM may calculate the cost of optimally #8ding N - M shares in day 1, for which the MCP
PLATFORM has a closed-form solution via Euler- Lagrange equation with the appropriate boundary
condition sZhero vespighi dolding rigkdo £amhr falgHiniedhin choseskformiaswaellgliBotasiof optimally
trading M shares in day 2 14 can be computed semi-analytically through a combination of closed-form
solution; 131Rdmarsprinciylcibioptim MG, RatTFSRN basdad GikeqtiepepatsHandidhef@onvexity 13
property. 14 [00137] 15 [190138] 16MCP PLATFORM Controller 17 [00136] FIGURE 10 illustrates
inventive Bshaistores wrek ©alwERM controller le low in a block diagram. In this embodiment, the
MCP PLATFORM controller low may 19 serve to aggregate, process, store, search, serve, identify,
instruct, g7ﬂer§,}_@5 (?atc ;f‘a\/g;g”@?tlo/o &Q@E%%UU82010/024148

S a1t ——r {1 - e (1)

G

Tt -+ . = -
2t Jry 24T Jry 2t

s which is equivalent to:

T

./f,)

7[00136] The MCP PLATFORM may calculate the cost of optimally trading N - M

T
o iydi + M {7y — o)) (w‘fwﬁg — \/’Tl) + / oV iyt

5 Tz

s shares in day 1, for which the MCP PLATFORM has a closed-form solution via Euler-
¢ Lagrange equation with the appropriate boundary condition. The overnight holding risk
10 can be calculated in closed-form as well. The cost of optimally trading M shares in day 2
11 can be computed semi-analytically through a combination of closed-form solution,
12 Bellman’s principle of optimality, warm-start-based bisection search and the convexity
13 property.

1 [00137]

1 fo0138]

16 MCP PLATFORM Controlier
7 [00139] FIGURE 1o illustrates inventive aspects of a MCP PLATFORM controller

1 1001 in a block diagram. In this embodiment, the MCP PLATFORM controller 1001 may

1 serve to aggregate, process, store, search, serve, identify, instruct, generate, match,



53 and/or facilitate interactions with a computer through financial trading technologies, 2 and/or other

related data. [g&]]%ﬁ?(] [J;gg)ggally, users, which may be people and/or othe&&a&gm&nmgg engage 4

information te ogy systems (e.g., computers) to facilitate information processing. 5 In turn,
computers employ processors to process informa%ign; such processors 1003 6 may be referred to as
central processing units (CPU). One form of processor is referred 7 to as a microprocessor! CPUs use
communICRRNAEISHIRIQ RASERINAY SREOdedsiAnal R AcG ARSI Aians o sRaRlgaarous
operations. These instructions may be 9 operational and/or data instructions containing and/or
referencingratjier dtsiruetived datand data in various processor accessible and operable areas of
memory 1029 (e.g., n registers, cache memory, random access memory, etc.). Such communicative

12 instrugtiens 1My e ipiashAndieL tansm '&&s@g 12 Batehes s ar mihsﬁst%m@?;ﬁ%ﬁ 5 as

programs and/or data components to facilitate desired operations. Thesé stored 14 instruction codes,
e.g., progiafispmdyrengageltae SBhaircelit. conparents an giiee 1hfhrethadaogrskandier system
components to perform desired operations. One type of 16 program is a computer operating system,
which, nalpbBiEkeeorasysCPWlon arbresernpiteprtiess pefating ioystencie pabtessarsdifaciitates users
to access and gperate le computer information technol%%}éand resources. Some resources that may

be empl6yBA18RNTSFHLRiBh FURHIIS SRt HHGERNE: RtIRY B RERreretissEdhrough n

which daia, gy, BRSS . A0E, oL 013, complicr, memory. slorage Inla which data may, 21, be saved;

and processors by w information may be procéssed. These informa orvgy systems

may be ysediin collegtdaatarslalsr Ealinyal-ARaY SiHelthas Maninulatien,yhich may Be facilitated
through a database program. These information WO 2010/093963PCT/U52010/024148 54 1

technologysystéonslpiodjde ihterfacanttiahallontiistng thateessastdoperate vatiots8gsystem
components. 3 [00141] In one embodiment, the MCP PLATFORM controller 100 | may be 4 connected

to and/of éo¥hraticiteravigie minesssechessslenondimitedile oreaoomorensousesefrdmaiser input

devices ion; eripheral evices 1012; an pptional cryptographic 6 processor device 1028; and/or a
communicSaiE et 104801y, random access memory, etc.). Such communicative

12 instructions may be stored and/or transmitted in batches (e.g., batches of instructions)
13 as programs and/or data components to facilitate desired operations. These stored
% instruction codes, e.g., programs, may engage the CPU ecircuit components and other
15 motherboard and/or system components to perform desired operations. One type of
#% program 1is a computer operating system, which, may be executed‘ by CPU on a
7 computer; the operating system enables and facilitates users to access and operate
18 computer information technology and resources. Some resources that may be employed
1 in information technology systems include: input and output mechanisms through
» which data may pass into and out of a computer; memory storage into which data may
21 be saved; and processors by which information may be processed. These information
22 technology systems may be used to collect data for later retrieval, analysis, and

23 manipulation, which may be facilitated through a database program. These information



7 [00142] Networks are commonly thought to comprise the interconnection and 8 interoperation of
clients, servers, and intermediary nodes in a graph topology. It should 9 be noted that the term

"server" as usg}é) tﬁ’rlgfﬁ'a‘ﬁgﬁt this application refers generally to a lo comBﬁTé‘r{,S%{H%’rzﬁéﬁlice, program,

or combination thereof that processes and resporgds to ii the requests of remote users across a
communications network. Servers serve their 12 information to requesting “clients.” The term "client"

as used ;1%%5% S ra t&&]lgtg%ngput r, program, other device, user and/or combination
thereof that Is cz;\\pg‘g)légté)ec 14 rgcessing arziL er%gﬁrt?gaﬁgggugés gsa%dag tatfélg’lng?ﬁg é’ﬁﬁrﬁ?‘r%é’é‘%‘&%sg any
responsesfanml@sppmigacross a communications network. A computer, other device, program, or

16 combination thereof that facilitates, processes information and requests, and/or It furthers the

' [ tQ,a destinatj is I i dt "node."
pasage S ATAEn o, SUSAYERL DA SERPRSoS ST lesg s o mode

Networks are generally thought to itaté the om source gom?s to

destinatipasnAepRdashegiicatiniasiecROMiNinerinehe RassRysafn{ernation:fiem.a source to

a destination is commonly 21 called a "router." There are many forms of networks such as Local Area
Networks 2&(k ANs), Ricametivdrkiseiioe ;AredpNetwalid @4\ANS )a\brelessl NeftogkspMELANS), etc.
23 For example, the Internet is generally accepted as being an interconnection of a WO

2010/098 B3RSO ORFEA 106/95 hammdBistirserRsahePeby remote clients and servers may
access and interoperate 2 with one another. 3 [00143] The MCP PLATFORM controller loot may be
based on tomaputed systetwsrkshat neay camiyrise; it are oohjinistedlo icomponeaissuchias: a
computer 5 systemization 1002 connected to memory 1029. 6Computer Systemization 7 [00144] A

computet Bfstorizihof obontsasesuipasd Hissardiaponedsiial sprotcesinlyEnitieBrigs)" and/or
"processor(s)” (these terms are used interchangeable 9 thrqughoyt the dis¢losure unless noted to the
contrary)) {i%%%,ege %5%?&%?6%95%‘.’5{ 5‘51&38%%% %Teﬁ:\grgﬁp(@ﬁﬂfﬁé ARG Heess
memory AR/ I, . ost fr ly, although not
oo e B I R e o
more (mother}eqard(s)i 3« haviemhenred uctivmandiRhaterwisas@nsestive Gircuitpathways

through which
12 information to requesting “clients.” The term “client” as used herein refers generally to a
13 computer, program, other device, user and/or combination thereof that is capable of
1 processing and making requests and obtaining and processing any responses from
15 SETVers across a communications network. A computer, other device, program, or
6 combination thereof that facilitates, processes information and requests, and/or
i7 furthers the passage of information from a source user to a destination user is
18 commonly referred to as a “node.” Networks are generally thought to facilitate the
1 transfer of information from source points to destinations. A node specifically tasked
2 with furthering the passage of information from a source to a destination is commonly
21 called a “router.” There are many forms of networks such as Local Area Networks

22 {LANSs), Pico networks, Wide Area Networks (WANs), Wireless Networks (WLANs), etc.

23 For example, the Internet is generally accepted as being an interconnection of a



14 instructions (e.g., binary encoded signals) may travel to effect communications, 15 operations,
storage, etc. O tionallg/ the computer systemization may be connected to an is internal power source

1086. Optiona f]’,%%?ﬂ/ﬁ%sgraphic processor 1026 may be 17 connected” %T{Hsemsl)(/”sﬂ &M bus. The

system clock typically has a crystal oscillator and & generates a base signal through the computer
systemization's circuit pathways. The is clock is typically coupled to the system bus and various clock

mulipliers (iat il 20 N51eA% Ohdes(eAseINe.ASe oRPANDGISISREL LA CqRgUeNtS

interconnected 21 in the computer systemization. The clock and various components’in a computer 22
systemizatign, drivesigRals embodying information throughout the system. Such 23 transmission and
reception of instructions embodying information throughout a WO 2010/093963PCT/US2010/024148

56 1 CO“@Ft‘&%fﬁi/éifm%ﬂé‘%@%ﬂ?ﬁ?ﬂi@@éﬂ&&%@ﬁ%ﬂf%@? sg%wm&ﬁsﬁum%%&m

communicative instructions may further be transmitted, received, the cause of 3'return and/or
reply comeunicatipns-aayead theringant QOmpLted sistemRplianie: Sueamipunicatigpsiketworks,
input devices, other computer systemizations, peripheral 5 devices, and/or the like. Of course, any of
the abovesgeteporatiots 1hay deoerine dtedadndirectydo one another, connected to the CPU, and/or
organized in numerous variations 7 employed as exemplified by various computer systems. [00145]
The CPU comprises at least one high-speed data processor adequate to execute program
components for executing user and/oCsystamegcheratedaatjoests. io Often, the processors
themselves will incorporate various specialized processing units, ii such as, but not limited to:

integrated! &/8tkhftdus} CHISHERS SHEHIAHARNRREMBIY 1 TS dntoHoARRY puimtahits, and
even specigiged ioggaang sywals ke d3 aapiics piocesaing unlls, dgkalsianal prgressing unts,
and/or the'like. Additiona y, 14 proces/sors may Include internal fast access addressable ' memory, and
be Capa@'ﬁq%ughou‘c the disclosure unless noted to the contrary)) 1003, a memory 1029 (e.g., a

10 read only memory (ROM) 1006, a random access memory {RAM) 1005, etc.), and/or an

11 interface bus 1007, and most frequently, although not necessarily, are all interconnected

12 and/or communicating through a system bus 1004 on one or more (imother)board(s)

13 1002 having conductive and/or otherwise transportive circuit pathways through which

14 instructions (e.g., binary encoded signals) may travel to effect communications,

15 operations, storage, ete. Optionally, the computer systemization may be connected to an

% internal power source 1086. Optionally, a cryptographic processor 1026 may be

17 connected to the system bus. The system clock typically has a crystal oscillator and

18 generates a base signal through the computer systemization’s circuit pathways. The

1e clock is typicaily coupled to the system bus and various clock multipliers that will

2 increase or decrease the base operating frequency for other components interconnected

2 in the computer systemization. The clock and various components in a computer

22 systemization drive signals embodying information throughout the system. Such

23 transmission and reception of instructions embodying information throughout a



15 mapping and addressing memory 529 beyond the processor itself; internal memory may 16 include,
but is not limited to: fast registers, various levels of cache memory (e.g., level 1, 17 2, 3, etc.), RAM,
etc. The procé@gﬁPlﬁH‘gﬁggécess this memory through the use of a 18 mé)rﬁgﬂﬁ %{}&{H?%%lé‘gspace that is
accessible via instruction address, which the procggsor 19 can construct and decode allowing it to
access a circuit path to a specific memory 20 address space having a memory state. The CPU may be

a microplagessal.Fushas Zhiol Rialo.Dusan andlof Apieios; ARMS applicalion epeqded and

secure 22 processors; IBM and/or Motorola’s Drag all and Power s and Sony's Cell 23

processar chiehariRlere nnGereH@) Omay AL, RS RluIm Xean raases XSralg2d.and/gr the like
processor(s). The CPU interacts with memory through instruction WO
2010/093968RC S0 162 4dm81ERidaassibgviirdudh dostduttivenantiorstaasiorntive eanduits (e.g.,
(printed) electronic 2 and/or optic circuits) to execute stored instructions (i.e., program code) according
to 3 conVeitiBRRIHEEYO E8EERTY T BHE WEEiost cRtieSt RTBH PR SERRTHalie® spedphemlnication

within the MCP PLATFOR ntroller and beyond through various 5 interfaces, Should processing
A Ao i Lo ol ELBOE TR BB BrobCLBRE S,

requiremen%nccﬁgtaz{e greaeferiamoun spee& n

DiStribUt§QEi%Gl%/ RLATF, QW@I,MH&&%M%%, and or )%%anized irl1 NUmMerous variat}ons

core,parallel,and/orsuper-computerarchitecturesmaysimilar 8 employed.Alternatively, should

deploymeshipigyitnentsdictale igreatpfupotiabilityr spaalies. Personal Digital Assistants (PDAs) may
be employed. lo [ 0 (:)14 6] Depending on the particular implementation, features of the MCP 11

PLATFORM g2y Pp agfiievad by impiementings? BHERGHLRNE SHENASCART Rlequate to
s execute program components for executing user and/or system-generated requests,
10 Often, the processors themselves will incorporate various specialized processing units,
1t such as, but not limited to: integrated system (bus) controllers, memory management
12 control units, floating point units, and even specialized processing sub-units like
13 graphics processing units, digital signal processing units, and/or the like. Additionally,
# processors may include internal fast access addressable memory, and be capable of
15 mapping and addressing memory 529 beyond the processor itself; internal memory may
16 inchude, but is not limited to: fast registers, various levels of cache memory (e.g., level 1,
17 2, 8, etc.), RAM, etc. The processor may access this memory through the use of a
1 memory address space that is accessible via instruction address, which the processor
18 can construct and decode allowing it to access a circuit path to a specific memory
» address space having a memory state. The CPU may be a microprocessor such as:
2z AMD’s Athlon, Duron and/or Opteron; ARM’s application, embedded and secure
22 processors; IBM and/or Motorola’s DragonBall and PowerPC; IBM’s and Sony’s Cell
23 processor; Intel’s Celeron, Core (2} Duo, Itanium, Pentium, Xeon, and/or XScale;

2 and/or the like processor(s). The CPU interacts with memory through instruction



12 R805iXC2 microcontroller; Intel's MCS 51 (i.e., 8051 microcontroller); and/or the like. 13 Also, to
implement certain features of the MCP PLATFORM, some feature 14 implementations may rely on
embedded co‘f%%&%ﬁ?é?@uch as: Application-Specific 15 Integrated Cirggﬂ"("%&g?@z)‘,iﬁigital Signal
Processing ("DSP"), Field Programmable 16 GatgArray ("FPGA"), and/or the like embedded
technology. For example, any of the ii MCP PLATFORM component collection (distributed or

st aulr g RN e BEP IR UEIC OB OCSly a d

components; e. via IS A , COproces A, an nately, some

implemenjatiops S0 dheudS FEdDéx%ILEQBMéH%s@ﬁ@ﬁ%@%}%ﬂd’%ﬂh@%@@?@@&%ﬁ@ﬁﬂems that

are 21 configured and used to achieve a variety of features or signal processing. 22 [00 147]
Dependingparditéopalticidar impleessintatitethifiquembehidbd dnsnporients;23sngy iiaclliteesoftware
solutions, hardware solutions, and/or some combination of both WO
2010/093983RTT/ca520 107008 148 BECE Hi-OWEFSBberatre bl tishbeFadedaiivipgh, TGP L ATFORM

features discussed herein 2 may be achieved through implementing FPGAs, which are
semicortUEBFHE IO NG R BroGFARRLBIE I0G1C CofSerbrt CaRNEt oIS, and

proorammatie  igRARREE (S B s e AR REFITIRSELERANG aetieg e low cost

5 Spartan series manu by Xilinx. cks and interconnects ca programmed by the

customer gfrelesigngsnafter thel FRGAssmapuiacidred deHidnplpmentany oktheiMGP BLATFORM
features. A hierarchy of programmable a interconnects allow logic blocks to be interconnected as

needed byithEddR RUATIRORMsBaydtcrptiosigne nagmiaistratodistriregieateik pcatabidiahip
programmable breadboard. io An FPGA's logic blocks can be programmed to perform the function of
basic lodie gates Restriil ik AT SR BAmaravdsmspelerdinbinational functions such as
decoders or 12 simple mathematical functions. In most FPGAs, the logic blocks also include memory
13 elemenhis owhiod mapbedingpledligifogsdianere icophptetediocks fefimenary. fhesdiid 14

circumstances, the MCP PLATFORM may be developed on regular FPGAs and then 16 migrated into
a fixed VeFdi6n TREYhdre Y el mpevad oy iy HsHiEs s, TAREPRRE BHGE s8thditalig L s

Impleme NS M Igrate MER R RN Rt ey, eSO her); and/or the like.
13 Also, to implement certain features of the MCP PLATFORM, some feature
# implementations may rely on embedded components, such as: Application-Specific
15 Integrated Circuit ("ASIC"), Digital Signal Processing ("DSP"}), Field Programmable
16 Gate Array ("FPGA"), and/or the like embedded technology. For example, any of the
77 MCP PLATFORM component collection (distributed or otherwise) and/or features may
18 be implemented via the microprocessor and/or via embedded components; e.g., via
19 ASIC, coprocessor, DSP, FPGA, and/or the like. Alternately, some implementations of
» the MCP PLATFORM may be implemented with embedded components that are

21 configured and used to achieve a variety of features or signal processing.

nfoo147] Depending on the particular implementation, the embedded components

213 may include soffware solutions, hardware solutions, and/or some combination of both



17 final ASIC instead of or in addition to FPGAs. Depending on the implementation all of is the
aforementioned embedded components and microprocessors may be considered the 19 "CPU" and/or
"processor" fo W NEPBLATFORM. 20Power Source 21 [00148] The W%{??&é4%86 may be of
any standard form for powering small 22 electronggcircuit board devices such as the following power
cells: alkaline, lithium 23 hydride, lithium ion, lithium polymer, nickel cadmium, solar cells, and/or the
like. WQ / 010/024148 59 1 Yy (ﬁ&ﬁ or DC power spurces may be
used as W%%%ﬁ%%gﬁ%g éé()) ar %%ﬁl(s%,%? n 2 ons %’n%%ﬁ%nen , the cggaé{%lf%sv%sé%uﬁa eég%??ﬁ?e through
which the seipneelcmayed eRRIMER RRYICRIERRRIBLJAS RIWEr sall 1986 iscrnpestedipat least one
of the 4 interconnected subsequent components of the MCP PLATFORM thereby providing an 5
electric curcaiditorm| suigsaguerit edoghonenisienanedkdniplgicthinplostesisd wieg k8804516 connected
to the system bus component 1004. In an alternative embodiment, an outside 7 power source 1086 is
provided thrStigfiaceBniaetiors dbrobigtheerorpescinterfasey irtraseaien nd ¢ SBedot ioHEEE 1394

connection carries both data a?d power acrgss the 9 connectjon and is therefore a suitable source of
power. iSIEPéVf?@e KGRt T‘Sﬁ‘f%ﬁeIhi’eﬁga’l%ﬁxbug%é%)[gf@@‘?snWaBF@&?EB?H%o??Hn&For

communj n £, of.i e adapters, conyentjonally, although not.necessarily in the form
of 13 adg%%gggga%é,ggugw zgebl}td H{ogt %ngit(e% t%%%ﬁﬁ%o%ﬁt iJcn er a%c%é (i?o%ﬁ%%‘é%,ag%?%fge tJ‘.)4 interfaces
1009, netwapicintaifases low dandiarihelikerORIP RN LY PIORRRIIS Arogessenintgfaces 1027
similarly may be connected to the interface bus. The interface 1E bus provides for the communications
of interfaca depteestwifioenegnblbdsas welh@schimwittedthercedmiponertdoftre CORRILET
systemization. Interface adapters are adapted is for a compatible interface bus. Interface adapters

conventibRaf§BoHisEs 2B Tosinteracebeshih bkel ot erertiptoresaorvabivobrerdinarthitectures

may be empl " .
y be SR 9’%%% s logic blocks can be programmed to perform the function of basic logic gates

11 such as AND, and XOR, or more complex combinational functions such as decoders or
12 simple mathematical functions. In most FPGAs, the logic blocks also include memory
12 elements, which may be simple flip-flops or more complete blocks of memory. In some
1 circumstances, the MCP PLATFORM may be developed on regular FPGAs and then
15 migrated into a fixed version that more resembles ASIC implementations. Alternate or
16 coordinating implementations may migrate MCP PLATFORM controller features to a
17 final ASIC instead of or in addition to FPGAs. Depending on the implementation all of
1 the aforementioned embedded components and microprocessors may be considered the

19 “CPU” and/or “processor” for the MCP PLATFORM.

30 Power Source

21 {00148] The power source 1086 may be of any standard form for powering small
2 electronic circuit board devices such as the following power cells: alkaline, lithium

23 hydride, lithium ion, lithium polymer, nickel cadmium, solar cells, and/or the like.



20 such as, but not limited to: Accelerated Graphics Port (AGP), Card Bus, (Extended) 21 Industry
Standard Architecture ((E)ISA), Micro Channel Architecture (MCA), NuBus7 22 PeriEheraI Component
Interconnect @Qt@ﬁ%g §‘€DCI(X)), PCI Express, Personal 23 Computer]i\ﬁgr%zr(};}ﬂéarmnternational
Association (PCMCIA), and/or the like. WO 2013/993963PCT/US2010/024148 60 [0 5 o] Storage
interfaces t009 may accept, communicate, and/or connect to a 2 number of storage devices such as,

but not Ipeted o slraap deiees A1, Ismoralis A dise dadses, ndioL i e, Sigrage mterfaces

may employ connection protocols such 4 as, but not limite tra) (Seria anced Technology

Attachmeph{Paeketindeierface )4l ideriall APMBI) (Ephancedlintegrates: Reyenklectronics
((E)IDE), 6 Institute of Electrical and Electronics Engineers (IEEE) 1394, fiber channel, Small 7

ComputercSystemshiiteriacad3@Shhe) piversateSerizB Bis (LiSBytahdionthiediteofi@0db tdNetwork
interfaces low may accept, communicate, and/or connect to a communications network 1013. Through

a comm{IHEaERIS eréed sHo LS e mIRaatP pAthE HFIN BEATERRNE HezebyibleisadH remote
clients 10%[32%9.%., comPlijtij}:s ith 11 web browser t%{users 1 33% Network intenzf??c s may employ
connectibfi ProtoEBI&eE> ‘St ?%%EHBF%H%‘&E{H?' PeCthHiRe ?’é SIMEE{EICTARY, Wisted pair 13
10/ 10011009, Bas8 i Apdlaria kel oken g virclesaaannseion e &g EFmd 6802 Liax,

and/or the like. Should processing requitements dictate a greater amount is speed and/or capacity,

distributegnebvesk:contiolarsega-Rigirtisied MeRd® R LATEORM) Giehitesttesmaysimilarly be
employed to pool, load balance, and/or ‘ ‘

s example, a USB and/or IEEE 1394 connection carries both data and power across the

s connection and is therefore a suitable source of power.

10 interface Adapters

11 [00149] Interface bus(ses) 1007 may accept, connect, and/or communicate to a
12 number of interface adapters, conventionally although not necessarily in the form of
13 adapter cards, such as but not limited to: input cutput interfaces (1/0) 1008, storage
w4 interfaces 1009, network interfaces 1010, and/or the like. Optionally, cryptographic
15 processor interfaces 1027 similarly may be connected to the interface bus. The interface
1 bus provides for the communications of interface adapters with one another as well as
7 with other components of the computer systemization. Interface adapters are adapted
1 for a compatible interface bus. Interface adapters conventionally comnect to the
19 interface bus via a slot architecture. Conventional slot architectures may be employed,
20 such as, but not limited to: Accelerated Graphics Port (AGP), Card Bus, (Extended)
21 Industry Standard Architecture ((E}ISA), Micro Channel Architecture {(MCA), NuBus,
22 Peripheral Component Interconnect (Extended) (PCI(X)), PCI Express, Personal

23 Computer Memory Card International Association (PCMCIA), and/or the like.



17 otherwise increase the communicative bandwidth required by the MCP PLATFORM 18 controller. A
communications network may be any one and/or the combination of the 19 following: a direct
interconnectiof PtHE YAt Het; a Local Area Network (LAN); a 20 Metropdlitay &P k&tvork (MAN); an
Operating Missions as Nodes on the Internet 21 gaMNI); a secured custom connection; a Wide Area
Network (WAN) a wireless 22 network (e,g., employing protocols such as, but not limited to a Wireless

Appllcatlo 8 WAPhljt ge:% ?néj/or the like ,tand/or the like. A(? twork |nt rface may be 24
regarded sas ahze FBrm of an npu (?UPDLXIH%%?’ ac& BUrther huft Oﬁe‘iv&‘élr%‘

2010/093%@%%£r o %%@/@%&é@s@m%rm%fqﬁﬂlm&w%%&get%,%{&@qsiw L YRUOMS

communications network types 2 1013. For example, multiple network interface$ may be employed to

allow for:ths:3 dintoemumicato mhedth adoashritlicashaantoidnicastAetw Pksob 90d82] Input
Output interfaces (I/0) 1008 may accept, communicate, and/or 5 connect to user input devices 1011,

peripherabseise 100 1 evotoyr&hia présebdbratbvicesl1 026 raniogpr fitikeelO (Pragkemploy
connection rggt\ocols such as, but not limited to; audio; analog, dl%)tal monaural, RCA, stereo, and/or

the like; dHAe %ﬁ?é@%@l@%‘@b@?&ﬁﬁ) (EERengedblptegsitar ﬁi%%@F@é’ﬂ&%@{g%) infrared;

tick; k l; P TP5/2 allel; t ID
Connecior R0, N DS EERDAEHE MO Dt UL MNERact o,
high-definiting éﬁ&ﬁ@‘ﬁﬁ@e@é@éﬂj U%%SBFS&%?BGQ@U%Y'QEQ/M% 1ik@.ana/or the like;

wireless: 802.na/b/g/n/x, Bluetooth, code division multiple access

s fo0o151] Network interfaces 1010 may accept, communicate, and/or connect to a
9 communicatiqns network 1013, Through a communications network 1013, the MCP
10 PLATFORM controller is accessible through remote clients 1033b (e.g., computers with
11 web browsers) by users 1033a. Network interfaces may employ connection protocols
1z such as, but not limited to: direct connect, Ethernet (thick, thin, twisted pair
13 10/100/1000 Base T, and/or the like), Token Ring, wireless connection such as IEEE
14 802.11a-X, and/or the like. Should processing requirements dictate a greater amount
15 speed and/or capacity, distributed network controllers (e.g., Distributed MCP
15 PLATFORM), architectures may similarly be employed to pool, load balance, and/or
17 otherwise increase the communicative bandwidth required by the MCP PLATFORM
% controller. A communications network may be any one and/or the combination of the
1 following: a direct interconnection; the Internet;. a Local Area Network (LAN); a -
2 Metropolitan Area Network {(MAN); an Operating Missions as Nodes on the Internet
21 (OMNI); a secured custom connection; a Wide Area Network (WAN); a wireless
22 network {e.g., employing protocols such as, but not limited to a Wireless Application
23 Protocol (WAP), I-mode, and/or the like); and/or the like. A network interface may be

2 regarded as a specialized form of an input output interface. Further, multiple network



13 (CDMA), global system for mobile communications (GSM), WiMax, etc.; and/or the 14 like. One
typical output device may include a video display, which typically comprises a 15 Cathode Ray Tube
(CRT) or Liqui‘ﬁ%ﬂ}gf 3%t’splay (LCD) based monitor with an 16 interfac%cirépé??ﬂW&ﬁscuitry and
cable) that accepts signals from a video interfacegmay 17 be used. The video interface composites
information generated by a computer is systemization and generates video signals based on the

composadiBlRIBAIan, a1 3 deamempnc A ANEroupdeeels aelsy o set which

accepts signals 20 from a video interface. y, the video Interface provides the cormposited video

21 informatien. trauekem yidecrinecionyiieriaesribal acsens anvjdsndisplayinterface22 (e.g., an
RCA composite video connector accepting an RCA composite video cable; a DVI 23 connector
accepting @Dyiuisptaycaleich mtolpasty D 2040/ 288 68REBTAISRE10MAR4148 62 [ 0 (115 3 ] User input
devices ion may be card readers, dongles, finger print readers, 2 gloves, graphics tablets, joysticks,

keyboardq,anouge (micgputemeiaicanteetacsetimacy rertdersqlrackballscdragkpadieandmuthe like. 4[5
4] Peripheral devices 1012 may be connected and/or communicate to I/O 5 and/or other facilities of
the like susmaschetworkrimerfacesjcstorage ipteifaees, dndées tliadikeryPariphphad gexiessmay be
audio devices, cameras, dongles (e.g., for copy 7 protection, ensuring secure transactions with a

digital siRstifes aRafori fkéhedikerdaPpreveeaurey rernnesiarunetiomasitychgglas, mafcrophones,
monitors, hetwork interfaces, printers, scanners, storfage devices, video devices, video squrces, Visors,
io and/of that (e{.i%ff:[ébl g}éﬁftl@ﬁgu%%tghggg&qﬁ%ﬁf,af%gguéhe{?g@a lﬂr&g\?l\g{&’a‘i’{?&apé} ral devices

12 t ' | .13
dedcatent Sna P o L Readbes B - RO ARET St

¢ keyboard; midi; optical; PC AT; PS/2; parallel; radio; video interface: Apple Desktop
1 Connector (ADC), BNC, coaxial, component, composite, digital, Digital Visual Interface
11 {DVI), high-definition multimedia interface (HDMI), RCA, RF antennae, S-Video, VGA,
2 and/or the like; wireless: 802.11a/b/g/n/x, Bluetooth, code division multiple access
13 (CDMA}, global system for mobile communications (GSM), WiMax, etc.; and/or the
14 like. One typical output device may include a video display, which typically comprises a
15 Cathode Ray Tube (CRT) or Liquid Crystal Display (LCD) based monitor with an
1 interface (e.g,, DVI circuitry and cable) that accepts signals from a video interface, may
17 be used. The video interface composites information generated by a computer
1 systemization and generates video signals based on the composited information in a
19 video memory frame,. Aimther output device is a television set, which accepts signals
2 from a video interface. Typieally, the video interface provides the composited video
21 information through a video connection interface that accepts a video display interface
2 {e.g., an RCA composite video connector accepting an RCA composite video cable; a DVI

22 connector accepting a DVI display cable, ete.).



14 over a network interface connection. 15 [00156] Cryptographic units such as, but not limited to,
microcontrollers, is processors 1026, interfaces 1027, and/or devices 1028 may be attached, and/or 17
communicate Wﬂﬁ'{ﬁ'@%fféﬁ? PLATFORM controller. A MC68HC16 micrdcottrotté¥ 18 $hanufactured by
Motorola Inc., may be used for and/or within crypgmgraphic units. The 13 MC68fIC16 microcontroller
utilizes a 16-bit multiply-and-accumulate instruction in the 20 16 MHz configuration and requires less

than one, seegd g pelionn, &, S12:DLRSA 21 Rrivate, key operetion, Gryptoaraphis unita support the
authentication of 22 communications from interacting agents, as wefl as aliowirig for anonymous 23

tfanS&CtiQ@ﬁ)x@é}’%@%lﬁ@ ISB1BILS gﬂ?@ﬁ@ﬂé? R&/5onHgURRe A3 RATSf, GRHoEaAISRL W0,
2010/093963PCT/US2010/024148 63 microcontrollers and/or processors may also be used. Other

commerciathydavaitahtehaibp ecidtizeld cryplogeaphileprocessors include: the Broadcom's CryptoNetX
and other a Security Processors; nCipher's nShield, SafeNet's Luna PCI (e.g., 7100) series; 4

Semaph@{%%qf@ﬁwniWW%QPMH%BM%QFfb%%n%@&éd@{ﬂ&é%@ﬂﬁiﬁ&aﬁﬁ?@@%}@s (e.g.,
Accelerator 6000 PCle Board, Accelerator 500 Daughtercard); Via 6 Nano Processor (e.g., L2100,

L2200, U240 plinechavHictiiisesapabtelik pedomming 5Okt Mt e barypio grepiicds stidgtions; VLSI
Technology's 33 MHz 6868; and/or the like. 8Memory 9 [00157] Generally, any mechanization and/or
embodinédhe dikiRgrippretedevess rmaffdet tvdistslerieeaneimeresisluldtinfosndborcipyegarded as
memory 1029. However, 11 memor%]is a fungible teciahnol gy and resource, thus, any humber of

memory ‘18" 8HBEdImENY iy B EmBIvEaHR e B of if BBACSIERG Bnd4HGth &R 1o be 13

understoog 1At MEEF-AdFARM RAERNENAT/BLA GO MRS SY e RIZAU0 A% ork
| 9 interfaces, printers, scanners, storage devices, video devices, video sources, visors,

10 and/or the like.

it [oo155) It should be noted that although user input devices and peripheral devices
12 may be employed, the MCP PLATFORM controller may be embodied as an embedded,
13 dedicated, and/or monitor-less {i.e., headless) device, wherein access would be provided

14 over a network interface connection.

15 [00156] Cryptographic units such as, but not limited to, microcontroliers,
1 processors 1026, interfaces 1027, and/or devices 1028 may be attached, and/or
v communicate with the MCP PLATFORM controller, A MC68HCi6 microcontroller,
. 1 manufactured by Motorola Inc., may be used for and/or within eryptographic units. The
16 MC68HC16 microcontroller utilizes a 16-bit multiply-and-accumulate instruction in the
20 16 MHz configuration and requires less than one second to perform a 512-bit RSA
2 private  key operation. Cryptographic units support the authentication of
2 communications from interacting agents, as well as allowing for anonymous

2 transactions, Cryptographic units may also be configured as part of CPU. Equivalent



14 employ various forms of memory 1029. For example, a computer systemization may be is
configured wherein the functionality of on-chip CPU memory (e.g., registers), RAM, Is ROM, and any
other storage g&ﬁgé%oﬁgé%rovided by a paper punch tape or paper pungﬁT P He8hanism; of
course such an embodiment would result in an exggemely slow rate is of operation. In a typical
configuration, memory 1029 will include ROM loo6, RAM 15 1005, and a storage device 1014. A

storage dice, LMY b SONVSUIanl 20 compuist sysiem slorage, Siface devges may

include a drum; a (fixe 1'remova agnetic drive; a magneto-optical drive; an optical

drive (i.e; Bluatmt L2 GRBMUBANR s ARl R)IRE WHIARE AR W PYRRIRIN: HRQVD RIRW

etc.); 23 an array of devices (e.g., Redundant Array of Independent Disks (RAID)); solid state WO
2010/093968REYT/re2eif/024145 b4’ mehieldy, dexeNst($) SBmmerCry(sglid-atete didvies;(SSD),
etc.); other processor-readable 2 storage mediums; and/or other devices of the like. Thus, a computer
systemiZation® feiter Alfvagaicasiont nmdkedliiFe dtondmongr 4CBmpdnast Cotiettpnrshio 0158] The
memory 1029 ma%/ coc?tain a collection of program_and/or database 6 components and/or data such

as, but HothirRItEAIESS dpdrathieeiretamassii NI 109% BpaAng Krtents At mAtion server
componeny(s) 1ot (infol _gg Sgrver), gogs%fzin(%% face co onenté 1017 (user interface); Web
browser componentl% i%?g r%‘We(i) browser); GE) agalsng(s?;&%‘&és; T %&%P\%&%@%%%ﬁéﬁ?ﬁ 1021; mail
client is compRREBKHiIdA23h & UNQUFERRIS ﬁgmefegﬁm%e@g(ﬁwﬁ%@memmﬂm@wer): u the
MCP PLATFORM component(s) 1035; and/or the like (i.e., collectively a component 12 collection).
These components may be stored and accessed from the storage devices 13 and/or from storage
devices gccessible through an interface bus. AltBgigHy non- 14 conventional program components
such as those in the component collection, typically, is are stored in a local storage device 1014, they
may alsé be tesiedl arfd¢oerstdyeaninmechweirarpsaod /as: qebipliereat dslieesg R AMcessmote storage
facilities throu%h a . ) o
1 affect the storage and/or retrieval of information is regarded as memory 102¢. However,
1t memory is a fungible technology and resource, thus, any number of memory
12 embodiments may be employed in lieu of or in concert with one another. It is to be
13 understood that the MCP PLATFORM controller and/or a computer systemization may
1 employ various forms of memory 1029. For example, a computer systemization may be
15 configured wherein the functionality of on-chip CPU memory (e.g., registers), RAM,
16 ROM, and any other storage devices are provided by a paper punch tape or paper punch
17 card mechanism; of course such an embodiment would result in an extremely slow rate
s of operation. In a typical configuration, memory 1029 will include ROM 1006, RAM
19 1005, and a storage device 1014. A storage device 1014 may be any conventional
2 computer system storage. Storage devices may include a drum; a (fixed and/or
21 removable) magnetic disk drive; a magneto-optical drive; an optical drive (i.e., Blueray,

22 CD ROM/RAM/Recordable (R)/ReWritable (RW), DVD R/RW, HD DVD R/RW etc.);

23 an array of devices {e.g., Redundant Array of Independent Disks (RAID)); solid state



17 communications network, ROM, various forms of memory, and/or the like. 180perating System
19[00159] The operating system component 1015 is an executable program 20 component facilitating
the operation SR NIEEPLATFORM controller. Typically, the 21 operg'mébgflgéﬂé%"%scilitates access
of 1/0, network interfaces, peripheral devices, 22 &forage devices, and/or the like. The operating
system may be a highly fault tolerant, 23 scalable, and secure system such as: Apple Macintosh OS X

(Server); AT J , 10/093963PCT/US20: 4148 65 | OS; Un‘gxrgrn%i Ix-like system
distributio%é%ﬁ&ﬁa%ﬁ%?&#s\{%@%?gé ﬁ?ﬁé‘g s&‘)%vééir\ée qé%?ﬁbeué!fho(% %‘Iﬁ:}rggﬁq’é lons éégLe as
FreeBSD sNatR s bhInenB SRq aRdiendhadkiees danvy distribuions suaihas.RedktdatMigintu, and/or

the like); and/or the like operating 4 systems. However, more limited and/or less secure operating
systems atsoerdly begbismpialyedlsaizast Appledylacintosh OS, IBM OS/2, Microsoft DOS, Microsoft
Windows s 2000/2003/3.1/95/98/CE/Millenium/N1'/Vista/XP (Server), Palm OS, and/or the like. 7 An
operating system may communicate to and/or with other components in a component collection,
including itself, and/or the like. Most fretjurenibndhe OpHeaiiignd system communicates with other
program components, user interfaces, and/or the like. io For example, the operating system may

contain, tbRMMtRithte TG8TBFREHALAN BRSPSy Bl deRaPh RIS SRE/Syst@iAbaRser, and/or

~ data communicationg, rlgg eséislt 12 aQ_d/or res op%esﬁ;’&? operatiggésg}?em, once exeg[rst d by the

CPU, mgf Ehapie te nteraction (\:NII%S’CP)U munications network 'rs;i‘“?fa,cﬁgﬁ)p%g& evices,

program, 1, £pmpaRafis. eSO rsRRIRRN devices Andianing e Theaneringaysiom may 15

provide communication$ protocols that allow the MCP PLATFORM controlier to is communicate with
other entitigsithirpughca comppusicajonsnetwerk0ldedanvels brocemnunigation@ioiessls may be

used by the MCP PLATFORM controller as a is subc,arrier transport mechanism for interaction, such
as, but rotWieltebirwyseilitictasahssFEP /114y DRaINisaser andropeheniks. 20iformailionlBetver

10 component(s) 1022; cryptographic server component(s) 1020 {cryptographic server);

1t the MCP PLATFORM component(s) 1035; and/or the like (i.e., collectively a component

12 collection). These components may be stored and accessed from the storage devices

12 and/or from storage devices accessible through an interface bus. Although non-

i4 conventional program components such as those in the component collection, typically,

15 are stored in a local storage device 1014, they may also be loaded and/or storéd in

15 memory such as: peripheral devices, RAM, remote storage facilities through a

7 communications network, ROM, various forms of memory, and/or the like,

1 Operating System

19 {00159] The operating system component 1015 is an executable program
w component facilitating the operation of the MCP PLATFORM controller. Typically, the
2 operating system facilitates access of I/0, network interfaces, peripheral devices,
2 storage devices, and/or the like. The operating system may be a highly fault tolerant,

23 scalable, and secure system such as: Apple Macintash OS X {Server); AT&T Plan g: Be



21 [00160] An information server component tot6 is a stored program component 22 that is executed
by a CPU. The information server may be a conventional Internet 23 information server such as, but
not limited to A& fivare Foundation's Apache, WO 2010/093963SE¥/EE1/024148 66 1
Microsoft's Internet Information Server, and/or theskke. The information server may 2 allow for the
execution of program components through facilities such as Active Server 3 Page (ASP), ActiveX,

jactve: ) . £on W ipts, d [
(ANS) Objgcite) 4 CiandlonNET, Sommon ceteway ¢ nterace (G sqipte, dynamic O

hypertext markup language (HTM ava, rac xtra t Language

(PERL), HypesiextiBrecRso0essen& 48 4k ra@%&@@bp@;%@g%@ﬁ@ﬁﬁ%@@%@'1ﬁl¥ﬁp)'

|IArebObjects, and/or the like. 7 The information server may suppor ure communications protocols
such as, blimotdisiriiteth e, shill v Redfent iotocol( 2abP)r theekdexnlyansiernReipel kil TP);
Secure 9 Hypertext Transfer Protocol (H1 | PS), Secure Socket Layer (SSL), messaging protocols le
(e.g., AnfetIEEEORiIRE PR Metantivicad amgépAew) sepplicationiixe hasigaéA@Xiy 1 HEQ, Internet

Relay Chat (IRC), Microsoft Network (MS essenger Service, Presence 12 and Instant Messaging
Protocol (SR AL EABTEHHL TR o (e U 3 eBesieh RIS ). SIP
for Instant Megsagig 2 . i EX iQns (S| E), open XML -based
Extensible Mes?sagéifn?%fa{r]l %ﬁ@&@%@%ﬂ%&%ﬁ@ﬁ%ﬁ%@% pgﬁ gbﬁ%‘eebgﬁ?ance's
(OMA's) instanbMessagingrend HaP@seneeiofevies UMPS)) ahophdpstant Massenger Service,
and/or the like. The 17 information server provides results in the form of Web pages to Web browsers,
and is alfotesiprrtbrs mralvipinated dediemtied fofithi o el dige Mbsohighhiptigctienopithoiier 19

program components. After a Domain Name System (DNS) resolution portion of an 20 HI iP request is
resolved‘t8Ya PR RIS TER SEivePrasemiermatBpnserueer interfaces, and/or the like.

te For example, the operating system may contain, communicate, generate, obtain, and/or
' provide program component, system, user, and/or data communications, requests,
1z and/or responses. The operating system, once executed by the CPU, may enable the
% interaction with communications networks, data, 1/0, peripheral devices, program
4 components, memory, user input devices, and/or the like. The operating system may
% provide communications protocols that allow the MCP PLATFORM controller to
16 communicate with other entities through a communications network 1013. Various
7 communication protocols may be used by the MCP PLATFORM controller as a
18 subcarrier transport mechanism for interaction, such as, but not limited to: multicast,

19 TCP/IP, UDP, unicast, and/or the like.

F information Server

2 [00160] An information server component 1016 is a stored program component
2 that is executed by a CPU. The information server may be a conventional Internet

2 information server such as, but not limited to Apache Software Foundation’s Apache,



21 resolves requests for information at specified locations on the MCP PLATFORM 22 controller
based on the remaindegﬁ%f the FFITP request. For example, a request '%?0%)?70 "y
hftp.//123.124Wﬁ%’.]f%7mylnformation.html might have the IP portion of the eques% iéf
"123.124.125.126" resolved by a DNS server to éGinformation. server at that IP address; WO
2010/093963PCT/US2010/024148 67 1 that information server might in turn further parse the http

request fofihecgqiravhiamationbimiRosianofine ceaneshand fesalveitie a logation,n memory 3

containing the information "mylinformation.html." Additionally, other information 4 serving protocols

may be erafiteyést ahsaseaatinusinais: SxtoMPGRMNUNIcato ne- R 86 essH i tivandiqethe like. An
information server may communicate to and/or with 6 other components in a component collection,

including iRsee, @idibrifeiiittesoMibie WOlkectiMost Eréeubrithy, ahd/mfolNAdtiCeserwver@&oawaunicates with
the MCP PLATFORM database 1019, ogerating systems, other program components, user interfaces,

Web 9 bfWEBFaCS{drot tHanke L1838 B ) NeEE s B aRkum 2 peprgs EG M dH:AS Es I iay be
e L R el S o

2 .
12 enumerate a rough intér-appfcation ¢ ca

enumerafegiejopt e ooy HOR e ORISR IR HAR) T ARSHHRIOLGH 8- WiE; L4 browser

are parsed through the bridge mechanism into appropriate grammars as 15 required by the MCP
PLATFORMe Iinfone sibhagdiment shedpformationesenves wosdecls provideladiiomitacsessible by a
Web browser. Entries made into supplied fields in 17 the Web form are tagged as having been entered
into the paiitifidrisieltls Aranplarsbtesald SUEN. Hyeertrer ttaesfes RBre chan PASE8d Sdomg with the

field tags, which act to instruct
s Hypertext Transfer Protocol (HTTPS), Secure Socket Layer (SSL), messaging protocols

w0 (e.g., America Online (AOL) Instant Messenger (AIM), Application Exchange (APEX),
11 1CQ, Internet Relay Chat (IRC), Microsoft Network (MSN) Messenger Service, Presence
12 and Instant Messaging Protocol (PRIM), Internet Engineering Task Force’s (IETF's)
13 Session Initiation Protocol (SIP), SIP for Instant Messaging and Presence Leveraging
14 Extensions (SIMPLE), open XML-based Extensible Messaging and Presence Protocol
5 (XMPP} (i.e., Jabber or Open Mobile Alliance’s (OMA’s) Instant Messaging and
% Presence Service (IMPS)), Yahoo! Instant Messenger Service, and/or the like. The
v information server provides results in the form of Web pages 1o Web browsers, and
18 allows for the manipulated generation of the Web pages through interaction with other
19 program components. After a Domain Name System (DNS) resolution portion of an
20 HTTP request is resolved to a particular information server, the information server
21 resolves requests for information at specified locations on the MCP PLATFORM
22 controller based on the remainder of the HTTP request. For example, a request such as
z http://128.124.125.126 /myInformation. htm! might have the IP portion of the request

# “123.124.125.126” resolved by a DNS server to an information server at that IP address;



is the parser to generate queries directed to appropriate tables and/or fields. In one so embodiment,
the parser m?ﬁﬁenerate gueries in standard SQL by instantiating a search 21 string with the proper
join/select co AHAEBEed on the tagged text entries, wherein 22 the ?ggmﬁ%"@cz)n%df%and is provided
over the bridge mechanism to the MCP PLATFORM 23 as a query. Upon generating query results
from the query, the results are passed over the 24 bridge mechanism, and may be parsed for

formatting ey aRoeration ofaveriants, Wa-FORAESSRAEE Tl SEOR0IRARLAS fF Yeb page by

, S
the bridge mechanism. Such a new results Web page Is then provide information server,

which may,/suphsiiedbe kediestngiVebheowgatsSIRALAZLAIS S andnfoumation sesek-may contain,
communicate, generate, obtain, 4 and/or provide program component, system, user, and/or data

commuriications,tgreheest®randion réspoinsesiabldsdit intériadéi@nainG 3pitee finfctinatohcomputer
interfaces in some respects is similar to automobile operation interfaces. Automobile operation
interface EREVIBAIESRH Bs Tt iPig PSS et SHreus ReEpet ontaiireomanitaie titaaccess,

operation, and io dli§glla% rcl)({ /g}l}gtt%m%@e Arg?r? Egegsfié:%l#&[gggéi}t | éaé% gsﬁ%gﬁﬁ g&%gg%&gﬁraaion ii

. & I'QSS O i
interface lamante steh as'chec oxes, cur ctively and

commonlgferteghio Asidgels) simiady taalliale g asasse L3 cnsaan anddlsgiayof data and

computer hardware and operating system resources, 14 lonality, and status. Operation interfaces

are commiialy alletragenibictiaceso iR Goaphical usahinisiéaces(al sy such asdtredple Macintosh
Operating System's Aqua,
s database 1019, operating systems, other program components, user interfaces, Web

9 browsers, and/or the like.

1© [00161] Access to the MCP PLATFORM database may be achieved through a
11 number of database bridge mechanisms such as through scripting languages as
12 enumerated below (e.g., CGI) and through inter-application communication channels as
13 enumerated below (e.g., CORBA, WebObjects, etc.). Any data requests through a Web
4 browser are parsed through the bridge mechanism into appropriate grammars as
15 required by the MCP PLATFORM. In one embodiment, the information server would
16 provide a Web form accessible by a Web browser. Entries made into supplied fields in
17 the Web form are tagged as having been entered into the particular fields, and parsed as
1 such. The entered terms are then passed along with the field tags, which act to instruct
19 thé parser to generate queries directed to appropriate tables and/or fields. In one
2 embodiment, the parser may generate queries in standard SQL by instantiating a search
21 string with the proper join/select commands based on the tagged text entries, wherein
22 the resulting command is provided over the bridge_ mechanism to the MCP PLATFORM
25 as a query. Upon generating query results from the query, the results are passed over the

21 bridge mechanism, and may be parsed for formatting and generation of a new results



16 IBM'sOS/2,Microsoft'sWindows 17 2000/2003/3.1/95/98/CE/Millenium/NT/XPrVista/7 (i.e., Aero),
Unix's X-Windows 15 (e.g., which may include additional Unix graphic interface libraries and layers
such as K 19 883%21188 égr%/ironment (ICDE), mythTV and GNU Network %fgfg&w{)%ﬂ%nvironment Z0
(GNOME)), web interface libraries (e.g., ActiveX,@8AX, (D)HTML, FLASH, Java, 21 JavaScript, etc.
interface libraries such as, but not limited to, Dojo, jQuery(Ul), 22 MooTools, Prototype, script.aculo.us,

SWEODipgiealigoy o6t Iniatiacseak ehSich Y. 20MR0IEPRC TN FARL0AA140,59 | may be

used and) provide a baseline and means of accessing and displaying mformation 2 graphically to

users. 3 {GAt6ajoAtsRIIBtertaceRMPAReNHPRAY S thstagaesBIROVAD Basmgenent that is 4 executed
by a CPU. The user interface may be a conventional graphic user interface as 5 provided by, with,

and/or aPAREEANG JYStems ARHALARSQING: SR BORERIS SHER ASale Ay HiscUSSEEh, The user

interface may allow for the display, execution, 7 interaction, manipulation, and/or operation of program
componenisdyod/@rsyigieprdaniitiesibrough texduahandior graphicaddfacilifiesnlihrdtsaiinterface
provides a facility 9 through which users may affect, interact, and/or operate a computer system. A
user io intéefarestmapdomieiRNesE® to and/or with other components in a component 11 collection,
including itself, and/or facilities of the like. Most frequently, the user 12 interface communicates with
operating systems, other program components, and/or the 13 like. The user interface may contain,
communicate, generate, obtain, and/or proldderinistdgeem component, system, user, and/or data

commun?icfa('gi%r}sséﬁqUﬁ%s,1%%(3{%211%{ ecscpn?{)]tsz‘%% interfaces in some respects is similar to
s automobile operation interfaces. Automobile operation interface elements such as
s steering wheels, gearshifts, and speedometers facilitate the access, operation, and
10 display of automobile resources, functionality, and status. Computer interaction
11 interface elements such as check boxes, cursors, menus, scrollers, and windows
12 (collectively and commonly referred to as widgets) similarly facilitate the access,
13 operation, and display of data and computer hardware and operating system resources,
1 functionality, and status. Operation interfaces are commonly called user interfaces.
5 Graphical user interfaces (GUIs) such as the Apple Macintosh Operating System’s Aqua,
1% IBM’s 0S§/2, Microsoft’s Windows
17 2000/2003/3.1/95/98/CE/Millenium/NT/XP/Vista/7 (i.e., Aero), Unix's X-Windows
1 (e.g., which may include additional Unix graphic interface libraries and layers such as X
19 Desktop Environment (KDE), myvthTV and GNU Network Object Model Environment
20 (GNOME)}), web interface libraries (e.g., ActiveX, AJAX, (D)HTML, FLASH, Java,

2 JavaScript, ete. interface libraries such as, but not limited to, Dojo, jQuery(UI),

22 MooTools, Prototype, script.aculo.us, SWFObject, Yahoo! User Interface, any of which



16Web Browser 17 [00165] A Web browser component ini.8 is a stored program component that is is
executed by a CPU. The Web browser may be a conventional hypertext viewing 19 application such
as Microsoft IHYQrﬁ‘@P’ﬁ%?ﬁ%rer or Netscape Navigator. Secure Web 20 bf6WAi lr%%?]ﬁé) supplied with
128bit (or greater) encryption by way ofl PS, SSL&@1 and/or the like. Web browsers allowing for the
execution of program components 22 through facilities such as ActiveX, AJAX, (D)HTML, FLASH,

Java, Jay iRL, WQ@&% QWS D -in AP ) iteFox, Safari Plug-in,.and/or the like APIS),
and/or the WO 2(1)10/0938&3PCT/U%%E)@%‘?Cﬁj1 ?%%qu%: Jirfeﬁﬁ%%(We%agfi:é\}s 1ra %nr%jl i 05%%%?%ation
access toQisptayale iptegrated into PDAs, 2 cellular telephones, and/or other mobile devices. A Web

browser may communicate to 3 and/or with other components in a component collection, including

tselt andigg  asiies o e ke Moshiisaentyba Vieh ovseLepmypeaies Wil iformaton o

servers, operating Systems, integrated program components g-ins), an &6 like; e.g., it

may contaife eaaibyicelbe). genRaiate nbiaite and/ ok preyide RIogsam HRAMRONENLBYstgM, user,
and/or data communications, requests, and/or responses. Of B course, in place of a Web browser and

informatiopreeided, iy cottibined/ applicatprraitg Sysédeveldpedoeepeifo emsimitanfonctiehs of both.
The combined application would io similarly affect the obtaining and the provision of information to
users, udéagUiesii Ainarsetfie ke i thatfrtare PRAT FORN Eabhed disaley, Tore@Binbined

applicatig)%}%éerré%aneﬁ?aurgat?r% on %ﬁfems.em%)lo ir:og standard Web browsers. 13Mail Server 14
[001661 'A'Thail server component 1857 9 %6 Bagp gPARE EEMPORRRAR EhET XM s ExEELBY by a CPU.
1003. TherzpaiteerYesMARYRAA QBHYSP#%IEB%&QM&%‘&@'@}ES[%é%{ FASpEh AR, RHLNCklImited to

sendmail, Microsoft Exchange, and/or the like. The mal
s through which users may affect, interact, and/or operate a computer system. A user

w0 interface may communicate to and/or with other components in a component
11 collection, including itself, and/or facilities of the like. Most frequently, the user
12 interface communicates with operating systems, other program components, and/or the
1 like. The user interface may contain, communicate, generate, obtain, and/or provide
14 program component, system, user, and/or data communications, requests, and/or

15 responses.

16 Web Browser

7 [00165] A Web browser component 1018 is a stored program component that is
15 executed by a CPU. The Web browser may be a conventional hypertext viewing
19 application such as Microsoft Internet Explorer or Netscape Navigator. Secure Web
2 browsing may be supplied with 128bit (or greater) encryption by way of HTTPS, SSL,
21 and/or the like. Web browsers allowing for the execution of program components
2 through facilities such as ActiveX, AJAX, {D)HTML, FLASH, Java, JavaScript, web

23 browser plug-in APIs (e.g., FireFox, Safari Plug-in, and/or the like APIs), and/or the



17 server may allow for the execution of program components through facilities such as 18 ASP,
ActiveX, (ANSI) (Objective-) C (++), C# and/or .NET, CGI scripts, Java, 19 JavaScript, PERL, PHP,
pipes, Python, &b ?Jqfégéfs, and/or the like. The mail server 20 may suﬁyﬁgw%}ﬁ%ﬁﬁﬁaﬂons protocols
such as, but not limited to: Internet message 21 a&t&ess protocol (IMAP), Messaging Application
Programming Interface 22 (MAPI)/Microsoft Exchange, post office protocol (POP3), simple mail

transfer pyatocgl a3 (AMIR). ane/erdhedike The mallserssl Ay dusnfopward. ARgl progess incoming
and WO 2010/093963PCT/US20101024148 /1 outgoing mail messages that have been sent, relayed

and/or othefwise tewsising, Aidrougihandiebiie a-ivie PAPLAT HoRM: Si30da lAscess to the MCP
PLATFORM mail may be achieved through a number of 4 APIs offered by the individual Web server

componentsldnd/oitthedseratimyeystemins {0016 8tnalko cal lnvsib se tneludiayg dosdiirgrabiormunicate,
generate, obtain, and/or s provide program component, system, user, and/or data communications,

requests, RGHIERMatiB WiaAtorE Sproneatly BRaiNehe oo Lo0) RURARTER &t SHYEHEIIL022 is a

stored pg%%rrgergsc%m(%)rggents ”s‘?tn%% i? gé(%gﬁgd z%a r%PU 1%03. jcl'sh maillclignt gah/ Cf%e %ﬁeonventional
mail viewing apﬁllc% i6n & S as Rp e N aﬁ), E?os%?f@n%ed}rag%ﬁmi%rl&é {tlooK, Microsoft

Outlook IExnrgssiMagieoThundeshiuanslor inedise, Makgieaismay sunartaquber of 13

transfer protocois, such as: IMAP, Microsoft Exchange, POP3, SMTP, and/or the like. A 14 mail client
may comrsnigaientn aReler, with, cihéfeaporenisunicntompenpists, collbehans paakedings itself,
and/or facilities of the like. Most frequently, the mail client is communicates with mail servers,
operating Syt piweranal\GHe hteysatiodtiritike i Tnesepyér maywdinath applivriimicasy, generate,
obtain, and/or pr?vide program o _ ) o

s be developed to pertorm similar functions of both. The combined application would

10 similarly affect the obtaining and the provision of information to users, user agents,

11 and/or the like from the MCP PLATFORM enabled nodes. The combined application

12 may be nugatory on systems employing standard Web browsers.

13 Mail Server

4 {00166] A mail server component 1021 is a stored program component that is
15 executed by a CPU 1003. The mail server may be a conventional Internet mail server
% such as, but not limited to sendmail, Microsoft Exchange, and/or the like. The mail
17 server may allow for the execution of program components through facilities such as
i ASP, ActiveX, (ANSI) (Objective-) C (++), C# and/or .NET, CGI scripts, Java,
1¢ JavaScript, PERL, PHP, pipes, Python, WebObjects, and/or the like. The mail server
2 may support communications protocols such as, but not limited to: Internet message
2t access  protocol  (IMAP), Messaging Application  Programming  Interface
2 (MAPI)/Microsoft Exchange, post office protocol (POP3), simple mail transfer protocol

23 (SMTP), and/or the like. The mail server can route, forward, and process incoming and



18 component, system, user, and/or data communications, requests, information, and/or Is responses.
Generally, the mail client provides a facility to compose and transmit 20 _electronic mail messages.

WO 2010/093‘6’%3719‘(‘}‘??3?@92010/024148 72 Cryptographic Server 2 [00170°A SVR{6H Abhic server
component 1020 is a stored program component 3lthat is executed by a CPU 1003, cryptographic
processor 1026, cryptographic processor 4 interface 1027, cryptographic processor device 1028,
andfor thedil@ofoyigraphic.sdranepsarinisilaces wilallopsionarpediion hencatign andior
decryption requests c by the cryptographic component; however, the cryptographic component,
alternativelyrdupieyndfaan eheongemionat@Ng. The cryptographic component allows for the a
encryption and/or decryption of provided data, The cryptographic component allows for both symmetric
and asymmsiaicdo -, Reetiy Gaad ReieationGioRhanspionandies @decypion.dhes
cryptographic component may employ cryptographic techniques such 11 as, but not limited to: digital
certificates fdgofed B aithinlicaiahiremewverk) digitaint2 Gignatiie syduatsignatekes, enveloping,
password access protection, public key 15 management, and/or the like. The cryptographic
componentydhigsiiitateiimernisskh eeneayrtan ARJIBLARCHIRHIAN) SREHFILY JHRiACQISEYEh as, but
not limited to: checksum, Is Data Encryption Standard (DES), Ellipfical Curve Encryption (ECC),
InternatienabBidta fin &acrygitopoAlgaritindh) BEAR-Messagedaigest oMbt whichrigyaconre way hash
17 function), passwords, Rivest Cipher (RC5), Rijndael, RSA (which is an Internet is encryption and
authentiddﬁé‘hr%%t@m e Usesrarsggorithm developed in 1977 by Ron lo Rivest, Adi Shamir, and
Leonard Adleman), Secure Hash Algorithm (SHA), Secure zo Socket Layer (SSL), Secure Hypertext
Transfer Protocol (HTTPS), and/or the like. 21 Employing such encryption security protocols, the MCP
PLATFORM may encrypt all 22 incoming andf@&ib{iigsiig communications and may serve as node

within a V:Eu | 26? ivate_netwaqrk {VPN with a wider.communications network. The ry?t_ographic 24
t dt 18

componeént Taciitates the' process of “SeRUPH) altisriZafion* WHEPERY B cELLRS A
2010/0933¢3RAH L IUROIEAL IS (R UG5 b blieH Y- sacHy RIGIRE IR he

cryptographic component effects 2 authorized accéss to the secured resource Ition, the
cryptographithcampqigait Mail, Microsoft Entourage, Microsoft Outlook, Microsoft Outlook

12 Express, Mozilla, Thunderbird, and/or the like. Mail clients may support a number of
13 transfer protocols, such as: IMAP, Microsoft Exchange, POP3, SMTP, and/or the like. A
1 mail client may communicate to and/or with other components in a component
15 collection, including itself, and/or facilities of the like. Most frequently, the mail client
18 communicates with mail servers, operating systems, other mail clients, and/or the like;
7 e.g., it may contain, communicate, generate, obtain, and/or provide program
1 component, system, user, and/or data communications, requests, information, and/or
19 responses. Generally, the mail client provides a facility to compose and transmit

20 electronic mail messages.



3 may provide unique identifiers of content, e.g., employing and MD5 hash to obtain a 4 unique

signature for e‘%poqzi(%ital audio file. A cryptographic component may comrp%&tne %.%9 %nd/or with other
of the fike. 1

components in a co%ﬁﬁ%grgsent collection, including itself, and/or 6 facilities e cryptographic

component supports encryption schemes 7 allowit#g for the secure transmission of information across
a communications network s to enable the MCP PLATFORM component to engage in secure
transactions if so desired. The cryptogr, '@@rgﬁg;@gamptates the secure accessing of resources
on lo the MCP PLATFORM and facilitates the access of secured resources on remote systems; 11 i.e.,

it may act{asc clieht ahdiypsemghdd securesngsownceso Most freguedthrotherd 2anmiagtaphic
component communicates with information servers, operating systems, 13 other program components,
and/or theRelsTracsp By raphié LopapBIeERREoMeERsSDE teRAnNrPtassIRjEnBratessiitain, and/or
provide pr.o?r%m component, %st m, user, 15 and/or data communicatiqr quests, and/or

STHE -

S, I
response AP IETRE MCH PEARE 6 RESEE™ P08 727 T P ED 1BE AR OHKPIRETARA

component JQ19.maybe anhogiad ip ﬁllae,%% i B%ﬁeo?‘gﬂé@iﬁ%egn

AL b js.a stored
program component, which is 19 executed e CPU; t tore @l%&grgcrg%%&g}o%ﬁlté%gtion

configuringytbie: Rtz REAGasSdhensi ok datahEheshatabass s Berna aoaneRtionaly fault tolerant,
relational, 21 scalable, secure database such as Oracle or Sybase. Relational databases are an 22

extensionodn flarfilen Relatioraltdatdbades cinsistoftasenes ofselated thbidlewEhé23ttables are

interconnected via a key field. Use of the key field allows the combination of WO
2010/0988B3PLHNY a3l o Armpig i piqites datey The skimtrstmhia re RejeRE ROV fFe key fields

act as dimensional pivot 2 points for combining infoymation from vari tables. Relationships
genera"ﬁggﬁﬁg,m%tm ang aS}’mme'ﬁ‘i% (e.g, %clle’ity ggo ?’rotec‘cmna{]!’ 5P )} encryption and/or P

i decryption. The cryptographic component may employ cryptographic techniques such
11 as, but not limited to: digital certificates {(e.g., X.509 authentication framework), digital
2 signatures, dual signatures, enveloping, password access protection, public key
13 management, and/or the like, The cryptographic component will facilitate numerous
1 (eneryption and/or decryption) security protocols such as, but not limited to: checksum,
5 Data Encrvption Standard (DES), Elliptical Curve Encryption (ECC), International Data
% Encryption Algorithm (IDEA), Message Digest 5 (MDs, which is a one way hash
17 function), passwords, Rivest Cipher (RCs), Rijndael, RSA (which is an Internet
18 encryption and authentication system that uses an algorithm developed in 1977 by Ron
19 Rivest, Adi Shamir, and Leonard Adleman), Secure Hash Algorithm (SHA), Secure
20 Socket Layer (SSL), Secure Hypertext Transfer Protocol (HTTPS), and/or the like.
21 Employing such encryption security protocols, the MCP PLATFORM may encrypt all
2 incoming and/or outgoing communications and may serve as node within a virtual
23 private network (VPN) with a wider communications network. The cryptographic

» component facilitates the process of “security authorization” whereby access to a



3 links maintained between tables by matching primary keys. Primary keys represent 4 fields that

uniquely iden%%gﬂt%})&gyg%of a table in a relational database. More prec?g%ém%ﬁrgquely identify
' e

rows of a table on the™one" side of a one-to-many relationship. 6 [0 01 rnatively, the MCP
PLATFORM database may be implemented using¥ various standard data-structures, such as an
array, hash, (linked) list, struct, structured 8 text file (e.g., XML), table, and/or the like. Such

data-stryctygs-Rayhgisiied n &éﬁﬁ{p(f)rrmegiwﬂ&éﬁ{rﬂg%g%o%t%@h@a ARHsEAEALve, an

object-oriented database to may be used, such as Frontier, ObjectStore, Poet, Zope, and/or the like.

Object 11 diatabrsducendnelutie scburadeteiobiech collcionsibaasograpiedangioelinked 12
together by common attributes; they may be related to other object collections by some 13 common
attributes rOljeeedae g daidbadisrpafoonteihikgly estatinnandaiébadesi Jomthiatesexception
that objects are not just pieces of data but may have other types of is functionality encapsulated within

a given SBjBE g8 BLaRrHeRM LSS YROBPRMMSATRRCKS Y H5th CSRUIBHINEA e use of the

MCP PLATF database 1019 may be 17 integrated into another component such as the MCP
PLATFO%R/I %§ %roﬁrgr}ﬁ (i?(%g 2 g]i),e]t]ﬁse Iga?a%oasgor%%ri/gbcg |ﬁ%%ﬁ%%é%%@l§%3§ él% ?nélgi &f %Z?é structures,

objects, angikBdelational sirectyies.airbassRnaninrensdidpgdardiondisiituiegin countless
20 variations through standard data processing techniques. Portions of databases, e.g., 21 tables,
may be exjloséc:dncthicineportedandibisrdeceritiatizadrandiesintegiatamthi2RiiD OadNdrkone
embodiment, the database component 1019 includes several tables 23 1019a-e. A Users table 1019a
may incluéfe fedestivh MEh R cempraget D, eWgag2 010709896 8PGALISR010$024148 75

s desired. The cryptographic component facilitates the secure accessing of resources on
10 the MCP PLATFORM and facilitates the access of secured resources on remote systems;
14 e, it may act as a client and/or server of secured resources. Most frequently, the
12 cryptographic component communicates with information servers, operating systems,
13 other program components, and/or the like. The cryptographic component may contain,
« communicate, generate, obtain, and/or provide program component, system, user,

15 and/or data communications, requests, and/or responses.

1 The MCP PLATFORM Database

vloo17i] The MCP PLATFORM database component 1019 may be embodied in a
1 database and its stored data. The database is a stored program component, which is
19 executed by the CPU; the stored program component portion configuring the CPU to
% process the stored data. The database may be a conventional, fault tolerant, relational,
21 scalable, secure database such as Oracle or Sybase. Relational databases are an
z extension of a flat file. Relational databases consist of a series of related tables. The

2 tables are interconnected via a key field. Use of the key field allows the combination of



1 model_name, parameter_ID(s), instrument_IDs, model type, model, and/or the like. A 2 Parameters

table 1019b In jelds such as, but not limited to: parameter IDdgf fer _name,pa ram
eter_value(swgég%!éd%?}ﬁge(s),parameter_history, 4 parameter_type, anP ﬁ%@%&ﬁﬁs Users table

1029c¢ may include fields such as, but not s limitegéto: user_ID, user_name, contact_info, login,
password, instrument_ID, G portfolio, trading_history, risk_aversion, payment_identifier(s), and/or the

like. An 7 instespnants taleiloiad nay ﬂH&'H%ﬁffé%?%.ék‘ﬁfib%ybﬁ‘éﬂ@%ﬁ{‘l{&eé’iﬁ%;ﬁ%ﬁ%ﬂ%%'D’

instrument_type, parameter_ID(S), current_market_price, historical_market_pric,e, volume,

trade_histpoyntsnidedyinbiréngity.fexabaogerdracdinghue SiHtdio el motakilitpsto-aaelny thedile. A market
data table Loige may include fields such as, but not limited to: 11 market_data_feed_ID, asset_ID,
asset_symiBéls avsataiathdespernpibiesbly priteling asknprickesndiomtheylikeysiramesemibodiment,
the markeft%%i able is p?pulated lithrough a market data feed (e.g., Bloomberg's PhatPipe, Dun &
Bradstrebt! TRl RSEFEN tRE Vo PERARRHIEN thisiRGio MMt AMRTE MeRifilte Library

and Dealipg| Q&S& Technalogy's real-time toplkit Rit.Multi. 16 [ 0 01.74] In one embodiment, the
MCP PLABi'%gLFl{ da%abgseﬂﬁ]%%/}{lsn?ﬁlztgt% vﬂ\%t n%geot er léé;%B%%é"[é% S gg%%(%nr%p]l%, employing a
distributed database sa%gem, queries 18 and data access by search MCP PLATFORM component

may tredt tRe’ComBinatioh BETE the MCEBLATRER M dtiehase, mavile durkanaatadsudnty layer
datab | ity. 21.0¢.) 017511 [
atabase a5.a,sngle 20 database eNity. g %s) el WS gﬁggﬁgﬁgﬁg%ﬁ%mw

contain various user interface 22 primitives, which may serve't M. Also,

various aeeetIfR May, 28vaguirsausiany daiakagr.tables depeodingdeonthe spdgrments and the
types of WO 2010/093963PCT/US2010/024148 76 1 clients the MCP PLATFORM may need to serve.

It should: beenatedathdtoary {(saiquendeflesmay hetidesipeaietdvas:a kdyekielddhtalighobbsth an

alternative embodiment, these
1 may be used, such as Frontier, ObjectStore, Poet, Zope, and/or the like. Object
11 databases can include a number of object collections that are grouped and/or linked
12 together by common attributes; they may be related to other object collections by some
1 common attributes. Object-oriented databases perform similarly to relational databases
14 with the exception that objects are not just pieces of data but may have other types of
s functionality encapsulated within a given object. If the MCP PLATFORM database is
% implemented as a data-structure, the use of the MCP PLATFORM database 1019 may be
17 integrated into another component such as the MCP PLATFORM component 1035.
# Also, the database may be implemented as a mix of data structures, objects, and
19 relational structures. Databases may be consolidated and/or distributed in countless

20 variations through standard data processing techniques. Portions of databases, e.g.,

2t tables, may be exported and/or imported and thus decentralized and/or integrated.

2[00173] Inoneembodiment, the database component 1019 includes several tables

2 1019a-~e. A Users table 1019a may include fields such as, but not limited to: model_ID,



3 tables have been decentralized into their own databases and their respective database 4 controllers

(i.e., ind_ividua,l??)a._}&%?%ﬁ%ontrollers for eqch_of the above tables). Empl%iﬂgsg %%gg%d data
processing techniques, one may further distribute the databases over 6 several computer

systemizations and/or storage devices. Similarly, €&nfigurations of the 7 decentralized database
controllers may be varied by consolidating and/or distributing the various database components

imga-e. TheNiEihé) PrARMMayhg ¢palighed t%‘?ﬁ{%}gf}%@@’ﬁ{é‘a\éﬁ SEHIDE% RIS, and

parameters via database controllers. 10 [00170 The MCP ORM database may communicate to
and/or witRothestdis cablpooestisniaaiacimpoieriscallecigrincludingiisel andiandagilitips of the like.
12 Most frequently, the MCP PLATFORM database communicates with the MCP 13 PLATFORM
componéri2herpragrasn cormpimeeis,_aatiesihe likelThedatabsse mayriheentdistostain, and
provide information regarding other nodes and data. 15The MCP PLATFORMSs 16 [00177] The MCP
PLATFORIY eBITIEERRRE7SE 98 R ibie fdrseraibionmsramindhsiadddesusbanPat @y, in one

embodi . CP O component is incogporates any and/or all combinations of the
aspectsr%i{gﬁﬁe{%/l?c PEE#‘@@E I\ﬁ%&ﬁg was ¢ |§é%cécsg§$h tﬁ’élﬁre&}.%sﬁé’v ﬁﬁﬁ{jre%l .S}figlgﬁ%?r, MCP
PLATFORMraifaetsactessSing o) eRiainingand %B@Misii&’aﬁ%im;mﬁ@}br%%’ iges, trgnsactions,

and/or the like across 21 various communications networks. 22 [00178] The MCP PLATFORM

componenitemablestotrblo @ocess; agalctiiate feidageh 23, exehandangenesatasidentify, mstruct, match,
process, search, serve, store, and/or WO 2010/093963PCT/US2010/024148 77 | facilitate trading
strategiesfEdRINMG- ST rRarketiaetors BHdlor parametertkabspdrstedristorical_market_price,

9 volume, trade_history, underlying_entity, exchange, trading_restrictions, volatility,
10 and/or the like. A market data table 1019e may include fields such as, but not mited to:
1t market_data_feed ID, asset_ID, asseﬂsymbol, asset_name, spot_price, bid_price,
1z ask_price, and/or the like; in one embodiment, the market data table is populated
13 through a market data feed (e.g., Bloomberg’s PhatPipe, Dun & Bradstreet, Reuter’s Tib,
1 Triarch, etc.), for example, through Microsoft's Active Template Library and Dealing

15 Object Technology’s real-time toolkit Rtt. Multi.

15 foo174] In one embodiment, the MCP PLATFORM database may interact with
17 other database systems. For example, employing a distributed database system, queries
13 and dafa access by search MCP PLATFORM component may treat the combination of
15 the MCP PLATFORM database, an integrated data security layer data‘base as a single

20 database entity.

2 [0o0175] In one embodiment, user programs may contain various user interface
2 primitives, which may serve to update the MCP PLATFORM. Also, various accounts may

23 require custom database tables depending upon the environments and the types of



2 with tradable financial instruments, optimization of said models, and/or the like and 3 use of the MCP

PLATFORM. ﬁgg)ﬂ’%%]);%?? MCP PLATFORM component enabling acc ijs'%ﬁgmlﬂgon between 5
nodes may be developed by employing standard development tools and languages such s as, but not

limited to: Apache components, Assembly, Active’é binary executables, 7 (ANSI) (Objective-) C (++),
C# and/or .NET, database adapters, CGI scripts, Java, 8 JavaScript, mapping tools, procedural and

object orieMi@stiavepPantAeetSRREAky RER: Rytaen, shelsaints SRLcommands:web application

server extensions, web is development environments and libraries (e.g., Microsoft's ActiveX; Adobe
AIR, FLEXiGdEInfalA8 Hesighued BY W kil dhbjby dagleyulave SerpitriQuesyéhibodMaeTnasserototype; 12
script.aculo.us; Simple Object Access Protocol (SOAP); SWFObject; Yahoo! User 13 Interface; and/or
the like) Vi birO Bje@Sesndlerapaaiced intmeheinsoairdaiabares MOR e PEsPRORNEE/AST employs a

cryptographic server.to encrypt and decrypt 15 communications. The MCP PLATFORM component
may communice %r%laewd}?)‘% H%%%?I’?&?ecﬁ‘?ﬂﬁé’ﬂgﬁg%eﬁ% E}Eﬁ%ﬁ"&ﬂ@@&ﬁgnﬁm]ﬁﬁ% itself,

+ andlor fadlies:0f hed Tl Mestfisuenily. dhe MEPBLATFORM sompenent commupjcates with

the MCP is PLATFORM databasé, operating system er program components, and/or the like. 19

The MCP RLATRORMBey seniait SRMUTC S ge aelale:, Ghtainandiaspiovide Zorpregram
component, system, user, and/or data communications, requests, and/or 21 responses. WO

2010/093966HC T3S 010/024 k48178 Bistriaytbd MG PyATRORME 12:[66d 86 dibeistristure and/or
operation of any of the MCP PLATFORM node 3 controller components may be combined,

consolidatB8, ‘ahigrsT HEHBREETIPaRSLS M8t ThRAJSRPIATEAR Mavaloprrrontigntyditeleployment.

Similarly, the component, ) . , '
y9 1t<eep ira or'} various setfings, inputs, and parameters via database controllers.

1w [00176] The MCP PLATFORM database may communicate to and/or with other
1 components in a component collection, including itself, and/or facilities of the like.
22 Most frequently, the MCP PLATFORM database communicates with the MCP
13 PLATFORM component, other program components, and/or the like. The database may

14 contain, retain, and provide information regarding other nodes and data.

15 The MCP PLATFORMs

18 foor77] The MCP PLATFORM component 1035 is a stored program component
7 that is executed by a CPU. In one embodiment, the MCP PLATFORM component
1 Incorporates any and/or all combinations of the aspects of the MCP PLATFORM that
# was discussed in the previous figures. As such, the MCP PLATFORM affects accessing,
2 obtaining and the provision of information, services, transactions, and/or the like across

21 various communications networks.

2 00178} The MCP PLATFORM component enables one to access, calculate, engage,

» exchange, generate, identify, instruct, match, process, search, serve, store, and/or



5 collection may be combined in any number of ways to facilitate deployment and/or 6 development.

To accomplis%@%ig&qgmay integrate the components into a common ¢, cpde,pass,elxin @ facility that
can dynamically load the components on demand in an integrated fashion.  [00181] The component

collection may be consolidated and/or distributedd io countless variations through standard data
processing and/or development techniques. ii Multiple instances of any one of the program

componeriigiiftibe pragiarmetspReNedbirgole cligrkaaychadnstaniaingd fhc-fesingig fage, and/or
across numerous nodes to 13 improve performance through load-balancing and/or data-processing

techniquewiis tFatubés Mo csinglstinstanse s phiayisiSorbefdistdibutdd!acanogg andltiplke antiollers 15
and/or storage devices; e.g., databases. All program component instances and 16 controllers working
in conce?*t%%&%%%%@r%ﬁﬁ%ard data processing 17 communication techniques. 18 [00182] The
configuration of the MCP PLATFORM controller will depend on the 19 context of system deployment.
Factors $téhoes7 it ndbaMIERIRBATRORIM getnpapearityndoliarations ahtityruseioh theweaerlying
hardware resources may affect deployment 21 requirements and configuration. Regardless of if the
configuratiiee & i 8?@2%%@]&%&%@?%@@@6&?‘@6&%& Bhlsesentss @slits in a more

2010/009853PE OIS NGO A9 90 SORESTAAten S Bt hec Cor AT AR Fhay be
communigatRdrphtaingd.2 ped(er prevideds Instapees eficpmpoREnts sonsslidataiinta.a common
code base from 3 the program component collection may communicate, obtain, and/or provide data.
This 4 mayabeSacipomplishat threlyg brinisdxappliadtion batarpoedsainglcomEnY RigALIOPE R L,

s PHP, Python, shell scripts, SQL commands, web application server extensions, web

0 development environments and libraries {(e.g., Microsoft’s ActiveX; Adobe AIR, FLEX &

11 FLASH; AJAX; (D)HTML; Dojo, Java; JavaScript; jQuery(UI}; MooTools; Prototype;

12 script.aculo.us; Simple Object Access Protocol (SOAP); SWFObject; Yahoo! User

13 Interface; and/or the like), WebObjects, and/or the like. In one embodiment, the MCP

14 PLATFORM server employs a cryptographic server to encrypt and decrypt

15 communications. The MCP PLATFORM component may communicate to and/or with

16 other components in a component collection, including itself, and/or facilities of the

17 like. Most frequently, the MCP PLATFORM component communicates with the MCP

18 PLATFORM database, operating systems, other program components, and/or the like.

19 The MCP PLATFORM may confain, communicate, generate, obtain, and/or provide

20 program component, system, user, and/or data communications, requests, and/or

21 responses.



5 techniques such as, but not limited to: data referencing (e.g., pointers), internal messaging, object
instance varia\g 2(gigji)(gw%%gication, shared memory space, variable 7 paﬁ,%i% ~§‘J}9/¢QQH’§9 like. 8 [00183]
If component collection components are discrete, separate, and/or 2 externa?to one another, then
communicating, obtaining, and/or providing data ¥#th io and/or to other component components may
be accomplished through inter-application 11 data processing communication techniques such as, but
not limited to: Application 12 Prograyi tpigifacg AAP Bafermalipn passage; (distributed) Component
Object Model 13 ((D)COM), (Distributed) Object Linking and Embedding ((D)OLE), and/or the like), 14
Common Bbject RéquEst Biokanzrchityotu i ¢GORBAY), dogabhiniterétititePApilicalon isopeogram
interfaces Jini, Remote Method Invocation (RMI), SOAP, process pipes, shared is files, and/or the like.
Messagés Saie bt sespanssis o semidBrtn 51985 1%?@%&31?7%p6¥ﬁ§%ﬁeéoiﬁnﬁ§‘ﬁication or

i e B SPREC 218 USSP ot s apliaien capuenion ay o et

through the création a parsing of a’is gramma

developmenidqols $HED 88 Bk aPRe 8 hudlileLiGdie Ml allow. [Rp drammaagneration and

parsing 21 functionality, which in turn may form the basis 6f communication niessages within and 22

between; citonants. Forexamplieh aigsammanmay ke ratangesiopaeagnizadhe dokenm23 of an
HTTP post command, e.g.: WO 2010/093963PCT/US2010/024148 80 1w3c -postp://... Valuel 2 3

[001 8 4] whirdagaloeiisalfecBitedaischeidprapinaindter bbeavseptimepts vis parasfddithengrammar
syntax, and what follows is considered part of the post value. Similarly, 5 with such a grammar, a
variable *VHREM#d9BE hserted into an "http://" post command and then sent. The grammar syntax
itself may be presented as structured data 7 that is interpreted and/or other wise used to generate the
parsing i@ Rarfisrh (eTde camyenantdesieipiion Text fite asrdthsedbyl/fex, distethwes!)im\so, once
the parsing 9 mechanism is generated and/qr jnstantiated, it itself may process and/or parse 112

structurSc TSSO HENBRR HICHSH SO SRR (RIS I Hem X oPtEsP e S ructured text
streams i tructured data. In another embodiment, 12 inter-application data
1 W{Tiﬁg q %E#Egeé l%?vgn %ne ?? e IH%(E) 1§ Oéli}]%?Io]rjclfﬁ 11 '%ﬁypl %ﬁﬁs{%l é%gxg;}gne f%

nern
processing protocols themselves may have rate readily a ers (e.g., the

SOAP parssia-that may be enplaveddonarseidicammunicaians data.- fiwhehsheaarsing grammar
may be used beyond message

1 improve performance through load-balancing and/or data-processing techniques.

1 Furthermore, single instances may also be distributed across multiple controllers

15 and/or storage devices; e.g., databases. All program component instances and

i controllers working in concert may do so through standard data processing

17 communication techniques.

15 {o0o182] The configuration of the MCP PLATFORM controller will depend on the
19 context of system deployment. Factors such as, but not limited to, the budget, capacity,
2 location, and/or use of the underlying hardware resources may affect deployvment
21 requirements and configuration. Regardless of if the configuration results in more
2 consolidated and/or integrated program components, results in a more distributed

7z series of program components, and/or results in some combination between a



15 parsing, but may also be used to parse: databases, data collections, data stores, is structured data,

and/or the lik Q(ﬁ' ’Q desired configuration will depend upon the 1 b p\{i{é)nment, and
0 @s%s 0
requirementsqgfésysﬂﬁ ggéployment. 18 [00185] 19 1001861 20 [0018 %8? e entlﬁr?e%y of this

~ application (including the Cover Page, Title, Headfgs, 21 Field, Background, Summary, Brief
Description of the Drawings, Detailed Description, 22 Claims, Abstract, Figures, and otherwise) shows

by way of diyséiatiesdvariausiddipmeedimerisisaichiharainedanyentishsdnayhaipeacticed. The
advantages and 24 features of the application are of a representative sample of embodiments only,
and are \W@ 201009385 3RETULS 20 2OHOR448: 8D 1isrlat et anistiveanolion exdiusive fibney are
presented only to assist in understanding and 2 teach the claimed principles. It should be understood
that they &/ REREEHESEManoBt SPEesiovmAB GIRVEHABAL: A8k RART 25Pe S b TR® disclosure

h t been di d 4 herein. That alternate embodiment t have b ted f
chocitc baltbns of i TRJSATon S AL APHE GHUESEAbo A PRSP bCHRENE HE ho avalabl

for 6 2 porion i3t e consifiered aydinelrimeratihoss aliemate. emtpsimeys ihwilbe 7

appreciated that many of those undescribed embodiments incorporaté the same principles of the

invention apResaihers dspadiivalent. Hhiasidt istehewadersteps-daahather gmbodisrnis may be
utilized and functional, logical, organizational, structural lo and/or topological modifications may be

made withessidepartyer flonilthe scope and/or

s [oo183] If component collection components are discrete, separate, and/or
s external to one another, then communicating, obtaining, and/or providing data with
16 and/or to other component components may be accomplished through inter-application
1t data processing communication techniques such as, but not limited to: Application
12 Program Interfaces (API) information passage; (distributed) Component Object Model
13 ((D)COM), (Distributed) Object Linking and Embedding ((D)OLE), and/or the like),
14 Common Object Request Broker Architecture (CORBA), local and remote application
15 program interfaces Jini, Remote Method Invocation (RMI), SOAP, process pipes, shared
16 files, and/or the like. Messages sent between discrete component components for inter-
17 application communication or within memory spaces of a singular component for intra-
18 application communication may be facilitated through the creation and parsing of a
19 grammar. A grammar may be developed by using standard development tools such as
» lex, vace, XML, and/or the like, which allow for grammar generation and parsing
2 functionality, which in turn may form the basis of communication messages within and
2 between components, For example, a grammar may be arranged to recognize the tokens

s of an HTTP post command, e.g.:



11 spirit of the disclosure. As such, all examples and/or embodiments are deemed to be 12

non-limiting t%%]gﬁ&hgs },5 disclosure. Also, no inference should be dr%/&%%%%[{ﬁ&?; those

embodiments discussed herein relative to those not discussed herein o IS as such for
purposes of reducing space and repetition. For irffance, it is to be 19 understood that the logical
and/or topological structure of any combination of any 16 program components (a component
collection), other components and/ar-anypresent 17 featuse sets as described in the figures and/or
throughaut are not limited to a fixed is operating order and/or arrangement, but rather, any disclosed

order is q;)f%rg&lgg}ang&&gr gQ@ﬂgiV}glg%Sg re arc%lgls?s :)Ee{f.oa{lga%,e r&%%l}ég%%@i}%d'/b% eté18e disclosure.

3 .
Furthermare,’it S to be understoo sucn rea are not limi ex ulﬁon, but rather,

any 21 numberoh e ags: R 0GaE Sam SBIMGRS SR IB - aNgak thedike, at My xeeuiR22

asynchronously, concurrently, in parallel, simultaneously, synchronously, and/or the 23 like are
contempiatiiti bydheadisalnsuue, Asvstishlestviadueithase leatinesteihyhe 24 mistpally gartradictory, in
that they cannot be simultaneously present in a single WO 2010/093963PCDUS2010/024148 82
embodirh AR Bl demeefiatihiesrarergplicibidtssldmanspacesited mnntisnresdndk inapplicable
to others. In addition, theé(iiiscl ure includes other inventions not 3 presently claimed. Applicant
reserved AlFidhtd TR HELE GrESEHF IR h SIS S iR M EHE  BldlfrEsiith
invention )Elt%)ﬁ%g,g& %l] ppligations, continyations, g coptinuations jn_part, divigions, and/or the like
thereof. A%é} such, it sﬂ%u ??‘be 6 un§erst§oc¢ tﬁat aEVan%{éQéasc,c’er%%gdfé?%%tso,hgga{r%%Igg’f?ﬁﬁctional,
features, p@igAkism is generated and/or instantiated, it itself may process and/or parse

w0 structured data such as, but not limited to: character (e.g., tab) delineated text, HTML,

11 structured text streams, XML, and/or the like structured data. In another embodiment,

12 inter-application data processing protocols themselves may have integrated and/or

12 readily available parsers (e.g., the SOAP parser) that may be employed to parse

4 communications data. Further, the parsing grammar may be used beyond message

15 parsing, but may also be used to parse: databases, data coliections, data stores,

16 structured data, and/or the like. Again, the desired configuration will depend upon the

17 context, environment, and requirements of system deployment.
#j006185]
1 [00186]

2 [00187] The entirety of this application (including the Cover Page, Title, Headings,
21 Field, Background, Summary, Brief Description of the Drawings, Detailed Description,
22 Claims, Abstract, Figures, and otherwise) shows by way of illustration various
22 embodiments in which the claimed inventions may be practiced. The advantages and

24 features of the application are of a representative sample of embodiments only, and are



7 organizational, structural, topological, and/or other aspects of the disclosure are not to a be
considered limitation he disclosure as defined by the claims or Iimi;lgactj(g_ 29,69 ifyalents to the
claims. WO r%?é%@ggépcwu52010/024148 83 CLAIMS 2 Whatis c aim%% ﬂs/‘%ﬁ
processor-implemented method for trading a fina#&ial instrument, 4 comprising: receiving an order
request that includes a total quantity of shares and a time horizon within which to execute a

transactionoERHIBMING DFASE PAIANMSIEr THEPEYE D RAFRBIELIIS ,t@@gsm&kﬁhaafﬁmﬁﬁ%gmociated with
the transaction; 9evaluating analytically a future implementation cost as a function of future io number

of shares teetiatle aftemadcprieriplimtinhenid| lrasedtancad ehst Semerohthechretaievesarameters;
12evaluating numerically a current implementation cost as a function of current 13 number of shares to

trade dutinl tdreetianerHsasnirvasbassdivaerast oprdisslonuaaretneleerpdismetets;

150ptimizjng via g processor a total jmplementation cost to determine an optimal 16 current number of
shares iHTAE (0 %Sﬂ’tﬂgﬁt‘?ﬂi%ié%ﬂ?ﬁg'ﬂi’%ﬁﬁaﬁ BRE REeRsRERARIO W hEResHithRORd i

mplemeniaianisesting sumRie (iadnpiementaion 19698t A0dhecHrsnlmplepentation

cost; and 19executing an order for the optimal current number of shares ot'the financial binstrument.
212 . Thesmeibatbaiciaindbiwtherieampr sindliarathaloe-apiinieing aRdif8ents. Tt will be

7 appreciated that many of those undescribed embodiments incorporate the same
s principles of the invention and others are equivalent. Thus, it is to be understood that
3 other embodiments may be utilized and functional, logical, organizational, structural
10 and/or topological modifications may be made without departing from the scope and/or
11 spirit of the disclosure. As such, all examples and/or embodiments are deemed to be
12 non-limiting throughout this disclosure. Also, no inference should be drawn regarding
13 those embodiments discussed herein relative to those not discussed herein other than it
1 is as such for purposes of reducing space and repetition. For instance, it is to be
15 understood that the logical and/or topological structure of any combination of any
16 program components {a component collection}, other components and/or any present
17 feature sets as described in the figures and/or throughout are not limited to a fixed
15 operating order and/or arrangement, but rather, any disclosed order is exemplary and
16 all equivalents, regardiess of order, are contemplated by the disclosure. Furthermore, it
2 is to be understood that such features are not limited to serial execution, but rather, any
21 number of threads, processes, services, servers, and/or the like that may execute
22 asynchronously, 'concurren’tly, in parallel, simultaneously, synchronously, and/or the
23 like are contemplated by the disclosure. As such, some of these features may be

2o mutually contradictory, in that they cannot be simultaneously present in a single



22 executing until the total quantity of shares is traded. WO 2010/093963PCD1JS2010/024148 84

3.The method“p(; ?(!ﬂ%ﬁ)ﬁ herein the evaluating analytically a future 2 ig&@m&mﬂﬁ& cost is based
on a stochastic process. 34.The method of claim 3, wherein the stochastic process comprises an 4

arithmetic random walk with specified drift and vdatility. 55.The method of claim 1, wherein the
security parameters comprise a time- varying price and a time-varying volume for the tradable financial

instrumené;io dineemethad o1 claimd ravhereinthe sralbriing,analsically aftiwe.adpnrigmentation

cost further comprises calculating an implementation shortfall based on a benchmark cost. 107.The
method oficiaphiGbivheretlihs bénchirbirkoshis biaskehnw daduidve ibpréceirk28tTdie method of claim
6, wherein the benchmark cost is based on a volume 13 weighted average price. 149.The method of

claim 1, WhiepsiH ihelarer- iSrpHeartacsraes albiighistindhers mssantie sntladimg! appations,

comprising: 16a memory; 17a processor disposed in.communication with said memory, and configured
to le issdegé?%@fﬁifg%fiﬁ%é&cgﬁ\& RISHE WS SiriRdiEne JeHeRSH PR HERS0r 12 issues

Instructions {0, 2QFRFEME APPLORANES! HAVAICkdenA il dypniY ol ahips ANt fime
¢ understood that advantages, embodiments, examples, functional, features, logical,
7 organizational, structural, topological, and/or other aspects of the disclosure are not to

¢ be considered limitations on the disclosure as defined by the claims or limitations on

¢ equivalents to the claims.



21 horizon within which to execute a transaction; 22retrieve order parameters, security parameters,
and market pagg el gaqassociated with the transaction; WO 20101093963RGhiWn2§10/024148 85
levaluate analytically a future implementation cost as a function of future 2 number of shares to trade
after a current time interval based on at least sorfié of the 3 retrieved parameters; 4evaluate
numerically a current implementation cost as a function of 5 current number of shares to trade during
the current time interval based on at least 5 sme retrieved parameters; 7optimize via a
processor a total implementation cost to detetnt a optimal current number of shares from the
total quantity to trade during the current time interval, wherein the total implementation cost is a sum of
the future is implementation cost and the current implementation cost; and 11execute an order for the
optimal cuféat ingtaibpesdaf shares of the financial 12 instrument. 13ii..The apparatus of claim io, further
comprising instructions to iteratively 14 re-optimize and re-execute until the total quantity of shares is
traded. F512.Thé appdraRiecer¥lkit e wtedinmpted afontinadarmiptiaipelautirrugent,
implementation cost is based on a stochastic process. 1713.The apparatus of claim 12, wherein the
stochastfccﬁ%egg?%:omprises an ie arithmetic random walk with specified drift and volatility. 1914.The

Pt o LA A B £SO 588 WS RALS6A
& horizon within which to execute a transaction;
7 retrieving order parameters, security parameters, and market parameters
¢ associated with the transaction;
9 evaluating analytically a fitture implementation cost as a function of future
10 number of shares to trade after a current time il}terval based on at least some of the
11 retrieved parameters; |
12 evaluating numerically a current implementation cost as a function of current
s number of shares to trade during the current time interval based on at least some of the
14 retrieved parameters;
15 optimizing via a processor a total implementation cost to determine an optimal

18 current number of shares from the total quantity to trade during the current time

17 interval, wherein the total implementation cost is a sum of the future implementation

h

& cost and the current implementation cost; and

1§ executing an order for the optimal current number of shares of the financial
20 instrument.

21 2. The method of claim 1, further comprising iteratively re-optimizing and re-

22 executing until the total quénti’ey of shares is traded.



2115.The apparatus of claim io, wherein the evaluating analytically a future 22 implementation cost

further compriges.galeaiing an implementation shortfall based 23 on agbenehmaskieast. WO
2010/093963PCMIS2010/024148 86 16. The apparatus of claim 15, wherein the benchmark cost

is based on an 2 arrive price. 17. The appar%ﬁls of claim 15, wherein the benchmark cost is
based on a 4 volume weighted average price. 518.The apparatus of claim to, wherein the order is a
market order. 3. The method of claim 1, wherein the evaluating analytically a future

2 implementation cost is based on a stochastic process.

3 4. The method of claim 3, wherein the stochastic process comprises an
+ arithmetic random walk with specified drift and volatility.

5 5. The method of claim 1, wherein the security parameters comprise a time-
¢ varying price and a time-varying volume for the tradable financial instrument.

7 6. The method of claim 1, wherein the evaluating analytically a future

on

implementation cost further comprises calculating an implementation shortfall based

s on a benchmark cost.

10 7. The method of claim 6, wherein the benchmark cost is based on an arrive

1 price.

12 8. The method of claim 6, wherein the benchmark cost is based on a2 volume

—
<

weighted average price.

14 Q. The method of claim 1, wherein the order is a market order.

15 10.  Afinancial instrument trading apparatus, comprising:

18 a memaory,

17 a processor disposed in communication with said memory, and configured to

1 issue a plurality of processing instructions stored in the memory, wherein the processor
19 issues instruetions to:

20 receive an order request that includes a total quantity of shares and a time
2t horizon within which to execute a transaction;

2 retrieve order parameters, security parameters, and market parameters

23 associated with the transaction;
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evaluate analytically a future implementation cost as a function of future
number of shares to trade after a current time interval based on at least some of the
retrieved parameters;
evaluate numerically a current implementation cost as a function of
current number of shares to trade during the current time interval based on at least
some of the retrieved parameters;
optimize via a processor a total implementation cost to determine an
optimal current number of shares from the total quantity to trade during the current
time interval, wherein the total implementation cost is a sum of the future
implementation cost and the current implementation cost; and
execute an order for the optimal current number of shares of the financial
instrument.
11.  The apparatus of claim 10, further comprising instructions to iteratively
re-optimize and re-execute until the total quantity of shares is traded.
12.  The apparatus of claim 10, wherein the evaluating analytically a future
implementation cost is based on a stochastic process.
13.  The apparatus of claim 12, wherein the stochastic process comprises an
arithmetic random walk with specified drift and volatility.
14.  The apparatus of claim 10, wherein the security parameters comprisé a
time-varying price and a time-varying volume for the tradable financial instrument.
15.  The apparatus of claim 10, wherein the evaluating analytically a future
implementation cost further comprises calculating an implementation shortfall based

on a benchmark cost.
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f 16.  The apparatus of claim 15, wherein the benchmark cost is based on an
2 arrive price,

3 17. The apparatus of claim 15, wherein the benchmark cost is based on 3
4 vol-urﬁe weighted average price.

5 18.  The apparatus of claim 10, wherein the order is a market order.



