CURVE ENG NE CROSS REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s
Application clainms priority to U. S. Provisional Patent Application
No. 61/542,844 filed COctober 4, 2011, the contents of which are
incorporated herein in its entirety. TECHNI CAL FI ELD [ 0002] The
present disclosure relates generally to pricing financial instrunments
in a given financial conplex network. BACKGROUND [ 0003] Fi nanci al
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BACKGROUND

f0003] Financial instruments are typically priced according to a pricing model that considers
each market microstructure independently. That is to say, groups of financial instruments are
typically priced according to their respective microstructure groupings, with no regard for other
instruments in other microstructures. While pricing in this manner may be reflective of each
individual microstructure, it does not account for the effect that financial instruments in one
microstructure may have on the prices of instruments belonging to other microstructures, and
vice versa. Further, this pricing model does not (and cannot) account for interdependencies
(between financial instruments) existing in the greater economic macrostructure.

[0004]  Accordingly, there is a need for a system, method and apparatus that provides both a
global and local pricing framework for pricing financial instruments in a manner that considers
both inter- and intra- market interdependencies and relationships of financial instruments across

market microstructures.



SUMVARY [ 0005] Systens and methods for pricing financial instrunents
in accordance with this disclosure include constructing, via at |east
one conputing device conprising one or nore processors executing
conput er - execut abl e i nstructions stored in nenory, a virtual

financi al conpl ex network conprising one or nore interrel ated
financial markets. Market color data related to at | east one of the
financial markets is then bl ended %wﬂﬁ@QSYCe data to determ ne

bl ended pricing information. This ended pricing information is then
used to define an objective function that when solved, via an
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price for each financial instrument across the one or more financial markets.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The foregoing summary and the following detailed description are better understood
when read in conjunction with the appended drawings. Exemplary embodiments are shown in
the drawings, however, it is understood that the embodiments are not limited to the specific
methods and instrumentalities depicted herein. In the drawings:

[0007] FIG. 1 illustrates an generalized working scheme of an exemplary curve engine in
accordance with this disclosure;

[0008] FIG. 2 illustrates an exemplary calendar tree in accordance with this disclosure;

[0009] FIG. 3 illustrates an exemplary calendar tree that includes seasonal markets in
accordance with this disclosure;

[0010] FIG. 4 illustrates the progression of an exemplary financial complex network in

accordance with this disclosure;



[0010]FIG 4 illustrates the progression of an exenplary financi al
conpl ex network in accordance with this disclosure; [0011]]FIG 5
i1lustrates an exenplary financial conplex network having two

synt hesi zed market groups in accordance with this disclosure;
[0012]FIG 6 illustrates an exenplary wei ghting process in accordance
with this disclosure; 100131FIG 7 illustrates an exenplary scenario
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[0013] FIG. 7 illustrates an exemplary scenario for which an instantaneous price may be
calculated in accordance with this disclosure;
[0014] FIG. 8 illustrates additional exemplary scenarios for which an instantaneous price may
be calculated in accordance with this disclosure;
[0015] FIG. 9 illustrates still further exemplary scenarios for which an instantaneous price
may be calculated in accordance with this disclosure;
[0016] FIG. 10 illustrates a diagram of an exemplary process that may be utilized for options
pricing in accordance with this disclosure;
[0017] FIG. 11 illustrates an exemplary product file relating to expiring options in accordance
with this disclosure;
[0018] FIG. 12 illustrates an exemplary process for constructing an anchor curve in
accordance with this disclosure;
[0019] FIG. 13 illustrates exemplary ‘at-the-money’ (ATM) curve blending in accordance
with this disclosure;
[0020] FIG. 14 illustrates exemplary third-party curve blending in accordance with this
disclosure;
[0021] FIG. 15 illustrates exemplary blending of combined third-party curves in accordance
with this disclosure;

[0022] FIG. 16 illustrates exemplary reference product curve blending in accordance with this

disclosure;



[0016] FIG 10 illustrates a diagram of an exenplary process that may
be utilized for options pricing in accordance with this disclosure;
[0017]FIG 11 illustrates an exenplary product file relating to
expiring options in accordance with this disclosure; 100181FI G 12
il lustrates an exenplary process for constructing an anchor curve in
accordance with this disclosure; [0019]FIG 13 illustrates exenplary
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blendlqg |n1accordance with this disclosure; [0021]FIG. 15
i |1 ust FH? 488 E ol ary bl endi ng of conbined third-party curves in

accordapnce wth this disclosure;
61024] PG lé S111us;’t1ates an example of market curve twisting in accordance with this

disclosure;

[0025] FIG. 19 illustrates an example of market curve blending in accordance with this
disclosure;

[0026] FIG. 20 illustrates an example smoothing function utility (SFU) treatment in
accordance with this disclosure;

[0027] FIG. 21 illustrates an exemplary system embodying curve engine technology in
accordance with this disclosure;

[0028] FIG. 22 illustrates a diagram of an exemplary curve engine architecture in accordance
with this disclosure; and

[0029] FIG. 23 illustrates the flow of different price states inside an exemplary curve engine

in accordance with this disclosure.
DETAILED DESCRIPTION

[0030] The present disclosure relates to methods, systems and apparatus for providing a
robust, scalable, fast, and reliable platform and pricing framework capable of pricing both linear
and non-linear interdependent financial instruments. While each individual financial instrument
has its own unique market microstructure, financial instruments are not themselves devoid of
effect on other instruments in a greater economic macrostructure {e.g., instruments in other
markets), and vice versa. The methods, systems and apparatus described herein provide both a

global and local pricing framework for every financial instrument in a given “complex” (defined



[0022] FIG 16 illustrates exenplary reference product curve bl endi ng

I n accordance with this disclosure; [0023]FIG 17 illustrates
exenpl ary average price option curve shifting in accordance with this
di sclosure; [0024]FIG 18 illustrates an exanple of market curve

twisting in accordance with this disclosure; 100251FI G 19
il lustrates an exanple of market curve blending in accordance with
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of-market, external settlement prices, third-party data, historical mutually dependent pricing
relationships, inter and intra-instrument no-arbitrage constraints, etc.; and then using the such
data and information to create a pricing framework that reflects the relationships and
interdependencies of the various data types and sources. For purposes of this disclosure, the

systems, methods and/or apparatus configured to provide such a novel pricing framework may

1 & LRI 1]

collectively be referred to as a ‘“curve engine,” “curve engine technology,” “curve engine
system,” or simply “CE” for short.

[0031] To better understand the features described herein, the following terms shall have the
meanings prescribed below:

“financial instrument(s)” or “product(s)” are utilized interchangeably throughout this
disclosure (in a non-limiting manner) to refer a tradable asset of any kind, including cash;
evidence of an ownership interest in an entity; or a contractual right to receive, or deliver, cash or
another financial instrument. Examples of products and financial instruments include, without
limit, securities, stocks, stock options, loans, commercial paper, bonds, derivative instruments
(e.g., forwards, futures, options, swaps, etc.), etc.

“complex” or “financial complex network” or “financial network” refers to a
collection of financial markets together with any and all associations or relations between and
amongst the financial markets;

“market color” refers generally to all data and information relating to a particular

financial market, including (without limit) data and/or information relating to bids, offers, deals,

orders, historic settlement prices, current market configurations, active market lists, suggested
5



accordance with this disclosure; 100281FI G 22 illustrates a di agram
of an exenplary curve engine architecture in accordance with this

di scl osure; and [0029]FIG 23 illustrates the flow of different price
states inside an exenplary curve engine in accordance with this
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following ternms shall have. the neanlngs prescribed bel ow
example, an electronic financial exchange system. Alternatively, the curve engine technology
may be implemented or incorporated into an existing financial trading system (e.g., an electronic
financial exchange system), for example, as one or more software modules embodied in a
computer. The curve engine may additionally or alternatively be connected to a web-based user
interface, by which operators can connect into and use the CE system. The remainder of this
disclosure outlines the details of the curve engine technology by providing insight into the
formulation, methodology, and design thereof.
[0033] In one aspect, the curve engine technology may be configured to provide a scalable
framework for pricing financial instruments such as (without limit) futures contracts, over-the-
counter (OTC) instruments, options contracts, etc. This framework is preferably configured to
accommodate various types of financial markets, as well as to reflect the financial markets in

various liquidity states. Optionally, the curve engine technology may be configurable, which

allows for optimal effectiveness and utilization under various implementations.  Such
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"financial instrunment(s)” or "product(s)" are utilized

i nt erchangeabl y throughout this disclosure (in a non-limting manner)
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or deliver, cash or another financial instrument. Exanples of
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utilize historical (pricing) data and information to generate a
current day's settlenment pricing, which keeps the settlenent prices
relatively stable and facilitates day-over-day changes. [0035]1n yet
anot her aspect, the CE technol ogy nay be configured to accommobdat e
and utilize various forns of data and information from various

mar kets, such as (without Iimt) deal and order information from
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procedure that efimnates static arbitrage for financial instrunents
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100391 PHCEE feasvrk stéﬁs%‘,‘tp‘ﬂtﬁgméﬁ{‘geé‘é hABFS ofpr fasdt %i“ﬁ‘é%ﬁl h‘@?’%?%otér {ragcial
as a processor which takes into account market color data and ot her
perti nepmplganetward i nformation, and creates a pricing framework that
outputs 'intelligent' prices for each financial market of a financial
conpl ex0048t woAk indicated above, financial instrument prices are not necessarily independent, even

when the instruments are in different financial markets. In other words, the price of one financial
instrument in one financial market may have an effect on the price of another. It then follows
that other aspects of financial markets may also be (to some extent) interrelated. Thus, for
example, liquid hubs in one market may drive the prices for illiquid hubs at a hub level, and
liquid markets may drive the prices for illiquid markets at a market level.

[0041] As a result of such product interdependency, the CE models financial markets
collectively as an integrated financial complex network, where each market may be represented
as a node or agent and the financial (arbitrage) relations between the markets may be represented
as links between and among the nodes (markets). Modeling financial complex networks in this

manner provides a visual topological structure representation of the financial markets, as well as
8



[ 0040] As i ndi cated above, financial instrunent prices are not
necessarily independent, even when the instrunents are in different
financial markets. In other words, the price of one financial
instrunment in one financial market may have an effect on the price of
another. It then follows that other aspects of financial markets may
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agent Fdn the neTieBhci al (arbitrage) rel ations between the markets may
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within the network. [0042] As with any network, the conplex network
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evol utionary. As result, the present disclosure prOV|des a uni que
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one or several constraints, and mhere the output is an op

sol ut | GAURE PHEOBY Berqdiestivefuetien. In we@iﬁléecs§§%€5 teqhﬁ%lozzﬂtaé&ﬁﬁap%@yed
may be confl%ured to both formsuch an optim zation problem through

t he notelbiotgiom suchi ammptilizagompireiem ethyayek , thandodsting icddea dmaegpali eamrdex
result thereto. [0044] Turning now to Fig. 1, an exenplary generalized
wor ki ngetswwhlgamd pib@Rle aofopam@ed iresubiclmpetdance with this disclosure is
illustrated. As shown, market color (101) is blended (102) and market
struct yoea4] aThinidg@ey EORRL NahnkSergleryUsferaligedowading scharad ¢i0d) of aalHh $n
(104). Collectively, the bl ended nmarket color (102) and fi nanci al

graph GdQfdantHyah 'Efﬁ& ui@aoﬁrr@mnﬂ@kma&ao ABhORE| Ak cORA (109 @ b1énkRaY 1029 and
create a pricing franmework
market structure / arbitrage constraints are used to create financial graphs (104). Collectively,
the blended market color (102) and financial graph (104) mmformation are fed into an
optimization model (105) to create a pricing framework.
Mathematical Optimization
[0045] By way of background, the following provides a very brief introduction to the concept
of mathematical optimization, which only covers the basic concept of an optimization problem

and provides some common language for the math.

[0046] A mathematical optimization problem has the form:
9



Mat hemati cal Optim zation [0045] By way of background, the follow ng
provides a very brief introduction to the concept of nmathemati cal
optim zation, which only covers the basic concept of an optim zation
probl em and provi des some common | anguage for the math. [0046] A

mat hemati cal optim zation problemhas the form mnimze fo(x)
subject to fi(x) Sboi =1 ..., in.(1) Here, the vector x =x") is the
optim zation variable of the problleinmité'u JC5uncti on fo : 12" Ris the
obj ective function, the functions :%%.i =1, ,. .. 1in, are the i
(inequality) constraint functi ons,sug‘r‘f AR astadts™j. ..., b," ard)
the limts, or bounds, for the constrajnts., A vector x* is called 0
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t he objective and constraint functions. As an exanple, the

opt i m Zadtoof proalitdopind pees sddtion @ opttdiation 2qia2idhs @29 of 25) bekiwguf ivthys
be referred to as a |inear program (LP) if the objective and

const r @idmdllegGbicefive VAue smongPdlPvdctdieiat satis- the SéHsireihié (EdIRdSGesdH Hace”,

further discussed below): for any z with f; (2) <b; ..., f (2} <bw, fo(2) = fo(x*).
[0047] Families or classes of optimization problems may be characterized by particular forms
of the objective and constraint functions. As an example, the optimization problems expressed
via equations (22) and (25) below may be referred to as a linear program (LP) if the objective
and constraint functions fy ..., f,; are linear, 1.e., satisfy the equation:

filox + By} = afi (x) + 81 (). ()
for all x, y € R" and all o, § &€ R. If the optimization problem is not linear, it is called a
nonlinear program.
[0048] Another class of optimization problems are referred to as convex optimization
problems, in which the objective and constraint functions are convex, which means they satisfy
the inequality:

fi (oo + By) < afi (x) + Bf: (1) 3)
forallx, y&R"andall o, 8 €R, witha+8=1, a> 0, 3> 0. Comparing equations (2) and (3)
above, it is evident that the convex optimization is a generalization of linear programming.

Notably, some convex optimization problems, in particular Quadratic Programming (QP) and
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fi (Ox +13Y) = aft (x) f (y).(2) for all x, y ER" and all a, 3ER
If the optim zation problemis not linear, it is called a nonlinear
program [0048] Anot her class of optim zation problens are referred to
as convex optim zation problens, in which the objective and
constraint functions are convex, which neans they satisfy the
inequality: (ax OY) a.i; (x) 0/1 (Y).(3) for all x, y ER" and all a,

(3 R Waltleﬂxtsaof (8]? cfa& be %?_lsex?tiatl comperteg%{m @ tk OB GAM daﬁ&% (v% ch%QﬁlPé §c}lved b

above, e convex op Imzatioh IS a general il zat| O

of I|ne Not abl y, sone convex optim zation problens, in
particﬁfﬂ?fﬁﬁg g&%?gProgrann1ng (QP) and variants of QP, can be

essentially converted into sefs of |inear equations, which can be

sol ved by sédﬁﬁﬁﬁﬁihlﬁﬂékﬁgﬁkbers A Fi nanci al Network Mdel [0049]As

i ndi cat ed above, the CE described herein may be configured to treat

col | ecl0M49E oAs indicated above, the CE described herein may be configured to treat collections of
financial markets as complexes (i.e., networks) that are grouped by market structure and/or
arbitrage conditions among the markets. Such markets (within a given network) may be
connected or linked to build up and form a financial complex network, which includes “package
relations” and “spread relations” (discussed below) for certain financial instruments (e.g.,
futures and OTC contracts) and “financial arbitrage constraints” (discussed below) for certain
other financial instruments (e.g., options contracts). All the network relations, if applicable, may
be converted into linear relations:

Axx=0 (4)

where A4 is a coefficient matrix of size m % n, x is a vector of unknowns (markets’ prices) of size
1 % n, and m is the number of equations. Otherwise, the network relations may be presented as
unequal relations, A x x <0.

[0050] Package Relations. Due to their nature, certain financial instruments (e.g., futures,

forwards, OTC contracts, etc.) exhibit certain package relations. This concept of package
relations may be better understood by way of example. Suppose that a first Quarter futures
contract for the year 2012 exists. This contract may be represented as a data structure called
“Qly.” Components (i.e.., ‘children’) of this Q1,2 data structure may include Jan., Feb., and
Mar. of 2012 (Jan)a, Feb;,Mar;3). Mathematically, Q;12 may be set to equal a weighted average
(WA) of (Jan;s, Feb,, and Mary;). Following this convention, the futures contract Q1,; may be

presented mathematically as follows: Q1 = (Jan;» + Febiz + Mar)+3. For other financial
11



financial markets as conplexes (i.e., networks) that are grouped by
mar ket structure and/or arbitrage conditions anong the markets. Such
markets (wthin a given network) nmay be connected or linked to build
up and forma financial conplex network, which includes "package
relations” and "spread rel ati ons" (discussed below) for certain
financial instrunents (e-g., futures and OIC contracts) and

“finangi, ?rbm@ﬁt@ 'sﬁéha%eo‘f?”c?ohﬁ A e&%p?& Lés(g 3 4 t(?];ﬁ QE)&\% AP ﬁa? %att}g%{r}i&i%l%e

financial Instrunents pt i ons cant net

relatrons i f a erted |nt Irnea rel ations

o a) MiRsrhlea ! YERBGH VI T BF Y TR PR, WhHgRe e SronSE: o) o
of unlmowys (markets' pr f siz d.inis the nu

equat i SfriEhied with @ rnbey ﬁégmtﬁrﬁﬁk nrlet%at Pofiays ﬁﬁ@ewlws%ﬁ da tﬂ% casd, the
unequal_ relations, A x x < 0. 100501Package Rel ations. Due to their
nat ur e QleePT & Gentragh arayi ke representashasn (i1 & 98 = Japyt )3 ba, Fabor WP dsMaxort31.
contracts, etc.) exhibit certain package relatrons Thi s concept of
packagd hns fertd ginen fanchbinbeument, apatbagstrolatiobyepwaynte fheaxlangrisbip Bopgso e
that a first Quarter futures contract for the year 2012 exists. This
contraéhmﬁmyhhﬁumemnﬁﬁ@mtampa&ma.data structure called "QL12."
Components (i.e.., 'children') of this Ql12 data structure may

i ncl udgookap. , sﬁem ReRifidndVA Turiihg 3@3}&0(@?“12:&11 keddadybEaleaitar tree (200) with
Mat hematical ly, QL12 nmay be set to equal a weighted average (WA) of

(Janl2,J5aPdera 803 0NREE huarke (22 H'y@aﬂ@@l’)%&rk&@ is sthB@nf %tsléﬁ@@n in Fig.
contract Q12 may be presented nathenmatically as follo

e B TS  VTRL o E ets
ht ed av fth wh
ool B SRR AT ALRbLD. BgERBRI onE Bos

days in deliver eriod), In_that c t he 1 C contract be
repres é?ﬂ'@&ntéé’“é‘fgﬁon “ng‘ons JE‘?ileZ‘aml’gstt%ﬁ CRUE @g Jrel’f(&re&téahe ogjendar year
Thus, for a given financial instrunent, ackage relation represents
the T ePAL% rApich b diaien (103 Q4 mne). A5 Geraarar: GRS Fadss worese di lsur
100511Spread Rel ations. Turning now to Fig. 2, an exenplary cal endar
tree (200%rywia®]dohlinke émmaaer-haiesampc)s,itiqmlatien to( the 2er@5ode E444),yeagh is
(201) markets is shown. As shown in Fig. 2, this calendar tree (200)
has 17 siodelnked to olieadenter nede (2ne cimdmdgrea@0d2urodede 20242086u@rlinked to its
nodes (QL12-412), and twelve nonthly nodes (Jan.-Dec.)). Links

bet wee ReshEfiv¥ afontils nodrd €30212201 2@05)). Fefh €lsethe CASRIAS iydar 2012 flafdetsQidy be
For exanple, the center node (201) represents the cal endar year 2012,

and eaghyrQbnitd ?na@ﬂeiln%tlé A2k, an(hidbeL OB OysQ%ﬂ-‘:gldér%Oé]s) arﬂé]g‘ére@ﬁtle%ﬁfg&5dualtel s,

nodes represent the four quarters of 2012. Since each quarter has a

Conpos'aﬁhgé}eéa?é@tt l?rsg%ntﬁée b&%ﬂ&ﬁ@%? each is shown |inked

to the ce each quarter node (202 205) is

| i nked t t 2 - 205

the caltRak: "G S@é%@%@ fﬁt@ﬁﬁtﬂ \%p%@os‘ét QB BRSOl e
nb f f f t

ZSérQEap%ea%o@%@rﬁéaz il be BB e e r@r‘%ﬁ{w toy grisisphyD pgyhe

of exa and for |IIustrat|ve pur poses onIy is assuned that
only tR lzq‘eaéqﬂriélrmwéfaté@(lozoit%@q asppppd Hhat %ﬁ@?’é?é?lé'éﬁtwﬁleé@%tngwcﬁe}?é are
t he conposition relationship of the 2012 cal endar markets (200). It

i s al séutass gnetchetsh altthaugh if isiand balunilerstood) than ttlsis lelésclogurogpliesdtoaany and all
futures contracts, although it should be understood that this

di scl osyieeofippintiebinsteuragiys.and al | types of financial instrunents.

[ 0053] Based on the relationships (i.e., links) depicted in Fig. 2,
five separate equati ons may
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be constructed representing the conposition relationships of the 2012
cal endar year markets (200): Cal * 3 =QL + @ + @B + 4; QL = Jan +

Feb +Mar; Q2 = Apr -1-May + Jun; B = Jul + Aug + Sep; and 4 =
Nov + Dec. Collectively, these equations represent the spread

Cct +

rel ati ons of the 2012 cal endar year markets (200). 100541Turni ng now

to Fig. 3, an exenplary calendar tree (300) with nonth (302a-c -

305a- i(?] 053? uaph&h 0%%3@ ; fg@nshlﬁgg&{ %?désa gdégiaed fﬁ%fggtzs ﬁb? S%E%k\f@g?qsulaﬁons may

addi ti hi s cal enda ree esent s sbna

such

The 1 B8 o300 (1ol tig e eyttt FERpRRt e B8 A7 ot o Rt

the w te5_season (306) overlaps with two consecutive years, i.e.

start s (99

aresult, there is an increase in the nunber of nodes and thus,
number of mathematical equat ¢@iis3 fiédde@2td? &f4sent the

Nov. of one year and ends in Mar. of the follow ng year.
t he

it
As

rel ati onships in the cal endar tQ@belJBod¥h tMar;shown in Fig. 3, seasons
add three nore equations or twi2rAgr edlaattiJon, t ypes to the equati ons

used to represent exenplary cal@ndail HAeetf200@hdof Fig. 2, nanely

Wnter = Nov + Dec + Q; and S@areOc= RBv-+ig. + Oct. 100551Fol | owi ng
this logic, it is apparent that addi ng seasons (or any other type of

mar ket Collectively, these equations represent the spread relations of the 2012 calendar year markets

(200).

[0054] Turning now to Fig. 3, an exemplary calendar tree (300} with month (302a-c — 305a-

¢), quarter (302-305), and year (301) markets is shown. In addition, this calendar tree (300)

represents seasonal markets such as winter (306) and summer (307). By incorporating seasons

(306-307), the tree 300 (i.e., the nodes) becomes expanded, particularly since the winter season

(306) overlaps with two consecutive years, i.e., it starts in Nov. of one year and ends in Mar. of

the following year. As a result, there is an increase in the number of nodes and thus, the number

of mathematical equations needed to represent the relationships in the calendar tree (300). As

shown in Fig. 3, seasons add three more equations or two more equation types to the equations

used to represent exemplary calendar tree (200) of Fig. 2, namely:

Winter = Nov + Dec + Q1; and
Summer = Q2 + Q3 + Oct.

[0055]  Following this logic, it is apparent that adding seasons (or any other type of market-

type parameter) may have the effect of extending a particular network tree in time axis. This is

particularly true when the additional market-type parameter extends into multiple calendar trees,

as is the case with adding the winter season. This concept is illustrated, for example, in Fig. 4
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type paraneter) may have the effect of extending a particular network
tree intime axis. This is particularly true when the additional

mar ket -t ype paraneter extends into nmultiple calendar trees, as is the
case with adding the winter season. This concept is illustrated, for
exanple, in Fig. 4 which shows the progression of a single-year

cal endar tree (401) that includes only quarter, nonth, and year

endar tres nel ud _ er, mnt b,

el nad2t Bkt RrodRsO Jof ShekoRibgithe (s T (B np oG iRy Wik

[ t he .t ot al de. t 2 Wy t he .t 00

of i gt 4 YEi Taa PR Hab b ATEDS o D) B R Znlp pPpf ELES e
. 9., )11 019 d/ i ncl ud | ti.pl ket - . Whi

| mor o dBAPHL TGRS U5 A0 B BrSeHEGDS WHRA TR oL ok AEFugrR nodes

(404) that includes even nore market-types and/ or additional

i nt er - femiat tortks weq GADITEE SUck %§X@§ﬂ@gm@rﬂﬂ{§03()dh§éﬂ@§éﬁﬂﬁlé¢ oaars (g,
shown, the added paraneters increases the node count in the network
(404) 261wl RO and®r @udenmikdtige mdrbdSGies. Ashick ievréadenthefnodmcping. tofyver
addi ng mar kets, narket-type paraneters and/or inter-market

rel at i ¢08 hindssltifatalygb weietwekwaok) xpiaciadds akh ynex paincs-tjjee asd/aeadiiibnal
conplexity of that network. Nonethel ess, constructing a network in

thi s nanaekharkey rd@ioasids tsacl k| spré@armks eﬁgisc@@eh aelwnt AflsOkhoddn, the added
perti nent markets and/or rel ationships that may affect the pricing of

{1 NanCalard AR GUERAL ool BL Sk fithe BAWRL 104/ ToRER ARER00] mbliene
mar kets and rel ationshi ps may be represented nmat hematically,

constr ikNg Hhi.s % i | ex 1.8 fi i al )

met vor 0SRY RIS s AP 8l PR af o B whlieRype Buia ARl or SRl
solutiQ rovi des an optimgl pricing fra rk.for .the finangcia

st 1 uRSFHSHPY 10 S REDEH SPoRGIARY RROeis Hesize du OBl e bR Heasork
herein defknes and so|ves such a Froblen] %?857 prﬁﬁg-links. hi, the
cont exNogfthgless; GRISUHEURG RV ORS g dhis nanpet Ry bF HRddo FRYY FeTesHY ang gecount
of spreads that relate to the |egs of a given financial instrunent. A
r equl aforsblreztinent markstsangios relptigmslkipe that may affent theprigirgeobidnapeighins wggents
of a financial instrunent within the sanme matching group. An

i nt er - pithéu ¢hat spteal. ( SESE, cagh afhthest hewkdtnndd relepersbipat way bsprepeagented
where the two legs are in different matching groups. Any of these

spr ead ntagheamtitallyk comstioctidy this typs of egmpleandtwiak liesrps fieardiyl qvapldyenetwork)
represented as Spr = leg]-leg2, where "Spr" refers to spread

100581 Hpyemeilitatdl idéfignent mhheestied psevlaadshdiaselutibh fesedds Adppehsl ricide
financial conplex network structure. Returning to Fig. 4, for

exanpl ganR¥baNARALESE MR (tE3heRD! Withif Gha!d6Sple8 HeArkSPTREEAS tRhGBgy
according to 1ts market configurations, creates a heterogeneous hub

net wor lﬁs%&?@*{%%ﬁq?ﬁ&stﬁh%@??ésg%h gggoé;e% | i nked at the begi nning

(i.e., e en This is due, in part, because

hi st ori Y, <mar ket partj ci pant ocus re.on the near future n

ot at 1 o401B2] s SBRAE BRI Pl e RAEKE . 2 i TheSei i DpR H¥ o B
any prediction. wor k (404), however, i.ncludes |IPS relationships

whi ch, D4gs ﬁBﬁ@aagﬁEw@ﬁ&%@s@g Ieghep ek ki RS eédzsﬁtéﬁf smpeq for
fromthe node size of 400 to 6000. [0059]Fi nancial Arbitrage .

Const r &kaeRle, meraseis dha diffestnse detwgenklees ohid Angnsinh dagtrument ayithin ghe same
financial instruments may be grouped by financial arbitrage

const r aiatching gibem Ameferpedlicbspagrd (@PHi on Sgetheo haid, rgmestits heprepdimposdhe
of constructing a financial conplex network. The concept of (static)
ar bi t r age lego aedi ih idiffiserit Snanhin s apss el o thése rspieed empeelitiotofioth ofits 1Egsg and
5 illustrates a network (500) having two synthesized market groups
(501, Sfthematidllyl thasisd fepiekifedtdISPPS I8 I0REY, wielt ‘SpRelefwd t6 spRAQ)
pertains to options markets grouped |?£o two groups: a nonthly market



[ 0060] The absence of call spread, butterfly spread and cal endar
spread arbitrage is sufficient to exclude all static arbitrages from
a set of option price quotes across strikes and maturities on a
single underlier. As a result, a network structure involving options
mar kets may be translated into the follow ng fornulas, for each
option market on one underlying: C(10- C(ki+i)> 0 (5) C(k1l) -

C( ki +i ~ -nﬁ§i+1¢ i C "(lcl 0 (.4 . where C(k).represents
2 o | GEF onBsilse Sitece e of Plemle g, Bl i S o L SRbCRSHS
constraint is the nopotonic cgnditi.on for a call, the se .
Const r PO STEHEeNORELBIE %G Bifdi“ fonHEIPIS %&Pﬁ%ﬁﬂ%ﬂﬁ@f@? ©°gly includes
constraint is the convexity condition. It then follows that these
f or mul aeRuysAvedsp thicheapcoiginge o Hniepiked qoRBSW AN aicalsh Relfierpgpeous hub
serial options) by adding constraint: cmkl) < e ton+toc, mtJ(ki)(8)
network which is much tighter or heavier linked at the beginning (i.e., 2011) than the end (i.e.,
2019). This is due, in part, because historically, market participants focus more on the near
future, and statistically, the further into the future, the harder it is to make any prediction.
Network (404), however, includes [PS relationships which, as noted above, causes the network

to increase exponentially from the node size of 400 to 6000.

[0059] Financial Arbitrage Constraints. As indicated above, markets with respect to certain

financial instruments may be grouped by financial arbitrage constraints (also referred to as
“arbitrage conditions™) for purposes of constructing a financial complex network. The concept
of (static) arbitrage conditions is now discussed with reference to Fig. 5. Fig. 5 illustrates a
network (500) having two synthesized market groups (501, 502). For illustration purposes only,
this network (500) pertains to options markets grouped into two groups: a monthly market group
(501) and an option on a calendar spread (CSQO) group (502). As further discussed below,
accurately representing options markets may include a “blending” of the various factors that
impact such markets. Under this framework, CE is able to price composite options as well as
serial options.

[0060] The absence of call spread, butterfly spread and calendar spread arbitrage is sufficient
to exclude all static arbitrages from a set of option price quotes across strikes and maturities on a
single underlier. As a result, a network structure involving options markets may be translated

into the following formulas, for each option market on one underlying:
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where in refers to maturity, and Km+ 1,1n) refers to tinme between
maturity in + 1 and in. Single Market Bl ending [0061] To out put
accurate prices for every market in a given financial conplex

network, CE considers at least the following two factors: 1) the
financial relationship between markets and 2) the market col or of
every market. By successfully taking these factors into account, the
CE technology is able tog gﬁn (EL >@n accurate pricing frameworKk. (5)
Di scoveri ng market priceék:h § |%m the financial relations (6)
wi thin the conpl ex netmor& %%: d mat hematically into

sol ving a sequence of |inear €q Q éhs mhlch i's uItlnater sol ved ég)
an optim zatjon problem It is noted, ho ver t he

Sol ut | SRETEGHR ) S3Ry5SRRYS arralliapHam Bries o SELE o Iﬁe%n%?fgth%@ésfa sl qopytraint is the
reasonabl e. [0062] As indi cated above, market color refers data and

i nf or mEoneienicegoatiting fora £alhAkg segPndheguetsaiat istthe Mosaienisfoadifion ffer a put, and
r easonabl eness and/ or accuracy of the pricing framework generated by
t he CEtlteethindotongyaintHsvibe eonveady cunditing florthapafallows thatpbsseofornrelak etay be
color is not necessarily straight-forward. |Indeed, nmarket color may

of t en nndifisdec ardotnmadiateahs taki@br sppdad i forkeriud pptibifs ey aiding dohetraimt | on
types (e.qg., deals, bids, and offers), different quantities units,
different tine stanps, etc. As"@)&eyﬂﬂWWjﬁe%ernlnlng the extent to (g)
which the variety of market color is to be considered may be

chal | englng, +J10k (EXAYLE and fonRY, %ﬂtrefglg|t6’€11nfe%'étv@eef?ﬂ{awrﬁ§*'lna¥ 1R ket

includes information pertaining to a deal generated at” 16: 30pm and
|nfornatlonsﬁﬁkﬁwggeﬁge&hgynber of bids generated at 15:30pm it is
uncl ear mar ket col or data shoul d be consi dered
(relati ne another) wthi.n the ci.ng sche 100631To res
this i Gl °, ﬂg t&% Piscinls B rE e RpbPul ST FesBh e GEnE R
process t S ghts' to the d| ferent market col or d

i nf or nﬁ?ffsefﬁls gt é@ﬁwg %fagt%.lbﬂﬁ “‘fi?ld@@g%“ﬁlﬁ’é&/b%?f‘&rl}’%‘ godand )
wei ghti ng algorlthn1mh|ch i npl ements nul tidi nensional bl ending

net hodéhet markehedagohevere snalst. & pcaessfudly taleng sy dactas jintg anétthe CE
color, taking into account different types of deals and orders,

vol une teghublogyis, abimtd genhiste prr@nEtepycing frapgdidtk. oHiSCQweng\miagkﬂtipnﬁges that
al gorithm may provide weights on the bl ended prices. By inplenenting

t hi s t ypahoill el figuntiaDreddt@as mtithin the ke mplext reethori| cag peitmnsibed naohheationty
others features) provide a reference price for an optim zation

pr oces snto GONQHA b SeqiienoP tf Mire@d e@lati6s, tWtdth i ublmedy telvebasr &f ep@nRetion
price, and provide flexible bounds for the optimzed price. If the

optim 5%15% I §&s lﬂﬁﬁakﬁovp%l BRANE: alR uREDRI WS @B}éfﬁﬁg AR SERAaH cohlBaints are

wei ght s prOV|ded by such a’wei ghting process provide a quantitative

metric s on how much the optim zation process should
con5|deg\['%llscf%pi Oﬁaﬂg reference prlce and t he bounds prOV|ded by t he
wei ght i t he f

F
the malfBePsy ess@lga’f’%’%g{)?%? B 0B relR iR rad AP stanl G LB
/! b d be_hi h f | i ght ed 00641 T t
D G Mg S A G50 ﬁ%aﬁéqugep?%énﬁfwﬁ%mﬁpar% R e SRR Asnpraces

wei ghting process accordlng to the present disclosure is shown. As an
initi abygflee@E (eRBIY ALY ndoerearssEINENg BT Rrinus LyBRs ol arprkel COlOR ISR geResSeE LY
al gorithm (610). These wei ghting paraneters (602) may be provided

f r om anyaightiforidré sbulced, market gdiongngyf ofter xiaoptie mflticimensenel imomeation,
configuration files (601). In addition, market col or data (603) may
be f eddifferent idfernweioq lfpende.g., deals, bids, and offers), different quantities units, different time

stamps, etc. As a result, determining the extent to which the variety of market color is to be
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al gorithm (610). The weighting algorithm (610) then perforns two
separate operations: 1) calculating an instantaneous price (604)
based on the market color data (603), and 2) determ ning a wei ghted
bl endi ng of the instantaneous price (605). Each of these operations
are further discussed bel ow [0065] For purposes of this disclosure,
an instantaneous price refers to the nost reasonable price of a

fi nanciglsid st &gg%@tchﬂien&gﬁ. dif%§ tﬁz{}lﬁeplg‘)l@‘%{htrket Q@ﬁ)?q?rgi‘gélflguél%&z&t £2hQLs

at the exact sa noment on nost reasonab
previ nari os

ous. monent . The follow ng i l.isting of.possihle.sc
Phat | mbomeitas erie Al Bshetesehe o5oR® ol B Siigs SR G SR Py of
each of . which is il rated in Figs. 7-9: [0066] Scenariq |. at _|egst
one. dobidSobey -%aﬁ e & larelenr Bov ey SRt reE o eB e
predetermned length (e.g., a two mnute settlement w ndow), plus a
deal prousiderad (Rlathiedo ane wethgplwiskia e nrisig sehggne.7) ;. [ 0067] Scenari o 2.
at |l east one deal and a bid are in a tined settlenent w ndow, plus a
deal pi@0$8] i sTalresodvet this Iswk, phe €&E (eshmlédygis Sndighred[10068®]Srmhar weighting
at | east one deal and an offer are in a tinmed settl enment w ndow, plus

t he deatocpssithe apglidscivoightshe e fddfiferait intekdt seler Hatg .and (dfdymation. In one aspect,
[ 0069] Scenario 4. at |east one deal and a two-way order are in a

timed ggétheamiis "dlﬂﬂ;W,m%UTcoﬁlbﬂsdemw@g’lﬁiﬁg hIgo®in WiHiEH MidplendnWwo mnay-
order (see Fig. 8(c)); [0070] Scenario 5. at |east one deal and an

of fer @ifensidnd BI1biEt; SetbiSRNbleMA PAOW foPchtifiket according to its market color,

taking into account different types of deals and orders, volume and time, and other parameters.
In addition, the weighting algorithm may provide weights on the blended prices. By
implementing this type of weighting algorithm, the CE technology is able to (among others
features) provide a reference price for an optimization process, generate an optimized price that
is close to the reference price, and provide flexible bounds for the optimized price. If the
optimized price breaks the bound, a penalty may be assessed. The weights provided by such a
weighting process provide a quantitative metric which indicates on how much the optimization
process should consider or weigh the reference price and the bounds provided by the weighting
process. For instance, the “heavier” the weight, the firmer the market supports the reference
price/bounds. Also, violations of price/ bounds may be higher if heavily weighted.

[00664] Tuming now to Fig. 6, a diagram (600) illustrating the structure of an exemplary
weighting process according to the present disclosure is shown. As an initial step, weighting
parameters (602) may be fed into a weighting algorithm (610). These weighting parameters
(602) may be provided from any suitable source, including (for example) from one or more

configuration files {601). In addition, market color data (603) may be fed into the weighting
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deal price is above the offer price (see Fig. 8(d)); [0071] Scenari o
6. at |east one deal and bid are in a tinmed settl enment w ndow, but
the deal price is below the offer price (see Fig. 8(e));

[0072] Scenario 7. there are deals outside a tined settlenment w ndow
(none inside the tinmed settlenent wi ndow), and a two-way order inside
settlement w ndow, but the last deal price outside the settlenent

W ndow,_j s hif t he. rd LGe L se
(0073 SR 1", Ths BRishURE ABOuBLE B hih gb AR 4 B Pl bk
(none inside the tlned settle wi ndo %, (f nsi de
ot t | eBnkgS ARt pics (BLD badd onht tnagtpdrila 8 f’&?wmmg
w ndow is within the t wo- way order prlce range ﬁsee Fig g
[ 0074] ScEsighted béendtrﬁe?fetharléstﬁﬁmzfeaff SrieH £603).parac Ith?sed%aﬁ’la i9RY af@n’@rf@er
is a two-way order inside a timed settlenment w ndow. Additionally,
t he hi disowssedbelewt t| enent price is within the two-way price range
(see Fig. 9(b)); [0075] Scenario 10. there are no deals for a
parti c{00ss] dafor mnposehef ¢his Sisdotune -anaiyts:antdedous psice ecfars tto thedmost reasonable
settlement w ndow. Additionally, the historical settlement price is
not W hHtdof bdinhiealviaytndidnt @t bad gBtahS BOmehy ba@iCon) the market color at the exact
same moment and on the most reasonable price at a previous moment. The following is a listing
of possible scenarios that may be considered when calculating an instantaneous price (604), each
of which is illustrated in Figs. 7-9:
[0066] Scenario 1. at least one deal and two-way orders are in a timed settlement window of
some predetermined length (e.g., a two minute settlement window), plus a deal price is within a
two-way order (see Fig. 7);
[0067] Scenario 2. at least one deal and a bid are in a timed settlement window, plus a deal
price is above the bid price (see Fig. 8(a));
[0068]  Scenario 3. at least one deal and an offer are in a timed settlement window, plus the
deal price is below the offer price (see Fig. 8(b));
[0069]  Scenario 4. at least one deal and a two-way order are in a timed settlement window,
but the deal price is not within the two-way order (see Fig. 8(c));
[0070] Scenario 5. at least one deal and an offer are in a timed settlement window, but the
deal price is above the offer price (see Fig. 8(d));

[0071]  Scenario 6. at least one deal and bid are in a timed settlement window, but the deal

price is below the offer price (see Fig. 8(e));
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[ 0076] Scenario 11. there is no nmarket color inside a tined settl enent
wi ndow, but there are deals outside settlenment w ndow (see Fig.
9(d)); and [0077] Scenario 12. there is no market color for a

particul ar day (see Fig. 9(e)). For purposes of illustration,
Scenario 1 described above is depicted in Fig. 7. Wthin a tined
settl ement w ndow (701), which is a two-nminute window in this

i 11 ust r@gﬁa enalllg 7‘%%1%%%9 d&h?%m@@g aq{mgﬁo{eﬁlegl%@ \§11n§13\92(}1 eas gﬁig\ﬂie\'@ﬁ{ed

orders

deal (7Q and a y der (7 4a—b exi.st vvlthlnt
settleﬁgﬁ%mwtn%‘mp‘%\gd‘\%? Ry G Jpsie 4t Egth S BTL el R dephaice
wi ndow (701) is not needed.to determ ne an instantaneous price.

[ 0078] PHEdFHResTHIcICRYIndpY doNOtatither Se e vay EiFr BEET PRRR{TEe Fiendiow
(701) t he actual price of the dealgﬂé?OZ) may be considered the nost

r easof¥FBk  Sednewo §t thelsare dratsemvtsidenbe imed sefilement pandovn@roan ingide dhestimed
price (702a) at that nonment nmay be set as the deal price (702). Wen
a two- sattfleroerdevind®O¥ anld)a evit-ery otdee isedd batemint windtovy (170 e, lasthdeal price
i nstant aneous price at that nonent will be somewhere between the bid
(704a) oantlctiwsealchent pinde® i{ wlHlia)thofwd Rey bider pvty raigd fee Fid. OB

two-way order was the only itemwthin the tined settlenent w ndow

(701), [®@ah PREHEridOt kR &dko a@dpgfbl quaﬁrchraeaa}b%mrb i hawBlwhyri&8nside
(704a) and offer price (704b) could reasonably be set as the

i nstan U WEV I
To e %&%%Ewa PSR EAE P LISH 30 il 1
(703) é b L SR %ﬂ by conbi ning the previously set instantaneous
price P]f ?g? &5 & nonent the deal price entered the tined

w ndow )) and th (704a-b As show.in Fig. 7, the
ot ovi oML siiare o ahiF pte FabT: & el KR S Wloh"gaya‘?ég?l inSide
price (702), is within the two rice range (704a-b). As a ul t
the seddherd ssilemenhiinioy. mdet@nelméﬁe hjstogical sefilemensprigst ’éﬁ’é’b&i’éthﬁ’r ﬁféwo-
at the tine the two-way order (704a-b) enters the settlenent w ndow
(701), viespriperasee (seqligh 96d; t he previous instantaneous price (702a).

[ 0079] As a second exanpl e of determ ning an instantaneous price

(604), [0056kr eRcmaris 1iatieretionéimgrked celpy inshilie ahtirdeisetttesneSt wiraloivp but there are
descri bed above. Simlar to Scenario 1, there is sufficient market

i nf or matalooutydé kdttdenhdne windowd secFik] ®dpnindM ndow (801) to determ ne an

i nst ant aneous price. Followi ng the sanme |ogic of Scenario 1, the

i nst an?m US Sihia® 1£ 308 )s @t mhdt6r @R formpmitdul Faldy DRe $BL 9tep). t he deal
price (802) itself. Contrary to Scenario 1, however, this initial

i nst anwgﬂg%egrolf GRustR0AR)Scbrridof dé@cﬁgéd"abtob@ 1@1&% C(t&pﬂiaﬁ“l a'?d chtlfuﬁ I’a timed

(804b) spre his means that market 1 nformati prOV|

deal b;

v v APHED ‘%‘E%OQ’”?‘L@Q breltd £t ?’“@%WIH&%% rﬁ*ﬁ"ﬁ‘ﬁ@%’? ff‘ %?med hat
[ o0ao] Ak BPET 8@@% ke el FER R PR bRt beten  Spsg
refer e?e%?t t!)nse (?:;1 (702) and a two-way order (704a-b) exist within the timed settlement window

(701), market color data from outside of the timed window (701) is not needed to determine an

instantaneous price.
[0078] The moment a deal (702) enters the timed settlement window (701), the actual price of

the deal (702) may be considered the most ‘reasonable’ price at that moment. As a result, the
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Fig. 9(a), which depicts Scenario 8 described above. In this
scenario, there are no deals inside the tinmed settlenent w ndow
(901), and one two-way order (904a-b) inside the settlenent w ndow
(901). If it is determined that the market information provi ded by
this two-way order (904a-b) is not sufficient to determ ne an

i nst ant aneous price (903), information pertaining to deals outside of

the tie ' ( ' 3 t A
new deal 0o e gaEg (Lo e hhon: TG (R3C 0D 4Bl Fe FREY, SN wB-way
set to _the enscurrent al _pri.c ,..even if none. of the deals. .
are i PR AR e B st ilhef i ifort b onS Y BslrbgclaRis? oy fRCmoRRA v
commencenent of the ti .5 ement wi ndow deal (902

havi ng PaACPHRERSR a%%gfegl?lﬁéi%beﬁg)he B et BHbLof e G pratbation s de
price (902a) is within the bid (904a) and offer (904b) spread, the .
i nst anfHEerEgY STV thoody iem wHbinthertined settlement wipdey (&01)( ook arisy vgn
be set to the instantaneous price (902a) of that deal that occurred

j ust b#éfeoregecdipnicesdetmesen thf bitipeice (TPde) andtaffeepmert (704 dowld reBanably be set as
[0081] Referring again to Fig. 6, the exenplary weighting algorithm
(610) emyinbentansolis grice d Hoovedat einte ethis ilksgdiioach bdabpaca@702h and a two-way
i nst ant aneous prices (605). In one aspect, weighted bl endi ng conbi nes

al | therdeRgyetmneass the ifemtBo@apHcd @r(eet meP bl @tdritnall bef@n@NGR the
price and its weight, a lower limt price (i.e., a |ower bound) and

its Y"eiaﬁblﬂquslzrssewﬁls{anﬁﬁe(ﬁﬂ PHRE]Y0da) géett aPthCRofentthe RA pHRREMLAH M) timed
and its weight. This weighted bl ending procedure (605)" nay be

eXP! ESSRAAV 45 RUBONFaL SR LR S “RIB A £ 7, oS R titiRoks

-A (t2 are the reférence price at tinme

s, " nB B Fhish SReina i bR RE ST SRR Sy ey P FEC e

1ol O 8 ST KEL SO 202 AL | LR Bl SR ol

g?ggf— I tt\%'/q_-g;ay%rrc(lje?r(7())(4aE)br)de?lger;,\?hiegsgtleinfentt Dv?ndto%lvp(%o(lj)f, ngageberrsaerr léc?t&al (%c? Itl'f:ar prie\§ious
instantaneous price (702a).
[0079]  As asecond example of determining an instantaneous price (604), reference is made to
Fig. 8(c), which depicts Scenario 4 described above. Similar to Scenario 1, there is sufficient
market information within the timed settlement window (801) to determine an instantaneous
price. Following the same logic of Scenario 1, the instantaneous price {802a) at the deal moment
may be sct to the deal price (802) itself. Contrary to Scenario 1, however, this initial
instantaneous price (802a) is not within the bid (804a) and offer (804b) spread. This means that
market information provided by the deal (802) is inconsistent with the information provided by

the two-way order (804a-b). As a result, the midpoint of the bid-offer (804a-b) spread may be

set as the instantaneous price (803).
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The reference wei ght nmay be updated according to the foll ow ng
formula: Wt2) = Wti) exp (-X( 12 -+ 141,1) where Wtt) and Wt2)
are the reference weight of tt and t2, respectively. The upper and
| ower price bounds and their weight may be updated using simlar
approaches to forrmulas (9) - (11). Thus, the six conpressed
parameters for each market include: reference price and weight of

referemgfrl NG (tﬁﬁ)@exa g\gfd unggggg%ﬁmﬁ sgﬂﬁceSBM) OV e 1§§1(§de to

bound upper rice wel g brlce

cal cul EiE G QE{ of e el S Prtie d lprioed fheut f isoRehdfios B e dpeaf b

relatigons .and closely reflect relevant market infornati

Mar ket SeBfiBRYisAlemesIowc A0dhi WG e RET-WaY i¢ed OR% {’)s &S}@f% aﬁeﬁpemf?@t
financial relations within an options conplex network (i.e

f i nancmandowefaRd}- k L ispdatesmingd Shatitho market knderaation prayded yois| M@hw Quder
opti ons market blending. Al though this type market blending is

descr i f¥dab) tih notefuffic endgo tdeteopine amsinstanthigoss piite (AP ), aglpakhtjonbgertaining to
applied to other types of markets. [0083] Opti ons narkets may be

consi ddead omsidd ef ithatined Settiémem deindow (80 Imideehes consldeet. depk mibnddmt a new
various factors such as underlying narket prices, volatility, tinme to

expi r ankANg0B e curd, U8 instaRRnBh R giliic@gr PHar ARk IRASHRE kELS tEASir@BT eal plice
such factors and information. 10 provi des an exenplary bl endi ng

ig.
pr OCES§8(‘2§.’OQQ)1 if Rae SPMe Rals TR RARAL B th¥ed BIMen! A @BY). Just prior to

commencement of the timed settlement window (901), a deal (902) having an instantaneous
price (902a) occurs. Since this instantaneous price (902a) is within the bid (904a) and offer
(904b) spread, the instantaneous price (903) at the moment of two-way order (904a-b) may be set
to the instantaneous price (902a) of that deal that occurred just before commencement of the
timed settlement window (901).

[0081] Referring again to Fig. 6, the exemplary weighting algorithm {610) may be configured
to determine a weighted blending of instantaneous prices (605). In one aspect, weighted
blending combines all the instantaneous prices on each market to provide a reference price and
its weight, a lower limit price (i.e., a lower bound) and its weight, as well as an upper limit price
(i.e., an upper bound) and its weight. This weighted blending procedure (605) may be expressed

by the following equations:

5o By exp(=AMt2 = 1)) + Byw
ta =
2 wexp{—A(ly — 1)) +w

©)
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t hat considers pertinent market data and information for options
markets. In this exenplary blending process (1000), it is first

det erm ned whet her tenor input includes expiring options (1001). If
so, the expiring options are adjusted (1003). O herw se, the process
(1000) performs a strike space transformation (1005) for non-expiring
(and/ or adjusted) options. Then, an anchor curve representing the

I . g . . | ‘ -
srmot hoie s Be0Ch foke Bl ARk Rt iR, | S fAALER ARV ey
Next , K I f ' ith th derlyi . .
| ncor pBRAPE (0 e bt Rt ARE RSP Qe Ukt IO TGP GeehEdars i the uni
reference inplied value curve, which is then snoothed via an SFU
t r eat m¥fsteht kygagyma ﬁ"éo}céé‘ﬁ%{ftf AGUEHDBREBY i npl i ed val ue curve is
processed through an arbitrage-free optim zation (1013) to generate

bi t - f ich i hed [ 1009 [
to final riﬂipui{e %a‘fg%ffgg i g %%@238.,ﬁ?geé’é‘é%ﬁ%%@&fa o PO
conprising the ABIRGPHPTIRR KICETCE WhigRIndf e BT BldReBarke 60J0Y s 819CTFi g. 10
is further discussed below in greater detail. [0085] Option Expiry (10)
Tr eat . . t gul
ser 11 onbhitaP sl Al RGLARE (R oY bl B BESIES L st ment

may be nmade to expiting.gptions: 1. the option price may be
set to either its Wﬁlp Fr}’gﬁb) e@%i’&gtzdtt’))(%wa mini mum price (that may Hél

specified, for exanple, in a_product configyration fie), whichever
is |ar &’Z‘F‘Ee Wt and %z)oﬁf ithsrrefragnes syeaght eg.trga.n,ﬁ 2 a?ﬂpe%{walyp ey ppE g dgwer
identified with Geek letters, thus referred to as "G eeks") may be
set t oPueskpundnend their weight mpyrbe nedatedoisingisimilar agpreeghepio Henulag(9)- (11).

m nimumvolatility (this may al so be specified, for exanple, in a
product confhep ttetsioeorhpressid paametelsufort eah imeskes aoipleereddremce prigel aad weight
file (1100) including a listing of expiring options (1101) is shown

i n Fi gof lefereiz 1mivevii0o)t heven prico boyntd o wéigetartHopeophinet bouid @d)7), sndsgiper
to the maxi mumof intrinsic value and m ninum price (1102), option

var i abbfige b&und- andGadikhtasTdippert preRBFRand (50B8).2)ThedeCpaaahett@ M8l Ged & G&) to an
and the inplied volatilities are set to a mninmnumvolatility (1104).

[ 0086] SpihisBricPAe8uId (@RNSAQIE kA QPritaR Plice Blat i sRBRACA] HeANBhARINRIHOAS
(1005) considers

and closely reflect relevant market information).

Onptions Markets Blending

[0082] Discovering market prices that satisfy all the financial relations within an options
complex network {i.e., a financial network comprising options markets) may be accomplished
via options market blending. Although this type market blending is described with reference to
options markets, it may equally be applied to other types of markets.

[0083] Options markets may be considered as derivatives of underlying markets, which
depend on various factors such as underlying market prices, volatility, time to expiration, etc.
Thus, the blending of options markets considers all such factors and information. Fig. 10

provides an exemplary blending process (1000) that may be implemented by the CE technology
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under |l ying price novenents and incorporates underlying dynam c prices
into strike prices. There are four options for strike space
transformati on, which can be specified for each financial instrunent.
If Sis used to denote an underlying price and Kis used to denote a
strike price, the four transformati on opti ons can be expressed as:

1. No transfonnation. The space paraneter is still the strike price,
K 2. 3 : : 18 [ [
i v de PR JEYRERE prf RIEPARE (RS By LU MBRL. T 5 Sy

o7t andB BBl ol08, PR} B e TG et sy R e don
S. [0087 . I, [ ' 005
vy bo CHBB B At PPN AP SWRHE (DACVOR T NGy Beireodsoa Py gertbrms a

underlying price novenent. Therefore, this transformation procedure
may be SHkP spacrdmnsiormationt (dP¢0 dpr rerepétneandlar adivsted) optipes t Then, an anchor
subm ssions, market input data, etc. In an exenplary inplenentation,

a set t benventepssantiog sthereyelyze of @ptivhso genassn diffeess strikes sisoealatdtedh (@)7), and
non-spread options, and di stance between the strike price and the
under | yinagthpd ivizea smacthingr fmttional adlity PFEadeatpieh0(19094)008&t Amatket color of
Curve Construction (1007). An anchor curve is an inplied value curve

for fi opicisalith MetsimBRAdS]yifE: ©nor HPicOipSlatdCinRSte @mbbRER Richst Eirkesl011)
but with the same underlying instrument and expiry date. The val ues

on the LYty dePRAGRR ific@RbiRNuld, Giith IPARh BRLAGIUILn B tRatment

one-to-one mapping between the inplied value and its corresponding

cal I/ pk’fOO@Q)t.l e resulting smoothed implied value curve is processed through an arbitrage-free
optimization (1013} to generate an arbitrage-firee curve, which is smoothed once again (1009¢)
prior to final output.
[0084] Each of the sub-processes (1003-1013) comprising the exemplary markets blending
process (1000} of Fig. 10 is further discussed below in greater detail.

[0085] Option Expiry Treatment (1003). On an options expiry day, all the regular settlement

algorithms may be bypassed and the following adjustments may be made to expiring options:

1. the option price may be set to either its intrinsic value or to a minimum price (that may
be specified, for example, in a product configuration file), whichever is larger;

2. option variables (e.g., call and put variables identified with Greek letters, thus referred
to as “Greeks”) may be set to zero; and

3. implied volatilities may be set to a minimum volatility (this may also be specified, for
example, in a product configuration file).
An illustrative example of a product file (1100) including a listing of expiring options (1101) is

shown in Fig. 11. As shown, the option price of each product (1101) is set to the maximum of
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prem uns (and G eeks) may be built. Notably, different types of

i nplied values may be used according to the particular option types
for which an anchor curve is being constructed. For exanple, for
non-option spread options, an inplied volatility curve nay be used as
an anchor curve; and for spread options, an inplied correlation curve
may be used as an anchor curve. [0089] Turning now to Fig. 12, an

P O 40P B P AT R BN v
T AR R B R R BB e

third-party (qr.client_curve) blending (1203), reference product .
cur ve DIUBITH: e Sipage Tomaloaheiarol daR: prSTaE Wit GHoTBeR] (LY onsiders
shifting is perforned, each of which is further discussed below
Not abl yndeshyéigopried mpaCBeIHS tand dRWPOIRS Anderhdem dunamic Hprices dntdi Sidkopuess:
takes third-party subm ssions and operator judgnent into account.

[ 0090] Thdi aBu foue oBlien domngrike 2029 trankfoordomgvitich ¢candewpeghtd foateadh financial
bet ween an ATM curve and a historical curve, which nay be specified

i n theifskumsntodf Sdgusednd denotadn omletlpipg tpricel msCK s askdftodelee a beikewice, the
the ATM curve bl endi ng procedure takes in historical settlenent

cur ves f@iGrafidfbinidtioh RBRdRCER b bXifedsed 1€ di fference between a
hi storical ATMinplied value and a particular input into CE

Opti onal |y, 110 fahdBilaBRYHRSp SR BrablcRIL AN HPHLiKS i, kOT 1 MBY be
input directly tnto CE. Thus, for exanple, if the historical inplied

val ue for a,c [ rl.yi . r f - J: bnt ki
o V(L) ¢ Aol Biled AR k) Atk BRReRh i€ e SRR PTAE W R RO ik
V(KATM, the.ATM i ied value in the ATMinput file may be referred
to as VAN, Para’th ight ratio between the ATM curve and historical
curve as a ; E@ﬁg£i£$%££te£ t he ATM curve blen&%n% 5{ cesg $1202 .
the updat ed>akeRERONENRASs-o G0 DePe SRECE | RFIAMEIETHE Higplogadiap gk mQpeyndss, 1.e.,
updai ed(ka__ v(ki (aif (a+ b))*( viumvvcA (12) [0091]Fig. 13

i |1 ustrat es/eghExanpl e of ATM curve bl endi ng (1300) in accordance
with this disclosure. The ATMinplied val ue i nput point (1304)

i mpl i es an ATMstnes/teet¢aed0By stviké pihced and ke widedying pricheehKstori cal curve
(1301). Then, according to a weight ratio between the ATM curve

(1303) [08d] t hEotubbt oitd gtake spacw erafidf3fiation widceumgY005¢ mayphit apgpdieClo all ahe
for exanple, an optional configuration file, an anchor curve (1302)
nay be igRneitaivendviaihete i€ fodamlaarierlying pAddne vt ( T&E8brea s frftRformation
hi storical curve (1301), and that is parallel to both. [0092]

Not abl yyocB@lire aly bl BerbinlAS} RiktotiBa lSEMER B Hale HHd At Rubtiivhib AP ka8t input
value froman ihput file. It is not required that all the tenors for

a fi na'agtiaaétc.i ﬁﬁtalh%fﬁ laﬁf’I }Ilﬁ%él%iglq%t'rl&wﬁﬁéﬁleﬁem 1 cesg%ayf/&%é&%l rr;)l %—glc?neyness

i nstrunents without suc out access to

value inpuyt files or tenors not listed i uch file t.he .

! echnol BEermayo R dorctinr P Saleh and BERmd VR b sffe a Sribyecndsvine
and use .a historical _settlenent curve for anchor curve generation.

[ 0093] PHFF tagsErmgtienyfor prpad BBty ve Bl ending (1203). As an initial
step, a third-party curve bl endi ng process includes conbi ning al

third pR88Y danshodauyeCenspction (FU97he Asrarckorgievecis i inwdied walve cunve for
certain third-party data reflects transformed strikes {k'1}, such

t r ansf dinamsdsl sinstnkesntsés:g.beptomy erctesd difieientpktribek, vhaik ueigh thenemme [vinderhing
i nterpol ation (no extrapol ation) nmay be used to generate inplied

val ues imtrumesiednil| epiytdadayhs vhluansi drentvesddpetesn {HejptioNgxiting tivelel being
curves may be conbi ned together according to the wei ghts anong

t hi r d- paddt ¥nE 4 be-td- & BarpYAShetwAORS Impfedanlvelanll $k tatéspendx@o@l/sut obtion
is first assuned that there are in thbad-party subm ssions on the




w2 Then, the conbined inplied value at strike |Ic, nmay be expressed
as: 26 [0095]Fig. 14 illustrates an exanple of third-party curve
bl ending in accordance with the present disclosure. As shown in Fig.
14, three separate third-party curves (1401, 1402, 1403) are input
and may be conbined to generate a conbined third-party curve (1404).
[ 0096] As a next step of third-party curve blending, a previously

gener at ed .anchor, curve may, be .hl i the combi ned,t hi rd-part
Ourves PREGES i GHKS BBl AR it o6 T i ghbes af g toco
between the third-party submtted curyes and {he anchor .curves. T

i |1 ust ASROLIng o fhe &é@ﬂﬁwpﬁlﬂaﬁmea rfo‘é“’gﬁita&i WCE‘?\‘&W?isnlbenigvem‘Fﬁg For
inplied value at a transforned strike point k, on a previous|y

gener atsanpclis norgpyen spicag gptions, Ha wﬁe‘é valetifigyecusuenmay baNs§dboisn@yanchor
strike point on the conbined third-party curve is Vsub"'"(k,), and

t he weicght; andtfpospoetiwesenst i mblisd coryelgtidmivirteadaichs weed aneh ansbérowreur ve
is a: b. After third-party curve blending (discussed above), the
updat e@8af hoM uinigy noedtovEp.Ue, ai etediplagprdressdXpi0d seadnsaicting aatetioncurve
ajo, by: v(ki) (ma b))*(vsubm ssion(ka)

(14)  [DRéldafitOwith Bhib distiBbuiratiLshodin. ERRMIhaFIHH 6N BEhef ciave PIDNGehts
third-party curve (1503) wth a previously generated anchor curve

(1501) withhg nigsitthal ihslid SdieASent %ﬁ@%é(é%@f_)\'\%ﬂi #/B8h W RRLmbNG- (“AT8PI8durve

Ref erence Product Curve Blending (1 ndi cat ed above, anchor

cur v, STRRLEEIIA CIO0T) il 6 BUBIAR L5081 SRR DERHE B

(LT B, iR GG B SRS BT AR PR BRI

P ARl e S e e oD, PLendet WL She anener Situe o he Sar
takes third-party submissions and operator judgment into account.
[0090) ATM Curve Blending (1202). According to the weight ratio between an ATM curve
and a historical curve, which may be specified in the CE as option configuration input (discussed
further below), the ATM curve blending procedure takes in historical settlement curves and
shifts them according to the difference between a historical ATM implied value and a particular
input into CE. Optionally, thus input may be read from an input file, or it may be input directly
into CE. Thus, for example, if the historical impiied value for a certain underlying tenor at a
transformed strike point &; is V(%), the historical ATM implied value may be referred to as
V(karar), the ATM implied value in the ATM input file may be referred to as Varu, and the
weight ratio between the ATM curve and historical curve as a : b. Then, after the ATM curve

blending process (1202), the updated anchor implied value at k; may be expressed as:

V PRy = Vk) + (a/ (a+ BY)*( Vars - Vkara)
(12)
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[0099] To illustrate, it is assumed that for a certain underlying
tenor, the inplied value at a transforned strike point k, on a

previ ously generated anchor curve is V(k,), the value at the sane
transforned strike point on the reference product curve with the sane
tenor is Vief(k,), and the reference product weight is w After a
reference product curve bl ending process according to this

d' scl 03@1’9& dt ?? ??%ﬁs&?% Q;Pa(n}gl%@% K981 YA E61cREinS (13MBY iP K cEXRAESSR this
(1), HOABELET B J0, 0 Lo, IS5 AREP 4E GHENT

product's flnal settl enent | ied value, curve (1601) is bIended W th
the anépaleldy Fh?én%s?nqahéwgaﬁlénf)e nolengccpidinede e iyedsnt FtiodebRsa the ATM curve
according to a predefined weighting (1602) to generate an updated
anchor (bﬁ%ﬂ/@ﬂd( the ddyoricebawyg 13Dk adechmnpy be @pui BrCliviay gorgupmplengn optional
(1205). Anchor curve construction nay al so involve average price

opt i oncé¢iR@yatiourfile ahardchomgu(el@063). mEpbe @eraratge thet licebapeemtis, ABM curve
inplied ATMvol atility may be cal cul ated according to the

vol at i (i303psndanéehistoeicsbauivey 13 emd dliat isgsalleThebath.si m lar to the ATM
curve bl endi ng process (1202) discussed above, the anchor curve may

be shi {609d) t oNBaSE), hE:IARMIMA A idstriMeR® kddfuire b AGR) Tfpliddl Wikie TAn® an Inbut
is assuned that for a certain underlying tenor, the inplied value a

the transt RRIRA 1§<§J1f§'8€%h£%'llr\he KonoRNEr éﬁ}{hlﬁ&snllanalm%ﬂl}a\ rﬁ db‘lg‘lnsgleh tMNfe. For

previ ously genera anchor curve are V(

cal cul %Ejgr%lﬁplé%tr@%qght\é%lﬁbhgcx %}ﬁlt or'%gtﬁjt ug_g'c%I?SS tgf t’lei\/l l%}éﬁ%fa‘qﬁlﬂeo {ni"gt?ﬁlﬁs or

option curve %€d anchorl

may be te%)(g srn%? ﬁsegd IaflSSLlCh %Pes,at%g %%Cté&nolo\glgr ll(nlz)y be cgh/f'?\gtggd to S}{IP(A% cmw)e blending

altogether and use a historical settlement curve for anchor curve generation.

[0093]  Third-party (or Client) Curve Blending (1203). As an initial step, a third-party curve
blending process includes combining all third party data and information to generate one
combined curve. If certain third-party data reflects transformed strikes {k’;}, such transformed
strikes may be converted to implied values. Then, linear interpolation (no extrapolation) may be
used to generate implied values at a settlement day’s transformed strikes {k;}. Next, the curves
may be combined together according to the weights among third-party submitted curves.

[0094]  As an illustrative example, it is first assumed that there are m third-party submissions
on the options on one underlying tenor. The interpolated implied value at strike &; submitted by
a third party j may be expressed as V,(%;), and the weights among third-party submitted curves as
Wi Wz ... Wy, Then, the combined implied value at strike k; may be expressed as:

L3

Vsubmmswn k —_ ..
} Z zm (}"1)

e p=1 Wp
= (13)
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(16) [0103]Fig. 17 illustrates an exanple of average price option
curve shifting according to the present disclosure. As shown, an ATM
volatility point (1701) may be cal cul ated, and then the anchor curve
(1702) nmay be shifted to pass the ATMvolatility point (1701). The
result is a shifted anchor curve (1703). [0104] Mar ket Col or
Integration (1011). Referring again to Fig. 10, after anchor curves

are geiﬂﬁ{] } edF%lQW?[u quegkd LexGRLR o (%IB%%HH? NGy l}lghc@\%e rdance with the

underl g ten e i egrated 0 genera erence

ied va urve, convert il tion
& beks P’feS‘F“ttLdeﬁ@F“‘Sut"‘ﬁm?O‘i’% st B i NeB b P o?ww'%ﬁiﬁﬂaﬁ’@n?‘*&)
(1011) .i nvoI ves thre i C steps, mar ket caol or._wei ghting and
bl endi HFU eMrHRY g Famtyl ﬁ%toéﬁ%el?‘?ﬁf‘\?%m& 8ﬁ1|é1nﬁlgPaHE§BWe(ﬂ4q4Prese steps is
di scussed bel ow. [0105] Market Col or Wi ghting and Bl endi ng. Market
col or H09§ht i Ag 2yt WHireridhigrasnpresblending e naviResly guletedanchyieurve may
transforned strike space point into one inplied val ue, taking anchor
val ue &t bicnded woh the ¢omtgnalcbodparty p@VeSioMEmkate Quupdeteliustei aegordivigrif ¢lie
color at different noneyness |ocations will have different inpacts to
t he resiteight rdtiochecnderiahe thm-dgﬁngrsabmituearck@bs aiol e adthos civkesTadhsstea, it is
ATM point wll have a nore 'global' inpact to the entire curve as

conpar gguined FRE k2t ceAiARnddr]yRg RIS irfipliedSualubhit & fra ARV sHikeP6Et & on a
"local' inpact to their neighboring strikes. The inpact range is

cont r obleehBY dehdh@l aR@HRBBLEESV(WiLE Qafﬁ@ﬁt g sphedsidrnalaantkel JaRibn the

into a CE systemfor processi ng. a result of market curve

twisti I‘Q%ieﬂtnggéa hil d%?‘t?ft uns;eu{s\'@"bf"mrogﬁ-?(\ag%éﬂﬁa%&&m ﬁ%l? %%H;e{e usl?c?—é{l{ Sél@ﬁ{itted

has na Be generate

Coror g‘f*%sﬁn&%‘h?ﬁgk ?w‘f"{z%lespa& ApRE03 oo £ e Bl LSSy Tl Gl

(1803). str tes an exanpl e of market curve twi sting an

il
anchor @ */%”RJI éo@y fk%?%p@éqdd‘}s at a stri ke Wi ng

(m ni mum maxi mum stri kg hgint) élBOSb The result is an inmpact curve
(1806). [0108] Mar ket &Jrve(kBl—e’CH Higy* ﬂ‘fr)tJ'éEb/@éﬂ@D*rth ng tnhact curves
via curve twisting, all the (14)

[0097]  Fig. 15 illustrates an exemplary blending of a combined third-party curve (1503) with
a previously generated anchor curve (1501). The result is a curve (1502) between the other two.
[0098]  Reference FProduct Curve Blending (1204). As indicated above, anchor curve
construction (1007) may also involve reference product curve blending (1204). This type of
curve blending is applied to financial instruments or products whose settlements depend on other
products (i.e., reference products). A reference product’s final settlement implied v.alue curve is
then blended with the anchor curve of the same tenor of the settlement product according to a
predefined weighting.

[0099] To illustrate, it is assumed that for a certain underlying tenor, the implied value at a

transformed strike point £; on a previously generated anchor curve is V{(%;), the value at the same
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curves for one underlying tenor nay be bl ended together to generate a
final reference curve. For a strike range that is snmaller than the
smal | est market color strike (i.e., the strike which has narket
input) or larger than the | argest market color strike, a portion of

t he inpact curve of the smallest market color or the |argest market
color may be utilized for this curve blending. For a strike range
that is. y i '

cur ves TIPSRy %‘ﬁ{ %%F* qgfe?e'imé %{Od*éﬁ%‘é’enﬁ@ﬁ g s AP VTR the
accor di to th fm

1 vAreehd R g % SRS wffef Ce)n%foé}f( y*%%%@énew%%%g?Cﬁbql%ao
val ues an .t ct curve of t mar ket color

[ 0109] lﬂilbdls‘igmir? | @“s‘fprdﬁieés"ﬂ FFEP@ EBEFEIBFendi ng. Wth
respect to an anchor curve Q%gp } rst nar@et color strike (1902)
having a corresponding i mp¥ct ok vél(w§6§?+aﬁd gdsecond mar ket col or
strike (1904) having a corresponding inpact curve (1905) may be (15)
bl ended according to the market curve bl endi ng produces discussed
above. [MIW0F r Esull 6 sllustratas hn pedmplebErebmeee purdunet - @OBEnding in accordance with
101101Snoot hi ng Functional Uility (1009a-c). Referring again to Fig.
10, Op&l‘ii@ Hisplobae. N sshywh W fdidendepeddides Hhil setiraienemiplicd value clBQYB60D) is
SFU (i.e., snoothing functional utility) treatnent inplenents

mul ti - pREYEP iR the Wn¥Ror drtd B th s&HD ¥rldr iofRhé 6tiMALM S BECY @8cdlling to a
various algorithmlocations during the cal cul ati on procedure. The

or der ?fedkﬂ?edﬁ%%lﬂﬁl'?(%ozlj@@gente%té drfu rPHQEdQHJh\S?c&@@(l%ﬁe' ected

accord ng to predeterm ned constral requi renent’s

curve ORI APrble P Afton That AR AXDF AREEY Find shBin B By e

ol emlanq}oivegavgggc glticé or})Iti%n QRi’BS curve shiﬁmmé% 5[)53) %or avYarage price options, an implied
ATM volatility may be calculated according to the volatilities and the expiry dates of legs. Then,
similar to the ATM curve blending process (1202) discussed above, the anchor curve may be
shifted to pass the ATM volatility point.
[0102] To illustrate, it is assumed that for a certain underlying tenor, the implied value at the
transformed strike point k; and ATM strike point k47, on the previously generated anchor curve
are V(k;) and V(k4mu), and the calculated APO ATM volatility is Vspo. Thus, after average price

option curve blending (1205), the updated anchor implied value at k; may be expressed as:

Vzwdafed(kf) = V(&) + (Varo - V{ksra)
(16)

[0103]  Fig. 17 illustrates an example of average price option curve shifting according to the
present disclosure. As shown, an ATM volatility point (1701) may be calculated, and then the
anchor curve (1702) may be shifted to pass the ATM volatility point (1701). The result is a

shifted anchor curve (1703).
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" ki nks' introduced during anchor curve construction (1007),
especially wwth respect to third-party curve bl ending (di scussed
above), yet fully respect the market colors. As an inplenentation
option, SFU nay not be utilized at this point if there is a strong
desire to match third-party subm ssions, since snoothing via SFU may
i npact the preciseness of the anchor curve. [0112] SFU (1009b) may

ar bt S 7 MBHTEA nffeBln (UTP" R i ARAGERY Bcgor s o

L ourvee I?ﬁtrftt%fp &ﬁwgghﬁ%kg%%?fhﬂfo g@a&gg,gm (PRisaie afir g SenpF iy b nfegraica

optlnlzatlon (1013) tably, .sjnce this SFU treatnent (1009h) is

appl i e610H} orgrapiasta @fﬂr@}ce iimplgsh valueomiryer ovhioh mageks %V@ﬁ:drtp SRitpmpregiums
color may occur. In this case, the match with market col or may be
sacri f ped@reels forHnat puipuhtres Eig. 101 18farket poledingmration 44 e mvolveg Blgeg basic
may occur after arbitrage-free optim zation (1013) and before the
final eteppnemel$mmotliai crdorateighting apd biendingpactestwidtiagj andlduse bladdire. daclv ef
that is ultimately output, however, the call/put price curve may not
be ar bitHesagepsfis @Rcusaitbdldie. price curves are not necessarily

guaranteed to pass any market color points. [0114]Fig. 20 illustrates

an exanplog) of Mahﬁet'@ﬂ@ﬁtWQ%htﬁ% k) Bkﬁﬁﬁgﬁnma%t &ofd#! Weig ﬁa hhd Hddig
SFU snoot hi ng, the curve 00 becones clearly snnother (2002) than

prior E&néglééeg'ﬂﬁ:% &tcolc{rgil‘é;é?] Rt R MRl skt %ﬂa@ Biht ﬁ{ﬁ §1ﬁ 1%5@%1% takmg

there may nee to mat c xternal sett t “prices.

such C%&%mrvﬁueﬁﬁﬂﬁl|¥¥n§55%§q cal Uput prices (non zero val ues) my
be provided as Inpu systen1 During a cal cul ati on process,

or 1 cob W5 Bkl G pdr Y SoPTL HRaeh AT flac?l{‘?g?%sgﬁo%ﬁgﬁsr ol e

1005). This process pay be used to_inprove the curve quali

howev ediffegsent sapasst OHhG S plohe Burvgu &t aricebanarkel cglor @k srikes I&ﬁﬁf fnhéT%eomt
out put process, output prices may be exam ned and corrected to

ref | ectwill HjléVEegtI’@}'lﬁagIOb@? thpagb e ther ¢niiee curve as compared to market color at exfreme

strikes, which may only have a ‘local’ impact to their neighboring strikes. The impact range is
controlled by filter parameters, which may be predefined and input into a CE system for
processing. As a result of market curve twisting, one ‘impact’ curve for each transformed strike
point that has market color may be generated.

[0107]  Fig. 18(a) illustrates an example of market curve twisting an anchor curve (1801) for
market color at an ATM strike point (1802). The result is an impact curve (1803). Fig. 18(b)
illustrates an example of market curve twisting an anchor curve (1804) for market color at a
strike wing (minimum/maximum strike point) {1805). The result is an impact curve (1806).
[0108] Market Curve Blending. After determining impact curves via curve twisting, all the
curves for one underlying tenor may be blended together to generate a final reference curve. For

a strike range that is smaller than the smallest market color strike (i.e., the strike which has
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Optim zation Problem [0116]To this point, the present disclosure
has di scussed building up a financial conplex network and generating
bl ended market information, either on a nmarket base or on groups of
mar kets for options nmarkets. A defined financial conplex network and
the results of the blended market information may then be utilized to
formconstraints and objectives to define an optim zation probl em

t hat whe ol ved r ovi de pri.cing framework for. a financi al
compl oians B orBedioS S Dules el G R HEC b Hin abURERPA s o e

optim zation problemforma search space, ich is. defined accordi
Lot he SERHEE Fam SolokeT gﬁfﬁﬁf‘ég@éﬁﬁf il e uiitie e iy s Hrn %CE‘% a
may have two general parts: a solution space and a valid space. The
sol ut i &Wike penes thafyis @égﬁ&rt‘é(@ mesrket eglog strikss knand ks phrclavoobnmagt cyrggs on that
which may optionally be set to avoid being enpty, or as the feasible
sol ut i poionpf fagsmpdd ruyadnaydy bidadediogTther agadridungdp thedolhayying éormuteer r ed
to as defining a valid range for each market in a financial conplex

network, such that / VB Vile) e (& —kis)/ @ + eV .0ouid(Adctor and it is
an upper bound vector respectively. [0117] The intersect of the an
sol ution space and the valid space defines the search space of the

optim M&feovf(p,-{ aRd %-)%p&&n& shdphplR@dradifes dnftB@ShPdce chived be MeVdtRiprésted
is not enpty. |[0118] Rere are at |east four options for defining a
valid ﬁﬁg&gcd'gcluding (wthout limt): . alive boundwy
approach which uses product |evel maxi mum and m ni num prices, or even

- 00 t?qlf?@]_ wng) fl&?‘ﬁlis?lja%%(ﬂg gg§?1%l§g$ﬁn#|%%tgc%(§\ﬁcﬁ&ﬂ§ /Sty OreEbeegg{J 41 anchor

a resul 00 “nmay not I ol ce ovi des ‘subst an
fr eedorcrlln:[vg (Hb?),saef%'gtc lga&gta go?ér S?rﬂga (ITBé{Z) hv‘énv}ng avc%{%splogyi\llng impact curve (1903) and

a second market color strike {(1904) having a corresponding impact curve (1905) may be blended
according to the market curve blending produces discussed above. This results in a final
reference curve (1906).

[0110] Smoothing Functional Utility (1009a-¢). Referring again to Fig. 10, option pricing
may further include SFU treatment (e.g., 1009a-¢c). SFU (i.e., smoothing functional utility)
treatment implements multi-polynomial curve fitting to smooth implied value curves at various
algorithm locations during the calculation procedure. The order of the polynomial used to fit the
curve can be selected according to predetermined constraints or requirements.

[0111]  According to Fig. 10, SFU (1009a) first occurs after anchor curve construction (1007)
and before market color mtegration (1011). Implementing SFU at this point will smooth out any
‘kinks’ introduced during anchor curve construction (1007), especially with respect to third-party

curve blending (discussed above), yet fully respect the market colors. As an implementation
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probability, increase the runtine for sone optim zation/search

al gorithns. Mreover, the resulting solution nmay sonetimes go beyond
the bid/offer bounds. 2. a last bid/offer approach considers
the last top of book bid/offer as the | ower and upper bounds. This
may be preferable froman econom ¢ sense, but there may be risks
associated wth this approach. 3. an in-w ndow bid/offer
averag Fexelels hal Ly

to the Trae S%‘ﬁﬁﬁlaz?f.@@a%%%%ﬁ% s B0 o) R0 (AR SnAC Wi PRy
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bl ending (of a settlement day), rather than averaging (in a tine
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options for defining a valid space di scussed above narrow down the
sear chswmpetbethefimphed opiuE rduret arsinprovisiel & wwam dwvidly @i bighsrsoxmttaickd quality for
solutions. (bjective Function [0120] As indi cated above, an objective
funct i erbitrey-fize deiminatnt Q0N MNaebly,henpr itide SHAnNgasmenh( QPP U applied
financial conplex network with respect to its reference prices

resul t kfigniafl@cdlbe idde@nbnng 0 PN oeakioaSrehh seiss @dloaRyecolif MahBAKS the
color is available, the prices may be expected to remai n unchanged,

unl essnh%rvﬁttﬁh%kﬁtf@[&%aalﬂ%s@&ﬁl‘%‘c’ed?&ﬂﬁé Lhygndgtors. This may occur,
for exanple, for illiquid hubs having no links to the renai nder of
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i nt erest tes and un Ket’s for options rema sta
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ultimately output, however, the call/put price curve may not be arbitrage-free, and the price
curves are not necessarily guaranteed to pass any market color points.

[0114] Fig. 20 illustrates an example of the impact of an SFU treatment on a curve (2001).
After SFU smoothing, the curve (2001) becomes clearly smoother (2002) than prior to SFU
treatment.

[0115]  External Settlement Match. Notably, there may be a need to match external settlement

call/put prices. In such cases, extemally settled call/put prices (non-zero values) may be
provided as inputs to a CE system. During a calculation process, such prices may be treated as
market deal inputs, and the underlying prices may be used to perform strike space transformation
(e.g., 1005). This process may be used to improve the curve quality, however, price match may
not be guaranteed. As a result, during the output process, output prices may be examined and

corrected to reflect the external settlement prices.

31



the reference price for market i x/: the |ower bound for xlefgiven
by a bl ending process xi": the upper bound for xrf given by a
bl ending process wf : the weight for xrf given by a blending
process w: the weight for xrf given by a blending process wi
the weight for xrf given by a blending process si: the addi ti onal
wei ght for spread market (this may be predefined and/or input via,
for exanpl eq,g¢onkl Bkadion file) c¢: the paranmeter used to adj ust
how nuch x/ X1~ are considered in the optinzation conpared to
wr f he n t nor e romb
FespectBdor] Taéﬁnfr?oo‘rﬁgglérpogsa?tn@%losu{%hgs lscbu%%J QSRR s g sgPoptex

deflned as a Wf gh IE ni m zat ver ted markets: mnx, E s
(Xi ik and g elatmg lended mar et 1n ormanon e1 er on a markef base or on gloups of

(19) [0123] In certain circunstances, the_above function f % Y
yi el d &H‘ll?eﬁ‘-‘ffé?hgli’ftﬂnén?blf%ﬂ i HAefined Tppeal copplgxnetivrrk apd theiresultyof the blended

derivative version of the objective function may be expressed as:
market information may then be utilized to form constraints and objectives to define an

optimization problem that when solved, provides a pricing framework for a financial complex
network. Notably, feasible solutions for unknowns in such an optimization problem form a
search space, which is defined according to the constraints. For purposes of this disclosure, a
search space may have two general parts: a solution space and a valid space. The solution space
may be characterized as the null space of Eq. (3), which may optionally be set to avoid being
empty, or as the feasible solutions of Egs. (5) and (8) above. The valid space may be referred to
as defining a valid range for each market in a financial complex network, such that

I <x =
(18)

where / is a lower bound vector and u is an upper bound vector respectively.
[0117]  The intersect of the solution space and the valid space defines the search space of the
optimization problem, which is defined as a feasible problem when it is not empty.
[0118] There are at least four options for defining a valid space, including (without
limit):

1. a firee boundary approach which uses product level maximum and minimum prices, or
even -ocoto og when feasible (e.g., some prices can never go negative, as a result, -comay not be

feasible). This choice provides substantial freedom to the search space, and may, with very low
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mnx; Es (yr(-+ c [zuNxi - td (24 -(20) where (x; - xn+if xi > (21)
From t he foregoing objective functions, the follow ng nmat hemati cal
formof an optim zation problemnay be expressed as: [0124]For
non-options markets: mnx,ref | (.%?ref N2 Esi""_Subject to: AXx x =
0O <xi<wus, =0, 1, n (22

probability, increase the runtime for some optimization/search algorithms. Moreover, the
resulting solution may sometimes go beyond the bid/offer bounds.

2. a last bid/offer approach considers the last top of book bid/offer as the lower and upper
bounds. This may be preferable from an economic sense, but there may be risks associated with
this approach.

3. an in-window bid/offer average approach initially sets the lower and upper bounds
according to the free boundaries approach (defined above). If there are bids or offers in a timed
settlement window, their average overwrites the boundary.

4. a blended bid/offer approach uses lower and upper bounds from a blending procedure
(e.g., market blending discussed above). This option is similar to option 3 above, but applies
blending (of a settlement day), rather than averaging (in a timed settlement window).

[0119]  Except for the free boundary approach, the options for defining a valid space
discussed above narrow down the search space of the optimization problem and aveoid non-
sensible solutions.

Objective Function

[0120] As indicated above, an objective function may be defined to minimize the price
changes throughout a financial complex network with respect to its reference prices resulting
from the blending procedures discussed above. If no market color is available, the prices may be
expected to remain unchanged, unless there are changes in other sensitive factors. This may
occur, for example, for illiquid hubs having no links to the remainder of the financial complex
network if other market conditions such as interest rates and underlying markets for options
remain ‘stable.’

[0121] In defining an objection function, the following notations may be used:
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(23)

(24) where n is the nunber of related markets for solving.

[ 0125] For options markets, the optim zation problem may be expressed

as:
(26)

mnimze(C(ki) -)2+A | C'(k)dk (25) subject to C(kl) - gig+> 0

C (ki) - O(kll)> - i+ - ki)

x/¥ : the reference price for market i

o x/: the lower bound for x;¥ given by a blending process

e x“ the upper bound for x/¥ given by a blending process

o w9 the weight for x/“ given by a blending process

e wji: the weight for x/? given by a blending process

e w;": the weight for x/¥ given by a blending process

e s;: the additional weight for spread market (this may be predefined and/or input
via, for example, a configuration file)

e ¢ the parameter used to adjust how much x,-’ and x; are considered in the
optimization compared to w/?. The larger the number ¢, the more the bounds
from blending is respected.

[0122]  In one embodiment, the objective function may be defined as a weighted minimization

over related markets:

i (19)

[0123]  In certain circumstances, the above function (19) may yield an infeasible solution. In

order to circumvent this, a derivative version of the objective function may be expressed as:

i, Z 8 (w,’.'t‘f(mi — :f:;_"ef)’l + [w;‘(f&‘i o~ .’i’:;‘)'i’ e wi{l,i - ;ri)-+-])
: (20)

where

otk Jomi—w M m>a]
(i — 2:7) —‘{ 0 if oy <=af
(21)

From the foregoing objective functions, the following mathematical form of an optimization

problem may be expressed as:
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(27)

C'(ki)> 0 (28) C(ki)< It; (29) C(10> 4 (30) where k is the

ith strike price, C(k) is the call price at strike k, and Xis a
snoot hi ng paraneter which cones froman enpirical result.

[ 0126]
col or,

Not ably, the foregoing optim zation problens reflect narket
achieve static arbitrage-free, and satisfy boundary

conditions. [0127]1n practice, the CE technol ogy descri bed above may

be i r’rpl[(ﬁriﬁpt egoruﬁsoinpc%tig‘nss gltkg@

ming, Y sl (a(i) — o} 7Y

: (22)
Subjectto: Axx=0 (23)
lfoiS”f:i=0a lsn (24)

where 7 is the number of related markets for solving.

[0125]  For options markets, the optimization problem may be expressed as:

minimize Y (Clks) —2]*)® + A / C"(k)dk

; (25)
subject to C(k) - Clking) > 0 (26)
C (k) - Clkirr) > - € '(kies - ) (27)

C’(k)) >0 (28)

Clk) < (29)

Clk) > 1 (30)

where k; is the ith strike price, C(k) is the call price at strike %, and A is a smoothing parameter
which comes from an empirical result.

[0126] Notably, the foregoing optimization problems reflect market color, achieve static
arbitrage-free, and satisfy boundary conditions.

[0127] In practice, the CE technology described above may be implemented using a system
and apparatus comprising one or more computing devices (such as servers) comprising one or
more processor executing instructions stored in memory (e.g., such as a database). Turning now
to Fig. 21, an exemplary system (2100} depicting CE data flow in accordance with this
disclosure is shown. The exemplary system (2100) includes multiple computing devices (2101-
2109) in communication with each other via, for example, a wired or wireless communications
network. The system (2100) also includes a graphic user interface (GUI) (2110) gencrated by
one or more of the computing devices (e.g., 2105) to enable participants to access and interact

with the system (2100). Notably, each of the computing devices (2101-2109) may comprise one
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and apparatus conprising one or nore conputing devices (such as
servers) conprising one or nbre processor executing instructions
stored in nenory (e.g., such as a database). Turning nowto Fig. 21
an exenplary system (2100) depicting CE data flow in accordance with
this disclosure is shown. The exenplary system (2100) includes
mul ti pl e conputing devices (2101- 2109) in communication with each

ot her yj . e Ll e N S L cat iqC :
The sy Biort S goFAIRLE: (ReliElr Mokl FooBa SERMIMAL DB BbiBRyige
generat.ed b ne,or, nore of the c uting devices (e.g..,.,2105) t

anab] o Sedee TarP K e e ARG Y LR R R b et e Rytfer eny
Not abl y, .each of the conputing devices (2101-2109) nay conpri se one
or mor & §F Véﬁﬁﬁ%l%rzkoggwytlgﬁug‘? of gﬁt"éﬁ?@“&’é‘i‘\?@%‘} WM ptioHele memory
hand- hel d communi cation device, tablets, kiosk, and/or any other

sui t abHeviessngygh phéatabagesnmruni cati on devi ce. Further, any of the

devi ces (%;Oéé3;09)fnay&anlude ogagg i?gﬁgggﬁgicat[gnurgéh gﬂgfor "
nore mEH3 100E811018 U el 1211 N wped@taatin and nelormation
exenpl ary system (2100) may provide data and i nformati on pertaining

t 0 act psteainiag ke tastiveomaitkiets dbc fiadnciud tnaowdek conplerfese Spnof # it aofuputig device
conputing device (2101) to a second conputing device (2102). .

Opt i on@dloy) tota¥esordicdohipatinBddksde (dad0. BREohdNyOMIEdcONmERYt dita RIdAMfki@Eon
periodically or as desired, as the active nmarkets change (e.g.,

dai 1Y) mal ®eYROA0& SRBdREY YCasd TREHES, ab HelcHW hidfketsTIHARRC (., FaQPPkB¥pdate
network definitions (and the invol ved markets) may then be provi ded
to a hgst ice. m € i ece ( .

wth pitcadRE RRe ithpdol FBal ShoERTRALOR AENHER( Gh8 e (00
data and .i nfor i O rovided.from devi 102). ~.The financial

corpl SR AHSIMGI et PP PR 1B ReR PRV Lo Famishe o Fomad FRE Siespi
to the host device (2104) i.n response ueri e enerated by the |
host d& Pwl%z@m)fsseéwgﬁaw (tegh ﬁav%é?%ﬁcf@d&ﬁfea%a@ ﬁeajﬁagﬂ %ﬁdﬁgaﬂnatwn
controlled by a GJ (2110) through which operators nmay access the

host déwpeded dimy)deviss 21¥2d-her THY dingnsiald coraplew watverky defyutqns gnd; gplated
22, once the host device (2104) receives the network definition and

r el at ethfolatagionnaiay hé praveded do the hoshegyidee(2¢QHfin gespenketto qpertss @suerathé by the
i nformation, organize a data structure of the conplex network, and
parti t hem deviee (RdO®DrIuch nueiayandyadicsnadeGihRSjaticalnpulldrregnidadied by asGOh(2440)
a user-conputer (2105) or a server (2109) may be configured to

gener atigoldhewkich op@dbe) mhPhacictd Heawist 8¢/iod 2N04)neahosthed adtieed BAOA with
This GJ may be configured to call commands on the host device

(2104) respbi o B, AEEEE MG hE dbViEsSE10DMRELITIGhE BMWe Ak ddkton anfihelafdd! data
(2110) nay al sOo be used to interact with the CE system (2100) in

R R S R A S RS

(as a resylt of interact.j.ng.wth the host device (2104)) to a
separaf%n% 6P§8@”&§9§E%%kﬁgﬁ%fﬂ?%¥k§¥%F%8%g-|n addition, settlenent

prices be processed (via 2107) and transferr to anoth erver
devi ce ﬂﬁ%ba A comsaefnseys 5o Lﬁ?l@%onwrera@a?ﬁg?ra?nswefaﬁl 03§ may be
exenpl ary CE architecture (2200) in_accordance with this disclosure

i s shogrifigagedstaogenenatsi the 572 @t for anteractane) wish thenbeshdevips @d@4hsThis GUI
tree-like structure having three distinct levels: a conplex |evel
(2201) may st candigured| to| @lletonirR@@iz)onathd lostrdekied (210 suclp 29 3neryitgethe first
conpl ex |l evel (2201) focuses on the conplex definition. Notably, the
CE ar cbomhpaingr devic2200)1)mebheaGUd ihid G treynaldat bepheedao riplemxe svith 2RO TE) system
and one conplex may be configured to use another conplex's result to

per f or @1iDPinCah&dl Aldite® BBangbliBakit@geh conpl ex (2201a), there are
several conpl ex nodes (Zzglb-c), mhicgénay be defined by quartet



[0132] The structure |evel (2202) of the exenplary architecture (2200)
has two | evels of partition: commodity code and cl earing destination
(2202a) and product 1D and hub ID (2202b). In one enbodi nent, the
second | evel of partition (2202b) may include a third paraneter
(e.g., product ID, hub ID and strip ID), or any nunber of paraneters.
It is also noted that nultiple conplex nodes (220 I b-c) could share a

¢ E”&S?‘%‘“ﬁﬁﬁiﬁ ?‘“&%‘?f%ﬁ&%ﬁ%}&'c@ﬁ?i i %?%E%%}f‘%’ﬁ?eaﬁ’%;‘frek%ﬁﬁ%ﬁ%&?‘g%aﬁ*ﬁg?‘?
L1 e ( OBy R RTchepar phiepeavt) g TR e MEP st Bpks pVe:

(2202c).. In_alternative enbodi nents, different product hub tree
(not skoWR) famalPrass: PoddEionesptiGnieRt Hli?q%érl%’d%%'PCqSWéwla(2é§5533rfd transterred to
[0134] Turning now to Fig. 23, an exenplary diagram (2300) shows the
flow oﬁnqth‘@'sélll'vﬁlf@vé?ﬁt(zw%i)-ce states inside an exenplary curve engine.
Not ably, any of the different stages may commence the cyclical flow
depi ct ¢d131) n dwamirenbodi trehig, 2Ri st dingreml opan ceeniataay (CE3@fchittawrec@20@) m
instrunments may be pulled or received fromon a prior day's published
price dajoadag230R) thiFdikclodwsi showsi.r Aseshndv thibatchid@ture(2208YE: characterized as a
correspondi ng historic pricing data, the CE technol ogy nay determ ne
such pikefke ARt Baviag Mirké ABEnANCRY a RBMRK 16@N$1208), Bl strul@R0 Ivel (2202)
(e.g., a spread nmay be determned as legl - leg2). Collectively, the

hi storbgal; REKEEFevbR #2D)) anthe! D slal &l z &/Erf&'a&@és Lo @oﬁﬁl@?'c%hﬁﬁ‘ion.

set of historical price data (2304). [01 rket color data an

i nfonnat ). | : i i

ori co St S5 fchRE L0f, blaf i Enibidie hif P TRlEle Rt Bh B 67 one
These reference prices | then he publjshed (2302). In parall.el e
{of or e RUBSH PG AP iBuR io Pk Disiier Bagpieti el Raietoh Trieaisalarins Hade
and/ or rket constraints (2303).. Notably, if optim zation (23Q7

o | o CO Rl o0l Do 88 e Rurororenet g2 FQbedeHpengrG B Syt by
simply remain as previously published (2302). G herwise, if

opt i m geariede.e23ommadyy sedeededine dagunaiioni pedustt (foeeg)0TG Heptiopt Fisdz el
price(s) will be published (2302) and repl ace their con-espondi ng,

pr evi onsting/pudhoi)s Netibhyo an epthoniodsdnaefrevida deta el e calpula@80df)a pricingsnode.
t he published prices (2302) includes a collection of reference prices
t hat hasenkeanplopf theianedr nadewtie adfeture hnd the peicipg inodswhieranwhtiad) the pricing
optim zation failed or produced an infeasible solution. [0136]By

publ i s RbdmAOB: CHuldik Z@ihdthe NAed siiataq@s., (R30hor nady] at b indefPing iivg

the non- optimzed prices with those that are successfully optim zed,

the CE[§188'nOTRI¥irhSurdDb&e] {(9202) Q¢ HE exemplary architecture (2200) has two levels of
partition: commodity code and clearing destination (2202a) and product ID and hub ID (2202b).
In one embodiment, the second level of partition (2202b) may include a third parameter (e.g.,
product ID, hub ID and strip ID), or any number of parameters. It is also noted that multiple
complex nodes (2201b-c) could share a same commodity code and clearing destination pair
(2202a) as a means to avoid duplication and conflicts.

[0133]  The market level (2203) of the exemplary architecture (2200) includes an independent

product hub tree (2203a) which pertains to a single product ID and hub ID pair (2202¢). In
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the 'best available' prices at all times. Indeed, this approach
accounts for instances when optimzation fails and/or produces an

i nfeasi ble solution. In those cases, even though the published prices
are not optimal, they will still provide a fairly accurate
representation of current markets / market color. [0137]In one

exenpl ary aspect, the curve engi ne technology may be enbodied as a

conput ez #Me_leﬁ}?o%ﬁﬁlgen%tdﬁ?e(?enq tr(ﬁfugp ﬁ?ostrges (H&.J s(f].o@rg L%lg%@cc'oﬁ]llect w1th1{1 the

i nst r uffen I's exenpla process |nc S provi

| east one evi ce conpri sing one Or nore processors
executFW@‘E%W%&%%&Sexecutable instructions stored in nenmory to
|nplenent the _curve englne technoloqy The at | east one ﬁonegtiq?

devi ce 8] i nEvaing oeiodie nph an grenplayhagsyn 519N shavs the flgpioh the different

conputer, a server, a smartphone, a hand-held communi cati on device, a
t abl et PHesiseies inside gokexempliry eurer engince| ANalatdpramniol 4k GHE enst Ygek may
or any other wired or wireless conputing and/or conmuni cati on deV|ce
or appavmamhesce {hol38lidah flmyedepictot, Inhenei ersbadiroento histociaslispridehdatat(23108ador
one conputing device to performstep of constructing a virtual

f i nanctatait RPhamtH fawbe bulldbsr ediveddasn one poior 4By €publisked @icatdad (2302).
financial markets. This constructing step may optionally include

groupi pgr tHase ABRuRENtEBTa€ db indR RS eAorfdBIBIng 136N iilBg Hita AhERCEK &chnology
structure or arbitrage conditions, and linking financial markets

Wit i nHﬁ?%thIEl E%JE}Q gﬂg&%c?gé@% taﬁ’ntgé;é@ k@a/R: ek i8Rt rg{r% t%e.g. a spread

financia prea tio (anmongst financ
d/
2(r;rrp(r)|r SI%P{ ]g] mgé) Qflte?f“ r%@) b H&?@el?st?lggl s&o&fca ﬁ‘&%% @Fgﬁ{qﬁﬁgé detelimmed

|nstrunent be | i nked t he f| conpl ex network based
on pacﬁﬂaﬁ gﬁ’ﬂ%ﬁw té#ﬁ%%gwa ged er aspect, financi al

mar ket s _conpri si.ng options financ |nstrunen e |inke mnth
the fi H&del al Magsspicaler ﬁ‘é‘tav\%’rdkmg%i@é‘do%hz Q?bmawaféel gﬂry? F‘%A g, the comp fete
[0139] Optionally, the financial conplex network may be constructed or
expandéutasigallirisk idpg (SHY) sihickoemltain quetos neyo refgrensetsicerafixese referancgmrices
i ntra-market connections. Such connections may result in the

fi nancimaly tbanpt eublsbedvi23023 pdnparadel we mferemeeprcat engalre ymwamiged (2307) in
[ 0140] Once the virtual financial conplex network is constructed, the
conput esnretidrenigina®dtrage khdor manked coastrdihte (RB0BY Weitakle] if oplialzatat @307) fails
related to at |east one of the financial markets with price data to

det er nMidueerRiRA 4R B3PR), Ghé Goh-BHGNH¥BA ir&Brenéds pHREYOUwAD DIy MBHAiLtas GREVISusly
data may include any data or information relating to financial

mar ket gyp1iAed @OQQ OWetAULif | dpliini b §830791i %ﬁ&essﬁ}lﬁaft dRterBmE€TF 2308), the

hlsLor c seftl enent prlces current market configurations, active
Ugﬁugt qeliflzes gl ho ké‘ltﬁgﬁ‘@t ?%ao?ftat“hef%[éer i SRS ety
ol ati §ﬁ@#¥%ﬂ§%ﬁaﬁlﬂ@f§%€ﬁr§%qﬁicfgﬂf%ﬁ Y o T mif Seiesn @2pm ingades o

etc.

collection of reference prices that have been optimized, and those reference prices for which
optimization failed or produced an infeasible solution.

[0136] By publishing non-optimized blended prices (2302), and then replacing the non-
optimized prices with those that are successfully optimized, the CE technology is able to provide

the ‘best available’ prices at all times. Indeed, this approach accounts for instances when
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[0141] This blending step may include, for at |east one financi al

mar ket, cal cul ating an i nstantaneous price for financial instrunments

across the financial markets included in the conpl ex network,

bl endi ng all instantaneous prices, by financial market, wi th market

color data to determ ne a reference price, a | ower bound price and a

upper bound price, and applying predeterm ned wei ghting paraneters to

t he bl j: t ) ' erm arwei ght | fact ’
gﬁt?rﬁ%afrl@f A ﬁ{a?o‘?ullﬁgglgdeg ﬁag #Ingeaﬁﬁfe MBtQ)%. 1eh 0 dda%l%,e egeglpg{ouéﬁ the

each o erence pr wer bound price an

bound pr.j.ce.,[0142] For opti.ons kets comprising options fjpancial
ot r oG biied s ap frgeic B VAT RreF GG AR aRri B s HeRlahon St Qe
bl endi ng st%p that |nvol ves determ ni ng whet her tenor input includes
expi ri AL IBHKSLCAd i f so, adjusting the expiring options,

perform ng a strike space transformation (on the non-expiring and

adj ust Hu3gbti bnoye aparleny aspesti g amvasesior tednology epredenemprfiehas a
val ue of one or nore options across different strikes. In one aspect,
cal cul atmpger-inpderagntdiomethodve prayess md | prdegapdngiah gnsbmeneots. nbhie extmplary
at-the-nmoney (ATM curve bl ending process, a third-party curve

bl endi agtHedangascesa inchides eroedipng adleast aigroomphdngidageptanmisng aingobmore
average price option (APO curve shifting process to one or nore

hi st or pfRbsssRtkbAMBEA LotpiitteskecSiaRa imtabtons kRdecdil GRGhor§ ¥6 MeplBB¥nt the curve
include an inplied volatility curve for non-spread options, and/or an

I mpl i eg%%qm_ hRNb N B Yi€lef? ons REAAGRPAdvRASmay AtAdl TRE oP Rldr@BF a desktop

mar ket endi ng st'ep further 1nvolves i ntegrating market col or data
taini . i . Sl

ur ve Panguhss JRUAORARY LA ETROR b EhREh S oLyl B Al RO e

data integrati.ng ste .tself conprise geperating an,inpact curv
for ealhite Py et PY RACTST ROBHAEHIES REREY Cctlr 9% G REChar Ragies
col or, and bl endi ng one or nore of the inpact curves together to
gener af¥NPHEISABH/SF EQRBURIGHIANSEVIFS PURPRAAMPe. Arbitrage-free optimi zi ng
the reference inplied value curve is then performed to generate an

ar bi t r Y88} r eln enerajion, the iustupionsrapssttheat least 9%6@%%@&%@? it pgpform step
utility (SFU) curve treatnent may be applied to any of the anchor

cur ve, of kenstetenge acertinpiinadial abmplesunarworknthat freludedione agembree mtarelated
generated as a result of the options market bl ending step.

[ 0145] RahidiaM mgkéthe THienchsngctidgetés madi guisaslyd irehoele egrodfigg the one or more
conput er -i npl enent ed net hod i ncl udes defining an objective function
based @Raddi@ mRdrRA§ actoRfihE kg natkd stradthRor(Hlsitregdtdadions, dregkitet fidhcial
t he bl ending step(s)). Defining such an objection function may

| nol udrgfleld DidH oBiSg8k il 8RARRN Racl8Rt SIARHOIIER: AR Sicety), spread

solutions to the objective function based on a sol ution space an

valid Zeff%fo%s (Iﬁhx?gs? q{nldﬂéiglnmt%ﬁ%&gaaﬁﬁ%r | DGl ec&hs{}ﬁ'ikis. S RAGSe %%?e%t,rﬁrﬁﬂgial

of fea e so ons, and space” may I nclude a v range

(of prices) for each.of the fi,nancial rkets, re the .valid range
o ot PRERIRRTEIROe [ovatoRl ey B GuiS et B ekl Rtre
Lg\gg ?i?ﬂl(JeQidwfrt)ﬁiil (t:hee 1nggciglnco%§)qeexrnel?\?fgﬁ]{%ageedcc}noprac aagcsa%g slg"gada reﬁ?igrclis?tar? 1rrr1] aglg%er

aspect, financial markets comprising options financial instruments may be linked within the

financial complex network based on arbitrage constraints.
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bound price. Notably, the intersection of the solution space and the
valid space is what defines the search space. [0146] Upon defining the
obj ective function, the conputer-inplenented nethod invol ves sol vi ng
t he objective function using an optim zation nodel that deternm nes a
m ni mum mar ket price for each financial instrunent across the
financial markets included in the financial conplex network. Such an
optim LPNn el e configured to solve the objective functiqgn
and pr S8E" GG e BRSO RIS rebbrR ey B OReROHS IR e
mar kets based on and within certain predeternm ned constraints. .
[0147] PRE Sh GHoRe MoBseerBTATE, UG HRRReL TR SO BTl PAeE Etin oP 0, FoRaSFiges
enbodi ed as a system for pricing financial instrunents. This

exenpl @Ry repltin Hedppnsisl coppiex petral spangmg tye RpICrS (3l deed ¥e&Sconpri si ng
one Or nore processors executing conputer-executabl e instructions,
such a$01gPbgr Bnearihdvirrl finangiad domplexpaivogk seonsipictedethe computeimydemented
engi ne technol ogy. Generally, program nodules may include routines,

pr ogr amethodbjrerdtes, bladinpanaketscolatatate statadctt at East ane of e finakeial imatkets with
perform particul ar tasks or inplenment particular abstract data types.
The at plieagita O deANRL blddgded BMNEISE iMBIMARNONEs BbtedrRb&veD inadket @6k6E Apta may
conputer, a laptop conputer, a server, a smartphone, a hand-held

comMUNiffide OMydRYd 6F infBrntaidh %mq@% k& Finafbidll skets AndiulRY @ithohd BAS Bids,
conmmuni cationS network, or any other wired or wirel ess conputing

and/ or off@ﬂg]*&aaiscafdmpggt%ﬁt §6in Qo PRBLALHnt hAhdBld® BREDAL La{bg a&ﬁﬁet%ts,

| east one conputing device I's configured to constract Vil

fi nanci,al, conpl ex ne rk that. includes one_ or re ipnterrel at :
F1 nanc ot ok ee st Aty Bkt oo B o Geli RE by §macion
further configured ta grqup the one or nore fipancial, markets . . .
hocor arremal sty bed MBS B Bl sulielR A PUrd brisig TFiefignships

financial markets within each grouping according to package rel ations
( among¥terTand AHE-igptryraek ap-@ybitrags cendra e £15 ons  (anmongst fi nanci al

mar ket s) and/or arbitrage constraints. In one aspect, financial

mar ket $01ddhpr This nijerfdingistes , méxo inghirdgs foragidleass emet ielimagket, crfelating an
financial instruments may be linked within the financial conplex

net wor knshas@downpipe@c kagBnaorciab pnaaghanel atrbssnghe Anahciah rambitth eincladgle @t the
financial markets conprising options financial instruments may be

| i nkedcwnplek Retindek, fuldhdiigi Al ing@npheds phitespbKiibasat narkeanbith maget color data
constraints. [0149] Optionally, the at | east one conputing device nay

be confd deteBsint @ RRNGICEYhtceOf 18¥HBhnt NRickT MANE hiffer HATRA PXcdQAnAOIIR1 oYL
|'i nki ng one or nore markets having inter-market and/or intra-market

connec El’eﬁ@l%rmiﬁg& *\Nﬁgﬂggc h%ﬁﬂl%te Yo I8 Ubibndel @nfah &RV ChRes COMAEEMnine a

net wor spanni ng t re cal endar years.

weighting factor for each of the reference price, the lower bound price and the upper bound
price.

[0142]  For options markets comprising options financial instruments, this blending step may
include an options market blending step that involves determining whether tenor input includes
expiring options, and if so, adjusting the expiring options, performing a strike space
transformation (on the non-expiring and adjusted options), and calculating an anchor curve

representing the value of one or more options across different strikes. In one aspect, calculating
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[0150] I n addition to constructing the virtual financial conplex
network, the at |east one conputing device may be configured to blend
mar ket color data related to at | east one of the financial markets
with price data to determ ne bl ended pricing information. This market
color data may include any data or information relating to financi al
markets, including (wthout |limt) bids, offers, deals, orders,

hi st or | I i , r [ i j :
ar ket U Pl e Pl fS apulnk ¥l ok b G- BHAL) CATMRER e Mending
venue deal s, depth of market..information, external settlenment price
Vbt - BERES e e RGBT o i b0 By ETE BhocBl) GPan
rel ati onshi ps, inter intra-jnstrunment no-arbitrage .constraints,
etc. [BIHAGCTHIS oarleﬁéﬁﬁ@ PP GRIGTHERFOFTE 14, BB OF BPrekisioHcAl segpent cuives.
financial market, calculating an instantaneous_price for financjal

i nst r uReRratelyc hesancherecy s gay i ingludaprk appligdnyealatdey ciryet e newnipyced options,
networ k, blending all instantaneous prices, by financial nmarket, with
mar ket andibioan ioglied cora@ionrcnivedorspraaflepionse price, a | ower bound price
and a upper bound price, and applying predeterm ned wei ghting

par anme{@Ed3] t oThdeptibesndacket pédndinzasten dsrtipri ideslviso imleiraing markat color data
wei ghting factor for each of the reference price, the | ower bound
price gachitifg toRRond G B ks uh@B2A]dahoPPith QRS ABldE EdGve REAFAB R
options financial instrunents, the at | east one conputing device nmay

be contirgh&dinflied SlaflcMide. WISk Ror IdBRUNbAGhEARD SXPIifséINGomprise
" so, adjust the expiring options, performa strike

options, and i ( I ng ) .
space LEANSTRTAHLLAR LR NG ARG ASRIL Al A HELEHo ORI ORRng ARkt

<
cal cul dte an~an r curve representing the'v

options .acro di,f ferent strikes. In. one a t,, calculating the. ..
ahchor AF 78S Bisgimkent abmRELHY Fh g fis S Fe hERaRG o Bindite e Akt impica
(ATM curve bl endjn rocess,.a third-party curve. bl endin rocess, , a
r ef er eNEEC SRGRUC E%s@éf%@mrﬁ&gpﬁ?ae%% e, Pl VaRS/UGE BB
(APO curve shifting process to one or nore historical settlenent
curvesgm5§ﬁ%ﬁaﬂ@ﬂvgeﬁﬁéCwﬁéhor curve may include an inplied
volatility curve for non-spread options, and/or an inplied

con- el #148h cas ae opiden, sprwathinplinginnal {3 $$FPecuare trestimentonay be applied to
conputing device may further be configured to integrate market col or
dat a pemny af the agchbocuwpd, itiaefdnenck mgpléedsaaiee aundemd yhagbiiepefree atree phrerated
anchor curve to generate a reference inplied value curve in

connechs oresutk bhthe phliciasnaikdt bRhding Febs mar ket col or data integration
feature may itself conprise generating an inpact curve for each

transf qya8f SEENdeEnP M bleMing BRp@NEROhssEd BN Eré! ddehpie k@blefRhRl  m@RsH
bl endi ng one or nore of the 1Tnpact curves together to generate the

refer eﬂﬁﬁldﬁ%&ﬁlﬁ%@&lﬂgctﬁg rf¥rﬁ>ti01|1 Ba@g %Btthé)?len&éaj)rl%fﬂtg:_iﬁf%ﬁh?t%e(detemﬁned as

conput i'ng devi ce configured to perform age-free

optim zing,o he, ref eren i i.ed val ue curve to generate;a .
ar b t BB e DB E LS, ABRLBES ¥ L AT ofkich MReRE SRR EIER cfiing o

device may further be confj re@ to. appl snoot hi functi onal .
utilit 963(%3?%@?@8&%&%@3?@% leogutisps t0, e SRERGHE (lfiAg Dagpon a solution
reference inplied value curve and the arbjitrage-free curve previousjY
gener afkage and a valid space. This solution space may include a null space or a range of feasible
solutions, and the valid space may include a valid range (of prices) for each of the financial

markets, where the valid range is defined by, in part, a lower bound vector based on a

predetermined lower bound price and an upper bound vector based on a predetermined upper
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101551The at | east one conputing device may al so be configured to
define an objective function based on bl ended pricing information
(determned as a result of executing the blending features discussed
above). Defining such an objection function may include defining a
search space that sets bounds for feasible solutions to the objective
function based on a solution space and a valid space. This solution
space BBYnd ffeUd&tabINULe intRREBo0bT e s8NH6n Hact GRS IHRIVAIIE Qhdét iORBat cﬁﬁges
t he valld space may include a valid range (of prices) for each of the
flnanc agﬁg% , Where the valid range is defined by, in part, a

| ower n tor based on a predeterm ned | ower bound price and an
upper vector, based, on, a pre etermnped u und

Not ab ?‘ﬁ“‘"?ﬂ PR L achRTE dne e R BEH Gt RS S ttBRCLIm Bl g imeqtves
is what defipes, the search space. 101561 Cnce he  obj ectlve f.unctio

i s def PRl¥@E tQ%ebJaftIVFefa%%tloaﬁ@ ng SR e e yeds! ﬁﬁpdﬁa B¥ra BB fgarket
sol ve the objective function using an optim zation nodel that

det er nPriesfon esghfinsnsinlastisrenpagress thokinangiehmerkstringhaded;in erfipsppial complex
across the financial markets included in the financial conplex

net wor ketw8ds h Sagh aipppirnizatioromodeldedy hagorfiguewsintoi splveettie tobjesavesBmeten and
obj ective function and provide an optimal pricing solution across
each oprdvie dni optingdl giricimgr dohttionrasad cach afhtthe iinahéial werkt@itased on and within
predeterm ned constraints. 101571The foregoi ng exanpl es are provided
mer el y cérédin pie@etpriipgS@notaigxpl anati on and are in no way to be
construed as limting. Wile reference to various enbodi nents are

shown, 1139) WOL{I5ndiRSCBR A adicst, WA EeTondS GEdRbIRY raawbe embodicd as a

|IIustrat|on rat her than wor limtatron. Furt al t hough
refere er t:

t here P)gs?erl{{l)q?lpﬁf &hgllﬂéﬁﬁ%lgie pgﬁl (:]i hIc?éar S r‘gﬂ% %79 g{ ﬁﬁpéﬁﬁa&ﬁgﬁ W“one
t he enbodi men tsd ext er to, al IO feu%ct !m%gal I Ces(]oli[l vale%nt stcroul{:tge Secutable
met hoo|§°m i eus &L sHERPEY Sar B it ni™ e nEVEEEPR ST aPENaEd
claims, CLA INB A met hod o (J %FIC[%ﬁ flnanC|aI Ztrune .
conpri EFHB“‘OHS such 535, PTogray MU sSasiorghd é‘bﬁ‘&ﬂhhtﬂg‘ SRS R FFiesPrgdne

one Or npre processors executin q conput er - execut abl e i nstructions
st or edtechnglesiprjencsdlygpiogim Pedvlshmay Medidsgoytes. qrogranstobifets, components,
conputing device to performthe steps of: constructing a
vi r t uaHathistragivical orchapikexthaienaniori mdmplaréaakg o nEplymepopatitHarepbisthci tdagh
financi al nmarkets; bl endi ng narket color data related to at
| east oypes.ofTh¢ hﬁeledsit nag coraputivgrdeeics maiythe queior enatebé atdeskilegt eympune, a laptop
bl ended pricing information;

computer, a server, a smartphone, a hand-held communication device, a tablet device, a kiosk, a

wired or wireless communications network, or any other wired or wireless computing and/or
communication device or apparatus.

[0148] In operation, the at least one computing device is configured to construct a virtual
financial complex network that includes one or more interrelated financial markets. In this
respect, the computing device may be further configured to group the one or more financial
markets according to a market structure or arbitrage conditions, and link financial markets within

each grouping according to package relations (amongst financial markets), spread relations
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defining an objective function based on the bl ended pricing

i nformation; and solving the objective function using an

optim zati on nodel that determ nes a m ni num market price for each
financial instrunment across the one or nore financial markets. 2. The
met hod of claim 1, wherein the constructing step conprises:

groupi ng the one or nore financial markets according to a market

struct Egn?ongﬁl ﬁﬁ%cﬁ%}qggllégtgpgﬁ&/blo Bebitr ﬁ constramtsI ' ﬂk'oﬂfg aéﬂe@?nﬁ\ﬂaﬁ!:iak markets

mar ket n eac I ng accor Ieast on

rel ati on_anongst nci rel at.i.on _anon

{ nancarRaRg Bk 1P aﬂig&ﬁﬂ@ -g?uali&r{?if%) e T
2, mhere n fln nC|a ets co S tures, for

over -t Wét @Té‘?@éﬁ&%‘?’% %‘ft P'gr?é a8 4 épfqaﬂm%“%% R ip pgother
fi nanci al conplex net wor k based on package or spread rel ations, and
wher ei ASDEFhAVERGAl MAMKRIStOTPEMIE] QIABS SpeicihInsuments Bry berlgiked merts the
are linked within the financial conplex network based on arbitrage
const r financsal coripleX hetwoet basdd of aibiteAgec@ystrbimtst her conpri si ng:

i nking one or nore additional markets to said financial conplex

net wor kj149pi dOpdehdllypriel atneadtaine domypiungg aieviceasdy boeonfiguret €y comstikett or
and i ntra-narket connections to the financial markets within the

fi nancegdang P Ifedndigt skHex nwollh8y MRkERAo of htkdNmlarketd 85 EhE iktBiemarket
financial conplex network conprises |inked nmarkets that span two or

nor e CalLRGdRAla YERES cothectlfiR, TRER Q&n@étlcﬁﬁ AP rdsultil Qﬁ@ﬁﬁhn%ﬁ?c@ﬁﬁ@:ghagfork

step conprises: for at |east one of the oné or nore financial
mar ket §panmng two or more calendar years.

[0150] In addition to constructing the virtual financial complex network, the at least one
computing device may be configured to blend market color data related to at least one of the
financial markets with price data to determine blended pricing information. This market color
data may include any data or information relating to financial markets, including (without limit)
bids, offers, deals, orders, historic settlement prices, current market configurations, active market
lists, third-party suggested settlement prices, execution venue deals, depth of market information,
external settlement prices, third-party data, historical mutually dependent pricing relationships,
inter and intra-instrument no-arbitrage constraints, etc.

[0151] This blending feature may include, for at least one financial market, calculating an
instantaneous price for financial instruments across the financial markets included in the
complex network, blending all instantaneous prices, by financial market, with market color data
to determine a reference price, a lower bound price and a upper bound price, and applying

predetermined weighting parameters to the blended instantaneous prices to determine a
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cal cul ating an instantaneous price for each financial instrunent in
said financial narkets; bl endi ng all i nstantaneous prices,
by financial market, with market color data to determ ne a reference
price, a |ower bound price and a upper bound price, and

appl yi ng predeterm ned wei ghting paraneters to the bl ended

I nstant aneous prices to determne a weighting factor for each of the
refer e%?ghﬂﬁ% Fotorl £38 ehQWBF (HRAURELRE iptite, 06 14MA8 BHRRE HriBS WA TR LfRr bodnd
The nethod of claim 1, wherein the bl ending step conprises an options
mar ket ending step for markets conprising options financial
instruﬁenfs, said options market bl ending step conprising:

det er m ni et her tenar, i nput i.ncludes expiring. options, and if so
ol ot ARS2E o 6 Dgforsn st Bitberifie pBPm KB T PR GIE R"E ehst e
transformatjon; calculating an anchor _ curve represent.i t he val ue of
one. or PBPEIg ey R Iax bEGeRTa e errmine Yhether tehor inpus 1}%@&%&8‘?%% options,
mar ket col or data pertaining to options having a sane underlying .

t enor Pt B spradiushBiserpengwetions, pufapag drike snareraiamatipn (adh ppmyexpiring
curve; and arbitrage-free optim zing the reference inplied val ue
curve bamd gdingedtoptions).asl ¢taladate faneamchor curve representing the value of one or more

options across different strikes. In one aspect, calculating the anchor curve may include applying
one or more of an at-the-money (ATM) curve blending process, a third-party curve blending
process, a reference product curve bending process, and an average price option (APO) curve
shifting process to one or more historical settlement curves. Separately, the anchor curve may
include an implied volatility curve for non-spread options, and/or an implied correlation curve
for spread options.

[0153] The at least one computing device may further be configured to integrate market color
data pertaining to options having a same underlying tenor into the anchor curve to generate a
reference implied value curve in connection with options markets. This market color data
integration feature may itself comprise generating an impact curve for each transformed strike
point on the anchor curve having market color, and blending one or more of the impact curves
together to generate the reference implied value curve. In addition, the at least one computing
device may be configured to perform arbitrage-free optimizing on the reference implied value
curve to generate an arbitrage-free curve.

[0154]  As an option, the at least one computing device may further be configured to apply a
smoothing functional utility (SFU) curve treatment to any of the anchor curve, the reference

implied value curve and the arbitrage-free curve previously generated.
44



curve. 8. The nethod of claim7, further conprising applying a

snoot hing functional utility (SFU) curve treatnent to at |east one of
the anchor curve, the reference inplied value curve and the
arbitrage-free curve. 9. The nethod of claim?7, wherein the anchor
curve conprises an inplied volatility curve for non-spread options,
and wherein the anchor curve conprises an inplied correlation curve

f . 1 ic8f | ' £ 1 . ive
or Spi(ﬁgrg] opi}, O1s leastr c?%eegh‘?pd?ﬁk hﬁgllgglméil Aspé co\q‘ﬁ%r@&e @% ]ﬁa@g I?]éj LRt

t he an curve conp yi'ng one or

at -t he..nope %ﬁ% ur,ve bl.endi.n ro S,.a third-party cury .

o1 enai ARbEeed oh ST Ep R L Rl (R pa R e Gl Ty plagine

aver ag rice option (AP%% urve shiftin r.ocess to .one,or re ]

hi st or fealres BeeucihevelyURging ek o ictloR GeBr ElogifIe G p scarch

i ntegrating market col or data conprises: = enerating an i mnpact

curve PrRAce &E Rets pawngs dpmisasible spluBonsoiorthe abjeetive fanreing bagadranea sRiVQHgspace

mar ket col or; and bl endi ng one or nore of the inpact curves together

t o genenda galihwaref Eriendstiomyratenhay vedude acwllspace ok 2 rafffpeoiifeastidel sgfitions,

claim1l1, wherein defining an objective function conprises:

def i ni Byl the elid glacs pag éendateadyahid rangs ¢bfiliricos) fepack ofithd fmanaalinhrkqs cehere

sai d search space defining bounds for feasible solutions to the

obj ect inéevdlidnehdeOR. defined by, in part, a lower bound vector based on a predetermined lower
bound price and an upper bound vector based on a predetermined upper bound price. Notably,
the intersection of the solution space and the valid space is what defines the search space.
[0156] Once the objective function is defined, the at least one computing device may be
configured to solve the objective function using an optimization model that determines a
minimum market price for each financial instrument across the financial markets included in the
financial complex network. Such an optimization model may be configured to solve the
objective function and provide an optimal pricing solution across each of the financial markets
based on and within certain predetermined constraints.
[0157] The foregoing examples are provided merely for the purpose of explanation and are in
no way to be construed as limiting. While reference to various embodiments are shown, the
words used herein are words of description and illustration, rather than words of limitation.
Further, although reference to particular means, materials, and embodiments are shown, there is
no limitation to the particulars disclosed herein. Rather, the embodiments extend to all

functionally equivalent structures, methods, and uses, such as are within the scope of the

appended claims.
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13. The method of claim 12, wherein the solution space conprises a
nul | space or a range of feasible solutions, wherein the valid
space defines a valid range for each of the financial markets, said
valid range being defined, in part, by a | ower bound vector based on
a |l ower bound price and an upper bound vector based on an upper bound
price, and wherein the intersection of the solution space and the
val i d space define said search space. 14. The nethod of claim1,
wherein the optim zation nodel sol esAMM& obj ective function and
provi des an optimal pricing solution across each of the financi al

mar ket §. Wdidy QR AL Stk tadaiRhk A Atisingl O The method of claim 1,
wherein the at éﬁst one conputing device cConprises one or nore of a
desktop conputer, a | aptop conputer, a server, a smartphone, a
hand- hel d cpienigingai¢agiongevnpetingdeyihicempdeing ors orandE prlessSANsExecUing ed
or wireless comunications network, and wher ei n mar ket col or
dat a comppitsiesxecablsde mstragtiong stbredan meemsy, said énsofictiving sausofeftbe g, leateanss,
orders, historic settlenent prices, current market configurations,
act i vecompitiile deb/ist %o pdrfoirmdhgaggsypfsuggest ed settl ement prices,
execution venue deals, depth of market information, external
settlenent prices, third-party.data, histaorical. putually dependent
ori cing 1ol SsBHEESe U GormRal FOmali B RO RS SRR GRS O ISTSPEIE kgl
constraints. 16. A systemfor pricing financial instrunents,

conpr i &pspgial markets; 3t | east one conputing device conprising one or
nNore processors executing conputer-executable instructions stored in

menmory, sai glefding GAMet 16r FRIRIEIING afRYI GRe BENMB UnSRM hidHfc@ v IR price data
construct a virtual financial conplex network conprising one or nore

I nterr g ah&thidd B1aeh liciBidtGinttion;
defining an objective function based on the blended pricing information; and

solving the objective function using an optimization model that determines a minimum

market price for each financial instrument across the one or more financial markets.
2. The method of claim 1, wherein the constructing step comprises:

grouping the one or more financial markets according to a market structure or arbitrage

conditions; and

linking financial markets within each grouping according to at least one of a package
relation amongst financial markets, a spread relation amongst financial markets and arbitrage

constraints.

3. The method of claim 2, wherein financial markets comprising futures, forwards, and over-the-
counter (OTC) financial instruments are linked within the financial complex network based on

package or spread relations, and wherein financial markets comprising options financial
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bl end market color data related to at | east one of the financial
markets with price data to determ ne bl ended pricing information;
define an objective function based on the bl ended pricing

i nformation; and sol ve the objective function using an

optim zation nodel that determ nes a mninum market price for each
financial instrument across the one or nore financial markets. 17.

7
) ts GleAl ithi hdhel0€ofile I e 12Bgc b, |
The sysfai@his Gleal t%_@n WL BhdhelD& } BaRbrIORE LA RY c Mhifs eltz

further conftigure group the one or nore financi mar
according to a market structure or arbitrage conditions; and

li nk f #nBrecnethodraf ®eims2,jnther norapidgtingjr oupi ng according to at | east one
of a package relation anongst financial markets, a spread relation

amongst fin ﬂﬂ&)ﬁ%l}ﬂé@r IF&IG %d&ﬂg?azl‘ %?lieﬁ;satg %aiﬁ%ﬁﬁt{iﬁi chn?lex nl:&orﬂ:rﬁgidsa\ﬂa%?ml

of claim 17 rern financi ets conprising futures, forwar

and over-the-counter (OTC).financial ;instrupents ar.e |linked w.thin
The 11 Rt B s R ol BAERGn ISR By 2B Bl Dl
and wher.ei n_fi.nanci al rkets conprising options financial
instruﬂ%ﬁ?%mSﬁémFFﬂﬁ@ﬁp A9 -he financial conpl ex network based on
arbitrage constraints. 19. The systemof claim 17, wherein the at

| east anNeheiQBRAE bN@aifle), ividRrdis the UnbR@s] compldxdetvritk t@mprises linkddi idckes ehat
or nore additional markets to said financial conplex network, said

addi ti ghal BRE kRtScdlaMbngaat | east one of inter-market and
intra-narket connections to the financial nmarkets within the

financial conplex network. 20. The system of claim 16, wherein the
f i nancPalhecaaprést dambmbesinpeibkadingsiegmpEpddet s t hat span two or
nore cal endar years.

for at least one of the one or more fmancial markets:

calculating an instantaneous price for each financial instrument in said financial

markets;

blending all instantaneous prices, by financial market, with market color data to

determine a reference price, a lower bound price and a upper bound price, and

applying predetermined weighting parameters to the blended instantaneous prices
to determine a weighting factor for each of the reference price, the lower bound price and the

upper bound price.

7. The method of claim 1, wherein the blending step comprises an options market blending step
for markets comprising options financial instruments, said options market blending step
comprising:

determining whether tenor input includes expiring options, and if so, adjusting said

expiring options;
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21. The systemof claim 16, wherein the at |east one conmputing device
is further configured to: for at |east one of the one or nore
financial markets: calculate an instantaneous price for each
financial instrument in said financial markets; bl end al

i nstant aneous prices, by financial market, with market color data to
determ ne a reference price, a |l ower bound price and a upper bound

price, a_nd erforming a striﬁepﬁ:!aye G&ﬁﬁﬁhﬁ{im;ﬂed wei g_ht [ ng paraneters to t he
bl ended |nsFantaneous pri'ces to determne a weighting factor for each

of the reference price, the |ower bound price and the upper bound
price. 22. cApHatinganamelyir carvgirenragntingige galpe of one or njaye opfnnk agrgss different
conprising options financial instrunents, the at | east one conputing
devi cestrkef;urt her configured to: det erm ne whet her tenor

i nput includes expiring options, and if so, adjusting said expiring

opti ons; p?rﬁg 1R a}nzﬁ'f(&ickl%rﬁgt Eredifis %c]: STRL h&’ﬂng a same underlyin ﬁalngluiln?ot €
& t
Snf ;mcho: C'l[.ll’. . representi ng ! et val te OEGt or lI'TDI’ edO{Dtl n taprpss
| ergnt Siril Kes; e dntegrat e . markKet Ccol or ata pertal nl ng
Lo opt (BrECHINSTHg A SLFHe BRITFII G CLIBIE ThEd %6he anchor carve to
generate a reference inplied value curve; and
arbitrage-free optimizing the reference implied value curve to generate an arbitrage-free

Curve.

8. The method of claim 7, further comprising applying a smoothing functional utility (SFU}
curve treatment to at least one of the anchor curve, the reference implied value curve and the

arbitrage-free curve.

9. The method of claim 7, wherein the anchor curve comprises an implied volatility curve for
non-spread options, and wherein the anchor curve comprises an implied correlation curve for

spread options.
10. The method of claim 7, wherein calculating the anchor curve comprises:

applying one or more of an at-the-money (ATM) curve blending process, a third-party
curve blending process, a reference product curve bending process, and an average price option

(APO) curve shifting process to one or more historical settlement curves.
11. The method of claim 7, wherein integrating market color data comprises:

generating an impact curve for each transformed strike point on the anchor curve having

market color; and

blending one or more of the impact curves together to generate the reference implied
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arbitrage-free optimze the reference inplied value curve to generate
an arbitrage- free curve. 23. The systemof claim 22, wherein the at
| east one conputing device is further configured to apply a snoothing
functional utility (SFU) curve treatnment to at | east one of the
anchor curve, the reference inplied value curve and the
arbitrage-free curve. 24. The system of claim 22, wherein the anchor
curve QQHPE&§ﬁS an inplied volatility curve for non-spread options,
and whereln the anchor curve conprises an inplied correlation curve
for spread options. 25. The system of claim 22, wherein the at |east
one conputlierngetbied oicdaiins!, perefredeliméngf angpiestive metion compsisg: yi ng one or

nore of an at-the-noney (ATM curve bl ending process, a third-party

curve bl endh&&iﬁé PGERH spgcerb%%arcg&%m{o%gﬁefatﬁa'mﬁcpgjge'é, RYARELGLSRce

and an average ice option (APO curve I ng process to one or
nmore hi,storigcal_ ,settl]enent ,curves 65...T ystem of claim 22,
mhereiHeéﬁgggfﬂpﬁgggagﬁﬁa%gﬁﬁﬁ ﬁh%egéngQQﬁgﬁ Ur t her configured to:
generate an inpact curve for each transformed strike point on the
anchor 18UFheendéthad ofglaimr Retvheelnche samibndpecedconmpeisesra bl spacf ortahrengemfact
curves together to generate the reference inplied value curve. 27.
The sysdagibleaboltioas,m 16, wherein the at | east one conputing device is
further configured to:

wherein the valid space defines a valid range for each of the financial markets, said valid
range being defined, in part, by a lower bound vector based on a lower bound price and an upper

bound vector based on an upper bound price, and

wherein the intersection of the solution space and the valid space define said search

space.

14. The method of claim 1, wherein the optimization model solves the objective function and
provides an optimal pricing solution across each of the financial markets within predetermined

constraints.

15. The method of claim 1, wherein the at least one computing device comprises one or more of
a desktop computer, a laptop computer, a server, a smartphone, a hand-held communication

device, a tablet device, a kiosk, and a wired or wireless communications network, and

wherein market color data comprises data relating to at least one of bids, offers, deals,
orders, historic settlement prices, current market configurations, active market lists, third-party
suggested settlement prices, execution venue deals, depth of market information, external

settlement prices, third-party data, historical mutually dependent pricing relationships, and inter
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define a search space based on a solution space and a valid space,
sai d search space defining bounds for feasible solutions to the

obj ective function. 28. The systemof claim 27, wherein the solution
space conprises a null space or a range of feasible solutions,
wherein the valid space defines a valid range for each of the
financial markets, said valid range being defined, in part, by a

| ower AV 54l ) r bound price and an upper bound
vectorgﬁggga1%%h§ﬁggﬁiﬁggggghﬂguéﬁﬁge, and wherein the intersection
of the solution space and the valid space define said search space.
29. Thé6sA systam 6 poemigrfindgialvibstugientst ¢renpisingni zat i on nodel sol ves the
obj ective function and provides an optinmal pricing solution across
each of the_financial r s W thin. pr r ' :
Thesyst em 818 are A Brd R RESL HoR AL KA M Y Grpur
conprises one .or nore of a desktop ¢ uter, a laptop conputer,.a
Ser ver SxeEBRlE inGHens siorpdinineery AT CAE ORI Gy iceepgspafshred
device, a kiosk, and a wired or wreless communi cati ons network, and
wher ei #mar ket col or data conprises data relating to at |east one of
bids, offers, deals, orders, historic settlenment prices, current

mar ket conf L H4fradtiaQRSual RhdNA cHRPpKR hetwosk SomprlidptbnR @k b réiegR e
settlenment prices, execution venue deals, depth of market

i nfor E&%%Iﬂ%%&?”al settlenment prices, third-party data, historical
mut ual I'y dependent’ pricing relationships, and inter and

intra-instrunent no-arbitrage constraints. ] ) _
blend market color data related to at least one of the financial markets with price data to

determine blended pricing information;
define an objective function based on the blended pricing information; and

solve the objective fanction using an optimization model that determines a minimum

market price for each financial instrument across the one or more financial markets.
17. The system of claim 16, wherein the at least one computing device is further configured to:

group the one or more financial markets according to a market structure or arbitrage

conditions; and

link financial markets within each grouping according to at least one of a package
relation amongst financial markets, a spread relation amongst financial markets and arbitrage

constraints.

18. The system of claim 17, wherein financial markets comprising futures, forwards, and over-
the-counter (OTC) financial instruments are linked within the financial complex network based

on package or spread relations, and wherein financial markets comprising options financial
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instruments are linked within the financial complex network based on arbitrage constraints.
19. The system of claim 17, wherein the at least one computing device is further configured to:

link one or more additional markets to said financial complex network, said additional
markets having at least one of inter-market and intra-market connections to the financial markets

within the financial complex network.

20. The system of claim 16, wherein the financial complex network comprises linked markets

that span two or more calendar years.
21. The system of claim 16, wherein the at least one computing device is further configured to:
for at least one of the one or more financial markets:

calculate an instantaneous price for each financial instrument in said financial

markets;

blend all instantaneous prices, by financial market, with market color data to

determine a reference price, a lower bound price and a upper bound price, and

apply predetermined weighting parameters to the blended instantaneous prices to
determine a weighting factor for each of the reference price, the lower bound price and the upper

bound price.
22. The system of claim 16, wherein:

for markets comprising options financial instruments, the at least one computing device is

further configured to:

determine whether tenor input includes expiring options, and if so, adjusting said

expiring options;
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perform a strike space transformation;

calculate an anchor curve representing the value of one or more options across

different strikes;

integrate market color data pertaining to options having a same underlying tenor

into the anchor curve to generate a reference implied value curve; and

arbitrage-free optimize the reference implied value curve to generate an arbitrage-

free curve.

23. The system of claim 22, wherein the at least one computing device is further configured to
apply a smoothing functional utility (SFU) curve treatment to at least one of the anchor curve,

the reference implied value curve and the arbitrage-free curve.

24. The system of claim 22, wherein the anchor curve comprises an implied volatility curve for
non-spread options, and wherein the anchor curve comprises an implied correlation curve for

spread options.
25. The system of claim 22, wherein the at least one computing device is further configured to:

applying one or more of an at-the-money (ATM) curve blending process, a third-party
curve blending process, a reference product curve bending process, and an average price option

(APO) curve shifting process to one or more historical settlement curves.
26. The system of claim 22, wherein the at least one computing device is further configured to:

generate an impact curve for each transformed strike point on the anchor curve having

market color; and

blend one or more of the impact curves together to generate the reference implied value
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curve.
27. The system of claim 16, wherein the at least one computing device is further configured to:

define a search space based on a solution space and a valid space, said search space

defining bounds for feasible solutions to the objective function.

28. The system of claim 27, wherein the solution space comprises a null space or a range of

feasible solutions,

wherein the valid space defines a valid range for each of the financial markets, said valid
range being defined, in part, by a lower bound vector based on the lower bound price and an

upper bound vector based on the upper bound price, and

wherein the intersection of the solution space and the valid space define said search

space.

29. The system of claim 16, wherein the optimization model solves the objective function and
provides an optimal pricing solution across each of the financial markets within predetermined

constraints.

30. The system of claim 16, wherein the at least one computing device comprises one or more of
a desktop computer, a laptop computer, a server, a smartphone, a hand-held communication

device, a tablet device, a kiosk, and a wired or wireless communications network, and

wherein market color data comprises data relating to at least one of bids, offers, deals,
orders, historic settlement prices, current market configurations, active market lists, third-party
suggested settlement prices, execution venue deals, depth of market information, external

settlement prices, third-party data, historical mutually dependent pricing relationships, and inter

53



and intra-instrument no-arbitrage constraints.
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