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SYSTEMS AND METHODS FOR PROCESSING
FULL OR PARTIALLY DISPLAYED DYNAMIC PEG ORDERS
IN AN ELECTRONIC TRADING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION
5 [0001] This application claims priority to U.S. Application No. 15/368, 010, filed
December 2, 2016, and entitled “Systems And Methods For Processing Full Or Partially
Displayed Dynamic Peg Orders In An Electronic Trading System,” the entirety of which is

incorporated in reference herein.
FIELD OF THE INVENTION

10 [0002] The present invention disclosed herein relates generally to apparatuses, methods,
and systems for electronic trading and/or auction. More particularly, the present invention
relates to apparatuses, methods and systems for order book management where a balance
can be achieved between availability of information and misuse of information and,
simultaneously, a balance can be achieved between aggressive trading and predatory

15 trading where the latest information may be available to only some but not all market

participants.
BACKGROUND OF THE INVENTION

[0003] In the prior, related applications, such as PCT International Application No.
PCT/US13/59558, Applicant disclosed various innovations related to electronic trading and

20 computer-implemented platforms/infrastructure to facilitate improvements in electronic
trading. One goal of such innovations is to reduce or deter predatory trading behavior so as

to maintain a fair marketplace for all participants big or small. In particular, it is one object
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of those innovations and the present invention to minimize or eliminate information leakage
and the use of the same in unfair trading strategies such as order book arbitrage or latency
arbitrage.

[0004] For example, as previously explained, in the U.S. there is no such thing as a
single national security exchange in a single location—instead, a number of security
exchanges exist and operate at different locations. Since numerous trades are executed at
some or all of these exchanges at any given moment and it takes time for market data
updates to propagate among the exchanges, the order books of all the exchanges cannot be
perfectly synchronized and updated at all times. High-speed traders can take advantage of
quote instabilities, when momentary discrepancies exist among order books of different
exchanges for the same security, to conduct trades at stale price points and therefore reap
benefits to the disadvantage of other market participants. Furthermore, these momentary
discrepancies can be anticipated before they actually occur by, for example, receiving and
processing real-time low-latency market data feeds that permit a high-speed market
participant to understand developing conditions that typically precede, or are characteristic,
of quote instability.

[0005] For another example, the conventional approaches by which order books are
managed could also lead to information leakage. High-speed traders can use a number of

tactics such as small orders or non-firm orders (e.g., “indications of interest,” “discretionary

2 <. 2 ¢,

orders,” “negotiable orders,” “non-firm quotations,” or “immediate-or-cancel orders™) to
probe the order books of the exchanges. Once a trade confirmation or other feedback from
an exchange indicates the existence of a large, hidden or non-displayed order, the high-

speed traders could place additional trades to take advantage of such order.
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[0006] As one technique for protecting a trading party from predatory trading strategies

employed by some market participants, especially during certain periods when quotes for a
particular security are experiencing rapid changes or transitions, Applicant’s co-owned U.S.
Patent Application No. 14/799,975, published as U.S. Patent Application Publication No.
2016/0055581A1 (the 581 publication) entitled “Dynamic Peg Orders in an Electronic
Trading System,” filed on July 15, 2015, describes embodiments that facilitate and support
anew type of trading orders called dynamic peg orders (DPOs) whose booking and
execution behaviors can be dynamically varied in response to environmental market

conditions.

[0007] Pursuant to certain predefined rules, the DPOs may be allowed to trade at more

aggressive price levels if the market is relatively stable, and the DPOs can only trade at less
aggressive price levels when the market is determined to be unstable. Environmental
market conditions, such as price movements at other trading venues, may be monitored and
used as a basis for varying and/or limiting price discretion for the qualified orders during
booking and/or execution. Because the actual price at which a DPO can trade typically
depends on the market conditions and may be determined only at the time of trading, the
DPOs are usually not displayed. As such, they contribute very little, if at all, to the

information available to the market participants.

[0008] Applicant’s co-owned U.S. Patent Application No. 14/322,996, published as

U.S. Patent Application Publication No. 2015/0073967A1 (the ‘967 publication) entitled
“Transmission Latency Leveling Apparatuses, Methods and Systems,” filed on July 3,
2014, describes some disadvantages of a market in which little or no information about
orders is available to the traders. The “°967 publication also describes, however, some

disadvantages of a market in which all orders are displayed, and describes an electronic
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trading system that can implement a semi-lit market. In a semi-lit market described in the
°976 publication, more or less information may be made available to a trader based on the
price and/or size of the trader’s order. This technique cannot be easily applied to a DPO,
however, because, as noted above, the actual price at which a DPO can trade typically
depends on the market conditions and may be determined only at the time of trading. Each
of the “581 publication and the ‘967 publication is incorporated herein by reference in its

entirety.

SUMMARY OF THE INVENTION

[0009] Various embodiments described herein facilitate exercising discretion in a

controlled manner while matching an order with a contra order. Specifically, discretion is
permitted if the time period during which an order and a contra order are matched is
determined to be a stable period, e.g., a period in which the prices are not fluctuating a rate
greater than a selected threshold rate. Otherwise, discretion is limited. Such control of the
exercise of discretion can compensate for discrepancies in information availability arising
from differences in network, hardware, and/or software processing times. As such, the
likelihood that a predatory trader would take undue advantage of discrepancy in
information availability where certain information is available to that particular trader but

not to other traders, can be minimized.

[0010] Various embodiments can also achieve a balance between sharing trading

information with all traders so that they can make informed decisions, and allowing traders
to make decisions independently, without being influenced or manipulated by other traders.
To this end, an order is divided into two portions — a displayed portion and a non-displayed
portion. Some information about the order is available from the displayed portion thereof,

but complete information about the order is not shared with all traders. Order matching is
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first attempted with the displayed portion and, if the matching is unsuccessful or is
incomplete with respect to the contra order, the matching may be performed with the non-
displayed portion. If the displayed portion or a part thereof is matched, the displayed
portion is replenished, so that a part of complete order information remains available to the
other traders. Unlike some other techniques, where information available to a trader
depends on the price and/or size of that trader’s order, partial information about various

orders is made available to all market participants in a controlled manner.

[0011] Accordingly, in one aspect a method is provided for operating a priority queue

within an electronic trading system. The method includes dividing a received dynamic peg
order (DPO) for an item of interest into a displayed DPO portion having a display size, and
areserved DPO portion. The received DPO can therefore be referred to as a fully or
partially displayed DPO. The DPO is fully displayed if the display size is equal to the order
size. If the display size is less than the order size, the received DPO is a partially displayed
DPO. In a queue that is maintained in memory, and has a displayed queue portion
prioritized over a non-displayed queue portion, the method includes entering: into the
displayed queue portion, the displayed DPO portion at a quoted price, and entering into the
non-displayed queue portion, the reserved DPO portion. The display size may be
customizable for the received DPO. The quoted price may include a specified price.
Altemnatively, or in addition, the method may include computing the quoted prices based

on, at least in part, a current national best price.

[0012] In some embodiments, each one of the displayed queue portion and the non-

displayed queue portion is individually prioritized by a price of the item of interest in an
order portion entered into the respective queue portion, and then by a time associated with

the order portion entered. In various embodiments, if the received DPO is a buy order, the
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quoted price is a current national best bid (NBB) price; otherwise, the received DPO is a
sell order and the quoted price is a current national best offer (NBO).

[0013] In some embodiments, the method further includes matching at least a part of
the displayed DPO portion, e.g., 60 units out of 150, where 150 is the display size, and lot
size is 100, with a received (or resting) contra order, e.g., of size 60. In addition, the
method may include determining that size of a remainder portion is less than a lot size, e.g.,
150 - 60 =90 < 100, and transferring a part of the reserved DPO portion, e.g., 60 units,
from the non-displayed queue portion into the displayed queue portion, forming a
replenished displayed DPO portion therein, where the size of the replenished displayed
portion does not exceed the display size. For example, a replenished displayed portion may
include the remainder of 90 units and 60 units transferred from the non-displayed, reserved
portion, so that the size of the displayed portion becomes 150 units, which is the display
size in the foregoing example.

[0014] In some embodiments, the matching is performed at the quoted price. The
method may include ascertaining, prior to performing the matching, that a size of the contra
order is at least equal to a minimum number of units to match, as specified in the received
DPO e.g., using a parameter defining the minimum number of units to match. In other
embodiments, the matching is performed at a match price selected by applying a DPO
matching rule. Applying the DPO matching rule may include determining by a processor
that current time is associated with a period of stability, and selecting the match price
within a range from a national best price through less aggressive of a limit associated with
the DPO and a midpoint of national best bid (NBB) and national best offer (NBO) prices.

[0015] If the received DPO is of type buy, the limit associated with the DPO can be a

specified number of minimum price variants (MPVs) (e.g., one, two, or more MPV5s) below
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the midpoint. Otherwise, the received DPO may be of type sell, and the limit associated
with the DPO is a specified number of MPV above the midpoint. If the received DPO is of
type buy, the less aggressive of the limit associated with the DPO and the midpoint can be
the lesser of the limit associated with the DPO and the midpoint. Otherwise, the received
DPO may be of type sell, and the less aggressive of the limit associated with the DPO and
the midpoint can be the greater of the limit associated with the DPO and the midpoint.

[0016] Applying the DPO matching rule may alternatively include determining by a
processor that current time is associated with a period of instability and, if the received
DPO is of type buy, a national best bid (NBB) price may be selected as the match price;
otherwise, the received DPO can be of type sell, and a national best offer (NBO) price may
be selected as the match price. The method may also include updating the quoted price
based on an updated current national best price.

[0017] In some embodiments, the method may include matching at least a part of the
reserved DPO portion with a received (or resting) contra order (e.g., of size 500) at a match
price selected by applying a DPO matching rule. For example, the reserved DPO portion
may include 900 units from an order of total size 1000, where display size is 100; of these
900 units, 500 are matched with the contra order. Applying the DPO matching rule may
include determining by a processor that current time is associated with a period of stability,
and selecting the match price within a range from a national best price through less
aggressive of a limit associated with the DPO and a midpoint of national best bid (NBB)
and national best offer (NBO) prices.

[0018] If the received DPO is of type buy, the limit associated with the DPO can be a
specified number of minimum price variant (MPV) (e.g., one, two, or more MPVs) below

the midpoint. Otherwise, the received DPO may be of type sell, and the limit associated
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with the DPO is a specified number of MPV above the midpoint. If the received DPO is of
type buy, the less aggressive of the limit associated with the DPO and the midpoint can be
the lesser of the limit associated with the DPO and the midpoint. Otherwise, the received
DPO may be of type sell, and the less aggressive of the limit associated with the DPO and
the midpoint can be the greater of the limit associated with the DPO and the midpoint.

[0019] Applying the DPO matching rule may alternatively include determining by a
processor that current time is associated with a period of instability and, if the received
DPO is of type buy, a national best bid (NBB) price may be selected as the match price;
otherwise, the received DPO may be of type sell, and a national best offer (NBO) price may
be selected as the match price. The method may include ascertaining, prior to performing
the matching step, that a size of the contra order is at least equal to a minimum number of
units to match, as specified in the received DPO.

[0020] In another aspect, a system is provided for operating a priority queue within an
electronic trading system. The system includes a first processor and a first memory in
electrical communication with the first processor. The first memory includes instructions
that can be executed by a processing unit including the first processor or a second
processor, or both. The processing unit may be in electronic communication with a
memory module that includes the first memory or a second memory or both. The
instructions in the first memory program the processing unit to divide a received dynamic
peg order (DPO) for an item of interest into a displayed DPO portion having a display size,
and a reserved DPO portion.

[0021] The instruction also configure a queue that is maintained in the memory module
to have a displayed queue portion prioritized over a non-displayed queue portion. In

addition, the instructions program the processing unit to enter into the displayed queue
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portion, the displayed DPO portion at a quoted price, and to enter into the non-displayed
queue portion, the reserved DPO portion. In various embodiments, the instructions can
program the processing unit to perform one or more of the method steps described above.

[0022] In another aspect, an article of manufacture is provided that includes a non-

5 transitory storage medium having stored therein instructions which, when executed by a
processing unit program the processing unit, which is in electronic communication with a
memory module, to facilitate operation of a priority queue within an electronic trading
system. The instructions program the processing unit to divide a received dynamic peg
order (DPO) for an item of interest into a displayed DPO portion having a display size, and

10 areserved DPO portion.

[0023] The instruction also configure a queue that is maintained in the memory module
to have a displayed queue portion prioritized over a non-displayed queue portion. In
addition, the instructions program the processing unit to enter into the displayed queue
portion, the displayed DPO portion at a quoted price, and to enter into the non-displayed

15 queue portion, the reserved DPO portion. In various embodiments, the instructions can

program the processing unit to perform one or more of the method steps described above.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Various embodiments of the present invention taught herein are illustrated by
way of example, and not by way of limitation, in the figures of the accompanying drawings,
20 in which:
[0025] FIGS. 1A-5B show hypothetical examples illustrating an exemplary order entry
and recheck methodology for dynamic peg orders according to embodiments of the present

invention;
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[0026] FIG. 6 is a flowchart illustrating an exemplary process and algorithm for
processing a DPO buy order according to an embodiment of the present invention;

[0027] FIG. 7 is a flowchart illustrating an exemplary process and algorithm for
processing a DPO sell order according to an embodiment of the present invention;

5 [0028] FIG. 8 schematically depicts an electronic trading platform implementing
dynamic peg orders according to one embodiment, and a typical operating environment of
such a platform;

[0029] FIGS. 9 and 10 depict two examples, each one illustrating operations associated
with dividing orders into displayed and non-displayed portions, recording those portions in
10 respective partitions of a memory structure, and processing those orders across the
partitions, according to various embodiments;
[0030] FIG. 11 is a flowchart illustrating an example process of dividing and matching
orders, according to various embodiments; and
[0031] FIG. 12 schematically depicts a memory structure facilitating division and

15 matching of orders, according to various embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[0032] To further improve the fairness and efficiency of an electronic trading system
(such as the TLL/POP facilitated trading platform previously disclosed in PCT International
Application No. PCT/US13/59558), embodiments of the present invention introduce a new
20 type of trading orders known as “dynamic peg orders™ or “discretionary peg orders™ (or
DPOs) and related order entry and execution mechanisms. Dynamic peg orders are
designed to change their processing and matching behavior in response to environmental
market conditions. During certain environmental market conditions (e.g., during a period

of quote stability), a DPO may be willing to trade at a more aggressive price; during other



10

15

20

WO 2018/102819 PCT/US2017/064522

11

environmental market conditions (e.g., during a period of quote instability), the DPO may
be willing to trade at a less aggressive price. The dynamically pegged (or booked) price
points for a DPO may help protect the party who submitted the order from predatory

trading strategies employed by some market participants.

[0033] According to some embodiments of the present invention, “dynamic peg orders”

(or DPOs) may be limit orders having a trader specified starting or preferred price, or limit
orders that are unpriced. The starting price of an unpriced limit order is automatically
determined by the electronic trading system to be equal to the “national best bid and offer
price” or NBBO (i.e., “national best bid” or NBB for buy orders, “national best offer” or
NBO for sell orders). In some cases, the starting price can be a function of the NBBO, e.g.,
a specified number (one, two, or more) of minimum price variants (MPVs) above or below
the NBB or NBO. In some embodiments, the DPO is split into a displayed portion and a
non-displayed portion, and the displayed portion is displayed at a quoted price, which can
be the starting price that is specified by the trader, or computed, as described above. The
limit can be specified by the trader as an actual value or as a function of the NBBO, such as
a midpoint of the NBBO, a specified number (one, two, or more) of MPV's above or below
the midpoint, NBB, or NBO. The price at which trading may occur is also determined by
the electronic trading system in a range from the trader-specified or the system-determined,
NBBO based starting price up (for a bid) or down (for an offer) to the order’s limit price,
which also may be specified by the trader or may be determined by the electronic trading

system, as described above.

[0034] Thus, the automatically determined price at which trading may occur can be, for

a BUY order: a pre-selected, trader-specified or trading-system-determined lower limit, the

mid-point of NBBO, or a pre-selected upper limit, which can also be trader-specified or
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determined by the trading system. For a SELL order, the trading can occur at a pre-
selected, trader-specified or trading-system-determined upper limit, the mid-point of
NBBO, or a pre-selected lower limit which can also be trader-specified or determined by
the trading system. For BUY orders the pre-selected lower limit can be the NBB, a price
that is a specified number of MPVs above or below the NBB, or another trader-specified
price, typically greater than the NBB but possibly less than the NBB. The specified upper
limit (i.e., the price up to which discretion could be exercised during a stable period) would
generally be less than or equal to the mid-point. If the upper limit is greater than the mid-
point, the mid-point may be applied as the upper limit. The upper limit can also be
specified as one, two, or more MPVs below the mid-point.

[0035] For SELL orders the pre-selected upper limit can be the NBO, a price that is a
specified number of MPV's below or above the NBO, or another trader-specified price,
typically less than the NBO but possibly greater than the NBO. The specified lower limit
(i.e., the price down to which discretion could be exercised during a stable period) would
generally be greater than or equal to the mid-point. The lower limit can be specified as one,
two, or more MPVs above the mid-point. According to certain implementations, a dynamic
peg order will execute up/down to the midpoint (or another predetermined price point)
against a contra-side order priced at the midpoint (or such other predetermined price point)
or better, during a period of “quote stability” as determined by the electronic trading
system. More generally, the electronic trading system may impose different booking or
execution restrictions on a DPO, for example, by allowing it to execute in a first price range
when quotes are unstable and allowing it to execute in a second, more aggressive price

range when quotes are stable. According to other embodiments, rather than labeling it as a
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new order type, the order book entries and trade executions of an exchange may be simply
implemented by an electronic trading system based on the above DPO methodology.

[0036] The IEX electronic trading system is an exemplary trading system in which the
DPOs and related operations may be implemented according to one embodiment of the
present invention.

Quote Stability

[0037] One example of “environmental market conditions™ is a period of “quote
stability” which refers to a time period when quotes are stable as the quotations for a
symbol or security across many venues are holding steady and not changing. Such a period
of “quote stability”” may be defined in a number of ways. The restriction related to “quote
stability —that is, requiring either order to be one entered and/or marketable (i.e., priced at
an immediately executable price) during a period of “quote stability ™—increases the chance
that DPOs are executed against contra-side orders at more aggressive prices only during
situations when the market is stable, or at less aggressive prices when the quote is not
stable, thereby reducing the chance of predatory trading strategies taking advantage of price
dislocations during quote instability among the exchanges.

[0038] According to one embodiment of the present invention, a period when a quote is
“unstable” may be defined as one where:

(# of near side venues) — 2 x (# of far side venues) >4

Here, for a particular security (e.g., Microsoft common stock MSFT), the “# of near side

venues” refers to the total number of markets or trading venues (e.g., the 11 stock exchanges)

each of which publishes a quotation on the near side of the DPO in question; “# of far side
venues” refers to the total number of markets or venues each of which publishes a quotation on

the far side of the DPO in question. The terms “near side” and “far side” are relative to the
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DPO in question where a far side quotation is on the contra-side of the DPO while the near side
quotation is on the same side of the DPO. For example, for a buy DPO, another bid is on its
near side at the NBB while an offer is on its far side at the NBO; for a sell DPO, another offer
is on its near side at the NBO while a bid is on its far side at the NBB. The pronounced
difference between the number of near side and far side quotations is an indication of quote
volatility and/or a quote transition underway.
[0039] According to another embodiment of the present invention, a period when a
quote is "unstable toward the bid" may be defined as one where
(# of NBO venues) — 2 * (# of NBB venues) > 4
Here, the “# of NBO venues” refers to the total number of markets or venues each of which
publishes the NBO quotation for the subject of the DPO in question; the “# of NBB venues”
refer to the total number of markets or venues each of which publishes the NBB quotation for
the subject of the DPO in question. It is noted that, while there are currently 12 NBBO venues,
any number of them from 1 to all 12 could have a quote at the NBBO, that is, at least one
quoting at the NBB and at least one quoting at the NBO (but not necessarily the same venue
quoting at both NBB and NBO simultaneously). According to an implementation of the
present invention, a DPO might trade less aggressively when the quote is leaning in one
specific direction (i.e. unstable while leaning in the direction of the order), or it might trade
differently when the quote is unstable in either direction.
[0040] It should be noted that the above formulae are exemplary methods of defining a
period of “quote instability” given the current number of quoting exchanges or venues.
Other methods or criteria of determining or detecting a period of “quote instability” (or

conversely, a period of “quote stability”) may also be used.
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[0041] In one embodiment of the present invention, a dynamic peg order is considered
“active” when it has just arrived at the exchange or during an order book recheck (such as
the recheck process implemented by IEX’s trading system). In both instances the DPO is
active when it is testing against contra-side orders resting in the order book. In one

5 embodiment of the present invention once the DPO is booked, it is considered “resting” and
may be eligible to execute with newly arrived or active contra-side orders or orders that are
testing against or being rechecked against the order book.

Active Dynamic Peg Behavior
[0042] During order entry of an active DPO, the electronic trading system may test
10 DPO against the order book (and execute the order) up to the order's limit or the midpoint,
whichever is less aggressive. If any shares remain, then the DPO may be booked at the
primary quote of the corresponding NBB (for a buy DPO) or NBO (for a sell DPO).

[0043] During an order book recheck, the DPO may be invited to execute up to the

midpoint or the DPO limit price (whichever is less aggressive) assuming it is not a period of
15 "quote instability."

Resting Dynamic Peg Behavior

[0044] According to embodiments of the present invention, a resting DPO can rest on
the primary quote of NBB (for buy DPO) or NBO (for sell DPO) up to the order's limit.
Resting DPOs may execute with active Limit, Market, Midpoint Pegged/Constrained orders
20 and DPOs down/up to the active buy/sell order's limit, assuming it is not a period of "quote
instability."
[0045] The hypothetical examples shown in FIGs. 1-5 illustrate the order entry and

recheck methodology for DPOs. In each of the tables shown in FIGs. 1-4, the first row
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under the header row shows the national best bid/offer as well as midpoint prices for a
hypothetical stock.
[0046] In Example 1A (shown in FIG. 1A), the NBB and NBO are 10 and 14 cents per
share respectively, and therefore the NBBO midpoint is 12 cents per share. A DPO to buy
5 shares at a limit price of 12 cents per share (same as NBBO midpoint) will be booked at
NBB (i.e., 10 cents per share), but this buy DPO will be willing to recheck up to its limit
price of 12 cents per share.
[0047] According to an alternative embodiment of the present invention, how the DPO
is booked may depend on the environmental market conditions. For example, during a
10 period of “quote stability,” the DPO to buy shares at a limit price of 12 cents per share may
be booked at the NBBO midpoint of 12 cents per share; during a period of “quote
instability,” this buy DPO may “back off™ to the NBB of 10 cents per share.
[0048] Similarly, with the same NBBO price points, a DPO to sell shares at a limit
price of 12 cents per share (same as NBBO midpoint) will be booked at NBO (i.e., 14 cents
15 per share), but this sell DPO will be willing to recheck down to its limit price of 12 cents
per share. This is illustrated in Example 1B (shown in FIG. 1B). According to an
alternative embodiment, during a period of “quote stability,” the DPO to sell shares at a
limit price of 12 cents per share may be booked at the NBBO midpoint of 12 cents per
share; during a period of “quote instability,” this sell DPO may “back off” to the NBO of 12
20 cents per share.
[0049] In Example 2 (shown in FIG. 2), the NBB and NBO are again 10 and 14 cents
per share respectively, and therefore the NBBO midpoint is 12 cents per share. A DPO to
buy shares at a limit price of 11 cents per share (less aggressive than NBBO midpoint) will

be booked at NBB (i.e., 10 cents per share), but this buy DPO will be willing to recheck up
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to its limit price of 11 cents per share. Similarly, a DPO to sell shares at a limit price of 13
cents per share (also less aggressive than NBBO midpoint) will be booked at NBO (i.e., 14
cents per share), but this sell DPO will be willing to recheck down to its limit price of 13

cents per share.

[0050] If, as shown in Example 2A (FIG. 2A), the NBO subsequently drops from 14 to

12 cents per share, causing the NBBO midpoint to drop from 12 to 11 cents per share, then
the sell DPO (at 13 cents) should be booked at its limit price of 13 cents per share and
willing to recheck to the same price point because it has now become less aggressive than
the NBO. The book entry and rechecking for the buy DPO (at 11 cents) remain the same.
The buy DPO book entry (at 10 cents per share) remains the same but will now be willing

to recheck up to 11 cents.

[0051] If, as shown in Example 2B (FIG. 2A), the NBB rises from 10 to 12 cents per

share, causing the NBBO midpoint to rises from 12 to 13 cents per share, then the buy DPO
(at 11 cents) should be booked at its limit price of 11 cents per share and willing to recheck
to the same price point because it has now become less aggressive than the NBB. The sell

DPO book entry (at 14 cents per share) remains the same but will now be willing to recheck

down to 13 cents.

[0052] In Example 3 (FIG. 3), the NBB and NBO are again 10 and 14 cents per share

respectively, and therefore the NBBO midpoint is 12 cents per share. A DPO to buy shares
at a limit price of 13 cents per share (more aggressive than NBBO midpoint) will be booked
at NBB (i.e., 10 cents per share), but this buy DPO will be permitted to recheck up to the

NBBO midpoint of 12 cents per share. Similarly, a DPO to sell shares at a limit price of 11

cents per share (also more aggressive than NBBO midpoint) will be booked at NBO (i.e.,
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14 cents per share), but this sell DPO will be permitted to recheck down to the NBBO
midpoint of 12 cents per share.

[0053] For comparison purpose, exemplary behavior of midpoint peg orders (MPOs)
are shown in Example 4 (FIG. 4) while the NBB and NBO are 10 and 14 cents per share
respectively and therefore the NBBO midpoint is 12 cents per share. MPOs are booked, and
executable at, the NBBO midpoint regardless of quote stability/instability.

[0054] Examples 5A and 5B (shown in FIGs. 5A-5B) illustrate another benefit of the
DPO methodology described above, namely the DPO rule which seeks to prevent execution
at more aggressive prices with orders entered or that became marketable during a period of
“quote instability.” As shown in Example SA (FIG. 5A), a hypothetical security is traded
on Markets 1-5 which all started with the NBB and NBO at 10 and 14 cents per share
respectively (therefore the NBBO midpoint is at 12 cents per share). If some of the markets
(Markets 1-3) experience a change in the NBO from 14 to 15 cents per share (commencing
a period of quote instability), the NBBO midpoint is anticipated to rise from 12 to 12.5
cents per share. Before the quotes on other markets (Markets 4 and 5) transition, predatory
strategies could race to those markets and successfully execute orders at the potentially
soon to be outdated midpoint of 12 cents per share. In contrast, the quote instability period
could be detected by the electronic trading system according to embodiments of the present
invention which could halt the execution of DPOs against orders at potentially soon to be
outdated midpoints (i.e. more aggressive prices) entered during the quote transition period,
thereby defeating a predatory strategy’s attempt at order book arbitrage. However, DPOs
may still be permitted to execute at less aggressive prices, for example at the NBB or NBO
during the period of quote instability.

Computer-Implementation
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[0055] The components used to implement embodiments of the present invention may

be or include a computer or multiple computers. The components may be described in the
general context of computer-executable instructions, such as program modules, being
executed by a computer. Generally, program modules include routines, programs, objects,
components, data structures, etc. that performs particular tasks or implement particular

abstract data types.

[0056] Those skilled in the art will appreciate that the invention may be practiced with

various computer system configurations, including hand-held wireless devices such as
mobile phones or PDAs, multiprocessor systems, microprocessor-based or programmable
consumer electronics, minicomputers, mainframe computers, and the like. The invention
may also be practiced in distributed computing environments where tasks are performed by
remote processing devices that are linked through a communications network. In a
distributed computing environment, program modules may be located in both local and

remote computer storage media including memory storage devices.

[0057] The computer system may include a general purpose computing device in the

form of a computer including a processing unit, a system memory, and a system bus that

couples various system components including the system memory to the processing unit.

[0058] Computers typically include a variety of computer readable media that can form

part of the system memory and be read by the processing unit. By way of example, and not
limitation, computer readable media may comprise computer storage media and
communication media. The system memory may include computer storage media in the
form of volatile and/or non-volatile memory such as read only memory (ROM) and random
access memory (RAM). A basic input/output system (BIOS), containing the basic routines

that help to transfer information between elements, such as during start-up, is typically
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stored in ROM. RAM typically contains data and/or program modules that are immediately
accessible to and/or presently being operated on by processing unit. The data or program
modules may include an operating system, application programs, other program modules,
and program data. The operating system may be or include a variety of operating systems
such as Microsoft Windows® operating system, the Unix operating system, the Linux
operating system, the Xenix operating system, the IBM AIX™ operating system, the
Hewlett Packard UX™ operating system, the Novell Netware™ operating system, the Sun
Microsystems Solaris™ operating system, the OS/2™ operating system, the BeOS™
operating system, the Macintosh™® operating system, the Apache™ operating system, an

OpenStep™ operating system or another operating system of platform.

[0059] At a minimum, the memory includes at least one set of instructions that is either

permanently or temporarily stored. The processor executes the instructions that are stored
in order to process data. The set of instructions may include various instructions that
perform a particular task or tasks, such as those shown in the appended flowcharts. Such a
set of instructions for performing a particular task may be characterized as a program,
software program, software, engine, module, component, mechanism, or tool. A plurality
of software processing modules may be stored in a memory as described above and
executed on a processor in the manner described herein. The program modules may be in
the form of any suitable programming language, which is converted to machine language or
object code to allow the processor or processors to read the instructions. That is, written
lines of programming code or source code, in a particular programming language, may be
converted to machine language using a compiler, assembler, or interpreter. The machine

language may be binary coded machine instructions specific to a particular computer.
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[0060] Any suitable programming language may be used in accordance with the various
embodiments of the invention. Illustratively, the programming language used may include
assembly language, Ada, APL, Basic, C, C++, COBOL, dBase, Forth, FORTRAN, Java,
Modula-2, Pascal, Prolog, REXX, and/or JavaScript for example. Further, it is not

5 necessary that a single type of instruction or programming language be utilized in
conjunction with the operation of the system and method of the invention. Rather, any
number of different programming languages may be utilized as is necessary or desirable.

[0061] Also, the instructions and/or data used in the practice of the invention may
utilize any compression or encryption technique or algorithm, as may be desired. An

10 encryption module might be used to encrypt data. Further, files or other data may be
decrypted using a suitable decryption module.

[0062] The computing environment may also include other removable/nonremovable,
volatile/non-volatile computer storage media. For example, a hard disk drive may read or
write to non-removable, non-volatile magnetic media. A magnetic disk drive may read

15 from or writes to a removable, non-volatile magnetic disk, and an optical disk drive may
read from or write to a removable, non-volatile optical disk such as a CD ROM or other
optical media. Other removable/non-removable, volatile/non-volatile computer storage
media that can be used in the exemplary operating environment include, but are not limited
to, magnetic tape cassettes, flash memory cards, digital versatile disks, digital video tape,

20 solid state RAM, solid state ROM, and the like. The storage media are typically connected
to the system bus through a removable or non-removable memory interface.

[0063] The processing unit that executes commands and instructions may be a general
purpose computer, but may utilize any of a wide variety of other technologies including a

special purpose computer, a microcomputer, mini-computer, mainframe computer,
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programmed micro-processor, micro-controller, peripheral integrated circuit element, a
CSIC (Customer Specific Integrated Circuit), ASIC (Application Specific Integrated
Circuit), a logic circuit, a digital signal processor, a programmable logic device such as an
FPGA (Field Programmable Gate Array), PLD (Programmable Logic Device), PLA
(Programmable Logic Array), RFID processor, smart chip, or any other device or
arrangement of devices that is capable of implementing the steps of the processes of the
invention.

[0064] It should be appreciated that the processors and/or memories of the computer
system need not be physically in the same location. Each of the processors and each of the
memories used by the computer system may be in geographically distinct locations and be
connected so as to communicate with each other in any suitable manner. Additionally, it is
appreciated that each of the processor and/or memory may be composed of different
physical pieces of equipment.

[0065] A user may enter commands and information into the computer through a user
interface that includes input devices such as a keyboard and pointing device, commonly
referred to as a mouse, trackball or touch pad. Other input devices may include a
microphone, joystick, game pad, satellite dish, scanner, voice recognition device, keyboard,
touch screen, toggle switch, pushbutton, or the like. These and other input devices are often
connected to the processing unit through a user input interface that is coupled to the system
bus, but may be connected by other interface and bus structures, such as a parallel port,
game port or a universal serial bus (USB).

[0066] One or more monitors or display devices may also be connected to the system
bus via an interface. In addition to display devices, computers may also include other

peripheral output devices, which may be connected through an output peripheral interface.
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The computers implementing the invention may operate in a networked environment using
logical connections to one or more remote computers, the remote computers typically
including many or all of the elements described above.

[0067] Various networks may be implemented in accordance with embodiments of the
invention, including a wired or wireless local area network (LAN) and a wide area network
(WAN), wireless personal area network (PAN) and other types of networks. When used in
a LAN networking environment, computers may be connected to the LAN through a
network interface or adapter. When used in a WAN networking environment, computers
typically include a modem or other communication mechanism. Modems may be internal
or external, and may be connected to the system bus via the user-input interface, or other
appropriate mechanism. Computers may be connected over the Internet, an Intranet,
Extranet, Ethernet, or any other system that provides communications. Some suitable
communications protocols may include TCP/IP, UDP, or OSI for example. For wireless
communications, communications protocols may include Bluetooth, Zigbee, IrDa or other
suitable protocol. Furthermore, components of the system may communicate through a
combination of wired or wireless paths.

[0068] Although many other internal components of the computer are not shown or
described here, those of ordinary skill in the art will appreciate that such components and
the interconnections are well known. Accordingly, additional details concerning the
internal construction of the computer need not be disclosed in connection with the present
invention.

[0069] In operation, a computer processor or the like in an electronic trading system

may be configured with a special set of program instructions to recognize a dynamic peg
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order (DPO) and automatically perform the order entry, order book recheck, and trade
execution functions consistent with the methodology described above.

[0070] More specifically, FIG. 8 shows a block diagram of an exemplary electronic
trading platform 100 implementing dynamic peg orders according to one embodiment and a
typical operating environment of such a platform.

[0071] The platform 100 allows various market participants to perform transactions
relating to one or more items of interest. In some embodiments, the item of interest may be
a security (e.g., a stock or a bond). In other embodiments, the item of interest may be an
event ticket, a ticket for a service, and/or an article for sale. While the description below
generally considers a security as the item of interest, this is only for the sake of
convenience. The techniques described herein are applicable to various different types of
items of interest identified above.

[0072] Typically for a security, at a particular instant of time the platform 100 has a
price associated with that security. That price may be stored in a memory module 102.
Events, such as trading events associated with the security, can occur at one or more venues
such as Exchange A (152), Exchange B (154), and Exchange C (156), which can be trading
exchanges, electronic communication networks (ECNs) registered as broker-dealers,
alternative trading systems (ATSs) approved by a regulatory agency such as the U.S.
Securities and Exchange Commission, private exchanges or forums for trading securities,
generally known as dark pools, and/or alternative display facilities (ADF). The number of
venues can be any number, e.g., 1,2, 5, 6, 11, 15, etc. One or more of the events can affect
the price of the security. Therefore, the platform 100 may receive data updates about such
events from the one or more sources 162, 164, 166 through a network 170 (e.g., the

Internet, a proprietary network, etc.), so that the platform can update the price of the
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security using the received event data. Data from different sources/venues may be received
through different networks and/or networks of different types. Typically, the events
continue to occur as time progresses and, hence, the event data may be received by the

platform 100, via a communication interface 104, on an on-going basis.

[0073] After price data for a security (an item of interest, in general) is received from a

source, that data is typically used to update a price of the security, such as in an order book
maintained by the platform 100. To this end, the communication interface may store the
price data in the memory module 102 and/or may forward that data to a price processor
106. In some embodiments, the price processor 106 can access the received data from the
memory module 102. In various embodiments, the price processor computes an updated
price for the security using the received price data, and may store the updated price in the

memory module 102,

[0074] In different embodiments, the price processors 106 may have different

architectures. For example, the price processor 106 may include a single processor or may
include several processors performing price-updating computations in sequence and/or in
parallel. One or more processors can be general purpose processors and/or specialized
processors such as math co-processors. In some embodiments, one or more processors may
include application specific integrated circuits (ASICs) and/or field programmable gate
arrays (FPGAs). The price processor 106 may be implemented using hardware processors
only, using hardware processors having embedded software, or using processors executing

software instructions accessed from memory.

[0075] The platform 100 may also include a communication interface 108 for trading

orders or transaction requests in general to be received from and/or routed to market

participants and/or other venues. An order processor 118 may process the incoming trading
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orders or transaction requests, for example, by screening and sorting them into different
order types. For instance, the order processor 118 may examine new orders to determine
whether their content and format meet certain requirements and whether they qualify as
dynamic peg orders or other types. With or without being processed by the order processor

118, the trading orders or transaction requests may be stored in a memory module 110.

[0076] In general, a matching engine 112, implemented using one or more processors

and/or software, matches a transaction request received from one participant with one or
more transaction requests that were previously received from one or more other
participants. Such previously received transaction requests may be called orders resting on
the order book or resting orders, and may be stored in the memory module 110. An order
resting on the order book may rely on the platform 100 to provide the up-to-date price of a
security and, as such, if an order based on the most up-to-date price is received from a high-
speed trader before the platform has computed the most up-to-date price, the matching
engine 112 may match the order using stale price information, giving the high-speed trader

an undue advantage.

[0077] To prevent matching a transaction request based on the latest security-related

information with a transaction request based on a stale price of the security, or to minimize
the risk of permitting such an unfair match, the platform 100 may employ an order delaying
module 114 that delays the transaction requests received by the communication interface
108 before they are forwarded to the matching engine 112 for matching. The forwarding
delay may be introduced using a buffer implemented in hardware and/or software. The
introduced forwarding delay is related to the communication delay and the processing delay

that is determined or obtained by the platform 100.
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[0078] By introducing this forwarding delay, the platform 100 can ensure, or at least

increase the likelihood, that the price processor 106 has determined the true, up-to-date
price of a security based on the latest information/data about the security, so that the
matching engine 112 has knowledge of the up-to-date price when it attempts to match
transaction requests. By delaying the requests, the platform 100 can make the up-to-date
price of securities (items of interest, in general) available to all participants prior to
matching their transaction requests, thereby reducing the likelihood that certain

participant(s) can take an undue advantage of other participants.

[0079] Furthermore, to implement dynamic peg orders in accordance with embodiments

described herein, a crumbling quote indicator module 116 may receive price data from
other exchanges via the communication interface 104 and determine, based on the price
data and a predetermined algorithm, whether a security is experiencing a period of quote
instability. The result of the determination, such as a CQI signal, may be fed from the
crumbling quote indicator module 116 to the matching engine 112 to vary the execution and
order-book rechecking behaviour of DPOs.

Exemplary Rules Governing Dyvnamic Peg Orders

[0080] According to a particular embodiment of the present invention, a dynamic peg

order or discretionary peg order may be defined and regulated in an electronic trading
system with a detailed set of rules. For example, it may be specified that, upon entry, a
DPO for a particular symbol or security is priced automatically by the trading system to be
equal to the less aggressive price point of a Midpoint Price or the DPO’s Limit Price (if
any). Any unexecuted shares of such order are posted to the Order Book, priced to be equal
to the primary quote or the order’s Limit Price, and is automatically adjusted by the trading

system in response to changes in the NBB (NBO) for buy (sell) orders up (down) to the
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order’s Limit Price (if any). In order to meet the Limit Price of Active Orders on the Order
Book, a DPO is allowed to exercise the least amount of price discretion necessary from the
DPO’s resting price on the NBBO to the less aggressive of the Midpoint Price or the DPO’s
Limit Price. While exercising price discretion, DPOs may be assigned a new timestamp at
the discretionary price such that the time priority of the DPOs at the discretionary price can
be determined with respect to other orders at that price point. After exercising price

discretion, the DPOs may maintain their priority at their resting price.

[0081] More specific requirements for a DPO may include:

(A) Must be a Pegged Order.

(B) Must have a “Time In Force” (TIF) of “Market Hours Day” (DAY), “Good Till
Time” (GTT), “Good Till Crossing” (GTX), System Hours (SYS) inclusive of pre-, post-,
and primary session trading, “Fill or Kill” (FOK) or “Immediate or Cancel” (I0C), as
described in Rule 11.190(c) of IEX Group’s “Investors’ Exchange Rule Book™ available on
the website of U.S. Securities and Exchange Commission (SEC).

(C) Must be IEX Only.

(D) May not be an Inter-market Sweep Order.

(E) May be submitted with a Limit Price or as an unpriced order.

(F) Are eligible to trade only during the Regular Market Session. As provided in Rule
11.190(a)(3)(D) of IEX Group’s “Investors’ Exchange Rule Book,” any Pegged Order,
which is marked DAY, submitted to the trading system before the opening of Regular
Market Session will be queued by the trading system until the start of Regular Market
Session; any Pegged Order, which is marked with a TIF other than DAY will be rejected

when submitted to the trading system during the Pre-Market Session. Any Pegged Order
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submitted into the trading system after the closing of Regular Market Session will be
rejected.

(G) May be a Minimum Quantity Order.

(H) May be an odd lot, round lot, or mixed lot.

() Eligible to be invited by the trading system to Recheck the Order Book to trade
against interest resting at the Midpoint Price as described in Rule 11.230(a)(1) of IEX
Group’s “Investors’ Exchange Rule Book.”

(J) Eligible to exercise price discretion up to the discretionary price, except during
periods of quote instability, as specified in paragraph (K) below.

(K) Quote stability is a measure of whether the exchange or market center believes the
NBB (NBO) for a particular security is in the process of changing as indicated by its
assessment of relative quoting activity of Protected Quotations at the current NBBO over a
period of time.

(1) Quote instability may be determined by the trading system based on the
following factors:

(a) The NBB and NBO are the same as the NBB and NBO one (1)
millisecond ago; and

(b) The NBBO spread must be less than or equal to the thirty (30) day
median NBBO spread during the Regular Market Session; and

(c) There are more Protected Quotations on the far side; i.e. more quotes
on the NBO than the NBB for buy orders, or more quotes on the NBB than
the NBO for sell orders; and

(d) The quote instability factor is greater than the quote instability

threshold, as defined below.
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(e) Quote Instability Coefficients. The exchange or market center

utilizes the Quote Instability Coefficients below:

Cp =-2.39515
C; =-0.76504
5 C,=0.07599
C; =0.38374
C4=0.14466

() Quote Instability Variables. The exchange or market center utilizes
the Quote Instability Variables defined below to calculate the current quote
10 instability factor.
N. Number of Protected Quotations on the near side of the
market, i.e. NBB for buy orders and NBO for sell orders.
F. Number of Protected Quotations on the far side of the
market, i.e. NBO for buy orders and NBB for sell orders.
15 N.i.  Number of Protected Quotations on the near side of the
market one (1) millisecond ago.
F.;.  Number of Protected Quotations on the far side of the
market one (1) millisecond ago.
(g) Quote Instability Threshold. The exchange or market center utilizes
20 a Quote Instability Threshold of 0.32.
(h) Quote Instability Factor. A proprietary method for calculating quote

instability as defined by the following formula:

1
1 + e—(CO+C1N+C2F+C3N_1+C4_F_1)
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(i1) If the trading system determines the NBB for a particular security to be
unstable in accordance with foregoing paragraph (i), it will trigger a crumbling
quote indicator (“CQI”) that restricts Buy DPOs in that security from exercising
price discretion to trade against interest above the NBB up to and including the

5 Midpoint Price. If the trading system determines the NBO for a particular security
to be unstable in accordance with foregoing paragraph (i), it will trigger a CQI that
restricts Sell DPOs in that security from exercising price discretion to trade against
interest below the NBO down to and including the Midpoint Price.

(iii) CQI will remain in effect at that price level for ten (10) milliseconds.

10 (iv) The trading system will only trigger a CQI on one side of the market at a
time in a particular security.

(v) The exchange or market center may modify the Quote Instability

Coefficients and Quote Instability Threshold from time to time.

Exemplary Processes/Algorithms for DPO Buy/Sell Orders

15 [0082] Referring to FIG. 6, there is shown a flowchart illustrating an exemplary process
and algorithm for processing a DPO buy order according to an embodiment of the present
invention.

[0083] In Step 602, anew DPO buy order may be received by an electronic trading
platform such as the one illustrated in FIG. 8. The new order may be a request to buy a

20 certain amount of a specified security (e.g., common stock) typically at a specified price
point (i.e., Limit Price). For example, the order may be a request to buy 500 shares of Intel
Corporation’s common stock (ticker INTC) at a Limit Price of $29 per share. The new
order may further specify an order type of “DPO” (“dynamic peg order” or “discretionary

peg order™) or simply requests price discretion based on environmental market conditions.
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[0084] In Step 604, the electronic trading platform (or its order processor or the like)
may determine whether the buy order meets the requirements of a DPO. For example, the
platform may parse the order parameters and automatically perform a compliance check
against preset DPO rules. Ifitis decided in Step 606 that the buy order does not qualify as

5 a DPO, then the DPO buy order may be rejected by the platform in Step 608.

[0085] If the buy order qualifies as a DPO, then the platform may attempt to execute the
DPO buy order in Step 610 against corresponding sell orders available on the order book.
The matching engine may try to execute the buy order, for as many shares as possible, at a
price point that is the lesser of the DPO Limit Price or the current Midpoint Price. If, after

10 this initial execution (Step 610), there are no unexecuted DPO shares remaining in Step
612, then the DPO buy order is recorded as filled and complete in Step 614. Any
remaining, unexecuted DPO shares may be booked in Step 616 at the NBB price point.

[0086] In Step 618, it may be determined whether the security of interest is in a period
of quote stability. This may be achieved by the trading platform monitoring the price

15 movements of the security on the order books of a number of venues or exchanges and
triggering a buy-side crumbling quote indicator (CQI) in Step 618a when the price data of
that security meet predefined conditions.

[0087] If the security price is experiencing instability among the venues or exchanges
(i.e., not in a period of quote stability), then the exercise of price discretion by the booked

20 DPO buy order may be limited in Step 620. For example, a buy-side CQI indicating
instabilities may remain in force for a predetermined period of time (e.g., a few
milliseconds), causing the restriction of price discretion to continue for the same period of

time.
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[0088] When it is confirmed that the security price is in a period of quote stability (e.g.,
in the absence of a triggered buy-side CQI), the DPO buy order may be executed in Step
622 up to the lesser of the DPO Limit Price or Midpoint Price. As aresult, the buy DPO is
allowed two modes of price discretion: in a first mode, the price discretion is limited since

5 the quotes are unstable or unsteady; in a second mode, the price discretion is less restricted
since the quotes are more stable.

[0089] FIG. 7 is a flowchart illustrating an exemplary process and algorithm for
processing a DPO sell order according to an embodiment of the present invention. The
process/algorithm shown in FIG. 7 is similar to the one shown in FIG. 6, except that the

10 parameter ranges are modified for the sell order in Steps 710 and 722.

[0090] With reference to FIG. 9, a Buy DPO with a limit of 11, size 1000 units, and
display size 100 units, is received at time t1. At time t1, the NBB is 10.00 and the NBO is
14.00, with a midpoint of 12.00. The received order is split into two parts — a displayed
portion and a non-displayed portion. In this example, the size of the portion to be displayed

15 is not based on the price or the total size of the order. Instead, the size of the portion to be
displayed is specified by the trader placing the order, using the parameter display size. The
parameter display size may be specified as a percentage of the order size or as a function of
the order size. In this example, at time t1, 100 units of the received order are displayed in
the displayed or lit portion and the remaining 900 units of the received order are allocated

20 to the non-displayed (also called reserved) portion.

[0091] The displayed portion of the received order is booked at the quoted price and, in
this example, the quoted price is the NBB, i.e., the displayed portion is displayed at the
price 10.00. The quoted price may be specified by the trader. Alternatively or in addition,

the quoted price may be computed using the NBB for Buy orders and NBO for Sell orders
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and, optionally, also using a trader specified parameter according to which the quoted price
1s determined to be one or more MPVs above or below the NBB/NBO, as described above.
The non-displayed portion of 900 units is a DPO with a limit of 11.00. In this example, the
limit is specified in the received DPO as an actual price of 11.00. In some cases, the limit
can be specified by the trader as a function of the NBBO, such as a midpoint of the NBBO,
a specified number (one, two, or more) of MPV's above or below the midpoint, NBB, or

NBO.

[0092] In various embodiments, the order book is prioritized such that the matching of a

contra order (a sell order in this case) would be done using the displayed portion first. In
some embodiments, the 100 displayed units can be traded at the NBB, i.e., at the price of
10.00. Thereafter, if more units of the contra order are outstanding, e.g., the size of the
contra order is 200 units, those outstanding 100 units may be matched with a corresponding

portion of the order allocated to the non-displayed portion.

[0093] In some embodiments, another parameter (referred to as min-quantity, for the

sake of convenience only) is specified in a received DPO. The trader transmitting the DPO
may provide a value of this parameter, which defines a minimum number of units that must
be traded while matching the fully or partially displayed DPO with a contra order. Thus, if
this parameter is specified, only those contra orders that have a size greater than or equal to
the specified minimum number of units may be traded from the displayed portion and/or

the reserved portion of the fully or partially displayed DPO.

[0094] Because the non-displayed portion of the received order is a DPO, during a time

period determined to be stable, units from the non-displayed portion of the received order
can be matched with the outstanding portion contra order at a price in the range from NBB

up to the specified limit, i.e., from 10.00 up to 11.00. During a time period determined to
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unstable, however, units from the non-displayed portion of the received order can be
matched with the outstanding portion contra order at the NBB price only, i.e., at 10.00 at
time t1. In some cases, even though the displayed portion is booked at the NBB (i.e., at
10.00 at time t1), the matching can be performed according to the DPO rules, as described

above.

[0095] In this example, a Sell order at a price 10.00, size 100 units is received at time t2

and, as described above, this order is matched with the displayed portion of the Buy order
that was received at time t1. The matched or traded 100 units from the displayed portion
are then replenished at time t2. Accordingly, the size of the non-displayed portion of the
Buy order is now decreased to 800 units. In some embodiments, the replenished displayed
portions of respective orders are updated and displayed at the latest national best prices, i.e.,
at the latest NBB for Buy orders and at the latest NBO for Sell orders. In the foregoing
example, the NBB changed from 10.00 at time t2 to 10.20 at time t3. Therefore, at time t3
the displayed portion displays a Buy order at the latest NBB price of 10.20, at the display

size of 100 units.

[0096] Had the NBB not changed at time t3, the displayed portion would have

displayed the Buy order at the latest NBB price, which would have remained at 10.00, at
the display size of 100 units. In some embodiments, the updated price of the displayed
portion is not allowed to be more aggressive than the limit specified in the received order.
For example, the Buy order received at time t1 has a limit of 11.00. If the NBB were to
change to 11.05 at time t3, the price of the displayed portion would be the specified limit,
1.e., 11.00 and not the more aggressive NBB price 11.05. Similarly, if a Sell order with a

limit of 13.50 is received at a time when the NBO is 14, and if the NBO changes to 13.20,
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the price of the displayed portion of the Sell order would be the specified limit, i.e., 13.50

and not the more aggressive NBO price 13.20.

[0097] At time t4, another contra order, i.e., a Sell order for 100 units at the price 10.20

is received, and is matched with the displayed portion. The displayed portion is then
replenished again, at the latest NBB of 10.20. Correspondingly, the size of the non-
displayed portion is decreased to 700 units. At time t5, yet another contra order, a Sell
order for 500 units at the price 10.50 is received. In some embodiments, this contra order is
not matched with the displayed portion because of the price mismatch. The price of the
new Sell order, however, is within the limit of the Buy DPO that was received at time t1.
Therefore, if this time period is determined to be a stable period, discretion may be
exercised with respect to the non-displayed portion. Specifically, at time t5, 500 units from

the non-displayed portion are matched with the Sell order at the price thereof (i.e., 10.50).

[0098] At time 16, the NBB changed from 10.20 to 11.20. Because the new NBB is

more aggressive than the specified limit of 11.00, in this example, the quoted price of the
displayed portion is not changed and remains at 10.20. In some embodiments, the quoted
price of the displayed portion is updated, but less aggressively, i.e., only up to the specified
limit for Buy orders if the specified limit is less than the latest NBB, and only down to the

specified limit for the Sell orders of the specified limit is greater than the latest NBO.

[0099] With reference to FIG. 10, a Sell DPO for 1000 units is received at time t1.

While the lot size for the electronic trading system in this example is 100 units, the
specified display size of the Sell DPO is different; it is 150 units. The specified price limit
of the Sell DPO is 11, which is more aggressive than the current midpoint of NBB and
NBO, which is 12.00 at time t1. Even during a period of time determined to be stable, i.e.,

when discretion is permitted, trades in the displayed and non-displayed portions of this Sell
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DPO would not occur at a price below the applicable midpoint of the NBB and NBO at the
time of trading, e.g., not below 12.00 at time t1, regardless of the fact that the specified
price limit is more aggressive than the midpoint (i.e., less than the midpoint for a Sell DPO
and greater than the midpoint for a Buy DPO). During a period determined to be unstable,
discretion is not permitted, and the Sell DPO can be matched with a contra order (a Buy
order in this case) at the applicable NBO price only. In this example, during a period
determined to be stable, discretion is allowed in both the displayed portion and the non-

displayed portion.

[00100] After receiving the Sell DPO at time 1, it is split into two portions. A portion of

units equal to the specified display size, i.e., 150 units, is displayed, and the remainder of
850 units is allocated to a non-displayed portion of the order book. The quoted ask price of
the displayed portion is the current NBO, i.e., 14.00. At time t2, a contra order, i.e., a Buy
order at a price of 14.00 and a size of 90 units is received. The Buy order is matched with a
part of the displayed portion and, as such, the displayed portion would now have 60
unmatched units remaining therein. Because the remainder is less than the lot size (100
units), the units that are traded, i.e., 90 units, are replenished from the non-displayed
portion. As such, the displayed portion still has 150 units displayed, and the non-displayed

portion now has 760 units.

[00101] At time t3, the NBO changed from 14 to 13.70 and, as such, the quoted ask price

of the displayed portion is refreshed to the latest NBO 13.70. At time t4, a Buy order at a
price of 13.00 for 500 units is received. In this example, both the displayed portion and the
non-displayed portion can exercise discretion. The current time period was determined to
be a stable period and, as such, 150 units of the Buy order were matched with the 150

displayed units at the price 13.00. This match price is different from the quoted ask price
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13.70, but it is not less than the current midpoint of the NBB and NBO, which is 11.95 at
time t4. The remaining 350 units of the Buy order are matched with 350 units of the non-
displayed portion, also that the discretionary price 13.00. Then, the displayed portion is
replenished by transferring 150 units from the non-displayed portion to the displayed
portion. The quoted price (ask price because this is a sell order) of the displayed portion is
13.70, which is the NBO at time t4. The number of units remaining in the non-displayed

portion at time t4 is 260.

[00102] If this time period were determined to be an unstable period, this discretion

would not have been permitted. In other words, trading in both the displayed portion and
the non-displayed portion would be permitted only at the NBO price at time t4, which is
13.70. Also, if the price of the contra Buy order were to be greater than the specified limit
of the Sell DPO, (e.g., 11.50 which greater than the specified limit 11.00), but less than the
midpoint at time t4 (i.e., 11.50 <11.95), trading at that price would not be permitted in the
displayed and non-displayed portions, regardless of whether the time period is determined
to be stable or unstable. At time t5, the NBO changed from 11.70 to 11.80 and, as such, the

quoted price of the displayed portion was refreshed to 11.80.

[00103] In general, in a process 1100 depicted in FIG. 11, a DPO for an item to be traded

(e.g., asecurity such as a stock or a bond, or a thing, or a service) is received at step 1102 at
an electronic trading system. The DPO is specified using at least a price limit and an order
size (e.g., anumber of units). Typically a display size is also specified. In some cases, if
the display size is not explicitly provided, the display size is assumed to be equal to a lot
size at the electronic trading system. Different display sizes may be specified for different

orders received at the electronic trading system.
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[00104] At step 1104, the received DPO is divided into a displayed portion and a non-

displayed portion. The number of units of the order that are allocated to the displayed
portion is equal to the display size, and the remaining units are initially allocated to the non-
displayed portion. In general, the price quoted for the displayed portion is a selected best
price based on the order type. For example, for trades in securities, for Buy DPOs the
quoted price is a bid price which can be equal to the NBB. For Sell DPOs the quoted price
is an ask or offer price which can be equal to the NBO. In some embodiments, the received
DPO or a portion thereof is traded with a resting contra order (or a portion thereof) prior to
splitting the received order in step 1104. Such trading can occur according to the DPO
rules described herein. Thereafter, any remaining untraded portion of the received DPO is
divided into a displayed portion and a non-displayed portion, and those portions are

matched with one or more contra orders, as described herein.

[00105] At step 1106, a newly received contra order or a resting contra order is matched

with the order received at step 1102. The displayed portion is given priority over the non-
displayed portion, in general. In some embodiments, matching with the displayed portion
can occur at the quoted price only. In other embodiments, matching with the displayed
portion can be performed according to the discretionary DPO matching rules described
herein. A part of the contra order may remain unmatched, e.g., if matching with the
displayed portion can occur only at the quoted price, which happens to be different from the
price of the contra order. In this case, no part of the contra order would be matched with
the displayed portion. In some cases, the quoted price and the price of the contra order may
happen to be the same, but the size of the contra order may be larger than the display size.

In other cases, discretion according to the DPO rules is employed while matching the contra
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order or a part thereof with the displayed portion, but the size of the contra order may be
larger than the display size.
[00106] If any part of the contra order remains unmatched after step 1106, that
unmatched part may be matched in step 1108 with the non-displayed portion of the order
5 received in step 1102. The matching in step 1108 is performed according to the DPO rules.
Any part of the contra order that may remain unmatched after step 1108 may be entered
into the order book, e.g., according to the process 1100. If at least a part of the non-
displayed portion remains unmatched after step 1108, the displayed portion may be
replenished in step 1110. Specifically, a part of the non-displayed portion is transferred to
10 the displayed portion, such that the total size of the displayed portion after the transfer in
step 1110 is at most equal to the display size. In some embodiments, the transfer in step

1110 may not be performed if the size of the displayed portion is at least equal to the lot

size.
[00107] In the optional step 1112, the quoted price of the displayed portion is refreshed
15 if the selected best price based on the order type changes. For example, for trades in

securities, for displayed portion of a Buy DPO, the quoted bid price may be updated to the
latest NBB. For displayed portion of a Sell DPO, the quoted offer price may be updated to
the latest NBO. The steps 1106-1112 may be repeated until the entire order that was
received in step 1102 is matched with one or more contra orders.

20  [00108] With reference to FIG. 12, a memory structure 1200 customized to facilitate
operation of the process 1100 (FIG. 11) includes two partitions: a displayed partition 1202
and a non-displayed partition 1204. The memory structure also includes two selectable
pathways 1206, 1208. The selectable pathway 1206 allows matching of a contra order with

the non-displayed (also referred to as reserved) portion of an order, if certain conditions are
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satisfied. Such conditions include the contra order could not be matched with the displayed
portion due to price and/or size mismatch. The selectable pathway 1208 allows
replenishment of the displayed portion up to a specified display size or a lot size.

[00109] In general, for any item of interest to be traded, orders may be received at

5 different prices and/or trading limits. For DPOs, the limits of different orders can be
different. Each order is divided into a displayed portion and a non-displayed portion, as
described above. As such, for a particular item of interest the displayed portion 1202 of the
memory structure 1200 may include several order portions, each one of which is associated
with a respective quoted price (Py, P2, . . ., Py, etc.) and/or respective specified price limits
10 (L1, Ly, . . ., Ly, etc.). If the quoted prices are updated to the latest NBB/NBO, the

respective quoted prices may not be different.

[00110] At any particular price and limit, different orders may be received at different
times. In some embodiments, such orders are maintained separately in the memory

structure 1200. For example, for the price/limit combination (Py, L;), orders were received

15 at times 1)1, ty2, . . ., t1p. Similarly, for the price/limit combination (P,, L,), orders were
received at times 1), 122, . . ., tam, and for the price/limit combination (Py, Ly), orders were
received at times tyj, . . ., ty. Such orders may be maintained separately but in association

with the corresponding order price and price limit. In some cases, the quoted price may
correlate with the time at which the order was received. These orders are divided, as
20 described above, and the displayed order portion and the non-displayed order portion are
respectively stored in the displayed partition 1202 and the non-displayed partition 1204.
[00111] In some embodiments, the orders may be sorted according to the price and then
the time at which the order was received, and matching may be prioritized according to the

sorted sequences. If matching is not performed, at least in part, with the displayed portion,
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matching may be attempted with a corresponding non-displayed portion of the order. Upon
matching at least a part of the displayed portion of an order, that portion may be

replenished, as described above.

[00112] Various specialized operations described herein facilitate exercising discretion

in a controlled manner while matching an order with a contra order. Without the control
provided by these operations, a predatory trader can take undue advantage of information
available to that particular trader but not to other traders, where such discrepancy in
information availability generally arises due to common characteristics of electronic trading
systems such as differences in network delays, and/or differences in software execution
delays due to differences in software and/or hardware components. In particular, discretion
is permitted if the time period during which an order and a contra order are matched is
determined to be a stable period, e.g., a period in which the prices are not fluctuating a rate
greater than a selected threshold rate. Otherwise, discretion is limited. Such control of the
exercise of discretion can compensate for discrepancies in information availability arising
from differences in network, hardware, and/or software processing times and, is thus deeply

rooted in computing and communication environment of electronic trading systems.

[00113] In addition to controlling discretion, various specialized operations described

herein can also achieve a balance between sharing trading information with all traders so
that they can make informed decisions and allowing traders to make decisions
independently, without being influenced or manipulated by other traders. To this end, an
order is divided into two portions — a displayed portion and a non-displayed portion. Order
matching is first attempted with the displayed portion and subsequently with the non-
displayed portion, as described above. If the displayed portion or a part thereof is matched,

the displayed portion is replenished, as described above. The above-described balance is
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achieved, at least in part, using a customized, two-part memory structure, selective
designation of matching operations to the two parts, and selective flow of data from one
memory partition to another. This two-part memory structure and the specialized
configuration thereof provides an improved computing system because without such a

5 memory structure, achieving the balance described above is difficult, if not impossible.

[00114] Thus, one technical effect of various embodiments herein is to effectively

compensate for discrepancies in information availability arising from differences in
network, hardware, and/or software processing times. Another technical effect of various
embodiments is a memory system that can control dissemination of information. Unlike

10 any generic operations such as data transmission and reception, unlike usual computer
functions such as storage and access of information, and unlike any ordinary mathematical
or mental processes such as merely comparing and categorizing information, the
unconventional operations described herein, are specifically orchestrated. Conventional
techniques either prevent exercise of discretion entirely or provide uncontrolled discretion.

15 Similarly, conventional techniques either disseminate all available information or do not
disseminate any information at all, or allow access to information based on an inferred
measure of a trader’s interest in the trade, which is estimated from the order price and/or
size. As discussed above, various embodiments facilitate control of discretion and/or
control of information dissemination that can be customized by a trader for each order.

20  [00115] While the foregoing description includes many details and specificities, it is to
be understood that these have been included for purposes of explanation only, and are not to
be interpreted as limitations of the present invention. It will be apparent to those skilled in
the art that other modifications to the embodiments described above can be made without

departing from the spirit and scope of the invention. Accordingly, such modifications are
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considered within the scope of the invention as intended to be encompassed by the patent

claims ultimately issued from this application.
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What isclaimed is;

1. A method for operating a priority queue within an electronic trading system, the method
comprising:
at an electronic trading platform, dividing a received dynamic peg order (DPO) for an
item of interest into a displayed DPO portion having a display size, and areserved DPO portion,
the reserved DPO having atrading price that is afunction of a market condition; and
providing a memory structure at the electronic trading platform, the memory structure
comprising: (i) afirst partition for maintaining a displayed queue portion, (ii) asecond partition
for maintaining a non-displayed queue, (iii) afirst pathway prioritizing read access to the first
partition over the second partition, and (iv) a second pathway selectively permitting write
operation from the second partition into the first partition; and
entering:
into the displayed queue portion, the displayed DPO portion at a quoted price, and
into the non-displayed queue portion, the reserved DPO portion,
wherein:
the first pathway allows access to data in the second partition of the memory
structure, the data being contained in the non-displayed queue, only in response to afirst
condition comprising at least one of a price mismatch and a size mismatch, and
the second pathway permits transfer of data from the second partition of the
memory structure, the data being contained in the non-displayed queue, to the first partition of
the memory structure for inclusion in the displayed queue, only in response to a second condition
comprising order execution and removal of datafrom the displayed queue or failure to execute a
pending order due to a price or size mismatch.

2. The method of claim 1, wherein at least one of:
the quoted price comprises a specified price; and

the display sizeis customizable for the received DPO.

3. The method of claim 1, further comprising computing the quoted prices based on, at |east
in part, a current national best price.



46 °

4, The method of claim 1, wherein the displayed queue portion and the non-displayed queue
portion both are individually prioritized by a price of the item of interest in an order portion

entered, and then by atime associated with the order portion entered.

5. The method of claim 1, wherein:

if the received DPO is abuy order, the quoted priceis a current national best bid (NBB)
price;

otherwise, the received DPO is a sell order and the quoted price is a current national best
offer (NBO).

6. The method of claim 1, further comprising:

matching at least a part of the displayed DPO portion with a contra order;

determining that size of aremainder portion islessthan alot size; and

transferring a part of the reserved DPO portion from the non-displayed queue into the
displayed queue, forming a replenished displayed DPO portion therein, size of the replenished
displayed portion not exceeding the display size.

7. The method of claim 6, wherein the matching is performed at the quoted price.

8. The method of claim 6, further comprising, prior to performing the matching step:
ascertaining that a size of the contraorder is at least equal to a minimum number of units

to match, as specified in the received DPO.

9. The method of claim 6, wherein the matching is performed at a match price selected by
applying a DPO matching rule, applying the DPO matching rule comprising:

determining by a processor that current time is associated with a period of stability, the
period of stability being atime period during which a difference between buy and sell quotations
for the item of interest is at most equal to a specified threshold; and

selecting the match price within arange from anational best price through less aggressive
of alimit associated with the DPO and a midpoint of national best bid (NBB) and national best
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offer (NBO) prices, wherein:
if thereceived DPO is of type buy, the less aggressive of the limit associated with
the DPO and the midpoint islesser of the limit associated with the DPO and the midpoint; and
otherwise, the received DPO is of type sell, and the less aggressive of the limit
associated with the DPO and the midpoint is greater of the limit associated with the DPO and the
midpoint.

10.  Themethod of claim 9, wherein:

if thereceived DPO is of type buy, the limit associated with the DPO is a specified
number of minimum price variant (MPV) below the midpoint; and

otherwise, the received DPO is of type sell, and the limit associated with the DPO isa
specified number of MPV above the midpoint.

11.  Themethod of claim 6, wherein the matching performed at a match price selected by
applying a DPO matching rule, applying the DPO matching rule comprising:

determining by a processor that current time is associated with a period of instability, the
period of instability being atime period during which a difference between buy and sell
quotations for the item of interest is not less than a specified threshol d;

if thereceived DPO is of type buy, anational best bid (NBB) price is selected as the
match price; and

otherwise, the received DPO is of type sell, and a national best offer (NBO) priceis
selected as the match price.

12.  Themethod of claim 1, further comprising updating the quoted price based on an updated

current national best price.
13. Themethod of claim 1, further comprising:
matching at least a part of the reserved DPO portion with a contra order at a match price

selected by applying a DPO matching rule.

14.  Themethod of claim 13, wherein applying the DPO matching rule comprises:
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determining by a processor that current time is associated with a period of stability, the
period of stability being atime period during which a difference between buy and sell quotations
for the item of interest is at most equal to a specified threshold; and
selecting the match price within arange from a national best price through less aggressive
of alimit associated with the DPO and a midpoint of national best bid (NBB) and national best
offer (NBO) prices, wherein
if thereceived DPO is of type buy, the less aggressive of the limit associated with
the DPO and the midpoint is lesser of the limit associated with the DPO and the midpoint; and
otherwise, the received DPO is of type sell, and the less aggressive of the limit
associated with the DPO and the midpoint is greater of the limit associated with the DPO and the

midpoint.

15.  Themethod of claim 14, wherein:

if thereceived DPO is of type buy, the limit associated with the DPO is a specified
number of minimum price variant (MPV) below the midpoint; and

otherwise, the received DPO is of type sell, and the limit associated with the DPO isa
specified number of MPV above the midpoint.

16.  Themethod of claim 13, wherein applying the DPO matching rule comprises:

determining by a processor that current time is associated with a period of instability, the
period of instability being atime period during which a difference between buy and sell
quotations for the item of interest is not less than a specified threshold; and

if thereceived DPO is of type buy, anational best bid (NBB) priceis selected as the
match price; and

otherwise, the received DPO is of type sell, and a national best offer (NBO) priceis
selected as the match price.

17.  Themethod of claim 13, further comprising, prior to performing the matching step:
ascertaining that a size of the contraorder is at least equal to a minimum number of units
to match, as specified in the received DPO.
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18. A system for operating a priority queue within an eectronic trading system, the system
comprising:
afirst processor; and
afirst memory in electrical communication with the first processor, the first memory
comprising instructions which, when executed by a processing unit at an electronic trading
platform and comprising at least one of the first processor and a second processor, and in
electronic communication with amemory module at an el ectronic trading platform and
comprising at least one of the first memory and a second memory, program the processing unit
to:
divide areceived dynamic peg order (DPO) for an item of interest into a displayed DPO
portion having adisplay size, and a reserved DPO portion, the reserved DPO having atrading
price that is afunction of amarket condition;
configure a queue in the memory module a memory structure comprising: (i) afirst
partition for maintaining a displayed queue, (ii) a second partition for maintaining a non-
displayed queue, (iii) afirst pathway prioritizing read access to the first partition over the second
partition, and (iv) a second pathway selectively permitting write operation from the second
partition into the first partition; and
enter:
into the displayed queue portion, the displayed DPO portion at a quoted price
based on a current national best price, and
into the non-displayed queue portion, the reserved DPO portion,
wherein:
the first pathway allows access to data in the second partition of the memory
structure, the data being contained in the non-displayed queue only in response to afirst
condition in the non-displayed queue only in response to afirst condition comprising at least one
of aprice mismatch and size mismatch, and
permits transfer of data from the second partition of the memory structure, the
data being contained in the non-displayed queue to the first partition of the memory structure for
inclusion in the displayed queue only in response to a second condition comprising order
execution and removal of data from the displayed queue or failure to execute a pending order due

to aprice or size mismatch.



50

19.  Thesystem of claim 18, wherein at least one of:

the quoted price comprises a specified price;

the instructions program the processing unit to compute the quoted price based on, at
least in part, acurrent national best price;

the display sizeis customizable for the received DPO; and

the displayed queue portion and the non-displayed queue portion both are individually
prioritized by a price of the item of interest in an order portion entered, and then by atime

associated with the order portion entered.

20. The system of claim 18, wherein:

if the received DPO is abuy order, the quoted price is a current national best bid (NBB)
price;

otherwise, the received DPO isasell order and the quoted price is a current national best
offer (NBO).

21.  Thesystem of claim 18, wherein the instructions further program the processing unit to:

match at least a part of the displayed DPO portion with a contra order at one of: (i) the
quoted price, and (ii) amatch price;

determine that size of aremainder portion isless than alot size; and

transfer a part of the reserved DPO portion from the non-displayed queue into the
displayed queue, forming areplenished displayed DPO portion therein, size of the replenished
displayed portion not exceeding the display size.

22. The system of claim 21, wherein the instructions program the processing unit to
ascertain, prior to performing the matching operation, that a size of the contraorder is at least

equal to a minimum number of units to match, as specified in the received DPO.

23. The system of claim 21, wherein the instructions program the processing unit to:
perform the match at the match price selected by applying a DPO matching rule; and

to apply the DPO matching rule, the instructions program the processing unit to one of:
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A1l: determine that current timeis associated with aperiod of stability, the period
of stability being atime period during which a difference between buy and sell quotations for the
item of interest is at most equal to specified threshold; and

A2: select the match price within arange from a national best price through less
aggressive of alimit associated with the DPO and a midpoint of nationa best bid (NBB) and
national best offer (NBO) prices, wherein:

if the received DPO is of type buy, the less aggressive of the limit
associated with the DPO and the midpoint is lesser of the limit associated with the DPO and the
midpoint; and

otherwise, the received DPO is of type sell, and the less aggressive of the
limit associated with the DPO and the midpoint is greater of the limit associated with the DPO
and the midpoint; and

B1: determine that current time is associated with a period of instability the period
of instability being atime period during which the difference between buy and sell quotations for
the item of interest is greater than the specified threshold;

B21: if thereceived DPO is of type buy, select anational best bid (NBB) price as
the match price; and

B22: otherwise, the received DPO is of type sell, and select anational best offer
(NBO) price as the match price.

24.  Thesystem of claim 23, wherein:

if thereceived DPO is of type buy, the limit associated with the DPO is a specified
number of minimum price variant (MPV) below the midpoint; and

otherwise, the received DPO is of type sell, and the limit associated with the DPO isa
specified number of MPV above the midpoint.

25.  Thesystem of claim 18, wherein the instructions program the processing unit to update
the quoted price based on an updated current national best price.

26.  Thesystem of claim 18, wherein the instructions program the processing unit to:

match at least a part of the reserved DPO portion with a contra order at a match price
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selected by applying a DPO matching rule.

27. The system of claim 26, wherein to apply the DPO matching rule the instructions
program the processing unit to one of:

A1l: determine that current time is associated with a period of stability, the period of
stability being atime period during which a difference between buy and sell quotations for the
item of interest is at most equal to a specified threshold; and

A2: select the match price within arange from a national best price through less
aggressive of alimit associated with the DPO and a midpoint of nationa best bid (NBB) and
national best offer (NBO) prices, wherein:

if thereceived DPO is of type buy, the less aggressive of the limit associated with
the DPO and the midpoint islesser of the limit associated with the DPO and the midpoint; and

otherwise, the received DPO is of type sell, and the less aggressive of the limit
associated with the DPO and the midpoint is greater of the limit associated with the DPO and the
midpoint; and

B1: determine that current time is associated with a period of instability, the period of
instability being atime period during which the difference between buy and sell quotations for
the item of interest is greater than the specified threshold; and

B21: if thereceived DPO is of type buy, select anational best bid (NBB) price as the
match price; and

B22: otherwise, the received DPO is of type sell, and select a national best offer (NBO)
price as the match price.

28. The system of claim 27, wherein:

if thereceived DPO is of type buy, the limit associated with the DPO is a specified
number of minimum price variant (MPV) below the midpoint; and

otherwise, the received DPO is of type sell, and the limit associated with the DPO isa
specified number of MPV above the midpoint.

29.  Thesystem of claim 26, the instructions program the processing unit to ascertain, prior to

performing the matching operation, that a size of the contra order is at least equal to a minimum
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number of unitsto match, as specified in the received DPO.



