(12) Patent

(11) Publication humber: SG 182664 A1

(43) Publication date:
(51) Int. Cl:

Application

30.08.2012
G06Q 30/00;

(21) Application number: 2012054250
(22) Date of filing: 25.01.2011
US 61/298,542 26.01.2010

30) Priority:
(30) y US 13/013,611 25.01.2011

(71) Applicant:

(72) Inventor:

GEODESIXS INC. 855 EL CAMINO
REAL, SUITE 13A-375 PALO ALTO, CA
94031 US

LASSUS, PATRICIA M. 915 OAK LANE,
APT. 3 MENLO PARK, CALIFORNIA
94025 CA US

(54) Title:
A TRADING APPARATUS AND METHOD

(57) Abstract:

A trading apparatus including an order receiver, an order
storage module, a trade generator and a reporting module. The
order receiver receives orders from at least one trader, wherein
the orders include at least one complex order. The order storage
module stores the orders. The trade generator generates trades
based on the orders and a trading mechanism. The reporting
module reports the trades.

This PDF First Page has been artificially created from the Singaporian Absiracts



wo 2011/094235 A2 I[N O R

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

W

International Bureau

(43) International Publication Date

>
J

(10) International Publication Number

WO 2011/094235 A2

4 August 2011 (04.08.2011) PCT
(51) International Patent Classification: (74) Agents: CASH, Brian J. et al.; 5670 Wilshire Boulevard,
G06Q 30/00 (2006.01) Suite 2100, Los Angeles, California 90036 (US).

(21) International Application Number: (81) Designated States (unless otherwise indicated, for every

PCT/US2011/022470 kind of national protection available): AE, AG, AL, AM,

. - ) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(22) International Filing Date: 0] 2011 (25.01. 2011 CA, CH. CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

anuary (25.01.2011) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(25) Filing Language: English HN> HR> HU: ID) IL) IN) IS) JP) KE) KG) KM) KN) KP)

L . KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(26) Publication Language: Enghsh ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL

(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

61/298,542 26 January 2010 (26.01.2010) Us SE, SG, 8K, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
13/013,611 25 January 2011 (25.01.2011) Us TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(63) Related by continuation (CON) or continuation-in-part (84) Designated States (unless otherwise indicated, for every

(CIP) to earlier application: kind of regional protection available): ARIPO (BW, GH,

US (CON) GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

Filed on ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(72) Inventor; and EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(71) Applicant : LASSUS, Patricia M. [US/US]; 915 Oak LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

Lane, Apt. 3, Menlo Park, California 94025 (US).

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: A TRADING APPARATUS AND METHOD

Bidder System
110

At Least One
Trader
12

Auctioneer
System
114

Trading
Apparatus
100

Order
Receiver
102

Order
Storage Module
104

Trade Generator
106

Reporting Module
108

FIG. 1A

(57) Abstract: A trading apparatus including an order receiver, an
order storage module, a trade generator and a reporting module.
The order receiver receives orders from at least one trader, wherein
the orders include at least one complex order. The order storage
module stores the orders. The trade generator generates trades
based on the orders and a trading mechanism. The reporting module
reports the trades.



WO 2011/094235 A2 |00 0T ATV O AR O A

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2011/094235 PCT/US2011/022470

A TRADING APPARATUS AND METHOD

PRIORITY CLAIMS
[0001] This application claims priority to U.S. Provisional Application Number 61/298,542, filed
on January 26, 2010 and U.S. Non-provisional Application Number 13/013,611 filed January 25,

2011.

BACKGROUND

[0002] In general, at the bidding stage of auctions (ex-ante), bidders face significant
uncertainty about information that they care about. The information affects their valuations for
the auction items and/or their optimal bidding strategies for the items, thereby affecting their

bids.

[0003] Some of this ex-ante unknown, but relevant information includes information that will be
realized (and potentially available to the bidders) ex-post, once the auction is run. Inthe
following, bidders are generally referred to as buyers for ease of exposition, but the analogue

applies to sellers.

[0004] Bidders may, for example, care about features of the overall allocation, in that a bidder's
valuation for the goods or set of goods he won may depend on how much total quantity was
sold in a multi-unit auction, or on who else won which item in an auction, and at what price. For
example, a bidder in a securities auction may care about the total quantity issued because it
would likely affect the liquidity of the security in the secondary market. Further, a bidder who
has an equivalent of a 20% of market share in a liquidation auction for a retail chain or in a

privatization of a retail chain may care about whether the market share of the next largest
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winner is at most a 5%, or whether the remaining 80% of the market share is split evenly
among two other bidders, because winner's market shares would likely affect the kind of

competition ensuing in the retail market after the auction was settled.

[0005] Bidders may also care about information regarding the clearing conditions of the auction,
such as the level of oversubscription, what the average winning bid was in a multi-unit auction,
or information about on other statistics of winning and/or losing bids in an auction. For example,
the U.S. treasury and other governments routinely publish the average winning bids and other
statistics once a treasury auction is run. If bidders could foresee this information, they may
choose to bid more aggressively the more an auction is oversubscribed. Additionally or in the
alternative, the bidders may adjust their estimate of the value of items that have common values
or interdependent values (that is, a bidder's valuation for an item depends at least in part on the

value other bidders attach to the item).

[0006] Moreover, consider the case in which a number of auctions are held, for example, 3
auctions a day for a given stock. A bidder trying to buy stock that day may care about which of
the auctions will be more liquid (in that a large number of sellers will be selling), so that he can
minimize his price impact on the clearing price by choosing to bid in that auction which is most

liquid.

[0007] Bidders know that the amount they bid in auctions will likely affect both their probability
of winning an item, as well as, in many auction formats, the price they pay for units won. The
uncertainty at the bidding stage may lead bidders to shade bids (that is, bid less aggressively),

reduce the quantity or the set of goods they bid on, or refrain from bidding, because they fear
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ending up paying more than was necessary to win, or overpaying in that the price they pay is

above their ex-post estimate of the goods’ values.

[0008] A well known term capturing the risk of overpaying in the context of common values
auctions is the “winner’s curse”: conditional on winning, a bidder has to adjust his estimate of
the value of the object downwards. Anticipating the winner’s curse ex-ante, bidders submit less
aggressive bids, even more so, if bidders know that their aggressive winning bids also increases

the price they paid on units won (for example in a multi-unit auction).

[0009] Another related concept is that of “exposure risk”. A buyer who wants to buy, for
example, a bundle of goods that he considers complements, but who can submit bids for
individual goods only, risks being stuck winning only a few rather than all the goods in the
bundle, thus winning a set of goods for which his valuation is much lower. As a result, the buyer
may refrain from bidding on the items, or reduce the prices he bids. A buyer who bids less
aggressively because he risks ending up winning a set of goods when the overall allocation of
goods is unfavorable to him, would thus be dealing with a more general version of the exposure

risk above.

[0010] Bid shading or reduced bidder participation, in turn, may result in suboptimal allocations,

including too little volume exchanged or too little revenue generated.
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SUMMARY

[0011] This Summary is provided to introduce a selection of concepts in a simplified form that
are further described below in the Description of Embodiments. This Summary is not intended
to identify key features or essential features of the claimed subject matter, nor is it intended to

be used as an aid in determining the scope of the claimed subject matter.

[0012] Various embodiments of the present disclosure, a method for trading, are described. In
one embodiment, orders are received from at least one trader, wherein the orders comprise at
least one complex order. In one embodiment, the orders are stored. in one embodiment,
trades are generated based on the orders and a trading mechanism. In one embodiment, the

trades are reported.

[0013] Various embodiments of the present disclosure, a trading apparatus, are described. A
trading apparatus including an order receiver, an order storage module, a trade generator and a
reporting module. The order receiver receives orders from at least one trader, wherein the
orders include at least one complex order. The order storage module stores the orders. The
trade generator generates trades based on the orders and a trading mechanism. The reporting

module reports the trades.

[0014] This disclosure generally describes a complex trading mechanism.
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DESCRIPTION OF THE DRAWINGS

[0015] Figure 1A is a block diagram of an example system for performing a trading method, in

accordance with embodiments of the present technology.

[0016] Figure 1B is a block diagram of an example system for performing a trading method, in

accordance with embodiments of the present technology.

[0017] Figure 1C is a block diagram of an example system for performing a trading method, in

accordance with embodiments of the present technology

[0018] Figure 2A is a flow diagram of an example method for trading, in accordance with

embodiments of the present technology.

[0019] Figure 2B is a flow diagram of an example method for trading, in accordance with

embodiments of the present technology.

[0020] Figure 3 is a block diagram of an example computer system used for trading in

accordance with embodiments of the present technology.

[0021] Figure 4, is a flow chart of a method for increasing trade volume in a trading

mechanism, according to embodiments of the present technology.

[0022] Figure 5 is a flow chart of a method for increasing auction revenue in an auction

mechanism, according to embodiments of the present technology.

5



WO 2011/094235 PCT/US2011/022470

[0023] Figure 6 is a flow chart of a method for enhancing revenue in a trading mechanism,

according to embodiments of the present technology.

[0024] Figure 7 is a method for increasing revenue of a trading mechanism.

[0025] Figure 8 is an auction apparatus, according to embodiments of the present technology.

[0026] Figure 9 is an auction apparatus, according to embodiments of the present technology.

[0027] Figure 10 is an auction apparatus, according to embodiments of the present technology.

[0028] Figure 11 is a trading apparatus, according to embodiments of the present technology.

[0029] The drawings referred to in this description should not be understood as being drawn to

scale unless specifically noted.

DESCRIPTION OF EMBODIMENTS

[0030] Reference will now be made in detail to embodiments of the present technology,
examples of which are illustrated in the accompanying drawings. While the technology will be
described in conjunction with various embodiment(s), it will be understood that they are not
intended to limit the present technology to these embodiments. On the contrary, the present

technology is intended to cover alternatives, modifications and equivalents, which may be
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included within the spirit and scope of the various embodiments as defined by the appended

claims.

[0031] Furthermore, in the following detailed description, numerous specific details are set forth
in order to provide a thorough understanding of the present technology. However, the present
technology may be practiced without these specific details. In other instances, well known
methods, procedures, components, and circuits have not been described in detail as not to

unnecessarily obscure aspects of the present embodiments.

[0032] Unless specifically stated otherwise as apparent from the following discussions, it is
appreciated that throughout the present detailed description, discussions utilizing terms such as

managing”, “communicating”, “sending”,

» o« » o« ” o

“receiving”, “storing”, “generating”, “reporting”,
“comparing’, “executing”, “ “enabling”, “utilizing”, or the like, refer to the actions and processes
of a computer system, or similar electronic computing device. The computer system or similar
electronic computing device manipulates and transforms data represented as physical
(electronic) quantities within the computer system's registers and memories into other data
similarly represented as physical quantities within the computer system memories or registers or
other such information storage, transmission, or display devices. The present technology is

also well suited to the use of other computer systems such as, for example, optical computers.

[0033] The following is a list of definitions for terminology used herein. This document considers
trading mechanisms, as well as the subset of auction mechanisms included therein. Moreover, a

simple setting and a richer setting are considered.
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General Definitions

[0034] Trading mechanism: refers to a mechanism employed to generate a trade based on a

set of orders, and includes a clearing method as well as other trading rules.

[0035] Clearing method: Refers to the algorithm used to generate a trade, and includes a

trading format, an objective and tie-breaking rules and other rules that may be necessary.

[0036] Auction(s) or auction mechanisms: That subset of trading mechanisms, for which the
trading format used is an auction format. The term auction henceforth includes typical auctions
(in which the bidders buy goods), reverse auctions (in which the bidders sell goods), and double
auctions (in which bidders buy and sell goods) for one or more goods (that is, including auctions
for single goods and auctions for multiple goods, the latter being referred to as multi-unit

auctions henceforth).

[0037] It should be understood that the description of embodiments of the present technology
with respect to using terminology applying to trading mechanisms also applies to auctions (or
auction mechanisms). Further, it should be understood that any description using “auction” |
terminology also applies to trading, unless specifically noted otherwise herein. Thus, for
example, the term “order(s)” , “bidder” and “trade results” (or “trade” and “trade allocation and
transfers” ) in trading mechanisms would apply to auctions as “bid(s)”, “bidder”, and “auction
allocation and transfers” and vice versa unless specifically noted otherwise. For ease of

exposition, auction terminology is used through most of the document.
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[0038] Complex auctions or complex auction mechanisms: Auctions (or auction mechanisms)

that allow for complex bids. Complex bids are defined in the Structure section.

[0039] Complex trading mechanisms: Trading mechanisms that allow for complex orders.

Complex orders are defined in the Structure section.

[0040] Goods, units, objects, and items: Are interchangeable, and may refer both to tangible
and to intangible goods. Moreover, embodiments of the present technology may be applied to a
single good or a plurality of goods. The plurality of goods may be multiple identical and/or
dissimilar goods. ldentical goods may mean that the items are in fact identical (such as bonds

in a specific issuance) or that the bidders consider the goods to be close substitutes.

[0041] Finally, throughout this document, reference is made to choices that have to, or can be
made about the specific embodiment to be used for a specific application. These choices are up
to the auction designer (or mechanism designer), who is likely to be identical with the
auctioneer, which is why the terms are used interchangeably in the context of mechanism

design choices.

Simple Setting

[0042] Simple setting. A setting for running one-time, sealed bid auctions (or trading
mechanisms), for which clearing does not require accessing any information that is outside of
the auction, and for which no time component is introduced (if present, a time component would
allow to distinguish identical bids a bidder may have submitted at different times). This setting is
commonly used in auction applications such as treasury auctions, IPO’s, real estate auctions, or

spectrum auctions.
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[0043] Set of admissible bids: The kind of bids that bidders may submit in the auction. For
example, in a multi-unit auction, bidders may be allowed only to express bids stating that they
would like to buy up to some number q of shares for up to some price p. If bidders were also
allowed to state that they would buy shares only if they win at least some minimum quantity qmin,
then the bids with a minimum-quantity-restriction would be a second kind of admissible bid,

along with the unconditional bids described first.

[0044] The following terms are introduced for the simple setting, and will be augmented further

below, for the richer setting.

[0045] Set of submitted bids in the auction: All bids that bidders submit. Some of these bids

may be found to be invalid, bidders may cancel bids, or amend their bids.

[0046] Set of auction bids, or the set of outstanding, valid bids: A subset of the submitted bids,
namely those submitted bids that are valid and outstanding (have not been cancelled or

amended by the bidder) at the clearing stage of the auction.
[0047] Bid information for each individual bid by a bidder i: Includes what would commonly be
understood as the bid (which items the bidder bids on, what prices, and any conditions), as weli

as the bidder’s identity.

[0048] Bid information for bidder i: Includes the bid information for the collection of bids he

submitted and that are valid and outstanding at the clearing stage of the auction.
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[0049] Bid information for the auction: Includes the bid information for each of the participating

bidders.

[0050] Bid information excluding bidder i: |s found by removing bidder i's bid information from

the auction bid information.

[0051] Set of items sold and/or bought in the auction: Emerges at the clearing of the auction,
from the candidate set of items to be sold and/or bought at the auction (which is known from the

beginning of the auction).

[0052] Candidate set of items to be sold and/or bought at the auction: Set of items that may be
bought or sold in the auction. In some embodiments or the present technology, the decision as
to which items, and/or how many items to buy and/or sell may be made at the clearing stage of
the auction (that is, when calculating the auction allocation and transfers, and thus after having
collected the bids). For example, the auctioneer may, at the beginning of the auction specify a
candidate set of items to be sold by announcing that the quantity of shares to be sold in an
auction will be between 1 and 2 million, or that bonds are to be sold with a notional between 1
and 2 billion. At the clearing stage, the auctioneer would then decide on the total quantity sold,
based on the submitted bids. Or, the auctioneer may specify a candidate set of auction items
sold by announcing that two bonds, A and B, with a combined notional of 2 billion will be
auctioned off, and then decide on the split of volume between bond A and B (that is, the set of
auction items sold), when clearing the auction. Notice that the difference between the candidate
set of items and the set of items that emerges at the clearing naturally exists for double-
auctions, as bidders in a double-auction for a stock, for example, know that the stock will be

traded (which defines the candidate set), but understand that the total quantity traded (the set of

11



WO 2011/094235 PCT/US2011/022470

auction items sold or bought) will depend on the bids submitted by the buyers and sellers in the

auction.

[0053] Auction allocation: Denoted as X={X;,...X}, specifies, for every participating bidder i,

which set of items X; he bought or sold.

[0054] Auction Transfers: Denoted as T={T,,... T}, specify, for each participating bidder i, which

transfers (generally, prices) he paid or received.

[0055] Auction allocation and transfers for bidder i in an auction: Denoted as X and T;,
respectively, refer to the goods the bidder bought or sold and the prices he paid or received in

the auction.

[0056] Auction allocation and transfers excluding bidder i: Denoted as X-X; and T-T;,
respectively, refer to the auction and allocation and transfers after removing the information
about X; and T;, that is the item(s) bought or sold and the transfer(s) paid or received by bidder i.
For example, if buyer i won itemé A and B for a price of 5 and 6 in an auction for goods A, B, C,
and D, then X=(Xia, Xz, Xic.Xin)=(1,1,0,0) and T=(5,6,0,0). Note that the allocation X; can be
positive or negative, depending on whether the good is sold or bough. Thus X;
=(Xia Xig, Xic, Xip)=(1,-1,0,0) may denote that bidder i bought good A and sold good B. Similarly,
the transfers for a specific item do not have to be positive (negative transfers may mean that a
bidder sold an object), nor do the transfers have to be zero when a bidder “bought” an item (for
example in the case when the auction mechanism is applied in auction-like settings with the
purpose of coordination), nor do the transfers have to be fnonetary units (bidders in an auction

may be “paying” with points of which they may have a specific amount). Moreover, the way in

12
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which X; and T;is specified may depend on what is most convenient: for example, it may be
convenient to write X;=100, T;=7 for a bidder j who won 100 shares in a securities auction ata

per share price of $7.

[0057] Intra-auction information: Refers to information in messages sent by the auctioneer to

bidders, or information somehow made public to bidders in the system.

Richer Setting

[0058] Richer setting: Augments the simple setting by including time as a variable (in the sense
that, for example, the time at which bids are submitted matters), and/or by connecting the
trading mechanism to exogenous variables and/or platforms (where exogenous means outside
of the trading mechanism). Embodiments tailored to this setting may be applied to create a

trading platform, by, for example, running hourly auctions to buy and sell stocks.

[0059] Since this setting is richer than the simple setting, all the capabilities of the embodiments
of the invention described in the simple setting still exist in the richer setting (the richer setting
only adds to the capabilities of possible embodiments of the invention).

[0060] In this setting, any bids submitted, and any other information is time-stamped, which
makes it necessary to distinguish between current values of variables at time t, and variable's
history up to time t (or time t history, in the following), which is defined as the collection of the
variable’s values from the start of the auction up until time t.

[0061] Intra-auction information at time t: Refers to information in messages sent by the
auctioneer to bidders, or information somehow made public to bidders in the system at time t

within the auction.

13
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[0062] History of intra-auction information at time t. Consists of the collection of intra auction

information from the start of the auction until time t.

[0063] Intra-auction information for bidder i at time t: Intra-auction information send to bidder i at

time t.

[0064] History of intra-auction information up until time t for bidder I (or time t history of intra-

auction information): The history of Intra-auction information for bidder i.

[0065] Intra-auction information at time t excluding bidder i: Found by removing the intra-auction

information for bidder i at time t, from the collection of bidders’ time t intra-auction information.

[0066] History of intra-auction information up to time t excluding bidder i Found by removing
the information in the history of intra-auction information up to time t for bidder i, from the
information contained in the history of intra-auction information up to time t sent to the collection

of bidders.

[0067] In the richer setting, the auction mechanisms may allow for bids on auction items to
depend on exogenous variables, or for bidders to bid directly on goods bought or sold at
exogenous platforms. The term exogenous is meant in the sense of “outside” of the auction.
Again, it is important to distinguish between the time t value of an exogenous variable, and the
history of values up to time t (which consists of the collection of values, from the start of the
auction until time t). For the case of exogenous trading venues, the time t values may refer to

the best prices and the available volume at these prices on the exogenous venue, and the

14
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history of the values would again be the collection of the values from start of the auction until

timet.

[0068] Regarding the auction bids, each individual bid for bidder i in the richer setting includes a
time stamp, in addition to what was the case in the simple setting. The set of valid, outstanding
bids from bidder i at time t consists of all the bids that bidder i submitted from the start of the
auction until time t, and which have not expired by time t. Aggregating these bids over all

bidders, generates the set of valid, outstanding bids at time t in the auction.

[0069] History of bids up to time t for bidder i. includes all bids submitted by that bidder up until

time t, including, for example still valid outstanding bids, and expired bids.

[0070] The history of auction bids up to time t. Found by aggregating the individual bid histories
over all bidders. The history of auction bids up to time t excluding bidder i, is then found by

subtracting bidder i's history of auction bids.

[0071] In some embodiments, the invention is run as a trading platform, meaning that a series
of auctions is run over some time interval, such as a day, or an hour. If so, when talking about
the histories described above, the start of the auction is meant not to refer to the start of the
current auction, but rather to refer to the start of the first auction in the sequence that the current
auction belongs to. The auction designer exercises discretion over the definition of sequences.
For example, if auctions are run hourly in any trading day, with the first auction at 9 am and the
last one at 5 pm, a natural definition of a sequence may be the set of auctions run on the same
day, which would imply that the start time relevant for the histories considered in a 3 pm auction

is the 9 am start time of the first auction that was run on the same day.
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[0072] If auctions are indeed run in sequences, it is useful to also define the history of trades up
to time t. This history refers to the information about executed trades (that is, the auction
allocations and transfers for auctions that have concluded) from the start time of the sequence
of auctions up until the time t. Note that the clearing of the auction may take some time, D,
which may matter in high speed trading applications. If so, the history of trades up to time tis
meant to include trades that were generated through a clearing process that started at time t (in
the sense that it took at inputs the set of valid, outstanding bids at time t). Note that the
auctioneer in the present invention has discretion over whether to make none, all, or part of the
history of trades available to bidder. In practice, though, regulatory requirements with respect to
trade reporting may apply. For example, if a sequence of auctions was held for a stock,
regulatory requirements may specify that the price and quantity of each executed trade be

reported.

[0073] The discussion will begin with a brief overview embodiments of the present technology.
The discussion will then focus on embodiments of the present technology that provide an

apparatus and method for trading.

Overview

[0074] In general, embodiments of the present technology provide a system and method for a
complex trading mechanism in which a participating trader's message space (that is, the set of
admissible orders) includes complex orders. In simplified terms, the complex orders include
conditions that can be verified only knowing the realization of orders submitted by other traders
and/or the trade results in other than only the trade (quantities and prices) assigned to that

trader.
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[0075] For example, a complex order could be conditional on features of the trade results
across traders, specifying that the trader wants to buy a specific quantity of items in a multi-unit
auction only if the total quantity sold is above some minimum, or the largest quantity held by any
other winning trader is below some maximum. A complex order may also include conditions on
statistics formed with other traders’ winning and/or non-winning bids, allowing traders to bid a
certain amount for a given item only if there are at least a minimum number of other bids within
a specific range of his bid, or to bid a specific price and quantity in a uniform price multiunit
auction only if, on average, over the units he may win, the last winning order were he not to

participate in the auction would be lower by at most a specified amount.

[0076] The following discussion will begin with a description of the structure of the components
of the present technology. The discussion will then be followed by a description of the

components in operation.

Structure

[0077] Figures 1A and 1B are each a block diagram of an example trading apparatus as it
would be used in the simple setting described below, in accordance with an embodiment of the
present technology. Referring now to Figure 1A, the trading apparatus 100 in the present
technology includes an order receiver 102, an order storage module 104, a trade generator 106

and a reporting module 108.

[0078] In one embodiment, the trading apparatus 100 is coupled via wire and/or wirelessly with
an entity participating in an exchange and/or an auction. For example, but not limited to such -

example, the trading apparatus 100 may be internal or external to an auctioneer's system 114.

17
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Further, in one embodiment, the trading apparatus 100 is coupled with a bidder system 110,
wired and/or wirelessly. Moreover, one embodiment is coupled with an exogenous variable,
such as another trading venue. In one embodiment, the bidder system 110 received bids from

bidders.

[0079] In one embodiment, the order receiver 102 receives orders from at least one trader. The
“orders” include at least one complex order. The order receiver 102, in one embodiment,
receives at least one complex order having a condition selected from the group of condition
categories consisting of: items bought; items sold; the auction allocation and transfers; statistics
derived from information contained in the orders; variables whose calculation requires utilizing
at least some information included in the orders; item-less trades; features of orders matched
with the at least one complex order; and impact on intra-trade information. It should be noted

that the group of condition categories listed above is non-exhaustive.

[0080] Moreover, the order receiver 102, in another embodiment, receives at least one complex
order having a condition on a variable that captures a concept in the group of concepts
consisting of: price impact of an order; auction depth; market depth; liquidity; oversubscription;

level of competition; equity; dispersion; supply-demand-imbalance; stability; and momentum.

[0081] The order storage module 104 stores the orders, in one embodiment. In one
embodiment, the order storage module 104 stores information such as, but not limited to: items
in the auction, traders’ identities, the traders’ passwords, the traders’ bids (including both the set
of submitted trades, as well as the set of valid, outstanding trades which has been derived from

the auction allocation and quantity).
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[0082] Referring now to Figures 1A and 1B, in one embodiment, the trade generator 106
generates trades based on the orders and a trading mechanism 146. In one embodiment, the
trade generator 106 includes a comparator 120 and a trade executor 122. The comparator 120
compares stored orders with a trading mechanism 146, while the trade executor 122 executes
the trades based on the comparing of the comparator 120. In another embodiment, the trade
generator 106 includes a clearing method module 124 that executes a clearing method 148 (of

trading mechanism 146, to be below).

[0083] In one embodiment, the reporting module 108 reports the trades. Example items that
may be traded are, but are not limited to the following: public sector bonds, private sector
bonds; bills; notes; stocks; exchange traded funds; derivatives; options; credit default swaps,
variance swaps; commodities; power; oil drilling rights; emission allowances; emission credits;
real estate; online advertising spots; patents; spectrum licenses; airport landing spots; data

capacity; other tangible goods; and other intangible goods.

[0084] In various further embodiments, the trading appartus 100 includes one or more of the
following: order manager 158; intra-auction information module 128; trading mechanism storage
module 138; selectable order input form 140; trade storage module 142; instruction receiver

144; and trading mechanism 146.

[0085] In one embodiment, the order manager 158 manages an event associated with the
orders. In one embodiment, the order manager 158 is configured for managing an event
associated with the orders selected from the group consisting of: submission of the orders;
amendment of the orders; cancelling of the orders; generating a set of valid outstanding orders

from the orders; confirming a receipt of the orders; publishing of a portion of the orders; and a
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trade generated based on the orders. However, it should be understood that the group of

events is not exhaustive.

[0086] Referring still to Figures 1A and 1B, in one embodiment, the trading apparatus 100
includes an intra-trade information module 128. The intra-trade information module 128 reports

and generates intra-trade information based the orders and/or trades.

[0087] Referring still to Figures 1A and 1B, in one embodiment, the trading apparatus 100
includes a trading mechanism storage module 138. The trading mechanism storage module
138 stores trading mechanisms 146. In one embodiment, the trading mechanism storage

module 138 is accessible by the trading generator 106.

[0088] In one embodiment, the trading apparatus 100 includes a selectable order input form
140 for being selected by the at least one trader 112. Further, in one embodiment, the
selectable order input form is selected from the group of selectable order input forms consisting
of: a sentence specifier; a mathematical condition specifier; a function specifier; a range
specifier; and a trade objective of the at least one trader 112. However, it should be understood

that the group of selectable order input forms is not exhaustive.

[0089] Further, formulations are selectable via a selectable order input form that may include
but are not limited to the following: selection among a finite set of options, specification of

sentences, specification of mathematical conditions, functions, or ranges.

[0090] Further, and as will be discussed in depth in the Operation section below, these non-

complex conditions may be, but are not limited to the following: pegging conditions; routing
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conditions; trade-inspired conditions; a minimum execution size; and a bundle condition. In
another embodiment, each of the at least one complex order includes: at least one complex
condition and at least one condition that is non-complex selected from the group consisting of:
pegging conditions; routing conditions; trade-inspired conditions; a minimum execution size; and

a bundle condition.

[0091] In one embodiment, the trading mechanism storage module 138 stores information
about the trading mechanism 146 to be used for running the auction and any intra-trade

information.

[0092] In one embodiment, the trading apparatus 100 includes a trade storage module 142.
The trade storage module 142 stores information associated with the trades. For example but
not limited to such example, the trade storage module may store auction allocation and quantity
or any additional information that is derived by the trading generator 106 that clears the auction

by taking in the relevant information from the trading mechanism 146.

[0093] tn one embodiment, the trading apparatus 100 includes an instruction receiver 144. The

instruction receiver 144 receives trade reporting instructions.

In one embodiment, the trading apparatus 100 operates in at least one round of a dynamic
auction. In one embodiment, the trading mechanism 126 includes a clearing method 148. In
yet embodiment, the trading mechanism 146 includes at least one trading rule 156. In yet one
embodiment, the trading mechanism 146 includes at least one trading rule 156. In one
embodiment, the at least one trading rule 156 associated with said trading mechanism is

selected from the group consisting of: rules regarding orders; rules regarding monetization;
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rules regarding a candidate set of items; and rules regarding when to clear a trade. It should be
appreciated that the immediate foregoing group is non-exhausting. Further, in one embodiment,
the at least one trading rule associated with the trading mechanism may be one of, but not
limited to, the following: parameters for specifying admissible conditions of said at least one
complex order; parameters for specifying admissible conditions for said non-complex orders;
parameters for amending said orders; parameters for cancelling said orders; parameters for
publishing a portion of said orders; parameters for specifying timing requirements for
submission of said orders; a candidate set of trade items to be traded; a number of participating
traders and an identification of said participating traders; a required trading deposit; parameters
chr specifying an event causing said trade generator to compare said stored orders with said
trading mechanism; parameters for specifying an event causing said trade generator to execute
said trades; information associated with said trades that is to be communicated to said at least
one trader after said trades are generated; communication rules with other trading venues; intra-
trade information to be communicated to at least one said trader; parameters specifying
communication of information about said trading mechanism to said traders; monetary transfers
to occur per execution of said orders; monetary transfers to occur per execution of said orders
based on at least one feature of said orders; monetary transfers occurring per execution based
on at least one of information that arises when said trades are generated and information that is

utilized to generate said trades; and budget balancing rules.

[0094] In one embodiment, the clearing method 148 includes at least one of the following: a

trading format 150, a trading objective 152 and a tie breaker 154.
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[0095] In another embodiment, the trading format 150 utilized by the trading apparatus 100 is
selected from the group consisting of: a first price auction format; a second price auction format;
a first price combinatorial auction format; a second price combinatorial auction format; a
discriminatory price auction format; a uniform price auction format; a discriminatory price
combinatorial auction format; a uniform price combinatorial auction format; and a combinatorial
auction format. It should be understood, however, that the group of trading formats is non

exhaustive.

[0096] In another embodiment, the optimization of the trading objective 152 involves the
consideration of an effect of the generated trades on at least one criterion, the criterion selected
from the group consisting of: auctioneer revenue; auctioneer cost; gains from trade; trade
volume; maximizing auctioneer revenue; equity; dispersion; and price stability. It should be

understood, however, that the group of criteria is hon-exhaustive.

Bids/Orders in a Simple Setting

[0097] An embodiments of the present technology is a class of auctions mechanisms, whose
most important feature is that bidders can submit a new kind of complex bid. In particular, the
auctions in the present invention allow at least one bidder i to submit at least one complex bid,
that is, a bid which includes at least one complex condition that is to be met when the auction

clears.

[0098] A condition included in a bid by bidder i is to be called complex, if it has two of the
following characteristics: vérifying the condition (a) is not always possible knowing only (1)
bidder i’s allocation and transfers (X; T;); and (2) bidder i's own bid information (where “not

always” means that there exist constellations of bidders and bids submitted, for which verifying
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the condition is not possible knowing only said information in (a)), and (b) at least some times
requires using at least some of the information contained in the auction allocation and transfers
excluding bidder i (X-X;, T-T;), and/or some information that is contained in or derived from the
entirety of auction bid information or parts thereof (where “At least sometimes” means that there
exist constellations of bidders and bids submitted for which verifying the condition requires using

at least some of said information in b).

[0099] The following is a description of admissible bids in the simple setting, starting out with
five categories of complex conditions. Of note, more categories of complex conditions may
exist in the simple setting. This description of five categories is not mutually exclusive or

exhaustive.

[00100] The first category of complex conditions are conditions on the set of items sold and/or
bought in the auction. These conditions matter, for example, if only a candidate set of goods to
be bought or sold is known ex-ante. If so, a) above holds, because a bidder who, for example,
won 100,000 shares in a stock auction cannot tell from that number how many shares were sold
overall, and thus b) holds because said bidder would have to find out about information
regarding the entire allocation in the auction (in this case, the total quantity sold). An example
of a complex bid of the first category would be a bid a double-auction, conditional on the total
quantity exchanged being at least some amount (since that total quantity depends on the
submitted bids to buy or sell and is thus unknown ex-ante), or a bid in a securities auction that
included a condition on the total quantity sold or issued (as long as the total quantity was not

fixed by the auctioneer ex-ante).
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[00101] The second category of complex conditions are conditions on the auction allocation

and/or transfers excluding bidder i, other than on the set of items sold and/or bought.

[00102] An example of the second complex category would be as follows. In an auction for
dissimilar goods, bidder i may bid $5 for good A, conditional on good B not being won by a
specific other bidder j. This bid satisfies a) and b): if bidder i did not happen to bid on, and win
good B along with good A, then for him, verifying whether bidder j won good B is not possible
knowing only what item he won himself (the information in Xj), but would be possible using the
information in the allocation except himself, X-X; (which will specify who, other than bidder i
himself, won good B). Notice that the terms “always” and “at least sometimes” are included in
the conditions a) and b), because in the case in which bidder i have happened to also bid on,
and win good B, he would indeed know that bidder j could not have won good B, and thus be
able to verify his condition on good A (in this case, verify that the condition is met), based only
on the knowledge of what he won, X;, and without knowledge of what other bidders won, X-X,

causing conditions a) and b) not to be met.

[00103] The third category of complex conditions are conditions on statistics derived from
information contained in the bid information excluding bidder i, (potentially using both winning
and losing bids), where the statistics can be formed only knowing at least some information

contained in the set of bids submitted.

[00104] An example of a bid in the third category would be that of bidder i bidding on good A
and including a condition stating that there must have been at least 3 bidders that submitted
bids above $4 for good A. This bid cannot be verified knowing only (X, T;), and can be verified

using a simple statistic formed with information in the bid information excluding bidder i.
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[00105] The fourth category of complex conditions are conditions on variables that may only be
calculated using at least some of the information in the bid information excluding bidder i (where
the calculation may require, for example, solving other hypothetical auctions using as the set of

both winning or losing bids in the current auction, excluding some or all of bidder i’s bids, as the

set of bids for the hypothetical auction).

[00106] An example of a bid of the fourth category would be as follows. Bidder j above,
participating in a uniform price auction for a stock, may state that he would be willing to buy up
to 1,000 shares at a price of up to $7, conditional on the price impact of the shares won being at
most, say, 0.0001$ per share on average (alternatively, he may put the limit of 0.0001$ on each
individual share bought). Here, the variable bidder j conditions his bid on the price impact of his
bid (which is related to the liquidity or depth of the auction). The in operation section of this
document illustrates how price impact can be calculated, and how different versions of
constraints capturing price impact may look like. The basic idea behind these kinds of
constraints, though, is to capture how much bidder i winning the shares moves the price at
which the auction clears, compared to if he had not participated. The bid falls in the third
category above, because calculating this price impact, requires to use bids in the set of auction
bids excluding bidder i (both bids that ended up being winning bids, and bids that were losing
bids in the auction) and using these bids to solve other, hypothetical auctions (in which bidder i

does not participate).

[00107] Other than price impact, bidder may condition on variables such as, but not limited to,
auction depth, market depth, supply-demand imbailance (whether there are much more buyers

than sellers, for example), oversubscription, competition, liquidity, dispersion of the auction
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allocation (that is, whether in a multi-unit auction, a few bidders win a large fraction of the total
of goods, or whether there are many “small” winners), or equity (capturing whether, for example,
one specific group of bidders wins many items, the difference to dispersion being that the
identity of the winners matters). The specific definition of these variables, and the choice as
which, if any, conditions on these variables bidders are allowed to submit is left to the auction

(or mechanism) designer.

[00108] Also consistent with the invention are complex bids of a fifth category. These bids are
item-less complex bids: they may include conditions of categories one through four, but differ
from any of these categories, because the bidder bids a transfer (or amount) based on the
conditions holding, without bidding on any auction itehs. For example, bidder k in the first
example above may bid to pay $1 if item C is not won by a specific bidder h (which would be
similar to a complex bid of category two, but is sti_II different because the condition is not
attached to a bid for, say, item A). Complex bids of the fifth category may be especially useful in

auction-like settings, where the present invention is used to coordinate decisions.

[00109] In some embodiments of auctions of the present invention, bidders may submit bids
that include more than one complex condition. In particular, bidders can combine conditions
that are of the same category deécribed above, and/or of different categories. Thus, a bidder in
a securities auction may say that he would like to buy up to 1,000 shares of a stock for a per
share price of up to $70, but only if the price impact per share was at most $0.0001, and the
total quantity issued was above a certain amount. A bidder’s bids, complex or not, may also
include a condition that is standard in auctions, such as a minimum execution size. That is,
bidder j in the previous example, may add the condition that he would fike to buy at least 600

shares in the auction. In some embodiments, complex bids may also be combined with other
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contingent bids in the prior art. For example, bidder i may include conditions on the set X; that
he wins, stating that he would like to buy A and B only as a bundle, and only if a specific other

bidder does not win good C.

[00110] A bidder in some embodiments of the present invention may submit multiple complex
bids (which may each have multiple complex conditions). Also note again, that a complex bid
will refer to a bid that includes at least one complex condition (but may include more than one

complex condition as well as any number of conditions that exist in the prior art).

[00111] In some embodiments of the present technology, the complex bids described can be
submitted as bids that are valid for a given round in any dynamic auction in the prior art. Such
dynamic auctions include, but are not limited to, auctions in which in at least one round, bids for
the current and/or future rounds can be manually and/or automatically adjusted or entered. The
present auctions could, for example, be run in one or more of the rounds, and the results (or
information derived from the result) may be communicated to the bidders in that round, without
having the allocation be implemented (in that goods are bought or sold) until the final round of

the superseding dynamic auction.

[00112] In some embodiments, the set of admissible bids may consist of complex bids and
other bids common in the prior art may be allowed, these other bids having no conditions and/or

one or more non-complex condition.

Bids/Orders in a Richer Setting
[00113] Figure 1C is a block diagram of an example trading apparatus as it would be used in
the richer setting described below, in accordance with an embodiment of the present

technology.
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[00114] In one embodiment, the trading apparatus 100 includes an exogenous communication
module 130. The exogenous communication module 130 communicates with an exogenous
trading venue and/or a data feed. The exogenous trading venue is a trading venue other than

the trading venue including the trading apparatus 100.

[00115] In one embodiment, the exogenous communication module 130 includes an order
routing module 132 and/or an exogenous information accessor 134. The order routing module
132 sends a portion of the orders to the exogenous trading venue. It should be understood that
a portion may refer to a part less than a whole of the orders, or the entirety of the orders. The
exogenous information accessor 134 accesses information from the exogenous trading venue

and/or a data feed.

[00116] Embodiments of the invention in the richer setting may allow bidders to submit a
number of additional bid types, compared to the simple setting. These bid types include pegged,
routed, and trading-inspired bids, which are described next, followed by a detailed description of
how the complex bids from the simple setting carry over to, and are augmented, in the richer

setting.

[00117] First, itis useful to introduce a concept from trading, namely that of pegging orders.
Pegging of orders offers advantages in continuous markets that move fast (for example in the
US equities market, where subsecond execution speed and high frequency trading strategies
are common). Specifically, a trader may submit an order that is pegged to a variable such the
best bid for a stock (or the ask, or the midpoint), by stating that he wishes to buy a specific

quantity of the stock for a price that is equal to the current midpoint minus a number of cents (or
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ticksizes). The price of a pegged order would thus continuously adjust to the variable that the
order is pegged to, without requiring continuous monitoring from a trader (who may otherwise
have to submit and cancel orders continuously to replicate the pegged order, and would likely
miss out if markets were to move quickly). A more general version of pegging is introduced next,

as a feature of the present invention.

[00118] In some embodiments of the present invention, bidders may submit pegged bids,
which include conditions (much like complex bids do), and for which it is useful to distinguish

categories, which vary by the conditions that the pegged bids include.

[00119] The first category of pegged bids include conditions on the time at which the auction
clears. For examplel, if an auction of the present invention was run for a specific NYSE listed
stock, a bidder may condition a bid of $30 for 10,000 shares on the time at which the auction
clears, specifying that he would like to buy only as long as the auction clears within the next five
minutes, or by 3pm. Or, the bidder may specify that a bid for a given price and quantity be

cancelled after 4pm.

[00120] A second category of pegged bids include a condition on at least one exogenous
variable, by conditioning on said variable’s realization at the moment that the auctio-n clears.
The bidder in the previous example may condition his bid on the current midpoint of the NBBO
for the stock at the time of clearing, or on said midpoint being in a specific interval, or on the
realized volatility of the stock over the last 3 min up until the moment of clearing, or on statistics
formed with any other exogenous variable, such as the price of a specific call option, or the

volume of outstanding best bids for that call option at the time of clearing.
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[00121] An example of a bid with conditions from category one and two above would be that of
a bidder specifying a to buy a good as long as the midpoint of a specific stock (or some other

exogenous variable) has not moved outside of a given interval before 3pm.

[00122] The third category of pegged bids include conditions on the intra-auction information
sent out by the auctioneer. For example, if the intra-auction messages sent out by the
auctioneer includes a likely price range applicable to an order of a fixed size, the bidder may
submit a bid to buy a specific quantity of the stock conditional on said price range being within
an interval that he specifies. Or, if the intra-auction information includes information about the
number of bids, or the total volume of bids submitted in the last 3min, a bidder may include a

condition about said number or volume being above a threshold.

[00123] In some embodiments of the present invention, bidders may include in their bids
combinations of conditions on exogenous variables and/or combinations of these and other
conditions as described in the complex bids so far. In one embodiment, these combinations of
conditions on the exogenous variables and the combination of these other conditions include at

least one complex condition.

[00124] In embodiments of the present technology, bidders are allowed to submit routed bids,
that is, bids for which at least a part of the bid may be, or has to be, routed out to other
(exogenous) trading venues for execution. For example, a bidder in the auction may submit a
bid for 100,000 shares of a stock for up to 53, as long as the price impact of the bid is at most a
certain amount, and with a routed part of the bid specifying that he wishes to send a limit order

(or market order) to a specific exchange or collection of trading venues (likely through the use of
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an order routing system), to buy some number of shares of another stock for every share of the

stock he wins in the auction.

[00125] Also consistent with the present auction formats are trading-inspired bids, namely bids
that are the a) natural analogue to order types that exist in the prior art for trading mechanisms
(in that they are submitted to exchanges or other trading venues) and that b) do not simply
consist of a price and quantity (but instead, include some ofher specification). What is meant by
natural analogue is that the defining feature of the order translates to the bid. For example, an
immediate-or-cancel order is sent to venues, and is immediately cancelled if no execution
occurs. The bid analogue would be a bid that is immediately cancelled if it does not
immediately enter and subsequently win in the clearing of the auction. In some embodiments of
the present invention, bidders may thus submit bids that are analogues to good-till-
cancel/crossing orders, stop orders, and other standard orders that satisfy a) and b) above. The
bidders may specify that their bid expires depending on other variables (for example depending
of the value of the NBBO midpoint for some stock), and the bidders may specify a visible and a
hidden part (much like is the case for reserve orders), and include complex conditions to the

hidden part of the bid.

[00126] In the richer setting of this chapter, complex bids can be augmented compared to their
definition in the simple setting. In particular, consider a bid submitted at time t' by bidder i
bidding in an auction, said bid with a condition to be satisfied if and when it clears in an auction
whose clearing process starts at time t (and is thus based on the valid, outstanding bids at time
t) and generates an auction allocation and transfers (X, T) (where (X, T;) refer to the allocation
and transfers of bidder i). A condition included in said bid is to be called comple, if it has two of

the following characteristics: verifying the condition (a) is not always possible knowing only: 1.

32



WO 2011/094235 PCT/US2011/022470

bidder i’s allocation and transfers (X;, T); 2. bidder i's own bid history; 3. the time t of the start of
the clearing process; 4. the history of exogenous variables until time t; 5. the history of trades up
until t, minus the information about (X.T) (that is, the history of trades up until t. , meaning until
just before time t); and 6. the history of intra-auction information until time t, minus the
information about the allocation and transfers (X,T) (where “not always” means that there exists
constellations of bidders and bids submitted, for which verifying the condition is not possible
knowing only said information in a)), and (b) requires at least sometimes using at least some of
the information contained in the auction allocation and transfers excluding bidder i (X-X;, T-T))
for said auction, and/or some information that is contained in or derived from the entirety of
auction information up until time t, or parts thereof (where “at least sometimes” means that there
exist constellations of bidders and bids submitted for which verifying the condition requires using

at least some of said information in b)).

[00127] The conditions (a) and (b) mimic the analogous conditions in the simple case, but differ
slightly. In simple words, complex bids allow bidder i to condition his bid on something that he
would not be able to find out based solely on the information available to him. Above, 1. and 2.
are almost exactly as in the simple setting, except bidder i now has an entire history of bids that

he submitted, as opposed to one valid outstanding bid.

[00128] The information about the clearing time t, 3, and the exogenous variable, 4, are
included in (a) because otherwise, bids pegged on the clearing time or the time t value or time t
history of the exogenous variable would be considered complex, which is not intended.
Similarly, the history of trades up until time t. is included, because otherwise, algorithmic trading
strategies, were bidders submit bids depending on histories of trades, would be considered

complex bids, which is also not intended. Note that these bids would not be pegged bids,
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because the trade at time t is explicitly excluded. The reason for excluding the trade information
at time t is that it includes the entire aliocation and transfers (X,T), and thus in particular
includes (X-X;, T-T;). Finally, the intra-auction information is included in 5, because otherwise,
orders pegged to the auction information or algorithmic orders as above based on the intra-
auction information would be complex, which is not intended. Moreover, it is necessary to
subtract the information about the allocation and transfers at time t, (X,T), since the general
setup for the mechanism does not prevent the intra-auction information sent at time t from being
included in the intra-auction mechanism (and it would be possible for (X,T) to be included in

practice, if the clearing process was virtually instant, for the purpose of the application).

[00129] The first general comment about the definition of complex bids is that whether a bid is
complex depends on the specific mechanism chosen, and, more precisely, on the history of
intra-auction information available to bidder i at time t. Consider the case in which bidder i bids
$5 per share for a lot of 10,000 shares, but only as long as there are at least 3 other bids for a
lot of 10,000 priced above $4.5. If only sealed bids were admissible in the auction, the bid
would be complex. If all submitted bids were immediately published, then the bid would not be
complex, because the history of intra-auction messages up until time t available to bidder i
would include information about all submitted bids, allowing to verify bidder i's condition. Note
that if bidders had the choice between publishing and not publishing their bids, then the above
bid would also be complex, because constellations of bidders and bids would exist, for which a)
would hold (namely whenever at most 2 bidders bidding on a 10,000 lot at a price of above $4.5
chose to publish their bids).

[00130] The complex bid categories from the simple setting carry over. This is obvious for the
first and second category (which are defined by conditions on the items sold or bought, and the

allocation and transfers, respectively).
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[00131]) The third category of complex bids (conditioning on information contained in bids other
than bidder i’s bid), would now allow bidders to, for example, submit a bid stating that they
would like to bid $50 for a stock, if there was at least some volume of bids submitted at a price
of 49% in the last 3 minutes. Notice that this example takes into account the bidding history of
other bidders, as opposed to just the number of outstanding bids (as in the example given for
the simple case, were a $5 bid on good A is conditioned on there being at least three bids

above $4.5 for good A).

[00132] The fourth category of complex bids would also allow for more freedom in the richer
setting, compared to the simple setting. A bidder could, for example, submit a bid for some
number of shares conditional not just on the price impact that this bid would have, but
conditional on what the change in the price impact is, compared to what the bid's price impact
would have been, say, at its maximum or minimum in the last 5 minutes. Again, this example

takes into account histories.

[00133] The fifth category, which is a bid with a condition as in any of the categories one
through four, but without bidding on an item directly (as described in the simple setting),

naturally carries over, given that bids of each of the four categories carry over.

[00134] In the richer setting, it is useful to describe two more categories of complex bids.
Notice though, that with or without these additional categories, the collection of categories
described is neither exclusive, nor exhaustive (much like is the case in the simple setting). Also
note that in the richer setting, bidders may condition on all the variables already described in the

simple setting, and have more flexibility in doing that due to the added time component. The
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added time component also allows bidders to condition on variables such as stability and
momentum. Stability here refers to the likelihood of large price changes: for example, a bidder
could condition his bid on there being many bids submitted for lower prices, conditional on lower
quantities. (If the number of said bids was high, a price drop or drop in liquidity would be more
likely). Momentum could be captured with bids that condition on the number of bids submitted in
the last 3 minutes (which have not yet executed) with prices higher or lower than the current

price.

[00135] In some embodiments of the present technology, bidders may submit complex bids of
a sixth category, which include a condition on information about those bids that the bidder is
matched with in the clearing process. For example, a bidder in a double-auction may specify
that he would like to buy a certain good at a specific price only if the bid of the bidder that he
buys from was submitted within a specific time interval (for example, at least 5 seconds before
the auction cleared). Or, a bidder may include a condition on his place in the queue: specifying,
for example, that he would like to buy a number of units at a given price only if he is not the last
bidder who buys units at that price (where bids with the same price are organized by time
priority, which means that older bids have priority over bids at the same price that were
submitted at a later time). Alternatively, a bidder may condition his bid on the identity of the
other buyers that win the good, or on the length of time since when the other winning bids to buy

the item have been submitted.

[00136] In some embodiments of the present technology, bidders may submit complex bids of
a seventh category, which includes a condition on the bid’s effect on a variable in the intra-
auction message if the bid was included in the set of valid outstanding bids, and said variable

was updated accordingly. Note that whether this bid is complex depends, of course, on the
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intra-auction information available to the bidder. Also, this kind of bid has features of pegging.
Finally, the bid condition may be met long before the bid executes at the clearing of the auction.
In practice, it will likely be best not to let the bidder know when the condition has been met, as to
avoid gaming by bidders. Another way to restrict abuse of such a bid may be to specify that this
category of bids may not be canceled for at least some amount of time (for example, 3 seconds)
after submission.

[00137] An example for bids in the seventh category would be as follows. If the intra-auction
message consist of the likely range of prices applicable to a fixed-size order, a bidder may
include the condition that the effect his bid would have on that price range may not exceed
some amount per share (or some amount for the entirety of the order). Note that this example is
intuitively similar to a bidder conditioning on the price impact of his order. The bid is complex,
because at the time the bid clears (which may be long after the condition became true), the
bidder cannot verify the condition knowing only his allocation and transfers, the time and the
other information available to him in a), but can verify the condition knowing the entirety of

auction information.

[00138] Complex bids of the seventh category may allow to run auctions that are less
computationally intensive, since these kinds of conditions may be easier to calculate, compared
to the calculations involved with complex bids of the fourth category that have a price impact

condition.

[00139] Finally, note again, that all aspects of the invention described in the simple setting are
included in the richer setting. Moreover, any of the auction mechanism features and bid features
can be combined. Thus, in particular, bidders may submit multiple complex bids (which may

each have multiple complex conditions), and where a complex bid will refer to a bid that
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includes at least one complex condition but may include more than one complex condition, as
well as any number of conditions that exist in the prior art. Bidders may also submit bids that
include any subset of non-complex conditions described in this chapter (meaning that a bidder
may have a pegged bid that is routed and/or has other trading-inspired conditions). A single
auction in the present invention may be run as, or in, at least one individual round of a dynamic

auction (as mentioned in the context of the simple setting).

[00140] On note, the choice as to which kind of the complex bids described in present
application may be submitted, and the way in which the complex bids, that is, the complex
conditions are formulated is decided by the auction designer. Formulations may include, but are
not limited to: selecting among a finite set of options, specifying sentences, specifying

mathematical conditions, functions, or ranges.

[00141] Further, for illustrative purposes, the following is a non-exhaustive list of goods the
present invention may be applied to: public and private sector bonds, bills, notes, stocks
(including baskets, like ETF), derivatives (including options, CDS, variance swaps);
commodities (including power); oil drilling rights; emission allowances or credits; real estate;
online advertising; spectrum licenses; airport Iahding spots; data capacity; and other goods,

tangible and intangible.

[00142]
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[00148] The basic timeline of the auction process for auctions in the present technology is also
standard in the sense that the auction has to be initiated, bids have to be collected, the auction
has to be cleared and the relevant results have to be communicated back to the bidders.
Embodiments of the present technology providing auctioneer system (10), the auctioneer sends
out intra-auction messages to all participating bidders over the communication network (30)
(101). These messages may include information about the auction mechanism, specifically,
trading rules (and include the candidate set of items that may be auctioned off, or the time
period during which bids may be submitted, the kind of admissible bids, bidding deposits) and/or

the clearing method used to solve the auction, as well as any other relevant information.

Bidders enter the bids into the bidder systems (20i), which are send through the network (30)
and received and stored by the auction database (30) (102). Bidder's may receive a message
from the auction computer confirming that their bids were received. The bidder's may also have
the option to revise or cancel their bids before the clearing of the auction starts. The bids are
stored in the auction database (45) and accessed by the auction program (46) which checks the
bids’ validity, cancels any invalid bids and generates the set of valid, outstanding bids for the

auction (103).

[00149] The auction database receives the bidders’ bids and proceeds to calculate and update
the set of valid outstanding bids. In particular, the way in which this set is determined is up to
the auction designer. Some design choices in this context are simple, like cancelling bids that
are invalid in isolation (such as a bid to buy a good up until a time that has already passed),
some choices are more involved (a designer may chose to throw out the last submitted bid if it is
invalid in combination with the previously submitted bids, or chose to throw out the oldest bid

that leads to a conflict in conjunction with the set of outstanding bids).
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[00150] The auction program (46) clears the auction at the predetermined time of clearing,
using the set of valid outstanding bids and the clearing method, stores the results (that is,
allocation and transfers (45-5)), and may also derive additional information (45-6) from the
auction results and/or bids, some or all of both of which may then be stored in the auction
database (45) (104).

[00151] The process of clearing the auction is described in more detail at the end of the
chapter, after the set of admissible bids (which are part of the inventive auction system) has
been described. This is done, because the characteristics of the admissible bids directly affects
the elements of the clearing mechanism that need to be specified by the auctioneer in order to
clear the auction, as well as the process of executing the clearing based on the specified

clearing mechanism.

[00152] And example of information derived from the auction results (45-6) in step (104) could
be the average winning bid in a multiunit auction, or the average size of the winning bid.
Information derived from the bids may include statistics formed with bids (such as for example,
a statistic capturing the level of oversubscription in the auction, formed by counting the volume
of losing bids above some reserve price), or derived information that involves more
sophisticated calculations based on the bids (such as for example a variable capturing the price
impact of the three largest winning orders in a multi-unit auction, which would require solving a
number of hypothetical auctions based on both winning and losing bids of the current auction;

note that this example is described in more detail in the examples section of the document).

[00153] The auction computer (40) sends back the pertinent information to the auctioneer and

the bidders, which may be different for all or some of the users, and include any subset of the
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information in (45-5) and (45-6) (105). Note that since said information may vary by bidder, the
auctioneer may for example decide to communicate to bidder i only his allocation and transfers

(Xi,Ti), and the average winning bid in a multi-unit auction.

[00154] Note that the auctioneer may have a number of choices as to the monetization of the
auction, that is, as to specifying monetary transfers to and from the bidders, to be associated
with the execution of trades. For ease of exposition, these options are described in the context
of the richer setting, because embodiments of the invention in the richer setting may be used to
run a trading platforms, and transaction fees and rebates (that is, monetary transfers) are
common in practice for trading platforms (where as one-time auctions may charge only

participation fees).

[00155] Figures 2A and 2B show a flow chart of an example trading method, in accordance
with embodiments of the present technology. Of note, it should be appreciated that the steps

shown therein may be performed concurrently or sequentially.

[00156] Referring now to Figures 1A-1C, 2A and 2B, at 202, in one embodiment, orders are
received from at least one trader 112. The orders include at least one complex order, as is

described herein.

[00157] At 204 and as is described herein, in one embodiment, the orders are stored. In one
embodiment, the orders are stored internal to the trading apparatus 100. However, in another
embodiment, the orders are stored external to the trading apparatus on a storage medium

coupled with the trading apparatus, via wire and/or wirelessly.
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[00158] At 208, in one embodiment, trades are generated based on the orders and a trading
mechanism 146. in one embodiment, the orders that are stored at 204, are compared with the
trading mechanism 146. Based on this comparing, the trades are executed. In one

embodiment, trades are generated via the execution of a clearing method 148.

[00159] At 208, in one embodiment, trades are reported. In one embodiment, the trades are

reported to at least one trader 112.

[00160] At 210 and as described herein, one embodiment manages an event associated with
the orders selected from a group of events consisting of: submission of the orders; amendments
of the orders; cancellation of the orders; generation of a set of valid outstanding orders;
confirmation of a receipt of the orders; publication of a portion of the orders; and a trade
generated based on the orders. It should be understood that the foregoing list of events is non-
exhaustive. At 212, in yet another embodiment, intra-trade information based on orders and/or

trades is reported and generated.

[00161] At 216, in one embodiment and as described herein, the trading mechanism is stored.
At 218, in one embodiment and as described herein, a selection of a selectable order input is
received from at least one trader 112. In embodiments, the selection of a selectable order input
is received by the trading apparatus 100 by any number of input forms, such as but not limited

to: voice commands, touch screen, keyboard entry, icon selection via an input control, etc.

[00162] At 220, in one embodiment, information associated with the trades is stored. At 222,
in one embodiment, trade reporting instructions are received. Of note, in one embodiment, the

trade reporting instructions instruct the reporting module on where and what to report. In one
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embodiment, these reporting instructions may be input via an input device coupled with the
trading apparatus 100. In one embodiment, the instructions may be received from the
auctioneer system 114. In another embodiment, the instructions may be received from an entity

other than the auctioneer system 114.

[00163] In one embodiment and as described herein, the trading method 200 operates in at

least one round of a dynamic auction.

Richer Setting
[00164] In one embodiment, the auction database receives the bidders’ bids and proceeds to

calculate and update the set of valid outstanding bids.

[00165] Referring still to Figures 2A and 2B, at 214, one embodiment communicates with an
exogenous trading venue and/or a data feed. The exogenous trading venue is different than the
trading venue comprising a trading apparatus, such as, but not limited to, the trading apparatus
100, from which an order is received from at least one trader 112. In one embodiment, the
communicating of 214 includes sending a portion of the orders to the exogenous trading venue

and accessing information from the exogenous trading venue and/or the data feed.

Trading Rules (Other than Clearing)

[00166] The following rules, and any combination of these rules, are consistent with the

present invention and to the be defined by the auction designer.
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[00167] Bidders may cancel bids at any time, only after a specific delay time or a random delay
time, and these rules may apply to all or some bids, may vary over time, and may depend on

the individual bid or the combination of bids submitted so far, or both.

[00168] Bidders may amend bids and, in some or all cases, keep the bid’s time priority, or
delay the time priority by a specific or random time, or other rule. There may be rules regarding
the bids submitted so far by a bidder up until a given time, such as, but not restricted to, a
maximum on the number of outstanding bids, and rules that apply to any given time interval,
such as a maximum on the number of bids that the bidder may amend or submit within a given
time interval. Moreover, these rules may be different for different bid types.

[00169] As for transparency requirements, note that auctions in the present invention leave
some degree of freedom to the auction designer choosing the specific embodiment. For
example, the designer may specify that the auctioneer or the bidders may choose to make
public part, or all, of the bid on a bid-by-bid basis, or on all the bids, for part or all of the time
through intra-auction information or after the auction is concluded. Bidders may choose to

publish information or send messages to all participating bidders.

[00170] The intra-auction information the auctioneer decides to disclose may include
information about the current bids, or information derived from the current bids, or information
about the history of auction results, or any other information. For example the auctioneer may
disclose information about realized volatility over the auctions that concluded in the last 3
minutes, or information stating that there is interest in a stock (without disclosing whether there
is interest to buy or sell), or information about the likely range of prices that a bid of a given fixed
size may execute at (that is, what the likely winning price, if any, of the bid would be in a double-

auction). Moreover, at one, some, or all points in time, the auctioneer may decide which set of
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bidders are to receive which intra-auction message (meaning that not all bidders will receive

have the same intra-auction information at all times).

[00171] In auctions of the present invention, the auctioneer may exercise choice over the set of
auction items sold or bought, and may only announce a candidate set of items to be bought or

sold ex-ante (for example, by including that information an initial intra-auction message).

[00172] Regarding monetization of the auction, the auctioneer may decide to charge
participation fees, or charge or pay bidders for goods that they buy or sell, much like exchanges
charge transaction fees and/or pay rebates for orders that they execute. It is useful to
distinguish three categories of charges and rebates. The first category of charges and rebates
are the standard charges/rebates existent in the prior art for trading mechanisms and/or
auctions: per unit rebates/charges, which may differ depending on whether, for example, the
order was resting in an order book (and may be paid a rebate upon execution, since it was
providing liquidity) as opposed to being a market order send to execute against orders in the
book (which may be charged a fee for taking liquidity). In some embodiments of the present
invention, a second category, namely that of differential charges/rebates may exist: The
auctioneer may decide to charge bidders depending on features of the bid. For example, a
bidder who won shares in an auction may pay more per share if the bid he submitted included a
constraint, such as a minimum execution size, or a condition on the price impact of the order.
Or, the bidder may pay more if he engaged in what would be called “order splitting” in a trading
context; for example, if the bidder wins a certain quantity in total but the winning quantity was

made up from a large number of small bids.
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[00173] In some embodiments, the auctioneer may also choose to pay rebates or charge fees
of a third category, which depend on the clearing conditions at the time the bid is executed.
Charges and/or rebates, that is, payments, may vary with the length of time that the bid had
been in the set of valid outstanding bids until the auction cleared (this is something a bidder may
be able to estimate at any time, knowing when he submitted the bid). Other criteria for
determining payments include, but are not restricted to, what the bid’s place in the queue of
winning bids was (which depends on the auction allocation in a way that is hard or impossible
for the bidders to estimate), or how much liquidity the bid or bidder provided (measured by how
much the bidder’s bid affected the allocation by increasing, for example, the total volume traded,
compared to how much would have been traded without the bidder). [n tumn, in some
embodiments of the invention, bidders may have the option to specify the maximum amount of
fees that they would be willing to pay once the bid executes, for example, on a per share basis.
[00174] In some embodiments of the invention, the sum of the rebates paid to the bidders and
the fees received from the bidders while implementing allocations may always be positive, but
that does not always have to be the case. The auctioneer could charge fees and pay rebates in
fourth way, namely one that requires the ability to exercise discretion over the budget, and
choose to only balance his budget (so that rebates and fees cancel each other) on some
allocations, or even pay at the clearing (if the rebates exceed the fees collected) on others. This
flexibility may allow the auctioneer running a sequence of auctions to have better control over
trading volume, or price stability, for example.

[00175] The auction designer may choose to include any combinaﬁon of the four categories of
charges and/or rebates described above.

Rules Around the Clearing

[00176] In some embodiments of the invention, the clearing step of the auction would involve
sending orders to other exchanges and/or other trading venues (such as Alternative Trading

Systems in equities). In particular, this would be necessary if routed bids (defined further below)
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are allowed. The clearing program of the auction may thus, for example, have to be able to
access and retrieve information about the outstanding volume at the NBBO in order to include
said volume in the database of valid, outstanding bids for the auction. In particular, this may be
necessary in applications were regulatory requirements such as trade-through rules require a
trading venue that clears at a price outside of the best bid and offer to sweep up any available
volume (outside the venue) up to that price. In such a case, the auction program would have to
send orders to buy from or sell to the respective offers and bids on the venues curréntly offering
those best prices. Note that from the auction perspective, this introduces a risk of non-
execution, if the orders sent out by the auction are not filled or filled only partially, or not at the
expected price. The auctioneer may thus choose to give traders the option to specify how much
execution risk they are willing to take (for example, they may accept up to 10% deviation on the
volume bought or sold), and/ or choose to cover part of or all of the variations due to partial fills
(for example, by covering any price differences that arise when trying to fill the targeted volumes
as specified at the clearing of the auction.

[00177] As to when to clear the auction, the auctioneer in the richer environment has a number
of options. He may choose to clear the auction at a specified time (for example hourly, from 9am
to 5pm), or clear depending on some condition that can be verified with information derived from
the valid bids in the database and/or information exogenous to the auction. For example, the
auctioneer may continuously monitor the set of valid and outstanding bids, calculate the
resulting allocation and actually clear (and implement) the allocation only if the resulting trade
has at least a specific volume, and/or not unless the volatility of some exogenous variable was
at most a certain amount. Or, he may clear an auction for a stock only if at least a minimum
trading volume is achieved and the difference between the auction’s clearing price and the
clearing price of the previous auction is at most a specific amount. Alternatively, an auctioneer

may also be able to exercise discretion about whether a trade should occur, conditional on a
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condition being met, for example, if the auctioneer would like to manually instate a trading halt if
the drop in prices from one auction to the next was large.

[00178] The auctioneer’s choices over when to clear an auction, implies that in some
embodiments, bidders will know exactly when a trade may happen, or may not know when the
trade may happen or could happen at all.

[00179] Note that the process of calculating the resulting allocation based on a current set of
valid outstanding bids takes time. If a clearing process is started based on the valid, outstanding
bids at time t, then the process may not end until time t+D. Thus, it is necessary to specify how
to handle bids that are submitted in the time interval [t,t+D], as well as how to handle the
cancellation that occur in the time interval (and this affect the valid, outstanding bids currently
used in the clearing process). The auctioneer may specify that new arriving bids are collected in
the database and then merged with the remaining valid bids from the cleared auction. The
auctioneer may allow bidders to cancel bids at any time, but delay the cancellation of bids that
are used in a clearing process until after said process has been completed. Note that the
auctioneer also has to make design choices about what to do with bids that were not, or only
partially, filled in the clearing process. On possible choice may be to include any unfilled portion
of these bids in the set of valid outstanding bids after the clearing.

[00180] The following describes the transition from one auction to the next, when a sequence
of auctions is run. First, information about exogenous variables and intra-auction messages may
be sent at all times. Now, consider an auction that started at time t'. Say that at time t>t, the
clearing process of this auction starts, and is concluded at time t+D (when trades are also
executed). The database of valid, outstanding bids would then be updated (for example, by
merging any of the partially filled bids from the clearing that are still valid with the set of valid
bids submitted between time t and t+D), and serve as the starting set of valid, outstanding bids

for the next auction. Said next auction would be designed to start at t+D. Trade information for
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the auction that started att' may also be published at t+D, and added to the history of trades
available for said next auction. In general, at its start, the next auction would have access to all
histories up to time t+D (this includes histories of intra-auction information, exogenous variable

information, the set of submitted bids and the set of valid, outstanding bids).

The Clearing Method

[00181] The clearing mechanism for a complex auction mechanism may be that associated
with any of the standard auction formats in the prior art, including first or second price auctions
for individual goods, and discriminatory price, or uniform price auctions for multi-unit auctions,
combinatorial version of those formats listed so far, other combinatorial auctions, and a general
complex trading format to be defined later. Consistent with the present invention is also the
inclusion of other standard features such as reserve prices on part or all of the candidate
auction items.

Note that the auctioneer may also need to specify tie-breaking rules, for example, by specifying
that price-setting bids in a uniform price auction may be pro-rated. (A much [ess common
alternative may be to allow for time priority among bids of the same price, such that earlier
submitted bids would be filled first. Yet another alternative may be to give priority to bids that do
not include a constraint, such as a minimum size, or specific complex constraints). In particular,
the tie-braking rules aré also meant to include rules as to how to choose among a set of clearing
prices (for example, when more than one price is consistent with a given allocation in a double-
auction that requires one auction price to be applied to all units bought or sold).

[00182] Moreover, the choice of the clearing method may include choosing an objective
function. The role of the objective function is to choose the auction allocations and transfers to ‘
be executed, in case the clearing method and tie braking rules select more than one candidate

allocation and transfers for the auction. Note that the term objective function does not
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necessarily mean that there exists a mathematical function allowing to automate the choice, but
rather refers to criteria that the auctioneer would consider in choosing amongst said candidate
allocation and transfers. Possible criteria may include, auctioneer revenues from the auction,
auctioneer costs from the auction, gains from trade, trade volume, or other variables, such as
equity or dispersion in an auction (which may be captured with statistic based on the auction
result). An auctioneer may choose to maximize any one of these criteria, or any combination
according to any value function of his choice. The value function may change over time, and/or
the auctioneer may “manually” select amongst the candidate auction results. In practice, it will
likely be advisable to announce ahead of the auction, exactly how the winners will be
determined, which would include disclosing the auctioneer’s objective function.

[00183] To illustrate the implications of the choice of objective function and admissible bids on
the clearing process, consider the simple example of a bond issuer who decides to sell a total
notional of either 1billion or 2 billion, and allows bidders to submit bids that include conditions on
the total quantity issued. (Bidder j in the previous example would state that he would like to buy
at least 600 shares and at most 1000, and would be willing to pay up to 7$ per share if the total
issued was 1 billion, and up to 6.5% if the total issued was 2 biliion). If the bond issuer's
objective is to maximize revenue, and he chooses a uniform price auction format, then the
clearing process in this simple case essentially amounts to solving two independent uniform
price auctions, one for a 1billion notional issued, and one for a 2billion notional (while
considering only those bids that are valid conditional on the respective issuance volume), and to
choosing whichever of the two auctions had the higher revenue. Much ,ore detail on the clearing
methods of complex auctions is provided further below.

[00184] In the richer setting, the auctioneer has more choice as to the clearing method chosen
compared to an auctioneer running the auction in the simple setting of chapter 1. For example,

the auctioneer may choose to maximize a combination of revenue and some metric for price
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stability, rather than, say, maximizing only revenue. For an auctioneer running double-auctions
for a stock using a uniform price auction, a natural metric of price stability could be difference
between the last auction price for the stock and the possible price in the current auction, or the
realized volatility of the auction prices over a specific time interval leading up to the current
auction, once the possible current auction price is included. Generally, in some embodiments of
the present invention, an auctioneer may chose objective functions that include metrics formed
with past auction results, and moreover, these objective functions may change over time (for
example, an auctioneer may include price stability into the objective function only when volatility
for the auction good, or for related assets is higher around the time of the auction).

[00185] In general, the clearing process of a trading mechanism (that is, a trading mechanism,
which is not necessarily an auction mechanism), involves taking in a set of valid, outstanding
orders and applying a clearing method to said set of orders. The clearing method can be any
method specified by the mechanism designer (the designer has complete control and may for
example, decide to disregard all orders submitted at uneven seconds, and start an auction with
the remaining set of bid, even if that evidently would not be a wise trading format). If the trading
format happens to be an auction format, then the trading mechanism belongs to subgroup of
trading mechanisms that are also auction mechanisms.

[00186] At this point, it is useful to introduce a number of non-auction trading mechanisms that
are used in practice, and also explain how complex orders would look like for these
mechanisms.

[00187] First, consider the trading mechanism used by most exchanges, such as the NYSE.
Using the terms introduced in the richer setting, this mechanism includes: a set of admissible
bids/orders (including limit orders, market orders, and usually a myriad of other order types),
rules for calculating the set of valid, outstanding orders (for example, a stop order to sell may

become active, as soon as a stock price drops below a certain limit), rules regarding intra-
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trading information and trade information (orders in the book may be displayed in entirety, or
partly hidden, such as with reserve orders; trades are reported, in accordance with SEC post-
transparency requirements). Moreover, the mechanism includes rules as to how to cross orders
(that is, how to generate trades based on a set of valid, outstanding orders), and these rules
represent the trading format (including tie braking rules).

[00188] Embodiments of the present invention include augmenting trading mechanisms in the
prior art, such as those used on exchanges and other Alternative Trading Systems in equities,
and change/augment these mechanisms to become complex trading mechanism by introducing
complex orders. As already mentioned, there are a myriad of possible complex orders, many of
which could be used in a complex trading mechanism. Below is a very short list of examples of
complex orders for three trading mechanisms. Also note again, that any of the monetization
options (such .as differential rebates and fees) discussed so far, also would apply in the context
of trading.

[00189] In a trading mechanism as used by exchanges, traders may be allowed to submit the
following complex order: an order that is hidden (not displayed in the book), specifies a price,
quantity, and maybe a minimum size, and a complex condition which states that (if execution of
the order happened within the NBBO), the order may be matched only with orders that have
been submitted at least 3min before the execution of their order. Or, traders may include
complex conditions stating that they would like to buy or sell a quantity only if the total quantity
in the trade was above a specific amount, or above some multiple of the quantity that they end
up buying. (For completeness, note that any order that is displayed in the book, or more
precisely any quantity displayed, would likely not be allowed to have a complex condition
attached to it.) Another kind of complex order could specify a price and quantity to be traded,
conditional on there having been at least some volume of complex orders submitted in the last

few seconds, which were not immediately canceled and had a price above a certain threshold.
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[00190] As another example, consider a mechanism such as NYSE Matchpoint. In this case,
orders submitted consist only of quantities that the traders wish to buy or sell. The orders are
crossed/cleared a number of times during the day, at a price determined on another venue (for
example, by choosing the average price over a randomly selected minute of trading on the
NYSE in the hour preceding the cross). Since there is no way to balance demand and supply
due to the fact that the price is determined elsewhere, orders need to be pro-rated at clearing: if
there are more buy than sell orders, all sell orders get filled, while the buy orders are pro-rated;
if there are more sell than buy orders, it is the reverse. In this case, traders may be worried that
their order gets filled entirely exactly when they were on the wrong side of the trade (a buy order
would get filled entirely precisely when there are more sellers, suggesting that prices may move
down). This concern may be even more significant for someone submitting a large quantity. A
complex bid in this context may include the condition that the ratio of supply and demand may
not be more than some number, or at most equal to some number. Or, a complex bid to buy up
to some quantity may include a condition that the total quantity traded be at least some multiple
of the quantity that the trader ends up buying in the cross.

[00191] As yet another example, consider platforms such as pipeline trading, that may send
out intra-trading information, which is partly based on the orders that are currently in the .system.
Pipeline trading, which is geared toward the execution of large orders, invented a proprietary
block price range that specifies at what prices an order of 100,000 shares may execute. This
range of prices takes into account information about the set of valid, outstanding orders in the
system, as well as “fundamental” information about the stock, such as its volatility. A complex
order of the seventh category as infroduced before, may then include a condition on the effect
that the order wouid have on said block price range. Note that the trader would not know
whether his order has not yet executed because the condition is not met, or because there is

simply not enough interest on the other side (no buy or sell order to match his order). In order to
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prevent gaming by traders, auctioneers may also always specify that complex orders of this kind
(or complex orders in general) cannot be cancelled for at least some number of seconds.
[00192] In other embodiments, a bank may use an embodiment of the current invention by
allowing their customers to submit complex orders, generate trade results and either a) execute
the trades and then execute any unfilled customer orders somewhere else, or not execute the
trades, but use the information derived from the trade result to execute all or part of the
customer orders somewhere else.

[00193] Also note that if complex orders were allowed on an exchange or other trading
platform, algorithmic trading strategies that send out orders to said venues could be amended to
also send out complex orders, as well as to use the information gathered from the execution of

those complex orders.

Discussion of the Trading Mechanisms, Clearing Procedure

[00194] Before describing the clearing process, note that once the clearing method is chosen,
and all bids are collected, the mathematical problem of clearing the auction is fully defined.
[00195] In short, solving any of the auctions (or trading mechanisms) that allow for complex
bids (that is, both the auctions in the simple setting and the richer setting), and any of the more
general trading mechanisms that allow for complex orders (which include auctions, but also
other mechanisms), amounts to executing the two steps described below. Note that for ease of
exposition, the following descriptions are worded in terms of auctions, but are identical for
complex trading mechanisms (in fact, the complex trading mechanisms derived from trading
mechanisms used in practice, such as on exchanges, may involve much less computational
burden than typical auctions, at each of the two steps).

[00196] The process of solving a complex auction mechanism involves:
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1. solving/clearing hypothetical auctions (using the auction format and the tie braking rules
that are part of the chosen clearing method) for different possible states of the world, and

2. choosing a result of a hypothetical auction (using the objective function defined as part of
the chosen clearing method), whose result is associated with an equilibrium in the

corresponding state of the world.

[00197] [n the following, each of the terms described above will be defined. The concept of
states of the world comes from game theory. Someone who is looking into the future, may think
that there are two possible states of the world tomorrow: that it rains, and that it does not rain.
Alternatively, someone in a game show may wonder what is hidden behind a door right now,
and think that there are three states of the world: one in which nothing is hidden, one in which
$100 are hidden and one in which $10,000 are hidden. Moreover, the person may assign some
probability to each of the states of the world. Similarly, in an auction, individual bidders may
envision different states of the world for things that they does not know at the bidding stage: the
bond auction may turn out to be oversubscribed or undersubscribed because other bidders are
either very interested or not that interested, a specific bidder may end up winning or not winning
a specific item, the auctioneer may decide to issue a larger or smaller quantity of bonds in within
a range of possible issuing-quantities that he had announced.

[00198] In practice, bidders deciding on their optimal bidding strategy will make assumptions
over the possible states of the world and the likelihood of these states of the world and then
form bids. The difficulty the bidders face, though, is that a specific bid may turn out to have been
unwise if a certain state of the world is realized. A bidder who bids in a multi-unit auction that
happened to be highly oversubscribed may regret not having bid higher, but chose not to do so
in the first place because he knows that his bid affects the price (both in a uniform and a

discriminatory price auction), and he is moreover at risk of the winner’s curse if the good
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auctioned of has common or interdependent values (that is, if each bidder's valuation for the
good depends at least in part on other bidders’ valuation for the good).

[00199] The complex bids of the present invention intuitively allow bidders to include conditions
that express what they care about. If a bidder would like to buy a house in a real estate auction
only if his friend wins the house next door, he could include that as a condition of category two.
The associated relevant states of the worlds would then be: “my friend wins the house next
door”, and “my friend does not win the house next door”.

[00200] A bidder in a bond auction may submit a complex bid with a condition on the number n
of bids above a specific price p (which would be a complex bid of category three), and the
associated relevant states of the world would be: “there are more than n bids above price p”,
and “there are n or less bids above price p”.

[00201] Or, a bidder in a multi-unit auction may care about the total quantity traded, because
he knows that a bid for a given quantity and price will likely have less price impact, the larger the
total quantity traded turns out to be (so that he may want to bid more aggressively, conditional
on a higher total trade quantity). Similarly, bidders in a bond auction may care about, and like to
condition their bid on, the volume issued because said volume may affects the liquidity of the
bond in the secondary market (with higher-volume issuances likely being more liquid). As a
result, the auctioneer may allow bidders to distinguish three states of the world: one in which the
total quantity traded is in [0,q1], one in which it is in (91,92], and one in which it higher than q2.
Or, the auctioneer may state that the issuance volume will be either in [q1,92] or in (92,93].
[00202] in the examples above, it seems as if the states of the world to be considered by the
auctioneer are only two or three. For the examples involving total quantity, solving the auction
may indeed involve solving only two or three hypothetical auctions in a way to be explained
next. In auctions for dissimilar objects, though, or when the identity of the winning bidders

matter, solving the auction involves refining the states of the world that have been
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“distinguished” implicitly by the conditions in the bidders’ complex bids. Consider the example
above, involving the house next door. There are potentially many allocations in which the friend
wins the neighboring house, all of which would have to be considered. As a result, solving the
auction may involve defining refined states of the world, each corresponding to one specific
allocation in which the friend wins the house next door. Thus, an group of refined states would
correspond to the “broader” state of the world described by the bidder as “my friend wins the
house next door”.

[00203] Refining the states of the world at the clearing state is especially important when
bidders submit different complex conditions. For example, another bidder may include a
condition on whether a specific other bidder Y wins a specific house H. In this case, the refined
states of the world would be grouped in four different groups (one group, for example being the
group of states of the world in which the fist bidder's friend wins the house next door, and in
which Y does not win H). Similarly, if bidders in an auction for dissimilar goods were allowed to
specify a condition stating “no bidder wins more than 5 items” and “at least one bidder wins five
items or more”, there would be two groups of refined states of the world that match the states of
the world distinguished by the bidders.

[00204] The step of identifying the different relevant (groups of) states of the world can be very
difficult computationally, so that choosing what complex conditions to allow bidders to express is
an important part of the mechanism design. To reduce the computational difficulty, it may be
advisable to allow bidders to submit only one complex bid, or to restrict the admissible
conditions (such as in the example above, by allowing to condition only on the total quantity
being in one of 3 pre-determined intervals). Fundamentally, this design choice involves trading
off what bidders may want, with what is computationally doable and appropriate for the specific
allocation, also taking into account any effects on incentives and strategic behavior of bidders

(who may be specifying certain conditions also because they have more information about the
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items than other bidders). Notice that this design choice/problem is very similar to that arising in
combinatorial auctions in the prior art, where all-or nothing bids increase the complexity for the
auctioneer at the clearing stage (all-or-nothing bids are bids that allow a bidder to specify, for
example, that he wishes to by goods A, B, and C, but only if he wins them all together).

[00205] After having identified the relevant states of the world, the auctioneer proceeds to
solve hypothetical auctions in the refined states of the world. Computationally, in some auction
designs it is enough to solve hypothetical auctions only for the groups of refined states of the
world, which much reduces the computational problem (this point is explained in more detail
below).

[00206] The step of solving the hypothetical auction involves first identifying, within the set of
valid, outstanding auction bids, the set of bids that are valid conditional on the state of the world.
For example, if a bidder in the auction above conditioned his bid on the total trade quantity
being in [0,q1], then that bid would only be valid in the states of the world in which total quantity
is in fact in [0,q1]. Moreover, any bids without complex conditions are valid bids for any state of
the world. Thus, in the previous example, a simple bid containing a quantity and price would be
valid no matter what total quantity traded.

[00207] Having identified the set of valid bids for the state of the world, the auctioneer
proceeds to solve an auction based on said bids. The auction is referred to as hypothetical to
underline the fact that it is only one of the potentially many auctions associated with the different
states of the world.

[00208] How the hypothetical auction is run on the corresponding set of valid bids is defined by
the specified auction format and tie-braking rules that are part of the clearing method. Note that
while solving a hypothetical auction may be computationally hard, the methods employed to do

so are standard in the prior art.
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[00209] In the following, step, 1, and step, 2, is described for a very simple case, in which the
auctioneer decides to sell some quantity of stock with a uniform price auction format, announces
that his objective is to maximize auction revenue, and allows bidders to submit bids conditional
on the quantity being between 1 and 2 million shares or between 2 and 3 million shares.
[00210] In step 1, it would be necessary to identify the set of valid bids for each of the states of
the world. Next, for each of the two states of the world, the auctioneer would reconstruct the
demand curve from the set of valid bids (by organizing the bids from highest to lowest price).
For each possible total quantity q,*sold in, say, the first interval of [1million, 2million], the
auctioneer could then identify the last winning bid p.* and calculate the associated revenue as
g+*, p+* (formally, the auctioneer is thus solving a uniform price auction for every possible
quantity in the interval, and calculating the associated auction revenue). For any quantity in said
first interval, let Q,*, P+* be the one with the highest revenue (if there are ties, the auctioneer
may choose to brake ties by choosing the quantity that is largest). Note, though, that Q,* may
not exist, namely if the total quantity demanded aggregating all bids conditional on the total
quantity being in [1million, 2million] is below 1 million. If Q,* exists, it would represent an
equilibrium for the state of the world in which total quantity is in [1million, 2million] (and of
course, in the state of the world in which the quantity issued is exactly Q,*).

[00211] Next, the auctioneer would repeat the process for the second interval, with quantities
in [2million. 3million], and may find another equilibrium in Q,*, P,* (which may intuitively mean
that interest in the auction was relatively high). Note that for ease of exposition, the auctioneer is
being defined as the one executing the steps here- in practice, this would be done by the
algorithm implementing the clearing method.

[00212] In step 2, the auctioneer would use his objective function (which is to maximize
revenue) to chose between any available equilibria. In this, case, if equilibria associated with

Q,* and Q;* exist, he would pick the one with the highest revenue. Note that allowing bidders to
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condition bids on the total quantity in this example does not help the auctioneer if the auction is
undersubscribed anyway ( so that neither Q* and Q,*exists, or only Q,* exists), but may allow
an auctioneer to take advantage of the level of oversubscription if the auction turned out to be in
fact oversubscribed (that is, as opposed to choosing an fixed quantity to be sold ex-ante, of say,
1.5 or 2 million, he now can take advantage of oversubscription and end up issuing 2.3 million,
for example).

[00213] Stepping back, clearing an auction with complex bids involves solving a number of
hypothetical auctions for specific states of the world. The formats of each of these hypothetical
auctions, though, will most often be a standard format existing in the prior art, and thus involve
standard methods for solving these auctions.

[00214] The previous example is a very simple because the hypothetical auctions to be solved
for each state of the world were standard uniform price auction, which are easy to solve. In
many applications of auctions of the prior art in practice, though, solving said auction is difficult.
For example, minimum execution size constraints on bids (which are common) in a standard
uniform price auction, turn said auction into a combinatorial uniform price auction: bidders still
have to pay the price of the lowest winning bid, but the winner determination problem is a set-
packing problem and thus belongs to a class of problems shown to be NP hard. One way to
reduce the complexity is to allow only for minimum execution sizes that are quoted in lots of,
say, 1,000 shares. Similarly, determining winners in auctions for dissimilar goods, especially in
the presence of all-or-nothing bids, involve solving very difficult combinatorial problems. For
these combinatorial problems, it is for example necessary to include sophisticated tie-braking
rules, which may depend on the specific application. In order to render these auctions tractable
in practice, auction designers have chosen to reduce the set of admissible bids (for example, by
limiting biddable combinations, or restricting the number of all-or-nothing bids a bidder may

submit), or restricting the set of auction items that bidders can bid on to begin with. Some

61



WO 2011/094235 PCT/US2011/022470

degree of freedom also exists as to what to do with bids whose constraints are binding: for
example, in uniform price auctions to sell a fixed quantity, auctioneers have in the past chosen
to reject bids whose minimum quantity was binding, even if including the bid lead to higher
revenue. This choice was made in part because it reduced the computational burden of solving
the auction, and in part because otherwise, bidders had an incentive to bid lower on a larger
quantity and include a minimum execution size, hoping to be chosen over a potentially higher
bid without 2 minimum execution size (which may have happened, depending on the volume
and prices of the next lower bids).

[00215] As evident from the previous paragraph, allowing bidders in the previous example to
include a minimum size restriction in their complex bids would imply that the hypothetical
auctions to be solved become combinatorial uniform price auctions. As a result, clearing the
overall auction with complex bids conditional on the quantity issued and conditions on minimum
execution sizes would be correspondingly harder. Design choices may have to be made to
guarantee tractability (much like may be necessary for standard uniform price combinatorial
auctions), and these choices may include, as above, allowing minimum sizes to be expressed

only in lots of a given size.

[00216] In general, the auctions of the present invention may be difficult to solve because they
amount to solving a collection of hypothetical auctions which may already be hard to solve. It
may be counter-intuitive to want to increase the level of difficulty of a theoretical problem that is
already difficult to solve. The level of difficulty of each of the individual hypothetical auctions
(and thus of the complex auction) will depend on the number of goods being auctioned off, the
number of bidders, the number and kind of complex constraints that the bidders can and do
submit, the interaction of these bids, and the clearing method chosen by the auctioneer. It is

important to note, though, that an auction designer can choose the specifics complex auction
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mechanism in a way that is most appropriate for the specific application, while guaranteeing
tractability of the complex auction.

[00217] In the following, a number of examples of complex auctions are described, in order to
better illustrate the two steps 1. and 2. described above.

[00218] Consider the case in which one good is sold and bidders can submit bids conditional
on there being at least some number of bids above a price P, or there being at least some
number of bids in an interval [P,,Ps]. In this case, the auctioneer would have to run auctions for
the state of the world implied by the prices and minimum number of bids that the bidders
specified in their conditions. For a specific state of the world, for example the state of the world
in which the price is in [P4,P3] (which would imply that P,<P1<P; above) and the number of bids
is above n, the auctioneer may find that the corresponding set of valid bids does not in fact
contain n bids in the interval [P;,P3]. If so, this state would not constitute and equilibrium.
Instead, the auction process may find another equilibrium, associated with the state of the worid
in which the price is in the interval [P4,P;] and the number of bids is above n’, where n'<n. The
kind of complex bids in this example are bids of the third category, as these are conditions on
simple statistics derived from the submitted bids. A similar example in this third complex bid
category would be complex bids in a multi-unit auction that conditions on the average winning
bid being in a certain interval, or above a cutoff. In this case, the auctioneer would start with a
state of the world corresponding to some average, or an interval of the average, run a
hypothetical uniform price auction in each of these states of the world and then select the best
equilibrium found.

[00219] Next, an example of the fourth category could be the case in which bids are conditional
on a variable, such as price impact. To start out with a simple case, consider a multiunit auction
for some security. The auctioneer announces that he will use a uniform price format to sell some

quantity Q of a security, that the objective is to maximize revenue, and that bidders are allowed
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to condition bids on price impact, namely by specifying that the price impact L per unit won (or
on average over the units won) may be at most L* (where L* is some fraction of a cent, specified
by the bidder). The term L, in reference to the Greek letter lambda is .used, because
conditioning on 'price impact is similar fo conditioning on the depth of an auction, or on liquidity
(where the term liquidity is generally referred to as lambda in the context of trading or double
auctions). After collecting all the bids (complex and non complex bids), solving the auction
amounts to considering different states of the world, distinguished by the price impact L that
winning bids will have. For any state of the world L**, the set of valid, outstanding bids would
comprise any non-complex bids, as well as all the complex bids that specify the price impact to
be at most L*, with L*>L** (that is, these are all the bidders who would accept a price impact of
up to L* for their orders, and therefore also accept the smaller price impact L**).

[00220] Having identified the valid bids, these bids are then ordered by price to recreate the
demand curve for the state of the world in which L<L**. The price impact of a bid (in the state of
the world L<L**), more precisely, the price impact of any unit won that is part of a winning bid, is
now defined as: the difference between the price p that would clear the hypothetical auction for
said state of the world, and the price p’ that would clear said auction if the unit was removed
from the set of winning bids, and the highest losing bid was instead included in the set of
winning bids. Similarly, if bidders state the price impact condition for averages over units won,
the price impact of a winning bid of some number n of units for a given bidder (which may be
only a portion of the total quantity he bid on), would be calculated by taking the difference of the
price when the winning bid is included and the price when the winning bid is replaced with the
next n highest-priced units in the demand curve, and dividing that difference by n.

[00221] In order to solve the hypothetical auction for each state of the world L<L**, the
auctioneer has to select what portion of the submitted bids will be winning, and may, for

example, find that there is no collection of winning bids that is consistent with a price impact of
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L<L** for all of the winning bids. Intuitively, what the price impact condition captures is the
shape of the demand curve to the right of the last winning unit. This information is important to
bidders, especially if the good has common values or interdependent values features, so that
the bidder's valuations depends on what valuations other bidders have for the good. Moreover it
matters for bidders who plan to resell this good later (such as dealers bidding in a treasury bill
auction, well knowing that they will be reselling the bills in the secondary market for on-the-run
bills later). Conditioning on price impact allows bidders to “look” at the shape of that demand
curve, and “see” as far (in terms of quantity), as they are buying quantity: that is, a bidder who
bids on a larger quantity with a complex bid including a price impact condition, sees further than
a bidder who submits a bid for a smaller quantity. More specifically, the price impact captures
what happens as the demand curve, starting with the first losing bid at p, is shifted to the left by
an amount equal to the units won (winning bid) by the bidder, and said demand curve intersects
with the vertical line at Q at some new price p’ (with Q being the total, fixed, quantity sold in the
auction). That is, bidders are inherently prevented from gaming, as the only way to see more is
by actually buying more units. The ability to see what the demand curve looks like may allow
bidders to be less concerned with the winner's curse. in essence, they are able to submit bids
that guarantee that they win more quantity only if the market is deep.

[00222] The problem of determining the set of winning bids in each state of the world L<L** is
combinatorial, as the auctioneer has to decide on the best (highest revenue) way to choose Q
winning units corresponding to some collection of winning bids (again, winning bids may only be
a portion of the quantity associated with the submitted bid), and then choose the auction
allocation and transfers associated with the state of the world in which the revenue is
maximized.

[00223] Another way in which bidders can condition on price impact may be by including

conditions stating that the price impact of a fixed quantity Q of units may not be more than L*. In
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this case, all winning bids would be able to “see” as far as Q down the demand curve in the
associated state of the world. This kind of price impact condition may be useful in cases where
the auctioneer wants to allow bidders to adjust their bids to the level of oversubscription of an
auction, for example (as opposed to the previous case, in which the complex bid allowed
bidders to protect themselves more from the winner’s curse).

[00224] The complex bids with conditions on price impact can also be part of a double auction
with uniform price format. Consider the first of the examples on price impact above: in a double
auction the buyers may include conditions stating that Lo<L*, and the sellers may include
conditions stating that Ls<Ls*, where L refers to the price impact on the demand side and Ls
refers to the price impact on the supply side for each unit bought/sold. As a result, the states of
the world that the auctioneer needs to consider are combinations of Lp** and Lg**, and then
proceed from there as in the case of the auction above. Intuitively, the price impact conditions
now allow buyers to “see” what happens, as the demand curve starting with the last losing bid at
the intersection with the supply curve, is shifted to the left (by the amount of the units won) and
intersects the supply curve at a new point p'. And it allows sellers to “see” what happens as the
supply curve, starting with the last losing bid to sell, is shifted to the left (by the amount of the
units won) and intersects the demand curve at a new point p’. Thus, the price impact captures
the relative shapes of the demand and the supply curves.

[00225] Conditioning on price impact in double auctions, or in any trading mechanism, can be
beneficial for traders by allowing them to be less concerned with the winner’s curse and to trade
more whenever the auction (or market) is liquid. In particular, consider the case in which
auctions are run multiple times a day. Bidders may be concerned to bid aggressively in a given
auction for fear that the price impact of their bid may be large if the auction is not deep.
[00226] in practice, there is ample evidence that traders choose to adjust the quantity they

trade to the depth of the market. Traders choose to split larger orders into child orders, both
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across trading platforms and over time, as to reduce information leakage and the possibility of
being front run. The child orders are then “small” with respect to the current amount of volume
traded on each venue. Dynamic trading strategies such as VWAP algorithms (Volume Weighted
Average Price), moreover calculate historical volume profiles for, say, an individual stock, and
then work a larger order to buy (or sell) that stock dynamically over time, trying to buy (or sell)
more when trading volume is higher (and thus price impact lower).

[00227] While order splitting is common, markets may be two-sided in many cases, in the
sense that there is a significant interest to buy and sell, even if that liquidity is not visible on
order books across trading venues. A double auction with complex bids conditioning on price
impact would allow bidders not to have to be concerned with “moving first” and being front run:
instead, the bidders could bid a price and have control over the associated price impact through
the complex bid.

[00228] Next, it is important to mention an alternative way to reproduce a complex auction:
rather than allowing bidders to condition their bids on the states of the world, the state of the
world could be entered into the item definition of an otherwise standard auction. For example,
instead of complex bids on item A, conditional on there being at least 5 other bids, the
auctioneer could allow bids for the following two items: “item A when there are at least 5 bids for
item A” and “item A when there are less than five bids for item A”. Similarly, rather than allowing
bidders in a multi-unit auction to condition their bid on the total trade quantity being above or
below 1 million shares, bidders could submit bids for two different items: “shares that are sold as
part of a total quantity of shares of 1million or above”, and “shares that are sold as part of a total
*quantity of shares of less than 1 million”. In these two example auctions, the auctioneer would
announce ex-ante that only one of the two different items would be sold. Solving the auction
would involve the same steps of solving hypothetical auctions for the groups of refined states

that correspond to the states of the world as defined by the items (much like in the standard
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definition of a complex auction, where the bids implicitly partitioned the set of refined states of
the world that were relevant). Specifically, an auctioneer would run a hypothetical auction for
each state of the world, using all the bids for items associated with said each state of the world
(the hypothetical auction, for the state of the world in which over 1 million share are sold would
thus use all the bids for the item “shares that are sold as part of a total quantity of shares of
1million or above”). This way of designing a complex auction is less intuitive, which is why the
description of the invention is geared towards allowing for complex bids instead of “complex
items”.

[00229] Next, note that a complex auction mechanism may involve solving different types of
auctions in different states of the world: for example, in a multiunit auction to sell a good, the
auctioneer may specify that he will issue either a small or a large quantity and that a
discriminatory price auction may be run in the state of the world in which the quantity is small,
and a uniform price auction be run in the state of the world in which the quantity is large. The
auctioneer (or mechanism designer), may also decide to run an auction in some states of the
world, and match orders with a non-auction trading format in other states of the world, which
would imply that the overall mechanism would be a complex trading mechanism, as opposed to
a complex auction mechanism.

[00230] Finally it is useful to put the complex auction format in context to dynamic auctions that
exist in the prior art. These auctions are run in a number of rounds, starting with the initial round,
and ending in the final round, when the auction is terminated. In each round, there may be a set
of current prices for the items to be sold (note that the items to be sold, for example, the quantity
of a bond to be issued, may change over time). As the auction is run, the auctioneer
communicates information back to the bidders, and usually allows the bidders to change their
bids in every round. Bidders may submit bids for the current round, wherein the bids are

dependent on information revealed in past rounds, and they may also submit bids that are to be
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valid in future rounds. The auction is started in the initial round and terminatés in the final round
when an equilibrium is reached (that is, when supply and demand are equated). Some of the
dynamic auctions in the prior art try to mitigate the same problems that the complex bids in the
first and second category try to mitigate. For example, bidder j could adjust his bids in each
round in a way to prevent a specific bidder from winning a specific item.

[00231] The complex auctions in the present invention differ from dynamic rounds in two ways:
first, the information communicated to the bidders in the rounds of a dynamic auctions will likely
include information that is relevant to the state of the world that will be revealed once the
auction terminates. For example, bidders in an auction may find out over the course of some
rounds that there is a lot of competition and the auction is oversubscribed. In contrast, any
information that represents a valid condition for a complex bid specifically has to be information
that is not communicated through intra-auction information. Intuitively, in dynamic auctions,
bidders have more options to adjust their bids to what they find out as the auction progresses. In
contrast, bidders in complex auctions have to specify what they would do if they did find out
something. Second, even if a dynamic auction was run in a completely automated way, and as
a sealed bid auction (not allowing any bidder to change their bid in any round), the auction
would remain, by construction, path dependent. That is, the dynamic auction starts at some
point and end as soon as an equilibrium is reached. In particular, the decision to end the
dynamic auction is made in some round n, which is currently being calculated, and the algorithm
cannot “look into the future” and make a decision about whether or not to terminate the auction
in said round n based on bids to be valid in future rounds after round n.

[00232] Sometimes, the equilibrium found in the dynamic auction would be the same that in a
complex auction. If there is more than one equilibrium, though, there is no guarantee that the
equilibrium found by the dynamic auction is the best equilibrium: it is just the equilibrium found

first (on the path that was started in the initial round). The complex auction, on the other hand,
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would first identify the set of all equilibria (without even having to consider if they couid be

reached by a path of a dynamic auction) and then choose the best equilibrium in the set.

Discussion of the Trading Mechanisms, Motivation

[00233] It is useful to point out the possible advantages of complex auctions. In practice, the
fact that bidders anticipate the existence of different possible states of the world, such as “the
auction is highly oversubscribed”, and “the auction is undersubscribed”, and the uncertainty that
this signifies for bidders, complicates the choice of optimal bidding strategies. As a result,
complex bids may reduce this difficulty and allow for simpler bidding.

[00234] Complex bids generally may benefit bidders also because they allow the bidders to
differentiate between -and essentially exclude-, some auction results that they may find
unfavorable, which in turn reduces some of the ex-ante uncertainty the bidders face along with
the associated risk of exposure, which in turn may induce the bidders to bid with more
confidence.

[00235] Said benefit may be especially pronounced if the goods have common values or
interdependent values (in that a bidder’s valuation for the good depends at least in part on what
other bidder’'s valuations are), and bidders fear the winner’s curse, and even more s0 if the
bidders’ uncertainty about the value of the goods is significant, so that the auction may suffer
from lower volume.

[00236] Even for goods of pure private values, though, the complex bids may be attractive,
when either more than one substitute good is auctioned off, or when a sequence of auctions is
run (such as a number of daily auctions for a stock) and liquidity in any given auction may vary
(so that a large buyer may not know in which auction a large seller may be participating, or
bidding aggressively). In particular, the present auction system would allow bidders to submit

bids that are more aggressive the more liquid the specific substitute good was, or, in the case of
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a sequence of auctions, the more liquid a specific auction was. In both cases, the complex bids
would implicitly allow bidders to guarantee that they buy/sell more whenever the liquidity/depth
of the auction was higher. For the case of the sequence of auctions, the complex bids would
also allow a large buyer and seller to “find” each other, and thus solve the sequential
coordination problem of deciding in which auction to bid (by being able to bid on large quantities
without having to fear significant price impact).

[00237] Other than sequential coordination problems, the complex bids may also help to
mitigate more general coordination problems that arise in auctions, such in the example of two
friends in a real estate auction who may want to buy houses that are adjacent to each other. Or,
for example, a group of companies deciding which technology patents to buy, or which mall to
buy together to develop it later.

[00238] Next, as explained above, clearing the auctions in the current inventions amounts to
solving a number of hypothetical auctions (which may in turn represent combinatorial problems),
and then choosing the result of one of the hypothetical auctions for which an equilibrium exists
based on the submitted bids. In the context of game theory, this process parallels identifying the
set of possible equilibria of a game, and then engaging in equilibrium selection, namely
choosing the equilibria associated with the most beneficial outcome. In game theory, multiple
equilibria exist for many games and this is usually not a desirable feature of the games,
because players in the game may have no way of coordinating which equilibrium to choose (that
is, they have no way of selecting an equilibrium) and may end up in an equilibrium unfavorable
to all of them.

[00239] In practice, multiple equilibria may exist and matter, without there being an obvious
way to selecting an equilibrium either (this is described in more detail below). Moreover, if
multiple equilibria exist in the context of an auction that is to be run, these muitiple equilibria

may be reflected as the multiple equilibria found in the clearing process. Only that in this case,
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the auctioneer can in fact choose the most beneficial one (more precisely, the most beneficial
equilibrium is chosen by the objective function specified in the clearing method). If so, the
existence of, and choice over, multiple equilibria is precisely one of the advantages of the
complex bids in the current invention.

[00240] Regarding multiple equilibria in practice, consider the following four examples. The
first, maybe most classical example is that of a bank run, which (in simplified terms) can be
thought of as a case in which two equilibria exist. One equilibrium: For fear that a distressed
bank will collapse, all customers try to take their money out at the same time, so the bank
collapses. Another equilibrium: customers of said bank generally believe that the bank will
remain solvent, and the bank recovers from its difficult position in some time.

[00241] The second example is that of multiple equilibria in the context of systemic risk in a
banking system, a problem that has garnered attention from regulators and academics in recent
years. Given a system of interconnected banks, one could (again, simplifying) consider two
states of the world/equilibria: one in which most or all banks fail (because banks are connected
through lending relationships with each others, and/or by virtue of holding similar assets, whose
prices are likely to have declined due to forced liquidations/fire sales by the distressed banks),
and one in which all banks remain solvent. Choosing equilibria, as one would in the clearing
process of an auction, is not possible in practice. Regulators instead work towards building
confidence and avoiding the collapse of any systemically important financial institution.
[00242] The third example, that of gridlock in trading, is likely most closely related to
applications of the auctions in the current invention. Trading volume and price discovery for a
security may be -and remain- low, because buyers and sellers refrain from submitting bids or
offers for large quantities given that the bids are bound to have large price impact due to the
lack of depth, and the bidders may not be sure about the correct price for large quantities to

begin with, due to the lack of price discovery. In this market, there may, though, also exist an
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equilibrium with liquidity, in which more volume is traded and price discovery is better, because,
conditional on a large total trade quantity, bidders would be less concerned about the winners
curse (being significantly off in their estimate of the correct price for the asset) and the price
impact of their order, and submit bids that specified relatively larger quantities and more
aggressive prices.

[00243] The problem in practice would then be how to move from one state of the
world/equilibrium to the other. The market will be liquid if bidders bid on larger quantities, but
that in turn is only likely to happen if markets are liquid- a chicken ad egg problem. In this case,
a double auction in which bidders are allowed to include bids conditional on the volume traded
may help: the clearing process would likely recover the equilibrium that is consistent with the
gridlock (that is, and equilibrium in which total volume is low, and individual bid quantities
conditional on that low volume are also small), and the other equilibrium in which liguidity is high
(with larger bid quantities conditional on larger total volume traded). Being able to choose the
liquid equilibrium over the one representing gridlock, may then kick start trading, improve
volume, welfare for the participating bidders, as well as increase price discovery, compared to
the pre-auction gridiock state.

[00244] As a fourth example one could think of a bar, which may be full, making it popular and
attracting more people, and causing it to stay full. Or the bar may be mostly empty, making it
unpopular, and not attracting anyone, thus staying mostly empty. Once in one of the equilibria,
the bar will stay popular, or unpopular for a while, and moving from one equilibrium to the other
(that is, selecting an equilibrium) may be difficult. Similarly, companies bidding for a slot at a
industry fair may be more willing to bid at all, or bid higher, if they think that a lot of other
companies will choose to go as well, so that the fair would be popular, likely attract more media
coverage and make it worthwhile to invest the time and human resources to be represented at

the fair. Organizers of fairs, or events may find complex auctions useful, knowing that in
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practice, it is usually much easier to sign on more clients when some other clients have already
signed on.

[00245] Finally, the auctioneer’s discretion at the clearing stage over the set of auction items to
be sold may allow better control over variables that depend on the auction results, such as
revenue or the auction price in a multiunit uniform price auction. Bidders in these auctions
understand that the set of auction items sold is endogenous and may adjust their bids
accordingly as a result. Nevertheless, having discretion over the items sold provides the
auctioneer with an option that is similar to being able to simultaneously run a number of
auctions in the prior art at once, each with a different set of auction items, and choosing the
auction that has the best result. For example, specifying a uniform price clearing method and
only a range for the total volume to be issued in a bond issuance, while allowing bidders to
condition their bids on the total quantity issued, would be similar to running a uniform price
auction for each quantity in the volume range and choosing the favorite auction (for example,
the auction whose respective quantity had the highest revenue). Or, specifying a uniform price
clearing method and a total of volume to be issued between two bonds A and B would be similar
to running simultaneous auctions for every combination of volumes for bonds A and B that
generate the targeted total volume, and choosing the favorite combination of volumes issued of
each A and B.

[00246] [n other words, giving an auctioneer choice over the set of items sold or bought at the
completion of the auction may allow him to better adjust to circumstances he cannot foresee ex-
ante. For example, a bond issuer may be able to take advantage of a higher than expected level
of oversubscription by choosing an issuance volume towards the upper end of the range. Or, he
may have better control over revenue raised by choosing the optimal combination of quantity

issued and price. Or, if he is concerned about controlling the auction price, maybe because of
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the effect on a secondary market, he may choose a non-revenue maximizing, smailer quantity
that prevents over-supply in the market and supports a target interest rate.

[00247] The following are further embodiments of the present technology:

[00248] Referring to Figure 4, a method 400 for increasing trade volume in a trading
mechanism, said method comprising:

enabling 402 said trading mechanism to receive a complex order; and
utilizing 404 said complex order to generate a trade, wherein the utilization of said
complex order increases trading volume associated with said trade compared to trading volume

associated with a trade not utilizing said complex order.

Referring to Figure 5, a method 500 for increasing auction revenue in an auction mechanism,
said method comprising:

enabling 502 said auction mechanism to receive a bid selected from the group
consisting of: pegged bids, routed bids, and trading-inspired bids; and

utilizing 504 said bid to generate an auction allocation and transfers, wherein the
utilization of said bid increases the revenue associated with said auction allocation compared to
the revenue associated with an auction allocation generated without said bid.

Referring to Figure 6, a method 600 for enhancing revenue in a trading mechanism, said
method comprising:

enabling 602 said trading mechanism to receive a complex order; and

utilizing 604 said complex order to generate a trade, wherein the utilization of said
complex order increases trading revenue associated with said trade compared to trading
revenue associated with a trade not utilizing said complex order.

Referring to Figure 7, a method 700 for increasing revenue of a trading mechanism, said
method comprising:

enabling 702 said trading mechanism to determine a monetary transfer based on at least
one of a feature of at least one order being satisfied and said at least one order's role at the
time of a generation of a trade; and

utilizing 704 said order to generate a trade, wherein said enabling increases the revenue

associated with said trade compared to the revenue associated with a trade generated by a
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trading mechanism without said enabling.

Referring to Figure 8, a auction apparatus 800 comprising:
a bid receiver 802 configured for receiving bids from at least one bidder, said
bids comprising at least one pegged bid;
a bid storage module 804 configured for storing said bids;
an auction generator 812 configured for generating auction allocations and
transfers based on said bids and an auction mechanism;
at least one of an exogenous communication module 806 configured for communicating
with a data feed and an 808 intra-auction information module configured for reporting and
generating intra-auction information based on said bids and said auction allocations and
transfers;
and a reporting module 810 configured for reporting said auction allocation and

transfers.

Referring to Figure 9, an auction appa‘ratus 900 comprising:
a bid receiver 902 configured for receiving bids from at least one bidder, said
bids comprising at least one routed bid;
a bid storage module 904 configured for storing said bids;
an auction generator 906 configured for generating auction allocations and
transfers based on said bids and an auction mechanism;
an exogenous communication module 908 configured for communicating with at least
one of a trading venue other than a trading venue comprising said auction apparatus;
and a reporting module 910 configured for reporting said auction allocation and

transfers.

Referring to Figure 10, an auction apparatus 1000 comprising:

a bid receiver 1012 configured for receiving bids from at least one bidder, said
bids comprising at least one trading-inspired bid;

a bid storage module 1002 configured for storing said bids;

an auction generator 1004 configured for generating auction allocations and
transfers based on said bids and an auction mechanism;

at least one of an exogenous communication module 1006 configured for
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communicating with at least one of a trading venue other than a trading venue comprising said
auction apparatus and a data feed, and an intra-auction information module 1008 configured for
reporting and generating intra-auction information based on said bids and said allocations and
transfers;

and a reporting module 1010 configured for reporting said auction allocation and

transfers.

Referring to Figure 11, a trading apparatus 1100 comprising:

a complex order receiver 1102 configured for receiving at least one order from at
least one trader;

an order storage module 1104 configured for storing said at least one 6rder;

a trade generator 1106 configured for generating trades based on said at least
one order and a trading mechanism;

an accounting module 1108 configured for determining a monetary transfer
based on at least one of a feature of said at least one order being satisfied and said at least one
order's role at a time of said generating trades; and

a reporting module 1110 configured for reporting said trades.

Example Computer System Environment

[00249] With reference now to Figure 3, portions of the technology for trading are composed of
computer-readable and computer-executable instructions that reside, for example, in computer-
readable storage media of a computer system. That is, Figure 3 illustrates one example of a
type of computer that can be used to implement embodiments, which are discussed below, of

the present technology.

[00250] Figure 3 illustrates an example computer system 300 used in accordance with
embodiments of the present technology. It is appreciated that system 300 of Figure 3 is an
eXampIe only and that the present technology can operate on or within a number of different
computer systems including general purpose networked computer systems, embedded

computer systems, routers, switches, server devices, user devices, various intermediate

77



WO 2011/094235 PCT/US2011/022470

devices/artifacts, stand alone computer systems, and the like. As shown in Figure 3, computer
system 300 of Figure 3 is well adapted to having peripheral computer readable media 302 such

as, for example, a floppy disk, a compact disc, and the like coupled thereto.

[00251] System 300 of Figure 3 includes an address/data bus 304 for communicating
information, and a processor 306A coupled to bus 304 for processing information and
instructions. As depicted in Figure 3, system 300 is also well suited to a multi-processor
environment in which a plurality of processors 306A, 306B, and 306C are present. Conversely,
system 300 is also well suited to having a single processor such as, for example, processor
306A. Processors 306A, 3068, and 306C may be any of various types of microprocessors.
System 300 also includes data storage features such as a computer usable volatile memory
308, e.g. random access memory (RAM), coupled to bus 704 for storing information and

instructions for processors 706A, 706B, and 706C.

[00252] System 300 also includes computer usable non-volatile memory 310, e.g. read only
memory (ROM), coupled to bus 304 for storing static information and instructions for processors
306A, 306B, and 306C. Also present in system 300 is a data storage unit 312 (e.g., a magnetic
or optical disk and disk drive) coupled to bus 304 for storing information and instructions.
System 300 also includes an optional alphanumeric input device 314 including alphanumeric
and function keys coupled to bus 304 for communicating information and command selections
to processor 306A or processors 306A, 306B, and 306C. System 300 also includes an optional
cursor control device 316 coupled to bus 304 for communicating user input information and
command selections to processor 306A or processors 306A, 306B, and 306C. System 300 of
the present embodiment also includes an optional display device 318 coupled to bus 304 for

displaying information.

78



WO 2011/094235 PCT/US2011/022470

[00253] Referring still to Figure 3, optional display device 318 of Figure 3 may be a liquid
crystal device, cathode ray tube, plasma display device or other display device suitable for
creating graphic images and alphanumeric characters recognizable to a user. Optional cursor
control device 316 allows the computer user to dynamically signal the movement of a visible
symbol (cursor) on a display screen of display device 318. Many implementations of cursor
control device 316 are known in the art including a trackball, mouse, touch pad, joystick or
special keys on alpha-numeric input device 314 capable of signaling movement of a given
direction or manner of displacement. Alternatively, it will be appreciated that a cursor can be
directed and/or activated via input from alpha-numeric input device 314 using special keys and

key sequence commands.

[00254] System 300 is also well suited to having a cursor directed by other means such as, for
example, voice commands. System 300 also includes an I/O device 320 for coupling system
300 with external entities. For example, in one embodiment, I/O device 320 is a modem for
enabling wired or wireless communications between system 300 and an external network such
as, but not limited to, the Internet. A more detailed discussion of the present technology is

found below.

[00255] Referring still to Figure 3, various other components are depicted for system 300.
Specifically, when present, an operating system 322, applications 324, modules 326, and data
328 are shown as typically residing in one or some combination of computer usable volatile
memory 308, e.g. random access memory (RAM), and data storage unit 312. However, it is
appreciated that in some embodiments, operating system 322 may be stored in other locations

such as on a network or on a flash drive; and that further, operating system 322 may be

79



WO 2011/094235 PCT/US2011/022470

accessed from a remote location via, for example, a coupling to the internet. In one
embodiment, the present technology, for example, is stored as an application 324 or module
326 in memory locations within RAM 308 and memory areas within data storage unit 312. The
present technology may be applied to one or more elements of described system 300. For
example, a method for identifying a device associated with a transfer of content may be applied

to operating system 322, applications 324, modules 326, and/or data 328.

[00256] The computing system 300 is only one example of a suitable computing environment
and is not intended to suggest any limitation as to the scope of use or functionality of the
present technology. Neither should the computing environment 300 be interpreted as having
any dependency or requirement relating to any one or combination of components illustrated in

the example computing system 300.

[00257] The present technology 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
perform particular tasks or implement particular abstract data types. The present technology
may also be practiced in distributed computing environments where tasks are performed by
remote processing devices that are linked through a communications network. [n a distributed
computing environment, program modules may be located in both local and remote computer- |

storage media including memory-storage devices.

[00258] All statements herein reciting principles, aspects, and embodiments of the invention as
well as specific examples thereof, are intended to encompass both structural and functional

equivalents thereof. Additionally, itis intended that such equivalents include both currently
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known equivalents and equivalents developed in the future, i.e., any elements developed that
perform the same function, regardless of structure. The scope of the present invention,
therefore, is not intended to be limited to the exemplary embodiments shown and described

herein. Rather, the scope and spirit of present invention is embodied by the appended claims.

[00259] All elements, parts and steps described herein are preferably included. It is to be
understood that any of these elements, parts and steps may be replaced by other elements,

parts and steps or deleted altogether as will be obvious to those skilled in the art.
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CONCEPTS

[00260] This writing has disclosed at least the following concepts.

Concept 1. A trading apparatus comprising:

an order receiver configured for receiving orders from at [east one trader, said orders
comprising at least one complex order;

an order storage module configured for storing said orders;

a trade generator configured for generating trades based on said orders and a trading
mechanism; and

a reporting module configured for reporﬁng said trades.

Concept 2.  The trading apparatus of Concept 1, further comprising:
an order manager configured for managing an event associated with said orders
selected from the group consisting of:
submission of said orders; amendment of said orders; cancelling of said orders;
generating a set of valid outstanding orders; confirming a receipt of said orders;

publishing of a portion of said orders; and a trade generated based on said orders.

Concept 3.  The trading apparatus of Concept 1, further comprising:
an intra-trade information module configured for reporting and generating intra-trade

information based on at least one of said orders and said trades.

Concept 4.  The trading apparatus of Concept 1, further comprising:
an exogenous communication module configured for communicating with at least one of

an exogenous trading venue and a data feed, said exogenous trading venue being one other
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than a trading venue comprising said trading apparatus.

Concept 5.  The trading apparatus of Concept 4, wherein said exogenous communication
module comprises:

an order routing module configured for sending a portion of said orders to said
exogenous trading venue; and

an exogenous information accessor configured for accessing information from at least

one of said exogenous trading venue and said data feed.

Concept 6.  The trading apparatus of Concept 1, further comprising:

a trading mechanism storage module configured for storing said trading mechanism.

Concept 7.  The trading apparatus of Concept 6, wherein said trading mechanism storage

module is configured to be accessible by said trade generator.

Concept 8.  The trading apparatus of Concept 1, further comprising:

a selectable order input form configured for being selected by said at least one trader.

Concept 9.  The trading apparatus of Concept 8, wherein said selectable order input form is
selected from the group of selectable order input forms consisting of:
a sentence specifier; a mathematical condition specifier; a function specifier; a range

specifier; and a trade objective of said at least one trader.

Concept 10.  The trading apparatus of Concept 1, further comprising:

a trade storage module configured for storing information associated with said trades.
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Concept 11. The trading apparatus of Concept 1, further comprising:

an instruction receiver configured for receiving trade reporting instructions.

Concept 12. The trading apparatus of Concept 1, wherein said trade generator comprises:
a comparator configured for comparing stored orders with said trading mechanism; and

a trade executor configured for executing said trades based on said comparing.

Concept 13. The trading apparatus of Concept 1, wherein said trade generator comprises:

a clearing method module configured for executing a clearing method.

Concept 14. The trading apparatus of Concept 1, wherein said trading mechanism comprises:

a clearing method.

Concept 15. The trading apparatus of Concept 14, wherein said clearing method comprises at

least one of the following: a trading format, a trading objective and a tie breaker.

Concept 16. The trading apparatus of Concept 15, wherein said trading format utilized by said
trading apparatus is selected from the group consisting of:

a first price auction format; a second price auction format; a first price combinatorial
auction format; a second price combinatorial auction format; a discriminatory price auction
format; a uniform price auction format; a discriminatory price combinatorial auction format; a

uniform price combinatorial auction format; and a combinatoriai auction format.

Concept 17. The trading apparatus of Concept 15, wherein said trading format utilized by said
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trading apparatus is selected from the group consisting of:
an exchange format; a trading format in which orders submitted consist only of
quantities; NYSE Matchpoint; and platforms that send out intra-trading information that is partly

based on orders currently in the system.

Concept 18. The trading apparatus of Concept 15, wherein the optimization of said trading
objective involves the consideration of an effect of said generated trades on at least one
criterion, said criterion selected from the group consisting of:

auctioneer revenue; auctioneer cost; gains from trade; trade volume; maximizing

auctioneer revenue; equity; dispersion; and price stability.

Concept 19. The trading apparatus of Concept 1, wherein said trading mechanism comprises:

at least one trading rule associated with said trading mechanism.

Concept 20. The trading apparatus of Concept 19, wherein said at least one trading rule
associated with said trading mechanism is selected from the group consisting of:
rules regarding orders; rules regarding monetization; rules regarding a candidate set of

items; and rules regarding when to clear a trade.

Concept 21. The trading apparatus of Concept 1, wherein each of said at least one complex
order comprises:
at least one complex condition and at least one condition that is non-complex selected
from the group consisting of:
pegging conditions; routing conditions; trade-inspired conditions; a minimum

execution size; and a bundle condition.
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Concept 22. The trading apparatus of Concept 1, wherein said trading apparatus operates in

at least one round of a dynamic auction.

Concept 23. The trading apparatus of Concept 1, wherein said orders are for items selected
from the group consisting of:

public sector bonds, private sector bonds; bills; notes; stocks; exchange traded funds;
derivatives; options; credit default swaps, variance swaps; commodities; power; oil drilling
rights; emission allowances; emiséion credits, real estate; online advertising spots, patents;
spectrum licenses; airport landing spots; data capacity; other tangible goods; and other

intangible goods.

Concept 24. The trading apparatus of Concept 1, wherein said trading apparatus is configured

for operation in a rich setting.

Concept 25. The trading apparatus of Concept 1, wherein said order receiver is configured for
receiving at least one complex order having a condition selected from the group of condition
categories consisting of:

items bought; items sold; the auction allocation and transfers; statistics derived from
information contained in said orders; variables whose calculation requires utilizing at least some
information included in said orders; item-less trades; features of orders matched with said at

least one complex order; and impact on intra-trade information.

Concept 26. The trading apparatus of Concept 1, wherein said order receiver is configured for

receiving said at least one complex order having a condition on a variable that captures a
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concept selected from the group consisting of:
price impact of an order; auction depth; market depth; liquidity; oversubscription; level of

competition; equity; dispersion; supply-demand-imbalance; stability; and momentum.

Concept 27. A non-transitory computer-readable storage medium comprising instructions
stored thereon which, when executed by a computer system, cause said computer system to
perform a trading method, said trading method comprising:

receiving orders from at least one trader, wherein said orders comprise at least one
complex order;

storing said orders;

generating trades based on said orders and a trading mechanism; and

reporting said trades.

Concept 28. The trading method of Concept 27, further comprising:
managing an event associated with said orders selected from a group of events
consisting of:
submission of said orders; amendment of said orders; cancellation of said orders;
generation of a set of valid outstanding orders; confirmation of a receipt of said orders;

publication of a portion of said orders; and a trade generated based on said orders.

Concept 29. The trading method of Concept 27, further comprising:
generating and reporting intra-trade information based on at least one of said orders and

said trades.

Concept 30. The trading method of Concept 27, further comprising:

87



WO 2011/094235 PCT/US2011/022470

communicating with at least one of an exogenous trading venue and a data feed, said
exogenous trading venue being one other than a trading venue comprising said trading

apparatus.

Concept 31. The trading method of Concept 30, wherein said communicating comprises:
sending a portion of said orders to said exogenous trading venue; and

accessing information from at least one of said trading venue and said data feed.

Concept 32. The trading method of Concept 27, further comprising:

storing said trading mechanism.

Concept 33. The trading method of Concept 27, further comprising:

receiving a selection of a selectable order input by said at least one trader.

Concept 34. The trading method of Concept 27, further comprising:

storing information associated with said trades.

Concept 35. The trading method of Concept 27, further comprising:

receiving trade reporting instructions.

Concept 36. The trading method of Concept 27, wherein said generating trades based on said
orders and a trading mechanism comprises:
comparing stored orders with said trading mechanism; and

executing said trades based on said comparing.
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Concept 37. The trading method of Concept 27, wherein said generating trades based on said
orders and a trading mechanism comprises:

executing a clearing method.

Concept 38. The trading method of Concept 27, wherein said reporting said trades comprises:

reporting said trades to said at least one trader.

Concept 39. The trading method of Concept 27, wherein said method comprises operating in

at least one round of a dynamic auction.

Concept 40. The trading method of Concept 27, wherein said method comprises operating in

a rich setting.

Concept 41. A computer-implemented method comprising:

receiving at least one complex order from at least one trader;

storing said at least one complex order;

generating trades based on said at least one complex order and a trading mechanism;
and

reporting said trades.

Concept 42. The method of Concept 41, further comprising:

managing an event associated with said orders selected from a group of events
consisting of:

submission of said orders; amendment of said orders; cancellation of said orders;

generation of a set of valid outstanding orders; confirmation of a receipt of said orders;
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publication of a portion of said orders; and a trade generated based on said orders.

Concept 43. The trading method of Concept 41, further comprising:
reporting and generating intra-trade information based on at least one of said orders and

said trades.

Concept 44. The trading method of Concept 41, further comprising:
communicating with at least one of a trading venue, said trading venue being one other

than a trading venue comprising said trading apparatus, and a data feed.

Concept 45. The trading method of Concept 44, wherein said communicating comprises:
sending a portion of said orders to said trading venue; and

accessing information from at least one of said trading venue and said data feed.

Concept 46. The trading method of Concept 41, further comprising:

storing said trading mechanism.

Concept 47. The trading method of Concept 41, further comprising:

receiving a selection of a selectable order input from by said at least one trader.

Concept 48. The trading method of Concept 41, further comprising:

storing information associated with said trades.

Concept 49. The trading method of Concept 41, further comprising:

receiving trade reporting instructions.
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Concept 50. The trading method of Concept 41, wherein said generating trades based on said
orders and a trading mechanism comprises:
comparing stored orders with said trading mechanism; and

executing said trades based on said comparing.

Concept 51.  The trading method of Concept 41, wherein said generating trades based on said
orders and a trading mechanism comprises:

executing a clearing method.

Concept 52. The trading method of Concept 41, wherein said method comprises operating in

at least one round of a dynamic auction.

Concept 53. The trading method of Concept 41, wherein said method comprises operating in

a rich setting.

Concept 54. A method for increasing trade volume in a trading mechanism, said method
comprising:

enabling said trading mechanism to receive a complex order; and

utilizing said complex order to generate a trade, wherein the utilization of said complex
order increases trading volume associated with said trade compared to trading volume

associated with a trade not utilizing said complex order.

Concept 55. A method for increasing auction revenue in an auction mechanism, said method

comprising:
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enabling said auction mechanism to receive a bid selected from the group consisting of:
pegged bids, routed bids, and trading-inspired bids; and

utilizing said bid to generate an auction allocation and transfers, wherein the utilization of
said bid increases the revenue associated with said auction allocation compared to the revenue

associated with an auction allocation generated without said bid.

Concept 56. A method for enhancing revenue in a trading mechanism, said method comprising:
enabling said trading mechanism to receive a complex order; and
utilizing said complex order to generate a trade, wherein the utilization of said complex
order increases trading revenue associated with said trade compared to trading revenue

associated with a trade not utilizing said complex order.

Concept 57. A method for increasing revenue of a trading mechanism, said method comprising:
enabling said trading mechanism to determine a monetary transfer based on at least one
of a feature of at least one order being satisfied and said at least one order’s role at the time of
a generation of a trade; and
utilizing said order to generate a trade, wherein said enabling increases the revenue
associated with said trade compared to the revenue associated with a trade generated by a

trading mechanism without said enabling.

Concept 58. An auction apparatus comprising:

a bid receiver configured for receiving bids from at least one bidder, said bids
comprising at least one pegged bid;

a bid storage module configured for storing said bids;

an auction generator configured for generating auction allocations and transfers

based on said bids and an auction mechanism;
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at least one of an exogenous communication module configured for communicating with
a data feed and an intra-auction information module configured for reporting and generating
intra-auction information based on said bids and said auction allocations and transfers;

and a reporting module configured for reporting said auction allocation and transfers.

Concept 59. An auction apparatus comprising:

a bid receiver configured for receiving bids from at least one bidder, said bids
comprising at least one routed bid,;

a bid storage module configured for storing said bids;

an auction generator configured for generating auction allocations and transfers
based on said bids and an auction mechanism;

an exogenous communication module configured for communicating with at least one of

a trading venue other than a trading venue comprising said auction apparatus;

and a reporting module configured for reporting said auction allocation and transfers.

Concept 60. An auction apparatus comprising:

a bid receiver configured for receiving bids from at least one bidder, said bids
comprising at least one trading-inspired bid;

a bid storage module configured for storing said bids;

an auction generator configured for generating auction allocations and transfers
based on said bids and an auction mechanism;

at least one of an exogenous communication module configured for communicating with

at least one of a trading venue other than a trading venue comprising said auction apparatus
and a data feed, and an intra-auction information module configured for reporting and

generating intra-auction information based on said bids and said allocations and transfers;
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and a reporting module configured for reporting said auction allocation and transfers.

Concept 61. A trading apparatus comprising:

a complex order receiver configured for receiving at least one order from at least
one trader;

an order storage module configured for storing said at least one order;

a trade generator configured for generating trades based on said at least one
order and a trading mechanism;

an accounting module configured for determining a monetary transfer based on
at least one of a feature of said at least one order being satisfied and said at [east one order’s
role at a time of said generating trades; and

a reporting module configured for reporting said trades.
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CLAIMS
What we claim is:

1. A trading apparatus comprising:

an order receiver configured for receiving orders from at least one trader, said orders
comprising at least one complex order;

an order storage module configured for storing said orders;

a trade generator configured for generating trades based on said orders and a trading
mechanism; and

a reporting module configured for reporting said trades.

2, The tradiﬁg apparatus of Claim 1, further comprising:
an order manager configured for managing an event associated with said orders
selected from the group consisting of:
submission of said orders; amendment of said orders; cancelling of said orders;
generating a set of valid outstanding orders; confirming a receipt of said orders;

publishing of a portion of said orders; and a trade generated based on said orders.

3. The trading apparatus of Claim 1, further comprising:
an intra-trade information module configured for reporting and generating intra-trade

information based on at least one of said orders and said trades.

4. The trading apparatus of Claim 1, further comprising:

an exogenous communication module configured for communicating with at least one of
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an exogenous trading venue and a data feed, said exogenous trading venue being one other

than a trading venue comprising said trading apparatus.

5. The trading apparatus of Claim 4, wherein said exogenous communication module
comprises:

an order routing module configured for sending a portion of said orders to said
exogenous trading venue; and

an exogenous information accessor configured for accessing information from at least

one of said exogenous trading venue and said data feed.

6. The trading apparatus of Claim 1, further comprising:

a trading mechanism storage module configured for storing said trading mechanism.

7. The trading apparatus of Claim 6, wherein said trading mechanism storage module is

configured to be accessible by said trade generator.

8. The trading apparatus of Claim 1, further comprising:

a selectable order input form configured for being selected by said at least one trader.

9. The trading apparatus of Claim 8, wherein said selectable order input form is selected
from the group of selectable order input forms consisting of:
a sentence specifier; a mathematical condition specifier; a function specifier; a range

specifier; and a trade objective of said at least one trader.

10.  The trading apparatus of Claim 1, further comprising:
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a trade storage module configured for storing information associated with said trades.

1. The trading apparatus of Claim 1, further comprising:

an instruction receiver configured for receiving trade reporting instructions.

12. The trading apparatus of Claim 1, wherein said trade generator comprises:
a comparator configured for comparing stored orders with said trading mechanism; and

a trade executor configured for executing said trades based on said comparing.

13. The trading apparatus of Claim 1, wherein said trade generator comprises:

a clearing method module configured for executing a clearing method.

14. The trading apparatus of Claim 1, wherein said trading mechanism comprises:

a clearing method.

15. The trading apparatus of Claim 14, wherein said clearing method comprises at least one

of the following: a trading format, a trading objective and a tie breaker.

16. The trading apparatus of Claim 15, wherein said trading format utilized by said trading
apparatus is selected from the group consisting of:

a first price auction format; a second price auction format; a first price combinatorial
auction format; a second price combinatorial auction format; a discriminatory price auction
format; a uniform price auction format; a discriminatory price combinatorial auction format; a

uniform price combinatorial auction format; and a combinatorial auction format.
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17.  The trading apparatus of Claim 15, wherein said trading format utilized by said trading
apparatus is selected from the group consisting of:

an exchange format; a trading format in which orders submitted consist only of
quantities; NYSE Matchpoint; and platforms that send out intra-trading information that is partly

based on orders currently in the system.

18. The trading apparatus of Claim 15, wherein the optimization of said trading objective
involves the consideration of an effect of said generated trades on at least one criterion, said
criterion selected from the group consisting of:

auctioneer revenue; auctioneer cost; gains from trade; trade volume; maximizing

auctioneer revenue; equity; dispersion; and price stability.

19. The trading apparatus of Claim 1, wherein said trading mechanism comprises:

at least one trading rule associated with said trading mechanism.

20. The trading apparatus of Claim 19, wherein said at least one trading rule associated
with said trading mechanism is selected from the group consisting of:
rules regarding orders; rules regarding monetization; rules regarding a candidate set of

items; and rules regarding when to clear a trade.

21. The trading apparatus of Claim 1, wherein each of said at least one complex order
comprises:

at least one complex condition and at least one condition that is non-complex selected
from the group consisting of:

pegging conditions; routing conditions; trade-inspired conditions; a minimum
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execution size; and a bundle condition.

22. The trading apparatus of Claim 1, wherein said trading apparatus operates in at least

one round of a dynamic auction.

23.  The trading apparatus of Claim 1, wherein said orders are for items selected from the
group consisting of:

public sector bonds, private sector bonds; bills; notes; stocks; exchange traded funds;
derivatives; options; credit default swaps, variance swaps; commodities; power; oil drilling
rights; emission allowances; emission credits; real estate; online advertising spots; patents;
spectrum licenses; airport landing spots; data capacity; other tangible goods; and other

intangible goods.

24, The trading apparatus of Claim 1, wherein said trading apparatus is configured for

operation in a rich setting.

25, The trading apparatus of Claim 1, wherein said order receiver is configured for receiving
at least one complex order having a condition selected from the group of condition categories
consisting of:

items bought; items sold; the auction allocation and transfers; statistics derived from
information contained in said orders; variables whose calculation requires utilizing at least some
information included in said orders; item-less trades; features of orders matched with said at

least one complex order; and impact on intra-trade information.

26. The trading apparatus of Claim 1, wherein said order receiver is configured for receiving
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said at least one complex order having a condition on a variable that captures a concept
selected from the group consisting of:
price impact of an order; auction depth; market depth; liquidity; oversubscription; level of

competition; equity; dispersion; supply-demand-imbalance; stability; and momentum.

27. A non-transitory computer-readable storage medium comprising instructions stored
thereon which, when executed by a computer system, cause said computer system to perform a
trading method, said trading method comprising:

receiving orders from at least one trader, wherein said orders comprise at least one
complex order;

storing said orders;

generating trades based on said orders and a trading mechanism; and

reporting said frades.

28. The trading method of Claim 27, further comprising:
managing an event associated with said orders selected from a group of events
consisting of:
submission of said orders; amendment of said orders; cancellation of said orders;
generation of a set of valid outstanding orders; confirmation of a receipt of said orders;

publication of a portion of said orders; and a trade generated based on said orders.

29. The trading method of Claim 27, further comprising:

generating and reporting intra-trade information based on at least one of said orders and

said trades.
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The trading method of Claim 27, further comprising:

communicating with at least one of an exogenous trading venue and a data feed, said

exogenous trading venue being one other than a trading venue comprising said trading

apparatus.

31.

32.

33.

34.

35.

36.

The trading method of Claim 30, wherein said communicating comprises:
sending a portion of said orders to said exogenous trading venue; and

accessing information from at least one of said trading venue and said data feed.

The trading method of Claim 27, further comprising:

storing said trading mechanism.

The trading method of Claim 27, further comprising:

receiving a selection of a selectable order input by said at least one trader.

The trading method of Claim 27, further comprising:

storing information associated with said trades.

The trading method of Claim 27, further comprising:

receiving trade reporting instructions.

The trading method of Claim 27, wherein said generating trades based on said orders

and a trading mechanism comprises:

comparing stored orders with said trading mechanism; and

executing said trades based on said comparing.
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37.  The trading method of Claim 27, wherein said generating trades based on said orders
and a trading mechanism comprises:

executing a clearing method.

38. The trading method of Claim 27, wherein said reporting said trades comprises:

reporting said trades to said at least one trader.

39. The trading method of Claim 27, wherein said method comprises operating in at least

one round of a dynamic auction.

40. The trading method of Claim 27, wherein said method comprises operating in a rich

setting.

41, A computer-implemented method comprising:

receiving at least one complex order from at least one trader,;

storing said at least one complex order;

generating trades based on said at least one complex order and a trading mechanism;
and

reporting said trades.

42. The method of Claim 41, further comprising:
managing an event associated with said orders selected from a group of events
consisting of:

submission of said orders; amendment of said orders; cancellation of said orders;
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generation of a set of valid outstanding orders; confirmation of a receipt of said orders;

publication of a portion of said orders; and a trade generated based on said orders.

43. The trading method of Claim 41, further comprising:
reporting and generating intra-trade information based on at least one of said orders and

said trades.

44, The trading method of Claim 41, further comprising:
communicating with at least one of a trading venue, said trading venue being one other

than a trading venue comprising said trading apparatus, and a data feed.

45, The trading method of Claim 44, wherein said communicating comprises:
sending a portion of said orders to said trading venue; and

accessing information from at least one of said trading venue and said data feed.

46. The trading method of Claim 41, further comprising:

storing said trading mechanism.

47, The trading method of Claim 41, further comprising:

receiving a selection of a selectable order input from by said at least one trader.

48. The trading method of Claim 41, further comprising:

storing information associated with said trades.

49, The trading method of Claim 41, further comprising:
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receiving trade reporting instructions.

50. The trading method of Claim 41, wherein said generating trades based on said orders
and a trading mechanism comprises:
comparing stored orders with said trading mechanism; and

executing said trades based on said comparing.

51. The trading method of Claim 41, wherein said generating trades based on said orders
and a trading mechanism comprises:

executing a clearing method.

52. The trading method of Claim 41, wherein said method comprises operating in at least

one round of a dynamic auction.

53. The trading method of Claim 41, wherein said method comprises operating in a rich

setting.

54, A method for increasing trade volume in a trading mechanism, said method comprising:
enabling said trading mechanism to receive a complex order; and
utilizing said complex order to generate a trade, wherein the utilization of said complex
order increases trading volume associated with said trade compared to trading volume

associated with a trade not utilizing said complex order.

55. A method for increasing auction revenue in an auction mechanism, said method

comprising:
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enabling said auction mechanism to receive a bid selected from the group consisting of:
pegged bids, routed bids, and trading-inspired bids; and

utilizing said bid to generate an auction allocation and transfers, wherein the utilization of
said bid increases the revenue associated with said auction allocation compared to the revenue

associated with an auction allocation generated without said bid.

56. A method for enhancing revenue in a trading mechanism, said method comprising:
enabling said trading mechanism to receive a complex order; and
utilizing said complex order to generate a trade, wherein the utilization of said complex
order increases trading revenue associated with said trade compared to trading revenue

associated with a trade not utilizing said complex order.

57. A method for increasing revenue of a trading mechanism, said method comprising:
enabling said trading mechanism to determine a monetary transfer based on at least one
of a feature of at least one order being satisfied and said at least one order’s role at the time of
a generation of a trade; and
utilizing said order to generate a trade, wherein said enabling increases the revenue
associated with said trade compared to the revenue associated with a trade generated by a

trading mechanism without said enabling.

58. An auction apparatus comprising:

a bid receiver configured for receiving bids from at least one bidder, said bids
comprising at least one pegged bid;

a bid storage module configured for storing said bids;

an auction generator configured for generating auction allocations and transfers
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based on said bids and an auction mechanism;

at least one of an exogenous communication module configured for communicating with
a data feed and an intra-auction information module configured for reporting and generating
intra-auction information based on said bids and said auction allocations and transfers;

and a reporting module configured for reporting said auction allocation and transfers.

59. An auction apparatus comprising:

a bid receiver configured for receiving bids from at least one bidder, said bids
comprising at least one routed bid;

a bid storage module configured for storing said bids;

an auction generator configured for generating auction allocations and transfers
based on said bids and an auction mechanism;

an exogenous communication module configured for communicating with at least one of

a trading venue other than a trading venue comprising said auction apparatus;

and a reporting module configured for reporting said auction allocation and transfers.

60. An auction apparatus cdmprising:
a bid receiver configured for receiving bids from ét least one bidder, said bids
comprising at least one trading-inspired bid;
a bid storage module configured for storing said bids;
an auction generator configured for generating auction allocations and transfers
based on said bids and an auction mechanism;
at least one of an exogenous communication module configured for communicating with

at least one of a trading venue other than a trading venue comprising said auction apparatus
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and a data feed, and an intra-auction information module configured for reporting and
generating intra-auction information based on said bids and said allocations and transfers;

and a reporting module configured for reporting said auction allocation and transfers.

61. A trading apparatus comprising:

a complex order receiver configured for receiving at least one order from at least
one trader,

an order storage module configured for storing said at least one order;

a trade generator configured for generating trades based on said at least one
order and a trading mechanism;

an accounting module configured for determining a monetary transfer based on
at least one of a feature of said at least one order being satisfied and said at least one order’s
role at a time of said generating trades; and

a reporting module configured for reporting said trades.
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