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CENTRAL LIMIT ORDER BOOK AUTOMATIC TRIANGULATION SYSTEM

RELATED APPLICATIONS

[6661]  This application claims the benefit of the filing date under 35 US.C. §120 of
U.S. Patent application Sertal No. 15/135,112, filed on April 21, 2016 and under 35
U.S.C. §119(e) of Provisional U 8. Patent Application Serial No. 62/240,280, filed on

October 12, 2015, which 1s hereby incorporated by reference in tts entirety.

BACKGROUND

[6602] A financial instrument trading system, such as a futures exchange, referred to
herein also as an “Hxchange”, such as the Chicago Mercantile Exchange Inc. (CME),
provides a contract market where financial products/instruments, for example futures and
options on futures, are traded. Futures 1s a term used to designate all contracts for the
purchase or sale of financial instruments or physical commodities for future delivery or
cash settlement on a commodity futures exchange. A futures contract 1s a legally binding
agreement o buy or sell a commodity at a specified price at a predetermined future time,
referred to as the expiration date or expiration month. An option 1s the right, but not the
obligation, to sell or buy the underlying instrument (in this case, a futures contract) at a
specified price within a specified time. The commodity to be delivered m fulfillment of
the contract, or alternatively, the commodity, or other instrument/asset, for which the cash
market price shall determune the final settlement price of the futures contract, is known as
the contract’s underlying reference or “underiier.” The terms and conditions of each
futures contract are standardized as to the specification of the contract’s underlying
reference commodity, the quality of such commodity, quantity, delivery date, and means
of contract settlement. Cash Settlement is a method of setthing a futures contract whereby
the party’s effect final settlement when the contract expires by paying/receiving the
loss/gain related to the contract in cash, rather than by effecting physical sale and
purchase of the underlying reference commodity at a price determined by the futures

contract price.
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[6603]  Typically, the Exchange provides for a centralized “clearing house” through
which all trades made must be confirmed, matched, and settled each day until offset or
delivered. The clearing house is an adjunct to the Exchange, and may be an operating
division thereof, which 1s responsible for seitling trading accounts, clearing trades,
collecting and maintaining performance bond funds, regulating delivery, and reporting
trading data. The essential role of the cleanng house is to mitigate credit risk. Clearning 1s
the procedure through which the Clearing House becomes buyer to each seller of a futures
contract, and seller to each buyer, also referred 1o as a novation, and assumes
responsibility for protecting buvers and sellers from financial loss due to breach of
contract, by assuring performance on each contract. A clearing member 13 a firm
qualified to clear trades through the Clearing House.

[6604]  Current financial instrument trading systems allow customers to subnut orders
and receive confirmations, market data, and other information electronically via a
network. These “electronic” marketplaces have largely supplanted the pit based trading
systems whereby the traders, or their representatives, all physically stand in a designated
location, 1.e. atrading pit, and trade with each other via oral and hand based
commumnication. In contrast to the pit based trading system where like-minded buyers and
sellers can readily find each other to trade, electronic marketplaces must electronically
“match” the orders placed by buyers and sellers on behalf thereof. Electronic trading
systems may offer a more efficient and transparent system of trading. Electronic trading
systems may achieve more fair and equitable matching among traders as well as identify
more opportunities to trade, thereby improving market liquidity.

[6665]  Customers such as market makers may place hundreds to thousands of orders
with the Exchange covering multiple strikes for an instrument. These orders are
generated by the customer, using data models which are based on market data, and
transmitted to the exchange quoting premiums. When the market changes, some or all of
these orders may need to be recalculated and updated, typically all at once or in as little
time as possible, by, for example, sending in order modifications or cancellations to the
exchange. The flood of information 1s taxing on the exchange hardware and also on
customer’s equipment as it may involve thousands to millions of message per second

back and forth throughout a day.
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BRIEF DESCRIPTION OF THE DRAWINGS

[BG06]  Fig. 1 depicts an illustrative compuier network system that may be used to
mmplement aspects of the disclosed embodiments.

(60071 Fig. 2 depicts an illustrative embodiment of a general computer system for use with
the disclosed embodiments.

[B008]  Fig. 3 depicts an example market order message management system for
mmplementing the disclosed embodiments

[660%]  Fig 4 depicts one embodiment of a system for triangulating options and
futures.

[6010]  Fig S depicts an example topology of a system for triangulating options and
futures.

[8011]  Fig 6 depicts a flow chart showing exemplary operation of the svstem of Fig.

1 and 5.

DETAILED DESCRIPTION

[8012]  The disclosed embodiments allow for market participants o quote an order for
an options contract in 1mphied volatility, as opposed to quoting by premium, and have the
order implied mto both the futures market and the premium quoted options market. In
existing systems, quotes may be recetved separately for each book and matched
separately. Drawbacks in existing systems include massive communication bursts that
degrade performance both on the exchange and customer sides, a fack of hquidity m
certain markets, and the inability to satisty mitigation possibilities. Triangulation solves
these issues by moving part of the modeling to the exchange side, providing bult-in
mitigation, and increasing hiquidity between the different books.

[6613]  The disclosed embodiments relate to systems and methods which match or
otherwise allocate an incoming order to trade with “resting,” 1.€. previgusly received but
not yet matched (fully satistied), orders. In particular, the disclosed embodiments relate
to triangulation between futures, premium option, and volatility order books allowing
mcoming orders to trade across all three books. Triangulation allows for orders to
quickly and efficiently imply between the books mcreasing market iquadity. The

disclosed embodiments further relate to storing a customer’s model and using the model
3
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to update the order books based on the movement of the futures market; using the model
saves time, communication bandwidth, and computing power. Triangdation further
provides automatic rtigation for volatility priced orders through automatic implication
in the futures market.

[6614] A central limit order book (CLOB) may be a specialized order book that that
matches customer orders {e.g. bids and offers). A CLOB may maintain a stack {ala
resting orders) in that a customer can see multiple orders for and pricing for each product.
Certain embodiments tnangulate three such CLOBS — a futures CLOB (FUT CLOB), a
premium quoted options CLOB (PQO CLOB), and a volatility quoted options CLOB
(VQO CLOB). For each instrument offered by the exchange, there may exist these
CLOBs (among others). In existing systems, each CLOB may be managed individually.
A customer may place an order in the PQO CLOB or the VQO CLOB, or both etc. Each
of the books are matched by a matching engine separately. In certain cases, an order may
implied (synthetically copied and mjected) from one CLOB to another related CLOB.
[6615]  Different CLOBs may be related in that the underlying products are related,
but the presentation, pricing, and /or satisfaction may be different. For example, a
product may be quoted using different pricing models or schemes. A customer may
prefer to evaluate {and quote} an instrument using different mechanisms or models. Two
popular quoting mechanisms are premiums and volatility. When quoted, an order may be
matched against it respective book either PQO CLOB (Premiums) or VQO CLOB
{Volatility).

[0016]  The PQO CLOB represents orders that are quoted in premiums. A premium
may be the price paid to acquire the option. Premiums may also be referred to as the
option price. Option prices are considered premiums because the options themselves
have no underlying value. The components of an option premium include its minnsic
value, its time value and the implied volatility of the underlying asset. As the option nears
its expiration date, the time value may edge closer and closer to $0, while the intrinsic
value may closely represent the difference between the underlying mstrument's price and
the strike price of the contract. The strike price may be defined as the price at which the
holder of an options can buy (in the case of a call option} or sell (in the case of a put
option} the underlying product when the option may be exercised. The strike price may

also be referred to as the exercise price.
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[6617]  The VOO CLOB represents orders that are quoted in implied volatility.
Volatility may be a statistical measurement of the degree of {luctuation of a market or
security. [mplied volatility may be the volatidity as implied by the market price of the
option. The implied volatility may be calculated using an option pricing model, such as
the Black model, m which a mathematical relationship between the volatility of the
underlying secunity and the price of its options has been established. Options on
equities/cash may use a standard or custom model. Implied volatility may be the market's
opimion of the volatility of the option's underlying security. The volatility of an option
refers to how volatile the price was / is expected to be. Using volatility, the price of the
underlying security, the market price of the option, the strike price of the option, the
expiration date of the option, the mterest rate, if applicable, and the dividend yield, if
applicable, the premium price may be determine

[0618]  Implied volatility and premiums are related through use of options pricing
models. For example, using a pricing model, the implied volatility of an option may be
backed out of the price of the option. Models such as Black, Black-Scholes, Whaley,
Bjerksund, Merton, or custonuzed models allow a trader or exchange to use nmplied
volatility to evaluate an options price or vice versa. Each customer, however, may use a
different model to calculate volatility.

[6019]  The Black model 15 a standard model used for evaluating European options;
Whaley is a standard model for US based options; options on equities/cash may use the
standard black-scholes model. Black 15 used to calculate a theoretical call price (ignoring
dividends paid during the life of the option) using the five key determinants of an option's
price; underlying price, strike price, volatility, time to expiration, and short-term (risk
free} interest rate. The original formula for calcnlating the theoretical option price (OP) 1

as follows:

Equation 1,

Where:
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Equation 2:

Equation 3:

[6628]  The vantables are: S = price, X = strike, t = time remaining until expiration,
expressed as a percent of a year, r = current continuously compounded risk-free interest
rate, v = volatility, In = natural logarithm, N(x) = standard normal cumulative distribution
function, and e = the exponential function.

[6621]  The options pricing model may be solved for each varable. For example, a
trader may start knowing the other variables and inputting a volatility to compute the
premium. Likewise, the variables of an options pricing model may be known {time to
expiration, strike, price, interest rates) except for the volatility that the option s pricing in.
Volatility may be backed out to understand the relative value of the option's price. As
such, volatility is a particularly preferred method for quoting options. A customer may
calculate volatility using a proprietary equation and then submit an order quoting the
implied volatility. This has many benefits, a key one being that since volatility is a
measure of change over time, small movements in the market do not effect it as much as
premiums.

[0022]  One of the downsides of using premium quoted options may be that as the
FUT prices changes, the modeled option price OP may also change frequently. Premiums
are directly related to the FUT price (see Black model above). Each time the FUT price
ticks up or down (this happens constantly), the premiums may be adjusted ever so
shightly. Customers that re-calculate their quotes as the FUT price moves may have to
adjust each order. For single orders this may not be a major 1ssue as an exchange system
may be setup to handle adjustments to orders. However, for every instrument, there may
be 10, 100, or 1000s of strikes. A market maker may quote thousands of strike prices for
each instrument. [f and when the futures price ticks up or down, each and every single
order would have to be recalculated and reentered (for each instrument, for each market

maker). The volume of communications and messages may overload even a large

6
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pipeline. Traplied volatility, however, changes less frequency than pricing. Large swings
in the FUT price may affect volatility, but smaller ticks up and down may not.  As such,
quoting in volatihity allows for fewer communications o be sent back and forth between
traders and the exchange. An order may be quoted in volatility and be valid for a length
of time even while the futures market changes.

[6623]  Although volatihty quoted orders offer may benefits, some customers may
always prefer to quote in premiums. As such, it may be preferable to maintain an active
premium quoted market. In order to maintain hiquidity in the PQO market, orders that are
quoted in volatility may be automatically imphied from the VQO market to the PQO
market when there 15 not a match in the VQO market. As mentioned above, small
changes in the FUT market may adjust the option price. It may be taxing for the customer
to continuously adjust their premium quotes. In certain embodiments, a customer may
supply an options pricing model to the exchange. The exchange stores and runs the
model locally as the FUT price changes. Instead of having the customer re~quote each
order, the exchange may use the model to calculate the premiums. The exchange may
then 1mply an order into the PQO CLOB based on this calculation. As the FUT price
changes, the implied quotes may be constantly re-quoted. This may be another benefit of
triangulation with the FUT market. Locking the Futures market when these orders are
being calcudated and re-quoted may allow for the exchange to recalculate the quotes
without the underlying variables changing during the calculation. Additionally, because
this may be done within the exchange environment, there may be less of need to receive
and produce the massive amounts of communications that are present in existing systems.
[60624]  Volatility quoted options are conventionally hedged. As with most
transactions, volatility quoted orders carry risk. For example, for a naked call, the
theoretical risk may be infinite. The customer may be responsible for the difference
between the strike price and the amount the instroment moves above this price. Because
there 1s not a limit to how high a price can trade, the potential loss may be infinite. In
order to protect themselves, traders may generally always hedge orders by using an
opposite-side-of-the-market futures trade. Together, the option and the future comprise a
delta-neutral option-future combination. In existing systems, the futures order may be
entered separately from the volatility quoted order. Certain embodiment including

triangulation with the futures market allow the hedge transaction to proceed

~r
/
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automatically, When an order is quoted in volatility, the order may also be implied into
the futures market.

[0028]  In certain embodiments, the system allows traders 1o place orders to trade
options contracts by specifying those orders based on volatility or on price. The orders
are frading against separate order books with separate match engines, for example a VQO
book and a PQO book. Dmplication may be used between the VQO book and PQO book
to provide liquidity. Hedging, via implication, into the underlying Futures order book
may also be provided to automatically trade the requnsite futures contracts to hedge a
particular options trade.

[6026]  When trading options contracts by volatility, a trader may provide their
quoting model to the exchange. The exchange may normalize the model and store the
model with alternative models from other traders. Once an imitial order o trade a VQQO 15
placed, the exchange automatically maimtains/updates the order based on changes in the
underlying futures market and the trader’s stored quoting model. Where a trader has
1000’s of orders, the automatically updating alleviates the trader from having to maintain
each of the 1000’s of orders, such as by sending in 10007s of order
moditications/cancelations, etc., as the market changes. Instead, the Exchange takes care
of the updating and maintenance. Once the VO orders have been updated due to a
market change, those updates, via implication, are carnied into/reflected in the PQO and
underlying futures markets.

[6627]  Whle the disclosed embodiments may be discussed in relation to futures
and/or options on futures trading, 1t may be appreciated that they mayv be applicable to
any equity, options or futures trading svster, e.g., exchange, Electronic Communtcation
Network (“ECN”), Alternative Trading System (“ATS”), or Swap Execution Facility
(“SEF”), or market now available or later developed, e.g. cash, Futures, etc., as well as
any instrument traded thereon. It may be appreciated that a trading environment, such as
a futures exchange as described herein, implements one or more economic markets where
rights and obligations may be traded. As such, a trading environment may be
characterized by a need to maintain market itegrity, transparency, predictability,
farr/equutable access and participant expectations with respect thereto. For example, an
exchange must respond to nputs, such as trade orders, cancellation, etc., in a manner as
expected by the market participants, such as based on market data, e.g prices, available

8
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counter-orders, etc., to provide an expected level of certainty that transactions may occur
in a consistent and predictable manner and without unknown or unascertainable risks. In
addition, it may be appreciated that electronic trading systems further impose additional
expectations and demands by market participants as {o transaction processing speed,
latency, capacity and response time, while creating additional complexities relating
thereto. Accordingly, as will be described, the disclosed embodiments may further
include functionality to ensure that the expectations of market participant are met, e.g.
that transactional integrity and efficiency are mamntained.

[0028]  As was discussed above, electronic trading systems 1deally attempt to offer an
objective, efficient, fair and balanced market where market prices reflect a true consensus
of the value of products traded among the market participants, where the intentional or
uwnintentional influence of human interaction may be minimized if not eliminated, and
where unfair or inequitable advantages with respect to information access are mintmized
if not eliminated. The current systems ideally atterpt to increase hiquidity, decrease
message volume, and increase matching performance.

[60629]  An exchange provides one or more markets for the purchase and sale of
vartous types of products including financial instruments such as stocks, bonds, futures
contracts, options, currency, cash, and other similar instruments. Agricultural products
and commodities are also examples of products traded on such exchanges. A futures
contract is a product that 1s a contract for the future delivery of another financial
mstrument such as a quantity of grains, metals, oils, bonds, currency, or cash. Generally,
each exchange establishes a specification for each market provided thereby that defines at
least the product traded in the market, minimum quantities that must be traded, and
minimum changes in price {e.g., tick size). For some types of products {e.g., futures or
options), the specification further defines a quantity of the underlying product represented
by one unit {or lot} of the product, and delivery and expiration dates. As will be
described, the Exchange may further define the matching algorithm, or rules, by which
mncoming orders will be matched/allocated to resting orders.

[0036]  Some products on an exchange are traded in an open outcry environment
where the exchange provides a location for buyers and sellers to meet and negotiate a
price for a quantity of a product. Other products are traded on an electronic trading
platform (e.g., an electronic exchange), also referred to heretn as a trading platform,

9
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electronic trading system, trading host or Exchange Computer System, where market
participants, e.g. traders, use software to send orders to the trading platform. The order
wdentifies the product, the quantity of the product the trader wishes to trade, a price at
which the trader wishes to trade the product, and a direction of the order (i.e., whether the
order is a bid, i.e. an offer to buy, or an ask, 1.e. an offer to sell). Tt will be appreciatec
that there may be other order types or messages that traders can send including requests to
modify or cancel a previously submitted order.

[6631]  Inparticular, electronic trading of financial instruments, such as futures
contracts, may be conducted by market participants sending orders, such as to buy or sell
one or more futures contracts, in electronic form to the Exchange. These electronically
submitted orders to buy and sell are then matched, if possible, by the Exchange, 1.e by
the Exchange’s matching engine, to execute a trade. Outstanding (unmatched, wholly
unsatisfied/unfilled or partially satisfied/filled/completed) orders are maintained in one or
more data structures or databases referred to as “order books,” such orders being referred
to as “resting,” and made visible, 1.¢., their availability for trading is advertised, io the
market participants through electronic notifications/broadcasts, referred to as market data
feeds. An order book / data structure may be typically maimtained for each product, e.g.
instrument, traded on the electronic trading system and generally defines or otherwise
represents the state of the market for that product, 1.e. the current prices at which the
market participants are willing buy or sell that product. As such, as used herein, an order
book for a product may also be referred to as a market for that product. A CLOB (Central
Limit Order Book) may be a type of transparent order book system that matches customer
orders.

[00632]  Inthe exemplary embodiments, all transactions for a particular market may be
ultimately received at the electronic trading system via one or more points of eniry, e.g.
one or more communications interfaces, at which the disclosed embodiments apply
determinism, which as described may be at the point where matching occurs, e.g. at each
match engine (where there may be multiple match engines, each for a given
product/market, or moved away from the point where matching occurs and closer to the

point where the electronic trading system first becomes “aware” of the incoming
transaction, such as the point where transaction messages, e.g. orders, mngress the
electronic trading system. Generally, the terms “determimism” or “transactional

10
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determinism” may refer to the processing, or the appearance thereof, of orders in
accordance with defined business rules. Accordingly, as used herein, the point of
determinism may be the point at which the electronic trading system ascribes an orderning
to incoming transactions/orders relative to other incoming transactions/orders such that
the ordering may be factored mnto the subsequent processing, e.g. matching, of those
transactions/orders as will be described. See U.S. Patent Application Serial No.
14/074,675, filed on November 7, 2013, published as U.S. Patent Application Publication
No. 2015/0127516, entitled “TRANSACTIONALLY DETERMINISTIC HIGH SPEED
FINANCIAL EXCHANGE HAVING IMPROVED, EFFICIENCY,
COMMUNICATION, CUSTOMIZATION, PERFORMANCE, ACCESS, TRADING
OPPORTUNITIES, CREDIT CONTROLS, AND FAULT TOLERANCE”, incorporated
by reference herein.

[00633]  Upon receipt of an incoming order to trade in a particular financial instrument,
whether for a single component financial instrument, e.g a single futures contract, or for
multiple componant financial instruments, e.g. a combination contract such as a spread
contract, a match engine, as will be described in detail below, will atteropt to wdentify a
previously recetved but unsatisfied order counter thereto, 1e. for the opposite transaction
{buy or sell} in the same financial instrument at the same or better price (but not
necessarily for the same quantity unless, for example, etther order specifies a condition
that it must be entirely filled or not at all). Previously received but unsatisfied orders, 1.e.
orders which either did not match with a counter order when they were received or their
quantity was only partially satistied, referred to as a partial fill, are maintained by the
electronic trading system in an order book database/data structure to await the subsequent
arrival of matching orders or the occurrence of other conditions which may cause the
order to be removed from the order book.

[0834]  If the maich engine identifies one or more suttable previously received but
unsatisfied counter orders, they, and the incomung order, are matched to execute a trade
there between to at least partially satisfy the quantities of one or both the incoming order
or the identified orders. If there remains any residual unsatisfied quantity of the identified
one or more orders, those orders are left on the order book with their remaining quantity
to await a subsequent suitable counter order, t.e. to rest. If the match engine does not
wdentify a suitable previously received but unsatisfied counter order, or the one or more

1B
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identified suitable previously received but unsatisfied counter orders are for a lesser
quantity than the incoming order, the incoming order is placed on the order book, referred
to as “resting”, with original or remaiming unsatistied quantity, to await a subsequently
received suitable order counter thereto. The match engine then generates match event
data reflecting the result of this matching process. Other components of the electronic
trading system, as will be described, then generate the respective order acknowledgment
and market data messages and transmit those messages to the market participants.

18635]  As was described above, the financial mstrurments which are the subject of the
orders to trade, may include one or more component financial instruments. While each
financial mstrument may have its own order book, 1.e. market, in which 1t may be traded,
in certain embodiments, each financial instrument, may be listed in alternative related
order books. Accordingly, when an order for a financial instrument 1s received, it may be
matched against a suitable counter order in its own order book or, possibly, against other
suitable counter orders in the related order books. For exarple, an order for a volatility
options quoted contract may be matched against another suitable order for that contract.
However, it may also be matched against suitable separate counter orders for the premium
quoted options or futuwres found in their respective CLOBs {both the premium quoted and
the volatility quoted being related to another using a pricing model). This is referred to as
“implication” where a given order for a financial instrument may be matched viaa
combination of suitable counter orders for instruments which share common, or otherwise
mterdependent, financial variables.

[0036]  The order for a particular instrument actually recetved from a market
participant, whether it comprises one or more component financial instrurments, is
referred to as a “real” or “outright” order, or simply as an outright. The one or more
orders which must be synthesized into order books other than the order book for the
outright order in order to create matches therein, are referred 1o as “imphlied” orders.

Upon receipt of an incoming order, the identification or derivation of suitable implied
orders which would allow at least a partial trade of the incoming outright order to be
executed 1s referred to as “implied matching”, the identified orders being referred to as an
“implied match.” There may be numerous different implied matches identified which

would allow the incoming order to be at least partially matched and mechanisms may be
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provided to arbitrate among them, such as by picking the implied match comprising the
least number of synthesized orders.

[0037]  Upon receipt of an incoming order, or thereafter, the identification or
derivation of a combination of one or more suttable counter orders which have not
actually been recerved but if they were received, would allow at least a partial trade of the
mcoming order to be executed, 1s referred to as an “implied opportunity.” As with
implied matches, there may be numerous implied opportunities identified for a given
meonung order. Implied opportumities are advertised to the market participants, such as
via suitable synthetic orders, e.g counter to the desired order, being placed on the
respective order books to rest {or give the appearance that there 15 an order resting) and
presented via the market data feed to appear available to trade in order to solicit the
desired orders from the market participants. There may be numerous implied
opportunities, the submission thereof, would allow the mcoming order to be at least
partially matched.

[0838]  In general, advertising tmplied opportunities will encourage traders to enter the
opposing orders to trade with themn. The more implied opportunities that the match
engine of an electronic trading system can calculate/derive, the greater this
encouragement will be and the more the Exchange will benefit from increased transaction
volume. However, identifying 1moplied opportunities may be computationally intensive.
In a high performance trading system where low transaction latency is important, it may
be important to wdentify and advertise imphied opportunities quickly so as to improve or
maintain market participant interest and/or market liquidity.

[6063%]  In certain embodiments, the exchange system uses implied matching and
implied opportunities o triangulate between three CLOBs, e.g. VQO CLOB (Volatility},
PQO CLOB (Premium), and FUT CLOB (Futures). The mechamisros of the imphied
matching are discussed below and illustrated by scenarios in Appendix A which is
mcorporated by reference herein in its entirety. In certain embodiments, a customer
quotes VQO. The exchange system implies an order into the PQO CLOB and/ or FUT
CLOB, increasing both liquidity and providing a mechanism to mitigate risk. Alternative
methods of implying orders are also contemplated. For example, the exchange system

may create an implied calendar spread. The standard calendar spread (SP) consists of two
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mstruments within the same product group having different maturity months. Buy (1)
calendar means: Buy (1} front month leg and Sell (1) back month leg (+1:-1 ratio}.
[0048] A futures calendar spread may be composed of a long or short position in the
futures in one expiration cvcle and a position with the opposite sign in a different
expiration. Example: short one contract of February natural gas and buy one contract of
Apnil natural gas. The profit or loss to a futures calendar position depends on changes in
the prices of the contracts, and because the two contracts are on the same underlying asset
the profitability of the spread will depend more specifically on changes in the term
structure of the futures curve. In this example, if the prices of both contracts decline, but
the February contract declines more, the position will make a profit,

[0041]  An opuons calendar spread may be composed of two contracts with the same
underlying asset, the same right {call or put), the same sirike price, and different
expiration months. This sort of calendar spread is typically opened at the same time by
buying one option and selling the other, e g by selling the at the money call in the first
expiration cycle and buying the at the money call in the second expiration cycle. While a
futures calendar 1s affected by changes in the prices of the futures contracts, an options
calendar is affected not just by price changes but also by changes in 1mplied volatiity. In
fact, a short calendar (sell the longer dated option and buy the nearer one) is one of the
simpler ways to gain long volatility exposure using options.

[0042]  Receiving a bid for the implied book may create multiple orders in the exphicit
books. In certain embodiments, the exchange system {and the match engine(s)) are
configured to imply across more than three order books. As illustrated in the calendar
spread scenarios, the exchange system may create implied books or imply across spreads.
[0843]  Matching, which is a function typically performed by the Exchange, is a
process, for a given order which specifies a desire to buy or sell a quantity of a particular
instrument at a particular price, of secking/identifying one or more wholly or partially,
with respect to quantity, satisfying counter orders thereto, e.g. a sell counter to an order to
buy, or vice versa, for the same instrument at the same, or sometimes better, price (but not
necessarily the same quantity ), which are then paired for execution to complete a trade
between the respective market participants {via the Exchange) and at least partially satisfy
the desired quantity of one or both of the order and/or the counter order, with any residual
unsatisfied quantity left to await another suatable counter order, referred to as “resting.”

14



WO 2017/066147 PCT/US2016/056342

[0044]  The Exchange Computer Systern, as will be described below, monitors
mcoming orders received thereby and attempts to identify, 1.e., match or allocate, as will
be described in more detail below, one or more previously received, but not vet matched,
orders, i.e. it orders to buy or sell a given quantity at a given price, referred {0 as
“resting” orders, stored in an order book database, wherein each 1dentified order 1s contra
to the mncoming order and has a favorable price relative to the incoming order. An
imcoming order may be an “aggressor’ order, 1.e., a market order to sell a given quantity
at whatever may be the current resting bid order price(s) or a market order to buy a given
quantity at whatever may be the current resting ask order price(s). An inconming order
may be a “market making” order, 1.e. a market order to buy or sell at a price for which
there are currently no resting orders. In particular, if the incoming order 1s abid, 1.e an
offer to buy, then the 1dentified order(s) will be an ask, 1.e. an offer to sell, at a price that
is tdentical to or higher than the bid price. Simularly, if the incoming order is an ask, 1.e.
an offer to sell, the identified order(s) will be a bid, 1.e. an offer to buy, at a price that is
identical to or lower than the offer price.

[60645]  Upon wdentification (matching} of a contra order(s), a minmimurm of the
quantities associated with the identified order and the incoming order is matched and that
quantity of each of the identified and incoming orders become two halves of a matched
trade that 18 sent to a clearinghouse. The Exchange Computer System considers each
identified order in this manner until either all of the identified orders have been
considered or all of the quantity associated with the incoming order has been matched, te.
the order has been filled. If any quantity of the incoming order remains, an entry may be
created in the order book database and information regarding the incoming order s
recorded therein, 1.e. a resting order is placed on the order book for the remaining quantity
to await a subsequent incoming order counter thereto,

[6846]  Volatility quoted orders are conventionally hedged. As with most transactions,
volatiity quoted orders carry risk. For example, for a naked call, the theoretical risk may
be infinite. The customer may be responsible for the difference between the strike price
and the amount the instrument moves above this price. Because there isn’t a limit to how
high a price can trade, the potential loss may be infinite. Tn order to protect themselves,
orders are generally if not always hedged by using an opposite-side-of-the-market futures
trade. Together, the option and the future comprise a delta-neutral option-future
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combination. In existing systems, the futures order may be made separately from the
Volatility quoting order. A customer may have to anticipate the FUT CLOB in order to
determine how to mitigate risk. Thus has multiple effects. The necessity that a second
trade be made creates double the message volume as a single trade. The second order
may be initiated by the customer, which means at least some latency in the time to
calculate and transmat the order. The second order is also not guaranteed to match.
Matching the second order in the futures market will necessarily depend on the current
orders resting m the FUT CLOB and if they are sufficient to offer mitigation.
[6047]  In certain embodiments, with triangulation, mitigation is handled
automatically. When a VQO or PQO 1s maiched, the match engine may also attempt to
match an opposite-side-of-the-market futures trade. The match engine(s) has direct
access to the FUT market and may be able to determine the availability of futures to
mitigate the risk involved with the volatility or premium quoted orders. The match
engine may be able to determine what size bid to fill by being able to determine the size
of the available FUT market. A customer or trader may place orders much larger than
possible in the past with the knowledge that the order will be automatically hedged.
[0048]  Traders access the markets on a trading platform using trading software that
eceives and displays at least a portion of the order book for a market, 1.e. at least a
portion of the currently resting orders, enables a trader to provide parameters for an order
for the product traded in the market, and transmits the order to the Exchange Computer
System. The trading software typically mclodes a graphical user interface to display at
least a price and quantity of some of the entries in the order book associated with the
market. The nurber of entries of the order book displaved 15 generally preconfigured by
the trading software, limited by the Exchange Computer System, or customized by the
user. Some graphical user mterfaces display order books of multiple markets of one or
more trading platforms. The trader may be an individual who trades on his/her behalf, a
broker trading on behalf of another person or entity, a group, ot an entity. Furthermore,
the trader may be a system that automatically generates and submits orders.
[0049]  If the Exchange Computer System identifies that an incoming market order
may be filled by a combination of multiple resting orders, e.g. the resting order at the best
price does only partially fills the inconming order, the Exchange Computer System may
allocate the remaining quantity of the incoming, 1.e. that which was not filled by the
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resting order at the best price, among such dentified orders in accordance with
prioritization and allocation rules/algorithms, referred {o as “allocation algorithms” or
“matching algorithms,” as, for exaraple, may be defined in the specification of the
particular financial product or defined by the Exchange for multiple financial products.
Sumalarly, if the Exchange Computer System identifies nmultiple orders contra to the
mcoming it order and that have an identical price which may be favorable to the price
of the incoming order, 1.e. the price 1s equal to or better, e.g. lower if the incoming order
13 a buy or higher if the incoming order is a sell, than the price of the incoming order, the
Exchange Computer System may allocate the quantity of the incoming order among such
wdentified orders in accordance with the matchimg algonithms as, for example, may be
defined in the specification of the particular financial product or defined by the Exchange
for multiple financial products.

[085¢]  In certain embodiments, the allocation or matching algorithms may take into
consideration 1f the order 15 “real” (explicit) or 1raplicit). As discussed below, these
algorithms may include multiple strategies that may be presented transparently to the
customers so that they may be aware of how the match engine operates. Since imphed
orders are synthetically created {and not received), they may not correspond to the FIFQ
strategy. In such a scenario, the implied orders may be treated as junior to the real orders.
Alternatively, the match engine may treat the implied order as an extension of the original
real order and give the implied order the same time priority. These scenarios and others
are described below.

{0051}  As was noted above, an Exchange must respond to inputs, such as trader
orders, cancellation, etc., in a manner as expected by the market participants, such as
based on market data, e.g. prices, available counter-orders, etc., to provide an expected
level of certainty that transactions will occur in a consistent and predictable manner and
without unknown or unascertainable risks. Accordingly, the method by which incoming
orders are matched with resting orders must be defined so that market participants have
an expectation of what the result will be when they place an order or have resting orders
and incoming order is received, even if the expected result 15, in fact, at least partially
unpredictable due to some component of the process being random or arbitrary or due to
market participants having imperfect or less than all information, e. g unknown position
of an order i an order book. Typically, the Exchange defines the matching/allocation
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algorithm that will be used for a particular financial product, with or without mput from
the market participants. Once defined for a particular product, the matching/allocation
algorithm 1s typically not altered, except in imited circumstance, such as to correct errors
or improve operation, so as not to disrupt trader expectations. [t will be appreciated that
different products offered by a particular Exchange may use different maiching
algorithms.
[00382]  For example, a first-in/first-out (FIFO) matching algorithm, also referred to as
a “Price Time” algorithm, considers each identified order sequentially in accordance with
when the identified order was received. The quantity of the incoming order is matched to
the quantity of the identified order at the best price received earliest, then quantities of the
ext earliest best price orders, and so on until the quantity of the incoming order is
exhausted. Some product specifications define the use of a pro-rata matching algorithm,
wherein a quantity of an incoming order is aliocated to each of plurality of identified
orders proportionally. Some Exchange Computer Systers provide a prionity to certain
standing orders in particular markets. An example of such an order is the first order that
improves a price (Le., improves the market) for the product during a trading session. To
be given priority, the trading platform may require that the quantity associated with the
order is at least a minimum gquantity. Further, some Exchange Computer Systems cap the
quantity of an incoming order that 15 allocated to a standing order on the basis of a
priority for certain markets. In addition, some Exchange Computer Systems may give a
preference to orders submutted by a trader who 1s designated as a market maker for the
product. Other Exchange Computer Systems may use other criteria to deternune whether
orders submitted by a particular trader are given a preference. Typically, when the
Exchange Computer System allocates a quantity of an incoming order to a plurality of
identified orders at the same price, the trading host allocates a quantity of the incoming
order to any orders that have been given priority. The Exchange Computer System
thereafter allocates any remaining quantity of the mcoming order to orders submitted by
traders designated to have a preference, and then allocates any still remaining quantity of
the incoming order using the FIFQ or pro-rata algorithms. Pro-rata algorithms used in
some markets may require that an allocation provided to a particular order in accordance
with the pro-rata algorithm must meet at least a ninimum allocation quantity. Any orders
that do not meet or exceed the minimum aliocation quantity are allocated to on a FIFQ
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basis after the pro-rata allocation (if any quantity of the incoming order remains). More
mnformation regarding order allocation may be found 1n U.S. Patent No. 7,853,499, the
entirety of which is incorporated by reference herem.
16853]  Other examples of matching algorithms which may be defined for allocation of
orders of a particular financial product include:

» Price Explicit Time

« Order Level Pro Rata

* Order Level Priority Pro Rata

» Preference Price Explicit Time

» Preference Order Level Pro Rata

« Preference Order Level Priority Pro Rata

» Threshold Pro-Rata

» Priority Threshold Pro-Rata

» Preference Threshold Pro-Rata

« Prigrity Preference Threshold Pro-Rata

» Split Price-Time Pro-Rata
[00654]  For example, the Price Explicit Time trading policy is based on the basic Price
Time trading policy with Explicit Orders having priornity over Implied Orders at the same
price level. The order of traded volume allocation at a single price level may therefore
be:

» Explicit order with oldest timestamp first. Followed by

« Any remaining explicit orders in timestamp sequence (First In, First Out - FIFO)

next. Followed by

» Implied order with oldest timestamp next. Followed by

* Any remaining implied orders in timestamp sequence (FIFO).
[8055]  In Order Level Pro Rata, also referred to as Price Pro Rata, priority is given o
orders at the best price (highest for a bid, lowest for an offer). If there are several orders
at this best price, equal priority 18 given to every order at this price and incoming business
is divided among these orders in proportion to their order size. The Pro Rata sequence of
events is;

I. Extract all potential matching orders at best price from the order book mnto a hist.
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2. Sort the list by order size, largest order size first. If equal order sizes, oldest
timestamp first. This is the matching list.

3. Find the "Matching order size, which is the total size of all the orders in the

matching list.

4. Find the ‘tradable volume’, which 1s the smallest of the matching volume and

the volume feft to trade on the incoming order.

S. Allocate volume to each order in the matching list in turn, starting at the

beginning of the list. If all the tradable volume gets used up, orders near the end of

the list may not get allocation.

6. The amount of volume to allocate to each order is given by the formula: (Order

volume/Matching volume} * Tradable volume

The result is rounded down {for example, 21.99999999 becomes 21) unless
the result is less than 1, when it becomes 1.

7. If tradable volume remains when the last order in the list had been allocated to,
return to step 3.

Note: The matching list is not re-sorted, even though the volume has
changed. The order which originally had the largest volume is still at the beginning of the
list.

& If there 13 still volume left to trade on the incoming order, repeat the entire
algorithm at the next price level.
[68636]  Ovder Level Prionity Pro Rata, also referred to as Threshold Pro Rata, 1s similar
to the Price {or “Vanilla’) Pro Rata algorithm but has a volume threshold defined. Any pro
rata allocation below the threshold will be rounded down to 0. The mutial pass of volume
allocation s carried out in using pro rata; the second pass of volume allocation is carried
out using Price Explicit Time. The Threshold Pro Rata sequence of events is:
1. Extract all potential matching orders at best price from the order book into a hist.
2. Sort the list by explicit time priority, oldest timestarop first This is the matching
list.
3. Find the “Matching volume’, which is the total volume of all the orders in the
matching list.
4. Find the ‘tradable volume’, which is the smallest of the matching volume and
the volume left to trade on the imcoming order.
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5. Allocate volume to each order 1n the matching list in tumn, starting at the

beginning of the list.

6. The amount of volume to allocate to each order is given by the formula: (Order

volume/Matching volume)} * Tradable volume

The result is rounded down 1o the nearest lot (for example,

21.99999999 becomes 21) unless the result 13 less than the defined threshold i
which case it is rounded down to C.

7. If tradable volume remains when the last order in the list bad been allocated 1o,

the remaining volume is allocated in time priority to the matching list,

8. If there 1s still volume left to trade on the mcoming order, repeat the entire

algorithm at the next price level.
[6687]  Inthe Split Price Time Pro-Rata algorithms, a Price Time Percentage
parameter is defined  This percentage of the matching volume at each price is allocated
by the Price Explicit Time algorithm and the remainder s allocated by the Threshold Pro-
Rata algonthm. There are four variants of this algorithm, with and without Priority and/or
Preference. The Price Time Percentage parameter 1s an integer between | and 99. (A
percentage of zero would be equivalent to using the respective existing Threshold Pro-
Rata algorithm, and a percentage of 100 would be equivalent to using the respective
existing Price Time algorithm). The Price Time Volume will be the residual incoming
volume, after any priority and/or Preference allocation has been made, multiplied by the
Price Time Percentage. Fractional parts will be rounded up, so the Price Time Volume
will always be at least | lot and may be the entire incoming volume. The Price Time
Volume 1s allocated to resting orders in strict fime priority. Any remaining inCcoming
volume after the Price Time Volume has been allocated will be aliocated according to the
respective Threshold Pro-Rata algonithm. The sequence of allocation, at each price level,
is therefore:

1. Priority order, if applicable

3

. Preference allocation, if applicable
. Price Time allocation of the configured percentage of incoming volume

. Threshold Pro-Rata allocation of any remaining incoming volume

L RN G2

. Final allocation of any lefiover lots in time sequence.
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Any resting order may receive multiple allocations from the various stages

of the algorithm.
[0088] It will be appreciated that there may be other allocation algornithms, including
combinations of algorithms, now available or later developed, which may be utilized with
the disclosed embodiments, and all such algorithms are contemplated herem.
[663%]  One exerplary system for matching 1s described m US. Patent Application
Sertal No. 13/534,499, filed on June 27, 2012, entitled “MULTIPLE TRADE
MATCHING ALGORITHMS,” published as U.S. Patent Application Publication No.
2014/0006243 Al, incorporated by reference herein, discloses an adaptive match engine
which draws upon different matching algorithms, e.g. the rules which dictate how a given
order should be allocated among qualifying resting orders, depending upon market
conditions, to improve the operation of the market. For example, for a financial product,
such as a futures contract, having a future expiration date, the match engine may match
mcoming orders according to one algorithm when the remaining time to expiration is
above a threshold, recognizing that during this portion of the life of the contract, the
market for this product s likely to have high volatility. However, as the remaining time
to expiration decreases, volatility may decrease. Accordingly, when the remaining time
to expiration falls below the threshold, the match engine switches to a different match
algorithm which may be designed to encourage trading relative to the declining trading
volatiity. Thereby, by conditionally switching among matching algorithms within the
same financial product, as will be described, the disclosed match engine automatically
adapts to the changing market conditions of a financial product, e.g. a limited life product,
i a non-preferential manner, maintairung fair order allocation while improving market
liqudity, e.g., over the life of the product.
[0068]  In one implementation, this trading system may evaluate market conditions on
a daily basis and, based thereon, change the matching algorithm between daily trading
sessions, 1.e. when the market 1s closed, such that when the market reopens, a new trading
algorithm 13 10 effect for the particular product. As will be described, the disclosed
embodiments may facilitate more frequent changes to the matching algorithms so as o
dynamically adapt to changing market conditions, e.g. intra-day changes, and even intra-

order matching changes. It will be further appreciated that hybrid matching algorithms,
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which match part of an order using one algorithm and another part of the order using a
different algorithm, may also be used.

[0061]  With respect to incoming orders, some traders, such as automated and/or
algorithmic traders, attempt to respond to market events, such as to capitalize upon a
miuspriced resting order or other market mefficiency, as quickly as possible. This may
result in penalizing the trader who makes an errant trade, or whose underlying trading
motivations have changed, and who cannot otherwise modify or cancel their order faster
than other traders can submit trades there against. It may considered that an electronic
trading system that rewards the trader who submits their order first creates an incentive to
erther invest substantial capital in faster trading systers, participate in the market
substantially to capitalize on opportunities (aggressor side/lower risk trading) as opposed
o creating new opportunities {market making/higher risk trading), modify existing
systems to streamline business logic at the cost of trade quality, or reduce one’s activities
and exposure i the market. The result may be a lesser quality market and/or reduced
transaction volume, and corresponding thereto, reduced fees to the Exchange.

[6062]  With respect to resting orders, allocation/matching suitable resting orders to
match against an incoming order can be performed, as described above, in many different
ways. Generally, it will be appreciated that allocation/matching algorithms are only
needed when the mcoming order guantity is less than the total quantity of the suitable
resting orders as, only in this situation, 1s it necessary to decide which resting order(s)
will not be fully satisfied, which trader{s) may not get their orders filled It can be seen
from the above descriptions of the matching/allocation algorithms that they fall generally
mto three categories: time priority/first-in-first-out (“FIFQ”), pro rata, or a hybrid of
FIFO and pro rata.

[0063]  FIFO generally rewards the first trader to place an order at a particular price
and maintains this reward indefinitely. So if a trader 15 the first to place an order at price
X, no matter how long that order rests and no matter how many orders may follow at the
same price, as soon as a suitable incoming order s received, that first trader may be
matched first. This “first mover” system may commit other traders to positions in the
queue after the first move traders. Furthermore, while 1t may be beneficial to give
priority to a trader who is first to place an order at a given price because that trader is, in
effect, taking a nisk, the longer that the trader’s order rests, the less beneficial it may be.
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For mstance, it could deter other traders from adding hiquidity to the marketplace at that
price because they know the first mover (and potentially others) already occuptes the
front of the queue.

18064]  With a pro rata allocation, incoming orders are effectively sphit among suitable
resting orders. This provides a sense of fairness i that everyone may get some of their
order filled. However, a trader who took a risk by being first to place an order {a “market
turning” order } at a price may end up having to share an incoming order with a much
later submitted order. Furthermore, as a pro rata allocation distributes the incoming order
according to a proportion based on the resting order quantities, traders may place orders
for large quantities, which they are wilhing to trade but may not necessanily want to trade,
in order 1o increase the proportion of an incoming order that they may receive. This
results m an escalation of quantities on the order book and exposes a trader to a risk that
someone may trade against one of these orders and subject the trader to a larger trade than
they intended. In the typical case, once an incoming order is allocated agamst these large
resting orders, the traders subsequently cancel the remaining resting quantity which may
frustrate other traders. Accordingly, as FIFG and pro rata both have benefits and
problems, Exchanges may try to use hybrid aliocation/matching algorithms which attempt
to balance these benefits and problems by combining FIFO and pro rata in some manner.
However, hybrid systems define conditions or fixed rules to determune when FIFQ should
be used and when pro rata should be used.  For example, a fixed percentage of an
mcoming order may be allocated using a FIFO mechanism with the remainder being
allocated pro rata. The hybnid system discussed above switches between FIFO and pro
rata based on a condition of the market.

[0868]  An exemplary trading network environment for implementing trading systems
and methods is shown in Fig. 1. An exchange computer system 100 receives messages
that include orders and transmits market data related to orders and trades to users, such as
via wide area network 126 and/or local area network 124 and computer devices 114, 116,
118, 120 and 122, as will be described below, coupled with the exchange computer
system 100.

[8666]  Herein, the phrase “coupled with” 1s defined to mean directly connected to or
mdirectly connected through one or more intermediate components. Such intermediate
components may nclude both hardware and software based components. Further, 1o
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clarify the use in the pending claims and to hereby provide notice to the public, the
phrases “at least one of <A>, <B>, ... and <N>" or “at least one of <A>, <B>, ... <N>, or
combinations thereof” are defined by the Applicant in the broadest sense, superseding any
other implied definitions here before or hereinafter unless expressly asserted by the
Applicant to the contrary, to mean one or more elements selected from the group
comprising A, B, ... and N, that is to say, any combination of one or more of the elements
A, B, ... or Nincluding any one element alone or in combination with one or more of the
other elements which may also mclude, 1 combination, additional elements not listed.
[0067]  The exchange computer system 100 may be implemented with one or more
mainframe, deskiop or other computers, such as the example computer 200 described
below with respect to Fig. 2. A user database 102 may be provided which imcludes
mformation identifving traders and other users of exchange computer system 100, such as
account mumbers or identifiers, user names and passwords. An account data module 104
may be provided which may process account information that may be used during trades.
A match engine module 106 may be included to match bid and offer prices and may be
implemented with software that executes one or more algonthms for matching bids and
offers. A match engine module / match engine / match processor 106 may be a hardware
matching processor which is part of a transaction processing system. A data transaction
processing system in which data items are transacted by a hardware matching processor
that maiches electronic data transaction request messages for the same one of the data
ttems based on multiple transaction parameters from different client computers over a
data communication network. A trade database 108 may be included to store information
identitying trades and descriptions of trades. In particular, a trade database may store
information identifying the time that a trade took place and the contract price. An order
book module 110 may be included to compute or otherwise determine current bid and
offer prices, e.g., in a continuous auction market, or also operate as an order accumulation
buffer for a batch auction market.

10068] A market data module 112 may be included io collect market data and prepare
the data for transmission to users. A risk management module 134 may be included to
compuie and determine a user’s risk utilization wn relation to the user’s defined risk
thresholds. An order processing module 136 may be included to decompose delta based
and bulk order types for processing by the order book module 110 and/or match engine
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module 106, A message management module 140 may be mncluded to, among other
things, recetve, and extract orders from, efectronic messages as is indicated with one or
more aspects of the disclosed embodiments. A market condition prediction module 142
may be included to generate transaction processing system latency estimates, as discussed
herein. It should be appreciated that concurrent processing limits may be defined by or
imposed separately or in combination, as was described above, on one or more of the
trading system components, including the user database 102, the account data module
104, the match engine module 106, the trade database 108, the order book module 110,
the market data module 112, the risk management module 134, the order processing
module 136, the message management module 140, the market condition prediction
module 142, or other component of the exchange computer system 100,

[066%]  In an embodiment, the message management module 140, as coupled with the
order book module 110, may be configured for recetving a plurality of electronic
messages, each of the plurality of messages having an associated action to be executed
within a designated period of time having a beginning time and an ending time, wherein
at least one electronic message of the plurality of electronic messages comprises data
representative of a particular time between the beginning and end of the period of time at
which the action associated with the at least one electronic message 1s to be executed.
The exchange computer systermn 100 may then be further configured to execute the action
associated with the at least one temporally specific message at the particular ime.

[3678¢]  The message management module 140 may define a point of ingress into the
exchange computer system 100 where messages are ordered and considered to be
received by the system. This may be considered a point of determinism in the exchange
computer system 100 that defines the earliest point where the system can ascribe an order
of receipt to arriving messages. The point of deternunism may or may not be at or near
the demarcation point between the exchange computer system 100 and a public/internet
network infrastructure.

10671  One skilled i the art will appreciate that one or more modules described
herein may be implemented using, among other things, a tangible computer-readable
medium comprising computer-executable nstructions {e.g., executable software code).

Alternatively, modules may be 1mplemented as software code, firmware code, hardware,
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and/or a combination of the aforementioned. For example the modules may be embodied
as part of an exchange 100 for financial mstroments.

[0072]  The trading network environment shown in Fig. 1 includes exemplary
computer devices 114, 116, 118, 120 and 122 which depict ditferent exemplary methods
or media by which a computer device may be coupled with the exchange computer
system 100 or by which a user may communicate, e.g., send and receive, trade or other
information therewith. 1t should be appreciated that the types of computer devices
deploved by traders and the methods and media by which they communicate with the
exchange computer system 100 1s implementation dependent and may vary and that not
all of the depicted computer devices and/or means/media of communication may be used
and that other computer devices and/or means/media of communications, now available
or later developed may be used. Each computer device, which may comprise a computer
200 described in more detail below with respect to Fig. 2, may include a central processor
that controls the overall operation of the computer and a syster bus that connects the
central processor to one or more conventional components, such as a network card or
modem. Fach computer device may also include a variety of interface umts and drives
for reading and writing data or files and communicating with other computer devices and
with the exchange computer system 100, Depending on the type of computer device, a
user can interact with the computer with a keyboard, pointing device, microphone, pen
device or other input device now available or later developed.

166731 An exemplary computer device 114 is shown directly connected to exchange
computer system 100, such as viaa T1 line, a common local area network (LAN} or other
wired and/or wireless medium for connecting computer devices, such as the network 220
shown 1n Fig. 2 and described below with respect thereto. The exemplary computer
device 114 1s further shown connected to a radio 132, The user of radio 132, which may
include a cellular telephone, smart phone, or other wireless proprietary and/or non-
proprietary device, may be a trader or exchange emplovee. The radio user may transnut
orders or other information to the exemplary computer device 114 or a user thereof. The
user of the exemplary computer device 114, or the exemplary computer device 114 alone
and/or autonomously, may then transmit the trade or other information to the exchange

computer system 100,
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[6674]  Exemplary computer devices 116 and 118 are coupled with a local area
network (“LAN") 124 which may be configured 1n one or more of the well-known LAN
topologies, e.g., star, daisy chain, eic., and may use a variety of different protocols, such
as Ethernet, TCP/IP, etc. The exemplary computer devices 116 and 118 may
communicate with each other and with other computer and other devices which are
coupled with the LAN 124, Computer and other devices may be coupled with the LAN
124 via twisted pair wires, coaxial cable, fiber optics or other wired or wireless media.
As shown in Fig. 1, an exemplary wireless personal digital assistant device ("PDA”) 122,
such as a mobile telephone, tablet based compute device, or other wireless device, may
communicate with the LAN 124 and/or the Intemet 126 via radio waves, such as via Wi-
F1, Bluetooth and/or a cellular telephone based data communications protocal. PDA 122
may also communicate with exchange computer system 100 via a conventional wireless
hub 128,

[0075]  Fig 1 also shows the LAN 124 coupled with a wide area network (“WAN")
126 which may be comprised of one or more public or private wired or wireless networks.
In one embodiment, the WAN 126 includes the Internet 126, The LAN 124 may include
a router to connect LAN 124 to the Internet 126, Exemplary computer device 120 1s
shown coupled directly to the Internet 126, such as via a modem, DSL line, satellite dish
or any other device for connecting a computer device to the Internet 126 via a service
provider therefore as is known. LAN 124 and/or WAN 126 may be the same as the
network 220 shown m Fig, 2 and described below with respect thereto.

[0076]  As was described above, the users of the exchange computer system 100 may
mclude one or more market makers 130 which may maintain a market by providing
constant bid and offer prices for a dertvative or security to the exchange computer system
100, such as via one of the exemplary computer devices depicted. The exchange
computer system 100 may also exchange information with other match or trade engines,
such as frade engine 138, One skilled in the art will appreciate that numerous additional
computers and systems may be coupled to exchange computer system 100. Such
computers and systems may include clearing, regulatory and fee systems.

18677]  The operations of computer devices and systems shown i Fig. 1 may be
controlled by computer-executable instructions stored on a non-transitory computer-
readable medium. For example, the exemplary computer device 116 may store computer-
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executable instructions for receiving order information from a user, transmitting that
order information fo exchange computer system 100 in electronic messages, extracting
the order information from the electronic messages, executing actions relating to the
messages, and/or calculating values from charactenistics of the extracted order to factlitate
matching orders and executing trades. In another exarople, the exemplary computer
device 118 may include computer-executable mstructions for receiving market data from
exchange computer system 100 and displaying that information to a user. In another
example, the exemplary computer device 118 may include a non-transitory computer-
readable medium that stores instructions for predicting and/or publishing a current
response fime or current match engine latency as described herein.

{6078} Of course, numerous additional servers, computers, handheld devices, personal
digital assistants, telephones and other devices may also be connected to exchange
computer system 100. Moreover, one skilled in the art will appreciate that the topology
shown in Fig. 11s merely an example and that the components shown in Fig. | may
imclude other components not shown and be connected by numerous alternative
topologies.

[0679]  Asshownin Fig. 1, the exchange computer system 100 further includes a
message management module 140 which may implement, in conjunction with the market
data module 112, the disclosed mechamsms for managing electronic messages containing
financial data sent between an exchange and a plurality of market participants, or vice
versa. However, as was discussed above, the disclosed mechanisms may be implemented
at any logical and/or physical point(s) through which the relevant message traffic, and
responses thereto, flows or is otherwise accessible, including one or more gateway
devices, modems, the computers or terminals of one or more traders, eic.

[0088]  Refernng to Fig. 2, an illustrative embodiment of a general computer system
200 1s shown. The computer system 200 can include a set of instructions that can be
executed to cause the computer system 200 to perform any one or more of the methods or
computer based functions disclosed hersin. The computer system 200 may operate as a
standalone device or may be connected, e.g., using a network, to other computer systems
or peripheral devices. Any of the components discussed above, such as the processor
202, may be a computer system 200 or a component in the computer system 200. The
computer system 200 may implement a match engine, margin processing, payment or
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clearing function on behalf of an exchange, such as the Chicago Mercantile Exchange, of
which the disclosed embodiments are a component thereof.

[0081]  In anetworked deployment, the computer system 200 may operate in the
capacity of a server or as a client user computer in a chient-server user network
environment, OF as a peer computer system in a peer-to-peer {or distributed) network
environment. The computer systern 200 can also be implermented as or incorporated into
vartous devices, such as a personal computer (PC), a tablet PC, a set-top box (§TB), a
personal digital assistant (PDA), a mobile device, a palmtop computer, a laptop computer,
a desktop computer, a communications device, a wireless telephone, a land-line
telephone, a control system, a camera, a scarmer, a facsimile machine, a printer, a pager, a
personal trusted device, a web appliance, a network router, switch or bridge, or any other
machine capable of executing a set of instructions (sequential or otherwise) that specify
actions to be taken by that machine. In a particular embodiment, the computer system
200 can be implemented using electronic devices that provide voice, video or data
communication. Further, while a single computer system 200 is tllustrated, the term
“system” shall also be taken to include any collection of systems or sub-systems that
mndividually or jointly execute a set, or multiple sets, of instructions to perform one or
more computer functions.

16082]  Asillustrated m Fig. 2, the computer system 200 may include a processor 202,
.2., a central processing unit {CPU), a graphics processing unit {(GPU), or both. The
processor 202 may be a component in a variety of systems. For example, the processor
202 may be part of a standard personal computer or a workstation. The processor 202
may be one or more general processors, digital signal processors, application specific
mtegrated circuits, field programmable gate arrays, servers, networks, digital circuits,
analog circuits, combinations thereof, or other now known or later developed devices for
analy zing and processing data. The processor 202 may implement a software program,
such as code generated manually (1.e., prograrmamed).

[0083]  The computer system 200 may include a memory 204 that can communicate
via a bus 208. The memory 204 may be a main memory, a static memory, or a dynamic
memory. The memory 204 may include, but 15 not limited to, computer readable storage
media such as various types of volatile and non-volatile storage media, including but not
fimated to random access memory, read-only memory, programmable read-only memory,
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electrically programmable read-only memory, electrically erasable read-only memory,
flash memory, magnetic tape or disk, optical media and the like. In one embodiment, the
memory 204 includes a cache or random access memory for the processor 202, In
alternative embodiments, the memory 204 1s separate from the processor 202, such as a
cache memory of a processor, the system memory, or other memory. The memory 204
may be an external storage device or database for storing data. Examples include a hard
drive, compact disc {(“CD), digital video disc (“DVD”), memory card, memory stick,
floppy disc, universal serial bus (“USB”} memory device, or any other device operative to
store data. The memory 204 is operable to store mstructions executable by the processor
202. The functions, acts or tasks llustrated in the figures or described herein may be
performed by the programmed processor 202 executing the instructions 212 stored in the
memory 204, The functions, acts or tasks are independent of the particular type of
mstructions set, storage media, processor or processing strategy and may be performed by
software, hardware, integrated circuits, firmo-ware, micro-code and the bike, operating
alone or in combination. Likewise, processing strategies may include multiprocessing,
multitasking, paraliel processing and the like.

[0084]  As shown, the computer system 200 may further include a display unit 214,
such as a liquid crystal display (LCD), an organic light emitting diode (OLED), a flat
panel display, a sohid state display, a cathode ray tube {CRT), a projector, a printer or
other now known or later developed display device for outputiing determined
mformation. The display 214 may act as an interface for the user to see the functioning of
the processor 202, or specifically as an interface with the software stored in the memory
204 or in the drive unit 206

[0088]  Additionally, the computer system 200 may include an input device 216
configured to allow a user to interact with any of the components of system 200, The
imput device 216 may be a number pad, a keyboard, or a cursor control device, such as a
mouse, or a joystick, touch screen display, remote control or any other device operative to
interact with the system 200.

[0086]  In aparticular embodiment, as depicted in Fig. 2, the computer system 200
may also mclude a disk or optical drive unit 206. The disk drive unit 206 may include a
computer-readable medium 210 m which one or more sets of instructions 212, e.g.,
software, can be embedded. Further, the mstructions 212 may embody one or more of the
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methods or logic as described herein. In a particular embodiment, the nstructions 212
may reside completely, or at feast partially, within the memory 204 and/or within the
processor 202 durning execution by the computer system 200, The memory 204 and the
processor 202 also may include computer-readable media as discussed above.

[6687]  The present disclosure conternplates a computer-readable medium that
mcludes mstructions 212 or receives and executes mstructions 212 responsive 1o a
propagated signal, so that a device connected to a network 220 can communicate voice,
video, audio, tmages or any other data over the network 220, Further, the mstructions
212 may be transmitted or received over the network 220 via a communication nterface
218. The commumication interface 218 may be a part of the processor 202 or may be a
separate component. The communication interface 218 may be created in software or
may be a physical connection i hardware. The communication imterface 218 is
configured to connect with a network 220, external media, the display 214, or any other
components in system 200, or combinations thereof. The connection with the network
220 may be a physical connection, such as a wired Ethernet connection or may be
established wirelessly as discussed below. Likewise, the additional connections with
other components of the system 200 may be physical connections or may be established
wirelessly.

[6688]  The network 220 may include wired networks, wireless networks, or
combinations thereof The wireless network may be a cellular telephone network, an
802.11, 802.16, 802.20, or WiMAX network. Further, the network 220 may be a public
network, such as the Internet, a private network, such as an intranet, or combinations
thereof, and may utilize a variety of networking protocols now available or later
developed including, but not limited to, TCPF/IP based networking protocols.

[008%]  Embodiments of the subject matter and the functional operations described in
this specification can be implemented in digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures disclosed m this specification
and their structural equivalents, or in combinations of one or more of them. Embodiments
of the subject matter described in this specification can be implemented as one or more
computer program products, L.e., one or more modules of computer program instructions
encoded on a computer readable medium for execution by, or to control the operation of,
data processing apparatus. While the computer-readable mediom s shown to be a single
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medium, the term “computer-readable medium” includes a single medium or multiple
media, such as a centralized or distribuied database, and/or associated caches and servers
that store one or more sets of mstructions. The term “computer-readable medium” shall
also mclude any medium that 1s capable of storing, encoding or carrying a set of
mstructions for execution by a processor or that cause a computer system to perform any
one or more of the methods or operations disclosed herein. The computer readable
medium can be a machine-readable storage device, a machine-readable storage substrate,
a memory device, or a combination of one or more of them. The term “data processing
apparatus” encompasses all apparatus, devices, and machines for processing data,
mcluding by way of example a programmable processor, a computer, or multiple
processors or computers. The apparatus can include, in addition to hardware, code that
creates an execution environment for the computer program in question, e.g., code that
constitutes processor tirmware, a protocol stack, a database management system, an
operating system, or a combination of one or more of them.
[6898]  In a particular non-limiting, exemplary embodiment, the computer-readable
medium can include a solid-state memory such as a memory card or other package that
houses one or more non-volatile read-only memories. Further, the computer-readable
medium can be a random access memory or other volatile re-writable memory.
Additionally, the computer-readable medium can include a magneto-optical or optical
medium, such as a disk or tapes or other storage device to capture carrier wave signals
such as a signal communicated over a transmission medium. A digital file attachment to
an e-matil or other self-contained information archive or set of archives may be considered
a distribution medium that is a tangible storage medium. Accordingly, the disclosure 18
considered to include any one or more of a computer-readable medium or a distribution
medium and other equivalents and successor media, in which data or instructions may be
stored.
[6691]  In an altemative embodiment, dedicated hardware implementations, such as
application spectfic integrated circuits, programmable logic arrays and other hardware
evices, can be constructed to implement one or more of the methods described herein.
Applications that may mclude the apparatus and systems of vanous embodiments can
broadly mclude a variety of electronic and computer systems. One or more embodiments
described herein may 1implement functions using two or more specific interconnected
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hardware modules or devices with related control and data signals that can be
communicated between and through the modules, or as portions of an application-specific
integrated circuit. Accordingly, the present system encompasses software, firmware, and
hardware implementations.

[60692]  In accordance with various embodiments of the present disclosure, the
methods described herein may be implemented by software programs executable by a
computer system. Further, in an exemplary, non-limited embodiment, implementations
can include distributed processing, component/object distributed processing, and parallel
processing. Alternatively, virtual computer system processing can be constructed to
implement one or more of the methods or functionality as described herein.

[0093]  Although the present specification describes components and functions that
may be implemented in particular embodiments with reference to particular standards and
protocols, the mvention is not himited to such standards and protocols. For example,
standards for Internet and other packet switched network transnussion {e.g., TCP/IP,
UDP/IP, HTML, HTTP, HTTPS) represent examples of the state of the art. Such
standards are periodically superseded by faster or more efficient equivalents having
essentially the same functions. Accordingly, replacement standards and protocols having
the same or similar functions as those disclosed herein are considered equivalents thereof
18694] A computer program {also known as a program, software, software application,
script, or code) can be written in any form of programming language, including compiled
or mterpreted languages, and 1t can be deploved m any form, including as a standalone
program or as a module, component, subroutine, or other unit suitable foruse in a
computing environment. A computer program does not necessarily correspond to a file in
a file system. A program can be stored in a portion of a file that holds other programs or
data {e.g., one or more scripts stored in a markup language document), in a single file
dedicated to the program in question, or in mudtiple coordinated files {e.g., files that store
one or more modules, sub programs, or portions of code). A computer program can be
deployed to be executed on one computer or on multiple computers that are located at one
site or distributed across muitiple sites and interconnected by a communication network.
[8695]  The processes and logic flows described in this specification can be performed
by one or more programmable processors executing one or more computer programs to
perform functions by operating on input data and generating output. The processes and
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logic flows can also be performed by, and apparatus can also be implemented as, special
purpose logic circuitry, e g, an FPGA (field programmable gate array) or an ASIC
{application specific integrated circuit).

[8096]  Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and anyone or more
processors of any kind of digital computer. Generally, a processor may recetve
instructions and data from a read only memory or a random access memory or both. The
essential elements of a computer are a processor for perfornming mstructions and one or
more memory devices for storing instructions and data. Generally, a computer may also
mclude, or be operatively coupled to receive data from or transfer data to, or both, one or
more mass storage devices for storing data, e.g., magnetic, magneto optical disks, or
optical disks. However, a computer need not have such devices. Moreover, a computer
can be embedded in another device, e.g., a mobile telephone, a personal digital assistant
(PDA), a mobile audio player, a Global Positioning System (GPS) receiver, to name just a
few. Computer readable media suitable for storing computer program instructions and
data include all forms of non-volatile memory, media and memory devices, including by
way of example semconductor memory devices, e.g., EPROM, EEPROM, and flash
memory devices; magnetic disks, e g, internal hard disks or removable disks; magneto
optical disks; and CD ROM and DVD-ROM disks. The processor and the memory can
be supplemented by, or incorporated in, special purpose logic circuitry .

188971  To provide for interaction with a user, embodiments of the subject matter
described in this specification can be implemented on a device having a display, e.g., a
CRT {cathode ray tube) or LCD (higuid crystal display) monitor, for displaying
mformation to the user and a keyboard and a pointing device, &.g., a mouse or a trackball,
by which the user can provide mput to the computer. Other kinds of devices can be used
to provide for interaction with a user as well. Feedback provided to the user can be any
form of sensory feedback, e g., visual feedback, auditory feedback, or tactile feedback.
Input from the user can be recetved in any form, including acoustic, speech, or tactile
mput.

[6698]  Embodiments of the subject matter described in this specification can be
implemented in a computing system that includes a back end component, e.g., a data
server, or that includes a middieware component, e.g., an application server, or that
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mcludes a front end component, e.g., a client computer having a graphical user interface
or a Web browser through which a user can interact with an implementation of the subject
matter described in this specification, or any combination of one or more such back end,
middieware, or front end components. The components of the system can be
mterconnected by any form or medium of digital data communication, e.g, a
communication network. Examples of communication networks include a local area
etwork (“"LAN”} and a wide area network (“WAN"), e g., the Internet.
[8692]  The computing system can include chients and servers. A chient and server are
generally remote from each other and typically mteract through a communication
network. The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a client-server relationship to each other.
1001066] Fig 3 illustrates an embodiment of market order message management as
implemented using the message management module 140 and order book module 110 of
the exchange computer system 100, As such, a message 10 may be received from a
market participant at the exchange computer system 100 by a message receipt module
144 of the message management module 140, The message receipt module 144 processes
the message 10 by interpreting the content of the message based on the message transmit
protocol, such as the transmission control protocol (“TCP”), to provide the content of the
message 10 for further processing by the exchange computer system.
[06161] Further processing may be performed by the order extraction module 146
The order extraction module 146 may be configured to detect, from the content of the
message 10 provided by the message receipt module 144, characteristics of an order for a
transaction to be undertaken in an electronic marketplace. For example, the order
extraction module 146 may identify and extract order content such as a price, product,
volume, and associated market participant for an order. The order extraction module 146
may also identify and extract data indicating an action to be executed by the exchange
computer system 100 with respect to the extracted order. The order extraction module
may also identify and extract other order information and other actions associated with
the exiracted order. All extracted order characteristics, other information, and associated
actions extracted from a message for an order may be collectively considered an order as

described and referenced herein.
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[166162] Order or message characteristics may include, for example, the state of the
system after a message is received, arrival time {(e.g., the time a message arrives at the
MSG or Market Segment Gateway), message type {(e.g., new, modify, cancel), and the
number of matches generated by a message. Order or message characteristics may also
mclude market participant side {e.g., buy or sell} or time 10 force {e. g., a good until end of
day order that 15 good for the full trading day, a good untii canceled ordered that resis on
the order book until matched, or a fill or kill order that is canceled if not filled
immediately).

[066163] The order may be communicated from the order extraction module 146 to
an order processing module 136, The order processing module 136 may be configured to
interpret the communicated order, and manage the order characteristics, other
mformation, and associated actions as they are processed through an order book module
110 and eventually transacted on an electronic market. For example, the order processing
module 136 may store the order characteristics and other content and execute the
associated actions. In an embodiment, the order processing module may execute an
associated action of placing the order into an order book for an electronic trading system
managed by the order book module 110, In an embodiment, placing an order into an
order book and/or into an electronic trading system may be considered a primary action
for an order. The order processing module 136 may be configured in various
arrangements, and may be configured as part of the order book module 110, part of the
message management module 140, or as an independent functioning module.

[00104] Certain embodiments may be applicable to other types of messages
depending upon the implementation. Further, the messages may comprise one or more
data packets, datagrams or other collection of data formatted, arranged configured and/or
packaged n a particular one or more protocols, e.g., the FIX protocol, TCP/IP, Ethernet,
etc., suitable for transmission via a network 214 as was described, such as the message
format and/or protocols described m U.S. Patent No. 7,831,491 and U.S. Patent
Publication No. 2005/06096999 Al, both of which are incorporated by reference herein in
their entirety. Further, the disclosed message management system may be implemented
gsing an open message standard implementation, such as FIX or FIX SBE (Simple Binary

Encoding}, or by an exchange-provided APL
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[06165] In an emabodiment, a plurality of electronic messages 1s received from the
network. The plurality of electronic message packets may be received at a network
interface for the electronic trading system. The plurality of electronic messages may be
sent from market participants. The plurality of messages may imclude order
characteristics and be associated with actions to be executed with respect to an order that
may be extracted from the order charactenistics. The action may nvolve any action as
associated with transacting the order in an electronic trading system. The actions may
mvolve placing the orders within a particular market and/or order book of a market in the
electronic trading system.

[60106] In an embodiment, the market may operate using characteristics that
involve collecting orders over a period of time, such as a batch auction market. In such
an embodiment, the period of time may be considered an order accumulation period. The
pertod of ime may involve a beginning time and an ending time, with orders placed in
the market after the beginning time, and the placed order matched at or after the ending
time. As such, the action associated with an order extracted from a message may involve
placing the order in the market within the period of time.  Also, electronic messages may
be recetved prior to or after the beginning time of the period of time.

{60187} The electronic messages may also include other data relating to the order.
In an embodiment, the other data may be data mndicating a particular time 1n which the
action is to be executed. As such, the order may be considered a temporally specific
order. The particular time 1n which an action 15 undertaken may be established wath
respect to any measure of absolute or relative time. In an embodiment, the time in which
an action 15 undertaken may be established with reference to the beginning time of the
time period or ending time of the time period in a batch auction embodiment. For
example, the particular time may be a specific amount of time, such as 10 milliseconds,
prior o the ending time of an order accumulation period in the batch auction. Further, the
order accumulation period may involve dissecting the accumulation period into multiple
consecutive, overlapping, or otherwise divided, sub-periods of time. For example, the
sub-periods may involve distinct temporal windows within the order accumulation period.
As such, the particular time may be an indicator of a particular temporal window during
the accumulation period. For example, the particular time may be specified as the last
temporal window prior to the ending time of the accumudation period.
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[66168] In an emabodiment, the electronic message may also include other actions to
be taken with respect to the order. These other actions may be actions to be executed
after the mitial or primary action associated with the order. For exarmple, the actions may
mvolve modifving or canceling an already placed order. Further, in an embodiment, the
other data may indicate order modification characteristics. For example, the other data
may include a price or volume change in an order. The other actions may nvolve
modifying the already placed order to align with the order modification characteristics,
such as changmg the price or volume of the already placed order.

[66169] In an embodiment, other actions may be dependent actions. For example,
the execution of the actions may mnvolve a detection of an occurrence of an event. Such
triggering events may be described as other data in the electronic message. For example,
the triggenng event may be a release of an economuc statistic from an organization
relating to a product being bought or soid in the electronic market, a receipt of pricing
mformation from a correlated electronic market, a detection of a change in market
sentiment derived from identification of keywords in social media or public statements of
official related to a product being bought or sold in the electronic market, and/or any
other event or combination of events which may be detected by an electronic trading
system.

06110} In an embodiment, the action, or a primary action, associated with an order
may be executed. For example, an order extracted from electronic message order
characteristics may be placed mto a market, or an electronic order book for a market, such
that the order may be matched with other order counter thereto.

100111} In an embodiment, an incoming transaction may be received. The
incoming transaction may be from, and therefore associated with, a market participant of
an electronic market managed by an electronic trading system. The transaction may
imvolve an order as extracted from a recetved message, and may have an associated
action. The actions may involve placing an order to buy or sell a financial product in the
electronic market, or modifying or deleting such an order. In an embodiment, the
financial product may be based on an associated financial instrument which the electronic
market s established to trade.

[00112] In an embodiment, the action associated with the transaction is deternuned.

For example, it may be determined whether the imcoming transaction comprises an order
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to buy or self a quantity of the associated financial instrument or an order to modify or
cancel an existing order in the electronic market. Orders to buy or sell and orders to
modify or cancel may be acted upon differently by the electronic market. For example,
data indicative of different characteristics of the types of orders may be stored.
[66113] In an embodiment, data relating to the received transaction is stored. The
data may be stored 1n any device, or using any technique, operable to store and provide
ecovery of data. For example, a memory 204 or computer readable medium 210, may be
used to store data, as 1s described above with respect to Fig. 2. Data may be stored
relating received transactions for a period of time, indefinitely, or for a rolling most recent
time period such that the stored data 15 indicative of the market participant’s recent
activity in the electronic market.
[066114] Figure 4 illustrates a block diagram of a conceptual system 400 for
providing triangulation between a futures CLOB 405, a premiom options CLOB 408, and
a volatility CLOB 430 for inconung orders to trade a financial product, received via a
network, such as the network 126 of Figure 1, from a plurality of market participants.
Figure 4 includes three sections, the volatility quoting model execution section 444 where
orders may be received and normalized; a real order section for volatility quoting 434
and an implication section 404 where orders are implied into the FUT CLOB 405 and
PQO CLOB 408.
[00115] The volatility quoting model Execution 444 section may recetve and
normalize volatility quoted orders. Customer models may be recetved and stored m
memory. When a volatility quoted order s received from a customer, the transaction
message may indicate a specific model used by the customer. A normalization
component 440 may then use a stored custom model 450 or table or database to normalize
the Volatility to a standardized value that may be used to maich orders from other
customers that may be residing 1n the VQO CLOB 430. The Vol quoting model
Execution section 444 may contain multiple models 430 for one or more customers.
1060116] The real order section for volatility quoting 434 is configured to operate as
a normal matching engine. This section receives normalized volatility Quotes from the
Vol quoting model Execution section 444 and attempts to match them with any resting
orders that exist on the VQO CLOB 430, If the match engine identifies one or more
suitable previously recetved but unsatisfied counter orders, they, and the normalized
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volatiity quoted order, are matched to execute a trade there between to at least partally
satisfy the quantities of one or both the incoming order or the identified orders. If there
remains any residual unsatisfied quantity of the identified one or more orders, those
orders are left on the order book with their remaining quantity to await a subsequent
suitable counter order, 1.e. to rest. If the match engine does not identify a suitable
previously recetved but unsatisfied counter order, or the one or more identified suitable
previously received but unsatisfied counter orders are for a lesser quantity than the
meoming order, the incoming order 1s placed on the order book, referred to as “resting”,
with original or remaining unsatisfied quantity, to await a subsequently received suitable
order counter thereto. The match engine then generates match event data reflecting the
result of this matching process.

[66117] The Implication section 404 may be where orders are imphied into the FUT
CLOB 405 and PQO CLOB 406. The futures market 410 may be locked prior io
implication and may remained locked while orders are being imphied. Tmplhied orders,
unlike real orders, are generated by elecironic trading systems. In other words, implied
orders are computer generated orders denved from real orders. The system creates the
“derived” or “implied” order and provides the implied order as a market that may be
traded against. If a trader trades against this implied order, then the real orders that
combined to create the implied order and the resulting market are executed as matched
trades. Implied orders generally increase overall market hiquidity. The creation of implied
orders imcreases the number of tradable items, which has the potential of attracting
additional traders. Exchanges benefit from increased transaction volume. Transaction
volume may also increase as the number of matched trade items mncreases.

[00118] Figure 5 depicts a block diagram of a system 500, that may also be referrad
to as an architecture, for providing triangulation between a futures CLOB, a prentium
options CLOB, and a volatility CLOB for incoming orders {o trade a financial product,
received via a network, such as the network 126 of Figure 1, from a plurality of market
participants. Wherein, as described, the system 500 comprising a match engine / match
processor 106 that implements a market for an associated financial mstrument by being
operative to attempt to match an mcoming order for a transaction for the associated
financial instrument with at least one other previously received but unsatisfied order fora
transaction counter thereto for the associated financial mstrument, to at least partially
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satisfy one or both of the incoming order or the at least one other previously received
order. A match engine / maich processor may be a hardware matching processor that is
part of a fransaction processing system. A data transaction processing system in which
data items are transacted by a hardware matching processor that matches electronic data
transaction request messages for the same one of the data items based on multiple
transaction parameters from different client computers over a data communication
etwork. The match engine 106 may be connected to the connected into a switch 501
with either a single or dual physical connection. Single 1f both mbound {orders) and
outbound {market data, acks, etc. ) may be sent on the same wire. Dual if inbound
{orders) and outbound (market data, acks, etc.} may be sent separately. The matching
engine 106 may be responsible for performing the triangulation between future, premium
and VQO CLOBs. The PQO inyector, the Futures Injector, and the Vol Quoting Injector
may reside on the same physical infrastructure or may be separate implementations.
[00119] The system SO0 includes a Switch / Bus 208 that 1s connected to each of the
other nodes. Communications between the components may be encoded either through
source { hpp, h, .etc ) or via library.
[06120] The system 500 includes a futures injector 505, that may be implemented
as a separate component or as one or more logic components, such as on an FPGA that
may include a memory or reconfigurable component to store logic and processing
component to execute the stored logic, or as computer program logic, stored in a memory
204, or other non-transitory computer readable medium, and executable by a processor
202, such as the processor 202 and memory 204 described below with respect to Figure 4,
to cause the processor 202 to, or otherwise be operative 1o, inject futures into the maich
engine 106. The Futures Injector may be a component that may be capable of injecting
futures into the matching engine and / or order book module 110, The future injector 505
may use a specific messaging format and protocol via AP (struct, library, etc ).
[60121] The system 500 includes a premium quoted options injector 510, that may
be implemented as a separate component or as one or more logic components, such as on
an FPGA that may include a memory or reconfigurable component to store logic and
processing component to execute the stored logic, e.g. computer program logic, stored in
a memory 204, or other non-transitory computer readable medium, and executable by a
processor 202, such as the processor 202 and memory 404 described below with respect
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to Figure 4, to cause the processor 202 to, or otherwise he operative to, inject options into
the match engine 106, The premium options imjector S10 may be a component that may
be capable of injecting PQO into the matching engine and / or order book module 110,
The premium options injector 510 may use a specific messaging format and protocol via
APT (struct, library, etc.).

[66122] The system SO0 further includes an Vol Quoting Injector 515, that may be
implemented as a separate component or as one or more logic components, such as on an
FPGA that may include a memory or reconfigurable component to store logic and
processing component to execute the stored logic, e.g. computer program logic, stored in
a memory 204, or other non-transitory computer readable medium, and executable by a
processor 202, such as the processor 202 and memory 204 described below with respect
to Figure 4, to cause the processor 202 to, or otherwise be operative to inject volatility
quotes nio the match engine 106 and / or order book module 110.

[00123] The system SO0 further mmcludes a Collector 520, coupled with the memory
204, the match engine 106, and that may be implemented as a separate component or as
one or more logic components, such as on an FPGA that may include a memory or
reconfigurable component to store logic and processing component {0 execuie the stored
logic e.g. computer program logic, stored in a memory 204, or other non-transitory
computer readable medium, and executable by a processor 202, such as the processor 202
and memory 204 described below with respect to Figure 4, to cause the processor 202 to,
or otherwise be operative to, upon the occurrence of the event, forward at least a subset of
the stored received inconming orders to the match engine 106. The collector 520 may be a
component that may receive the output from the engine and correlate the messages to in
the inbound orders/quotes in order to measure performance. There may be additional
mfrastructure inline performing the capture in order to provide high-resolution timing for
each message as seen by the exchange and consumer.

[166124] Figure 6 depicts a flow chart showing operation of the system 500 of
Figure 5. In particular Figure 5 shows a computer implemented method of iriangulating
orders in an electronic trading system 100, the electronic trading system 100 comprising a
match engine 106 that implements a market for an associated financial instrument by
being operative to attempt to match an incoming order for a transaction for the associated
financial mstrument with at feast one other previously received but unsatisfied order for a
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transaction counter thereto for the associated financial instrument, to at least partially
satisfy one or both of the incoming order or the at least one other previously received
order.

[06125] At block 601, the system recetves an incoming transaction. The transaction
may be an order quoted in volatility. The incoming transaction may be from, and
therefore associated with, a market participant of an electronic market managed by an
electronic trading system. The transaction may involve an order as extracted from a
recetved message, and may have an associated action. The actions may involve placing
an order to buy or sell a financial product in the electronic market, or modifying or
deleting such an order. In an embodiment, the financial product may be based on an
associated financial instrument that the electronic market is established to trade. The
transaction may be alternatively an order quoted in prevyums, and / or a futures order.
[06126] In an embodiment, the action associated with the transaction is determined.
For example, it may be determined whether the imconung transaction comprises an order
to buy or self a quantity of the associated financial instrument or an order to modify or
cancel an exasting order in the electronic market. Orders to buy or sell and orders to
modify or cancel mav be acted upon differently by the electronic market. For example,
data indicative of different characteristics of the types of orders may be stored.

66127} In an embodiment, data relating to the recetved transaction is stored. The
data may be stored in any device, or using any technique, operable to store and provide
recovery of data. For example, a memory 204 or computer readable medium 210, may be
used to store data, as 1s described above with respect to Fig. 2. Data may be stored
relating received transactions for a period of time, indefinitely, or for a rolling most recent
time period such that the stored data 1s indicative of the market participant’s recent
activity in the electronic market.

06128} In an embodiment, a received order may already be standardized to an
options pricing model known by the exchange. In certain embodiments, the customer
may have previously transmitted an options pricing model to the system that may use a
custonized equation for volatility. Volatility is a statistical measurement of the degree of
fluctuation of a market or securnity. Implied volatility 1s the volatility as implied by the
market price of the option. The implied volatility is calculated using an option pricing
maodel, such as the Black model, in which a mathematical relationship between the
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volatiity of the underlying security and the price of its options has been established.
Implied volatility 1s the market's opinion of the volatility of the option's underlying
security and s determined using the following information: the price of the underlying
securtty, the market price of the option, the strike price of the option, the expiration date
of the option, the interest rate, if applicable, and the dividend yield, 1f applicable.

[66129] Imiplied volatility and premiums are related through use of options pricing
models. For example, using a pricing model, the implied volatility of an option may be
backed out of the price of the option. Models such as Black, Whaley, or Merton {or
customized models) allow a trader or exchange to use implied volatility to evaluate an
options price or vice versa. Each customer, however, may use a different model to
calculate volatility.

[66130] In certain embodiments, if the customer 1s using a custonized model that 1s
stored i memory on the exchange system, the exchange system may normalize volanlity
to that of a standard model such as Black, Whaley, Merton, or Bjerksund. The exchange
system may store muldtiple customized model for each customer such as variations on the
above listed models, binonual models, trinomial models, among others. The transaction
may include the model or a model identification that the order is quoted in.

060131} At block 603, the match engine determines if there is a match n the VQO
CLOB for the order. As mentioned above, the match engine may use one or more
matching algorithms or allocation algorithms to determine matches. If the match engine
identifies one or more suitable previously recerved but unsatisfied counter orders, they,
and the incoming order, are matched to execute a trade there between to at least partially
satisfy the quantities of one or both the incoming order or the identified orders. If there
remains any residual unsatisfied quantity of the identified one or more orders, those
orders are left on the order book with their remaining quantity to await a subsequent
switable counter order.

[06132] If there 15 a match, the process moves to block 603 where an order is
implied into the FUT CLOB. This second order is implied for an opposite-side-of-the-
market futures trade. Together, the option and the future comprise a delia-neutral option-
future combination. Certamn options may inchude infinute nisk. For example, for a naked
call, the theoretical risk is infinite. The customer is responsible for the difference between
the strike price and the amount the instrument moves above this price. Because there 1an’t
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a himit to how high a price can trade, the potential loss 1s infinite. In existing systems,
this order may be made separately from the volatility quoted order. A customer may have
to anticipate the FUT CLOB n order to determine how to mitigate risk. With
triangulation, the FUT CLOB is known to the match engine, and as such offers
transparent mitigation options at the time the volatility quoted order is matched. A
benefit to this system 1s that a customer may quote larger orders in volatihity than are
currently quoted knowing that they may always be covered though triangulation of the
FUT CLOB. Under the existing systems, a customer may quote a bid size of 1000, After
that 1s matched, a customer may then need to quote the delta necessary bid size over on
the FUT market. The size required to mutigate at the price desired may not be available.
With triangulation, the customer may feel safe quoting any size bid in the volatility
market, knowing that the match may only occur when there are available orders on the
FUT market to mitigate the risk. Block 603 and Block 605 may occur simultaneously.
With triangulation, the matching engine may be configured to identify the potential
implied FUT order while identifying a maich in the VQO CLOB. While an order is being
implied into the FUT CLOB, the futures market may be locked.

06133 At block 607, the orders are filled. Match event data, reflecting the result
of this matching process, may be generated. The collector or a message generator may
transmit or otherwise manage communications of one or more financial data messages to
a plurality of market participants via a network, each of the plurality of financial data
messages comprising, for example, data indicative of the filled order, a change n state of
an electronic marketplace for one or more financial products, e g market data, such as
based on recetved orders and/or cancellation thereof, matched trades, price changes, etc.
The plurality of financial data messages may include message types which carry data
representative of, or otherwise represent the marketplace, or changes to the state thereof,
in different ways such as market by order messages, market by price messages, top of
book messages, analytics messages, or other representations or combinations thereof. A
reciptent may recetve all, or otherwise choose among, the different available messages
tvpes/market representations. Financial data messages, or a series thereof, of a particular
type may be referred to as a stream or market data stream, e.g. a market by order stream, a
market by price stream, a top of book stream, etc. These market data streams may be
mndependently generated, subscribed to and modified according to the disclosed
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ernbodiments. Alternatively, one or more of these data streams may be generated in a
combined fashion. As used herein, the plurality of financial messages may refer ali
financial data messages generated as described wherein one or more subsets of the
plurality of financial data messages may be of a particolar type.
166134] At block 609 if the maich engine does not identify a suitable previously
recetved but unsatisfied counter order, or the one or more identified suttable previcusly
ecetved but unsatisfied counter orders are for a lesser quantity than the incoming order,
the incomung order is placed on the VQO CLOB, referred to as “resting”, with original or
remaining unsatisfied to await a subsequently received suitable order counter thereto. An
implied order may also be left on the FUT CLOB.
[00135] Atblock 611, 1f no match 1s found i the VQO CLOB, the FUT market
may be locked. Locked may refer to the market or priced being frozen at a certain point in
time. The current FUT price mav be used in subsequent calculations which requires that
the price be locked until any models that use the FUT price have been executed and
implication into the PQO CLOB is complete. The FUT market may be locked by only
calculating or reporting a price at a certain interval. For example, if the FUT market 1s
only updated every seconds, then between seconds, the market would be appear to be
frozen or locked. The time needed to calculate and imply an order into the PQO CLOB
may regulate how the FUT market 1s updated.
60136} In certain embodiments, the FUT market is locked after receiving a
message from the match engine. The FUT market may be unlocked after a certain period
of time or after receiving a message or command to unlock.
166137} Atblock 613, an implied order 1s generated using the model and the current
futures price. The order 1s implied into the PQO CLOB. Implied orders, unlike real
orders, are generated by electronic trading systems. In other words, implied orders are
computer generated orders derived from real orders. The system creates the “derived” or
“tmplied” order and provides the 1mplied order as a market that may be traded against. If
a trader trades against this implied order, then the real orders that combined to create the
implied order and the resulting market are executed as matched trades. Implied orders
generally increase overall market hquidity. The creation of imphied orders increases the

number of tradable items. This has the potential of attracting additional traders.
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Exchanges benefit from increased transaction volume. Transaction volume may also
increase as the nuomber of matched trade items increases.

[066138] At block 615, the match engine determunes if there 1s a maich 1o the PQO
CLOB for the order.  As mentioned above, the match engine may use one or more
matching algorithms or allocation algorithms to determine matches. In one erobodiment
the matching algorithms may comprise a pro-rata algonthm, a first in first out ("FIFO™)
algorithm, a Price Explicit Time algorithm, an Order Level Pro Rata algorithm, an Order
Level Priority Pro Rata algonithm, a Preference Price Explicit Time algonithm, a
Preference Order Level Pro Rata algorithm, a Preference Order Level Priority Pro Rata
algorithm, a Threshold Pro-Rata algorithm, a Prionity Threshold Pro-Rata algonithm, a
Preference Threshold Pro-Rata algorithm, a Priority Preference Threshold Pro-Rata
algorithm, a Split Price-Time Pro-Rata algorithin, or combinations thereof

[06139] If the match engine identifies one or more suitable previously received but
unsatisfied counter orders, they, and the incoming order, are matched to execute a trade
there between to at least partially satisfy the quantities of one or both the incoming order
or the identified orders. If there remains any residual unsatisfied quantity of the identified
one or more orders, those orders are left on the PQO CLOB with thetr remaining quantity
to await a subsequent suitable counter order, 1.e. to resting quantity, to await a
subsequently recetved suitable order counter thereto.

[66140] If there 1s a match, the process moves to block 617 where an order may be
implied into the FUT CLOB. This second order 15 imphied for an opposite-side-of-the-
market futures trade. Together, the option and the future comprise a delta-neutral option-
future combination. Certain options may include mfinite risk. For example, for a naked
call, the theoretical risk is infinite. The cusiomer 1s responsible for the difference between
the strike price and the amount the instrument moves above this price. Because there 1sn't
a limit to how high a price can trade, the potential loss is infinite. In existing systems,
this order may be made separately from the volatility quoted order. A customer may have
to anticipate the FUT CLOB m order to determine how to nutigate risk. With
triangulation, the FUT CLOB 1s known to the match engine, and as such offers
transparent mitigation options at the time the PQ(O 13 matched. A benefit to this system is
that a customer may quote larger orders than are currently quoted knowing that they may
always be covered though tnangulation of the FUT CLOB. Under the existing systems, a
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custorner may quote a bid size of 1000, After that is matched, a customer may then need
to quote the delta necessary bid size over on the FUT market. The size required to
mitigate at the price desired may not be available. With triangulation, the customer may
feel safe quoting any size bid in the market, knowing that the match may only occur when
there are available orders on the FUT market to mitigate the risk. Block 525 and Block
540 may occur simultanecusly. With triangulation, the matching engine may be
configured to identify the potential implied FUT order while identifying a match in the
PQOC CLOB.
00141} Atblock 619, any matched orders are filled / completed. Because thisis an
implied order, filling (or completing) this order may affect an onginal order that may be
resting on the VQO CLOB. Match event data, reflecting the result of this matching
process, may be generated. The collector or a message generator may transmut or
otherwise manage communications of one or more financial data messages to a plurality
of market participants via a network, each of the plurality of financial data messages
comprising, for example, data indicative of the filled order, a change n state of an
electronic marketplace for one or more financial products, e g market data, such as based
on received orders and/or cancellation thereof, matched trades, price changes, etc. The
plurality of financial data messages may include message types which carry data
representative of, or otherwise represent the marketplace, or changes to the state thereof,
in different ways such as market by order messages, market by price messages, top of
book messages, analytics messages, or other representations or combinations thereof. A
ecipient may recetve all, or otherwise choose among, the different available messages
types/market representations. Financial data messages, or a series thereof, of a particular
type may be referred to as a stream or market data stream, e.g. a market by order stream, a
market by price stream, a top of book stream, etc. These market data streams may be
mdependently generated, subscribed to and modified according to the disclosed
embodiments. Alternatively, one or more of these data streams may be generated in a
combined fashion. As used herein, the plurality of financial messages may refer all
financial data messages generated as described wherein one or more subsets of the
plurality of financial data messages may be of a particular type.
[00142] At block 621 1f the match engine does not identify a suitable previously
recetved but unsatisfied counter order, or the one or more identified suttable previcusly
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received but unsatistied counter orders are for a lesser quantity than the mcoming order,
the incoming order is placed on the PQO CLOB, referred to as “resting”, with original or
remaining unsatisfied to await a subsequently received suitable order counter thereto
06143} At block 623, the FUT market s unlocked. Depending on the mechanism
mvolved, the FUT market may unlock automatically after a certain amount of time.
[06144] At block 625, the futures market 1s observed for any changes. Hf the market
changes, the process moves to block 627, Until the market changes, the futures market s
continuously watched.

[00145] At block 627, once the future price has changed, the 1mplied orders is re-
calculated using the new FUT price and a standard options pricing model {or a previously

ecetved and stored customized model}. In exasting systems, a trader may have had to
maintain these order themselves which involves large amounts of messaging and
communications between the trader and the exchange. By calculating and re-calculating
these order on the exchange side, this decreases the amount of traffic going back and forth
between the exchange and the trader.

[66146] This loop may repeat until a match 1s made on any of the books or the order
is withdrawn. If the FUT price changes enough to affect volatility, the system may

eceive new quotes from a customer.

06147} The scenario described by Figure 6 illustrates an example where a customer
has submitted an order quoting volatility and the order is then implied into the PDO
CLOB. An example of this scenario 1s shown below m CALL Scenarnio #1. Two
additional scenarios are described below which involve triangulation between the three
books. In each of these scenarios there is the assumption that time to expiration = 24

days, the mterest rate 1s 1%, and the orders involve European style options.

[00148] CALL Scenano #1: Customer quoting the Vol market and 1maplying imto
the PQO.

[06149] Given -

[00156G] | Futures Book | PQO 135 strike Call |

00151}

106152] 10 @ 1.3500/ None | Empty |

[00153] Vol Book: Empty

[00154] Configuration: Imply mto PQG CLOB
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[00155] When -

[00156] #1: Bid Vol 30 @ 10.00

(80157} #2: Offer Vol 50 @ 10.05

[00153] Then -

[60159] #1: VOO CLOB Bid 30 @ 10.00

[B0160] #2: VQO CLOB Offer 50 @ 10.05

180161} #3: PQO CLOB Implies Bid 20 @ 0.0138

[06162] Note: PQOImpliedBid(Qty = mm(VQOBi1dQty, FutureBid(Qty/Delta) =

_min{ 30, 10/0.503093)= min (30, 19.798) = 20

[06163] For CALL Scenario #1, the customer quotes the Vol market with a bid of
30(@10.00 and an offer of 50@10.05. Both these orders are added to the VQO CLOB in
#1 and #2. Next, an offer 1s unplied 1oto the PQO CLOB. This 15 hinuted to 20@.0138
due to the requirement that the Vol quote be mitigated with an opposite-side-of-the-
market futures trade. The PQOImpliedBidQty 15 therefore linuted to 20 as the lesser of
30 or the available futures market to nutigate.

160164] In certain embodiments orders may be received quoting premiums and
implied into the volatility market or futures market. A customer may quote the futures
market and imply into the Vol or POQO market A customer may quote the Vol market
and be mmplied nto both the PQO market and the futures market. Triangulation allows
for each of the three books to imply into one another, increasing liquidity in each market.
[06165] CALL Scenario #2 below describes a situation where a customer quotes the
Vol Market and 1s implied into the Futures CLOB.

100166] Given:

106167} | Futures Book | PQO (, 135 strike Call |
[00168]
(60169} 10 @ 1.3500/ None | None / 40 (@ 0.0142 |

166170} Vol Book: Empty

100171} Contiguration: Imply into Futures CLOB
60172} When -

[66173] #1: Bid Vol 30 @ 10.00

[00174] #2: Offer Vol 50 @ 10.05
{00175 Then -
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166176] #1: VOO CLOB Bid 30 @ 10.00

66177 #2: VO CLOB Offer 50 @ 10.05

100178 #3: Futures CLOB Troplies Offer 15 @ 1.3508

1006179 {ote: Future Qty =  min{Delta * PQOAskQty, Delta * QOBi1dQty} =
_man{0.514306 * 40,0.514306% 30) = nun(20.57724, 15.42918)

]
]

[06180] For CALL Scenario #2, the customer quotes the Vol market with a bid of
30(@10.00 and an offer of 50@10.05. Both these orders are added to the VQO CLOB in
#1 and #2. Next, at #3 an offer 13 implied mto the Futures CLOB. For mitigation
reasons, the order implied into the Futures CLOB 1s inited to 15(@1.3508.

[00181] CALL Scenario #3: Customer quoting the Vol market and 1mplying mto

the Futures and Premium. Given:

[66182] | Futures Book | PQO , 135 strike Call |

100183]

[00184] P10 @ 1.3500/30 @ 1350220 @ 00136 - 40 (@ 0.0142 |
[60185] Vol Book: Enmpty

100186] Contiguration: Imply into Futures and Premium

[00187] When -

[00188] #1: Bid Vol 30 @ 10.00

100189 #2: Offer Vol 50 @ 10.05

[00190] Then -

(00191 #1: VQO CLOB Bid 30 @ 10
[00192] #2: VQO CLOB Offer 50 @ 10.05

100193] #3: Futures CLOB Implies Bid 10 (@ 1.3494

[00194] Note: Future(Qty = PQODelta * PQOB1dQty = 0.498237 * 20 = 9.964)
[60195] #4: Futures CLOB Trophies Offer 20 @ 1.3508 or 21 @ 1.3508 {qty round
up)

[66196] Note: FutureQty = PQODelta * PQOAskQty = 0.514306 * 40 = 20.57724)
06197} #5: PQO CLOB Implies Bid 20 @ 0.0138

[00198] Note: POOImphiedBidQty = min{Delta * VQOB1dGty,
FutureBidQty/Delta) = min{ 30, 10/0.505093) = mun (15.15279, 19.798) = 15
[00199] #6: PQO CLOB Implies Offer 50 @ 0.0140
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100206] Note: PQOImpliedAskQty = _min(Delta * VOO AskQty,

Foture AskQty/Delta) = min( 50, 30/0.507411) = min {50, 59.12366) = 50

[00261] For CALL Scenario #3, the customer quotes the Vol market with a bid of
30@10.00 and an offer of 50(@10.05. Both these orders are added to the VQO CLOB n
#1 and #2. A 20 (@ 0.0138 bid and 50 @ 0.0140 offer are umplied into the PQO CLOB.
[662062] The illustrations of the embodiments described heremn are intended to
provide a general understanding of the structure of the various embodiments. The
tHustrations are not intended to serve as a complete description of all of the elements and
features of apparatus and systems that utilize the structures or methods described herein.
Many other embodiments may be apparent to those of skill in the art upon reviewing the
disclosure. Other embodiments may be utilized and derived from the disclosure, such
that structural and logical substitutions and changes may be made without departing from
the scope of the disclosure. Additionally, the iHustrations are merely representational and
may not be drawn to scale. Certain proportions within the illustrations may be
exaggerated, while other proportions may be minimized. Accordingly, the disclosure and
the figures are to be regarded as illustrative rather than restrictive.

[00203] While this specification contains many specifics, these should not be
construed as limitations on the scope of the mvention or of what may be claimed, but
rather as descriptions of features specific to particular embodiments of the mvention.
Certain features that are described in this specification in the context of separate
embodiments can also be implemented in combination n a single embodiment.
Conversely, various features that are described in the context of a single embodiment can
also be implemented 10 multiple embodiments separately or in any suttable sub-
combination. Moreover, although features may be described above as acting in certain
combinations and even mtially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed
combination may be directed 1o a sub-combination or vanation of a sub-combination.
[00204] Simlarly, while operations are depicted in the drawings and described
herein in a particular order, this should not be understood as requiring that such
operations be performed in the particular order shown or in sequential order, or that all
itlustrated operations be performed, to achieve desirable results. In certain circumstances,
multitasking and paraliel processing may be advantageous. Moreover, the separation of

5
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various system components in the embodiments described above should not be
understood as requiring such separation in all embodiments, and it should be understood
that the described program components and systems can generally be integrated together
in a single software product or packaged mto multiple software products.

[60265] One or more embodiments of the disclosure may be referred to herein,
ndividually and/or collectively, by the term “invention” merely for convenience and
without intending to voluntartly limit the scope of this application to any particular
mvention or mnventive concept. Moreover, although specific embodiments have been
iHustrated and described herein, 1t should be appreciated that any subsequent arrangement
designed to achieve the same or similar purpose may be substituted for the specific
embodiments shown. This disclosure is intended to cover any and all subsequent
adaptations or variations of varous embodiments. Combinations of the above
embodiments, and other embodiments not specifically described herein, will be apparent
to those of skill in the art upon reviewing the description.

160206] The Abstract of the Disclosure is provided to comply with 37 CF R
§1.72(b} and 1s submitted with the understanding that 1t will not be used to interpret or
fimit the scope or meaning of the claims. In addition, in the foregomg Detailed
Description, various features may be grouped together or described in a single
embodiment for the purpose of streamlining the disclosure. This disclosure 1s not to be
mterpreted as reflecting an intention that the claimed embodiments require more features
than are expressly recited in each claim. Rather, as the following claims reflect, mventive
subject matter may be directed to less than all of the features of any of the disclosed
embodiments. Thus, the following claims are incorporated into the Detailed Description,
with each claim standing on its own as defining separately claimed subject matter.
[60287] It 1s therefore intended that the foregoing detailed description be regarded
as illustrative rather than limiting, and that it be understood that it is the following claims,

mcluding all equivalents, that are intended to define the spirit and scope of this invention,



WO 2017/066147 PCT/US2016/056342

WHAT IS CLAIMED IS:

1, A computer implemented method for triangulating order book data structwres in a
data transaction processing system in which data items are transacted by a
hardware matching processor that matches electronic data transaction request
messages for the same one of the data items based on multiple transaction
parameters from different client computers over a data communication network,
the method comprising:

receiving from a client computer of a user by an order processor coupled
with the hardware matching processor, a first electronic data transaction request
message comprising data indicative of a first order specifying a first product, first
quantity and first value, and storing the received first electronic data transaction
request message in a memory coupled with the order processor;

attempting, by the hardware matching processor, to match the first order
with a previously received but unsatisfied order counter to the first order stored in
a first order book data structure stored m the memory;

generating, automatically by the order processor in lieu of a submission by
the user, a first implied order specifying a second product, the first quantity, and a
second value, the first imphied order related to the first order;

attempting, by the hardware matching processor, when there 1s a maich in
the first order book data structure, to match the first implied order with a
previously received but unsatisfied order counter specifying a second quantity
stored 1n a second order book data siructure stored in the memory, and when there
1s a match in the second order book data structure, completing both the first order
and first implied order; and

generating, automatically by the order processor in lieu of a submission by
the user, a second imphied order specifying a third product, the first quantity, and a
third value in a third order book data structure when there is not a match in the

first order book data, the third product related to the first product.
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2. The method of claim 1, wherein the first order 1s quoted in volatility, the first
implied order 1s a futures order, and the second implied order is quoted in

premiuims.

L]

The method of claim 2, wherein the first order and the first implied order comprise

a delta-neutral option-future combination.

4. The method of claim 3, wherein the amount of the first order completed is limited
to the size of the first implied order completed in order to comprise the delta-

neuiral option-future combination.

|94

The method of claim 4, wherein the remaining partially completed first order 1s
left as a resting order on the first order book data structure, and the second implied

order is based on the remaining partially completed first order.

6. The method of claim 3, further comprising:
attempting to match, with the hardware matching processor, in the third
order book data structure, the second implied order with a previously received
order; and
generating, by the order processor, a fourth order 1n a second order book
data structure when there 1s a match and completing both the second implied order

and fourth order.

~3

The method of claim 2, wherein the second implied order is related to the first

order though an options pricing model.

8. The method of claim 7, wherein the options pricing model 1s Whaley, Black, or

Bjerksund. .

9. A comaputer implemented method for triangulating order book data structures in a
data transaction processing system in which data items are transacted by a
hardware matching processor that matches electronic data transaction request
messages for the same one of the data items based on multiple transaction
parameters from different client computers over a data communication network,
the method comprising:

56
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receiving by an order processor, an volatility quoted order specifying a first
quantity and first value and storing the received volatility quoted orderin a
memory coupled with the order processor;

attempting to match, with the hardware matching processor, in a volatility
order book data structure, the volatility quoted order with a previously received
volatility quoted order stored in the memory;

determining a futures price from a futures order book data structure;

generating automatically, by the order processor 1n lieu of a submission by
the user, an implied premium quoted order specifying a second product, a second
quantity and a second value into a premium quoted order book when there isnot a
match; the implied premium quoted order generated from the volatility quoted
order, a standard options pricing model, and the futures price;

attempting to maich, with the hardware matching processor, in a premium
quoted order book data structure, the imphied prenuum quoted order with a
previously received order;

deternuning, by the order processor, when there is not a match, a change in
the futures price in the futures order book data structure;

automatically recalculating the implied prenuum quoted order using the
premum quoted order, the standard options pricing model, and the determuned
changed futures price; and

attempting to match, with the hardware matching processor, in a premium
guoted order book data structure, the recalculated implied premium quoted order

with a previously received order.

106.  The method of claim 9, wherein the futures order book data structure s locked by
the hardware matching processor after determining a change until the implied

premiumm quoted order has been recalculated.

il.  The method of claim 9, wherein the standard options pricing model 138 Whaley,

Black, or Bjerksund.

12, The method of claim 9, further comprising:

receiving, by the order processor, a custom volatility quoting model from a

LA
~J
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customer; and
using, by the order processor, the custom volatility quoting model when

generating the implied premium quoted order.

i3, The method of claim 9, wherein the match engine attempts to match the orders

using a First In First Out (FIFO) allocation algorithm.

14, The method of claim 9, wherein the maich engine attempts to match the orders

using a Pro Rata allocation algorithm.

15, The method of claim 9, further corprising:
generating, when there is a match, maich event data reflecting the results of

the maich.

i6. A system for tnangulation for volatility quoted options, prenuum quoted options,

and futures, the system comprising;

means for receiving a volatility quoted order specifying a first product, a
first quantity and a first value;

means for attempting to match in a volatility order book data structure, the
volatility quoted order with a previously received volatility quoted order;

means for determining a futures price from a futures order book data
structure;

means for generating an implied premium quoted order specifying a second
product, a second quantity, and a second value into a premium quoted order book
data structure when there is not a match; the implied premium quoted order
generated from the volatility quoted order, a standard options pricing model, and
the futures price;

means for attempting to match in a premium quoted order book data
structure, the implied premium quoted order with a previously received order;

means for determining, when there 1s not a match, a change in the futures
price n the futures order book data structure;

means for recalculating the implied premium quoted order using the
premiumn quoted order, the standard options pricing model, and the determined

changed futures price; and
S8
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m
~3

18.

19.

20.

means for attempting to match in a premium quoted order book data
structure, the recalculated implied premium quoted order with a previously

recetved order.

The system of claim 16, further comprising
means for implying a futures order into the futures order book data
structure in order to satisty a delta-neutral option-future combination with the

volatility quoted order.

The system of claim 16, further comprising:
means for locking the futures order book data structure after determining a
change n the futures price until the implied premium quoted order has been

recalculated.

The method of claim 16, wherein the standard options pricing model 1s Whaley,

Black, or Bjerksund.

The method of claim 16, further comprising:
means for receiving a custom volatility quoting model from a customer
wherein the custom volatility quoting model 1s used when generating the woplied

premivum quoted order.

59
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