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Field of Invention 5 The present invention is directed to an autonated
criossi ng network (also known as a matching systen) for tradi ng

I nstruments, agﬂmeFpartlcular a continuous Crossi Ng netpdpidSod
mat ches buy a se orders based 10 upon a satisfaction and size profll

and that can out put price discovery information.

CROSSING NETWORK UTILIZING
SATISFACTION DENSITY PROFILE

1d of Invention

The present invention is directed to an automated
crossing network (also known as a matching system) for
trading instruments, and in particular, a continuous
crossing network that matches buy and sell orders based

10 upon a satisfaction and size profile and that can output
price discovery information.

Copyxight Notice

15 A portion of the disclosure of this patent document
contains material which is subject to copyright
protection. The copyright owner has no objection to the
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PCT/ US96/ 07265 2 Backgr ound of
the I nvention Traditionally, traders and investors who desired to buy
5 or sell securities placed orders with brokgrs who traded on the floor
of organi zed stock exchanges, such as the New Yor k Stock Exchange or

t he NASDAQ market. Traders and investors, particutarly institutional

| nvestors, are _ |ncrea3|no| balkino Pt t he high cost of trading on 10
or gani zed exchange®=%as e orer==the- Count er) mar ket .

Di scontent with the expense of using I nternmedi ari es and the cost of

mar ket inpact hasp ad Cross#“ %Qa&&ré@n&'ej\.&ﬁ}%t waB aaslfé&%qsuf

fourth mar ket trades. "Resha |ng e gg
Markets, A GuiSde $5r8eMe SERYFILiES m%‘? rdars brokergyh rt’B'%E‘?qﬂess
1991, especially b the fAd5of organized stock exchanges, such as the

New York Stock Exchange or the NASDAQ market. Traders
and investors, particularly insti;utional investors, are
increasingly balking at the high cost of trading on

10 organized exchanges and in the OTC (Over-The-Counter)
market. Discontent with the expense of using
intermediaries and the cost of market impact has
contributed to the development of the electronic fourth
market for crossing trades. See "Reshaping the Equity

15 Markets, A Guide for the 1990s" by Rcobert A. Schwartz,
Harper Business, 1991, especially at pp. 93-95.

Various companies and exchanges operate computerized
crossing networks, also called anonymous matching

20 systems. By way of example, crossing networks used in
connection with the trading of trading instruments are
disclosed in U.S. Pat. No. 4,412,287, which discloses an
automated stock exchange in which a computer matches buy
and sell orders for a variety of stocks; U.S. Pat.

25 3,573,747, which discloses an anonymous trading system
for selling fungible properties between subscribers to
the system; U.S. Pat. 3,581,072, which discloses the use
of a special purpose digital computer for matching orders
and establishing market prices in an auction market for

30 fungible goods; U.S. Pat. 4,674,044, which discloses an
automated securities trading system; U.S. Pat. 5,136,501,
which discloses an anonymous matching system for
effectuating trades through automatic matching in which
buyers and sellers who are willing to trade with one

35 another based on specified criteria, such as price,
quantity and credit, may automatically trade when
matching events occur satisfying these criteria; and U.S.
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3 Pat. No. 5,101, 353, which discloses an autonmated system for
providing |iqui dldﬁbstsangeauﬁw&fﬁé HRr& & Sndnﬂ:éihb(fhadvaneéé'éé S LR .ed
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10
Existing facilities for crossing trades include
Instinet’s Crossing Network and POSIT (Portfolio System
for Institutional Trading) which is owned by ITG, Inc.
The Instinet Crossing Network has an equities trading

15 service to match buyers and sellers anonymously at set
times. Computers pair buyers with sellers on a time
priority basis. Trades are executed at the closing price
for exchange-listed issues, and at the midpoint of the
inside market (best bid and ask) for OTC issues.

20
POSIT, for example, enables large investors to trade
baskets of stocks among themselves. The orders are sent
to a central computer where they are electronically
matched with other orders. Unlike Instinet’s Crossing

25 Network, POSIT crosses are done at discreet times during
the day. The prices are obtained from those quoted on
the exchanges, a practice known as "parasitic pricing."
See "Reshaping the Egquity Markets, A Guide for the 1990s"
cited above.

30
Instinet, owned by Reuters, also operates an electronic
trading system that facilitates the negotiation of trades
between institutional investors and brokers. Instinet
allows parties to trade anonymously, entering bids and

35 offers electronically. Instinet subscribers can respond
to an "order" entered into the system either by matching
a displayed price or by making a counter bid or offer



(a) traders need not search for a contraparty; and (b) anonymty is
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10 on which stocks can be traded and for NASDAQ listed
securities.

Many crossing networks function independently of existing
stock exchanges. However, some crossing networks are
15 operated by stock exchanges.

For example, the Market Match Exchange ("MMX"} is
operated by the Chicago Stock Exchange. All matched
orders are executed at a random time within a
20 predetermined .ten minute window at the market price at
such time. The market price is calculated based upon the
midpoint of the spread' of a particular issue. Rather
. than matching orders on the basis of time priority, the
MMX system uses liquidity fees and liquidity credits to
25 determine the level of priority for order matching.
Those users willing to pay the highest liquidity fee have
the highest execution priority. See 59 F.R. 5451
(February 4, 1994).

30 Crossing networks that automatically match buy and sell
orders often concentrate trading at a single point of
time, and can be called a batch process matching system.
There is a need, however, for an anonymous crossing
network that continuously, and in real-time, satisfies

35 the buying and selling desires of an arbitrary number of
market participants.
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30 Crossing networks that autonatlca rs often
Hiebs and sohlefh iR Grer, ofaprLfes

concentrate trading at a SWR
bat.ch process natching sysrhis assuMEbeaesmgntfimamt dQuamtidty, dfomean

R TLTeS SR Buyi ng s AR RN ffhls S
mar ket partici pants. here would be no incentive for overlap, and
take-out would start at the disclosed best
bid/offer prices, just like the Instinet book.
- 8Single price auction strategies, where a

15 single, size-weighted average price is computed
from overlapping bid and offer prices, and
everyone is filled at that price. Again,
traders would have to be confident of a
significant number of non-disclosed orders in

20 the system to have the incentive to enter
orders at a better price than the best
disclosed price.

- Premium strategies (as in the Chicago MMX

system), where bids and offers have an

25 associated positive or negative premium, and
crossing takes place at the midpoint of market
spread or at the minimum necessary premium
differential from the midpoint, with priority
given in order of premium. Here, the premium-

30 based priority in matching provides the
incentive for offering higher premiums.

Bach of the above approaches is a batch process that
relies upon ad hoc rules of competition among a

35 relatively small set of discrete orders as being the
means of arbitrating the crossing network participants’
buy/sell entries.
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maj or probl em encountered _in the design of crossing networks is that of
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Typically, existing crossing networks allow discrete buy

or sell orders to be entered, e.g., "sell 10,000 IBM at
64." However, as stated above many traders, particularly
institutional traders, wish to deal in baskets of

15 securities, so that, for example, a portfolio is as far
as possible, "balanced." Existing crossing networks do
not easily allow traders to enter combinations of orders,
such as "sell 10,000 IBM at 64 only if I can buy 20,000
DEC at 32". Furthermore, existing crossing networks do

20 not allow traders. to enter combinations of orders, such
as "sell 10,000 IBM at 64 or sell 100,000 IBM at 63."
Traders often have trading strategies such as, for
example, "buy 3,000 IBM at 63, but if I can buy 5,000, I
would be prepared to pay 63 and 1/2", that cannot be

25 handled by existing crossing networks.

Given the above limitations of conventional crossing
networks, a more satisfactory approach to the overall
problem of continuously satisfying the buying and selling
30 desires of an arbitrary number of market participants is
needed. Furthermore, a crossing network is needed that
will guarantee mathematical optimality of the matching
process, so that each participant is assured that the
overall outcome of the process (in terms of the price and
35 size of all fills) has maximized the joint satisfaction
of all participants. '
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buy/sell entries. WO 96/ 34357
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) d
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if | can buy 5, om,vel an expl:.cit price discovery mechanlsm, such as the
10 call market opening procedure used by the NYSE. OTC
dealers sense the public’s buy/sell propensities by
posting quotes and observing the market’s response.
Moreover, existing crossing networks use parasitic
pricing methods, and therefore depend on the existence of
15 another market in the same instruments.

Summary of the Invention

The present invention is directed to a computerized

20 crossing network that allows traders to input as orders a
satisfaction density profile and maximum gize limit which
at once characterizes the trader’s degree of satisfaction
to trade at any and all prices and sizes, .up to the

' aggregate (or size) limit, and that matches orders (as

25 represented by each trader’s satisfaction density
profile) so that each trader is assured that the overall
ocutcome of the process (in terms of average price and
size of £ill) has maximized the mutual satisfaction of
all traders. '

30
The satisfaction density profile is a two-dimensional
grid or matrix (which could also be represented as a two-
dimensional graph or in another two-dimensional format),
one dimension being price and the second dimension being

35 @gize of transaction, that as a whole characterizes the
trader’s degree of satisfaction for a transaction at each
(price, size) coordinate. Each element of the
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'n the same ifétrgﬂﬁﬂtérader can input one or more satisfaction density
profiles. In the representative embodiment, each
satisfaction denéity profile can be represented and input
as a graph of at least two dimensions, such as, for
example, as a temperature grid or two dimensional matrix.

15 . .
Once the satisfaction density profile is complete, the
‘trader causes the satisfaction density profile to be
transmitted to a central matching controller ("CMC"),
which anonymously matches buy and sell orders as

20 discussed below.

For the purpose of explanation, assume a batch process in
which multiple traders enter satisfaction density
profiles that represent either buy or sell orders for a
25 particular stock. Upon transmission of the satisfaction
density profiles to the CMC, the CMC will cause buy
profiles to be stored in a buy profile database and sell
profiles to be stored in a sell profile database. The
CMC will then calculate, for every buy/sell profile pair,
30 a mutual satisfaction cross product profile. The mutual
satisfaction cross product profile represents the degree
to which that buy/sell pair can satisfy each other at
each grid value of price and size. Next, the individual
grid values of the mutual satisfaction cross products for
35 all buy/sell combinations are ranked in order, starting
with the highest value of mutual satisfaction. The
buy/sell orders represented by the ranked grid values of
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embodiment, if a trader wishes to simultaneously both
sell IBM and buy DEC, the trader would create a sell

10 satisfaction density profile representing the IBM part of
the transaction and a buy satisfaction density profile
representing the DEC part of the tramsaction, and
indicate that these profiles are to be linked together.
The CMC-will then link these two satisfaction density

15 profiles. This linking process can be accomplished, for
example, by utilizing a connection matrix and performing
matrix manipulation on the two profiles. It will be
apparent that other, more complex, linked trades can be
accomplished in the same manner.

20
The present invention can be operated as a batch crossing
network, where orders are matched at set times.
'Alternatively, the present invention can be operated as a
continuous crossing network by treating each new

25 satisfaction density profile that is entered as a
triggering event that causes a new round of computation
as described above.

The present invention also allows traders to create and
30 input satisfaction denéity profiles, where the individual
satisfaction density profile values entered are based
upon external variables (e.g., for debt instruments,
based upon current interest rate, coupon rate, gquality of
issuer, etc.) and variables other than price and
35 guantity.

It will be apparent that, in contrast to the typical



representing no satisfaction (i.e., will under no ci rcunst ances trade

that quantity at that price) and one_ representing total satisfaction

10 Each trader can input one or nore satisfaction density profiles. In
thé representative enbodi nent, each satisfaction density profile can be
represented and i nput as a graph of at |least two di mensions, such as,
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Once the satisfaction density profile is conplete, the trader causes
the satisfaction density profile to be transmtted to a central

mat ching controller ("CMC"), whi ch anon HDUS|y mat ches buy and sel
orders as 20 discussed bel ow. For th& purpose of explanation, assune
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E%T}ngg?gsggggr%gtggEggéigﬁ density pé@?igg/§é§§7each trader, the other
_ traders are not informed by the present invention of the
identity of other parties or potential parties. (Of
course, if desired, the present invention could easily be
adapted so that each trader is informed by the CMC of the
15 identity of or information about other traders who enter
satisfaction density profiles.) Thus, this technology
(e.g., the operation of the CMC of the present invention,
in combination with the communication links to the trader
terminals) preserves the anonymity of each of the traders
20 utilizing the present invention.

 Additionally, due to the detail, structure and format of

information (in the form of the unique satisfaction
density profiles of the present invention) that is

25 electronically communicated from the trader terminal to
the CMC with respect to each order, the CMC is able to
perform calculations, match orders and provide market
information in a way that, prior to the present
invention, was unavailable in computerized crossing

30 networks.

The present invention provides a richer means of price
discovery than is available in any existing market
structure, including exchanges. In steady-state

35 operation, where all feasible matches have been performed
and the system is awaiting the next profile input, there
will exist a group of unfilled buy satisfaction density



9 t he nutual satisfaction cross products are then matched I n
order, and matching trades _are aggregated hy the CMC system—Fhe——
mat chi ng process then conti nues down the ranked list. 5 The

present invention can easily handl e trades of baskets of securities.

For exanple, in the representative enbodiment, if a trader_\w Q@gsto

si mul t aneous| WOSSB#ST  sel| IBM and buy DEC, the trader muﬁ&’ﬁl{sé %a.
sef| 10 satisfaction densi ty profile representing the | BM part of - the
transaction and a -buy satisfaction density profile representing the DEC
part of the transaction, and i ndicate t ?t these profiles are to be

| i nked toget her. The CMC will then |link™These two satisfaction density

15 profiles. gix%éﬂ@@ aadpaogﬁé@p ¥ i 30e BN 38Le idfdcrion €XANDI €,

by utilizing a cgnnecgtion erfor mat r i ni pul ati on on
the two profil es 8RSl Prgg es, a‘b’g‘%ﬂ) ‘T?d’[ﬂ?t H&F"’e é“’c SRS ked
trades can be (anhammﬂbesaedatchtwnukduha pemformed@). Thdhowet esent

i nvention can be S r t &ﬂﬁi rfders are
mat ched at set tlﬂﬂ%ﬁ%&%ﬁaﬁ ?er natﬁhe?c di‘ﬂhegggﬁg ?ﬁ%%ent I on lscazsa(r?'eﬁe
operated as a5 dengtefntbes " 8prrasd riﬁe%'éﬂm l??‘B‘y PaSEP n P RIFH RS
satisfacti on densft wizeof the sped¢ad betvesmredthas highestt noggmrasdngwent t hat
causes a new ro“'ﬁ‘it&fsfﬁe dhobiSFile gﬁ%&%ﬁ@r ‘th@dlabeéﬂ? nop-zero T 3r esent

i nvention al so allows tr ers to cre I np u; actlon enS|ty
profiles, where i¢isfackignprofi %a#is%ctrr S4ERE Fsrlwcﬁwéww ues
entered are based;ggregapenoEximfﬁbled/as”atdldfas:tﬁ.engpmfmeslem a nstrunents,

based upon cyprenf; E%Sﬁ& §8hér, dﬁg%mnr %tfethgum&xt@ot?ﬁ i appagte gﬁ)

and vari abl eS ot he {
that, in contrasProyidgd ypﬁgglpanges an market ‘makers, and obviates the

need for parasitic pricing inherent in other crossing
networks. It also provides substantially greater price
discovery across the full range of trade sizes than is

15 contained in the current quotations of best-bid and best-
offering pi:'ices and corresponding sizes.

The present invention has features to permit operation in
accordance with certain stock exchange rules. For

20 example, some exchanges require priority:to be given to
crders exhibiting the best price, regardless of other
factors. Accordingly, in such cases, the present _
invention can calculate a tentative allocation. Before
making the allocation, the CMC will check to ascertain if

25 there exist any contra profiles that, in accordance with
exchange rules, must be executed prior to the tentative
allocation.

_ Bri D
30
Fig. 1 is a block diagram of a representative system
operating according to the present invention.

Fig. 2 is an example satisfaction density profile for a
35 buy order.

Figs. 3A to 3D are example satisfaction density profiles
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10 trading situation where each _party will know the identity of
t he ot her potenti al tradlng parties, the present i nventi on preserves
thé anonymty of each of the trading parties. According to the

representative enbodi nent of 5 the present invention, each trader enters
orders (in thd¥O%B4H m of satisfaction density proflles) at P 65

terminal . Each trader terninal is coupled (directly or indirectly) to
the CMC, and may be situated at a | ocation renote to the CMC. Al t hough
t he CMC can associ ate each 10 satisfactionﬁgfnsity profile wth each
trader, the other traders are not inforrded by the present invention of
t he identity of QbhuPPirldeeEomabOtential parties. (O course, if
desired, the present Invention could easily be adapted so that each

trader is inforned by the CMC of the 15 identity of or information about
ot her traders mhanmte¢ is ansat@amplet intexifarse twindosf,i hesd) tdhagetr this

t echnol ;
i conbi nati on W ol el ofap! Slale e GAPARERREon UL,

preserves the %P%ﬁ each of the traders 20 wutilizing the present
I nventi on. Additionally due to the detail, structure and format of

information (in tp fy t u &0 de Ve d es of
t he present |nventf%n) tso |l:§(i Bag#%é’t??%%?é%é g’mdowi’cgéé% rorﬁ%‘%

trader term nal EPraMEQQﬂ%ZEQCsﬂF%ﬂ aetiRR qn#%&x:wreféée temelqmg;1s abl e

to perform cal cul ati ons, match orders and provi de market

i nformation ilrb a ¥y, té]%.ts ah' E%fetggré’ér?scﬁ.@play showing an interface
window and a satisfaction density profile for a sell
order.

Fig. 7 is an example buy satisfaction density profile
15 displayed as a temperature graph.

Fig. 8 is a description of the matching process in flow
chart format.

20 Figs. 9A and 9B.illustrating typical displays of
aggregate density profiles.

Figs. 10A to 10C are example mutual satisfaction cross
products, represented as contour graphs.

25
Fig. 11 illustrates an example procedure, in flow chart
form, for modifying the present invention to comply with
stock exchange rules in a continuous market case.

30 Detailed Degcription

The present invention is described below in the context
of trading equity securities. However, the invention is
not so limited and can be easily adapted to allow the

35 trading of other liquid assets such as futures,
derivatives, options, bonds, currencies, airline tickets,
concert tickets, computer chips, oil, natural gas and the



I nvention, was unavail able in conmputerized crossing 30 networKks. The
present invention provides a richer_neans of _price di scovery—thanis
‘avai l abl e in any existing market structure, including exchanges. In
steady-state 35 operation, where all feasible natches have been perforned

and the systeﬂoﬁnﬁﬁltl ng the next profile input, there Ws%g a

group of unfi sati sfaction density WO 96/ 34

PCT/ US96/ 07265 11 profiles and a
group-of unfilled sell satisfaction density profiles, with no overlap
bet ween the two groups (otherwi se a matghR would be perforned). The two-

dinensionallprice/size regi on between these groups is 5 denoted the
spread region, " 1aké denb@bi‘dlﬁélfa%dﬁ the conQEx&l permibe, Sthie atkragd ween

t he hi ghest non- zpro bu aptlp f| and he | gnest
non-zero sell r#&%ﬁ ?#%ﬁt’ ps e% éé?& '%é
aggregat e of Lnﬁluaeddhsaensfanc u¢e§naﬁl|x§§mastaa;ocag|gﬁ|tr%¢sq such
general i zation ofag hgoFakkain ?ﬂéptﬁ&ﬁéé,ef&érbivanvééwb gesfohy, e¥shdges and

mar ket nmakers and ‘obvi at es r.asi {ic | Cl i nherent in
other crossing CUrFERRAPRs. C?Tp‘é?% %?%'dés‘ &B?tg ﬂ‘gf' ‘b&e’%ﬁ‘é‘fe’iﬁl ce
di scovery across tilckeksl.| Thageemst‘ﬂané‘ @inded'sefdft ivcladecowhetiened in the
current quot atior&?pgfopggage Pidghdestrer, etef.fering prices and

correspondi ng siz The present 1nvention has features to permt

operation in
Intended users of the representative embodiment system of

10 this invention are typically investors, such as
institutional investors (e.g., a pension fund) but may
also be individual investors, brokers or others who deal
in or trade securities or other instruments. As used
herein, the term "user", “"trader" or "investor" means

15 that person or entity who wishes to make a trade.

Referring now to the drawings, and initially Fig. 1,
there is illustrated a block diagram of the overall
architecture of the crossing network according to the

20 present invention. A central matching controller ("CMC")
2 matches buy and sell orders transmitted to the CMC from
various trader terminals, e.g., 10, 12, 14. The CMC 2 is
preferably a supercomputer that can perform matrix
calculations at rates of multiple gigaflops, such as, for

25 example with present technology, an IBM SP2 or an Intel
PARAGON supercomputer. A storage device 4 is coupled to
the CMC 2. The storage device 4 comprises a database for
storing buy and sell satisfaction density profiles. 1In
the representative embodiment, buy satisfaction density

30 profiles can be stored in a buy profile database 6 and
sell satisfaction density profiles can be stored in a
sell profile database 8.

Each trader who wished to trade will have access to a

35 trader terminal, such as trader CPU 10, 12, 14. Ideally,
the trader terminals 10, 12, 14 are high powered personal
computers or workstations. The trader terminals 10, 12,



accordance wth certain stock exchange rules. For 20 exanple, sone
exchanges require priority to be given to _—arders exhibiting the best

price, regardl ess of other factors. Accordingly, in such cases, the
present i nvention can calculate a tentative allocation. Before

maki ng the allocation, the CMC will check to ascertain if 25 5%HFr Xi st
any contra pr¥MA%¥843hat, in accordance with exchange r ul® ) “he
executed prior to the tentative al I ocati on. Brief Description of
t he Draw ngs 30 Fig. 1 is a block diagramof a representative system
operating according to the present inventio 4 Fig. 2 is an exanple
sati sfaction density profile for a 35 buy Order. Figs. 3Ato 3D are

exanpl e satisfact]pndenupie’ ebi the cMe 2. TrYde30L3¢R2Aal
PCT/ US96/ 07265 ple 12 ® MY mour pl ot

f or mat . Fi Fouplied &0 EhenfME 2 ¥RY & FifsAFR2 Betwork (HAN)
paraneters for arghdfmblorernphe Thtemetsf a®achn tdadert yeriningl ofndlsles

Fig. 5is aload o tr hord! ShEAEPoULANO Mevinits 1Q,! 980 20 that allow
5 for the entry of satisfaction density profiles and the
display of output, such as matching trades.

Turning now to Fig. 2, there is illustrated an example
satisfaction density profile 300 for a sell order. (Also

10 shown is an example interface window 21, discussed below,
which is used to assist in the creation/specification of
the satisfaction density profile.) In the representative
embodiment, each security that a trader wishes to trade
requires the creation of a satisfaction density profile,

15 such as the one shown in Fig. 2 at 300. The satisfaction
density profile as shown in Fig. 2 at 300 is a two-
dimensional grid. Price is represented on the vertical
axis and quantity is represented on the horizontal axis.
(The ranges and scale of each axis can be set by the

20 trader or automatically set by the present invention.)
The satisfaction density levels are described by the
numbers shown.

3

The satisfaction density profile characterizes the

25 trader’s range of interest in the transaction at each
(price, size) combination. The trader can enter at each
grid point on the satisfaction density profile a
satisfaction density value, indicating the trader’s
willingness to trade that size order at that price.

30 Entry of these satisfaction density wvalues can be
facilitated by a variety of graphical user interface
tools. In the representative embodiment shown in Fig. 2,
each satisfaction density value is a number between and
including zero and one, with zero representing no

35 patisfaction (i.e., will under no circumstances trade
that gquantity at that price) and one representing total
satisfaction.



paraneterized satisfaction density profile tenpl ates. 10 Fig. 6 is an
exanple screen display showing an interface —_ w ndow and a sati-sfastien— .. —
density profile for a sell order. Fig. 7 is an exanple buy
satisfaction density profile 15 displayed as a tenperature graph.

Fig. 8is a cri.ption of the matching process in flow 9£¢ﬁﬂ@t'
20, Figs. 9AF§ﬁgdﬂgﬁllustrating typi cal displays of agg?ggg%e ensity
profiles. Figs. I0OAto | 0OC are exanple nmutual satisfaction cross
products, represented as contour graphs. 25 Fig. 11 illustrates an

exanpl e procedure, in flow chart form #fgr nodifying the present
I nvention to conply with st ock exchange rules in a continuous narket

case. 30 Detai ImeghsDegori gkample, Figlh@ phewsnthabVvené i ©rader des @ulhed

bel ow i n the context . fotradl I t egUriij es. ver, the

I nvention is w,%?lgg Flgn%)\g’ézﬂadr.'fg’ogg%tbéggé§pl' L{éga%?éc;g 8 al | ow t he 35
trading of other cirgumgtances sis i ldng foubuy, the sameiquantidy adpti ons,
bonds, currenci ega0di ﬁbSDeoflﬁ:ﬁt®mti(§vcﬁﬁc$&bllbgket§he CEH I fetaldnPS |

gE};Ugg%f5$£6gasd%ggitgevalue to b&@Df% %%%SZt $100 is 0.17, indicating

a limited degree of satisfaction. Fig. 2 shows that the
trader is more willing to buy 200,000 at $99.75 then
10,000 at $99.625.

10 The interface window 21 of Fig. 2 is an example user
interface that can be used by a trader to set parameters
when inputting or modifying a satisfaction density
profile, such as 300 of Fig. 2. In the representative
embodiment, the interface window 21 is displayed on an

15 Input/Output device (e.g., 16, 18, 20). The interface
window 21 in the representative embodiment can be
manipulated according to standard graphical user
interface (GUI) commands by a user using, for example, a
mouse and a keyboard.

20 :
A Side indicator 22 allows the trader to set the type of
transaction, e.g., buy, sell, sell short etc. A Symbol
indicator 24 allows the trader to.set the instrument
being traded, e.g., for stocks, the ticker symbol; for
25 futures, the futures symbol, etc. A Maximum Quantity
indicator 26 allows the trader to set the maximum
quantity to be traded. A type box 45 allows the trader
to select a type of order, e.g., limit or market. In
Fig. 2, the trader has entered a sell profile to sell a
30 maximum guantity of 1,500,000 IBM shares.

The trader can also set a Time-in-Force indicator 28 that
determines for how long the order will be wvalid.
Examples of valid Time-in-Force settings include "good

35 until canceled" (GTC), "good until end of day” (End of
Day) and for a set period of time (e.g., minutes).



13 | i ke. Accordingly, where the context permits, the terns

"securities", "stock", "shares" and _"instrunents" when used herein
includes all itens that can be traded, such as, for exanple, futures,
defivatives, options, bonds, 5 currencies, conputer chips, airline tickets
and concert tickets. The ternms "buy" and "sell" include, ﬁ%ﬁ#ﬁ
appropriate, Va9 Tof f er, etc. I nt ended users of the'r ggﬁfatlve
enbodi ment system of 10 this invention are typically investors, such as
institutional investors (e.g., a pension fund) but may also be

I ndi vi dual investors, brokers or others who al I n or trade securities
or ot her instrunents As used herein, the term"user", "trader" or

"investor" means A%ﬁ@ﬂw@ms%nenaééhm@w @11%% momkssaatéaﬂface

:Qle}c ﬁg{lrgtgego;v E)Foégseﬁg%w5e$3€ h) % ﬁ"l yint%faﬁet é’é‘?&f’g gi ?f\]emﬁ o0ssi ng

net wor k accordi ngthe trade?0 for deddnei hhendimensionse mfr shenaathsfigetion

control ler ("OMC'hensity gRGARS DRYcaffesCbticy %rﬁuierca&saht isduéadta? ame
from various trader term na CMC 2

preferably a supePEbniif 549 H’@& 1Be?’?'5?1£¢¥%‘%r’1‘3< the CEEFEEI ﬁleﬁ%"%t
rates of nultipl ecazgigadf ogiee md.bfas;:ibmd@ﬁe&am;ﬂaéiﬂnet h Ar2sioé Range

t echnol ogy, an | SRRy ag; Idi'ﬂﬁ:ls t:he CRTRE! Bh- tﬁe P{@&e

P
device 4 is coupled,to '%r storaqg}g deV| ce.4 co &3
dat abase for Wi nd lﬁﬁ"cf?n&né’@ﬂ’a PREFURGE T 76 £8pFBei Fradey
the representati vmwﬂnchhaemrlcleu;i.memi atiien cknaﬂ.net)yoﬁOtpeoprim oeis be

stored in a bjbl{y ljééa aagn.?_t’(s‘% £1 Qtisfpg,gt EQBmPeoS 4y

profiles can E at abase ach trader
who wi shed to traﬂ@"‘ml’rn Wd\ge 300&?? gntenpricsids SEENRRal00 3R,
trader CPU 10, 12pride dateyd lag, 2. Thhs, t theleprice ebiisl #illd, vdry fi¥omre

hi gh power ed persBPfée of 99 to a price of 101 (with 100 being in the
center) in price increments of one eighth. A Price
15 parameter 37 can be used to set whether the profile is
absolute or relative (e.g., pegged to the bid/ask
midpoint or the average price of the last match of that
security) .

20 A Min Size parameter 38 and a Max Size parameter 40
allows the trader to set the minimum and maximum limits
for the quantity axis of the satisfaction density
profile. A Cursor Position segment 42 will display the ‘
coordinates (price, size) of the position of the cursor

25 as the cursor is moved by the user over the satisfaction
density profile being created.

In the representative embodiment, there is a Display
section 46 that has two buttons, namely, an Update Grid

30 button and a Display Surface button. The Update Button
will redraw the satisfaction density profile. The
Display Surface button will allow the user to change the
way the satisfaction density profile is displayed, e.g.,
as a contour plot (as shown in Figs. 3A to 3D) or a

35 temperature graph (as shown in Fig. 7 below).

Contour buttons 43 allow the user to input contour lines



conputers or workstations. The trader termnals 10, 12, WO

96/34357 PCTL1US96/ 07265

14 14 are coupled to the CMC 2. Trader termnals may be coupled to
the CMC 2 over a wi de area network (WAN) and/ or over the Internet. Each
trader termn ' des one or nore input/output device 0
that allow 5770 entry of satisfaction density profiles%%s?ﬁ@“sz

di splay of output, such as matching trades. Turning nowto Fig. 2,
there is illustrated an exanple satisfaction density profile 300 for a
sell order. (Also 10 shown is an exanple iggerface w ndow 21, discussed
bel ow, which is used to assist in the creation/specification of t he

satisfaction densiel.g.pr ehel Ehyed M ins rs2was it 8heveatisteobish radtisitgach

security that a tr S uLr [ f

satisfaction den F?%igfg?aﬁF %é?ﬁ é%ﬁ%e'enfﬁggo%egé iQ§a§ fﬁﬁ &Ek#& 300.
- The satlsfactl(n1valueden§nt§1$fcﬁqIQ?Q%F §ﬁ@wﬁhFﬁeFF§nt2u§Ib@%ﬁ?ﬂﬂy HNeno-
di mensi onal gri dealhi ger ﬁatﬂ@f@é@mred:m:.&dyevuﬁéscaf 0, 08%igndnd In

guantity is rgpresente he ri Xi Th apges, .and scal e
of each axis %’g‘ %‘“ﬁ?‘if"ﬁ '2%’ ?Ztﬁ}f g?%ufﬁﬂa?ﬁgc‘é%‘é/ gcg’f W t he
present inventi o,q:o;n:our buetons |%3-actmlﬁ$ defrpder| setectara erutguted by

Eﬂe - ?ungers Pueton 43, trtmi_r fﬁ‘fé&dﬁ{iﬁﬁ%?@ﬂoﬁeéﬁté¥spﬁ&fa$%6&@f%@er' zes
e rader's e nterest.in ransaciion
si ze) conbi nat i oﬁ‘ﬁ?ﬁ t?‘?a‘d%?r & A EIa i‘tingagﬂ the *Baélsfdilion deg%l

profile 300.

10
A menu bar 51 also allows traders to select commands, in
the usual GUI fashion. For example, the menu bar 51 has
a file menu (with commands such as load profile, save
profile, delete profile, reset all profiles), a view

15 profile menu command (also to load a profile), a save
profile menu command (also to save a profile), a cross
menu command (to submit a profile for execution), a
results menu command (that'displays a dialogue box
listing trades that occurred), a spread menu command (to

20 display market spread information) and a slider menu
command (to translate and/or warp the profile values).

In Fig. 3A, there is illustrated an example satisfaction
density profile for a buy order. The satisfaction

25 density profile as shown in Fig. 3A is a contour plot on
a two-dimensional grid. Price is represented on the
vertical axis and quantity is represented on the
horizontal axis. The satisfaction density levels are
described by the contours shown. In the representative

30 embodiment of Fig. 3A, each satisfaction density value is
a number between and including zero and one, with zero
representing no satisfaction (i.e., will under no
circumstances trade that quantity at that price) and one
representing total satisfaction.

35
Thus, for example, Fig. 3A shows that the trader would be
highly satisfied to buy 1,500 at $20.50, but under no



grid point on the satisfaction density profile a satisfaction density

value, indicating the trader's W llingness to trade that size order at
that price. 30 Entry of these satisfaction density val ues can be
faGilitated by a variety of graphical user interface tools. In the
representative enbodi nrent shown in Fig. 2, each satisfac ty
val.ue is a nuMREI3E ween and I ncl udi ng zero and one, ?ﬁ*@@gﬁgik
representing no 35 satisfaction (i.e., will under no circunstances trade
that quantity at that price) and one representing total sati sfaction.
WO 96/ 34357 18 PCT/ US96/ 07265

15 Thus, for exanple, Fig. 2 shows that the trader is fuIIy

willing to buy 106 RAhetantd. 56, whnl iagdss vy vild i ng

to buy the sane u an uan y $10 00 The
sati sfact) on iaiptsabnoapsSHey *t%ﬁieo% el réo‘@% rér
alimted degree Q)rs.samdercat;ungna THXe @m dteBa‘aet =1 Satisfmon.s m)re
willing to buy 208 OQAafsh%a ¢Rat hexe cradté}b @0 makre$R1 923y to Ky The

i nterface w ndow a ser i nterface that can be
used by a trager og’eF pg?g{n%%'s?sg gﬁﬁﬁ%ﬂnpum ng or nodifying a

sati sfaction densrty profrle such as 300 of Fig. 2. In the
representative pief fgfggyig@h@ggahZthg n
15 Input/Qutput d e interf anQ}%&Q S%MIE? in

the representati \Pees\élr‘?‘ﬁ'o&&ﬁﬁﬁ?‘%éﬁﬁb’e“ trie r?émepgf’ﬂ"@ﬁ QECW%l?fbn't‘B’%tP&ﬁ&ard

graphi cal user in Fig. 3A. The satisfaction density profile of Fig. 3B
10 could represent, for example, an agency gell order.

As another example, Fig. 3C shows a satisfaction density
profile for a sell transaction. Fig. 3C illustrates a
"soft" limit order.

15 '
As another example, Fig. 3D shows a satisfaction density
profile for a buy transaction.

Turning now to Fig. 4, there is illustrated another

20 example interface window 21. It will be appreciated that
the interface window 21 can have varying designs, all
within the principles of the present invention.
Reference numerals that correspond with those in Fig. 2
relate to items that have the same functionality as

25 described above in Fig. 2. In Fig. 4, the trader has
entered a buy profile to buy a maximum guantity of 50,000
Motorola shares.

Mismatches of grid resclution (e.g., due to different

30 traders using different settings) is handled by
interpolation to a common grid resolution. For example,
the CMC 2 could determine the smallest grid resolution
used and interpclate all coarser grid resolutions to that
resolution. Alternatively, the CMC 2 could specify a

35 minimum resolution (e.g. 100 shares and 1/8 in price) and
interpolate all coarser grid resolutions to the specified
minimum resolution.



interface (GJ) commands by a user using, for exanple, a nouse and a

keyboard. 20 A Side indicator 22 allows the-trader to-set—the—type—of
transaction, e.g., buy, sell, sell short etc. A Synbol i ndi cator 24
aklows the trader to set the instrument being traded, e.g., for stocks,
the ticker synbol: for 25 futures, the futures synbol, etc. pefrhEoirsesm
Quantity WORB4I2: 26 allows the trader to set the maximim qﬂ%ntity
td be traded. A type box 45 allows the trader to select a type of

order, e.g., limt or market. In Fig. 2, the trader has entered a sel
profile to sell a 30 maximum quantity of 14%00,000 I|BM shares. The
trader can also set a Tine-in-Force indicator 28 that determ nes for

how | ong _theI 08 defn \/&ﬂgj ggeouahéfldt shomExl PFies @f, waCudsdiMEype-sertion
settings iInclude "gqQo i ncel ed" 090

(End of° ' "Dayy ds,a puBer of RGN i ok ol Ofilet Pl ttf&g & &
96/ 34357 cursor, for example, a set butqng;/gsgepg7pgg on, a less
16 A Profil ﬂ@f‘s'ao%uﬁaﬁ ObuBton HrED @@ tabubedil f arie more

Description section of t i nter ndow 21 aII e
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(i.e., scale) on démsimy salaei $8 increased or deceased each time the

10 mouse button is "clicked." The boundary button allows
the user to create a boundary of satisfaction values,
such as a zero satisfaction boundary, as discussed above
at Fig. 2. The edit button allows the user to edit the
boundary. The set button allows the user to set a

15 satisfaction density value, so that each time the mouse
is "clicked”, the set value is placed in the satisfaction
density profile at the location of the cursor.

In the representative embodiment, there is a Display

20 section 46 that has two buttons, namely, an Update button
and a Display Surface button. The Update Button will
redraw the satisfaction density profile. The Display
Surface button will allow the user to change the way the
satisfaction density profile is displayed, e.g., as a

25 contour plot (as shown in Figs. 3A to 3D) or a
temperature graph (as shown in Fig. 7 below).

The interface window 21 can also have a gquit button 50, a
clear button 52, a reset button 54 and an apply button

30 56. The quit button 50 enables a user to exit from the
program that controls the interface window 21. The clear
button 52 clears the display of the graph (e.g., the
display of the satisfaction density profile) and all
other parameter values, such as, for example, the Min

35 Size parameter 38 and the Max Size parameter 40. The
reset button 54 "undeletes" the most recent change to the
graph, resetting the state of the graph to the



10 of the satisfaction density profile. For exanple, as shown in Fig.
2, the center price_is set at 100 and the price range at 2. Thus, the
price axis will vary froma price of 99 to a price of 101 (with 100
bei'ng in the center) in price increnments of one eighth. A Price 15
paranmeter 37 can be used to set whether the profile is agiﬁbég ﬁ%§ '
rel.ative (e. gWOMYMIYG to the bid/ ask m dpoi nt or the av g? e of
the last match of that security). 20 A Mn Size paraneter 38 and a
Max Si ze paraneter 40 allows the trader to set the m nimum and maxi mum
limts for the quantity axis of the sati,gfaction density profile. A
Cursor Position segnent 42 will display the coordi nates (price, size)

of the position ofmidiflatdi§Oprédedfiig deatid! SAhe SpPRYEHuLYoh NSs USierPVer

t he 'sati sfaction ensi t rofjile bei created. I n e
representative e%??tﬁ%@:ﬁs‘, c%Hng +ge asng%aa%}:mn g?@ﬁ”%np’i%fiﬂitt%ﬁe two
buttons, nanely, swbndgdede fori magchimg:t dh rempve boupdayy Jmteore Sfut t on.

The Update Buttonhyhen séildete@dr @1t i NRemdiid S1ACHoRRAH®NSE FrahOfnd €. The
Di splay Surfage button w | al.l ow, the_usgr. to change the way t he

|
satisfaction densfdy* iPg pengity, 16 g, as a contour plot (as
shown in Figs. 3Ato 3D) or a 35 tenperature graph (as shown in Fig. 7

bel ow) . Corg Qi aitnlsOBardSn 258 Wi S UsekOcbNPit r£OR %&.‘e-] ines

WD 96/ 34357 defined or user-defined parameteriggglégﬁgiggg; for
common types of satisfaction density profiles. Upon

10 selection of the patterns button 58, a load pattern
window 60 (as shown in Fig. 5) will be displayed, that
allows the user to select saved patterns. In the example
of Fig. 5, there are two saved patterns, namely

- ibm seller_1 and ibm buyer 1, that store patterns that
15 enable a user to quickly load and use satisfaction

density profiles to buy and sell IBM stock.

Certain common order types (e.g., market-maker quotes,
limit orders, agency orders) can be expressed as

20 parameterized templates that could be selected directly
using the Patterns button 58 and the Load Pattern window
60. Once the corresponding template pops up on the
display, the user could morph the display to suit the .
user’s preferences as described below.

25
An even more elegant approach is to use a family of
témplates that represent two-dimensional basis functions
for the surface profile. These functions can be selected
from any of the standard two-dimensional orthogonal basis

30 sets (e.g., Fourier, Cosine, Walsh-Hadamard, Haar
transforms) or from more generalized and/or data specific
basis functions such as those associated with the Gabor
and other wavelet transforms or the Karhunen-Loeve
transform. Analogous to their role in image data

35 compression, the use of such functions as templates in
this application would provide a substantially lower
dimensional representation of the buy/sell surface



17 (e.g., the three lines shown on the satisfaction density

profile 300), each representing a satisfaction-density value—n—Fig.
2, there are three contour buttons, one each for satisfaction density
va ues of 0, 0.5 and 1. In 5 other enbodinents, other values can be used
for the copntoyr. buttons 43. Wen a trader selects a cont ton
43, the preserit %égt ion enters "draw node" to al | ow thg‘élr}‘,sues?sn{.’g&%raw
a line on the satisfaction density profile 300. 10 A menu bar 51
also allows traders to select conmands, in t he usual GUI fashion. For
exanpl e, the nmenu bar 51 has a file mengy(W th commands such as | oad
profile, save profile, delete profile, reset all profiles), a view 15

profile menu compyykidel,Sahien! oadt@rdill Gorrespardingly PEédude tHRNU

command (al so to save a _profile r , ~ 0 I, a
profile for execﬁnﬁﬁffogaglkyréguﬁé ‘T%%"?ﬁ}ié’ %%%l%gggggg?éél%\‘géﬁagk

di al ogue box togethey thedprofhles wt mlddplessepprsiiaBnu command (to
20 di splay market spread information) and a slider nenu command (to

transl ate andLor war he profile,val ues). I | 9.3 t he i S
illustrated a eﬁnﬁ{i &sgﬁ 3?35?&571”&]' ?ﬂeenﬁrﬁtfypf’gf ﬁ"g/?sfl PY Ster .
The sati sfaction cah denfacilptated bya geahinatipngof3a usen- £oiendly pl ot

on a two- di My3pPAdh19ihferfiéé tand siY-2adNbedb08 tofplatesd T iHGHe
axis and quantity,.iS regreéegéed on the horlzgntal aé%s. The
satisfaction dendiiPStEGLPE apave arqmexaly. #Xgmplrs 05 HRG YRSRWAE In the
represent ati ve -3Gncerfdicesnthat €oyld Ik usech toaenteéacsabisfieetsidny val ue is

a_number bet w?_enmikpcbuﬂhas.zem 20 G 1¥WBmati VB Eﬁ‘bedimenlf],eml?é%f ng no
satisfaction (i.e., wll umger no C|r%p tance # ade that quantity at
that price) and Mpald Prp¥idesd 8¢hLE o SSNEFFSFHSF . eRBering tn,s, for
exanpl e, Fig. 3Amiyeelihprofhket Ypalr painti"dvedues ahi gélectsedi sfied to buy
1,500 at $20.50, JUleyBYZE BPid coordinates, along with an arbitrarily
drawn boundary outside of which the profile values would
15 be set to zero at all grid points. The CMC 2 would then
calculate a two-dimensional (or multi-dimensional)
profile that exactly matches the specified points and
interpolates between these values to compute all other
grid values. This interpolation can be accomplished by a-
20 number of mathematical algorithms, including but not
limited to triangular tessellations, spline functions,
and surface and/or contour plotting programs. The GUI
would also include the ability to "morph® a surface
profile created in this manner, using mouse hook-and-drag
25 type operations or other similar methods, so that the
profile can be altered by the user as desired to achieve

a final configuration.

Fig. 6 shows another example of an interface window 21
30 and a sell satisfaction density profile 301.

Fig. 7 shows a buy satisfaction density profile displayed
as a temperature graph 302. The user can cause any
satisfaction density profile that has been inputted as a
35 contour plot (or other representation) to be displayed in
the form of a temperature graph by selecting the Display
Surface button. In the representative embodiment, each
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18 circunstances is wlling to huy any quantity at $24. The
satisfaction density value for a buy of 3,000 at $20 is 0.6,
indicating a nore linmited degree of satisfaction. Fig. 3A shows that
the trader is nore w.lling to buy 5 2,000 at $21 then 4,00

Fig. 3B shows Y | e satisfaction density profile for q"%@ié&’m
transaction in the sane format as the contour pl ot in Fig. 3A. The
satisfaction density profile of Fig. 3B 10 could represent, for exanple,
an agency sell order. As anot her exanpjg, Fig. 3C shows a

sati sfaction density profile for a sell transaction. Fig. 3C

illustrates a (pE0éé, dudfitity)debordbnate 5 PapidintR@ R 8 cb5ifredD
shows a satisfaction_densit ao)prgf##e %or a%buy'éégpsactlon

Turning now to Fi §F3ES ¢ fRr% 1 89 WAFP.FRE SRAThIT 30 &3MFPe interface
wi ndow 21. It wi sighifying ddiesatisfaction demsity orflase wiFedorxatptan
have varying desi gRsthél fepreseiitialtitet BALBAIMEAE) @5 e ildtARIBACHENSiL

i nvention. . F@feience querals t hat car eﬁgia%éﬂth those in Fig. éY
relate to iters tYATURTk  H® IERFSPEREET oR%I Tt FIUALEq R bed above in
Fig. 2. In Fig. datis€actixedemsdty vaineecrfdl aishujepresentedt bybaywhite
maxi mum quantity Q%uépep@ sat 1id¥alRi6haaehei €5 value ofVloSHRYghes of grid

resolution (e.g., due to differen ]
represented by a blue square, a satisfaction density

value of 0.5 is represented by a red square, a

10 satisfaction density wvalue of 0.9 is represented by a
yellow square, and so on. Using this display, the trader
can view the satisfaction density profile as a meaningful
and colorful graphical display.

15 As shown in Figs. 2, 3, 6 and 7, there are many ways and
forms for creating and representing a satisfaction
density profile on a computer interface and for inputting
satisfaction density values. It will be appreciated,
from a technological point of view, that (prior to the

20 present invention) a trader was unable to easily express
his degree of satisfaction for a transaction at various
price and size coordinates. The computer interfaces
shown in Figs. 2, 3, 6 and 7 provide a technological
solution so as to enable a trader to express such degrees

25 of satisfaction.

Fig. 8 is a flow chart representing the overall steps
performed in accordance with the present invention.
Traders enter satisfaction density profiles, as discussed

30 above, at steps 100 and 102. It will be appreciated that
many traders can each enter one or more satisfaction
density profiles. For convenience, Fig. 8 shows that the
buy and sell profiles are entered at different steps
(i.e., steps 100 and 102); however, the same interface

35 (e.g., interface window 21) and terminals 10, 12, 14 are
used for the input of both buy and sell profiles. In
fact, steps 100 and 102 could conceptually be considered



30 traders using different settings) is handl ed by I nterpolation to a

common grid resolution, For exanple, fhe CNC 2 could determpethe.
smal l est grid resolution used and interpolate all coarser grid

resol utions to that resolution. Alternatively, the CMC 2 could speC|fy

a 35 mninumresolution (e.g. 100 shares and 1/8 in price)

interpol ate aMOW@4I¥er grid resolutions to the specified %ﬂ{‘ﬁf’ﬂ?]&f-‘

resol ution. WD 96/ 34357

PCT/ US96/ 07265 19 I n the enbodi ment
shown in Fig. 4, a Cursor Type section has a number of buttons to

control the function of the cursor, for exanple, a set button, a nore

button, a 1ess o it kAR, sandOMNERY dHe1kowiaRddanseLisg taaéapn The mor e
5 and Iess buttons all ow the user to i ncréase or decrease

satisfaction density |level on the satisfaction density proflle at the
| ocation of the (mrshe repreaentative:mmbodimentyvofenbedpresent t he sel ect ed

satisfaction Qﬁ%ﬁ'&:’iénv abqgﬁeéécidﬂ&%%d d@hsde?eﬁfsﬁf@& h JHdEE Aty 0

nouse button is i cke boundar ton user. t
create a boundar o8 MasChiPrgct2FR Wﬁéé ted t?uEHeagmﬁ %e’f"ﬁi ﬁqr:ﬂdaéﬂ on
boundary, as di saubagdpabbfite datatiade @& (3tephadellit Sell watddfagtildme user

to edit the aQQggyBrJEﬁ% Sl Qadly @05 hhecHERY, trset @ 15

satisfaction density s "clicked",

‘the set val ue istFPREBEtERdt FR &hR iRG & pod 9t°r8€n§‘i’t§r $RL% iRxoLdile he

| ocation of the @atabase 8 (stém X008 .representative enbodi nent, there is a

Di splay 20 fgction 46 that has two buttons, nanmely, an Update button
The satisfaction density profiles entered at each trader
terminal can be electronically transmitted to the CMC 2
and stored as files in the storage device 4 of the CMC 2.
In the representative embodiment, each satisfaction

15 density profile is stored as its own file; the internal
structure of each file is a two dimensional matrix. (If
desired, other data structures other than files could be
used to implement this concept.) The buy profile
database 6 stores files of buy satisfaction density

.20 profiles, and the sell profile database 8 stores files of
sell satisfaction density profiles. Additionally, a
satisfaction density profile may be stored in local
memory of a trader terminal as a file prior to
transmission to the CMC 2.

25
At step 108, the CMC 2 calculates, for each possible
buy/sell combination stored in the buy profile database 6
and sell profile database 8, a mutual satisfaction
profile function, which in the representative embodiment

30 is a mutual satisfaction cross product profile. The
mutual satisfaction cross product profile represents the
potential for that buy/sell pair mutually to satisfy each
other at each price and size. By way of example, if
there are three buy profiles (A, B, C) and two sell

35 profiles (1, 2), the CMC 2 will calculate six mutual
satisfaction cross product profiles, e.g. Al, A2, Bi, B2,
Ci, C2. Thus, it will be appreciated that the CMC 2



and a Display Surface button. The'Update Button will redraw t he

sati sfaction density profile. The D spl ay Surface button wll_ allow the
user to change the way the satisfaction density profile is displayed,
e.g., as a 25 contour plot (as showmn in Figs. 3Ato 3D) or a

tenperature graph (as shown in Fig. 7 below). The interface w ndow 21
can al so have WO 84857but t on 50, a clear button 52, a resdiCTHPeRI6S,
and an apply button 30 56. The quit button 50 enables a user to exit from
t he program that controls the interface w ndow 21. The cl ear button
52 clears the display of the graph (e.g., the di splay of the
satisfaction density profile) and all ot$fbr par anet er val ues, such as,

for exanple, the Mp 35 .. Siz rameter 3 the X Sz ar.aneter  40.
The reset but f'BﬁeB%Ct% r?ﬁ%@%@?ﬁf‘ﬁgsryggg{‘?%c%httwgeng%’ggg {iﬁg‘fce 4
graph, resetting theczeate tfe mwsuglaphtisfankion cross pmOdgEL3pgsfiles.
PCT/ US96/ 07265  he mutual satisfaction cross produdt profiﬂ@%eﬂh?aﬁiyo

e

preceding state. The apply bution 58, en sel ect ed, causes
sati sfaction densPBy® $¥#$”¥?t€?qﬂa° fg@ﬁﬁnitted for matching. A renove
boundary buttadh 59, when selected, will renove all boundaries fromthe

5 satisfaction depgi fyep'Pid,! &he cMc 2ArRAks Cédén yHilOR1etenl! (PBaB8iHBEr 1O
retrieve pre- ef.i ned or, user-d aneterjzed te

conmon types of SB‘?‘%?%H il??r?'rd@t’lzsiatggﬁggg?g% ?n%rﬁﬁ?"%angegglﬁg& gaf]:)gar‘?%e
patterns button 5@8uteal ssatisfiacydion cross product profile in order from
largest to smallest. The grid elements are then
10 allocated in the ranked order (step 112), accumulating
the price and size for the buyer and seller of each
matched transaction (steps 114 and 116). When the
maximum size limit for a particular satisfaction density
profile is reached, all remaining lower ranked grid
15 elements involving that profile are removed from
consideration (steps 122 and 124}. If all feasible
{i.e., non-zero mutual satisfaction) crosses have not
been done (step 118), then control returns to step 112,
If all feasible crosses have been completed, then the
20 process is temporarily suspended until the next order is
entered or an existing unmatched order is canceled or
modified (step 120), upon which control returns to step

108. &

25 To operate the present invention as a continucus crossing
network, then control should return to step 108 whenever
a new order is entered or an existing order canceled or
modified.

30 Price Discovery
When all feasible matches have been performed and the CMC
2 is awaiting the next profile input (step 120), there
will exist a group of unfilled buy satisfaction density
profiles and a group of unfilled sell satisfaction

35 density profiles, with no overlap between the two groups.
These unfilled buy and sell satisfaction density profiles
may be stored in the buy profile database 6 and the sell



w ndow 60 (as shown in Fig. 5) will be displayed, that al l ows the user
to_select saved patterns In the exanple of Eig. 5, the .
patterns, nanely i bmseller_1 and i bnbuyer 1, that store patterns that
15 enabl e a user to quickly |oad and use satisfaction density profiles

to buy and sell I|BM stock. Certain comon order types (
mar ket - maker &R)?sggsssl limt orders, agency orders) can be @Q%Fse’s“‘%’é‘c‘f as

20" paraneterized tenplates that could be selected directly usi ng the
Patterns button 58 and the Load Pattern w ndow 60. Once the
correspondi ng tenpl ate pops up on the diggpl ay, the user coul d norph the
display to suit the user's preferences as described bel ow. 25 An

even nore el egantpy@ypiierdathbabe BSfespéativelyof tenpl at es t hat
represent two-di nensional basis functions for the surface profile.

These functions can be sel ected fromany of the standard
t wo- di mensi onal SFhendgerdimensionad price/gize) region betweensthese
Wl sh- Hadanar d, Haddups off LaRStehE8) pAS£{TI€y) 61 e RerahinZ e aNgppsadiat a
specific 3a3|s tuncglg%éisggh ag tﬁﬁiqv SOC] %ﬁ%e“”%h t he Gabor
and ot her wavel et™ 8t o §F5t n2" (G Fineh-1o&re 322€ ¢ ShsF3Fh  Anal ogous
to their role in inaiyumenta ghe eprgadsetbreen Hdeyddgbestunenfzereilmns as
tenplates in ddt i rARRibaAbrERL YO UhFL d¥ AtidIEe AREERNALAL brd WET1
di mensi onal represer}.t%tl?:n of thg {)uy/ sel | suf;hf.ace 9 f43 7
PCT/ US96/ 07265 satisraction pro ile price. 18 aggregatep? f?? . ch in
turn will correspatdiafgicgiondprefibes can be regarded as a generalization
10 of the market quotes currently provided by exchanges and
market makers, i.e., is a mechanism, if properly utilized
according to the present invention, for price discovery.
Importantly, proper use of the information represented by
spread region according to the principals of the present
15 invention obviates the need for parasitic pricing '
inherent in other crossing networks. Moreover, the
information represented by the spread region provides a
substantially greater price discovery across the full
range of trade sizes than is contained in single
20 quotations of best bid and best offering prices and
corresponding sizes currently provided by exchanges and

market makers.

The present invention can output the spread region as an

25 aggregate density profile. The spread region can have an
arbitrary shape, and depends upon the aggregate of
unfilled buy and sell satisfaction density profiles
existing in the system at a given time. The shape of the
spread region, when represented graphically or

30 mathematically, indicates maéro-féatures of the market in
a given instrument. For example, a spread region that is
narrow at small order sizes and widens at larger order
sizes, indicates that the current market is primarily in
small "retail" orders, with no large buy orders and sell

35 orders that are close in price. On the other hand, if
the spread region narrows at large sizes, this would
indicated the presence of one or more large contra




di mensionality of the coupling matrices needed to |ink t oget her the
profiles of multiple securities. S5 As will__be appreciated, the entry of
buy/sell profiles can be facilitated by a conbination of a
usér-friendly graphical interface and user-tailorable tenplates. Those
Il lustrated above are nerely exanples of the types of I nterf hat
coyl d be used VM satisfaction 10 density values. In JﬁTﬁfﬁgi ive
enbodi ment, the GU woul d provide a set of tools for quickly entering
buy/sell profile "peg point" values at selected price/size grid
coordinates, along with an arbitrarily rawn boundary outside of which
the profile values would 15 be set to zero™at all grid points. The CMC 2

woul d t hen C M 17l who! ¥WRedb 188 | BN rilc@, mul ti-di mensional)
profile that exactly matches the specified points and I nt er pol at es
bet ween these values to conpute all other grid values. This

i nt erpol ati on carhAdsitdonadplinfberation Gh heumverlajednohecte i aggregate

al gori thms, incl L&Hﬂ&t@d rBgile. #&ﬂiéeﬂnﬁl% wiahrkB8Ubaph eeRe Bt | ons,
spline functigns, gurf pce and/ or cont our Elottln g;g ans. The GU

woul d al so i nél ud"é‘qll‘ﬁil Vi Fhe Ut iy Zero sat Rreated in
t his manner, usi rtyenn:lmyevhdubsaadtelre@ #5 eatqm@mpep'quannistprgﬂdlqmmm | ar

ot hods, 0 that di 11 BROLELE 401 DEadUicH BlaBi el Brubey & Lo

achi eve a final con I gurati on. %W' er exanple of an
i nterface wi ndow2 Ersgtegngn,ageregata |dsﬁ“§c‘t oRTAEH LY yP%Fo*IP‘#'enWPt
Fig.. 7 shows a bwwchﬁdmﬁbaebiﬂnedpﬁ$ﬁ¢$pxusﬂbflehélpﬁésgﬂﬂ inveritich,

temperature g %?ﬁl u éé?§ t qﬁﬂﬁ! y

- profile that een ggtg ﬁgé% oaﬁe Fﬁg % % gﬂ: 2

represent at i on) tQf l?é’%l@ﬁ%?’éh“?‘ﬁ buy ct’hcﬂefl&rﬁﬁ Fsﬁaﬁﬁh%r%ﬁftﬁﬂe“—ygraph by

sel ecting the D gpofiiles ehtiriescodtipying ldachhpriceysisetdtid eedamodizeent ,

~each is noted that the aggregate density profile does not
provide information as to the willingness of any

15 individual participant to trade at a particular
price/quantity combination, but rather, reflects the
aggregate of all participants.

A further attribute of an aggregate density profile is

20 market intensity. The grid entries of the aggregate’
density profile represent the maximum satisfaction value
among those profiles occupying each price/size grid cell.
Of course, the display cculd be modified so that some
other statistic relating to the satisfaétion values is

25 calculated or aggregated and available for output to a
trader (e.g., minimum, average, medium, most frequently
occurring, etc.). |

Accordingly, the present invention can output to traders,
30 for example, at the trader I/0 devices 16, 18, 20,
information relating to the spread region enabling
sophisticated price discovery about the market. The kind
and gquantity of information relating to the spread
region, the level of detail, and the timing of the output
35 (e.g., immediately or on a delayed basis) will vary
between markets, and could depend upon, for example, the
requirements of the market and the expectations of the
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22 (price quantity) coordi nate.is-represented by a col ored—

square (e.g., 80), with the color of the square signifying the
satisfaction density val ue. For exanple, in the representative

enbodi rrent a sat@%%ctron density 5 value of O is represent 2? L ack
squar e, ction density value of 1 is represented

square, a satisfaction density value of 0.1 is represented by a bl ue
square, a satisfaction density value of 0.5 is represented by a red
square, a 10 satisfaction density value of £,9 is represented by a

yel | ow square, and so on. Using this display, the trader can view the
satisfaction denstiyaergfil e as a neani ngf ul and col orful graphi cal

di spl ay. 15 As shown in Figs. 2, 3, 6 and 7, there are many ways and
forms for creating and representrng a satrsfactron density profile on a

conput er interfacBigndSdoks istpexampde screeni oubtput chispdey spowinges. |t
Wi |l be appreciat ggpical 5§Q¥Bg%tfeeaﬁhﬁhﬁ9| BRbEPDE Nt e wa\ulchhaaxﬁarter to

the 20 prese i nventi o s,unable,to easw
degree of satidsfaBF+BH ??# éb? 8%?8% aFig 35 guanti ﬁ& nge
coordi nates. The gui@uentries &ff a;bssaggreghbendemnsgszrqfll@ of Hhg.79

Poh degrees 25 SgP ﬁ%‘?’é‘% 2 Mol she18EabolEA NURIE df Aeo E‘a"e*ﬂégﬁf i ng
the overal | steps¥ wh1£8 r?ﬁﬁfﬁqﬁ 5395Fﬂﬁﬂ5ea %ﬁF Fﬁg ?

Traders enter satThéagthgwlshaﬂgstpfpcoioresrepseahnnnxaniwusovaabeae at
steps 100 andg O2perhibedid ladf 11RRcABY4 5§deaéﬁtpncem% b&aéet:s_lian each

enter one or nDre atisfactio de nsily p J%n convenren Fi g.
8 shows that the Fig. 9B is another typ ca ggregate density profil _

except that in Fig. 9B the grid entries are represented
by numbers rather than colors. Additional market
characterization data is derived by the present invention
1S by computing various statistics based upon the shape of
the spread region. An example is a linear regression fit
to the center points of the price spread versus size. It
will be apparent that numerous other representations,
statistics and shape features can be derived from the

20 aggregate density profile that would fall within the
scope of this invention. ‘This information also can be
output to traders at trader I/O devices 16, 18, 20. The
present invention allows a sub-set of the above discussed
aggregate information to be made available for output,

25 with the timing of such output depending on the
circumstance of implementation. For example, the
decision as to how much of this information is made
public could be determined by market preferences.

30 Certain aspects of Fig. 8 can be described more precisely
in mathematical notation, as follows. This explanation
will begin with a batch process description, and then
show how this extends directly to a continuous crossing
strategy.

35
Assume we have M buyers and N sellers in a crossing pool

for a given stock. We define B,(p,s) as the "satisfaction



buy and sell profiles are entered at different steps (i.e., steps 100
and 102); however, the sane interface 35 (e.g..—interface w ndow-21) _and

termnals 10, 12, 14 are used- for the input of both buy and sel
profiles. In fact, steps 100 and 102 coul d conceptual |y be consi dered
WO 96/ 34357 PCT/ US96/ 0726

23 to beVPREIBEhe step, nerely with differing data. 2"55”"%""{‘6%
representatlve enbodi mrent of the present i nvention, buy satisfaction
density profiles, when ready 5 for matching, are transnitted to the CMC 2
and stored in a buy profile database 6 (ggep 104). Sell satisfaction
density profiles, when ready for matching, are transmtted to the CMC 2

and stored in a sgbhsPtpt idf the id%habﬁ§ér8f6§tﬁibéi¥ﬂng Hportidh§ s, of
sati sfaction dens Iles tered t gag tL ade ter naI be
el ectronically tréhén?ff CFR(? exre déZPb§edfé§ f it H&?ﬁe
storage device 4 thishpraflle, the bumerhuilbphmm zmaxieumbgaerrémm;te&ch

satisfaction 15 dg géléycp%@f hh& b’sbét Eh@dcéfrééﬁorﬂﬂh Islaeisffaetaaherna'
structure of each file Ts gen3|o al natr desired, other

data structure® o?ﬁEPiF%aﬁPq|Q¥§$ dsmih per t J%éa‘t 1@ﬁﬁlen@ﬁﬁsﬁhls
concept.) The buyspthgfaetion dﬁnsdhgsprﬁfilesearé|ﬁwu}ddhmhaﬁoaan|sfaction

density 20 profil sgengggst&?exs% ér&w? ré@é%%&é%@:&&%&@é Ehat

sell satisfaction nal sat action
density profile nﬁ?aﬁécg?ﬁﬁ%&1QH? pgEaic panﬁeﬁmﬁ%QQﬂeaQEtﬁéﬁéP tagERPRaIRas a

file prior to the transaction. A value of zero in any coordinate cell

10 indicates no satisfaction (i.e., no desire for any
portion of the transaction to be accomplished at the
corresponding cell price), while a value of unity
indicates full satisfaction. In-between values
correspond to limited degrees of satisfaction.

15 Mathematically, these values represent "fuzzy" variables
that characterize the degree of membership of a
particular price/size transaction in the set of
satisfying transactions.

20 Certain characteristics of the satisfaction density
- functions can be derived from obvious constraints. For a
given value of size, we have:

B,(p,;,s) =B;(p,;,8) if p;<p, {i.e., buyers prefer

25 lower prices),
Bi(p,s) ' 1 as p ¢+ 0 (full satisfaction as price
goes to zero),
B/(p,s) ¢ 0 as p ? © (no satisfaction as price
goes to infinity),

30
and similarly,
S, (p.8) 28, (p;,8) if p;>p, (i.e., sellers prefer
higher prices),
35 - S§ip,s) * 1 as p t » (full satisfaction as price

goes to infinity),
- S(p,s) + 0 as p ¥ 0 (no satisfaction as price



. transmission to the CMC 2. 25 At step 108, the CMC 2 cal cul ates, for
each_possi bl e buy/sell conbination stored in the buy profile database 6
and sell profile database 8, a nmutual satisfaction profile function,
whi ch in the representative enbodi ment 30 is a nutual satisfaction cross

product profile. mut ual satisfaction cross product prgid
yosebdfs, o Rprisdengs

represents th lal for that buy/sell pair nutually to

eath ot her at each price and size. By way of exanple, if there are
three buy profiles (A, B, C and two sell 35 profiles (1, 2), the CMC 2

wi |l calculate six nutual satisfaction ggss product profiles, e.g. A,
A2, Bl, B2, Cl, C2. Thus, it will be appreciated that the CMC 2

WD 96/ 34357 goes to zero). PCT/ US96/ 07265

24 interacts with the files stored in the storage device 4 to
create the nutual satisfaction cross product profiles. The nut ual

satisfaction crosEoprodisenpsireed, nijere sis no sjmidesr seti Aff ordinal
files. 5 At séRitibHahipBewthh Pespaée €I d RWRvRR, tREBE R+&

buy/sell pair at a corr.espaondi rpce. and size f _each ual
satisfaction & osPFHSHu sﬁPo‘EﬁFg h"np?) ¥ f'F%do ar%15§r é@sfr-?és'gﬁal 1B .
The grid el enent sexamplehetheosakigfaction rdensityelea vegket(wakpridv)a
accunul ating _éi\?érprﬂﬁ%ea%dmigﬁé ber céhgrdnty Hora3d z2@! 2bmOkeP8CHp to
mat ched transaction q(st s 114 aad %16)d en the, maxi num gl ze limt
for a particul ar ¥39% C8n BBAsFR§R Gec i5APLALY, 9. FERC LPF 1RFRETI ng
| ower ranked gri dsilZesel eMhet sathsbacthon tdensihyfofl anaagenegobedkér om
10 might be non-zero only for sizes up to the client’s order
size. The satisfaction density of an accumulating or
divesting investor might exhibit a broad hump in size

centered at some large value.

15 We define the mutual satisfaction density between the i-
th buyer and the k-th seller to be

Ji (p,8)=B;(p,s) S, (p.,8), i=1,..M; j=1,..N.

20 This product lies between zero and unity in value, and
provides a measure of the relative degree to which a
given price and size satisfy a particular pair of buyer
and seller. There will be MN such mutual satisfaction
densities for all participants in the batch.

25 _

Numerous other alternatives for defining these mutual
satisfaction densities are available. For example, an
alternative definition could be

30 Ja(p,8) = min { Bj(p,s), Si(p,s) }

It will be apparent that other definitions are possible
that accomplish the same objective of characterizing the
degree of mutual satisfaction.
35
The optimization problem is: what sequential allocation
of amounts and prices
(Px.ax) i=1..M; j=1..N



consideration (steps 122 and 124). If all feasible (i.e., non-zero

mut ual satisfaction) crosses have not _ been_done (step 118), then _
control returns to step 112. If all feasible crosses have been

conpl eted, then the 20 process is tenporarily suspended until the next
order is entered or an existing unmatched order is canceled or

modi fi ed i st e"@¥BI5Typon which control returns to step FEATUSH6 268,
opérate the present invention as a continuous crossing net wor k, then
control should return to step 108 whenever a new order is entered or an
exi sting order cancel ed or nodi fi ed. %ﬂtgéice Di scovery When al

f easi bl e mat ches have been perfornmed and the 2 is awaiting the next

profile input (stgRcdelld cHIS&n buydk! bn@XEAd 1B-¢H G 1Wr Wil 8s Diife
satisfaction density rofile Hﬁ roug of unfllhe&.se satl sfaction
35 density profiIlg}nﬁmwﬂgqﬂ}(ﬁﬂgiégﬁcﬁg?aegﬁ Tl RpTisipants?  Thigls

unfilled buy and egquivahéntsfarimaximdehngt gequentiakly may be stored in

the buy profile database 6 and the sell WO 96/ 34357
PCT/ US96/ 07265 25 profil e database
8 respectivel y® The ¥ wo- & nensi onal price/size region between these

groups of unmatched profilgs, cakted herein the "spread 5 region,”
depicts, at each val ueJof Zgze, zgr eabh (p,8)

i=1 k=1

subject tc the size constraints

10

N

E 8x = Bi

k=1
15

M

E B =0 .

i=1
20

This maximization can be performed as follows:
1. At each price/size value in the grid, compute
the MN values of J; (p,s).
2. Over all price/size grid values, rank the J,

25 (p,s) from largest to smallest, saving the

index values corresponding to both the
buyer/seller pair and the grid coordinates.
3. Allocate price and size, starting with the
highest ranked J; (p,s), and accumulate the
30 amounts for each buyer/seller. When a size
limit is reached, knock ocut of the ranked list
ény remaining entries for that buyer/seller.

Any ties in the ranking process could be arbitrated by
35 earliest time of entry or random drawing in step three,



I nstrument, the spread between the highest non-zero buy satisfaction
profile price and the |owest non-zero-sell-— . gatisfaction prette—prtee——
This aggregate of unfilled satisfaction profiles can be regarded as a
generalization 10 of the nmarket quotes currently provi ded by exchanges and

mar ket makers Is a mechanism if properly utilized Lag to
t he present W\%’ﬁgf%ﬂ for price discovery. | nportantly, Ppr{i)%gdr,dj,%%e of
thé information represented by spread region according to the
principals of the present 15 invention obviates the need for parasitic
pricing i nherent in other crossing netwghks. Moreover, the

I nformati on represented by the spread region provides a subst anti aI I y

great er 8“ ce di Siﬁp\t%'gdéxaﬁboﬁé f&Jﬁr;ﬁB lall p dx@a@&paﬁtara]ghmﬁemim g
contai ned in single uotat ions_o st an s es an
correspondi ng si é’f &F?‘Sﬁﬁ p?ot?/"%l'egﬁbe c&?dﬁaﬁgggs ﬂfeé %%?g} kers.
The present i nvemhaanmﬂrdouepulttim the aneategtoaverabh meuajgr egat e
genméI y profllﬁ s'EfE@.sifBEtﬁiénréﬁéﬁrh%a ldml dmeﬂsecuraflmleérsém%ehafe and
epends upon the a unfill.e e | cti.on
density profi C%%’“E’g Eﬁpﬁg i o fheé‘aé%eml%% g&gl éeﬁml’f‘?relf AR of
the spr ead reg:rdodetaneephm @ayy icdbierc pobgible Jatetids deperd | v,

i ndi cat es macro- ipahUbRe 8k the ¥HédYogdiple nﬁtahasnoeaﬁﬂﬁgent For

exanple, a spreadregion that is narrow at small order sizes and w dens
at |arger order sizes , indicates that the current market is primarily
I n smal | "refThiel 'CMOr decan vheérm agyriegage bdl alilocat tonbk dEtiwedn @acddr S

that are clogg i BaRh 68 b e£h£n@ dAarleria% bhlggte ANgisPi &afh e Uiy

narrows at | arge“si zes, i.ndi cat 5_ presence of one or
more | arge contr®rice for t @Eﬁ?f’tmn as ows:
PCT/ US96/ 07265

8= T Xs,(m,n)

15 m n
(total size, where (m,n) are grid point coordinates
corresponding to non-zero mutual satisfactions)

L pu(m,n)s;(m,n)

20 Py=___m.n {(average price).
8y

The optimization approach discussed above permits one

25 allocation between a given buyer and seller at a
particular price and size, with the allocations over all
possible combinations determined seguentially in rank
order of mutual satisfaction values. In the limit as the
size increment of the satisfaction profile grid goes to

30 zero, there will be an arbitrarily large number of
possible allocations within a vanishingly small
neighborhood of the highest current mutual satisfaction
value, all having essentially the same mutual
satisfaction value (assuming only continuity of the

35 satisfaction profile as a function of the size variable
within this neighborhood). In this limiting case, the
third and final step of the allocation process converges



26 parties who are close in pri ce. Addi tional information can be

overl ayed on the aggregate density profile. For exanple market depth
can be 5 indicated by the quantity of non-zero satisfaction density
val ues entered at each price/quantity grid point over all entered

satisfaction density profiles. The CMC 2 creates an aggr Ity
profile, per mmﬁ% according to the principles of ﬁﬂ%"‘%?@@ggﬁ

i nvention, 10 having grl d entries that indicate the nunber (or count)

of non-zero val ued buy or sell satisfaction density profiles entries

occupying each price/size grid cell. It j5 noted that the aggregate
density profile does not provide information as to the willingness of

any 15 indi vi dual npeidnit iRANy! Rot ERECEST 1WA thlel:ar price/quantity
conbi nati on, but rather, refléects the aggregate of all participants.

A further attrlbute of an aggregate density profile is 20 market intensity.
The grid entries of trBa.agfeegshe higheenhgmbugld shtiefacpiesevalude maxi num

satisfaction val ue arm&qlbbaee Péﬁéé.éé‘& A R0 t RBCBOoPE LSS éaﬂfg{ grid
cell. O course, the d gy Hﬁu ﬁ%ﬂ' dified so tha% SOIE her
statistic rel&ing to the aef; 8nt inersmepLp Qf JFRY or

aggregat ed and avail abl e f corresponding ssize cofdmate. yntihi oneuor the

average, nedium nost freqyghhy art18£§éﬁié‘ngna3ﬁ.§rﬁm) size la.mfl?c@(?]
the present invention can output to traders, 30 for eﬁsngﬁ% e trader

1/0 devices 16, 18, 20,  eX°ReBefnt i THET &%A9ess &6 £
enabl i ng sophi sti cat ed mutuad das:‘:oﬁmt;ambmﬁl@hdwh&ckahayﬁ'ephsmt

d tit i nf ti t athe | | of
and quantity ,of informa |o?hagkggkggt lgu%é?/ssé:lrl‘ae%d gir Qfx'ﬁ or o e level o

detail, and tlhe timng of e outE |ate n a del ayed
basis) will vary bet we &% EA&FRBE PT %"cﬁﬁ &%ﬁéﬁﬂtﬁboﬂn fERPBtanpl e,
t he requi renents of thehisrprocadure henteddpext feasibleof mitehes

remain.

15 In a system that implements the refinement of step 3a.,
satisfaction density profiles could be represented by
analytic functions of the size coordinate, and the
calculation of the maxima of the mutual satisfaction
density profiles could be performed by standard

20° analytical and/or numerical -techniques..

This implementation (which may be regarded as a
mathematically limiting case) can be regarded as a
generalization of the basic embodiment in cases where the

25 8ize increment remains greater than zero. In this
embodiment, the ranking procedure is used to determine
the sequence of allocations, but at the highest current
mutual satisfaction value, multiple allocations (as many
as the trader specifies) would be permitted for the

30 corresponding buyer/seller/price/size, until one or the
other participants’ maximum size limit would be exceeded.

In a further embodiment, the user could specify groups of
price/size cells, along with corresponding limits on the
35 number of allocations that could be made within each
group. As the allocation process proceeds, when one of
these limits is reached, the cells in the group become
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27 traders Eig- 9a i s—ak-exalple~screen out put —di-splay—————r
showi ng a typi cal aggregate density profile. The vertical axis is 5
price and the horizontal axis is quantity. The bl ack grid entries of

t he aggregate | profile of Fig. 9 represent a maxi

sati sfaction J§§&§&§¥7zero and the white grid entries reg?ggg%ngws
maxi num sati sfacti on of 1. The ot her shades of colors represent various
values 10 between 0 and 1 occupying each price/size grid cell. Fig. 93
i's another typical aggregate density profiless except that in Fig. 9B
the grid entries are represented by nunbers rather than col ors.

Addi tional market ineligiblecigy ishbisequedat allscateioned dnd tthmspageent

i nvention 15 by | rious statistics based upon the shape of

t he spread regiongﬂggaéig%g¥§ Is a linear regression fit to the center
points of the price spread versus size. It w |l be apparent that
nunerous ot her repheéseptiifition apprbathsdissuseel dinpe haadinigescan be

derived from the y ens.| p i I al I _wi thin_ihe
scope of this %]nv%%??%g&%a;sqﬁh% g‘?‘%ﬁ?’ égg#éf;aéé;f]é%‘é&u e%%luts}:’);ﬁget 8Et F%\ ers
at trader |/0O devillecation propgssthby asspgringtallngations basedsupon
sub-set of the abgne KHHaEs AémainiAGOMEEEAE sS4t FEdtiCh valke . MeRis

oo ot e’ of " Rtk e B SR e he S oo i dpRgAY "0 o0 e

much of this infotnactable and@eneralpypyielding aldoqpdtionsi wdghbgight ket

preferences. 10 gpreads in price. However, it does not assure a globally
optimum allocation assignment, which may be
computationally intractable for problems of any great
size. The following refinement formally pose the
optimization problem in fullest generality, and describes

15 other search techniques that can be used to seek

solutions.

Define an allocation C to be an arbitrary collection of
points (pa(j),sx(j)), i € [1..M]; k € [1..N), j € C, taken

20 from the MN mutual satisfaction grids, where the index j
runs through the entire allocation C and indexes the
individual price/size trade components for all
buyer/seller pairs. The indexing scheme on j-admits
repeated values at any particular buyer/seller/price/size

25 point (pa,s.), and thus it includes the variations on the
allocation rule described above.

Let C’ be the set of all feasible allocations, i.e.,
those which satisfy the following conditions:

30 _
1. For any C € C’,
Ja(Pa(d).8x(3)) > 0 for all j e C
(i.e., feasible allocations have only non-zero
mutual satisfaction values), and
35

2. For any C € C’, the maximum size constraints



30 Certain aspects of Fig. 8 can be described nore precisely in

mat hemati cal notation, _as follows. This explanatiaon will begin with a
bat ch process descrlptlon and then  show how this extends directly to a
continuous crossing strategy. 35 Assune we have M buyers and N
sellers in a crossing pool for a given stock. W define ) as
the "satisfacWM 7 WO 96/ 34357 Pefisddirid

PCT/ US96/ 07265 28 density" of
the i-th buyer for receiving a portion, s, of his fill at price p,
where O [err] Blerr](p,s) [err] 1. Al ong Wyl this profile, the buyer
will have a maximumsize limt [err]. Eet S[err](p,s) and [err] be the
correspondi ng satisfaction 5 density and size |imt for the k-th seller.
These satisfaction density profiles are two-dinensional surfaces

over a grid of prigesand sige Coordinabne, haupset of RALAGHEILAS tilRer 1

partici pant's degry 67 satlsfactlon I n the transacti on. val'ue of
zero in any coordinate cell 10 indicates no satisfaction (i.e., no desire
for any portion of the transaction to be acconplished at the

correspondi ng cel l pric whi | e val ye of un | pdi cates full
satisfaction. In- a)\ﬁﬂkues %= S‘}' poﬁb’&’Fétl ?#nc( éﬁvﬁi 1ng sejiler ]
satisfaction. 15 henatlcally, these val ues represent "fuzzy vari abl es

that characterize the degree of menbership of a particul ar price/size
transaction in the set of satisfying transactions.

5 are satisfied for all buyers and sellers (i.e.,
feasible allocations do not exceed the maximum
trade size desired by any buyer or seller).

The general optimization problem then is: what feasible
10 allocation C ¢ C’' maximizes the total mutual satisfaction

N

M
J= ' J (poS) ?
PO IL

over all participants, while simultaneously maximizing
15

M N
V=3 3 Su.

i=1 k=1

the total trade volume? The objective function for this
optimization can in general be a non-linear combination
20 of J and V.

Finding the globally optimum solution to problems of this
type generally requires an exhaustive compilation of the
gset C' of feasible allocations, followed by an exhaustive
25 evaluation of the functions J and V over the entire set
C’, which, in some cases, may be computationmally
intractable. A number of alternative approaches are



20 Certain characteristics of the satisfaction density functions can
be derived from obvious constraints__Eor—a——given val ue of—stze—we—

have: Blerr](p[err],s)[err]B[err](p[err],s) if
plkerr]<p[err] (i.e., buyers prefer 25 | ower prices),
Blerr](p,s) [err 1 as p [err] O (full satisfaction as price

goes to zero) Jﬂ&“ Blerr](p,s) [err] O as p [errrcreF%Tnf
satisfaction as price goes to infinity), 30 and
simlarly, * Slerr](p[err],s)[err]Serr](p[err],s) if

pl[err]>p[err] (i.e., sellers prefer hi gher prices), 35
* Slerr](p,s) [err] 1 as p [err] [err] (fuIF sati sfaction as price

goes to infinity)available for flndﬁig:rde}a(ﬂ&,c&)ti[nw boRuesos [ eid Jadiitien

satisfaction as pri 4
PCT/ US96/ 07265 Rig the approachvgéég¥f% above. Thgse include goes

to zero). mhochagticnapgprithms (sugh 35 r38demPRRFCE A 1IPT M a
rel ati onships wi tdbﬁ&i@eangbﬁﬁhﬁ@ axk@VWutlfditﬁfr? @ﬁ:agrﬁmﬁmgi e&nd;ases

densi ty of & Har EBLGIANE:, Byposhedth hed Yearen AR BLRer ARELaRAT, "

si zes fron1zerc>lqguarmlnis;iooee%n@bd%ngﬂthmﬁen dscwiihd b%p#ﬁ@@rqnf-zero

for larger that numerous alternative optimization procedures can be
applied to this problem, all of them lying within the
principles of the present invention.

10 ,
The present invention also allows a minimum threshold of
mutual satisfaction in the ranking process, below which
no allocations are made. Furthermore, the satisfaction
density for one stock can be made a function of the

15 allocations already made in another stock.

To convert the batch process into a continuous one, each
new satisfaction density entered into the crossing '
network of the present invention is treated as an event

20 that triggers a new round of computation as described:
above. While the computation regquirements to implement
this process in real time for all stocks are significant,
they are well within the capability of modern -
supercomputers.

25
The following is a simple example to illustrate the
operation of the present invention. This example assumes
that there are two buy profiles and two sell profiles
entered by traders into the system for the trade of a

30 single stock. The four satisfaction density profiles can
be represented as the following matrices, with price
being rows and quantity'being columns:

Buyer #1 Profile Bl := O 0 0 0

35 .1 0 0 0
.8 7 3 .1

1 .8 .4 .2



sizes. The satisfaction density of an agency broker 10 m ght be non-zero
only for sizes up to the client's agrder size. The satisfactian density
of an accunul ating or di vesting investor mght exhibit a broad hunp in
si Ze centered at sone | arge val ue. 15 We define the nutua
satisfaction density between the i- th buyer and the k-t I 0 be
J[lerr](p,s) :BM?W%S,.’S) Serr](p,s), i=l,..M J=1,..N 20 %ﬁi@sﬁ%ﬁ
| ies between zero and unity in value, and + provides a neasure of the
relative degree to which a given price and size satisfy a particular
pai r of buyer and seller. There will beq¥N such nutual satisfaction
densities for all participants in the batch. 25 Numer ous ot her
alternatives for gigfdig prbestenut usd .= _ satiisfagtiog densities are
avai |l abl e. For exanple, an alternative definitgon ould be 30
Jlerr](p,s) = mn { Blerr](p,s), S[err](;x%n 13 : IT wll be apparent
that other definitions are possible thet adconplish the sane objective
of characterizing the degree of nutual ssatiysfagtiog. 35 The
optim zation problemis: what sequential allocation of armounts and
prices > (p[err],aferr]) i=1..M j=1..N :
Seller #1 Profile S1 := 1 1 1
7 .7 .7
.2 .2 .2

0 0 0

L= I B

10

.5
.7
.3
.1

Seller #2 Profile 82 :=

o O O O
QO © © ©
0 O O O

15
Buyer #1 Profile is represented graphically as a contour
plot in Fig. 3A. Buyer #2 Profile is represented
graphically as a contour plot in Fig. 3D. Seller #1
Profile is represented graphically as a contour plot in
20 - Fig. 3C. Seller #2 Profile is represented graphically as
‘a contour plot in Fig. 3B.

Then the four mutual satisfaction cross products produced
at step 108 are as follows:
25 Ji11 := (B1-S1)
J11 therefore equals 0 0 o0
.07 0 0
.16 .14 .06 .02
6 o0 0o 0o

[= )

30
Jl2:= (B1-S2)
J12 therefore equals 0 0 0 0
0 0 0 0
0 0 0 .03
35 0 0 0 .02
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30 hetween the |-th buyer and the keth seller maxim zes the L«~+4n4u__ —
mitual satisfaction over all participants? This is equi valent to
maxi m zi ng sequentially 5 ‘M N J=[err] [err]
Jlerr] (p,s) I =1 k=1 subj ect to the SIZE(¥EH% | 10
N [err] WO 934387 15 M [err] S[err] erri e
i=1 20 Thi s maxi m zation can be perfornmed as foll ows: .
each price/size value in the grid, conpute t he MN val ues of
Jlerr], (p,S). 2. Over all pricelgs ze grid values, rank the
J[lerr] 25 (p,s) fromlargest to smallest, saving the
i ndex val ues corresponding to both the _ buyer/seller pair and
Eﬂg grid coordlrmﬁf§s (B2-81) 3. Allocate price and size, starting with
J21 therefore equals .1 .1 .1 0
' .21 .21 .21 0
5 - B T R § 0
o 0 0 0

J22:= (B2-82)
J22 therefore equals
10

O O O ©
0o 0 O O
o O O o
© © © O

J1ll is represented graphically, as a contour plot, in

15 Fig. 10A. J12 is represented graphically, as a contour
plot, in Fig. 10B. J21 is represented graphically, as a
contour plot, in Fig. 10C. J22 is represented
graphically as a blank contour plot (not illustrated).

20 Ranking each (price, guantity) pair from the above four
grids gives the following vector:

w= (.21, .21, .21, .16, .14, .1, .1, .1, .1, .1, .1,

.07, .06, .03, .02, .02, 0, 0, O, O, O, O, G, O, O, O, O,
2 o0, 0, 0, 0, O, O, 0O, O, O, O, O, O, O, O, O, O, O, O, O,

¢, 0, 0, 0, 0, 0, 0, 0, 0, O, O, 0, O, O, O, O, O, O, O)

If there are a number of possible trades ranked equally
{e.g., there are three possible trades ranked first

30 above), then the profile with the highest time priority
is chosen, or one is chosen at random or, as explained
above, according to a predetermined scheme to increase
‘overall mutual satisfaction in the matching process.

35 It will be appreciated that one technological advantage
provided by the present invention is that a trader’s
degree of satisfaction to trade at a particular price-



hi ghest ranked J[err] (p,s), and accunul ate the 30 anounts for

each buyer/seller. Wen_a size limt is reached,_knock. out
of the ranked |i st any remaining entries for that

buyer/sel |l er. Any ties in the ranking process could be arbitrated by
35 earliest tine of entry or randomdrawing in step three, \\D
96/.34357 WO 96/34357 PCT/ US96/ 072cRT/US96/07265

31 in order to be fair to all participants. Alternatively, wher e
there is atie, the CMC 2 could select the match that would result in
t he greatest overall nutual sati sfacti over all possible securities
being 5 acconplished. For exanple, the CMC"Z could "l ook ahead" and

det erm ne whet her gl Q1 Yonpasathbh 18! SAFRdlRRENY: quantiBRB100°Mndde

ti ed possible matChes ocC u,rrlrjg.F The can then_aggrega
al | ocati ons bet wetipBIpEFaLIVeE ERTHBy o FON LXAMMIS: CPe LFRELE R singl e
si ze and pri catdtameriteithatr ANsamt keen oo fttddend, 000 IBM at $98%5[ledd | =

[err] [err]s[err]§{8flrent> meanings to differeﬂ?(}f&ders. (gR! ghaBh2€, Where
(mn) are grid point coordinates _ forrespon ILNg tO_non-zero t ual
satlsfactlonsf contrast, the present invention, by enabling traders to
express satisfaction according to a single scale (e.g.,
numbers between and including zero and one), provides a
éingle, uniform standard for use by all traders to
express their degree of satisfaction. Accordingly, each
10 trader’s desires can be easily expressed and understood
by others, and communicated to and processed by the CMC 2

according to a known normative scale.

The present invention can easily handle trades of baskets
15 of securities. In such case, the CMC 2 will functionally
link related satisfaction density profiles. This linking
process can be accomplished in its most general form, for
example, by matrix manipulation of the two profiles
utilizing a connection matrix.
20

In further embodiments, additional variables (or _

parameters) can be included that have an effect on the

satisfaction density profile. For example, an

eligibility variable or an urgency variable (or both)
25 could be set by the trader, as explained below. To

further elaborate, consider the following scenarios:

A. A trader has a "buy basket" and a "sell basket”
whose execution status cannot become too far
unbalanced on either side, in dollars or shares or

30 both. '

B. A trader wants to become more (or less) aggressive
about buying/selling a given secﬁrity as a function
of the execution status of other securities in the
traders’ actual/desired basket.

35 C. Some combination of A. and B. above.

To account for these constraints and relationships, the



plerr] p[err](m n) s[err](m n) 20 Plerr]= [err]

(average price) The optim zation approach di scussed—above permts— -

one 25 allocation between a given buyer and seller at a parti cul ar

price and size, with the allocations over all possi bl e conbi nati ons

determ ned sequentially in rank order of mutual satisfact] S. In

the limt as ﬂ'ﬁ’e"’“"’s’si ze increnent of the satisfaction prof %FXRJS%%J&%oeS

to"30 zero, there will be an arbitrarily |arge nunber of possi bl e

all ocations within a vanishingly small nei ghbor hood of the highest

current nutual satisfaction val ue, all ggving essentially the sane

mut ual ~ satisfaction value (assunmng only-continuity of the 35 .

sati ﬁL ac:1 l 03) pr ?fééftﬁ,s&%lc;%i_f:ﬁﬂﬁéhgﬂtﬁfplﬁéﬂl% z;e:t E;ﬁ@d abéee?; ﬁlﬂvéxt:ubﬁ ][‘dat“nh

nei ghbor hood) . s |imti ca e ir n i nal . st ap. 0 e

al | ocati on proce&e W&gé £ mgfﬂdﬁl\%%loﬁ'?g?variagles ¢ eligibility

PCT/ US96/ 07265 and urgency. In the most general cage, eachmofictheseal |y to

thle fol I owi ng rU'\Fériahllles can take c%:ﬁ)&a Em&ﬁ %%t s:thﬁauaﬁal iﬁém%iﬁgctéégfb

val ue, al | ocate repe rades to correspondi n

buyer and sel Per 3¢ 9%&re Fgrﬂ&f‘fé‘y' each could F‘EXFr%s‘bﬁ?ﬁl‘ﬂﬁg‘%s]i“zee

coordinate until zew or phe. In one embodiment, the eligibility variable
has a binary value and the urgency variable has a value

between and including zero and one.

10 Both the urgency variable and the eligibility variable
~ can be associated with the satisfaction density profile

as a whole (e.g., one value per variable per profile) or
with each coordinate of the satisfaction density profile
(e.g., one value for each (price, size) coordinate.)

15
The eligibility value, when associated with each
coordinate, represents the degree to which that grid
point is eligible for matching. In the simplest case,
the eligibility variable is a binary variable that is

20 used to track execution status, i.e., all values of the
eligibility variable are assigned a value of one at order
profile entry, and matched values are set to zero upon
matching. Thus, in this embodiment, the eligibility
variable could keep track of when matches have occurred.

25 1In a more general case, the eligibility of unmatched
values could be held to zero pending satisfaction of
execution status constraints of other securities (e.g.,
as in scenario A. above). Thus, the eligibility variable
could be used as a coupling between two different stocks.

30 |
In a most general case, the eligibility variable could be
a "fuzzy"' variable, having values between and including
zero and one, that would allow for "soft® (i.e.,
continuous-valued) constraints such as "I want to sell

35 [some | a good amount | a lot] of IBM before I buy [ some
| much | a large amount ] of DEC.



ot her participants' maxinmumsize limt would be exceeded.

Then proceed to the next highest - _mutual satisfaction_val ue
(which may represent 10 . a different buyer/seller pair and/or a
di f'ferent pricel/size coordinate) and repeat this procedure
until no feasible nmatches _ remain. 15 1In a systemthat

i npl enent s t he¥PEFF¥&hent of step 3a., satisfaction densi¥GFYPHPTHEs
coul d be represented by anal ytic functions of the size coordinate, and
t he cal cul ation of the maxima of the nutual satisfaction density
profiles could be performed by standard 20 al ytical and/or nunerical

t echni ques. This inplenmentation (which" may be regarded as a

O g k! B006A5F \vaiAALe LapAcHead cie degrddebobnigh &) Of
thon sero. CTact nperelCulfR Sl Boink, Saf inrahefon SEIGE anoulfoby eother
determne t he (apqueamzlagfedlinothei dlh:echOnamf tehanclrieg hggtresalvent

nut ual Satlsfactlggwéu& (GBJI WapRaatbog ahbPESaddredB% satidEabbfoh ader

speci fies) woul d ermtt for _the 30 correspondin

buyer/sel l er/ pti cg?%’gie,°ﬁrﬁ9qh'onétnthFh€ePresﬁ? 1"&%!’1"996%?&" FRKY#um
size limt would be enmeeechrshcy valuel pez satisfactedodiemsity ppefiker coul d
speci fy groups of I | C n |t CQr [ L M} on
the 55 nunber of 'k Fobati ey ask Soblpndpdnt f ok ild STHRHE 091491%2%%? As
the allocation prBRe8sEeFytidats 2PpdRdoHRIEPIMLY) ¢ AN, thenvaduesof cbheed,

the cells in the gtegepcpesimble ranges\fxron/ 2> t0o one. In the normal

PCT/USQG/O?ZQ&J case, the urgency variable would have a value of zero,
representing regular trading urgency. Non-zero values of
the urgency variable would signify the degree of urgency,
with one being the most urgent.

15 For case (a) immediately above, a non-zero value of the
urgency variable would translate the whole satisfaction
density profile up in price (for a buy) or down in price
(for a sell). In this instance, the boundaries of the
satisfaction density profile would shift accordingly.

20
In case (b), non-zero values of the urgency variable
would exponentially warp the satisfaction density values.
Assume that the urgency variable is assigned a value u.
Then each (non-zero) satisfaction density value is raised

25 to the power (l-u). In this case, the boundaries of the
satisfaction density profile are not changed.

Additional embodiments of the present invention enable
the incorporation of external variables in the

30 satisfaction density function. "Satisfaction" can be
thought of as a normalized bivariate utility function.
Unlike the subjectiveness inherent in the classical
definition of utility functions, satisfaction in the
context of this invention can be regarded as being

35 objectively normalized as a result of the common
knowledge among market participants of the precise manner
in which their individual satisfaction density profile



33 I neligible for subsequent allocations, and thus are ski pped

over . The optLaLzaLLan_approach.d;scussed—abg¥e maxi m zes—5
sequentially the nmutual satisfaction at each stage of the al I ocati on
process, by assigning allocations based upon the hi ghest renaining

mut ual satisf 6h&ﬂm¥alue Thi s approach has the virtue

conput ati onal | actabl e and generally yielding allocations mnt% tlght
10° spreads in price. However, it does not assure a globally opti mum
al I ocati on assi gnnment, which may be conputationally intractable for
probl ens of any great size. The follow ng refinenent formally pose the

optim zation -problemin fullest generality, and describes 15 other search
techni ques that cesldess wEdd be ase8 in cabtuldmitms to debefrmineathe

allocation Cto b % gllefﬁ ég 1 Eit on b
(plerr](j),slerr] J%b’@é e?"gf‘ % i:; i [f&g'f& AR OfX2n 20
fromthe MN nut uakrkitinass F@ﬁpéﬁ?‘d R Qha ﬁ?c}e)? j variagiljgg and (e

the entire aIIoce%afuméigyyjthadexeﬁ the aggregxhen(ﬁgﬁinprthe/5|ze trade

conponents for. a e exjng.scheme on admts
reggat ed val ués a?aﬁwl}?%%ﬁcu gk%% gg‘#g%ﬂi ;?rrl%ce" Si %é‘ gge EB?E x€ O
(p[err],s[err]), thel avarallt magketdesThie adkowg ithes pyinciples ofi| theati on

rul e descrlt Eed a @sent inveatibn €86 bé é@éragflz’ﬂd toeasichh@eat kg hd 0&8
i.e ose

: at i ondl ons
any Ce . Boft Abgibit e noa; FfeHhiS dnareinentd bagea ypon 4 o |
C gpewificagdonbbs aatneéwbmn v @ dmingtdon- o€r bhese nut ual
sati sfaction jyal Uugsderriéidvd2iables. 2. For any Ce C, the maximum size

constraints

For example, debt instruments typically are graded on the
basis of current interest rate, coupon rate, time to
maturity, and quality of issuer. A trader can acquire a

15 portfolio of debt holdings that approximately match a
buyer specification by creating a set of satisfaction
profiles for individual debt instruments that fall within
some range of these variables, where the satisfaction
value for a particular instrument at each price and

20 quantity is a function of the above variables. Higher
coupon rates and higher quality of issuer, for example,
generally would result in a higher satisfaction value at
a given price and quantity.

25 Accordingly, the present invention allows traders to
create and input satisfaction density profiles, where the
satisfaction density profile values are a function of or
are based upon variables other than price and guantity.

30 The present invention can also accommodate allocation
based constraints. For certain constraints of interest
to traders, the eligibility of a buy profile or a sell
order profile for execution may be a function of the
current allocation computed for their satisfaction

35 density profile. Constraints of this type can be
accommodated by employing a repeated stage of all or
portions of the allocation computation, as necessary.
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34 [err] S[err](j)[err] i=l..MdJerr] = subset of C_LﬂMQJVIng
buyer i [err] S[err] (j)[err] k=l..N, Ck = subset of C

I nvol vi ng seller 1 5 are satisfied for all buyers and
sellers (i.e. feasible allocations do not excees ()‘Iﬁ;@ﬁ
trade size de§W?8ﬁ’@§7any buyer or seller). The general i on
problemthen is: what feasible 10 allocation C[err] C naximzes the total
mut ual satisfaction M N

J =Jerr] [err] J[err] (p,s), i=1 k=1 42 over all participants,

whil e simultaneously nmaximzing 15 M N
For example, step 112 of Fig. 8 can be divided into two

stages, the first stage determining the eligibility of
each profile for execution, and the second stage
determining the actual allocation. The same approach can
5 Dbe taken for intermediate values of eligibility (i.e.,
between 0 and 1), where the value of the eligibility
variable is computed in the first stage, and the final
allocation is based upon that value of eligibility.

10 The CMC 2 can be coupled to an automated clearing system
and/or accounting system. Orders that are matched can
then be automatically output to such system(s) to assist
in "backoffice" procedures.

15 It is noted that the CMC 2 of the representative
embodiment of the present invention can be implemented
utilizing a logic circuit or a computer memory comprising
encoded computer-readable instructions, such as a
computer program. The functionality of the logic circuit .

20 or computer memory has been described in detail above.

' Generally, the present invention has practical
application as it enables ownership of instruments, such
as for example stocks and bonds, to be transferred and
facilitates bringing together willing buyers and willing

25 sellers. However, it should be appreciated that the
solution posed by the present invention could not be
manually accomplished by a human. According to the
present invention, satisfaction density profiles can be
created by many traders at trading terminals located in a

30 multitude of wvarious locations, and electronically
transmitted and stored in a central location for
processing. No human could possibly perform the
calculations required to determine what trades are to
take place. In the continuous the crossing situationm,

35 for example, a very large number of calculations must
take place in real-time whenever a new order is entered
or an existing order is canceled or modified,



V= [err] [err] S[err], i=1 k=1 the total trade volunme? The

objective function for this opt ini-zati-eh~can—in gener al

conbi nation 20 of J and V. Finding the globally optinmmsolution to
probl ens of this type generally requires an exhaustive conpil ation of

t he set C, sible allocations, followed by an exhau

eval uati on of W(g;e"{‘ﬁct ions J and V over the entire set m&ﬁ“' I n
sone cases, may be conputationally i ntractable. A nunber of alternative
approaches are WO 96/ 34357

PCT/ US96/ 07265 43 35 avai l abl e for
finding near-optinum solutions, in addition to the approach descri bed

above. These incl¢adifeulatisinec ithati noahgnan t doEl & possddlyapdpfiosmain hthe

al gorithns, rdth n
ITU|g'[I pl e hypot hes#sy?% re s%(aérdch gﬁﬁggﬁﬁ %{# [9/ i a%agq:eg;r}‘eﬁ $ c
search al gori t hnstMG 12 \deterpdngspuhiah °rde¥#la?!1]ﬂurh§r §é§1§ﬁ-§¢na‘@5«‘é“

Fp'“ m zat Ih on prOQ&SﬂM@&adbamebassu;:edprla?dtﬁmbiﬂ it epiprielde o ﬁéi:f@frtgtth@én
ying wthin lspl.e V. , e
present i nvent I on %Wné\g{ a C:)I'V\lgl %nlan ﬁgfﬁgtl;nféﬁr es hot{é(}sg?’tfl %Eené?ﬁ%?nt

satisfaction in t8¥8%&¥hki ng process, bel ow which no all ocations are
made. Furthernore, the satisfaction

Modifications to Accommodate Stock Exchange Rules
Most organized stock exchanges operate with rigid rules

10 as to execution of orders, for example, requiring
priority be given to orders exhibiting the best price,
regardless of size or any other consideration (such as
mutual satisfaction). The present invention, if desired
can be implemented to comply with such exchange rules.

15 Thus, variations of the principles discussed above can be
made so that the crossing network will accommodate such
stock exchange rules. Other such variations are possible
within the scope of the invention.

20 1. Continuous Market Cage

When operating in the continuous market mode on an
exchange, a new profile entering the system must "sweep®
the stock available at a satisfaction value of "one" and

25 a better price or an equal price (in the case of time
priority) relative to any prospective allocation based on
mutual satisfaction.

When the new profile enters the system, the mutual

30 satisfaction cross products are calculated with respect
to contra profiles, and the ranking procedure of the
basic algorithm is performed. The highest-ranked
price/size cell becomes a tentative first allocation.
Before making the allocation, however, the CMC 2 first

35 checks to see if there are any contra profiles exhibiting
a "one" value of satisfaction (a) at a better price and
lower size, or (b) at an equal price, lower size and




density for one stock can be made a function of the 15 allocations already
made in anot her stock. To canyert the batch process into a continuous
one, each new satisfaction density entered into the crossing

network of the present invention is treated as an event 20 that trlggers a

new round of conputation as descri bed above. Wi le the Cﬁﬁﬁ*@?@@iﬁ?
requi renents tWOPM#F¥nent this process in real tinme for are

significant, they are well within the capability of nodern
‘superconputers. 25 The following is a sinple exanple to illustrate the
operation of the present invention. This ex | e assunes that there are
two buy profiles and two sell profiles entered by traders into the
Syslgelmfor t he trxgéiﬁ ﬁm%OPrsbeﬂkthéfé{lcneT%ﬁcw iatiiéafﬁ%&?r!ﬁity
profiles can e repres ed o] rpce pr.ice
bei ng rows and quEt TSP 6?3555 on. ZBMEﬁgeF §??mtrdm Hese.
0 0 0 35 profiles are aggregated td determime tne total size

.8 .7.3 .1 available at an equal or betterd r'ée. 2These traddd get

96/ 34357 ] c:u y US96/ 07265 ge

36 Buyer S0 Brigrity forpmatching with the n@w pro ile over the

.3 .3 .3 0 tentative allocation. The aggregate5siz& mfy not be
equal to the size of the tentative allocation. If the
new profile has a satisfaction value of zero at the
smaller size and the corresponding aggregate average

10 price, and/or if the tentative contra party is unwilling
to accept the residual amount, then the tentative
allocation is invalidated. Should no trade result after
all tentative allocations have been exhausted, the new
profile will be eligible for a retry after subsequent new

15 profiles are executed.

This procedure is summarized in Fig. 11. At step 202,
the CMC 2 selects the next highest mutual satisfaction
- grid point. The CMC 2 then determines at step 204 if any
20 contra satisfaction density profiles exist in the system
that have a "l1" satisfaction at a better price. If so,
at step 206 the CMC 2 aggregates these possible trades to
determine the total size available at the better price,
and these trades get priority for matching at step 212.
25 A similar process is performed at steps 208 and 210 for
trades having equal price but time priority. 1If the
aggregate size is greater or equal to the size of the
tentative allocation (step 212}, then the trade is
allocated accordingly (step 214). Otherwise, at step
30 216, if the tentative contra party is unwilling to accept
the residual amount (step 216), then the tentative
allocation is invalidated (step 218). If the tentative
contra party is willing to accept the residual amount,
then a trade is allocated accordingly (step 214). If no
35 unmatched contra cell exists that has a superior or equal
price, then the trade is allocated to the highest-ranked
price/size cell (step 220).



1 1 1 0 Seller #1 Profile S1:= 1 1 1 1

7.7 7T 2 2 .2 .2

0 0 0 0 10 Seller #2 Profile S2 =0 0 0 .5

o, 0 0 .7 O 0 o0 .3

0 0 0 .1 15 Buyer #1 Profile is represented gra hIC

cont our p¥ees4IsSt g. 3A. Buyer #2 Profi Ioe i s reprgsegt edfi‘HMsﬁﬁ'lﬁs
gr-aphically as a contour plot in Fig. 3D. Seller #1 Profile is
represented graphically as a contour plot in 20 Fig. 3C_ Seller #2
Profile is represented graphically as gont our plot in Fig. 3B.

Then the four nutual satisfaction cross proaucts pr oduced at step 108

gre as follows: 33 addition (8. tHe 0a7bov0eJ b%thbeﬁeﬁpreneqwée: may aride O
16 .14 .06 .02 Wwhere a new profile does not ogeﬁlapdwitt)an¥)%§}stinqjlz:
(B1 S2) J12 prefiélese bytathere are pricgs wherepboth the new profile
8 8- 8 82 and exzstl contra profiles haVe "8ne* Usatilfadtion
PCT/U896/0726% values, V%%h the existing profiles having these values at
lower sizes. In this case, the CMC 2 sweeps the lower-
size existing stock to f£ill any eligible "one"
satisfaction values in the new profile (using price,
entry time and size priority, in that order). The final
10 price may be allocated either on a "walking the book"
basis, where each contra side is filled at the individual
prices of each cell, or all contra cells may be filled at

the best price needed to complete the fill.
15 2. 11 rk

There are twelve different cases that must be considered,
corresponding. to each of the combinations set forth

below:
20 * single-price and multi-price calls
* no market orders, exactly offsetting market
orders, and non-offsetting market orders,
* non-overlapping limit profiles and overlapping

limit profiles.

25
The following procedures are used in these cases.

Single-Price Calls
Single price calls require that profiles having a better
30 price, at a "one" satisfaction value, relative to the
call price be given priority. We define the price
deviation of a given profile to be the amount by which
its best price at any size and at a "one" satisfaction
value deviates from the call price. Priority is then
35 given to profiles whose price deviations are greater than
or equal to zero, i.e., that are willing to improve on
the call price at a "one" satisfaction value. Those

0



37 J21: = (B2. S1) J21 therefore equals 1 .1 .1 0

.21 .21 .21 0 . 1 .1 1 0

0 0 0 0 J22: - (B2.S2) J22 therefore equals 0 0 0
0 10 O 0 o0 o©O

O 0 o0 ©O O 0 O J11
represented gr%PAPR4#1y, as a contour plot, in 15 Fig. 10A P(J'ri'ésgf'g-'m
represented graphically, as a contour plot, in Fig. 10B. J21 is
represented graphically, as a contour plot, in Fig. 10C. J22 is

repr esent ed graphically as a blank conto plot (not illustrated). 20
Ranki ng each (price, quantity) pair fromthe above four grids gives the

f(i! | ow ng0\7/ect 8% proleeé‘v with ?’stﬁ&lgzﬁosléﬁve ﬂz‘iceojdeau&t:.oﬁ mgét laé

0
0, 0,0 0 0 oLt ?f%d ‘E‘P“‘R}etﬁli’o ln0“‘8 °611 ""bile thdge Ulté Z§T0) 0 o
0, 0, 0, 0, 0, 0,pPiced déviadrian nay not necéssamh( arexediveuabeomplepessi bl e
trades ranked equ iiy Tasfea uté&%r %hérﬁréélé&?ré@%ﬁi tﬂeeufs%adﬁﬁaéénked

first 30 above), e, prof.i with the highest tine priority
chosen, or one’i s"%ﬁ:g%‘é?l ‘P"}a&rm% ‘or, as expl ai ned above, accordi ng to

a predet erm ned schene to increase overall nutual satisfaction in the
mat chi ng process. -



35 It will be appreciated that one technol ogi cal advant age provi ded by

the present invention is that a trader s ——degree of satlsmuiuu to

trade at a particular price- WO 96/ 34357
PCT/ US96/ 07265 38 quantlty
conmbi nation is expressed in quantltatlve rat her than q
terns. For eW 35Tone trader’ statement that "I anlﬁggﬁhﬁghr?%de
1,000 I BM at $98' has dlfferent nmeanings to different traders. In
sharp 5 contrast, the present invention, by enabling traders to
express satisfaction according to a single scale (e.g., nunbers bet ween
and including zero and one), provides a single, uniformstandard for
use by all traders to express their degree of satisfaction.
Accordingly, each 10 trader's desires cange easily expressed and
under st ood by others, and communicated to and processed by the CMC 2
according to a known normative scal e. The present invention can easily
handl e trades of baskets 15 of securities. |In such case, the CMC 2 will
functionally link related satisfaction density profiles. This |inking
process can be acconplished in its nost general form for exanpl e, by
natrlx nanlpulatlon of the two profiles ~utilizing a connection matrix.

| nfrortner. enbod| pents.. addi t1onal varl QL 1is. RALATPRLErS) C

be i ncl ud ﬁfﬁﬂaﬁ“ﬁéve aﬁdzifeélxﬂo t he sat| stactlon density profile.
For exarrplrt,r erl bl ! Ly variable or an geggg)éalv‘,_a;;_gpggn(gr,ﬁgg h)
%? set by

coul df B the rader as expl ai ned bpamVe=ofiies naving a scriccly .
positive price deviation, in price
deviacion priorizy, and 2) vields
the highest mutual satisfaction-
weighted volume o= the tocal
transaction. 3zeak any ties by
selecting the call price yielding
the largest toral volume, then use
random draw. Fill all remaining
eligible limit pzofiles at the call
price in order o mutual
satisfaction and then time

priozity.

tNon-Offsecting Form a bimary profile with Form a binary profile with maximum
maximun size egual to the gize egual o the offget, and
offset. Slide this profile ineclude it with the corzesponding
inte the concza limic buy or sell limic profile groups at
p—oi-les. aggregacing czade first p:zo-';.f find che call price
sizes a: cells where comtTa that: 1) £ills 1.}, ;-'afxles having
satisfaction egquals one (in a :::i::ly positive gTice deviation
time p-.o-xw) uneil the priovity, and 2) yields the highest

cffser size is mer. Fill all mutual satisZacction-weighted volimne
mazket ozders zud the invoived | on the total transaction. Fill the
linit orders at that maximuem markec profile amd all eligible

or mindimum price. limic profiles at that price., Fil
all remaining eligible limic
profiles at the call pxice in order
of mutual satisZaciion and then
time prigzity.

]

Exaczly Form hinazy duy and sell Use same price as de:e::ti:?ed in the
Oiisescin profiles with maximun size no marke: order case To £ill the
egual O the mazket ocer offsaczing market ozdess.

aggregates. Perform the above
proceduse for each p'n:.ile
against csnira buy/sell limit -
profiles. Till all market
ozdess ac the averxage of the
two prices detesmined by this
procsdure.

Table 1



further el aborate, consider the follow ng scenari os: A A trader has
a "buy basket" and a "sell basket" _whose execution status cannot
becone too far unbal anced on either side, in dollars or shares or
30- bot h. B. A trader wants to becone nore (or |ess) aggressive
about buying/selling a given security as a function

execution st at‘ﬁggff?‘%ﬁ her securities in the traders']‘;kl;mﬁgggm’mss
actual / desired basket. 35 C. Sone conbi nation of A and B. above.

To account for these constraints and rel ationships, the WO

96/ 34357 4g PCT/ US96/ 07265

39 sati sfaction density profile of the present invention can be
augnented to include two other variables: eligibility and urgency. In
t he nost general ach o ese vari abl es can take on a val ue
bet ween and incluéﬁzgiigf%?gféEQ%} one. Alternatively, each could have a

bi nary val ue, Thermubyimrice #aéﬂeaéhgﬂaiﬁ@ht@iﬁﬁ%¥eﬂﬁ PrBCeBy y8Qari abl e

has a binary val ugrg8gityes ¢/i@tRenines BY fubes) satilsfactionhehseen ené
i ncluding zero an Both the u

ope. 10, ,gency varj.ahbl e dthe eligibility
vari abl e n gﬁségsiig%ﬁﬁﬁqu ﬁcPﬁgega$$g¥%btiéﬁ?ﬁf§%§3y$agro9PFemay as
a whol e (e.g., onemphboyethrercontingous parketosveep adgorithm descythed
coordi nate of thepgghéS{fdd YagieAshhY BuBLptEcedurd ®ndtheOBgsYal Ue for
each (price, SIZEé coorqhgate.) 15 The eligibility val ue, when
associated with e&kgorithm.

10 Table 2 lists the procedures to be used under various
situations.



coordinate, represents the degree to which that grid point is eligible

for mtching. In the sinplest case, —__the gligibility vari ablet+s—=

bimmary variable that is 20 wused to track execution status, i.e., al
val ues of the eligibility variable are assigned a value of one at order
profile entry, and matched values are set to zero upon PRirfdsbéigh2esT hus,
inthis enboWOPM357the eligibility vari abl e coul d keep track of when
mat ches have occurred. 25 1In a nore general case, the eligibility of
unmat ched val ues could be held to zero pending satisfaction of
execution status constraints of other securities (e.g., as in scenario
A. above). Thus, the eligibility variable - coul d be used as a coupling
between two different stocks. 30 In a nost general case, the
eligibility variable could be a "fuzzy'sgvari abl e, having val ues between
and i ncl udi ng zero and one, that would allow for "soft" (i.e.,
conti'nuous-val ued) constraints such as "I want to sell 35 |sone a good
anount | a lot] of IBMbefore | buy [ sone | much a large anopunt ] of
DEC. . WD 96/ 34357
PCT/ US96/ 07265 ' 40 The urgency
vari abl e represents the degree to which a particular grid point
satisfaction value should be either (a) translated in the direction of
a nore aggressive price, or (b) warped to a nore aggressive
sati sf act i _ T DOt I 11T LIe T epT eoerny at I.YEW‘
i's one ur qeiERRsyrYR peer TSACTSEE %N density priSPITERE “Efe E S W gency i
condensed | StTigte—sgalrar varue r1or each e T Ty, aPDIT B0 oy cne
uni f or m y)ﬂ,“&ﬁd t he val :%é“’d’? t he urgency varligBlh of STASTaE Ieath: 6o T O
~one. In t e nor nal marker sweeg modification,
Non-QZisecting Form a bipary profile wich Form a bizmazy profile with maximn
maximuen size ecual to the gize emial o the oiisec, and
offser. Sligde into the contxa include witn tne cozresponding Suy
limic p-ofiles, aggregating or sell limit profile groups al
size where contxa satisfaction top prisrity. Execute the dasic
equals one (in time priority) algerishm (cptionally with cthe
uacil the cffser size is met. continuous marzket sweep =od),
Fill 211 market ordexs at the pliding the mazket pxolile as
volume-weightaed average price necessazxy 0 {ind the price that
(VWAP) over the aggregated just £ills the matker profile
cells, and £ill the involved against consras with satisZaction
limit orders at their ecqual o one. Fill all mavke:
corresponding cell prices. ozdess at the Tesulting VWaP.

Limiz oxders aze filled a:
whatever sutceme resules If-om the
basic algorizhm,

txacsly Foxm binacsy buy and sell Use tha basic algozithm

Offsecting profiles with maximum size {opzionally with the econiinusus
equal o the marker order marke: sweed mod) to cTess twhe
aggrecates. Periozm the above overiapping limit profiles. Then
Procedure Zor eacn profile calcoculate tne MSVWAP (mucgual
against centra buv/sell limic satisfaction-volume weighted
profiles, Fill all mazkec average price) Izcm the Tesulls,
orders at the average of the and £il) the oilseciing maTtket
two prices degermined by-this orders at this price.
pocedure.

Table 2



10 case, the urgency variable would have a val ue of zero, representing

regul ar tradi ng urgency. Non-zero values of . the urgency variable would
signify the degree of urgency, wi th one being the nost urgent. 15
For case (a) inmedi ately above, a non-zero val ue of the ur gency

vari abl e woul ate the whol e satisfaction density | in
price (for a &’}%ﬁ% down in price (for a sell). In this%@%ﬁ%@&the
boundari es of the satisfaction density profile would shift accordingly.
20 In case (b), non-zero values of the urgency variable woul d
exponentially warp the satisfaction density'%iyues. Assume that the
urgency variable is assigned a val ue u. en each (non-zero)

satisfaction density value is raised 25 to the power (1-u). In this case,

the boundaries of the ] Lon i rofile are not changed.
Addi tonar enbodi HeRTEes= 4L %@&ﬁ?’ Pﬁgggﬁ%’ﬁ%ﬁable t he
i ncorporation of Zxteihhlbe appueciated that the qressnicinventdosibys
function. "Satishagyi@bn-getuiity indhBepgdpf i@t k0" Moz ygriate
utility functl{rL Unl i ke thenggghectlvenesaﬁi herent. in the cTassical
definition of Juti FREPFERAY Hive sFapB Py g (4R trade; ip: COFPREEX |y s
i nventi on can be chipsdarrandscidagessfovba edating \sericel i(eed. asmatcleing t
of the common ¢y @ﬁdﬁeﬁp@.gaaeelsesaea&t& D % e s £RBE 1 BR OF1 nner
in which their indivﬁ%ie %ftLSf Q&ion d nsite?ﬁnxgil e * ﬁeé&§§%¥%4357
PCT/ US96/ 07265 recording desirability of various Patures of a possible
date), to trade concert and other event tickets, to match
10 prospective employers and employees, to trade in natural

gas, and to sell airline and other travel tickets.

For example, when used to trade in airline tickets, the
buyers would be customers who are seeking seats on a

15 flight and the gellers would be, for example, airlines,
travel agents, tour companies and travel wholesalers.
The satisfaction density profile in this instance is a
two-dimensional grid, with the vertical axis representing
price and the horizontal axis representing time of flight

20 (e.g., date of travel and time in one hour segments.)
Each profile would represent a particular flight route,
e.g., New York to Denver; Los Angeles to Atlanta, etc.
Thus, for exampie, a customer seeking a flight from
Boston to Toronto would enter on a buy satisfaction

25 density profile for "Boston-Toronto" the degree of
satigfaction to travel at each price at each time. For
example, a traveller may be prepared to pay $50 more to
travel on Friday evening rather than on Saturday morning,
but under no circumstances is prepared to fly on a Sunday

30 or for more than $250. The traveller would travel at any
time for $75 or less. Each airline, for example, would
enter sell profiles representing the willingness to sell
seats at each price at each time. Moreover, in this
embodiment, other dimensions could be added to the

35 satisfaction density profile, e.g., airline preference (a
customer may pay more to travel on a favorite airline),
number of stop-overs, etc. Further, there could be



values will be used in calculations to determ ne the out cone of

matches. In general satisfaction can-he an—0arbitrarily compter——m
function of a set of variables and/or paranmeters that, in the
aggregate, define the 5 participants' current trading goals within the
cont ext of w&ggrg%er all market. This allows the principlespefuidifiracs
present inventiTon 10 be generalized to include trading of both fungi bl e
and non-fungi bl e instrunents based upon a  specification of satisfaction
as a function of these 10 external variables. For exanpl e, debt
instruments typically are graded on the gasis of current interest rate,
coupon rate, tinme to maturity, and quality of issuer. A trader can
acquire a 15 portiakingodcreds holstiragentbal, epgr pxradl einansporitazion
buyer specificati eat | I tJ nraofi

ey dost oy | BapRd B0 “Hiciladh 35 cfle ﬁ?%bﬁgﬁgs%ﬁ‘g‘f‘?%snge & 'cugtodl

vari abl es, where MA¥ Bat 73} Ratiffied te rgaved by prain o News¥oxkeke at
each price and gonﬂﬁaﬁt foy $30 aord mﬂiaqnmo?:nﬂ.hg, abmlyesa/tairsiﬁikades:o H:hgberl |
coupon rates g 2 t S r y wou
result in a hi he?k’sggg%ﬂﬁ# o%ld\yaldt?eﬂg?aay ﬂér‘g%@%g %iscaétiarl I%g’ugﬁti ty.

25 Accordingly, thaveldewrraiy£an §328 pswanyrbimes 93F satigfdedetand

i nput satisfacti oprgeasi by P Pidms £otheR00t B8 MondSyptd Aieisidon) deesity

profile values are a function of or are based upon variabl es other than
price and quantity. 30 The present invention can al so acconmpdat e

al l ocation bathe warching processr canr take pbace rin mealottimet orest

to traders, t{i¢ epraibtéihindd tindl\MnRe@ihls, 06.4. SGvery day’ &@' eRkeii | €
for execution may,be_a function of the current allocation computed for
their satisfactioﬂ°§§‘ density profile. Constraints of this type can be
accommodat ed by enpl oying a repeated stage of all or portions of the

al  ocation conmput abkelts St NAfe Matching process can be returned to the
terminal at which the buyers and the sellers enter their
15 satisfaction density profiles, or by other known
communication means.

The above described embodiments are merely illustrative
of the principles of the present invention. Other

20 embodiments of the present invention will be apparent to
those skilled in the art without departing from the
spirit and scope of the present invention.
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42 For exanple, step 112 of Fig. 8 can_be divided into two st ages,
the first stage deternmining the eligibility of each profile for :
execution, and the second stage determ ning the actual allocation. The
sarre approach can 5 be taken for internediate values of eligibilli

(i. betWR&B4Tand 1), where the value of the eligibil i%%ém&%ss
var“l able is conputed in the first stage, and the final allocation is
based upon that value of eligibility. 10 The CMC 2 can be coupled to an
automated cl earing system and/ or accountd,ng system—Oders that are

mat ched can then be automatically output to such sy
in "backoffice procedures. 15 It is noted that the T] I“ Hﬁi"ml
can

representative Cﬂﬁmm f.Lhe present invention erp enent+ed
utilizing a | ogi uter nenory conprising encoded

conput er -readabl e i nstructions, such as a conputer program The
functionality of {he |ogi cACbbﬁyuéeﬁwlmadercrﬁms% RESwORE LIRS Cr | bed
in detail above. Genergﬁﬁ t he resent ﬁxftlon hﬁs PéaCt | cal
application as i t"f5%8T r ERF pLogt e EACH Or9eLl8 or exanpl e

st ocks and bonds repxdaanuednbjrearedtmcnoﬁ denisityt probilegitie t oget her
w lling buyers ar@rd(gglﬂgngegﬁc§ﬁlé gﬂgaver it shoul d be appreci at ed

that the sol ution pdse f vention cg not be
manual I'y acconpl i shed by aahﬁxﬁﬁa %@% tREminaly tor Antexring i on,
sati sfacti on denotdens dhi the farmbef a samwae:dib;a dengity qobofs lad thiaadi ng
telerefcnt Pg'mscgflcst eddgiementsTH! GoiHee &F shtisPatt!ifnatbOPEaddNh
instrument at a plurality of (price, quantity)
combinations, each satisfaction density profile
representing either a buy order or a sell order for the
instrument; and
a matching controller computer coupled to each
one of the plurality of trader terminals over a
communications network and receiving each satisfaction
density profile entered at each one of the plurality of
trader terminals, each received satisfaction density
profile stored at the matching controller computer in a
database as a file, the matching controller computer
interacting with each file by pairing each satisfaction
density profile representing a buy order with each
satisfaction density profile representing a sell order,
and thereafter calculating for each satisfaction density
profile pair a mutual satisfaction function, each mutual
satisfaction function including a plurality of (price,
quantity) combinations representing a degree of mutual
satisfaction for trading said quantity at said price, and
thereafter ranking according to the degree of mutual
satisfaction every (price, quantity) combination of every
mutual satisfaction function, and matching, in accordance
with the ranking, buy orders with sell orders.

2. A crossing network that matches orders for a
plurality of instruments based upon a satisfaction and
size profile, the crossing network comprising:



transmtted and stored in a central |ocation for processing. No human

coul d possibly performthe cal culations—regu-red to det eFrre—what——
trades are to take place. In the‘fﬁﬁfTﬁGBUEgTﬁE—E?assing situation, 35
fqu exarrpl\%,1 a very large ngrrber of cg‘ﬂmml““ms“mﬂm take place in
real -tinme enever a new order is ent I stin '

cancel ed or B8P EY WD 96/ 3435y L. M S * IreifiSisoriss
PCT/ US96/ 07265 43 cal cul ati ons that
no human coul d possibly performin the time required. Moreover,
anonymty is assured when the CMC 2 detggm nes which orders will be
satisfied, which woul d not be assured if a human attenpted to perform

}\/23_ f_5 c;)_rmuni tcat iAon and calslxdlity Tfepradert berpinskatfor emyetiong an
ifications to Agco ﬂgg Eéﬁh Fggg st ock

exchanges oper at &% efhwgggé’g T €5 ggp?gggkggﬂt?gn 0 %:?H ers i%r

exanpl e, requiriggzsltY£P¥9¥i¥% Ehﬂﬁﬁziﬁ;:ﬁﬁnﬁﬁdéége%Rﬂ?b?fi?ﬁfiﬁﬁ§9ﬁiﬂP

price, ~regar goCtra@é €héCimdtiine acpaardiinyi of (picde as

mutual satisfact| 0“}1§1Thf BLRS Al { NN dat shb1fEIEELth aend il (froriy

i npl enented to c@Wﬁ 7 AR nexXcharfge rul es. NusS, vari dti‘ons of the

principl es di scurepgeasavingeither a huyiOrdert Rat at fell resden Farths «

w || accommodat e j$d¢Pument $t&e& exchange rules. Qther such variations are

E/gfig? | eCase within the ch pnexaé)éhfrpge éorﬁ\ﬁ%tl'lgg' comg\?teg" coup(PéH (Y Yden
one of the plurality of trader terminals over a
communications network and receiving as input each
satisfaction density profile entered at each one of the
plurality of trader terminals, the matching controller

computer comprising

means for pairing each satisfaction
density profile representing a buy order with
each satisfaction density profile representing
a sell order,

means for calculating for each
satisfaction density profile pair a mutual
satisfaction function, each mutual satisfaction
function including a plurality of (price,
guantity) combinations representing a degree of
mutual satisfaction for trading said quantity
at said price,

means for ranking according to the degree
of mutual satisfaction every (price, gquantity)
combination of every mutual satisfaction
function, and

means for matching, in accordance with the
ranking, buy orders with sell orders.

3. The crossing network of claim 2 wherein the
matching controller computer further comprises means for
selecting between (price, quantity) combinations having
the same ranking.

4. The crossing network of claim 2 wherein the



When operating in the continuous market node on an exchange, a new
profile entering the system nust " ! _the stock available at a
satisfaction value of "one" and ZSSuﬁeﬁEFF€F‘pr%ee~oL_an equal price (in

the case of tine priority) reIs&ﬂ”ﬁ” ective allocation based
on mut ual sati sfaction. WIWN’WI e enters_th tem
the mutual 30WR¥MEYaction cross produtts ame | at ed wi tW@é@?s

to contra profiles, and the ranking procedure of the basic algorithmis
performed. The hi ghest-ranked price/size cell becones a tentative first
al I ocati on. Bef ore nmaking the allocation, however, the CMC 2 first 35

checks to see if there are any contra profil®es exhibiting a "one" val ue

of satisfaction (Rleéiy RRnteo1RELCE er mdtWM¥s DréRrsOin(Peafitffe
equal price, lower siz an%l . 36/34%?7 .
PCT/ US96/ 07265 @8 each order is received at the mapching cHﬁgpﬂbl?;ne

priority, over theomputtera profile involved in the tentative allocation.
If so, the trades fromthese profiles are aggregated to determ ne the

total size avai |l abl e at_an egua or better éwi e., These trades get 5
priority for matching w th e CRERP %f??%?Qﬁk& aim 2; tyrehege
al I ocati on. The aggmmgiading meansafonocasseciatimgyesich sathefacektonf the

tentative allocai&éﬁ%iéfségg%ile wQEﬂ’Qrfgééé%rgF%ﬂiﬁ%ﬁtiSfaCtion val ue of
zero at the smalle I'ze and the correspondl ng aggregate average 10
price, and/or if the tentative contra party is unwlling
6. The crossing network of claim 2 wherein the
matching controller computer further comprises means for
accumulating matched (price, quantity) combinations for

each trader terminal.

7. The crossing network of claim 2 wherein
satisfaction density profile is a two-dimemsional graph
having a price axis and a quantity axis.

8. The crossing network of claim 2 wherein the
satisfaction density profile is entered at the trader
terminal as a contour graph.

9. The crossing network of claim 2 wherein the
s satisfaction density profile is entered at the trader
terminal as a temperature graph.

10. The crossing network of claim 2 wherein each
satisfaction density profile includes a satisfaction
density value for each (price, quantity) combination.

1. The crossing network of claim 2 further
comprising means for combining a plurality of
satisfaction density profiles.

12. The crossing network of claim 2 wherein each
trader terminal further comprises means for enabling
related satisfaction density profiles to be linked.



to accept the residual amount, then the tentative allocation is
I nval idated. Should no trade result_after———all-tentative atocat+ons
ed, the new profile will be eligible for a retry after

have been exhaust

subsequent new 15 profiles are executed—— This procedure is

summari zed in Flﬁ 11

mut ual sati sf X@

_ At step 202 | ect s t hgHnshebiaeESt
. grid point. mﬁeterm nes at step 204 -
i f-any 20 contra satisfaction den5| messexf st in the system

that have a "1" satisfaction at a better price. If so, at step 206 the

CMC 2 aggregates these possible trades to ggdetermne the total size

avail able at the better price, and these trades get priority for

g%c][li ng at tsteg 232. 25 AAS&ﬁdsﬁJhgpheeQSSkishaﬂerMctm aluys aads s208 and
or radeg avi ri_c r

aggregate size is® E Pe ?%IB}'EF gaQEéfé{:ggoﬂsférﬁ] &&’ané:tti ?&Oflle'

al l ocation (step gng)cro$ﬁ¢pgrna cemprisipgt ocat ed accordingly (step

214). Ot herw se,
unwi | ling to acce
allocation is inv

superior or equal
hi ghest - r anked
PCT/ US96/ 07265
t he above situati

at step 3Ga lﬁsalllftyt be t:eaaafl vermmiYs foar entiering an

t he resi dual ango 1 t tative
Brviex, &6 (a e’pm%fw ¥R £h8 FPef 07 a ‘Silerdbrball B 1C
wi | ling to accept deheityspriofdle hhatt represeméﬂ a dq!g;;aﬁ,e iof satdefasyion
accordingly (st eptgléfadéftli@ ﬁﬁtzﬁ!ﬂﬁ%&caedacﬁnﬁﬂfﬁbﬁxﬂp&tﬁd hat has a

rice, then . the trade i'S caied {,

auper Dy £ comiae idBee , 855 Srdes BE gitaiedSa by

order or a sell order for the instwgnent; and addition to
on, the capenifdhidly ¢Bntroller computer coupled to each
one of the plurality of trader terminals over a
communications network and adapted to receive as input
satisfaction density profiles entered at each one of the
plurality of trader terminals, the matching controller
computer pairing each satisfaction density profile
representing a buy order with each satisfaction density
profile representing a sell order, and calculating for
each satisfaction density profile pair a mutual
satisfaction cross product representing a degree of
satisfaction to which the satisfaction density profiles
in the satisfaction density profile pair satisfy each
other, and ranking each (price, quantity) combination of
each mutual satisfaction cross product in an order, the
matching controller computer thereafter matching buy
orders and sell orders in accordance with the ranked
order.

14. The crossing network of claim 13 wherein the
sell order includes a sell short order.

15. The crossing network of claim 13 wherein the
instrument includes stocks. '

16. The crossing network of claim 13 wherein the
instrument includes futures.

17. The crossing network of claim 13 wherein the



where a new profile does not overlap with any existing profiles, but
there are prlces mhere both the new profile ____and existing contra
profiles have "one" satisfaction 5_values, with the ex.st|ng profiles
havi ng t hese val ues at | ower sizes. In this case, the CMC 2 sweeps the
| ower - si ze existing stock to flu“]“nHIIm"H" ﬁmnc;ne" sat | s@gct i on
val ues in the WaMBIBFil'e (using pri and SIEQ’BF? 65y

in that order). The final 10 price may be dl 1 6cafed either on a malklng

t he book" basi s, where each contra side is filled at the individual
prices of each cell, or all contra cells naysge filled at t he best
price needed to conplete the fill. 15 2. Call Market Cases There
are twelve differ gqsiGlghatt Bab1idss Le-Laisigier ed, corresponding to
each of the conbinations set forth bel ow. 20 * single-price
and nulti-price calls * no mar ket orders, exactly offsetting

‘mar ket 18. or der s Thandroseing freativonky ofackaimoldewiserein the *
non- over |l apping i ﬂqﬁgh I de pi ng limt

profiles. 25 i Egcproaggﬁ?ggpare used in these cases.
Single-Price Calls Single price calls require that profiles having a
better 30 price, a9.a "one" That bsémiﬂmmeﬂqxﬂ: ofekcdaimeld owhdrein theal |
price be given prigQddYm | devi ation of a given
profile to be the gﬁ%unteﬁﬁ mﬁéiﬂ&éé |ts est price at any size and at a
"one" satisfaction value deviates fromthe call price. Priority is then
35 given to profi |26, whose [Thecerossimd imstworke offr edath idhavhereirdnnequal
to zero, i.e., Eﬁnéﬂﬁ?ﬂ@hklEﬁglﬁ&bérggﬂﬁﬁiéchhipsthe call price at a "one

sati sfaction val ue

21. The crogsing network of claim 13 wherein the
instrument includes concert tickets.

22. The crossing network of claim 13 wherein
satisfaction density profile is a two-dimensional graph
having a price axis and a quantity axis.

23. The crossing network of claim 22 wherein the
matching controlling further comprises means for storing
each satisfaction density profile as a file in a
database.

24. A crossing network that matches orders for
instruments where the orders are represented by a
satisfaction density profile, the crossing network
comprising:

a plurality of terminals for entering orders in
the form of a satisfaction density profile that
represents a degree of satisfaction to trade an
instrument at a plurality of (price, quantity)
combinations, each satisfaction density profile
representing either a buy order or a sell order for the
instrument; and

a matching controller computer coupled to each
one of the plurality of terminals over a communications
network and receiving as input each satisfaction density
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prOfi'GS with a Stl’_lctly pOSiTi\Ip r\riag_d_g_v_j_ation must—be

£ 11 ol
LAY

conpletely in the call, while those-wth—zero price deviation may not
ngcessarily receive a conplete
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fi ‘“ 'ﬁ“i“nﬁm:ﬂ‘ the procedures to be
used under 5 v W&g , Situations. I|“c I I"I “ i / 34357 PC'I‘IIJS%I(I;??GS

57

profile entered at each one of the plurality of
terminals, the matching controller computer matching,
where possible, satisfaction density profiles
representing buy orders with satisfaction density
profiles representing sell orders, and thereafter
comparing unmatched satisfaction density profiles
representing buy orders for one or more predetermined
instruments with unmatched satisfaction density profiles
representing sell orders for corresponding one or more
predetermined instruments to obtain spread information
for each one or more predetermined instruments.

25. The crossing network of claim 24 wherein the
matching controller computer further comprises:
means for pairing each satisfaction density
profile representing a buy order with each
satisfaction density profile representing a sell
order;
means for calculating for each satisfaction
density profile pair a mutual satisfaction functionm,
each mutual satisfaction function including a
plurality of (price, quantity) combinations
representing a degree of mutual satisfaction for
trading said quantity at said price;
means for ranking according to the degree of
‘'mutual satisfaction every (price, quantity)
combination of every mutual satisfaction function;
and
means for matching, in accordance with the
ranking, buy orders with sell orders.

26. The crossing network of claim 24 wherein the
spread information is represented as a two-dimensional
graph having a price axis and a quantity axis.

27. The crossing network of claim 24 further
comprising means for outputting the spread information in



Mar ket Or der Non Overl api ng Overl apping Limt
Profiles Situation Limt Profiles Nane No-
Find the call price that 11 fills
all- profiles having a strictly
positive price deviation, in price

dou i on” ot RS o1 S | e
t he hi ghest nutual satisfaction e

wei ghted vol ume on the total

transaction. Break any ties by 58

selecting the call price yielding

the | argest total g¥a HiBall Femuse

randomdraw. Fill "all remaining

eligible limt profiles at the call

price in order of 26t ual The crossing network of claim 24 further
satisfaction and LBaBrisiBg means for outputting the spread information in
priority. Non-offseﬁéll{_j fForma binary profile wth Form a

bi nary profile w 8f® §grﬁ1f oxrm. mexi mum si ze equal to the
size equal to the offset, and offset. Slide this profile
include it with tBg correspiglidipbssing network of clainli2d Whereqptra limt

buy or sell limt profile groups at . \ profi,les

aggr egat i ng tradesgtg?f'?gi’g?ﬁi%y PrRfilReis £ typdimensional graph
sizes at cells whhaeingnarprice taeits abf &i ghantity @modfs.| es havi ng
satisfaction equals one (in a strictly positive price deviation
time priority) until the riority, and 21 yields the highest
offset site is nmef® Fill afpe '%W&F‘%HFFE’?E’&? ARy [#he WheS e Rethe
mar ket orders andsabisfacoioedenmityhprbofidée iscerscexteddmt Ehél tebminal

limt orders at that,mpghiain ,{gi;hket profile and all eligible

or maxi mum price It profiles at that price. Fill

all remaining eligible limt

profiles at the cakl price The wrbasing network of claim 24 wherein the

of mutual satisf agé{é?gfﬁﬁ@iéﬁ'e&bnsitgopaogile is entered at the termipal

time priority. EX I nary buy an e sane
price as determ nB8 RntePReXFHULS GrARh. profiles with maxi num size

no market order case to fill the equal to the market

or der of f sesgiti ng mar _ _ t,
Performthe abovegﬁ' i "%%%‘Br ggggﬁf% ?%rdeaégh 2|o4r g’? g%ggﬁ Sdch

agai nst contra bu§atipfactipn density profile includes @ SatipfRetaPR nar ket
-orders at the aveaegei®y vdlkue for each (price, quantity) combination.

33. A crossing network that matches orders for
instruments where the orders are represented by a
satisfaction density profile, the crossing network
comprising: ,
a plurality of terminals for entering orders in
the form of a satisfaction density profile that
represents a degree of satisfaction to trade an
instrument at a plurality of (price, quantity)
combinations, each satisfaction density profile
representing either a buy order or a sell order for the
instrument; and

a matching controller computer coupled tc each
one of the plurality of terminals over a communications
network and receiving as input each satisfaction density
profile entered at each one of the plurality of



two prices determned by this ) procedurre.

Tabhle 1 _ WD..96/ 34357

PCT/ US96/ 07265 4B Multi-Price
Calls The multi-price call allows for different prices, so priority
I s determ ned | satisfaction i asi c al '

di scussed abO\)@/9 ernatively, one“lﬂ“"'"lllmlﬂ”mhe cont %ﬁ%ﬁhﬁa et
sweep al-gorithm descri bed above a$ ah addi®i édnal sub-procedure on the
basi c al gorithm 10 Table 2 lists the procedures to be used under
various situations. 59

terminals, the matching controller computer matching,
where possible, satisfaction density profiles
representing buy orders with satisfaction density
profiles representing sell orders,

the matching controller computer aggregating
information from each entered satisfaction density
profile to obtain an aggregate density profile.

34. The crossing network of claim 33 wherein the
aggregate density profile is represented as a two-
dimensional graph having a price axis and a quantity
axis.

35. The crossing network of claim 33 wherein the
aggregate density profile is a market depth profile
representing quantities of non-zero (price, quantity)
combinations entered at each (price, quantity) coordinate
for all satisfaction density profiles relating to a
predetermined instrument. :

36. The crossing network of claim 33 wherein the
matching controller computer further comprising means for
giving priority to satisfaction density profiles
exhibiting a best price regardless of quantity.

37. The crossing network of claim 33 further
comprising means for outputting the aggregate density
profile in statistical form.

38. The crossing network of claim 33 wherein each
satisfaction density profile is a two-dimensional graph
having a price axis and a gquantity axis.

39. The crossing network of claim 33 wherein each
satisfaction density profile includes a satisfaction
density value for each (price, quantity) combination.
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Mar ket Or der Non- CNerIapplngFofrr—ﬂfﬁﬂﬂd,,ﬂa-/fwerIapplng Limt
Profiles Situation ~ Limt
e 2 I, e

O f'esti ng Form a binary profile mn Forma binary profile with
maxi num maxi mum si ze equal to the size equal to
the offset, and offset. Sdde into the contra I ncl ude
with the correspondi ng buy ' limt profiles, aggregating
or sell limt pr gbil e groupse @rossing network of clain?@3VRBkfe$fNbadn

satisfaction r|t e t he egual s
one (in tine pri og?‘g Faction 3 ?hﬁF?E%??oﬁ%l?@qu A Refile at che
until the offset mazehingrnnntrollecncbnpusenarket sweep =od),

Fill all market orders at the sliding t he narket profile as

vol une- wei ght ed aver age prlce nece # to f th ri ce that
(WAP) over the agftegated » COMPULRZy ?P ?ﬁ% qaﬁi r BPEMeT

cells, ‘and fill tinatchvotdexs, each ozdernséepresentesi \wist leisthersaabtuyon
limt orders at tFShisfactlon dens&qgabraflf Cor iqéélfﬂéatqgkgéElon
corresponding cell pric ai e reﬁy ting VWA

Limit orders are pppgégyegroflle and specifying a degree of satisfactzon
what ever out cone eestradefatma fgdiarality of (price, quantlty)

basic al gorithm . uhinations.

42, . For use in a computer-implemented crossing
network, a trading terminal to input orders, each order
represented as either a buy satisfaction demnsity profile
or a sell satisfaction density profile and specifying a
degree of satisfaction to trade at a plurality of (price,
guantity) combinatioms.

43. A trading network to match desires of buyers
and sellers of airline tickets, the trading network
comprising:

a plurality of terminals for entering an order
for an airline ticket in the form of a satisfaction
density profile that represents a degree of satisfaction
to trade the instrument at a plurality of (price, time of
departure) combinations, each order being either a buy
order or a sell order for the airline ticket; and

a matching controller computer coupled to each
one of the plurality of terminals over a communications
network and adapted to receive as input satisfaction
density profiles entered at each one of the plurality of
terminals, the matching controller computer pairing each
satisfaction density profile representing a buy order
with each satisfaction density profile representing a
sell order, and calculating for each satisfaction density
profile pair a mutual satisfaction c¢ross product
representing a degree of satisfaction to which the
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buy/sell limt satlsfactlon vol ume “weifght profiles.

Fill all market average price) fromthe results.

orders at the average of the and fillgghe offsetting market

two prices determned by this orders at this price.

procedure. satisfaction density profiles in thdaddteis¥action den¥fky
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50 " Non- SecuPFPELIRARALT PAIREY, sach, grhek s RAKARY each (prigey oy
the present invenfi®Bf ﬂ%sdeparﬁﬁﬁﬁ? ﬁﬁﬁm§@é5F9¥y°frﬁﬂﬁﬁr@PQﬂﬂﬂ i cations. For
exanpl e, 5 the ppastfactimnicrss. prodactsel & odrdele, ithe aEtdhihg '

for " dat reangﬁs§SE§§‘=§&1§&‘?‘§¢¢}%€?§%Y"e%#?eg LB 0L 3% FdetB.BRE ) of
various features 8elh 9eders|in aCCQIQPEFe whthrele ranked roxgder.ot her event

tickets, to match 10 prospective enployers and enployees, to trade in

nat ur al gas, d to sel alrl an ravel t ts For
exanpl e, when useggfo trade %4¥a$ gtgéggs°£ fam 4%iﬁ%§5$1ﬁoﬁpﬁ
cust omers who aremeéekimq;@nnnnphierafnstherlgnmp:nﬁpatmaana mamsrwpardlbg
for exanple, airltBesach terminal the results of the matching.

45. A computer-implemented matching network that
matches orders for travel tickets where each order is
represented by a satisgfaction density profile, the
matching network comprising:

a plurality of terminals for entering orders in
the form of a satisfaction density profile that
represents a degree of satisfaction to trade a travel
ticket at a plurality of (price, time of departure)
combinations, each satisfaction density profile
representing either a buy order or a sell order for the
travel ticket; and

_ a matching controller computer coupled to each
one of the plurality of terminals over a communications
network and receiving each satisfaction density profile
entered at each one of the plurality of terminals, each
received satisfaction density profile stored at the
matching controller computer in a database as a file, the

- matching controller computer interacting with each file
by pairing each satisfaction density profile representing
a buy order with each satisfaction density profile
representing a sell order, and thereafter calculating for
each satisfaction density profile pair a mutual
satisfaction function, each mutual satisfaction function
including a plurality of (price, time of depafture)
combinations representing a degree of mutual satisfaction
for trading said travel ticket at said price and time of

(optional | y—th—t+he——ro



travel agents, tour conpanies and travel whol esal ers. The satisfaction
density profile in this instance is_a @ two-dinmensional grid, with the
vertical axis representing price and the horizontal axis representing
time of flight 20 (e.g., date of travel—and—ti+me—in—one hour segments.)

Each profile wuld represent a part York
to Denver; Lo?‘b&fé‘éﬁ;s to Atl ant a, (lg ﬂ‘mm}!“mt exarrpl g’&m

seeking a flight from Boston to er on a buy
satisfaction 25 density profile for "Boston-Toronto" the degree of
satisfaction to travel at each price at eac@fn me. For exanple, a
traveller may be prepared to pay $50 nore to travel on Friday evening
rather than on Sa&é% rd%ﬁ&mtionb%n&r&%ré&t@rf %ﬁ&&ﬁ&cﬁéc?ﬁdﬂigepar ed
to fly on a Sund o for %a.g? :'?Fef t31%travell dtravel
at any tine f rle§s§ W24 F3HRE2F O SYREY e, pﬁbﬁ?d time ont gr
sel | profiles repo:ésdanarrtglrleheCMlbinagmmﬁ cwagiyt mutuajesasiafaetddn price
at each time. Morggy @rfioxi Nl fatchifgDoth Edlordiindel witBERARCRSpEY d be
added to the 35 satrs(gftro ensiiy ofile, e.g., airline pre er@nce (a
customer may pay SH¥ ? ?te airline), nunmber of
stop-overs, etc. Further, there coul d be WO 96/ 34357
PCT/ US96/ 07265 0SS

. . tchi twork 4
"instruments”, e.4gs., rail Fpgng‘aost a? n vox coou rﬁ%’lmr gl ugggé% l?%e

mat chi ng process BAtchings CoOREro ernﬁ?’"l?)‘ét% urihel: CORPTrdSes peans\fay ai n
from New York to seledinsigobetecefiSQpoicdprime of depgrtd@e) sabdmsinel dis

travel 5 by trai ﬂ%ﬁhgosgﬂeg/g/gﬁ{tgorm ng, 0%satisfied to travel
y t1ne 0 Sa

by train for $12 fied to travel by airplane for
$200 on Monday afternoon etc. '
47. The crossing network of claim 45 wherein the

matching controller computer matches orders at regular
time intervals.

48. A method for matching orders for a plurality of
instruments based upon a satisfaction and size profile,
the method comprising the steps of: -

entering an order for an instrument in the form
of a satisfaction density profile that represents a -
degree of satisfaction to trade the instrument at a
plurality of (price, quantity) combinations, each
satisfaction density profile representing either a buy
order or a sell order for the instrument;

transmitting each satisfaction density profile
to a host computer;

at the host computer, pairing each satisfaction
density profile representing a buy order with each
satisfaction density profile representing a sell order;

at the host computer, calculating for each
satisfaction density profile pair a mutual satisfaction
cross product, each mutual satisfaction cross product
including a plurality of (price, gquantity) combinations
representing a degree of mutual satisfaction for trading
said quantity at said price;

at the host computer, ranking according to the
degree of mutual satisfaction every (price, quantity)



The matchi ng process can take place in real tinme or at 10 predeterm ned

tine intervals, e.q0.., every day or every haur Resu

mat chi ng process can be returned to the term nal at which the buyers
and the sellers enter their 15 satls ac |o factiom densityproefiles, or by other
known communi cati on neans. r d eang¢ﬁ§

nerely illust ™@P4RIST  of the pri nC| !ﬂ @@ﬁg i nven # her
20 enbodi nents of the present |nvent|om\Md t to t hose
skilled in the art w thout departing fron1the spirit and scope of the
present invention. WO 96/ 34357 63
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orders for instrunents where each order is represented by a satlsfactlon
density profile, &f crossi ng network conpri sing:

plurality of trader terni nagt the hpﬂaaqcmguter@rmatghinszrﬁpfanqqnﬂan@e
satisfaction densili¥npeaéi +entiidd, buy AaRE8NWEtA Sl eerddrsati sfaction to

trade an

49. A method for matching orders for a plurality of
instruments based upon a satisfaction and size profile,
the method comprising the steps of:

receiving a plurality of orders for a plurality
of instruments, each order received in the form of a '
satisfaction density profile that represents a degree of
satisfaction to trade the instrument at a plurality of
(price, quantity) combinations, each satisfaction density
profile representing either a buy order or a sell order
for the instrument; '

pairing each satisfaction density profile
representing a buy order with each satisfaction density
profile representing a sell order;

calculating for each satisfaction density
profile pair a mutual satisfaction function, each mutual
satisfaction function including a plurality of (price,
guantity) combinations representing a degree of mutual
satisfaction for trading said quantity at said price;

ranking according to the degree of mutual
satisfaction every (price, qguantity) combination of every
mutual satisfaction function;

matching, in accordance with the ranking, buy
orders with sell orders.

50. The method of claim 49 wherein the step of
receiving further comprises the step of storing each
received satisfaction density profile in a database as a
file.

51. The method of claim 50 wherein the step of
pairing further comprises interacting with the files
stored in the database.




instrument at a plurality of (price, quantity) conbi nati ons, each
satisfaction density profile representing either a buy order or a sel
order for the i nstrunent; and a nmatching controller
conput er coupled to each one of the plurality of trader term nals over a
comuni cati ons_network and receiving iﬂ"'"ﬂﬂﬂlnm ' deng| |l e
entered at eacWO3HM3Bt the plurality @ ﬂﬂluﬂ“ nal s, Eg@ﬁﬂgégﬁﬁved

satisfaction density profile stored®at ‘t he nt c¢hirtg control | er conputer

in a dat abase as a file, the matching controller conputer i nteracting
with each file by pairing each satisfaction density profile representing
a buy order with each sati sfaction density profile representing a sel

order, and theggafter capgallmddinis ot caagh i@thﬁéfﬁﬂ%éj%%ﬂpt BE
proflle pair a nmutual satlséactlon funct,i on, sati,sfaction

function incl udi ngFeSeiVEPE FERERRT GampTdses tgﬁaﬂF?QY? tronigadly
representing a deg'eeelvﬁ.nmjea.ml ordes:at:hmfthet formf of armh:rxjafmjmbnquant ity
at said price, ange 51E%e pesE{iRd. ranking according to the degree of nutua
satisfaction every ?prl quantity) conbination of every mut ual
satisfaction function, and matching, in accordance wi th the ranking, buy
orders with sell saders A mexhod for-ﬂamchiagngrdetswﬂdrthﬂumandbysof

orders for a Pl RERkdn¥n Ol t&aﬂféc{(‘i@%t A QQEEQfHE{?{bﬁ éﬂ%@igz% yfg?,ﬁ@d
size profile, the Crossing_net r1sin /
PCT/ US96/ 07265 the method ccmprlsing the steps of 53
plurality of trader term natecdirimniacpliogadity of orders as a
satisfaction density profile, each satisfaction density
profile representing a degree of satisfaction to trade an
instrument at a plurality of (price, quantity)
combinations and representing either a buy order or a
sell order for the instrument;
pairing each satisfaction density profile
representing a sell order with each satisfaction density
profile representing a buy order;
calculating for each satisfaction density
profile pair a mutual satisfaction function, each mutual
- patisfaction function including a plurality of (price,
quantity) combinations representing a degree of mutual
satisfaction for trading said quantity at said price;

. ranking according to the degree of mutual
satisfaction every (price, quantity) combination of every
mutual satisfaction function;

where possible, matching in accordance with the
ranking buy orders with sell orders; and

comparing unmatched satisfaction density
profiles representing buy orders for one or more
predetermined instruments with unmatched satisfaction
density profiles representing sell orders for '
corresponding one or more predetermined instruments to
obtain spread information for each one or more
predetermined instruments.

54, The method of claim 53 further comprising the
step of outputting the spread information.



order for an instrunent in the formof a satisfaction density profile

that represents a.degree of sati sfactiof——to-t+ade the instrumept—at—a———
plurality of (price, guantity) conbinations, each satisfaction density
profile representing either a buy—oerder—or—a sell order for the

one of the pi TRPFSTr ¢ rader ter %“ﬂgjﬂ[@mgﬂu'\ml IR n cat RERuSers 2"
coOnt

and receiving as input each sati sf emsi ¢y profile entered at each
one of the plurality of trader termnals, the matching controller
conput er conpri sing means g®r pairing each satisfaction
density profile representing a buy order with each
satisfaction densgby profi |z netiods €oki mgtching orders forsel platdeity of

means for CalCU|aihQQr&ﬁgné§a sed u@on a ati§£ﬁééiéﬁﬂq§%ﬁsQEQSbEX§Eigf"9
pai r a mnutual satl sfaCtion function;, each nutual “satistaction
function i ncl udi nihe Pethed icoppsising; ke steps of: quanti ty)

conmbi nations representing aetedviagod plurality of oriéngalassati sfaction for
tradi ng said quangi : i rl . . . ans
for 1 aski ng accor SHiPTaction gemeiry profifel dith aatistacrion aspaitfr]
every (price, quap¥efide representing acdegresiohrfalrisfactiomitoarrade an

Satiﬁf action instrument E;\ltnﬁt pearadidy of (price, quantitjpans for ]
sel | orders. - eMblfaciond wi8 repeengnning st & Bk beilkE: BE Rt he
mat chi ng contr ol | 8elk ceasiare £opythReingbrpmenes neans for sel ecti ng
between (price, quantity) cRuiegatiagsiissimition fi@nf &N afkerdd 4.
The crossing n6t“Qééiégaéﬂ{%th%n%Q€§ebQ° Efé to obtain an aggregate
density profile;
outputting the aggregate density profile to
provide price information to users;
pairing each satisfaction density profile
representing a sell order with each satisfaction density
profile representing a buy order;
calculating for each satisfaction density
profile pair a mutual satisfaction function, each mutual
satisfaction function including a plurality of (price,
.quantity) combinations representing a degree of mutual
satisfaction for trading said quantity at said price;
ranking according to the degree of mutual
satisfaction every (price, gquantity) combination of every
mutual satisfaction function; and
matching, in accordance with the ranking, buy
orders with sell orders.

56. The method of claim 55 wherein the aggregate
density profile is a market depth profile representing
quantities of non-zero (price, quantity) combinations for
all received satisfaction density profiles relating to a
predetermined instrument.

57. A method for trading a plurality of instruments
based upon a satisfaction density profile, the method
comprising the steps of:
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54 mat chi ng controll er conputer _matches orders in real tine as ea
order is received at the matching contyeller __ conputer. 5.

The- crossing network of claim2 further conprising means for associat

each satisfactio

The crossing m?wwgfnii ;Ympgoa}]lasemllma,ﬂ'"mmﬁg (r:]glnt rl’ﬁr{q%’g@a?ﬁau

further conprise

s nmeans for accunulati%g mat"chéd ¢price, quantity)

conbi nations for each trader termnal. 7. The crossing
network of claim 2 wherein satisfaction qﬁpsity profile is a-
t wo- di nensi onal graph having a price axis and a quantity axis. 8

The crossi ng net
is entered at th
crossi ng network
entered at the t
The crossi ng net
profile includes
conbi nati on.

work of ¢l 3yt 1HICRE! BribE for S |lATlARLIZISERY PR

e trader termnal as a contour graph
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satisfaction density profile representing either a buy
order or a sell order for the instrument;

causing the order to be communicated to a

matching controller computer that matches orders so that
an outcome of the matching proéess in terms of individual

allocations is a maximization of mutual satisfaction for

" all parties who submit orders; and

receiving from the matching controller computer
an indication of matched trades.

58. The method of claim 57 wherein the step of
creating comprises entering the satisfaction density
profile on a two-dimensional graph having a price axis
and a quantity axis.

59. The method of claim 57 wherein the step of
creating comprises utilizing factors other than price and
size to determine the degree of satisfaction at each
(price, quantity) combination.

60. A method for matching orders for a plurality of
instruments based upon a satisfaction density profile by
giving priority to orders exhibiting a best price, the
method coﬁprising the steps of: '

receiving a plurality of orders as a set of
satisfaction density profiles, each satisfaction density
profile representing a degree of satisfaction to trade an
instrument at a plurality of (price, quantity)
combinations and representing either a buy order or a
sell order for the instrument;

pairing each satisfaction density profile
representing a sell order with each satisfaction density
profile representing a buy order;

ch
i ng

ter
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11. The crossing network of claim2 further conpri sing neans for

coghining a plurality of sat i sf acti-or—density—profil es. 12—
The crossing networ k_ of claim 2 mheretg_gggn____LLadeL_Lern1naI further
compri ses neans for enabling _relate satisfaction density profiles to be
PCT] U 072630 %eisT >4257 |0 W , , remmesanzace

crossing network that matches buy and sel*l Lorler’s Based upon a
satisfaction and quantity profile, - the crossing network conpri sing:

a plurality of trader termnals for enteringsan order for an instrunent
in the formof a satisfaction density profile that represents a degree
of satisfaction to tradelcotatingrfordact satdlsfazicibn dénéimyce

quantity) conbi nﬁfocme $A1E Q" HEERE! Ak AlERI A mcmn " 6kn Ytk
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termnals, the con arr eac
density profile represéﬁpkhggaaﬁﬁgrQ#nﬁthMQhﬁ §§6We§a9ﬁsm%%¥¢bn density
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profiles matching in accordance with the ranking buy

orders with sell orders; and

allocating trades first to unmatched

satisfaction density profiles comprising a complete

satisfaction indication at a better price than the

matched buy orders and sell orders, and then in

accordance with the ranking. '

61. The method of claim 60 further comprising the
steps of: ' ' '

comparing any unmatched satisfaction density
profiles representing buy orders for one or more
predetermined instruments with unmatched satisfaction
density profiles representing sell orders for
corresponding one or more predetermined instruments to
obtain spread information for each one or more
predetermined instruments; and

outputting the spread information to provide
users with generalized price information.

62. A method for matching orders for a plurality of
instruments based upon a satisfaction density profile by
giving priority to orders having time priority, the
-method comprising the steps of:
receiving a plurality of orders, each order

repregented as a satisfaction density profile, each
satisfaction density profile representing a degree of
satisfaction to trade an instrument at a plurality of
(price, quantity) combinations and representing either a



in the satisfaction density profile pair satisfy each ot her, and .
ranki ng each (price, quantity) conbination of ____each nutual satisfaction
cross product in an order, the mat ching controller conputer thereafter
mat ¢hi ng buy orders and sell orders in accordance with the ranked

order. 14. The crossi nmmﬂ“m““ﬂliﬁl 13 wherein the

sel |l order i ncV@P834387 sel| short or . The cPOHRU%|T263
network of claim 13 wherein the T nstrdmefit fncfudes stocks. 16.
The crossing network of claim13 wherein the i nstrunment incl udes

futures. 17. The crossing network, of claim13 wherein the
WD 96/ 34357 / US96/ 07265

56 Jinstrument pLYCchydes &H'd F1Cdrder foBthe instrildent;0SSing network
of claim 13 wherein“the | nstrument _inc

| udes bpnd 19 Th
crossi ng network of c|ainqJgéhﬁﬁﬂaéFHCPh8at285%§¥f5h§§ﬂnﬂﬁﬁﬂ Eﬁggl&ﬁtioﬁs.

representing a sell order with each satisfaction density
profile representing a buy order;

calculating for each satisfaction density
profile pair a mutual satisfaction function, each mutual
satisfaction function including a plurality of (price,
quantity) combinations representing a degree of mutual
satisfaction for trading said quantity at said price;

ranking according to the degree of mutual
satisfaction every (price, quantity) combination of every
mutual satisfaction function;

matching in accordance with the ranking buy
orders with sell orders; and

allocating trades first to unmatched
satisfaction density profiles comprising a complete
satisfaction indication at an egqual price to the matched
buy orders and sell orders if said unmatched orders have
time priority, and then in accordance with the ranking.

63. The method of claim 62 further comprising the
steps of:

comparing any unmatched satisfaction density
profiles representing buy orders for one or more
predetermined instruments with unmatched satisfaction
density profiles representing sell orders for
corresponding one or more predetermined instruments to
obtain spread information for each one or more
predetermined instruments; and

outputting the spread information to provide
users with generalized price information.

64. The method of claim 62 wherein the step of
receiving further comprises the step of storing each
received satisfaction density profile in a database as a
file.



20. The crossing network of claim13 wherein the I nst runment

I ncl udes conput er chips 21. ___ ——The—cessing net wor k—of—ctarmrt8
wherein the instrument includes—concert tickets. 22. The
crossing network of claim 13 wherein satlsfactlon‘den3|ty profile is a

t wo- di nensi onal graph having a: p M'”'ﬂ uantlty PETRUSI607265 23
The crossing W& Tof claim 22 V\/n , m hi ng control 5 ng s
further conprises nmeans for storing each datssfaction density profile as
afileina dat abase. 24. A crossing network that matches
orders for instruments where the orders agg represented by a
satisfaction density profile, the crossing network . conprising:

a plurality of tegginals f%eeme‘%hbagoﬁrdﬂaﬁnlm vhéredr ®he etep of

sati sfaction denS|t rof t hat rese atel, ction to
trade an i nst rﬂﬁiﬁf Nl §I°F'P§ 8 (%PE%&&H% v}?it(?m) ‘end tf n‘%lgnat i ons,
each satisfactionsdetsdtgn[nhﬁ|da§abaseepresent|ng either a buy order or a
sell order for the i nstrument; and a matching controller

conput er coupl ed to each one t.he _p i I I ver

conmmuni cati ons Bet wor k %&ﬂ g 96 ﬁgaﬁqp%%( vcé}é %%ng‘tt:i]%f %E%Poﬁfdenm ty

WO 96/ 34357 receiving further comprises the stuEp/afsedegsrrepically
receiving each order in the form of a satisfaction

density profile.

67. A method for trading a plurality of instruments
based upon a satisfaction and size profile, the method
comprising the steps of:

entering an order for an instrument in the form
of a satisfaction density profile that represents a
degree of satisfaction to trade the instrument at a
plurality of (price, quantity) combinations, each
satisfaction density profile representing either a buy
order or a sell order for the instrument;

transmitting each satisfaction density profile
to a host computer that matches orders as represented by
satisfaction density profiles such that an outcome of the
matching process in terms of average price and size of
£ill is a maximization of mutual satisfaction for all
parties; and

receiving from the host computer an indication
of matched trades.

68. The method of claim 67 wherein the step of
entering comprises entering the satisfaction density
profile on a two-dimensional graph having a price axis
and a quantity axis.

69. The method of claim 67 wherein the step of
entering comprises entering the satisfaction density
profile as a contour graph.

70. The method of claim 67 wherein the step of



57 profile entered at each one of the plurality of termnals, the
mat chi ng controller conputer matching. where passible, satisfaction

~density profiles representing b;ﬁdg%%ng,mLLh»satféfaction density
profiles representing sell orders, ereafter conparing unnmat ched

satisfaction densit rofiles I “ﬁ ﬁwers for
pr edet er m ned woysqu?g runents with UW“&“I“ i on denﬁ%l es
I'n

representing sell orders for correspo g one "or nore pr edet er mi ned

i nstruments to obtain spread information for each one or nore
predeterm ned instrunents. 25. crossing network of claim 24
wherein the mat chi ng control |l er conputer ?urther conpri ses:

means for pa'r'ngeﬁ%&?iﬁétééﬁﬁiiééﬁ‘dl aYing the satisffddiod Hama3epting a
buy order with each atisfa tlon d 33|ty profile representing a
sel | or g@rotile as a “tempe i ¢al cul ating for each

sati sfaction density profile palr a nutual satisfaction function

each mutual satiskgction fupgd imdtHdE lgtdicigim 67 wherelﬂﬂﬁﬂéﬂgﬂéb & (price,
guantity) conbinations representin degree of

satisfaction for entering ?VE&F?E]%éﬂﬂfﬁﬁﬁ?ngpgﬁr§€9§%J?Fiﬁq tion

means for ranki ngdensdtyi valee fdie ey dprite, quant:.tyrhtcmﬂbimuishad.ni on

every (price, qanhEté&tisfaction(agﬁgﬂﬁy' FPiecvery nutual satisfaction
function; an mednS for matching, in accordance with

t he ranki ng, buy orders with sell orders. 26. The
crossing network @@, clain1ZHhQWNEﬁhdd1d&eclaimsﬁ?eahbtéinwﬁh§isnéd bf

quant iy axis. | cheehy RS confliBls SAY BtoP JF CRAUPLE: fer

plurality of satisfaction density profiles.

73. The method of claim 67 wherein the step of
entering further comprises the step of linking related
satisfaction density profiles.

74. The method of claim 67 wherein the step of
transmitting further comprises the step of storing and
transmitting each satisfaction density profile as a file.

75. A method for trading airline tickets comprising
the steps of:

entering an order for an airline ticket in the
form of a satisfaction density profile that represents a
degree of satisfaction to trade the airline ticket at a
plurality of (price, time of departure) combinations,
each satisfaction density profile representing either a
buy order or a sell order for the airline ticket;

transmitting each satisfaction density profile
to a host computer that matches orders as represented by
satisfaction density profiles such that an outcome of the
matching process in terms of price and time of departure
is a maximization of mutual satisfaction for all parties;
and

receiving from the host computer an indication
of matched orders.



conprising means for outputting the spread information in WO
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58 graphi cal form 28.
further conprising nmeans for outputting the spread information in
statistical fogwyogsess729- The crossing network of cIa|n124 wher ei n
satisfaction density profile is a two-di nensional graph hav ﬁ'&“ W?‘ée
axis and a quantity axis. 30. rbssing network of claim?24
wherein the satisfaction density profile is entered at the term nal as
a contour graph. 31. ‘The crossing network of claim24 wherein the
sati sfaction density profile is entered aQ(the tler m nal as a tenperature
gr aph. 32. The crossi ng networ, ¢ljgi m 24 wherei n each
satisfaction density profile includes a Ségtfta t N density val ue for
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33. A crossing network that matches orders for I nstrunments where the
orders are represented by a sat | sf action-—density—profil e, the—erosstng

~ network conpri si ng: a plurality of termnals for entering

- orders in the formof a satisfaction density profile that represents a
degree of sat%%ﬁta% gn to trade an instrunment at a plurali tp¢rRfsedgdmésce,
quantity) C 5 ons, each satisfaction density profile representing
ei ther a buy order or a sell order for t@e/ 1i*hstrument; and a
mat chi ng controller conputer coupled to each one of the plurality of

term nals over a communi cations network and receiving as input each

sati sfaction density profile entered at each one of the plurality a&

WO 96/ 34357 PCT/ US96/ 07265
59 termnals, the matching controller conputer matching, mhe“ﬂj
possi bl e, satisfaction deRsity profiles sepresenting buy orders Wth
satisfaction density . L. the
mat chi ng controll ) enter ed
'gitisfact;ﬁn densfly Sity p{ofhleé_t
: e crospng ; aggregate density
profile is represg tdf€as a t di mensi onal graph having a price S
o q
~and a quantity IxifESE ez /“"_
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" wherein the

35. The crossing network of claim 33 wherein the aggregate density

profile is a market depth profile ——+represert+rg—guantities of-rom—zero
(price, quantity) conbi nati ons entered at each (price, quantity)

coordi nate for all satisfaction density profiles relating to a
- predeterm ned“}'o}g{ar%?ent : 36. The crossi ng networ K pefrusédeiizies3 3

& ng control |l er conpuker 4f grther conprising neans for
giving priority to satisfaction density Profifes exhibiting a best price
regardl ess of quantity. 37. The crossing network of claim 33
further conprising nmeans for outputting the aggregate density profile
in statistical form 38. The crossing network of claim 33
wherei n each satisfaction density profile is a two-di mensional graph
having a price 245 and a quantity axrs. 39. The Crossimng] net wor k
of claim 33 whereiln each satisfaction density profile includes a
sati sfaction dgnsity value for each (price, quantity) conbinatio
WD 96/ 34357 PCT/ US96/ 07265
60 40. The grossing network of claim33 wherein each

=

234

20 . — :
1000 2000 3000 4000 5000

Bip
FIG. 3A



- satisfaction

satisfaction density profile is stored in a file at the matching controller
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61 satisfacti

PCT/ US9/ 07265

on density profil esinthe—satisfacti on dens+ty

pair satisfy each
' copbi nati on of ea
mat chi ng

networ k of claim
means for reporti
45, A conput
travel tickets wh
profile, the

ot her, and ranking each (price,
ch nut ual satisfaction cross product

time of departure)
in an order, the

ntr r conputer thereafter matching buy orderpgraiResnrzssse! |
orders in acc&FﬁEﬁ%%ﬁmﬁth the ranked order.

44, The trading

43 wherein the natchbﬂg‘f troller further conprises
ng to each term nal sults of the matching.
er-inpl enmented mat chi ng network that
ere each order is
a pIurallty of

term nals for 2¢m
profile that
ticket at a plurg
sati sfaction deng
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epresents a degree of satisfaction to trade a travel
lity of (price, tine of departure) conbi nati ons, each
ity ofile representing either a R@w order or a sel
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entered at each o

travelr ticket; and a mat ¢Ming controller
to each one of the plurality of termnals over a
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satisfaction den§
in a database as
with each fil @3-
a buy order with
order, and thereh

ne q@ the plurality of termnals, eaCB recei ved

Tty BoTTTe stored at The rmumlm)&mﬂoHercmmMe

a file, the mat chi ng controller conputer interacting
by pairing each satisfaction density profile representi

each satisfaction density profile representing a sel

hg

fter calculating for
0!7

0.6 0.6

0.5 0.5

0.4 0.4

0.3 0.3

21 -

0.2

0.1 0.1

20

1000 -

S1p

4000

3000
FIG. 3C

2000 500

-
prortT1e

mat ches orders for
represented by a satisfaction density
mat chi ng net wor k conpr|5|ng



each satisfaction density profile pair a mutual satisfaction function,

each mutual satisfaction function —helddirg—a—prurality ef—prrce—time
of departure) conbi nati ons representing a degree of nutual satisfaction
for trading said travel ticket at said price and tine of

62 departure gﬁ i gtion, and thereafter ranking accordi ng perhsssisesr ee
of mutual satl Iron every (price, ti of .dgparture) conbi nati on of
every mutual satisfaction function, and ﬂcﬂiﬂg, in accordance with the
ranki ng, buy orders with sell orders. 46. The mat chi ng net wor k of

cl aim45 wherein the matching controller conputer further conprises neans

for selecting b@4REEN (prrce, t1ne ol departure) cQNbinations having the
same ranking. 47. The crossing network of cl& m 45 wherein the
mat ching control |l gr conmputer matches orders at regul time intervals.| 48.
A nmethod for matchi ng orders for a plurality of instr nts based uponja
sati sfaction and sf ze profile, the nethod conprising thy steps of:
entering an order ffor an instrument in the formof a satinsfaction densfty
profile that reprgsents a degree of satisfaction to trade Yhe instrunmept at
a plurality of (prijree—eatd@t+tyr—comptmatons—eadL sati sf &tion densify
profile representijng either a buy
23-
22 0.4
0.5
91408 ——06
0.7
0.8
0.9
20 L) L] L]
1B %00 2000 3000 4000 5000
p .

FIG. 3D



order or a sell

conput er,

order with each satisfaction densi ty profile representing a sell
cal culating for each satisfaction densi '
%RCtion Cross product 7 éatH/ nutual sati sf a&ﬁ@%%%gs

at the host c %&
pair a nutual satis

order for the instrunent;
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transmtting each
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i nations -

product including a plurality o
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for the instrunment; _ pairing each satisfaction density profile

representing a buy ch satisfaetion—density proftte

representing a sell order; calculating for each satisfaction
density profile pair a mutual satisfaction function, each nutual
satisfaction Wi’%'g%q including a plurality of (price, qU itriis¥e7265
conbi nations representing a degree of mutual sati sfaction for trading
sai*d quantity at said price; /rhﬁking according to the degree
of nut ual satisfaction every (price, quantity) conbination of every

mut ual satisfaction function; mat chi ng, in accordance with the
ranki ng, buy orders with sell orders. 50. The net hod of claim
49 wherein the step of receiving further conprises the step of storing
each recei ved satisfaction density profile in a database as a file.
51. The nethod of claim50 wherein the step of pairing further
conprises interacting with the files stored in the database. WO
96/ 34357 PCT/ US96/ 07265

64 . 52. The met hod of claim49 wherein the step of recei vi ng
further conprises the step of electronically receiving each order in the
formof a satisfaction density profile.
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53. A method for matching orders for a plurality of i nstruments

based upon_a satisfaction and size profile—~——the—ret hod comprstrag—the—

st eps of: receiving a plurality of orders as a sati sfaction
density profile, each satjsfaction density profile representing a degree
of satisfaction to trade an instrument at a plurality of (g&d
quantity) hiointol I ons and representing either a buy orderﬁ'f)l?tfsgmnsssell
order for the instrunent; P rj g7each satisfaction -density
profile representing a sell order wth éath/satisfaction density
profile representing a buy order; calculating for each
sati sfaction density profile pair a mutual satisfaction functio each
nmut ual satisfaction function including _a plurality of (price,
quantity) conbinations representing a deggge of nutual sati sfacgdfon for
trading said quantity at Said price; ranki ng accordi to the
degree of nutual s%%Léjggiéon every (prlice, quantity) conbinatijgn of
every nmut ual satisfdctionXunction: where possi bl e, :
mat chi ng i n accorfgan ¢ with t ranki ng\buy orders with sell orderq; and
conpari ng unnmat cheyl | sfactifon density profiles representing buy
orders for one or| po é%auopreqeternined I nsjrunents with unmat ched
satisfaction epsijtySERH|es representing sell orders for
correspondi ng ong pr DEdeLer m ned instrunents to obtain sp ?d
information for daghjjone or Tgp ] 0 Y R R R R R —-%g :
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W) 96/ 34357 PCT/ US96/ 07265 :
65 55. A nethod for matching orders for—aplurality of —
i nstrunments based upon a satisfaction and size profile, t he net hod

. conprising the steps of: receiving a plurality of orders as a

- satisfaction density profile, each satisfaction density P i}

representing EWH@EVé% of satisfaction to trade an instrungﬁﬁhgﬁmgmﬁ
plarality of (price, quantity) CO”bL@P?iPnf and representing either a

buy order or a sell order for the inStrunent; aggregati ng

I nformati on fromeach entered satisfaction density profile to obtain an
aggregat e density profile; outputting the aggregatg density’
profile to provide price information to users; pai Fg each
satisfaction density profile representing a sell order with eacE!j
satisfaction density pROf i | e representing§§ buy order; et

cal cul ating for each satig{action density rofile pair a mutual fy
satisfaction function, t ual satisfdaction function including a
plurality of (prif{¥, |/ quantiYy) conbinatio representing a degree o
mut ual satisfaPdi qfCTor trading said quantkty at said price;
ranki ng accordi ng] 4o §e degrege of nutual tisfaction every (price
quantity) conbi natijor]| SR & nut ual eati shaction function; and
mat ching, in acco*caragcygxbcp e—r anki ng, b orders with sell orgers.
56. The nmethpd qf cl ai 5 ' e f};lijé}s. eis
a market depth prpfiiljp reprisd n & et
gquantity) conbinatiforp f o, g atlsit doth dntdans!
relating to a brleqpt gg
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conprising the steps of: WO 96/ 34357

PCT/-JS96/-07265 65 - creating
‘an order for an instrunment in the form of a satisfaction density profile
‘that represents a degree of satisfaction to trade the instrunment at a
plurality of ({iddsBezsaiuantity) conbinations, each satisfaction density
profile representing either a buy order or a sell -order fofCHigoe/07265

i nstrument; causi ng the orddy 3t6 1§ communicated to a

mat chi ng controll er conputer that matches orders so that an out cone of

t he mat ching process in gs of individual 194.0
maxi m zation of g . '

and

i ndi cation of
t he step of
profile on a two-ch
axi s. 59.
conpri'ses utilizing fa
degree of satisfactio
A nmet hod for matching

cations is a
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I nstruments based. upon a satisfaction density profile by

to_orders exhibiting a hest

receiving a plurality of orders as a set of
each satisfaction density

instrument at a plurality of (pripegmussi@sds ty)
esenting either a buy order or a

profil es,
sati sfaction
conbi nati ons
i nstrunment ;

representing a sel

pepdf

representing a buy order;

PCT/ US96/ 07265

calculating for each satisfaction density

sati sfaction function,
plurality of (price,
nmut ual

ranki ng according to the degree of nutual

an

gi vi ng prlorlty

price, the——mpthod—eenprising the—steps—of-—-

satisfaction density

profile representing a degree of

sel |

order for the

pairi ng each satisfaction density profile

wo §

each nutua

& F4357
67

order with each satisfaction density

profile

profile pair a nutua
satisfaction function including a
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61. The met hod of claim60 further conprising the steps of:

comparing any unnatched satisfacti on—densityy—profil| es represert+agHty—
orders for one or nore predeterm ned instruments w th unmat ched

_sat.i sfaction density profiles representing sell orders for

cor r espondi ngg?gggﬂ%s_’nore predeterm ned instrunents to obtrrriosaiRes

I nformation f ch one or nore predeterm ned instrunents; and

outputting the spread information to prqvjde users with generalized

price information. 62. A et ’f3r7natching orders for a
plurality of I nstruments based upon a satisfaction density profile by
giving priority to orders having tine priority, the nmet hod conprising

the steps of: receiving a plurality of orders, each order
represented as a satisfaction density profile, each satisfaction density
profile representing a degree of satisfaction to trade an instrunment at

a plurality of- (price, quantity) conbinations and representing either a
WD 96/ 34357 PCT/ US96/ 07265

68 - buy order or a sell order for the instrunent; pai ring
each satisfaction density profile representing a sell order with each

sati sfaction density profile representing a buy order;

cal cul ating for each satg : 1=R i : réa mut ual
sati sfaction function, = '
plurality of (price,

n i uding a

kit
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guantity) conbinations representing a degree of nutual satisfaction for
trading said quantity at said price,— ranki ng accore-rg—to—the——
degree of nutual satisfaction every (price, quantity) conbination of
every mut ual satisfaction function; mat chi ng i n accordance
wi th the ranking bu orders with sell orders; and Se07262t | NY
. . . . ! . US
~trades first Fﬂ’ﬂﬁﬂé?ched sati sfaction density profiles cgﬁgr|5|ng a
compl ete satisfaction indication at e price to the matched buy
Fbof
63

orders and sell orders if said unmatch have time priority, and
then in accor%gnce wi th the ranking. The net hod of claim 62
further conprd®siing the steps of: conparing any unnat ched
satisfaction defgsity profiles representing buy orders for one or nore
predeterm ned ifpstrunments with unmat ched sati sfaction density profiles
representing sellh_orders for correspondi ng one or nore predeterm ned
instrunents to ain spread information for each one or nore
predeterm ned i ts; and outputting the spread
information to jprovide{0lépers with generalized price information. 64.
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(S7) Abstract
A crossing network that matches buy and sell orders based upon

includes a number of trader terminals that can be used for entering orders. The orders are entered in the form of a satisfaction density profile
that represents a degree of satisfaction to trade a particular instrument at various (price, quantity) combinations. Typically, each order is
either a buy order or a sell order. The trader terminals are coupled to a matching controller computer. The matching controller computer
can receive as input the satisfaction density profiles entered at each one of the trading terminals. The matching controller computer matches
orders {as represented by each trader’s satisfaction density profile) so that each trader is assured that the overall outcome of the process (in
terms of average price and size of fill) has maximized the mutual satisfaction of all traders. Typically, the matching process is anonymous.
The matching process can be continuous or a batch process, or a hybrid of the two. Unmatched satisfaction density profiles can be used
to provide spread and pn'cing information. Factors other than price and quantity also may be used to determine the degree of satisfaction.
Optionally, priority may be given to cenain profiles in the matching process to accommodate stock exchange rules, for example, requiring
that priority be given to orders exhibiting the best price, regardless of size or any other consideration, The cmssmg network has utility both

in the securities mdustry and for non-securities industry applications.

a satisfaction and quantity profile is disclosed. The crossing network




