LIMITED MOVEMENT COLLAR ONMARKETABLE ORDEREXECUTIONPRICE
TECHNICAL FIELD
[0001] The disclosure generally relates to the field efcgbnic trading systems, and in
particular, systems for handling limit and marketess.
BACKGROUND
[0002] Some financial products trade in illiquid marketd)ich indicate that there are
low guantities of financial instruments at desieapkices. As a result, orders (or portions of
orders) in illiquid markets may execute at subss#lgtworse prices than nationally available
prices in other markets. As a result, there iseadnfor systems, methods and apparatus to
control and/or limit the price at which an ordernynexecute, particularly in illiquid markets.
SUMMARY
[0003] In one embodiment, a disclosed system, method antpater readable storage
medium executes trades subject to a collar. Thehange receives orders from market
participants including agency brokers, market mskand proprietary traders. A received order
specifies at least a financial instrument, a qiyndind a side of the order (e.g., buy or selly] an
some received orders specify a limit price. Thehaxge matches orders having opposite sides
at a match price.
[0004] An execution manager monitors match prices of nemtcbrders and suspends
execution of orders subject to a collar. The co#lasures that received marketable orders are
executed at a match price better than a collaepri€he collar price is determined based on a
best bid price, a best offer price, or a pricerokaecuted trade. When no marketable orders can
execute due to the collar, a collar timer is ingth Once the collar timer exceeds a time
threshold (e.g., referred to as “a collar timeriextpn”), the collar price may move. The collar
price is modified based on a collar move parametkr.one embodiment, the collar move
parameter is modified responsive to a collar tiewgpiration. In one embodiment, at least the
unmatched balance of a marketable order suspendéukebcollar is canceled following collar
timer expirations exceeding a timer expiration timi
[0005] In one embodiment, the collar price is calculateddd on a collar range value,
which determines the difference between the coflece and a posting price. In one
embodiment, the posting price is determined basedhe best bid, the best offer, and/or a

recently executed transaction price. In one embedt, determining the posting price may
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include an offset called the first posting paramédtem the best bid, the best offer, or the
recently executed transaction price. In one embedt, determining the posting price may
include determining if the market is wide, whichbigsed on comparing the difference between
the best bid and best offer to a legal width patameBased on whether the market is wide, the
execution manager uses different criterion to deitas the posting price.
[0006] The disclosed embodiments beneficially allow fodueed collar movement.
When the collar suspends execution of a marketcgaanht’s order, the market participant can
cancel the order. The use of the collar timer givearket participants a defined window to
reconsider trades that may otherwise execute atemded prices. Reducing the collar move
parameter for successive timer expirations limit&egp movement. Cancelling unmatched
portions of an order protects a market particigesth making errant trades at worse prices than
expected. To prevent collar movement due to phelavior such as activation of stop orders,
the exchange moves the collar price in responsgdoutions against limit orders while ignoring
executions against market orders.
[0007] The features and advantages described in the g@gich are not all inclusive
and, in particular, many additional features anslaatages will be apparent in view of the
drawings, specification, and claims. Moreoveshbuld be noted that the language used in the
specification has been principally selected fordedmlity and instructional purposes, and may
not have been selected to delineate or circumsthddisclosed subject matter.
BRIEFDESCRIPTIONOFDRAWINGS
[0008] The disclosed embodiments have other advantagedeamares which will be
more readily apparent from the detailed descriptiod the accompanying figures (or drawings).
A brief introduction of the figures is below.
[0009] Figure (FIG.) 1 illustrates a block diagram of atsyn architecture diagram of an
electronic trading system (ETS) in a networked emrent, consistent with one embodiment.
[0010] FIG. 2 illustrates a high-level block diagram of example computer, consistent
with one embodiment.
[0011] FIG. 3 illustrates a block diagram of an examplescetion manager for
implementing a collar price, consistent with onébediment.
[0012] FIG. 4 illustrates an example flow chart for ex@ugittrades with a collar price,

consistent with one embodiment.
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DETAILED DESCRIPTION
OVERVIEW
[0013] An electronic trading system provides a centralketaplace where both buyers
and sellers (often referred to as traders or mapkaticipants) can buy or sell financial
instruments. Traders may connect to the electravading system via their own trading
computers, which can receive market data from theetrenic trading system, and which can
issue commands to buy or sell specific financiatrimments. The issuance of commands to buy
or sell financial instruments from a trading conguuto the electronic trading system may be
called electronic trading (or trading, for shorBecause the electronic trading systems facilitate
the exchange of various financial instruments,dleetronic trading systems may be referred to
as electronic exchanges. Agency brokers are mpekétipants that can issue orders to trade to
the electronic trading system on the behalf of ofzeties.
[0014] Electronic trading systems may facilitate the exgeaof financial instruments
such as cash, currency, a currency index, a conypodi stock, a stock market index, a
banknote, a bond, other financial instruments whadae is based at least in part on interest
rates, an option, a futures contract, a swap, atbgvatives, and other assets. Electronic trading
systems support limit orders and market orderslimit order is an order to buy or sell a set
guantity of financial instruments at a pre-detemxirprice or better. Better denotes a higher
price when selling and a lower price when buyidgmarket order is an order to buy or sell a set
guantity of financial instruments at the prevailingrket price until the specified quantity has
been met or the order cancelled. A market ordemimaprice at which to trade, so it is executed
at whatever price is currently prevailing in therked. Electronic trading systems may also
support stop orders, which specify an activatidngpand a set quantity of financial instruments
to buy or sell. When the price reaches the adtimgprice or worse, the stop order becomes a
market order for the set quantity of financial mstents. Worse denotes a lower price when
selling and a higher price when buying.
[0015] When a market participant issues an order to astrel@c trading system to sell a
financial instrument, the electronic trading systeray attempt to match the sell order with an
existing buy order that has a price that satithesseller’s price requirements. Similarly, when a
market participant issues an order to buy a firenicistrument, the electronic system may

attempt to match the buy order with an existind ealer. If a market participant issues a limit
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order that meets the limit order’'s price requiretagthe limit order may be referred to as a
marketable order and may execute against the agamtg order. If a market participant issues a
limit order that cannot be matched to a counteyparder meeting the limit order’s price
requirements, then the limit order may be refetceds a non-marketable order.

[0016] Received orders may be stored in an electronicrdrdek. The electronic order
book may store unexecuted and/or non-marketablersuhtil a matching order can be found to
execute a trade, or until the order is cancell&lly orders stored in the order book may be
referred to as bids, and stored sell orders manefegred to as offers. The difference between
the highest bid on the order book and the lowefgr ghay be called the best bid-offer (BBO)
spread. Price information about bids and offersefjuity option contracts in various electronic
markets in the United States are tracked by theo@pPrice Reporting Agency (OPRA). OPRA
maintains a database of the best bids and offersach tracked option called the National Best
Bids and Offers (NBBO) database. The NBBO pridereeto the prices of the best bid and the
best offer while the NBBO spread refers to the guifference between the best bid and best
offer.

[0017] Agency brokers may provide trading services fogdéavolumes of customers, and
may also trade for their own account, subject t® thles and regulations of the electronic
markets and of the U.S. Securities & Exchange Casiom (SEC). When a customer places an
order to buy or sell equity options through an agebroker, the agency broker may have
existing customer orders that can be matched agae®rder, or the agency broker may be able
to act as a counterparty directly by trading faittown account. However, instead of directly
executing such orders internally, an agency brokay be required, by rules or regulations, to
place an order with an electronic exchange in eaerd-party is willing to offer a better price
for the customer’s order than that offered intdgny the agency broker. An electronic trading
system may facilitate such orders.

[0018] Some financial products may trade in illiquid maske llliquid markets may be
characterized by wide NBBO spreads and low quastitif financial instruments available at the
NBBO prices. Large market orders, for exampleditrg in illiquid markets may receive
unfavorable prices. When the exchange receivesge Imarket order, a portion of the market
order may initially execute at NBBO prices, as etpd. The remainder of the order may

execute against limit orders in the order book wcsessively worse prices until the entire
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quantity of the market order is filled or the orderok is cleared. Portions of large trades can
thus execute at substantially worse prices thanNB8O price when the large trade was
submitted. Sudden, large price movements may adsersely affect market participants and
reduce system stability. As further discussed wekhe present disclosure provides systems,
methods and computer readable storage medium fivpessing this issue.

[0019] The Figures (FIGS.) and the following descriptioelate to particular
embodiments by way of illustration only. It shoddd noted that from the following discussion,
alternative embodiments of the structures and nasthdisclosed herein will be readily
recognized as viable alternatives that may be eyeplavithout departing from the principles of
what is claimed.

[0020] Reference will now be made in detalil to several @sirnents, examples of which
arc illustrated in the accompanying figures. Ihated that wherever practicable similar or like
reference numbers may be used in the figures alydndecate similar or like functionality. The
figures depict embodiments of the disclosed sygtammethod) for purposes of illustration only.
Alternative embodiments of the structures and nughitlustrated herein may be employed
without departing from the principles describeddier

SYSTEM ARCHITECTURE

[0021] Turning now to FIG. 1, illustrated is a system amatiure diagram of one
example embodiment of an electronic trading systeirS) in a networked environment. The
system environment comprises market participamisiding one or more customer systems 101,
agency broker systems 100, market maker systemsabh@2or proprietary trader systems 103.
The market participants 100-103 are shown coupbethé ETS 105 through a wired and/or
wireless network 104. The ETS 105 may also comoatei with the NBBO database 120
through the network 104. Although only a single @f each type of market participant 100-103
is illustrated in FIG. 1, the environment may ird#ufewer than all, one or more other
participants (not shown) or a plurality of eaclpmactice.

[0022] The customer systems 101 may comprise systemstegebog customers (e.g.,
traders) that can issue electronic orders to bugetirfinancial instruments in accordance with
the needs of those customers. The customer sydi@hnsiay communicate the electronic orders
to the agency broker systems 100, either directlthoough the network 104, or in some
instances, directly to the ETS 105 through the o€twi04. The customer systems 101 may
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comprise personal computers, laptops, smart phealgliet computers, computer servers, or any
other systems capable of issuing electronic comoatioin.

[0023] The agency broker systems 100 may be operated dnycgdrokers and may be
configured to receive electronic orders from anynhar of customer systems 101. The agency
broker systems 100 may include an ETS interfacetidOenables communication with the ETS
105. The agency broker systems 100 may issuesotddyuy and sell financial instruments on
behalf of customers, or they may issue ordershferagency brokers’ own accounts. Orders may
be sent through the ETS interface 110 to the ETS5 IDonfirmations of issued orders may be
received through the ETS interface 110 as welle EA'S interface 110 may provide standard
electronic communications capabilities such as ygtimn, compression, routing, quality of
service guarantees, and error correction.

[0024] The market maker systems 102 may be operated bitemnarakers. Market
makers, for purposes of this disclosure, are persomntities that buy and sell financial
instruments with the aim to profit from the sprdastween bids and offers. Because market
makers may place non-marketable limit orders, ntarkakers may provide liquidity in a
financial market (or simply, a market). At a givéme, market makers may simultaneously
place buy and sell orders on the same financiatungent through the ETS 105. The market
maker systems 102 may also include an ETS interfd@ethat enable market makers to place
orders with the ETS 105 and receive pricing andsaational information from the ETS 105.
[0025] The proprietary trader systems 103 may be opetatgutoprietary traders (PTSs).
PTs may be similar to agency brokers 100, but Pag place orders on behalf of themselves
rather than on behalf of customers. PT systemsmag include an ETS interface 110 that
enables PTs to place orders with the ETS 105 arelve pricing and transactional information
from the ETS 105. PTs may engage in long, shedgh, or arbitrage strategies and place orders
on a side of financial instruments. In some insésn a firm may engage in both proprietary
trading and market making, so that firm may haveader system with characteristics of both
market maker systems 102 and PT systems 103.

[0026] The ETS 105 may be configured as an electronic etatkat matches orders
received from the market participants against edbbr. In that case, the ETS 105 may receive
orders specifying a financial instrument, a qugntind a side. For instance, the ETS 105 can

match an order to sell a particular financial instent from an agency broker system 100 against
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a different order to buy the same financial insteatrfrom a market maker system 102, based on
compatibility between the price criteria of the twaoders. The ETS 105 may optionally be
configured to enforce a trading collar on ordesss further discussed below, a trading collar
comprises a mechanism that delays or prevents s#gecof an order at prices differing
significantly from the prices prevailing when theler was initially received.

EXEMPLARY ELECTRONIC TRADING SYSTEM

[0027] In the illustrated embodiment, the ETS 105 includesrder book 111, an order
manager 112, an execution manager 113, and a irgpareinager 114. The order book 111 may
comprise a data storage module that stores ordeesved from the agency broker systems 100
the market maker systems 102, and/or the propyietader systems 103. The orders may be
stored in records that specify the ordered findno&rument, the order price, the identity of the
ordering party, the order’s cancellation conditioie order placement time, the order quantity,
and/or any other pertinent or desired informatioAn order’'s cancellation conditions may
indicate when an order is to be removed from theharge (e.g., at a specific time, when a
particular market conditions occurs, if the ordepartially filled, only if the order is canceled,
etc.). Some of this information may be omittedhirorder records (e.g., market orders may omit
an order price). The ETS 105 may provide infororatirom the order book 111 to the agency
broker systems 100, the market maker systems 1@?ratihe proprietary trader systems 103 on
request. This information may be used to deterrfieeprice of various financial instruments in
the current market. Some information from the oio@ok 111 may be withheld from agency
brokers, market makers and/or traders (e.g., thatiy of an ordering party may be withheld).
[0028] The order manager 112 may be configured to matghama sell orders in the
order book 111 against each other to create triorac These transactions may be matched
based on price priority, for example. Other fagt@uch as time priority (or any other factor(s)),
may be used secondary to price priority. For exemgauppose the order book 111 has three
limit orders to sell shares of ACME Company. Oméeo is from broker X, to sell 10 shares of
ACME Company at a price of at least $50 per shawgived on January 1st. Another order is
from broker Y, to sell 15 shares of ACME Companyaaprice of at least $50, received on
January 2. The final order is from broker Z, to sell 5 stmof ACME Company at a price of at
least $40, received on Januar§. 3Further suppose the order book 111 receiveswalineit

order from agency broker W to buy 25 shares of ACBAEnpany at a price of at most $55. The

EAST\87331442.1 7



order manager 112 may match the 5 shares of b#@&esell order against broker W’s buy order
first because broker Z offers the best sellingegridNext the 10 shares of broker X's sell order
may be executed against broker W’'s buy order bechtsker X's sell order was received prior
to broker Y’s sell order. Finally the remainder lmbbker W’s buy order (5 shares) may be
executed against a portion of broker Y’s sell orddptably, any desired factor may be used as a
primary priority factor and any other factor mayused as a secondary priority factor.

[0029] The order manager 112 may be configured to matdersrstored in the order
book 111 until no more transactions can be comgleM/hen the possible order matches have
been exhausted, the lowest priced sell order fgivan financial instrument may be priced
higher than the highest priced buy order. Theseanmging orders may be referred to as non-
marketable orders because they will not likely exeat prevailing prices. In some instances,
the execution manager 113 may block execution dersr even though the orders’ pricing
criteria are met. As new orders are received bByERS 105, the order manager 112 may attempt
to match them against existing orders in the obdek 111. Those orders that can be matched at
prevailing prices may be referred to as marketalders. Orders that cannot be matched against
an existing order may be referred to as non-mabketarders and may be stored in the order
book 111 until they are marketable. The ETS 10y meecute received market orders against
the current highest-priced buy order or lowestguticsell order stored in the order book 111,
subject to collar restrictions that may by enforbgdhe execution manager 113.

[0030] The execution manager 113 may be configured toreafieegulations and policies
of the ETS 105 over the operation of the order gand12. The execution manager 113 may
ensure that the ETS 105 does not execute ordemrse prices than those reported by the
NBBO database 120. The execution manager 113 nsayemforce a collar on marketable
orders. The collar prevents execution of orderprates worse than a collar price, which is
based on prevailing prices. In one embodimentctilar restricts execution to orders having a
price better than a collar price. The collar priroay shift over time and/or in response to
execution or routing of certain orders. The coflace may be based, in part, on prices reported
by the NBBO database 120, local BBO prices, andéoently executed transaction prices.
Additionally, the execution manager 113 may enfais& management measures designed to

spot erroneous or inadvertent trades.
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[0031] The reporting manager 114 may be configured tostréininformation about the
ETS 105 to market participants 100-103 and the NEBB@base 120. Transmitted information
may include characteristics of executed orders.,(p@sting prices, quantity exchanged, etc.),
characteristics of orders in the order book 111/@ndther information. Transmitted
information may omit some orders in accordance witichange policies; for example, stop
market orders that have not reached an activatime phnay be omitted. The reporting manager
114 may transmit risk management information sush(waithout limitation) parameters of
policies enforced by the execution manager 113,(edlar parameters). Market participant
systems 100-103 may display received informatiorih@ir ETS interfaces 110. The reporting
manager 114 may report the prices of the lowesegrsell order and highest priced buy order to
the NBBO Database 120. The reporting manager 132¢ mclude a web server, or an
application programming interface (API) for comnuating through the network 104.
EXEMPLARY COMPUTER SYSTEM

[0032] The customer system 101, the agency broker sys@®n the market maker
system 102, the PT system 103, and the ETS 105 bmaynplemented using one or more
computers. FIG. 2 is a high-level block diagratusirating an example computer 200. The
computer 200 may optionally include at least oraessor 202 coupled to one or more chipsets
204. The chipset 204 may include a memory comirdiiub 220 and an input/output (1/O)
controller hub 222. A memory 206 and a graphicgpser 212 may be coupled to the memory
controller hub 220, and a display 218 may be calpbethe graphics adapter 212. A storage
device 208, keyboard 210, pointing device 214, aativork adapter 216 may optionally be
coupled to the 1/O controller hub 222. Other emivauhts of the computer 200 have different
architectures including more, alternative and/ardecomponents.

[0033] The storage device 208 may comprise a non-tragstimmputer-readable storage
medium such as a hard drive, compact disk read+oeiynory (CD-ROM), DVD and/or a solid-
state memory device. The memory 206 may holdunstms and data used by the processor
202. The processor 202 may include one or moregssmrs 202 having one or more cores that
execute instructions. The pointing device 214 m@yprise a mouse, track ball or other type of
pointing device, and may be adapted for use in comtlon with the keyboard 210 (or other
input device(s)) to input data into the compute0.20The graphics adapter 212 may be
configured to display images and other informabarthe display 218. The network adapter 216
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in this embodiment couples the computer 200 to @anmore wired and/or wireless computer
networks.

[0034] The computer 200 may be adapted to execute compubgram modules for
providing functionality described herein. As ugegiein, the term “module” refers to computer
program logic used to provide the specified funwidy. Thus, a module can be implemented
in hardware, firmware, and/or software. In one edilment, program modules such as the order
manager 112, execution manager 113, and reportiagager 114 are stored on the storage
device 208, loaded into the memory 206, and exddwehe processor 202.

[0035] The types of computers 200 that may be used byehassticipants and the ETS
105 of FIG. 1 can vary depending upon the embodiraad the processing power required by
the entity. For example, the ETS 105 might congpnmiltiple blade servers working together to
provide the functionality described herein. Thenpaters 200 may contain duplicates of some
components or may lack some of the components ibedcabove (e.g., a keyboard 210, a
graphics adapter 212, a pointing device 214, dajspl8, etc.). For example, the ETS 105 can
run in a single computer 200 or multiple compu®8 communicating with each other through
one or more wired and/or wireless networks sudh asserver farm.

EXEMPLARY EXECUTION MANAGER

[0036] FIG. 3 illustrates a block diagram of an examplecexion manager 113 for
implementing a collar, consistent with one emboditnel his exemplary execution manager 113
comprises a computer program module, as definedealamd it includes a collar manager 310, a
best bid/offer (BBO) router 320, a collar timer 320posting price module 340 and a collar
parameter store 350. The execution manager 113mokyle alternate or additional modules to
those described (e.g., an errant trade detectiodul®pa trade busting module, etc.). In an
alternate embodiment, the functions of the modules/ be combined or separated among
modules of a different configuration. Alternateb®mdiments may omit and/or add at least one
function or feature implemented in the describeth@iments.

[0037] The collar manager 310 may be configured to enftdreecollar on execution of
marketable orders. As noted above, the collar m@yconfigured to prevent execution of
marketable orders at worse prices than a collaeprirhis collar price may be determined from
an order’s posting price modified by a collar rangéue (CRV). In one embodiment, the collar

price may be more aggressive than the order’s mpgirice by the CRV. Aggressive, in this
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context, refers to a worse price than the postigep For example, a buy marketable order has
a collar price equal to the CRV added to the pgsgirice, and a sell marketable order has a
collar price equal to the CRV subtracted from tlstmg price. The collar manager 310 may
use the posting price module 340 to determine th&ali posting price of the order.
Subsequently, the collar manager 310 may move ¢iséing price in response to 1) an order
execution against the marketable order, 2) a mggeeasive same-side BBO, and 3) expiration
of the collar timer 330. Whenever the posting @ncoves, the collar manager 310 moves the
collar price to maintain a difference between thstimg price and the collar price equal to the
CRV.

[0038] When the ETS 105 executes a trade against the tabh&eorder, the posting
price may adjust to the price at which the tradeceted. These trades can execute at better
prices (for a marketable order) than the collaceari The trade may execute due to a received
order that is marketable at prices better thanctiiar price. Alternately or additionally, the
trade may execute due to a non-marketable orden ttee order book 111 that has become
marketable (at a price better than the collar priltes to a collar price move. For example, if the
posting price is $3.50 and the CRV is $0.40, ttencollar price for an outstanding market order
to buy 100 instruments is $3.90. If a limit ordersell 30 at $3.70 or above is received, then the
posting price on the remaining 70 instruments m itarket order may move to $3.70, and the
collar price moves to $4.10. If the received limitder to sell 30 specified a limit of $3.30, the
trade would execute at $3.50 and the posting pvandd remain unchanged.

[0039] In one embodiment, the collar manager 310 ignoeesin classes of marketable
orders when moving the posting price and/or cgilace. For example, the collar manager 310
may move the posting price to match executionsnagdimit orders but ignore executions
against received market orders. Example limit iraeay include limit orders from an agency
broker system 100 or a PT system 103 as well asdirders on either side from a market maker
system 102. Example market orders that may notentbg posting price or collar price may
include a market order received from a market pigdint, routed from another exchange,
rejected from routing to another exchange, andttvated by conversion of a stop order.

[0040] The BBO router 320 may be configured to monitor N@BO and away BBOs
reported by an NBBO database 120. When the NBB&h@away BBO gives a better price than
the local BBO, the ETS 105 may route all or paraaharketable order to another exchange if

EAST\87331442.1 11



the away price is better than the collar price.utR@ an order may trigger the collar manager
310 to move the posting price and collar priceeftect the price of the executed order.

[0041] When the NBBO database 120 reports a BBO pricehensime side of a
marketable order, the posting price may adjust &achhthe more aggressive same side BBO.
For example, suppose a market order to sell 108esHaas a posting price of $3.50, and the
NBBO is $3.00-$3.50. If the CRV is $0.40, then twdlar price is $3.10, so the sell order
cannot execute against the national best bid &0$3If the NBBO subsequently updates to
$3.00- $3.40, then the posting price and collacepupdate to $3.40 and $3.00, respectively.
Since the national best bid is better than or etudhe collar price, the market order can sell
against the national best bid at $3.00.

[0042] Expiration of the collar timer 330 may also move thosting price and the collar
price to more aggressive prices. The collar ti®380 may tick when a marketable order is
suspended because no opposite side trades aratdwaal prices better than the collar price.
When the collar timer 330 exceeds a collar timeghold, the collar timer 330 may inform the
collar manager 310 and reset. The collar timer 33§ track the number of timer expirations
that have occurred since a marketable order hassespended due to the collar.

[0043] If the collar timer 330 exceeds the collar timee#iirold, the collar manager 310
may move to the posting price and the collar paiceording to a collar move parameter (CMP).
For example, suppose a market order to buy 106 @dsk2.50 with a CRV of $0.40 for a collar
price of $2.90. If there are no orders better ttencollar price, the collar timer 330 runs. hét
collar timer 330 exceeds the collar time threshitén the posting price and collar price may
move to a more aggressive price range. If the G3M$0.30, then the example market order’s
posting price moves to $2.80 and the collar pricves to $3.20. Next, suppose that the ETS
105 receives a limit order to sell 50 at $3.00tw\ee, which executes against the market order to
buy because it is a better price for the markeewotdan the collar price. This leaves a market
order to buy 50 and the posting price moves toGBdrause of the executed trade.

[0044] In one embodiment, the collar manager 310 may edoe CMP whenever the
collar timer 330 expires. The decrease may beméted from the CMP and a timer expiration
limit. For example, if the initial CMP is $1.00athe timer expiration limit is 5, then the CMP
may decrease by $0.20 when the collar timer 33@exp Further suppose there is an imbalance

due to a large market order on the sell side,nhli posting price is $16.00, the CRV is $1.00,
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no new orders are received, and the order boolasmnlimit orders on the buy side bidding less
than $13.00. Because no orders will execute, diardimer 330 will run, expire, and reset until
it reaches the timer expiration limit. The coltaice and posting price in this example will move
to $14.20 and $15.20, respectively, on the firgtition, $13.60 and $14.60 on the second
expiration, $13.20 and $14.20 on the third expirgtiand $13.00 and $14.00 on the fourth
expiration. On the fifth expiration, the price leoslrange will not move and the balance of the
order is canceled.

[0045] The posting price module 340 may be configuredeti@minine the initial posting
price of a received marketable order. In one enmbedt, the posting price module 340 first
determines if the market is wide in the relevamtaficial product. For purposes of this
disclosure, a market is wide if the NBBO databa2e teports an NBBO width greater than a
legal collar width parameter. For example, if tegal collar width is $0.40 and the NBBO is
$3.00-$3.20, then the NBBO width is $0.20 and ttaeket is not wide. In one embodiment, the
reporting manager 114 communicates the initialipggtrice of the received marketable order to
market participants 100-103.

[0046] If the market is wide, then the posting price maytlle same side of the NBBO
modified to be more aggressive by a first postiagameter. For example, suppose a market
order is received to sell, the first posting pareene $0.80, and the NBBO is $2.00-$3.40. The
posting price may be $2.60, or $0.80 less tharathest offer.

[0047] If the market is not wide, then the posting pricaynbe the least aggressive of 1)
the opposite side of the NBBO, and 2) the same efdéhe NBBO modified to be more
aggressive by the first posting parameter. Fomge, suppose a market order is received to
buy, the first posting parameter is $0.40, andNIBBO is $3.00-$3.20. The posting price is
$3.20, which is the less aggressive of (1) $3.20chvis the opposite side NBBO, and (2) $3.40,
which is $0.40 more than the same side NBBO.

[0048] The collar parameter store 350 may be configuredaiatain and store collar
parameters, which may include (without limit) th&\Z, the CMP, the legal collar width, the
first posting parameter, the collar time threshdlde timer expiration limit and/or other
parameters. The collar manager 310 may accesstiiad the CRV, CMP, and timer expiration
limit (as well as other parameters). The collaneti 330 may use (without limit) the timer

expiration threshold. The posting price module 348y use (without limit) the legal collar
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width and the first posting parameter. In one ediinent, the CRV, CMP, the legal collar width
and the first posting parameter may vary basecdenrttial price. For example, if the price is
below $2.00, the CRV may be $0.25, but if the piscat least $2.00 and no greater than $5, then
the CRV may be $0.40. In one embodiment, the pggirice module 340 may use different first
posting parameters depending on whether the masketide or not (e.g., a second posting
parameter). A collar parameter may be specifia fmancial instrument or a group of financial
instruments, or a collar parameter may generalixelthe same value for the different financial
products on the exchange.

EXAMPLARY TRADE EXECUTION

[0049] FIG. 4 illustrates an example flow chart 400 forexting trades with collar
protection, consistent with one embodiment. Asst §tep, an ETS (e.g., ETS 105) may receive
410 at least one marketable order and at least rmremarketable order from market
participants. The marketable order may specifyeast a side, a quantity and a financial
instrument. Marketable orders may include one orarof a market order, marketable limit
order, activated stop market order that has coeseid a market order, and marketable order
routed to an ETS. The non-marketable orders magifgpat least a side, a quantity, a financial
instrument and a limit price. These non-marketabtiers may include non-marketable limit
orders, marketable limit orders that were partiéillgd and have become non-marketable due to
price changes, and non-marketable limit orders lilage been rejected back to the ETS from a
routing. Next, at step 415, an order manager,(erger manager 112) may match at least a
portion of the quantity specified by the marketatnléder to a non-marketable order based on the
prices of the non-marketable order. This matciniay occur at a match price.

[0050] A posting price module (e.g., posting price modsd®) then determines 420 a
posting price based on at least one of a priceretantly executed order, a best bid price and a
best offer price. These prices may be determiryeginborder manager or from an order book, or
the prices may be received from an away exchange &BBO database. In one embodiment,
the posting price module may modify one of theseegrby the first posting parameter. A collar
manager (e.g., collar manager 310) may determifetide collar price based on at least one of
the best bid price and the best office price. e embodiment, the collar price may be based on
modifying the posting price by the CRV. The exemutmanager may halt or suspend 440
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executions of trades outside the collar. Thisudek trades at prices worse than the collar price,
from the perspective of the marketable order.

[0051] Responsive to the match price being worse thardétermined collar price, the
collar manager may initiate 450 a collar timer (eagllar timer 330). In one embodiment, the
collar timer may be halted while trades execute. ah alternate embodiment, the execution
manager may reset the collar timer whenever a eadeutes. If the collar timer exceeds a time
threshold, the collar timer may notify the collaamager. The collar manager may modify 460
the collar price and/or the posting price basedhenCMP. Modifying the collar price may
comprise moving the collar price towards the maidbe by the CMP. In one embodiment, the
collar timer may count the number of timer expoas 465, and the collar manager may modify
470 the CMP based on the number of timer expiratioWhen the collar timer expires, the collar
timer may reset and resume. In one embodimengxbeution manager may determine 475 that
the counted timer expirations have exceeded thertiexpiration limit. Responsive to this
determination 475, the execution manager may ca8ht least the outstanding portion of the
order. For example, orders designated as fillibmkay be canceled in their entirety even if a
portion would have executed.

[0052] In one embodiment, the collar manager may modigy ¢bllar price based on
receiving a new match from the order manager. ddilar manager may determine that this
received match price is better than the collarepfic the marketable order and allow the trade to
execute. The collar price may then be modifiecetdas the match price that was better than the
collar price. In one embodiment, the ETS receaway BBOs from an away exchange or away
ETS. A BBO router (e.g., BBO router 320) may detee that the away BBO prices are better
for the marketable order than prices of the nonketable orders in the order book. In response,
the BBO router may route at least a portion of terketable order to the away exchange or
away ETS, and the collar manager may modify thiacptice based on the away BBO prices.
[0053] The described embodiments discuss an implementatiah determines the
posting price, collar price, and/or CMP by modifyinradding, and/or subtracting parameters
from other quantities in an ETS. Modifying may lude operations such as one or more of
multiplication, division, percentages, exponentiati differentiation, integration, or any non-
linear functions. Alternate embodiments may modlifgse quantities or other collar parameters

using random or pseudo-random numbers without tiagdrom the disclosed subject matter.
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[0054] Some portions of above description describe the ogiinfients in terms of
algorithms and symbolic representations of opemation information. These algorithmic
descriptions and representations are commonly bgetose skilled in the data processing arts
to convey the substance of their work effectivayothers skilled in the art. These operations,
while described functionally, computationally, ogically, are understood to be implemented by
computer programs or equivalent electrical cirguiticrocode, or the like. Furthermore, it has
also proven convenient at times, to refer to tle@sngements of operations as modules, without
loss of generality. The described operations &ett aissociated modules may be embodied in
software, firmware, hardware, or any combinatidres¢of.

[0055] As used herein any reference to “one embodimentanrembodiment” means
that a particular element, feature, structure, laracteristic described in connection with the
embodiment is included in at least one embodimenite appearances of the phrase “in one
embodiment” in various places in the specificatéwo not necessarily all referring to the same
embodiment.

[0056] Some embodiments may be described using the eigmeSsoupled” and
“connected” along with their derivatives. It shoube understood that these terms are not
intended as synonyms for each other. For examsplag embodiments may be described using
the term “connected” to indicate that two or mokeneents arc in direct physical or electrical
contact with each other. In another example, sembodiments may be described using the
term “coupled” to indicate that two or more elenseate in direct physical or electrical contact.
The term “coupled,” however, may also mean that twmore elements are not in direct contact
with each other, but yet still co-operate or intéraith each other. The embodiments are not
limited in this context.

including,”

[T}

[0057] As used herein, the terms “comprises,” “comprisirfgcludes,
“has,” “having” or any other variation thereof, argended to cover a non-exclusive inclusion.
For example, a process, method, article, or apparthiat comprises a list of elements is not
necessarily limited to only those elements but malude other elements not expressly listed or
inherent to such process, method, article, or atpsr Further, unless expressly stated to the
contrary, “or” refers to an inclusive or and notato exclusive or. For example, a condition A or
B is satisfied by any one of the following: A isiér(or present) and B is false (or not present), A

is false (or not present) and B is true (or présemd both A and B are true (or present).
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[0058] In addition, use of the “a” or “an” are employed describe elements and
components of the embodiments herein. This is doaeely for convenience and to give a
general sense of the embodiments. This descriptionld be read to include one or at least one
and the singular also includes the plural unlessabvious that it is meant otherwise.

[0059] Additional alternative structural and functionaktgms may be implemented for a
system and a process for a limited movement pitlarc Thus, while particular embodiments
and applications have been illustrated and destritbds to be understood that the disclosed
embodiments are not limited to the precise constmcand components disclosed herein.
Various modifications, changes and variations maynade in the arrangement, operation and
details of the method and apparatus disclosedrerngout departing from the spirit and scope

defined in the appended claims.
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CLAIMS

A computer-implemented method for executing tramesprising:

receiving, by an electronic trading system, a niatkde order and a plurality of non-
marketable orders, the marketable and non-marletadolers each specifying at
least one financial instrument, a quantity andde,sthe non-marketable orders
further specifying respective prices,

said electronic trading system comprising one orenummputers comprising computer-
readable instructions stored on a non-transitorynmder readable storage
medium and executed by at least one processor;

determining, by the electronic trading system, l&acprice based on at least one of a best
bid price, a best offer price and a recently exegttansaction price;

matching, by the electronic trading system, attlegsortion of the marketable order to a
non-marketable order of the plurality of non-maskde orders based on the
prices of the non-marketable orders, the matchaogiiwing at a match price;

determining, by the electronic trading system, \Wwhethe match price is worse for the
marketable order than the determined collar price;

initiating, by the electronic trading system, adinif it is determined that the match price
is worse for the marketable order than the detezchoollar price; and

modifying, by the electronic trading system, thédlasoprice based on a collar move
parameter if the initiated timer has exceeded dgiszgmined time threshold.

The method of claim 1, wherein modifying the coftaice comprises:

counting, by the electronic trading system, a nunolbémer expirations having occurred
since the marketable order was received; and

reducing the collar move parameter based on thetedunumber of timer expirations.

The method of claim 2, further comprising:

determining, the electronic trading system, that¢bunted number of timer expirations
exceeds a timer expiration limit; and

canceling, by the electronic trading system, astl@gportion of the marketable order that

has not been matched to a non-marketable order.
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The method of claim 1, wherein modifying the coftaice comprises:

adjusting, by the electronic trading system, thikac@rice by the collar move parameter
towards the match price.

The method of claim 1, wherein determining theargfirice comprises:

establishing, the electronic trading system, aipgsprice based on at least one of the
recently executed order price, the best bid pnzkthe best offer price; and

determining, by the electronic trading system, ¢blar price as the posting price offset
by a collar range value towards the match price.

The method of claim 5, wherein establishing theipggrice comprises:

determining, by the electronic trading system, \Wwheta legal collar width parameter
exceeds a best bid-offer (BBO) difference betwden ldest bid price and best
offer price;

establishing, by the electronic trading system,pgbsting price as at least one of the best
bid price increased by a first posting price part@meand the best offer price
decreased by the first posting price parameteahgflegal collar width parameter
exceeds the BBO difference; and

establishing, by the electronic trading system,pgbsting price as at least one of the best
bid price, the best offer price, the best bid pilmereased by a second posting
price parameter and the best offer price decrehgetthhe second posting price
parameter if the legal collar width parameter doatsexceed the BBO difference.

The method of claim 5, further comprising:

modifying, by the electronic trading system, thestpay price based on the recently
executed transaction price, the recently executeshsaction price being
associated with a marketable limit order.

The method of claim 1, further comprising:

receiving, by the electronic trading system, awd&(Bprices from an away electronic
trading system,;

determining, by the electronic trading system, ittt away BBO prices at the away
electronic trading system are better for the maithlet order than available prices
of the non-marketable orders;
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routing, by the electronic trading system, at leapbrtion of the marketable order to the
away electronic trading system; and
modifying the collar price based on the away BB({@gs.
9. The method of claim 1, wherein the marketable ommnprises an order executable
against at least one non-marketable order of thelly of non-marketable orders, and
wherein the marketable order comprises at leasbbaemarketable limit order, a market
order, an activated stop market order, a routedketale limit order and a routed market
order received by the electronic-trading system.
10. The method of claim 1, wherein the non-marketabtiexs each have limit prices and
sides that preclude matching any one of the norketalole orders against any other of
the non-marketable limit orders, and wherein the-marketable orders comprise one or
more of a non-marketable limit order and a marKetéimit order that has become non-
marketable.
11. A computer readable medium configured to storeruicsibns for executing trades, the
instructions executable by a processor and comgrisistructions to:
receive a marketable order and a plurality of narketable orders, the marketable and
non-marketable orders each specifying at least fomencial instrument, a
guantity and a side, the non-marketable ordershdurspecifying respective
prices;

determine a collar price based on at least onebafsa bid price, a best offer price and a
recently executed transaction price;

match at least a portion of the marketable order non-marketable order of the plurality
of non-marketable orders based on the prices ohtmemarketable orders, the
match occurring at a match price;

determine whether the match price is worse fomtlaeketable order than the determined
collar price;

initiate a timer if it is determined that the matafice is worse for the marketable order

than the determined collar price; and
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12.

13.

14.

15.

16.

modify the collar price based on a collar move puaater if the initiated timer has

exceeded a predetermined time threshold.

The computer readable medium of claim 11, whereeimnstructions for modifying the

collar price comprise instructions to:

count a number of timer expirations having occursagtte the marketable order was
received; and

reduce the collar move parameter based on the edumtmber of timer expirations.

The computer readable medium of claim 12, furtloengrising instructions to:

determine that the counted number of timer exgrstiexceeds a timer expiration limit;
and

cancel at least a portion of the marketable ortlat has not been matched to a non-
marketable order.

The computer readable medium of claim 11, whereeimnstructions for modifying the

collar price comprise instructions to:

adjust the collar price by the collar move parameterards the match price.

The computer readable medium of claim 11, wheteninstructions for determining the

collar price comprise instructions to:

establish a posting price that is based on at wastbof the recently executed order price,
the best bid price and the best offer price; and

determine the collar price as the posting priceaifby a collar range value towards the
match price.

The computer readable medium of claim 15, whefiegninstructions for establishing the

posting price comprise instructions to:

determine whether a legal collar width parameteeeds a BBO difference between the
best bid price and best offer price;

if the legal collar width parameter exceeds the BBirence, establish the posting price
as at least one of the best bid price increased fgt posting price parameter,
and the best offer price decreased by the firdiqgpgrice parameter; and

if the legal collar width parameter does not excdesl BBO difference, establish the

posting price as at least one of the best bid ptieebest offer price, the best bid
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17.

18.

19.

20.

21.

price increased by a second posting price paranaatdrthe best offer price
decreased by the second posting price parameter.

The computer readable medium of claim 15, furtloengrising instructions to:

modify the posting price based on a recently exatutansaction price, the recently
executed transaction price being associated witlaketable limit order.

The computer readable medium of claim 11, furtleengrising instructions to:

Receive away BBO prices from an away electroniditigesystem;

determine that the away BBO prices at the awaytreleic trading system are better for
the marketable order than available prices of tremarketable orders;

route at least a portion of the marketable ordéhécaway electronic trading system; and

modify the collar price based on the away BBO wice

The computer readable medium of claim 11, wheregnmarketable order comprises an

order executable against at least one non-marketafler of the plurality of non-

marketable orders, and the marketable order copgpdsleast one of a marketable limit

order, a market order, an activated stop marketgroadrouted marketable limit order and

a routed market order received by an electroniditigasystem.

The computer readable medium of claim 11, wherke non-marketable orders each

have limit prices and sides that preclude matclimg one of the non-marketable orders

against any other of the non-marketable limit ocsdend wherein the non-marketable

orders comprise one or more of a non-marketablie tirder and a marketable limit order

that has become non-marketable.

An electronic trading system comprising:

one or more computers comprising computer-readatgguctions stored on a non-

transitory computer readable storage medium anduéee by at least one processor,

said instructions, when executed, causing the omeooe computers to:

receive a marketable order and a plurality of narkatable orders, the marketable and
non-marketable orders each specifying at least fomencial instrument, a
guantity and a side, the non-marketable ordershdurspecifying respective
prices;

determine a collar price based on at least oneb&fsa bid price, a best offer price and a

recently executed transaction price;
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22.

23.

24.

25.

match at least a portion of the marketable order non-marketable order of the plurality
of non-marketable orders based on the prices ohtmemarketable orders, the
match occurring at a match price;

determine whether the match price is worse fomtlaeketable order than the determined
collar price;

initiate a timer if it is determined that the matafice is worse for the marketable order
than the determined collar price; and

modify the collar price based on a collar move puaater if the initiated timer has

exceeded a predetermined time threshold.

The electronic trading system of claim 21, furtikemprising instructions that, when

executed, cause the one or more computers to:

count a number of timer expirations having occursatte the marketable order was
received; and

reduce the collar move parameter based on the edumtmber of timer expirations.

The electronic trading system of claim 22, furtikemprising instructions that, when

executed, cause the one or more computers to:

determine that the counted number of timer exgratiexceeds a timer expiration limit;
and

cancel at least a portion of the marketable orbat has not been matched to a non-
marketable order.

The electronic trading system of claim 21, furtikemprising instructions that, when

executed, cause the one or more computers to:

adjust the collar price by the collar move parameeards the match price.

The electronic trading system of claim 21, furtikemprising instructions that, when

executed, cause the one or more computers to:

establish a posting price that is based on at wastbof the recently executed order price,
the best bid price and the best offer price; and

determine the collar price as the posting priceeifby a collar range value towards the

match price.
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26.

27.

28.

29.

30.

The electronic trading system of claim 25, furtikemprising instructions that, when

executed, cause the one or more computers to:

determine whether a legal collar width parameteeeds a BBO difference between the
best bid price and best offer price;

if the legal collar width parameter exceeds the BBiference, establish the posting price
as at least one of the best bid price increased gt posting price parameter,
and the best offer price decreased by the firdimppgrice parameter; and

if the legal collar width parameter does not excdesl BBO difference, establish the
posting price as at least one of the best bid ptiwebest offer price, the best bid
price increased by a second posting price paranaatdrthe best offer price
decreased by the second posting price parameter.

The electronic trading system of claim 25, furtieemprising instructions that, when

executed, cause the one or more computers to:

modify the posting price based on a recently exatutansaction price, the recently
executed transaction price being associated witlarketable limit order.

The electronic trading system of claim 21, furtikemprising instructions that, when

executed, cause the one or more computers to:

receive away BBO prices from an away electroniditrg system;

determine that the away BBO prices at the awaytreleic trading system are better for
the marketable order than available prices of thremarketable orders;

route at least a portion of the marketable ordéhécaway electronic trading system; and

modify the collar price based on the away BBO wice

The electronic trading system of claim 21, wherii@ marketable order comprises an

order executable against at least one non-marletafdler of the plurality of non-

marketable orders, and the marketable order coegastleast one of a marketable limit

order, a market order, an activated stop markegroedrouted marketable limit order and

a routed market order received by said electroniting system.

The electronic trading system of claim 21, wheitbie non-marketable orders each have

limit prices and sides that preclude matching ang of the non-marketable orders

against any other of the non-marketable limit ocsdend wherein the non-marketable
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orders comprise one or more of a non-marketabl¢ tirder and a marketable limit order

that has become non-marketable.
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