MULTI-ASSET PORTFOLIO SIMULATION (MAPS)
TECHNICAL FIELD
[0001] This disclosure relates generally to financial prdd, methods and systems, and
more particularly to systems and methods for cetidizing risk of financial products.
BACKGROUND
[0002] Conventional clearinghouses collect collateral e form of an “initial margin”
(“IM”) to offset counterparty credit risk (i.e.,gk associated with having to liquidate a position i
one counterparty of a transaction defaults). Ideorto determine how much IM to collect,
conventional systems utilize a linear analysis apphn for modeling the risk. This approach,
however, is designed for financial products, sushequities and futures, that are themselves
linear in nature (i.e., the products have a lin@afit/loss scale of 1:1). As a result, it is nl|
suited for more complex financial products, suclopons, volatile commodities (e.g., power),
spread contracts, non-linear exotic products or attwer financial products having non-linear
profit / loss scales. In the case of options,deample, the underlying product and the option
itself moves in a non-linear fashion, thereby riasglin an exponential profit / loss scale. Thus,
subjecting options (or any other complex, non-liM@@ancial products) to a linear analysis will
inevitably lead to inaccurate IM determinations.
[0003] Moreover, conventional systems fail to consideredsification or correlations
between financial products in a portfolio when d®ieing an IM for the entire portfolio.
Instead, conventional systems simply analyze eactiugt in a portfolio individually, with no

consideration for diversification of product coatbns.



[0004] Accordingly, there is a need for a system and ntethat efficiently and accurately
calculates IM for both linear and non-linear praduand that considers diversification and
product correlations when determining IM for a pait of products.

SUMMARY
[0005] The present disclosure relates to systems and oetifaollateralizing counterparty
credit risk for at least one financial product imahcial portfolio comprising mapping at least
one financial product to at least one risk fackmecuting a risk factor simulation process
comprising a filtered historical simulation procegsnerating product or portfolio profit and loss
values and determining an initial margin for theaficial product or portfolio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The foregoing summary and following detailed dggan may be better understood
when read in conjunction with the appended drawinggemplary embodiments are shown in
the drawings, however, it should be understood tthmexemplary embodiments are not limited
to the specific methods and instrumentalities deditherein. In the drawings:
[0007] Fig. 1 shows an exemplary risk engine architecture.
[0008] Fig. 2 shows an exemplary diagram showing variats @lements and functions of
an exemplary MAPS system according to the presenlogure.
[0009] Fig. 3 shows an exemplary implied volatility to tdesurface graph of an exemplary
MAPS system according to the present disclosure.
[0010] Fig. 4 shows a cross-section of the exemplary mmpholatility of an exemplary
MAPS system according to the present disclosure.
[0011] Fig. 5 shows an exemplary implied volatility dataw of an exemplary MAPS

system according to the present disclosure.



[0012] Fig. 6 shows a graphical representation of an el@amypransformation of delta-to-

strike of an exemplary MAPS system according topifesent disclosure.

[0013] Fig. 7 shows an exemplary fixed time series of aenmgplary MAPS system

according to the present disclosure.

[0014] Fig. 8 shows a chart of the differences betweerexamplary relative and fixed

expiry data series of an exemplary MAPS systemrdatg to the present disclosure.

[0015] Fig. 9 shows a chart of an exemplary fixed expiagadet of an exemplary MAPS
system according to the present disclosure.

[0016] Fig. 10 shows an exemplary clearinghouse accoanaifthy of an exemplary MAPS
system according to the present disclosure.

[0017] Fig. 11 shows another exemplary clearinghouse atdoerarchy of an exemplary
MAPS system according to the present disclosure.

[0018] Fig. 12 shows another exemplary clearinghouse atdoerarchy of an exemplary
MAPS system according to the present disclosure.

[0019] Fig. 13 shows another exemplary clearinghouse atdoerarchy of an exemplary
MAPS system according to the present disclosure.

[0020] Fig. 14 shows another exemplary clearinghouse atdoerarchy of an exemplary
MAPS system according to the present disclosure.

[0021] Fig. 15 shows an exemplary hierarchy of a custasnaccount portfolio of an

exemplary MAPS system according to the presentatisce.



DETAILED DESCRIPTION

Introduction
[0022] The present disclosure relates generally to systamsmethods for efficiently and
accurately collateralizing counterparty credit riskotably, the systems and methods described
herein are effective for use in connection withtges of financial products (e.g., linear and
non-linear, complex), and with portfolios of finaalc products, whether fully or partially
diversified.
[0023] As indicated above, conventional systems utilizéinear analysis approach for
modeling risk of all types of financial productagcluding those financial products that are not
themselves linear in nature. Moreover, conventiegatems fail to consider diversification or
correlations between financial products in a pdidfavhen determining an initial margin (“IM”)
for the entire portfolio. As will be appreciatetiyersification and product correlations within a
portfolio can offset some of the overall risk oétportfolio, thereby reducing the IM that needs
to be collected.
[0024] The systems and methods described herein addeessr#igoing deficiencies (as well
as others) by providing new systems and methodseffiaiently and accurately calculate IMs
for both linear and non-linear products, and tlwatsader diversification and product correlations
when determining IM for a portfolio of products.
[0025] In one aspect, the present disclosure relates toovel Multi-Asset Portfolio
Simulation (MAPS) system and method. MAPS, in endodiment, utilizes a unique technique
for determining IM that includes (without limitatip decomposing products (e.g., complex non-
linear products) into their respective individuahgonents, and then mathematically modeling

the components to assess a risk of each compondfdr purposes of this disclosure,



“decomposing” may be considered a mapping of aquaat financial product to the components
or factors that drive that product's profitabilifpr loss). This mapping may include, for
example, identifying those components or factoas thive a financial product’s profitability (or
loss). A “component” or “factor” (or “risk factoy”’may therefore refer to a value, rate, yield,
underlying product or any other parameter or objeat may affect, negatively or positively, a
financial product’s profitability.

[0026] Once the components (or factors) are mathematioadigeled, a second mapping (in
the reverse direction) may be executed in which toenponents (or factors) are then
reassembled. In the context of this disclosueassembling” components of a financial product
may be considered an aggregation of the resuttseainodeling procedure summarized above.
[0027] After the components (or factors) of the finangedduct are reassembled, the entire
product may be processed through a filtered histbsimulation (FHS) process to determine an
IM (or a ‘margin rate’) for the financial product.

[0028] For purposes of this disclosure, the term “product™financial product” should be
broadly construed to comprise any type of finanamskrument including, without limitation,
commodities, derivatives, shares, bonds, and ccieen Derivatives, for example, should also
be broadly construed to comprise (without limitaji@ny type of options, caps, floors, collars,
structured debt obligations and deposits, swapsiyds, forwards, and various combinations
thereof.

[0029] A similar approach may be taken for a portfolidiofincial products (i.e., a financial
portfolio). Indeed, a financial portfolio may beoken down into its individual financial
products, and the individual financial products neach be decomposed into their respective

components (or factors). Each component (or facta@y then be mathematically modeled to



determine a risk associated with each componentfgctor), reassembled to its respective
financial product, and the financial products mhagnt be reassembled to form the financial
portfolio. The entire portfolio may then be prosed through an FHS process to determine an
overall margin rate for the financial portfolio asvhole.

[0030] In addition, any correlations between the finan@abducts or pertinent product
hierarchy within the financial portfolio may be citlered and taken into account to determine
an IM (or a margin rate) for the financial porttmli This may be accomplished, for example, by
identifying implicit and explicit relationships lwe¢en all financial products in the financial
portfolio, and then accounting (e.g., offsettirgkjifor the relationships where appropriate.
[0031] As will be evident from the foregoing, the presdrdclosure relates to a top-down
approach for determining IM that determines andeiff product risk where appropriate. As a
result, the systems and methods described hereialde to provide a greater level of precision
and accuracy when determining IM. In additions tlap-down approach facilitates the ability to
compute an IM on a fully diversified level or atyashesired percentage level.

[0032] Systems and methods of the present disclosure nthyde and/or be implemented
by one or more computers or computing devices. pegposes of this disclosure, a “computer”
or “computing device” (these terms may be usedréhi@ngeably) may be any programmable
machine capable of performing arithmetic and/oridalgoperations. In some embodiments,
computers may comprise processors, memories, tiatage devices, and/or other commonly
known or novel components. These components magdmmected physically or through
network or wireless links. Computers may also caseprsoftware which may direct the

operations of the aforementioned components.



[0033] Exemplary (non-limiting) examples of computers utg any type of server (e.g.,
network server), a processor, a microprocessorergopal computer (PC) (e.g., a laptop
computer), a palm PC, a desktop computer, a wdiastaomputer, a tablet, a mainframe
computer, an electronic wired or wireless commuioos device such as a telephone, a cellular
telephone, a personal digital assistant, a voicer daternet protocol (VOIP) phone or a
smartphone, an interactive television (e.g., avigien adapted to be connected to the Internet or
an electronic device adapted for use with a telew)s an electronic pager or any other
computing and/or communication device.

[0034] Computers may be linked to one another via a nétwonetworks and/or via wired
or wired communications link(s). A “network” mag lany plurality of completely or partially
interconnected computers wherein some or all ofcttraputers are able to communicate with
one another. The connections between computersb@ayired in some cases (i.e. via wired
TCP connection or other wired connection) or may Viiesless (i.e. via WiFi network
connection). Any connection through which at léasi computers may exchange data can be
the basis of a network. Furthermore, separatear&ssmay be interconnected such that one or
more computers within one network may communicatl wne or more computers in another
network. In such a case, the plurality of sepanatsvorks may optionally be considered to be a
single network.

Terms and Concepts

[0035] The following terms and concepts may be used ttebanhderstand the features and

functions of systems and methods according to tesemt disclosure:



[0036] Account refers to a topmost level within a customer pdidfan the margin account
hierarchy (discussed below) where a final margireported; the Account is made up of Sectors
(discussed below).

[0037] Backfilling SeeSynthetic Price Service (defined below).

[0038] Backtesting refers to a normal statistical framework that cstssof verifying that
actual losses are in line with projected lossess Hvolves systematically comparing the history
of VaR (defined below) forecasts with their asstemaportfolio returns. Three exemplary
backtests may be used to measure the performaneeagfining according to the present
disclosureBasel Traffic Light, Kupiec , andChristofferson Tests.

[0039] Basel Traffic Light Test refers to a form of backtesting which tests if thargin
model has too many margin breaches.

[0040] Bootstrapping SeeCorrelation Matrix Joint Distribution (defined below).

[0041] Christoffersen Test refers to a form of backtesting which tests if thargin model
has too many or too few margin breaches and whetieemargin breaches were realized on
consecutive days.

[0042] Cleaned Data SeeSynthetic Data (defined below).

[0043] Cleaned Historical Dynamic Data (CHDD) refers to a process to clean the raw time
series data and store the processed financial 4gnies data to be fed into a margin model as
input.

[0044] Conditional Coverage relates to backtesting and takes into accountithe in which

an exceptions occur. The Christoffersen test iexample of conditional coverage.

[0045] Confidence Interval defines the percentage of time that an entity ,(eegchange

firm) should not lose more than the VaR amount.



[0046] Contingency Group (CG) refers to collections of products that have dingtting
implications on one another; for instance, an optia a future and the corresponding future. An
example of a CG is Brent = {B, BUL, BRZ, BRM, ...}ei, everything that ultimately refers to
Brent crude as an underlying for derivative cortgac

[0047] Contract refers to any financial instrument (i.e., any fio@h product) which trades
on a financial exchange and/or is cleared at ariogfaouse. A contract may have a PCC
(physical commodity code), a strip date (whichlssely related to expiry date), a pricing type
(Futures, Daily, Avg., etc.), and so on.

[0048] Correlation Matrix Joint Distribution refers to a Synthetic Price Service (defined
below) approach which builds a correlation matrsing available time series on existing
contracts which have sufficient historical datay(el,500 days). Once a user-defined correlation
value is set between a target series (i.e., théystovhich needs to be backfilled) and one of an
existing series with sufficient historical datan#yetic returns for the target can be generated
based on the correlation.

[0049] Coverage Ratio refers to a ratio comparing Risk Charge (definedbwg to a
portfolio value. This ration may be equal to thergia generated for the current risk charge day
divided by the latest available portfolio value.

[0050] DB Steering refers to an ability to manually or systematicalét values in a pricing
model without creating an offset between two posgi This may be applicable to certain
instruments that are not correlated or fully catedl both statistically and logically (e.g., Sugar

and Power).



[0051] Diversification Benefit (DB) refers to a theoretical reduction in risk a finanhci
portfolio achieved by increasing the breadth ofasypes to market risks over the risk to a single
exposure.

[0052] Diversification Benefit (DB) Coefficient refers toa number between 0 and 1 that
indicates the amount of diversification benefibaled for the customer to receive. Conceptually,
a diversification benefit coefficient of zero magriespond to the sum of the margins for the
sub-portfolios, while a diversification benefit ¢i@ent of 1 may correspond to the margin
calculated on the full portfolio.

[0053] Diversification Benefit (DB) Haircut refers to the amount of the diversification
benefit charged to a customer or user, represeatneguction in diversification benefit.

[0054] Dynamic VaR refers to the VaR of a portfolio assuming that poetfolio’s exposure

is constant through time.

[0055] Empirical Characteristic Function Distribution Fitting (ECF) refers to a backfilling
approach which fits a distribution to a series etirns and calculates certain parameters (e.g.,
stability a, scales, skewnes$, and locationu) in order to generate synthetic returns for amysga
such that they fall within the same calculatedrdistion.

[0056] Enhanced Historical Simulation Portfolio Margining (EHSPM) refers to a VaR
risk model which scales historical returns to rfleurrent market volatility using EWMA
(defined below) for the volatility forecast. Riskh&rges are aggregated according to
Diversification Benefits.

[0057] Estimated Weighted Moving Average (EWMA) is used to place emphasis on more

recent events versus past events while remembpasged events with decreasing weight.
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[0058] Exceedance may be referred to as margin breach in backtestimtgmay be identified
when Variation Margin is greater than a previougsaitial Margin.

[0059] Exponentially Weighted Moving Average (EWMA) refers to a model used to take a
weighted average estimation of returns.

[0060] Filtered Data refers to option implied volatility surfaces trutea at (e.g., seven)
delta points.

[0061] Fixed Expiry refers to a fixed contract expiration date. As tipregresses, the
contract will move closer to its expiry date (i#me to maturity is decaying). For each historical
day, settlement data which share the same corgxgitation date may be obtained to form a
time series, and then historical simulation maypédormed on that series.

[0062] Ghost Product refers to a synthetic Product created by the PREesy for use in
margin calculations. Ghost Products are not trelfets: One cannot trade or clear them. They
live and die within a margin calculation environrhen

[0063] Guest Product refers to any real products that are cleared byhied tparty
clearinghouse. Guest Products may be used in graficontracts.

[0064] Haircut refers to a reduction in the diversification bepetpresented as a charge to
a customer.

[0065] Haircut Contribution refers to a contribution to the diversification feait for each
pair at each level.

[0066] Haircut Weight refers to the percentage of the margin offset daution that will be
haircut at each level.

[0067] Historical VaR uses historical data of actual price movementsterchine the actual

portfolio distribution.
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[0068] Holding Period refers to a discretionary value representing thmeetihorizon
analyzed, or length of time determined to be reglito hold assets in a portfolio.

[0069] Implied Volatility Dynamics refers to a process to compute the scaled implied
volatilities using the Sticky-Delta or Sticky-Steikmethod (defined below). It may model the
implied volatility curve as seven points on theweur

[007Q] Incremental VaR refers to the change in Risk of a portfolio givesnaall trade. This
may be calculated by using the marginal VaR tirheschange in position.

[0071] Independence In backtesting, Independence takes into accounthvemeexceedance
or breach occurs.

[0072] Initial Margin (IM) refers to an amount of collateral that a holderagbarticular
financial product (or financial portfolio) must degit to cover for default risk.

[0073] Input Data refers to Raw data that is filtered into cleanethificial time series. The
cleaned time series may be input into a histosgalulation. New products or products without a
sufficient length of time series data have proxyetiseries created.

[0074] Kupiec Test refers to a process for testing, in the contexiamktesting, which tests if
a margin model has too many or too few margin biresc

[0075] Instrument Correlation refers to a gain in one instrument that offsetsoss lin
another instrument on a given day. At a portfadieel, for X days of history (e.g.,), a daily
profit and loss may be calculated and then ranked.

[0076] Margin Attribution Report defines how much of a customer’s initial margin rgfea
was from active trading versus changes in the nhatdkea portfolio VaR model, one implication

is that customers’ initial margin calculation wilbt be a sub-process of the VaR calculation. By
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using a simple attribution model, the ratio comparRisk Charge to Portfolio Value (Position
Changes and Market Changes) can be displayed.

[0077] Margin Offset Contribution refers to the diversification benefit of a finaalci
products to a portfolio (e.g., the offset contribatof combining certain financial products into
the same portfolio versus margining the financraldpicts separately).

[0078] Margin Testing - Risk Charge testing may be done to assess hoiskantodel
performs on a given portfolio or financial producThe performance tests may be run on-
demand and/or as a separate process, distinct fr@mproduction initial margin process.
Backtesting may be done on a daily, weekly, or migrinterval (or over any period). Statistical
and regulatory tests may be performed on each nimitest. Margin Tests include (without
limit) the Basel Traffic light, Kupiec, and Chriterson test.

[0079] Marginal VaR refers to the proportion of the total risk to edisk Factor. This
provides information about the relative risk cdmtition from different factors to the systematic
risk. The sum of the marginal VaRs is equal tosystematic VaR.

[0080] Maturity I D refers to a numeric identifier assigned to eachiraghin Clearing by the
Pricing Relationship System (PRS)

[0081] Offset refers to a decrease in margin due to portfoli@diiication benefits.

[0082] Offset Ratio refers to a ratio of total portfolio diversificatidbenefit to the sum of
pairwise diversification benefits. This ratio foscthe total haircut to be no greater than the sum
of offsets at each level so that the customervemneharged more than the offset.

[0083] Option Pricing refers to options that are repriced using the scalederlying and

implied volatility data.
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[0084] Option Pricing Library - Since underlying prices and option implied vol&gk are
scaled separately in the MAPS option risk chardeutation process, an option pricing library
may be utilized to calculate the option prices fracaled underlying prices and implied
volatilities. The sticky Delta technique may alddize conversions between option strike and
delta, which may be achieved within the optionipgdibrary.

[0085] Overnight Index Swap (OIS) refers to an interest rate swap involving an ogri
rate being exchanged for a fixed interest rate.okernight index swap uses an overnight rate
index, such as the Federal Funds Rate, for exarapléhe underlying for its floating leg, while
the fixed leg would be set at an assumed rate.ighgal OIS rates may be used as inputs for the
Yield Curve Generator (YCG) to produce full yieldrees for option pricing.

[0086] Portfolio Bucketing refers to a grouping of clearing member's portoljor dividing
clearing member's account) in a certain way suahttie risk exposure of the clearinghouse can
be evaluated at a finer grain. Portfolios are regméd as a hierarchy from the clearing member
to the instrument level. Portfolio bucketing maydoafigurable to handle multiple hierarchies.
[0087] Portfolio Compression refers to a process of mapping a portfolio to amnemically
identical portfolio with a minimal set of positian§he process of portfolio compression only
includes simple arithmetic to simplify the set ofjfgions in a portfolio.

[0088] Portfolio Risk Aggregation refers to the aggregated risk charge for each qiartf
level from bottom-up.

[0089] Portfolio Risk Attribution refers to the risk attribution for each portfoli@ih top-

down.
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[0090] Portfolio VaR refers to a confidence on a portfolio, where VaR issk measure for
portfolios. As an example, VaR at a ninety-ninecpat (99%) level may be used as the basis for
margins.

[009]] Position In the Margin Account Hierarchy (discussed belothg position level is
made up of distinct positions in the cleared cangravithin a customer’s account. Non-limiting
examples of positions may include 100 lots in Bieutiures, -50 lots in Options on WTI futures,
and -2,500 lots in AECO Basis Swaps.

[0092] Product as indicated above, a product (or financial producay refer to any
financial instrument. In fact, the terms produntlanstrument may be used interchangeably
herein. In the context of a Margin Account HietarcProducts may refer to groups of physical
or financial claims on a same (physical or finahcianderlying. Non-limiting examples of
Products in this context may include Brent Futu€@stions on WTI futures, AECO Natural Gas
Basis swaps, etc.

[0093] Raw Data refers to data which is obtained purely from trgdactivity recorded via a
settlement process.

[0094] Raw Historical Dynamic Data (RHDD) refers to an ability to store historical
financial time series for each unique identifiertire static data tables for each historical day
(e.g., expiration date, underlying, price, impliesatility, moneyness, option Greeks, etc.).

[0095] Relative Expiry - As time progresses, a contract remains at thes glistance to its
expiry date and every point in the time seriesegponds to different expiration dates. For each
historical day, settlement data which share theesame to maturity may be used to form the

time series.
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[0096] Reporting refers to the reporting of margin and performanoalyics at each
portfolio hierarchy. A non-limiting example of agpfolio hierarchy grouping includes: Clearing
Member, Clearing Member Client, Product type, Cordityo type, instrument. Backtest
reporting may be performed on regular intervald@anan-demand.

[0097] Return Scaling refers to a process to compute and scale returnsafth underlying
instrument and implied volatility in the CHDD. 3icg may be done once settlement prices are
in a clearing system.

[0098] Risk Aggregation refers to a process to aggregate risk charges &@ub-portfolio
level to a portfolio level. This aggregation maypgeformed using the diversification benefits to
off-set.

[0099] Risk Attribution refers to a process to attribute contributionshe itisk charges of
portfolios to sub-portfolios.

[0100] Risk Chargerefers to an Initial Margin applied to on the ridkarge date.

[0101] Risk Charge Performance Measurement refer to the performance metrics that are
calculated on each backtest, which can be perfoahegecified intervals and/or by request.
[0102] Risk Dashboard refers to a risk aggregation reporting tool (opgibnimplemented in

a computing device and accessible via a Graphisal lhterface (GUI)) for risk charges across
all portfolio hierarchies. The Risk Dashboard nhayconfigured to provides the ability to drill
down into detailed analysis and reports acrosgtitolio hierarchies.

[0103] Risk Factors — As indicated above, a Risk Factor may refemip \alue, rate, yield,
underlying product or any other parameter or objeat may affect, negatively or positively, a

financial product’s profitability. Linear instrumes may themselves be a risk factor. For each
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option product, the underlying instrument for evepfion expiry may be a risk factor. Seven (7)
points on the implied volatility curve for everytam expiry may also be risk factors.

[0104] Sector refers to a level of the Margin Account Hierarchyntaining contingency
groups. Non-limiting examples of sectors includertNoAmerican Power, North American
Natural Gas, UK Natural Gas, European Emissioms, et

[0105] Specific VaR refers to the Risk that is not captured by mapgngportfolio to risk
factors.

[0106] Static VaR refers to the VaR of a portfolio assuming that poetfolio’s positions are
constant through time.

[0107] Sticky Delta Rule refers to a rule formulated under the assumptiat tmplied
volatility tends to "stick" to delta. The stickyelth rule may be used by quoting implied
volatility with respect to delta. Having input et ©f fixed deltas, for example, historical implied
volatilities which come from pairing each deltaaanique option and matches each input delta
with the option whose delta is closest to this inalue may be obtained. This process results in
an implied volatility surface.

[0108] Synthetic Data corresponds to any data which has required SyotReite Service to
backfill prices or fill in gaps where data is lac§i

[0109] Synthetic Price Service, also referred to as Backfilling, refers to a qass to
logically simulate historical price data where it chot exist, with the goal of building a
historical profit and loss simulation to submitdnad VaR (Value at Risk) calculation. Non-
limiting exemplary algorithms that may be utilizerlgenerate synthetic prices include (without
limitation): Empirical Characteristic Function Digtution Fitting (ECF) and Correlation Matrix

Joint Distribution (e.g., Bootstrapping).
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[0110] Systematic VaR refers to the Risk that is captured by mapping dfq@o to risk
factors.

[0111] Time Series corresponds to any data which has required Syntleice Service to
backfill prices or fill in gaps where data is lac§i

[0112] Total VaR refers to Systematic VaR plus Specific VaR.

[0113] Unconditional Coverage - In backtesting, these tests statistically examihe t
frequency of exceptions over some time intervalséBaraffic Light and Kupiec can both be
classified as non-limiting examples of unconditioc@verage tests.

[0114] VaR (Value at Risk) refers to the maximum loss a portfolio is expedtedhcur over

a particular time period with a specified probaili

[0115] Variation Margin (VM) refers to margin paid on a daily or intraday bdmsed on
adverse price movements in contracts currently lmelth account. VM may be computed based
on the difference between daily settlement prices the value of the instrument in a given
portfolio.

[0116] Volatility Cap or Volatility Ceiling refers to an upper limit on how high a current
backtesting day's forecasted volatility is allowed fluctuate with respect to a previous
backtesting day. The Volatility Cap may be implateel by using a multiplier which defines
this upper limit. A Volatility Cap may be used toepent a system from posting a very high
margin requirement due to a spike in market valgtil

[0117] Volatility Forecast refers to risk factor return volatility that is arasted using an
EWMA. The EWMA model may weight recent informatiamore than past information which

makes the risk factor return volatility more adegptihan a standard volatility estimate.
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[0118] Yield Curve describes interest rates (cost of borrowing) pibtsgainst time to
maturity (term of borrowing) and is essential teciorg options.

[0119] Yield Curve Generator (YCG) refers to an algorithm which produces full Yield
Curves by interpolating/extrapolating Overnightérdswap (OIS) rates.

[0120] Exemplary product categorizations according togtesent disclosure is summarized
below in Table 1.

Table 1. Product Categorization

Financial Product Margin Calculation
Pricing Type
Group Category Type
DLY
GHOST_DLY
Outright Products  Outright
FUT
GHOST_FUT
1°' Line ' LINE
AVE
Average
GHOST_AVE
Linear Average Productg
Balance of Month BMO
BSK
Basket
GHOST_BSK
DIF_PRODUCT_SPREAD
Outright Spread DIF_CALENDAR_SPREAD
Spread Products
NG_BAS
Index Spread NG_INDEX
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Balmo Spread SPR_BMO
Crack Spread CRK
OOF
Option on Outright O0D
SER
Non-Linear Option Products | Option on ¥ Line APO
Option on Spread CSO
0]0]6
Option on Basket
GHOST_0OC

Overview
[0121] As noted above, the systems and methods of thitodige provide a model for more
efficiently and accurately determining initial marg This new model (among other things) is
able to scale linearly with the number of underrso that the introduction of new products or
asset classes does not require an outsized amdurturoan interaction and ongoing
maintenance. The model also allows control of difieation benefits at multiple levels in order
to maintain a conservative bias, and may be exgqtdénwithout large amounts of complex
mathematics.
[0122] The present disclosure takes an empirical appraacthe risk of portfolios of
financial products. As further discussed belowtidrisal simulation may be utilized (as part of
the margin model) to minimize the amount of prgdtwn embedded within the risk charge

framework, which allows for a more phenomenologiapproach to risk pricing that ties the
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results back to realized market events. The aimbleas to make the framework as simple as
possible while retaining the core functionality dee.

[0123] Features of the model include (without limitationjtilizing a VaR as the risk
measure; determining initial margin based on hisabrreturn; scaling market volatility of
historical returns to reflect current market vdigti scaling each product in isolation and
without considering the market volatility of allhar assets; volatility forecasting based on
EWMA,; full revaluation across the historical perifad every position; sticky delta evolution of
an option implied volatility surface; modeling amplied volatility surface using delta points
(e.g., seven points) on a curve; dynamic VaR owddihg periods; aggregating risk charges
according to diversification benefits; calculatidiyersification benefits (DBs) from historical
data (DBs can be prescribed as well); performamatyais on sufficient capital coverage and
model accuracy; as well as others that will be egapiebased on the following descriptions.
[0124] The systems and methods of this disclosure mayyatgplany type of financial
products and combinations thereof, including (withdmitation): futures, forwards, swaps,
‘vanilla’ options (calls and puts), basic exerc{&uropean and American), options (including
options on first line swaps), fixed income produfesg., swaps (IRS, CDS, Caps, Floors,
Swaptions, Forward Starting, etc.)), dividend pagtag exotic options (e.g., Asian Options,
Barrier Options, Binaries, Lookbacks, etc.), exagproducts (e.g., Bermudan, Canary, Shout,
Swing, etc.).

[0125] The model of the present disclosure may, in an plamyembodiment, operate under
the following assumptions, although said model ni@y implemented under additional,

alternative or fewer assumptions:
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a. future volatility of financial returns may betienated from the past volatility of
financial returns;

b. future (forecasts) may be similar to past pennce (e.g., volatility, correlations,
credit events, stock splits, dividend payments)etc

c. EWMA may be utilized to estimate return voiggil

d. an EWMA decay factor (e.g., of 0.97) may beduseweight historical returns;

e. volatility scaling historical returns data semble more recent return volatility may
be utilized to forecast future return volatility;

f. the volatility of individual underlying produsimay be adjusted individually;

g. portfolio exposures may be assumed constamtaokelding period;

h. the model assumes accurate data is input;

I. disparity in local settlement time does not edely impact the accuracy of the
volatility forecast;

j- 2a99% VaR for a 1,000 day return series caadogirately estimated;

k. option implied volatility surface dynamics arelative to the current underlying
instrument’s price level; and

l. full position valuation may be performed acrdsstorical windows of 1,000 days or
more.
[0126] Types of information and data that may be utilizegd the model may include
(without limitation): financial instrument data ge,. static data (instrument properties), dynamic
data (prices, implied volatilities, etc.)), porifid (composition, diversification benefits, etc.),

risk model configurations (e.g., EWMA decay factdaR level, days of historical returns, etc.).
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[0127] Components of a risk information system accordimghie present disclosure may
include (without limitation): a financial instrumeatabase (to store instrument properties,
historical data, etc.), a data filter (to clearpagous data, fill gaps in data, convert raw ddia in
a time series, etc.), portfolio bucketing (to grqagtfolios by clearing member, client accounts,
product, commodity, market type, etc.), portfolamgression (to net portfolios to a minimal set
of positions, e.g., currency triangles, long andrighon the same instrument, etc.), financial
pricing library (e.g., option pricing, implied vdiéty dynamics, returns calculations, return
scaling, etc.), currency conversion (e.g., conveetsirns to a common return currency for
portfolios that contain positions in instrumentshwimore than one settlement currency), risk
library (to compute risk at the instrument levebmpute risk at the portfolio levels, apply
diversification benefits, etc.), performance analysbrary (to perform backtests, compute
performance measures, produce summary reportsragtias, etc.).

[0128] Turning now to Fig. 1, an exemplary risk enginehéecture 100 is shown. This
exemplary architecture 100 includes a risk engirenager library 101 that provides main
functionality for the architecture 100 and a comination library 102 that provides data
communication functionality. Components such aslaserver 105 and a cluster of one or more
servers 106 may provide data and information to demunication library 102. Data and
information from the communication library 102 mbg provided to a risk engine interface
library 103, which provides an ‘entrance’ (e.g.ilyaisk calculation entrance and backtesting
functionality entrance) into the risk engine ca#tidn library 104. The risk engine calculation
library 104 may be configured to perform daily risklculations and backtesting functions, as
well as all sub-functions associated therewith.(elgta cleaning, time series calculations, option

calculations, etc.).
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[0129] The exemplary architecture 100 also may include n& test library 107, in
communication with the communication library 108krengine interface library 103 and risk
engine calculation library 104, to provide unitttésnctions. A utility library 108 may be
provided in communication with both the risk enginterface library 103 and the risk engine
calculation library 104 to provide in/out (I/O) fctions, conversion functions and math
functions.

[0130] A financial engineering library 109 may be in commuation with the utility library
108 and the risk engine calculation library 104ptovide operations via modules such as an
option module, time series module, risk module uation module, analysis module, etc.

[0131] A reporting library 110 may be provided to recedlaa and information from the risk
engine calculation library 104 and to communicatiéhwhe utility library 108 to provide
reporting functions.

[0132] Notably, the various libraries, modules and funwiaescribed above in connection
with the exemplary architecture 100 of Fig. 1 maymerise software components (e.g.
computer-readable instructions) embodied on onenore computing devices (co-located or
across various locations, in communication via Wiend/or wireless communications links),
where said computer-readable instructions are ¢@ddoy one or more processing devices to
achieve and provide their respective functions.

[0133] Turning now to Fig. 2, an exemplary diagram 200w8hg the various data elements
and functions of an exemplary MAPS system accortbrtpe present disclosure is shown. More
particularly, the diagram 200 shows the data elesn@nd functions provided in connection with
products 201, prices 202, returns 203, market agdéptation 204, historical simulation 205,

portfolios 206, margins 207 and reporting 208, #meir respective interactions. These data
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components and functions may be provided in commeatith (e.g., the components may be
embodied on) system elements such as databasegspoos, computer-readable instructions,
computing devices (e.g., servers) and the like.

[0134] An exemplary computer-implemented method of calidizing counterparty credit
risk in connection with one or more financial prottumay include receiving as input, by at least
one computing device, data defining at least onanftial product. The computing device may
include one or more co-located computers, compulisggersed across various locations, and/or
computers connected (e.g., in communication witk another) via a wired and/or wireless
communications link(s). At least one of the compgtdevices comprises memory and at least
one processor executing computer-readable insbngtio perform the various steps described
herein.

[0135] Upon receiving the financial product data, the eplany method may include
mapping, by computing device(s), the financial pai(s) to at least one risk factor, where this
mapping step may include identifying at least ois& factor that affects a profitability of the
financial product(s).

[0136] Next, the method may include executing, by the astimg device(s), a risk factor
simulation process involving risk factor(s) prewsbuidentified. This risk factor simulation
process may include retrieving, from a data souhistorical pricing data for the one risk
factor(s), determining statistical properties oé thistorical pricing data, identifying any co-
dependencies between prices that exist within flstorical pricing data and generating, as
output, normalized historical pricing data basedtanstatistical properties and co-dependencies.
[0137] The risk factor simulation process may also incladéltered historical simulation

process, which may itself include a co-variancdestéltered historical simulation that involves
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normalizing the historical pricing data to resemtalerent market volatility by applying a scaling
factor to said historical pricing data. This seglfactor may reflect the statistical propertied an
co-dependencies of the historical pricing data.

[0138] Following the risk factor simulation process, theemplary method may include
generating, by the computing device(s), producfippand loss values for the financial product(s)
based on output from the risk factor simulationcess. These profit and loss values may be
generated by calculating, via a pricing model endxbéh the computing device(s), one or more
forecasted prices for the financial product(s) dasa the normalized historical pricing data
input into the pricing model, and comparing eaclhef forecasted prices to a current settlement
price of the financial product(s) to determine adarct profit or loss value associated with each
of said forecasted prices.

[0139] Next, the computing device(s) may determine anaininargin for the financial
product(s) based on the product profit and lossieslwhich may include sorting the product
profit and loss values, most profitable to leastfipable or vice versa and selecting the product
profit or loss value among the sorted values adogrdo a predetermined confidence level,
where the selected product profit or loss valueasgnts said initial margin.

[0140] In one exemplary embodiment, the historical pricttega may include pricing data
for each risk factor over a period of at least trmisand (1,000) days. In this case, the
foregoing method may involve: calculating, via thecing model, one-thousand forecasted
prices, each based on the normalized pricing dattaiping to a respective one of the one-
thousand days; determining a product profit or leakie associated with each of the one-
thousand forecasted prices by comparing each adribethousand forecasted prices to a current

settlement price of the at least one financial pobdsorting the product profit and loss values
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associated with each of the one-thousand forecastedés from most profitable to least
profitable or vice versa; and identifying a terghdt profitable product profit or loss value. This
tenth least profitable product profit or loss vafuay represent the initial margin at a ninety-nine
percent confidence level.

[0141] An exemplary computer-implemented method of calidizing counterparty credit
risk in connection with a financial portfolio magcdude receiving as input, by one or more
computing device(s), data defining at least onarfaial portfolio. The financial portfolio(s)
may itself include one or more financial product(#)s with the exemplary method discussed
above, the computing device(s) used to implemestakemplary method may include one or
more co-located computers, computers dispersedssorarious locations, and/or computers
connected (e.g., in communication with one anothela a wired and/or wireless
communications link(s). At least one of the compgtdevices comprises memory and at least
one processor executing computer-readable insbngtio perform the various steps described
herein.

[0142] Upon receiving the financial portfolio data, theemplary method may include
mapping, by the computing device(s), at least amntial product in the portfolio to at least one
risk factor by identifying at least one risk factibrat affects a probability of said financial
product(s).

[0143] Next, the computing device(s) may execute a riskofasimulation process involving
the risk factor(s). This risk factor simulatioropess may include retrieving, from a data source,
historical pricing data for the risk factor(s) asetermining statistical properties of the histdrica

pricing data. Then, any co-dependencies betweerspthat exist within the historical pricing
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data may be identified, and a normalized histbpcging data may be generated based on the
statistical properties and the co-dependencies.

[0144] The risk factor simulation process may further udd a filtered historical simulation
process. This filtered historical simulation pregemay include a co-variance scaled filtered
historical simulation that involves normalizing thestorical pricing data to resemble current
market volatility by applying a scaling factor tbet historical data. This scaling factor may
reflect the statistical properties and co-depeni@snaf the historical pricing data.

[0145] Following the risk factor simulation process, theemplary method may include
generating, by the computing device(s), producfippand loss values for the financial product(s)
based on output from the risk factor simulationgess. Generating these profit and loss values
may include calculating, via a pricing model emigaldin the computing device(s), one or more
forecasted prices for the financial product(s) dase the normalized historical pricing data
input into said pricing model; and comparing eatthe forecasted prices to a current settlement
price of the at financial product(s) to determin@raduct profit or loss value associated with
each of said forecasted prices.

[0146] The profit and loss values of the respective prgdianay then be aggregated to
generate profit and loss values for the overakritial portfolio(s). These portfolio profit and
loss values may then be used to determine anlimaagin for the financial portfolio(s). In one
embodiment, the initial margin determination magludle sorting the portfolio profit and loss
values, most profitable to least profitable or wegsa; and then selecting the portfolio profit or
loss value among the sorted values according tedegermined confidence level. The selected

portfolio profit or loss value may represent thigéiah margin.
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[0147] In one exemplary embodiment, the historical pricttega may include pricing data
for each risk factor over a period of at least tmaisand (1,000) days and the financial portfolio
may include a plurality of financial products. ths case, the foregoing method may involve:
calculating, via the pricing model, one-thousanted¢asted prices for each of the plurality of
financial products, where the forecasted priceseameh based on the normalized pricing data
pertaining to a respective one of the one-thouskays; determining one-thousand product profit
or loss values for each of the plurality of finadgbroducts by comparing the forecasted prices
associated each of the plurality of financial prduto a respective current settlement price;
determining one-thousand portfolio profit or losdues by aggregating a respective one of the
one-thousand product profit or loss values fromheat the plurality of financial products;
sorting the portfolio profit and loss values fronosh profitable to least profitable or vice versa;
and identifying a tenth least profitable portfopeoofit or loss value. This tenth least profitable
product profit or loss value may represent thaahinargin at a ninety-nine percent confidence
level.

[0148] An exemplary system configured for collateraliziegunterparty credit risk in
connection with one or more financial products andine or more financial portfolios may
include one or more computing devices comprisingg @r more co-located computers,
computers dispersed across various locations, and@mputers connected (e.g., in
communication with one another) via a wired andioeless communications link(s). At least
one of the computing devices comprises memory afehat one processor executing computer-
readable instructions that cause the exemplaresysd perform one or more of various steps
described herein. For example, a system accordingpis disclosure may be configured to

receive as input data defining at least one firen@ioduct; map the financial product(s) to at
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least one risk factor; execute a risk factor sirmoiha process (and/or a filtered historical
simulation process) involving the risk factor(sgngrate product profit and loss values for the
financial product(s) based on output from the faétor simulation process; and determine an
initial margin for the financial product(s) basedthe product profit and loss values.

[0149] Another exemplary system according to this disalesmay include at least one
computing device executing instructions that cahsesystem to receive as input data defining at
least one financial portfolio that includes at tease financial product; map the financial
product(s) to at least one risk factor; executésla factor simulation process (and/or a filtered
historical simulation process) involving the rigicfor(s); generate product profit and loss values
for the financial product(s) based on output frdre tisk factor simulation process; generate
portfolio profit and loss values for the financf@rtfolio based on the product profit and loss
values; and determine an initial margin for theafinial portfolio(s) based on the portfolio profit
and loss values.

[0150] A more detailed description of features and aspettthe present disclosure are
provided below.

Volatility Forecasting

[015]] A process for calculating forecasted prices may rbterred to asvolatility
forecasting. This process involves creating "N" number of sc@s (generally set to 1,000 or
any other desired number) corresponding to eadh fastor of a financial product. The
scenarios may be based on historical pricing dath that each scenario reflects pricing data of
a particular day. For products such as futuregraots, for example, a risk factor for which
scenarios may be created may include the volatditythe futures’ price; and for options,

underlying price volatility and the option’s implievolatility may be risk factors. As indicated
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above, interest rate may be a further risk faatomfhich volatility forecasting scenarios may be
created.

[0152] The result of this volatility forecasting processoé create N number of scenarios, or
N forecasted prices, indicative of what could happethe future based on historical pricing
data, and then calculate the dollar value of anfired product or of a financial portfolio (based
on a calculated dollar value for each product engbrtfolio) based on the forecasted prices. The
calculated dollar values (of a product or of a ficial portfolio) can be arranged (e.g., best to
worst or vice versa) to select the fifth percentilerst case scenario as the Value-at-Risk (VaR)
number. Note here that any percentile can be chaseluding percentiles other than the first
through fifth percentiles, for calculating risk.hi$§ VaR number may then be used to determine
an initial margin (IM) for a product or financiabgfolio.

[0153] In one embodiment, the methodology used to perfootatility forecasting as
summarized above may be referred to as an “expatigntveighted moving average" or
"EMWA" methodology. Inputs into this methodologyayninclude a scaling factoi) that may

be set by a programmed computer device and/orysasér Analyst, and price series data over
“N” historical days (prior to a present day). Famrtain financial products (e.g., options), the
input may also include implied volatility data cesponding to a number of delta points (e.g.,
seven) for each of the "N" historical days and ulyiteg price data for each of the "N" historical
days.

[0154] Outputs of this EMWA methodology may include a nsimulated series of risk
factors, using equations mentioned below.

[0155] For certain financial products such as futuresefcaample, the EMWA methodology

may include:
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. Determining fix parameter values (N):
(1) N =1000,4=.97

. Gathering instrument price series)(F
F;, F1000, Fogg, ... F1, Where Fy g is a current day's settlement price

. Calculating Log returns;:

Fi
(2) r=log Fr_
Calculating sample mean of returfis
N-1
1
B a=g—7) "
i=1
Calculating sample variance of retuths
N-1

. Calculating EMWA scaled variancé, this may be the first step of generating a
volatility forecast: A first iteration equation maseb:

(G) &=0-D*(r—0)+1xD
then, a next iteration may proceed as:

6) &=Q0-Dx*(r—0)+1%¢_y,
where é;_; refers to value from previous iteration

. Calculating EMWA standardized log returfis

(7 Dzj:—\J/—gj— or Dzj:—r\/jgj

. Calculating Volatilitys, :
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[0156] For other financial products, such as optionsefcample, the EMWA methodology
may include performing all of the steps discusdmalva in the context of futures (i.e., steps 1-8)
for each underlying future price series and forithglied volatility pricing data corresponding to
the delta points.

Implied Volatility Dynamics

[0157] When modeling risk for options, the “sticky deltale” may be used in order to
accurately forecast option implied volatility. Thaelta’ in the sticky delta rule may refer to a
sensitivity of an option’s value to changes inuitslerlying’s price. Thus, a risk model system or
method according to this disclosure is able to pujlied volatilities for vanilla options and
implied correlations for cal spread options (CSOs),example, by tracking changes in option
implied volatility in terms of delta.

[0158] More particularly, the sticky delta rule may belinéid by quoting implied volatility
with respect to delta. Having input a set of fix@eltas, historical implied volatilities which
come from pairing each delta to a unique option l@aybtained. Each input delta may then be
matched with the option whose delta is closeshiihput value. The implied volatility for each
of these options can then be associated with d filedta and for every day in history this process
is repeated. Ultimately, this process builds amplied volatility surface using the implied
volatility of these option-delta pairs. An exemplamplied volatility to delta surface 300 is
shown in Fig. 3.

[0159] Using an implied volatility surface, the implied lablity of any respective option
may be estimated. In particular, systems and ndstlccording to this disclosure may perform
a transformation from delta space to strike spacesénilla options in order to obtain a given

option's implied volatility with respect to strikégr CSOs, strikes may be pulled as well. In
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other words, given any strike, the systems and oaetf this disclosure can obtain its implied
volatility.

[0160] The sticky delta rule is formulated under the inggien that implied volatility tends
to "stick" to delta. Under this assumption, change implied volatility may be captured by
tracking these "sticky deltas.” The present dsate uses these "sticky deltas” as anchors in
implied volatility surfaces which are then transf@d to strike space in order to quote a given
option implied volatility.

[016]] Given inputs of implied volatilities of the "stickgeltas," implied volatility for any
given option may be determined. For CSOs, for gtajrthe delta to strike transformation may
not be required, since implied correlation is usedstimate prices.

[0162] A delta surface may be constructed using fixedadptiints (e.g., seven fixed delta
points) and corresponding implied volatilities. near interpolation may be used to find the
implied volatility of a delta between any two fixelkltas. In practice, the implied volatility
surface may be interpolated after transforming fidetta space to strike space. This way, the
implied volatility for any strike may be obtained cross-section 400 of the exemplary implied
volatility surface of Fig. 3 is shown in Fig. 4.

[0163] Fig. 5 shows an exemplary implied volatility dal@af 500, which illustrates how the
EWMA scaling process 505 may utilize as few as @memore) implied volatility 503 and one
(or more) underlying price 504 to operate. Thithes case, at least in part, because (historical)
implied volatility returns 501 and underlying priseries returns 502 are also inputs into the
EWMA scaling process 505. EWMA scaling 505 is ablenake these return series comparable

in terms of a single input price 504 and a singhlied volatility 503, respectively. In effect,
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EWMA scaling provides normalized or adapted imphedatilities 506 and underlying prices

507.

[0164] The adapted implied volatilities 506 and underlypnges 507 may then be used by a
Sticky Delta transformation process 508 to yielg@dd implied volatilities with respect to

Strike 509. This may then be fed into an interppofaof surface process 510 to yield implied
volatilities 511. The implied volatilities 511 agell as EWMA adapted underlying prices 507
may be utilized by an Option Pricer 512, togeth&hwption parameters 513 to yield an EWMA
adapted option series 514.

Transformation of Delta to Srike

[0165] In order to find the implied volatility for any gin vanilla option or CSO, the systems
and methods of the present disclosure may utilizaressformation of delta space to strike space.
A graphical representation of an exemplary tramsétion of delta-to-strike 600 is shown in Fig.
6.

[0166] Given any strike, the present disclosure provideams for identifying the respective
implied volatility. This transformation may be dad out using the following formula, the
parameters of which are defined in Table 2 below:

F

(9) K=
exp (a\/f - N~ 1(exp(rt)) — 072 t)
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Table 2: Deltato Strike Conversion Parameters

Parameters | Descriptions
N71() The inverse of the cumulative distribution of the
standard normal distribution
F EWMA adapted price of the underlying future
K Strike price
o Volatility of option returns
t Time to expiry
r Risk-free rate

Systems and methods according to this disclosurg uiiize implied volatility along with
EWMA adapted forward price to estimate the price dinancial product such as an option, for
example. Details for calculating the EWMA adaphkeavard price are discussed further below.
[0167] To capture the risk of options (although this psscenay apply to other types of
financial instruments), for example, systems anthows according to this disclosure may track
risk factors associated with the financial produket.this example, the risk factors may include:
an option’s underlying price and the option’s imeplivolatility. As an initial step, an implied
volatility surface in terms of delta may be calt¢ath With this volatility surface, and using the
sticky delta rule, the current level of implied &blity for any respective option may be
determined.

[0168] Inputs for using the sticky delta rule may inclutiestorical underlying prices, fixed
deltas [if seven deltas are used, for example, thay include: .25, .325, .4, .5, .6, .675, .75],
historical implied volatilities for each fixed deltfor CSOs, historical implied correlations for

each fixed delta, and for CSOs, historical strimedach fixed delta.
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[0169] Notably, when calculating/aR for options, implied volatilities may be used to
estimate option price. Implied volatility in th@teons market seems to move with delta. Using
the sticky delta rule to track changes in impliethtility may therefore lead to accurate forecasts
of implied volatility for all respective securities

Volatility Ceiling

[0170Q] A volatility ceiling, or volatility cap, may be aapper limit on how high a current
backtesting day's forecasted volatility is allowss fluctuate with respect to a previous
backtesting day. This volatility ceiling may bepglemented by using a multiplier which defines
this upper limit. In a real-time system, which e@dcasting margins instead of using backtesting
days, the terminology “yesterday's forecasted uitjéitmay be used.

[0171] The idea of a volatility ceiling is to prevent tegstem from posting a very high
margin requirement from the client due to a spikemarket volatility. A margin call which
requires the client to post a large margin, esfigcduring a market event, can to add to
systemic risk (e.g., by ultimately bankrupting tient). Hence, the idea would be to charge a
margin which is reasonable and mitigates clearingbaisk.

[0172] If the volatility forecast for a future time perigd.g., tomorrow) is unreasonably high
due to a volatility spike caused by a current dagalized volatility, then it is possible that an
unconstrained system would charge a very high matgi a client's portfolio under
consideration. Typically, this may occur when arke& event has occurred related to the
products in the client’s portfolio. This can alsappen if there are ‘bad’ data points; typically,
post backfilling, if returns generated fluctuate tauch then this case can be encountered.
[0173] As noted above, charging a very high margin in cdse market event can add on to

the systemic risk problem of generating more capatey risk by potentially bankrupting a

37



client that is already stretched on credit. Herbe, present disclosure provides means for
capping the volatility and charging a reasonablegmawhich protects the clearinghouse and
does not add to the systemic risk issue.
[0174] Inputs into a system for preventing an unreasonhiglly margin call may include: a
configurable multiplier alpha (e.g., set to value 2), previous backtesting ddgisfor live
system yesterday's) forecasted volatility,, and current day’'s (e.g., today's) forecasted
volatility, ;. Output of such a system may be based on followmgation:

(10) o; = min(o;, @ * 7;_1),
whereg; is reassigned to a new volatility forecast, whishthe minimum of today's volatility
forecast, or alpha times yesterday’s forecast.
[0175] An initial step in the process includes definingoafigurable parameter, alpha, which
may be input directly into the system (e.g., vigraphical user interface (GUI) embodied in a
computing device in communication with the systemdl/or accepted from a control file. Then,
the following steps can be followed for differeppés of financial products.
[0176] For futures (or similar types of products):

1. For backtesting, a variable which holds presitacktesting day's volatility forecast
may be maintained in the system; and for a liveéesys yesterday's volatility forecast may be
obtained in response to a query of a databasagtsuich information, for example.

2. The new volatility may be determined basedhenfollowing equation:

(11) o; = min(o;,a * 0;,_1)
[0177] For options (or similar types of products):
1. For backtesting, a vector ofnumber (e.g., seven (7)) volatility values for previous

day corresponding to the same number (e.g., sef)@rof delta points on a volatility surface
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may be maintained; and for the live system, yeatgsdvolatility forecast for each of the seven
delta points on the volatility surface may be afedi in response to a query of a database, for
example.
2. The new volatility corresponding to each paindy be determined based on the
following equation:
(12) of = min(o?,a = 7,), wherep is delta point index
[0178] Under normal market conditions, a volatility caposf2 should have no impact on

margins.

Configurable Holding Period

[0179] Two notable parameters of VaR models include thgtkeof time over which market
risk is measured and the confidence level. The tioezon analyzed, or the length of time
determined to be required to hold the assets irptirdolio, may be referred to as the holding
period. This holding period may be a discretionalye.
[0180] The holding period for portfolios in a risk modeicarding to this disclosure may be
set to be one (1) day as a default, which meanstbalrisk charge to cover the potential loss for
the next day is considered. However, due to varipotential regulatory requirements and
potential changes in internal risk appetite, tratue may be configurable to any desired value
within the risk architecture described herein. Taliews for additional scenarios to be vetted
under varying rule sets. The configurable holdiegiqg@d can enhance the ability of the present
disclosure to capture the risk for a longer timeizom. The following items illustrate a high
level overview of the functionality involved:

a. the holding period, n-days, may be configured parameter sheet;

b. the holding period value may impact returns walons;
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c. n-day returns, historical returns over the hajdperiod [e.g., In(Price(m) / Price(m-

n))] may be computed,

d. analytics may be performed on the n-return sgrie

e. historical price simulations may be performedrate n-day holding period; and

f. profit and loss determinations may be represemteof the profit and loss over the

holding period.
[0181] With a configurable holding period, the time honzof return calculations for both
future and implied volatility (e.g., for options)ay not simply be a single day. Instead, returns
may be calculated according to the holding permetgied.
[0182] In a VaR calculation, sample overlapping is aldoved. For example, considering a
three-day holding period, both the return from dag to day four and the return from day two to
day five may be considered to be valid samplesifeVaR calculation.
[0183] In backtesting, daily backtests may also be perdokm This means performing
backtesting for every historical day that is avagafor the risk charge calculation. However,
since the risk charge calculated for each backigstiay may have a multiple-day holding
period, risk charge may be compared to the reajpzefit/loss over the same time horizon.
[0184] Notably, VaR models assume that a portfolio’s cosipan does not change over the
holding period. This assumption argues for the afeshort holding periods because the
composition of active trading portfolios is aptdbange frequently. However, there are cases
where a longer holding period is preferred, esplgdeecause it may be specified by regulation.
Additionally, the holding period can be driven lhetmarket structure (e.g., the time required to
unwind a position in an over-the-counter (OTC) ssvagarket may be longer than the exchange

traded futures markets). The holding period shoaftéct the amount time that is expected to
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unwind the risk position. Therefore, the presestldisure provides a model with a configurable
holding period. This will allow risk management ¢bange the holding period parameter if
needed.

Expiration Model

[0185] Systems and methods of the present disclosure rhay configured to process
financial products having fixed expiries and/omatile expiries. Under the fixed expiry model,
for each historical day, settlement data which slithe same contract expiration date may be
obtained to form a time series, and then histosgalulation may be performed on that series.
Since the contract expiration date is fixed, agtprogresses the contract will move closer to its
expiry date (e.g., time to maturity is decayingh é&xample of a fixed time series 700 is shown
in Fig. 7.

[0186] On the other hand, under the relative expiry mddeleach historical day, settlement
data which share the same time to maturity maydael o form the time series. Therefore, as
time progresses the contract will remain at theesdrstance to its expiry date and every point in
the time series may correspond to different exjpinadates.

[0187] Turning now to Fig. 8, a chart 800 shows the déiferes between relative and fixed
expiry data. Any data pulled from the fixed expmpdel would fall on a fixed expiry curve.
This is a curve connecting the price points of ¢batract that expires at a specific time (e.g.,
6/15/2012) on the forward curve day-over-day. Redagxpiry data is represented by the curve
that connects points of the contract that expira specific time period later (e.g., in one year).
This figure shows that relative expiry data repnés@rices from several contracts.

[0188] Take, for example, futures contract A that issueda@nuary '12 with a one year time

to expiry. In the case where the contract is fieggiry, data is obtained such that the contract
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will move closer to its expiration date. This ingsl that price changes can be tracked for
contract A by simply using the obtained data as#otical price series.

[0189] On the other hand, if contract A is a relative expobntract, data is obtained such that
the contract quoted will actually remain at the gadistance to its expiration date. This implies
that the data consists of quotes of different @tsr with the same distance to maturity from the
given settlement date.

[0190] Another aspect of the present disclosure is thityalbkd more effectively eliminate
the seasonality impact from market risk of a gieentract. This aspect may be illustrated in the
context of Fig. 9, which shows an example chart 808 fixed expiry dataset. As shown in the
chart 900, on every historical date (e.g. 10/15MB15/10, etc.) a MAPS system according to
this disclosure may scale the price of the saméracn(JUN '12). Notably, a single contract
may be quoted for every historical date and rathan price fluctuations caused by seasonality,
these price changes may occur since the contractecges to spot price as expiration
approaches. Any significant price movement whictviates from the contract's natural
convergence to spot, in the fixed expiry data, rbayattributed to unpredictable demand or
changes in economic climate.

[019]] In the context of a relative expiry dataset, thiatility in a relative expiry time series
may be associated to tenor seasonality rather ttienolatility of a single tenor. As such, on
every historical date in such a time series, a MAlSem according to this disclosure may be
configured to scale the price of the contract whegbpires in a constant time period away from
the historical date.

[0192] Inputs into an expiration model (e.g., fixed oratele) may include, for example, a

portfolio profile, historical prices and historicablatilities at various delta points. Under the
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fixed expiry model, for example, time series dataynbe assumed to reference the same
contract; this means that for every historical dte data corresponding to one fixed expiration
date may be obtained and will form the time sefioesater scaling purposes.

[0193] An exemplary risk calculation process for calculgta risk of a product may include
performing returns calculations which may be usedn EWMA sub-process, the results of
which may be used to perform standardized retuktutzions and volatility forecast and cap
calculations. Next, an EWMA adaptation process tmayperformed before a VaR calculation is
performed. An option pricing process (e.g., fotiaps) may also be performed following
EWMA adaptation before the VaR calculation occurs.

Option Pricing Library

[0194] Since underlying prices and option implied vol&gk may be scaled separately in an
option risk charge calculation process of this ldsare, an option pricing library may be utilized
to calculate the option prices from scaled undedyrices and implied volatilities. Furthermore,
the sticky delta technique described herein malzetconversions between option strike and
delta, which may also achieved within the optioicipg library.

[0195] When calculating risk charges for options, a VaixRisk (VaR) analysis may utilize
a series of projected options values, which maybeodirectly available and may therefore be
calculated from scaled underlying prices and \iitig. Therefore, the options pricing library
may be configured to provide an interface for tis& calculator to price options from the scaled
values and other parameters.

[0196] The sticky delta method utilizes a conversion frdeitas to strikes given option
implied volatilities for each delta after which eaterpolation can be performed in strike domain

to get the interpolated implied volatility for fler calculation.
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[0197] Examples of inputs for the option pricing librargyninclude (without limitation): for
‘vanilla’ options, option type (call/put), underhg price, strike, time to expiry, interest rategdan
implied volatility. For options on spreads, inpuatay include option type (call/put), strike, first
leg's underlying price, second leg's underlyingerfirst leg's underlying volatility, second leg's
underlying volatility, time to expiry, interest egtand implied correlation. For Asian options,
inputs may include option type (call/put), undamlyiprice, strike, time to expiry, interest rate,
time to first averaging point, time between avemggpoints, number of averaging points, and
implied volatility. For foreign exchange optiongputs may include option type (call/put),
underlying price, strike, time to expiry, interestte, interest rate of foreign currency, and
implied volatility. For delta-to-strike conversiomput may include delta, underlying price,
strike, time to expiry, interest rate, and imphadatility.
[0198] Outputs of the option pricing library may include @ption price (from option pricer)
and/or an option strike (from delta-to-strike corsien).
[0199] Optionally, the option pricing library may be ard@pendent module outside of the
risk calculation module (e.g., a standalone libnagardless of the risk model change). In the
risk calculation module, an example function caliyrbe as follows (function format is for
illustrative purposes and could differ dependingroplementation):

(13)  optionPrice Black76Pricer (optionType, underlyingPrice, strike, timeToEXxpiry,
interestRate, impliedVol, marginChoice) or

(14) optionStrike DetaStrikeConverter (delta, underlyingPrice, strike, timeToEXxpiry,
interestRate, impliedVol, model),
where Black-Scholes, Black76 (both margined and-margined), spread option, Garmin-

Kohlhagen, Barone-Adesi and Whaley, Bachelier, &wiran models may be implemented.
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Both margined and non-margined Black76 models mayirbplemented for delta-to-strike
conversion.

Yield Curve Generator (YCG)

[0200] A yield curve describes interest rates (cost ofrding) plotted against time to
maturity (term of borrowing). Yield curves may b#lized for pricing options because options
need to be discounted correctly using the interatst corresponding to their expiration date.
Also, interest rates in different countries haveirect relationship to their foreign exchange
(“FX”) rates and can be used to price forward cacts.

[0201] Yield curves may be generated daily for the setleinprocess by a python-based
yield curve generator, which uses a data feed @r@ght Index Swap (OIS) rates as inputs. A
more generic and robust solution may utilize simdégorithms but may be configured as a
standalone module providing yield curves basedlienteserver architecture to various products.
[0202] For calculation of option value (and in turn majgia yield curve or interest rate
corresponding to the expiry of a particular optioomthe day of calculation (e.qg., for the Black-76
model) may be utilized. Historical interest ratesidentify volatility against the strike being
priced are also utilized. This may be accomplisbyedirst converting the volatility surface from
delta to strike space and then interpolating ovemlhe conversion from delta space to strike
space may utilize interest rates for the Black-gleh.

[0203] Notably, use of an interest rate may be dependetitepricing model being utilized.
Thus, in a production level system which may haegious pricing models for different
instruments, interest rates may or may not be requiepending on the instrument and model

used to price that instrument.
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[0204] Inputs into a yield curve generator module mayudel (for example) a pricing day's
yield curve which for a single options contract niay the interest rate corresponding to the
expiration date of the option contract on the pgcdate; and/or historical yield curves per VaR
calculation day, which for one options contract ngedhe interest rate corresponding to
expiration date as of VaR calculation day which nh&yused for a conversion from delta to
strike.

[0205] Accurate margins due to correct interest ratesgoesed for pricing and accurate
conversion from delta to strike yield proper YC&m

[0206] In operation, assuming the ability to query thetdrisal interest rate curve (yield
curve) and current yield curve with granularitytmhe to maturity in terms of "days" from an
available database is possible, the following stegpsproceed:

a. Going from delta space to strike space thevotg formula may be used to convert
delta points (e.g., seven delta points) each day timeir corresponding strikes. Although the
seven delta points in this example (e.g., 0.252%).3%.4, 0.5, 0.6, 0.675, and 0.75) may be
constant, the strikes corresponding to these deltaschange as underlying shifts each day. For

the Black-76 model, an equation to go from deltattike space may comprise the following:
(15) K= Fxe W (T )oT-5em)
where K = strike, F = futures price,™N= cumulative normal inverse, T = time to expiry of
option, r = interest rate, corresponding to majyuat T, c = implied volatility andA = delta
(change in option price per unit change in futymese).
Notably, the interest rate may be different eaah ith the VaR period when converting

from delta to strike (maturity taken with respexturrent day).
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b. When attempting to re-price options (scenari@shg scaled data through an option
pricing formula after EWMA volatility and underlygnprice scaling, the historical day's interest
rate with maturity taken with respect to the mairggnday {e.g., Today(risk calculation day) +
Holding Period in business days} may be taken. pimpose here is to incorporate for interest
rate risk.

c. For the backtesting process, the ability td pistorical yield curves to re-price options
on the backtesting day may be utilized.

d. a YCG database may provide a daily yield cuvith each yield curve giving interest
rates against each maturity date starting from daxtwith increments of one, up to any number
of years (e.g., seventy years).

[0207] Examples of option models that may be used in adiore with YCG include
(without limitation) Black-76, Margined Black-76p&ad-Li CSO, APO (Black-76) and others.
Most of these models (except Margined Black-76unmeginterest rate.

Portfolio Bucketing

[0208] An aspect of the present disclosure is to calcwdaténitial margin for each clearing
member according to the portfolios each membershimldheir accounts. Another way to look at
it is to attribute the overall market risk for aatinghouse to each clearing member. However,
this will only provide the clearinghouse's risk espre at clearing member level. Portfolio
bucketing provides means for grouping clearing mersbportfolios (or divide clearing
member's account) such that the risk exposureeotlgaringhouse can be evaluated at a more
detailed level.

[0209] There are multiple layers under each clearing menaloeount. The systems and

method of this disclosure may be configured tdkaite an initial margin for a clearing member
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to each bucketing component on each layer. Figshiivs an exemplary clearinghouse account
hierarchy 1000. As shown, the account hierarchgludes twelve (12) contract position
attributes that may pertain to a contract positithin a clearing member account. Notably,
more, fewer and/or alternative attributes may liezetl in connection with this disclosure.
[0210] For each contract position within a clearing mendzount, a unique hierarchy path
in the structure of Fig. 10 may be identified ider to aggregate initial margins and evaluate
risk exposure at each level. After the clearingoamt hierarchy 1000 is built, a risk exposure to
each component (“portfolio bucket”) under the hieng 1000 may be calculated, with or
without accounting for diversification benefit withthe bucket. One purpose of attributing
initial margin to different portfolio buckets is tevaluate the potential impact on the
clearinghouse in scenarios where abnormal markeement occurs for certain markets and to
report initial margin for different levels of budke
[0211] As noted above, contract positions may exhibitattebutes included in the hierarchy
1000, which may then be fed into a MAPS system g to this disclosure as inputs. In the
exemplary hierarchy, for a particular clearingholi8@1, the attributes include:

1. Clearing member identifier 1002 (e.g., GS, MS, Jei,);

2. Trading member identifier 1003(e.g., TM1, TM2, Etc.

3. Settlement account identifier 1004 (e.g., H, CetE,);

4. Position account identifier 1005 (e.g., D, H, ;. gt

5. Omnibus account identifier 1006 (e.g., omnil, omNhPLL, etc.);

6. Customer account identifier 1007 (e.g., cusl, ch&, L, etc.);

7. Asset identifier 1008 (e.g., OIL, GAS, etc.);

8. Contingency group identifier 1009 (e.g., BrentGroRplEGroup, etc.);
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9. Pricing group identifier 1010 (e.g., FUT, OOF, #tc.

10. Symbol group identifier 1011 (e.g., B, BUL, H, &tc.

11. Expiration group identifier 1012 (e.g., F13, G1447etc.); and

12. Position identifier 1013.
[0212] Portfolio bucketing and initial margin aggregatiwil be illustrated in the context of
another exemplary hierarchy 1100 shown in Fig. whjch may apply to customer for
Futures/Options (F) and customer Seg Futures (Whhersettlement account level, when the
customer accounts are disclosed. It may also a@pplge US Customer (C) case. The contract
position attributes for a particular clearinghodd®1, as well as the exemplary (non-limiting)
initial margin (IM) calculations, are described del

1. Clearing member level 1102:

Bucketing criteria: All the contracts that share the same clearing beendentifier may

be considered to be within one clearing member étuck

Initial margin calculation: The initial margin attributed to each clearing nbembucket

may be equal to the summation of the initial masgattributed to all trading member account
buckets under it, as shown in the equation (16)velThere may be no diversification benefit
applied across trading member accounts.
n
(16) IM(Clearing Member i) = Z IM(Trading Member Account j|Clearing Member i)
j=0
2. Trading member level 1103:

Bucketing criteria: All the contracts that share the same clearing beendentifier and

trading member identifier may be considered to biRivone trading member bucket.
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Initial margin calculation: The initial margin attributed to each trading membucket

may be equal to the summation of the initial masgittributed to all settlement account buckets
under it, as shown in the equation (17) below. &heay be no diversification benefit applied
across settlement accounts.
n
(17) IM(Trading Member i) = Z IM(Settlement Account j|Trading Member i)
j=0

3. Settlement account level 1104:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,
trading member identifier and settlement accouantifier may be considered to be within one

settlement account bucket.

Initial margin calculation: The initial margin attributed to each settlemestaunt bucket

may be equal to the summation of the initial maggattributed to all position account buckets
under it, as shown in the equation (18) below. &heay be no diversification benefit applied

across position accounts.

n
(18) IM(Settlement Account i) = Z IM(Position Account j|Settlement Account i)
=0

4. Position account level 1105:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,
trading member identifier, settlement account idiemtand position account identifier may be
considered to be within one position account bucket

Initial margin calculation: The initial margin attributed to each position @aet bucket

may be equal to the summation of the initial masattributed to all omnibus account buckets

and all customer account buckets (when the cust@oeount buckets do not belong to any
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omnibus account bucket) under it, as shown in tipgaton (19) below. There may be no

diversification benefit applied across omnibus/costr accounts.

n
(19) IM(Position Accounti) = Z IM(Omnibus/Customer Account j|Position Account i)
=0

5. Omnibus account level 1106:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,
trading member identifier, settlement account idient position account identifier and omnibus
account identifier may be considered to be witme omnibus account bucket.

Initial margin calculation: The initial margin attributed to each omnibus asddoucket

may be equal to the summation of the initial masgattributed to all customer account buckets
under it, as shown in equation (20) below. Therg b@no diversification benefit applied across
customer accounts.
n
(20) IM(Omnibus Accounti) = Z IM(Customer Account j|Omnibus Account i)
j=0
6. Customer account level 1107:

Bucketing criteria: All the contracts that share the same clearing lbegnidentifier,

trading member identifier, settlement account idienf position account identifier, omnibus
account identifier and customer account identifiety be considered to be within one customer

account bucket.

Initial margin calculation: The initial margin attributed to each customeroat bucket

may be calculated directly from summation of th#iahmargins attributed to all asset group
buckets under it, as well as the initial margircaidted from realized portfolio profit / loss (P/L)

using diversification benefit calculation algoritanT he following equation (21) may apply:
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(21) IM(Customer Account i)

n
= fos Z IM(Asset Group j|Customer Account i) , IM(Portfolio i)
=0

7. Asset group level 1108:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idient position account identifier, omnibus
account identifier, customer account identifier asdet group identifier may be considered to be
within one asset group bucket.

Initial margin calculation: The initial margin attributed to each asset grbupket may

be calculated directly from summation of the initizargins attributed to all contingency group
buckets under it, as well as the initial margincaidted from realized portfolio P/L, using

diversification benefit calculation algorithms. éfollowing equation (22) may be used:
n

(22)IM(Asset Group i) = fpg Z IM(Contingency Group j|Asset Group i), IM(Portfolio i)
j=0

8. Contingency group level 1109:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idient position account identifier, omnibus
account identifier, customer account identifierseasgroup identifier and contingency group
identifier may be considered to be within one aogency group bucket.

Initial margin calculation: The initial margin attributed to each contingemrgup may

be calculated directly from the history of all gamis it contains (instead of pricing group
buckets which are just one level below contingegmyup), allowing taking full advantage of

diversification benefits, using the following eqoat (23) :
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(23) IM(Contingency Group i) = fpp i (Position 1, Position 2, ... |Contingency Group i)
9. Pricing group level 1110:

Bucketing criteria: All the contracts that share same clearing mendentifier, trading

member identifier, settlement account identifieosiion account identifier, omnibus account
identifier, customer account identifier, asset gradentifier, contingency group identifier and
pricing group identifier may be considered to b#&mi one pricing group bucket.

Initial margin calculation: The initial margin attributed to each pricing goomay be

calculated directly from the history of all posit®it contains (instead of symbol group buckets
which are just one level below pricing group), aling taking full advantage of diversification
benefits, using the following equation (24) :
(24) IM(Pricing Group i) = fpp sy (Position 1, Position 2, ... |[Pricing Group i)
10. Symbol group level 1111

Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idient position account identifier, omnibus
account identifier, customer account identifiersedsgroup identifier, contingency group
identifier, pricing group identifier and symbol gq identifier may be considered to be within
one symbol group bucket.

Initial margin calculation: The initial margin attributed to each symbol graupy be

calculated directly from the history of all posii® it contains (instead of expiration group
buckets which are just one level below symbol gjowlowing taking full advantage of
diversification benefits, using the following eqoat (25):

(25)  IM(Symbol Group i) = fpp fyu(Position 1, Position 2, ... [Symbol Group i)

11. Expiration group level 1112:
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Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idienf position account identifier, omnibus
account identifier, customer account identifiersedsgroup identifier, contingency group
identifier, pricing group identifier, symbol grougentifier and expiration group identifier may
be considered to be within one expiration groupkbtic

Initial margin calculation: The initial margin attributed to each expiratiomgp may be

calculated from the history of all positions it tains, allowing taking full advantage of
diversification benefits, as shown in by followiaguation (26):
(26)  IM(Expiration Group i) = fpp sy (Position 1, Position 2, ... |Expiration Group i)
12.Position level 1113:

Bucketing criteria: Each bucket on this level only contains one sicglgract position.

Initial margin calculation: The initial margin attributed to each position gpomay be

calculated as if it were a single asset portfolibis step may form the basis of initial margin
aggregation for a portfolio.
[0213] An exemplary account hierarchy 1200 of non-disaosestomer accounts is shown
in Fig. 12. The hierarchy 1200 may apply to custofor Future/Options (F) and Customer Seg
Futures (W) on the settlement account level, whencustomer accounts are non-disclosed. The
contract position attributes for a particular cieghouse 1201, as well as the exemplary (non-
limiting) initial margin (IM) calculations, are dessbed below.

1. Clearing member level 1202:

Bucketing criteria: All the contracts that share the same clearing beendentifier may

be considered to be within one clearing member étuck
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Initial margin calculation: The initial margin attributed to each clearing nbembucket

may be equal to the summation of the initial masgattributed to all trading member account
buckets under it, as shown in the following equat{@7). There may be no diversification
benefit applied across trading member accounts.
n
(27)  IM(Clearing Member i) = Z IM(Trading Member Account j|Clearing Member i)
j=0
2. Trading member level 1203:

Bucketing criteria: All the contracts that share the same clearing beendentifier and

trading member identifier may be considered to libiwone trading member bucket.

Initial margin calculation: The initial margin attributed to each trading membucket

may be equal to the summation of the initial masgittributed to all settlement account buckets
under it, as in the following equation (28). Tharay be no diversification benefit applied across

settlement accounts.

n
(28) IM(Trading Member i) = Z IM(Settlement Account j|Trading Member i)
j=0

3. Settlement account level 1204:

Bucketing criteria: All the contracts that share the same clearing lbegnidentifier,
trading member identifier and settlement accouantifier may be considered to be within one
settlement account bucket.

Initial margin calculation: The initial margin attributed to each settlemestaunt bucket

may be equal to the summation of the initial maggatiributed to all position account buckets
under it, as in the following equation (29). Tharay be no diversification benefit applied across

position accounts.
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n
(29) (30)IM(Settlement Account i) = Z IM(Position Account j|Settlement Account i)
=0

4. Position account level 1205:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idiemtand position account identifier may be
considered to be within one position account bucket

Initial margin calculation: The initial margin attributed to each position @aet bucket

may be equal to the summation of the initial masaattributed to all omnibus account buckets
and all customer account buckets (when the cust@aneount buckets don't belong to any
omnibus account bucket) under it, as in the follayiequation (30). There may be no
diversification benefit applied across omnibus/costr accounts.

n
(30) IM(Position Accounti) = Z IM(Omnibus/Customer Account j|Position Account i)

j=0

5. Omnibus account level 1206:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idient position account identifier and omnibus
account identifier may be considered to be witlme omnibus account bucket.

Initial margin calculation: The initial margin attributed to each omnibus asddoucket

may be equal to the initial margins of the non-dised customer account buckets under it, as in
the following equation (31) .
(31) IM(Omnibus Account i) = IM(Non — disclosed Customer Account i)

6. Customer account level 1207:
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Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idienf position account identifier, omnibus
account identifier and customer account identifiety be considered to be within one customer
account bucket.

Initial margin calculation: The initial margin attributed to each customeroaed (non-

disclosed) bucket may be equal to the summatioth@finitial margins attributed to all asset
group buckets under it, as in the following equa{{®2). There may be no diversification benefit
applied across omnibus/customer accounts.
n
(32) IM(Customer Account i) = Z IM(Asset Group j|Customer Account i)
j=0
7. Asset group level 1208:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idienf position account identifier, omnibus
account identifier, customer account identifier asdet group identifier may be considered to be
within one asset group bucket.

Initial margin calculation: The initial margin attributed to each asset grbupket may

be equal to the summation of the initial marginsitaited to all contingency group buckets
under it, as in the following equation (33). Tharay be no diversification benefit applied across
contingency group buckets.
n
(33) IM(Asset Group i) = Z IM(Contingency Group j|Asset Group i)
j=0
8. Contingency group level 1209:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idient position account identifier, omnibus
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account identifier, customer account identifierseasgroup identifier and contingency group
identifier may be considered to be within one cagtincy group bucket.

Initial margin calculation: The initial margin attributed to each contingemgypup may

be equal to the summation of the initial margirtsitaited to all pricing group buckets under it,
as in the following equation (34). There may bednhersification benefit applied across pricing
group buckets.
n
(34) IM(Contingency Group i) = Z IM(Pricing Group j|Contingency Group i)
j=0
9. Pricing group level 1210:

Bucketing criteria: All the contracts that share same clearing mendetifier, trading

member identifier, settlement account identifieosiion account identifier, omnibus account
identifier, customer account identifier, asset gradentifier, contingency group identifier and
pricing group identifier may be considered to b#&mi one pricing group bucket.

Initial margin calculation: The initial margin attributed to each pricing goomay be

equal to the summation of the initial margins btited to all symbol group buckets under it, as
in the following equation (35). There may be noedsification benefit applied across symbol
group buckets.
n
(35) IM(Pricing Group i) = Z IM(Symbol Group j|Pricing Group i)
j=0
10. Symbol group level 1211

Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idient position account identifier, omnibus

account identifier, customer account identifiersedsgroup identifier, contingency group
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identifier, pricing group identifier and symbol gq identifier may be considered to be within
one symbol group bucket.

Initial margin calculation: The initial margin attributed to each symbol graupy be

equal to the summation of the initial margins htited to all expiration group buckets under it,
as in the following equation (36). There may be digersification benefit applied across
expiration group buckets.
n
(36) IM(Symbol Group i) = Z IM(Expiration Group j|Symbol Group i)
j=0
11. Expiration group level 1212:

Bucketing criteria: All the contracts that share the same clearing beznidentifier,

trading member identifier, settlement account idienf position account identifier, omnibus
account identifier, customer account identifiersedsgroup identifier, contingency group
identifier, pricing group identifier, symbol grougentifier and expiration group identifier may
be considered to be within one expiration groupkbtic

Initial margin calculation: The initial margin attributed to each expiratiomgp may be

equal to the summation of the initial margins htited to all position group buckets under it, as
in the following equation (37). There may be noedsification benefit applied across position
group buckets.
n
(37) IM(Expiration Group i) = Z IM(Position Group j|Expiration Group i)
j=0
12.Position level 1213:

Bucketing criteria: Each bucket on this level may only contain oneglsincontract

position.
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Initial margin calculation: The initial margin attributed to each position gpomay be

calculated as if it were a single asset portfolio.
[0214] Additional exemplary account hierarchies 1300, 1468 shown in Figs. 13 and 14,
respectively. These hierarchies may apply to hagseunts (H) and non-US customers (C) on
the settlement account level. The contract posistinibutes for clearinghouses 1301, 1401 as
well as the exemplary (non-limiting) initial margitM) calculations, are described below.

1. Clearing member level 1302, 1402:

Bucketing criteria: All the contracts that share the same clearing peerndentifier may

be considered to be within one clearing member étuck

Initial margin calculation: The initial margin attributed to each clearing nbembucket

may be equal to the summation of the initial masgattributed to all trading member account
buckets under it, as in the following equation (38here may be no diversification benefit
applied across trading member accounts.

n
(38) IM(Clearing Member i) = z IM(Trading Member Account j|Clearing Member i)
=0

2. Trading member level 1303, 1403:

Bucketing criteria: All the contracts that share the same clearing beerdentifier and

trading member identifier may be considered to bikivone trading member bucket.

Initial margin calculation: The initial margin attributed to each trading membucket

may be equal to the summation of the initial masgittributed to all settlement account buckets
under it, as in the following equation (39). Tharay be no diversification benefit applied across
settlement accounts.
n
(39) IM(Trading Member i) = Z IM(Settlement Account j|Trading Member i)

j=0
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3. Settlement account level 1304, 1404:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,
trading member identifier and settlement accouantifier may be considered to be within one

settlement account bucket.

Initial margin calculation: The initial margin attributed to each settlemestaunt bucket

may be equal to the summation of the initial maggattributed to all position account buckets
under it, as in the following equation (40). Tharay be no diversification benefit applied across

position accounts.

n
(40) IM(Settlement Account i) = Z IM(Position Account j|Settlement Account i)
=0

4. Position account level 1305, 1405:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idiemtand position account identifier may be
considered to be within one position account bucket

Initial margin calculation: The initial margin attributed to each position @oet bucket

may be calculated directly from summation of th#éiahmargins attributed to all asset group
buckets under it, as well as the initial margincaidted from realized portfolio P/L, using
diversification benefit calculation algorithms. &memplary equation (41) is below:

(41) IM(Position Account i)

n
= fog Z IM(Asset Group j|Position Account i) , IM(Portfolio i)
j=0

5. Customer account level 1307, 1407: n/a.
6. Asset group level 1308, 1408:
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Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idienf position account identifier and asset
group identifier may be considered to be within asset group bucket.

Initial margin calculation: The initial margin attributed to each asset grbupket may

be calculated directly from summation of the initizargins attributed to all contingency group
buckets under it, as well as the initial margincaidted from realized portfolio P/L, using
diversification benefit calculation algorithms. &remplary equation (42) is provided below.

(42) IM(Asset Group i)

n
= foB Z IM(Contingency Group j|Asset Group i), IM(Portfolio i)
=0

7. Contingency group level 1309, 1409:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idenf position account identifier, asset group
identifier and contingency group identifier may bensidered to be within one contingency
group bucket.

Initial margin calculation: The initial margin attributed to each contingemggup may

be calculated directly from the history of all gasis it contains (instead of pricing group
buckets which are just one level below contingegayup), as in the following equation (43),
allowing taking full advantage of diversificatioenefits.
(43)  IM(Contingency Group i) = fpp ry,;(Position 1, Position 2, ... |Contingency Group i)

8. Pricing group level 1310, 1410:

Bucketing criteria: All the contracts that share same clearing mendntifier, trading

member identifier, settlement account identifiegsiion account identifier, asset group
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identifier, contingency group identifier and prigirgroup identifier may be considered to be
within one pricing group bucket.

Initial margin calculation: The initial margin attributed to each pricing goomay be

calculated directly from the history of all posit®it contains (instead of symbol group buckets
which are just one level below pricing group), mshe following equation (44), allowing taking
full advantage of diversification benefits.
(44) IM(Pricing Group i) = fpp gy (Position 1, Position 2, ... |Pricing Group i)
9. Symbol group level 1311, 1411:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idiemt position account identifier, asset group
identifier, contingency group identifier, pricingayip identifier and symbol group identifier may
be considered to be within one symbol group bucket.

Initial margin calculation: The initial margin attributed to each symbol graupy be

calculated directly from the history of all posii® it contains (instead of expiration group
buckets which are just one level below symbol gjowgs in the following equation (45),
allowing taking full advantage of diversificatioenefits.
(45) IM(Symbol Group i) = fDBfu”(Position 1, Position 2, ... |[Symbol Group i)
10. Expiration group level 1312, 1412:

Bucketing criteria: All the contracts that share the same clearing bezndentifier,

trading member identifier, settlement account idiemf position account identifier, asset group
identifier, contingency group identifier, pricingogip identifier, symbol group identifier and

expiration group identifier may be considered tonithin one expiration group bucket.
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Initial margin calculation: The initial margin attributed to each expiratialoygp may be

calculated from the history of all positions it tains, as in the following equation (46), allowing
taking full advantage of diversification benefits.
(46) IM(Expiration Group i) = fpp g, (Position 1, Position 2, ... |Expiration Group i)
11.Position level 1313, 1413:

Bucketing criteria: Each bucket on this level may only contains ommeglsi contract

position.

Initial margin calculation: The initial margin attributed to each position gpomay be

calculated as if it were a single asset portfolio.

Diversification Benefit

A diversification benefit process according to tdisclosure may assume the following:
1) a customer’s account may be considered a piortioth a natural hierarchy 1500, as shown in
Fig. 15; each level of the hierarchy 1500 may hpaewise diversification benefit coefficients
defined at each level, which may by default beugeto have zero haircut, meaning no affect on
VaR margin; and a haircut may be applied to thee@ication benefit at each level (for any
reason deemed necessary or desirable).
[0215] In summary, an exemplary process for determining tWat accounts for
diversification benefit may include one or moretlw following exemplary steps:

a. compute a separate and combined margin atleashof the hierarchy for a customer
account;

b. compute a diversification benefit at each lefehe hierarchy;

c. perform a diversification attribution at eacladkeof the hierarchy;

d. inside each level, the diversification benefaynbe allocated to each possible pair;
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e. the diversification benefit coefficient may thie@ used to haircut the diversification

benefit given to the customer account;

f. the sum of the diversification benefit haircatseach level may then be added on to the

fully diversified margin charge; and

g. the haircuts across each level of the hierarohy be added to arrive at an initial

margin.
[0216] Referring again to Fig. 15, components of the eXamierarchy 1500 may include
levels such as account 1501, sector 1502, contayggroup 1503, product 1504 and position
1505. The account level 1501 is shown as the tgpiewel, which may be the level at which a
final initial margin may be reported. An accoubb1 may be made up of sectors1502.
[0217] Sectors 1502 may be made up of contingency groupls as, for example, North
American Power, North American Natural Gas, UK Mak@as, European Emissions, etc.
[0218] The contingency group 1503 level may include cailbes of products that may have
direct pricing implications on one another. For repée, an option on a future and the
corresponding future. An example of a contingegoyup (CG) may be a Brent = {B, BUL,
BRZ, BRM, ...}, i.e., everything that ultimately refeto Brent crude as an underlying for
derivative contracts. Contingency groups 1503 bwgomposed of products.
[0219] The product level 1504 may include groups of présluincluding physical or
financial claims on a same (physical or financiat)derlying. Non-limiting examples of
products include Brent Futures, Options on WTI fes AECO Natural Gas Basis swaps, etc.
[0220] The position level 1505 may comprise distinct posd in a cleared contracts within
a customer’s account. Non-limiting examples ofifpmss may be referred to as 100 lots in

Brent Futures, -50 lots in Options on WTI futurasd -2,500 lots in AECO Basis Swaps, etc.
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[0221] Concepts associated with diversification benefitl #me hierarchy discussed above
are provided below. Notably, some of the followitegms and concepts have already been
discussed above. The following descriptions atenied to supplement (and not limit) any of
the descriptions provided above.

Margin may be used interchangeably with initial margirscdssed above. Margin may
be the amount of capital required to collateralmsential losses from the liquidation of a
customer’s portfolio over an assumed holding peaod to a particular statistical confidence
interval.

47) M; = Margin(Position ), M; , = Margin(Position 1 + Position)2

where i and j refer to indices across all sector$/s may be the margin for the ith sectors and
Mi,j refers the margin of a pairwise combined sexto

Margin Separate (Msep) refers to the sum of the margins calculated omyepesition’s
individual profits and loss array in a portfoliohi¥ refers to a worst possible case in which there
is no diversification benefit.

(48) Msep = M(Positionl) + M(PositigneM(Position3) + ...

Margin Combined (Mcomb) refers to a margin calculated on an entire pad®Iprofit

and loss array. This is the case in which full dsifecation benefit is given.
(49) Mcomb = [lPositionl + Position2 + Position3)...

This may also be referred to as a fully diversifneargin.

Offset may refer to a decrease in margin due to portidikersification benefits.

(50) Offset eMsep — Mcomb

Haircut may refer to a reduction in the diversificatioméest.
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Diversification Benefit (DB) may refer to a theoretical reduction in risk a tfmdio
achieved by increasing the breadth of exposuremaoket risks over the risk to a single
exposure; based, for example, upon a Markowitz f@at theory. In the context of this
disclosure, a diversification benefit (DB) may bem&tric of the risk measure reduction an
account receives by viewing risk from a portfolergpective versus a position perspective.

(51) DB = Msep — Mcomb
Rearranging this equation provides:

(52) Mcomb = Msep — DB
In this way, the DB may be defined as a “dollariuea

Diversification Benefit Coefficient (y) may be a number between zero (0) and one (1)
that indicates an amount of diversification benefiowed for an account. Conceptually, a
diversification benefit of zero may correspondte sum of the margins for sub-portfolios, while
a diversification benefit of one may be the maiggiculated on the full portfolio.

(53) Mnew = Msep -y * DB
According to the foregoing equation, Mnew may baado Msep or Mcomb by settingequal
to zero or one respectively.

Diversification Benefit Haircut (h) may refer to the amount of the diversification éfén
charged to an account, representing a reductiaiiversification benefit. If the subscripts fay
refer to the sub-portfolios, the diversificatiomleét haircut can be expressed as one (1) minus
yii, as in the following equation:

(54) hy; =1y,

This may be the pairwise margin haircut.
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Margin Offset Contribution (OC) may refer to the margin offset contribution of
combining multiple instruments into the same pdidfeersus margining them separately. The

offset contribution for a pair of products may b tdiversification benefit for that set of

portfolios:
(55) 0Ci; = Mj+M, — My,
(56) 0Cy3 = M; +Mz — M;3
(57) 0C,3 = M; + M3 — M;;
Offset Ratio (OR) may refer to the ratio of total portfolio divedisation benefit to the
sum of pairwise diversification benefits.
(59) DBportfotio = M1 + My + M3z — My 53 = Mgep — Meomp

_ DBportfolio
(0Cy, + 0Cy3 + 0Cy3)

(60) OR

This ratio forces the total haircut to be no gretitan the sum of offsets at each level.

Haircut Weight (w) may refer to the percentage of a margin offsetrtmution that will

be the haircut at each level.
(61) Wiz = hy; * OR
(62) wy3 = hy3 * OR
(63) wy3 = hyz x OR
Haircut Contribution (HC) may refer to the contribution to the diversificatioaircut for

each pair at each level.

(64) HCi; = wyp * 0Cy,
(65) HCi3 = wy3 * 0Cy3

(66) HCy3 = wy3 * 0Cy3
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Level Haircut may refer to the haircut at each level.
(67) Haircut = HC;, * HCy 3+ HC,3
Maps Margin may refer to an actual margin charge.
(68) Mmaps= Mcomb + Haircut
[0222] An exemplary diversification benefit process acawgdo this disclosure may include
the following process steps.

1. Computing base marginghich result in the Mcomb and Msep margin amounts a
each level in the account hierarchy. Elements ahmuting base margins may include
identifying a financial portfolio; identifying divsification benefit coefficients associated with
the financial portfolio; computing instrument leveargins, position level margins and rolling up
the positions to compute fully diversified margfos each product separately (i.e., product level
margin computation); computing contingency levelrgings by combining the products into a
contingency group level to compute fully diversifimargins for each product group separately;
computing sector level margins by combining theticmency groups in order to compute fully
diversified margins for each sector separately; @mputing an account margin by combining
the sectors to compute fully diversified marginsdo overall account (e.g., a customer account).

2. computing fully diversified margins acrossadtount levels;

3. computing a margin offset across all accowgle and

4. computing diversification haircuts, by: compgtiinter-sector diversification haircuts;
computing inter-contingency group diversificationairguts; computing inter-product
diversification haircuts; computing inter-month eigification haircuts; and computing total

MAPS margin diversification haircuts.
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[0223] Information from this foregoing process may thendoenpiled into a “dashboard”
(which may be displayed via an interactive GUI).n &xemplary margin report summary is

provided below in Table 3, and an exemplary margport detail summary is provided in Table

4 below.
Table3
MAPS Margin Report
Hierarchy MAPS Margin w/ Haircut|Full Hist Sim Full Offset MAPS DB Haircut
Portfolio ($5,326,539) ($4,428,300) ($4,864,945) ($898,239)
Sector ($5,326,539) (54,666,500) ($238,200) (547,640)
Contingency Group ($5,278,899) ($6,872,870) ($2,206,370) ($366,524)
Products ($4,912,375) (56,876,370) ($3,500) ($700)
Position ($4,911,675) ($9,293,245) ($2,416,875) ($483,375)
EEm 0 0200 =g m — =g = =
Table4
Full Diversification Margin, Offset, and Haircut Calculations
Margin Offset Cumulative Offset Haircut Cumulative Haircut
Portfolio E-A {E-D}+{D-C}+HC-B} +H{B-A} Fh Eh+Dh+Ch+Bh
A $ (4,428,300)| $ (4,864,945)| $ (4,864,945)[ $ (898,239) (898,239)
Sector {E-D}+{D-C}+{C-B} Bh Eh+Dh+Ch
B $ (4,666,500)
Contingency Group
9 $ (6,872,870)
Products
D $ (6,876,370)
Positions
E $ (9,293,245)
[0224] All exemplary embodiments described or depicteeineare provided merely for the

purpose of explanation and are in no way to betooed as limiting. Moreover, the words used
herein are words of description and illustratioather than words of limitation. Further,
although reference to particular means, materi@hsl embodiments are shown, there is no

limitation to the particulars disclosed herein.
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CLAIMS

1. A computer implemented method of collateraliziognterparty credit risk, the
method comprising:

receiving as input, by at least one computing deuvil@ta defining at least one financial
product, said computing device comprising memoxy arleast one processor executing
computer-readable instructions;

mapping, by the at least one computing deviceatheast one financial product to at
least one risk factor;

executing, by the at least one computing deviceskafactor simulation process
involving the at least one risk factor, said riaktbr simulation process comprising a filtered
historical simulation process;

generating, by the at least one computing devieayzct profit and loss values for the at
least one financial product based on output froerigk factor simulation process; and

determining, by the at least one computing de\acdnitial margin for the at least one
financial product based on the product profit avgslvalues.

2. The method of claim 1, wherein said mapping ausep identifying at least one
risk factor that affects a profitability of thelaast one financial product.

3. The method of claim 1, wherein the risk faciamdation process further
comprises:

retrieving, by the at least one computing devioafia data source, historical pricing data
for the at least one risk factor;

determining, by the at least one computing de\stagjstical properties of the historical

pricing data;
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identifying, by the at least one computing devangy co-dependencies between prices
that exist within said historical pricing data; and

generating, as said output, normalized historicaing data based on said statistical
properties and said co-dependencies.

4. The method of claim 3, wherein the filtered diigtal simulation process
comprises a co-variance scaled filtered histosgaulation that includes:

normalizing the historical pricing data to resemtilerent market volatility by applying a
scaling factor to said historical pricing datadsscaling factor reflecting the statistical propest
and co-dependencies of said historical pricing.data

5. The method of claim 3, wherein generating tleglpct profit and loss values
comprises:

calculating, via a pricing model embodied in théeast one computing device, one or
more forecasted prices for the at least one firupcoduct based on the normalized historical
pricing data input into said pricing model; and

comparing each of said forecasted prices to a usedtlement price of the at least one
financial product to determine a product profilass value associated with each of said
forecasted prices.

6. The method of claim 5, wherein determining thigal margin comprises:

sorting the product profit and loss values, mosfitable to least profitable or vice versa;
and

selecting the product profit or loss value amorggdbrted values according to a
predetermined confidence level,

wherein the selected product profit or loss vakmesents said initial margin.
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7. The method of claim 6, wherein the historicatipg data comprises pricing data
of the at least one risk factor over a period déast one-thousand (1,000) days, the method
further comprising:

calculating, via said pricing model, one-thousamre¢asted prices, each based on the
normalized pricing data pertaining to a respeatie of the one-thousand days;

determining, by the at least one computing de\agaroduct profit or loss value
associated with each of the one-thousand forecasiees by comparing each of the one-
thousand forecasted prices to a current settleprerg of the at least one financial product;

sorting, by the at least one computing deviceptiogluct profit and loss values
associated with each of the one-thousand forecasiess from most profitable to least
profitable or vice versa; and

identifying, by the at least one computing devicéenth least profitable product profit or
loss value,

wherein said tenth least profitable product profitoss value represents the initial
margin, and

wherein said tenth least profitable product profitoss value represents a ninety-nine
percent confidence level.

8. A computer implemented method of collateraliziognterparty credit risk, the
method comprising:

receiving as input, by at least one computing deuvil@ata defining at least one financial
portfolio, the at least one financial portfolio cpnsing at least one financial product, said
computing device comprising memory and at leastpgyneessor executing computer-readable

instructions;
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mapping, by the at least one computing deviceatheast one financial product to at
least one risk factor;

executing, by the at least one computing deviceskafactor simulation process
involving the at least one risk factor, said riaktbr simulation process comprising a filtered
historical simulation process;

generating, by the at least one computing deviaeyzt profit and loss values for the at
least one financial product based on output froerik factor simulation process;

generating, by the at least one computing devicgfgio profit and loss values for the at
least one financial portfolio based on the proguwofit and loss values; and

determining, by the at least one computing de\acdnitial margin for the at least one
financial portfolio based on the portfolio profiidloss values.

9. The method of claim 8, wherein said mapping ausep identifying at least one
risk factor that affects a probability of the addeone financial product.

10. The method of claim 8, wherein the risk facionulation process further
comprises:

retrieving, by the at least one computing devioafia data source, historical pricing data
for the at least one risk factor;

determining, by the at least one computing de\stagjstical properties of the historical
pricing data;

identifying, by the at least one computing devargy co-dependencies between prices
that exist within said historical pricing data; and

generating, as said output, normalized historicaing data based on said statistical

properties and said co-dependencies.
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11. The method of claim 10, wherein the filteréstdrical simulation process
comprises a co-variance scaled filtered histosgaulation that includes:

normalizing the historical pricing data to reseentlirrent market volatility by applying a
scaling factor to said historical data, said scpfactor reflecting the statistical properties and
co-dependencies of said historical pricing data.

12. The method of claim 10, wherein generating pecogrofit and loss values
comprises:

calculating, via a pricing model embodied in théeast one computing device, one or
more forecasted prices for the at least one firupeoduct based on the normalized historical
pricing data input into said pricing model; and

comparing each of said forecasted prices to a usedtlement price of the at least one
financial product to determine a product profilass value associated with each of said
forecasted prices.

13. The method of claim 12, wherein the generagtiorgfolio profit and loss values
comprises:

aggregating at least one respective product profidss value from the at least one
financial product in said at least one financiattfobio.

14.  The method of claim 13, wherein determiningittigal margin comprises:

sorting the portfolio profit and loss values, mpsifitable to least profitable or vice
versa; and

selecting the portfolio profit or loss value amdhg sorted values according to a
predetermined confidence level,

wherein the selected portfolio profit or loss vatepresents said initial margin.
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15. The method of claim 14, wherein the historprating data comprises pricing
data of the at least one risk factor over a peoicat least one-thousand (1,000) days and
wherein said at least one financial portfolio coisgs a plurality of financial products, the
method further comprising:

calculating, via said pricing model, one-thousame¢asted prices for each of the
plurality of financial products, said forecastetcps each based on the normalized pricing data
pertaining to a respective one of the one-thouskayd;

determining, by the at least one computing dewoe-thousand product profit or loss
values for each of the plurality of financial pratiby comparing the forecasted prices
associated each of the plurality of financial praduo a respective current settlement price;

determining, by the at least one computing dewce-thousand portfolio profit or loss
values by aggregating a respective one of the looesand product profit or loss values from
each of the plurality of financial products;

sorting, by the at least one computing devicepitréfolio profit and loss values from
most profitable to least profitable or vice veraad

identifying, by the at least one computing devcéenth least profitable portfolio profit
or loss value,

wherein said tenth least profitable product profitoss value represents the initial
margin, and

wherein the tenth least portfolio product or loafue represents a ninety-nine percent
confidence level.

16. A system for collateralizing counterparty cteik, the system comprising:
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at least one computing device comprising memoryadneast one processor executing
computer-readable instructions that cause thesykie

receive as input data defining at least one firamuioduct;

map the at least one financial product to at leastrisk factor;

execute a risk factor simulation process involuimg at least one risk factor, said risk
factor simulation process comprising a filtereddnigal simulation process;

generate product profit and loss values for tHeamt one financial product based on
output from the risk factor simulation process; and

determine an initial margin for the at least omaficial product based on the product
profit and loss values.

17. The system of claim 16, wherein the at leastmding device comprises
computer-readable instructions that, when executmase the system to identify at least one risk
factor that affects a profitability of the at leaste financial product.

18. The system of claim 16, wherein the at leastmaing device is configured to
execute the risk factor simulation process by etiegiwwomputer-readable instructions that,
when executed, cause the system to:

retrieve, from a data source, historical pricintpdar the at least one risk factor;

determine statistical properties of the historméting data;

identify any co-dependencies between prices that @ithin said historical pricing data;
and

generate, as said output, normalized historicalimyidata based on said statistical

properties and said co-dependencies.
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19.  The system of claim 18, wherein the filterestdnical simulation process
comprises a co-variance scaled filtered histosgaulation and wherein the at least computing
device comprises computer-readable instructions Wieen executed, cause the system to:

normalize, as part of said co-variance scaledréli historical simulation, the historical
pricing data to resemble current market volatitifyapplying a scaling factor to said historical
pricing data, said scaling factor reflecting thatistical properties and co-dependencies of said
historical pricing data.

20.  The system of claim 18, wherein the at leastmaing device is configured to
generate the product profit and loss values bywgkeg computer-readable instructions that,
when executed, cause the system to:

calculate, via a pricing model embodied in the2ast one computing device, one or more
forecasted prices for the at least one financiatlpct based on the normalized historical pricing
data input into said pricing model; and

compare each of said forecasted prices to a cusegtiément price of the at least one
financial product to determine a product profilass value associated with each of said
forecasted prices.

21.  The system of claim 29, wherein the at least@mputing device is configured
to determine the initial margin by executing congoureadable instructions that, when executed,
cause the system to:

sort the product profit and loss values, most pabfe to least profitable or vice versa;
and

select the product profit or loss value among tiréesl values according to a

predetermined confidence level,
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wherein the selected product profit or loss vak@esents said initial margin.

22.  The system of claim 21, wherein the histormating data comprises pricing data

of the at least one risk factor over a period déast one-thousand (1,000) days, said at least one

computing device executing computer-readable insbms that, when executed, cause the
system to:

calculate, via said pricing model, one-thousancdasted prices, each based on the
normalized pricing data pertaining to a respeatie of the one-thousand days;

determine a product profit or loss value associatgith each of the one-thousand

forecasted prices by comparing each of the onestiriforecasted prices to a current settlement

price of the at least one financial product;

sort the product profit and loss values associatéth each of the one-thousand
forecasted prices from most profitable to leasfifable or vice versa; and

identify a tenth least profitable product profitloss value,

wherein said tenth least profitable product profitoss value represents the initial
margin, and

wherein said tenth least profitable product profitoss value represents a ninety-nine
percent confidence level.

23. A system for collateralizing counterparty ctedik, the system comprising:

at least one computing device comprising memoryadieast one processor executing
computer-readable instructions that cause thesykie

receive as input data defining at least one fira@rportfolio, the at least one financial
portfolio comprising at least one financial product

map the at least one financial product to at leastrisk factor;
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execute a risk factor simulation process involuimg at least one risk factor, said risk
factor simulation process comprising a filtereddnigal simulation process;

generate product profit and loss values for tHeamt one financial product based on
output from the risk factor simulation process;

generate portfolio profit and loss values for théeast one financial portfolio based on
the product profit and loss values; and

determine an initial margin for the at least omaficial portfolio based on the portfolio
profit and loss values.

24.  The system of claim 23, wherein the at least@mputing device is configured
to map the at least one financial product to atleae risk factor by executing computer-
readable instructions that, when executed, caussytstem to identify at least one risk factor that
affects a probability of the at least one finanpiadduct.

25. The system of claim 23, wherein the at least@mputing device is configured
to execute the risk factor simulation process bscekng computer-readable instructions that,
when executed, cause the system to:

retrieve from a data source historical pricing datahe at least one risk factor;

determine statistical properties of the histormating data;

identify any co-dependencies between prices that @ithin said historical pricing data;
and

generate, as said output, normalized historicalimqyidata based on said statistical
properties and said co-dependencies.

26. The system of claim 25, wherein the filteredtdrical simulation process

comprises a co-variance scaled filtered histosgallation process and wherein the at least one
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computing device is configured to execute the atawae scaled filtered historical simulation
process by executing computer-readable instructineits when executed, cause the system to:

normalize the historical pricing data to resemtilerent market volatility by applying a
scaling factor to said historical data, said scphiactor reflecting the statistical properties and
co-dependencies of said historical pricing data.

27.  The system of claim 25, wherein the at least@mputing device is configured
to generate product profit and loss values by etv@geomputer-readable instructions that, when
executed, cause the system to:

calculate, via a pricing model embodied in theeast one computing device, one or more
forecasted prices for the at least one financiatipct based on the normalized historical pricing
data input into said pricing model; and

compare each of said forecasted prices to a cusedtiement price of the at least one
financial product to determine a product profit loss value associated with each of said
forecasted prices.

28. The system of claim 27, wherein the at least @mputing device is configured
to generate portfolio profit and loss values byceximg computer-readable instructions that,
when executed, cause the system to aggregatesaiblea respective product profit or loss value
from the at least one financial product in saiteast one financial portfolio.

29.  The system of claim 28, wherein the at least@mputing device is configured
to determine the initial margin by executing congoureadable instructions that, when executed,
cause the system to:

sort the portfolio profit and loss values, mostfpable to least profitable or vice versa;

and
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select the portfolio profit or loss value among $loeted values according to a
predetermined confidence level,

wherein the selected portfolio profit or loss vatapresents said initial margin.

30. The system of claim 29, wherein the historpating data comprises pricing data
of the at least one risk factor over a period déast one-thousand (1,000) days and wherein said
at least one financial portfolio comprises a plityadf financial products, the at least one
computing device executing computer-readable in8tms that, when executed, cause the
system to:

calculate, via said pricing model, one-thousanddasted prices for each of the plurality
of financial products, said forecasted prices dmsded on the normalized pricing data pertaining
to a respective one of the one-thousand days;

determine one-thousand product profit or loss \&foeeach of the plurality of financial
products by comparing the forecasted prices assaceach of the plurality of financial products
to a respective current settlement price;

determine one-thousand portfolio profit or losaesl by aggregating a respective one of
the one-thousand product profit or loss values fearwh of the plurality of financial products;

sort the portfolio profit and loss values from mpsifitable to least profitable or vice
versa; and

identify a tenth least profitable portfolio profit loss value,

wherein said tenth least profitable product profitoss value represents the initial
margin, and

wherein the tenth least portfolio product or loafue represents a ninety-nine percent

confidence level.
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