
US 20080071693A1 

(12) Patent Application Publication (10) Pub. No.: US 2008/0071693 A1 
(19) United States 

Ferstenberg et al. (43) Pub. Date: Mar. 20, 2008 

(54) COMPUTER METHOD AND SYSTEM FOR 
INTERMEDIATED EXCHANGES 

(75) Inventors: Robert A. Ferstenberg, Concord, MA 
(US); Mauricio Karchmer, Chestnut 
Hill, MA (US); Ran Hilai, Beverly 
Hills, CA (US) 

Correspondence Address: 
ROTHWELL, FIGG, ERNST & MANBECK, 
RC. 
1425 K STREET, N.W. 
SUITE 800 
WASHINGTON, DC 20005 (US) 

(73) Assignee: ITG SOFTWARE SOLUTIONS, INC., 
Culver City, CA (U S) 

(21) 11/928,986 

(22) 

Appl. No.: 

Filed: Oct. 30, 2007 

Related US. Application Data 

(63) Continuation of application No. 11/193,344, ?led on 
Aug. 1, 2005, Which is a continuation of application 
No. 09/209,815, ?led on Dec. 11, 1998, noW Pat. No. 
6,968,318, Which is a continuation of application No. 
08/856,741, ?led on May 15, 1997, noW Pat. No. 
5,873,071. 

EXCHANGE 

10’ PARTICIPANTS 
\/‘\ INSTRUCT 

E—AGENTS . 

11 mans 
W SUBMIT 

OPENINGS 

12 INTERMEDIARY 
W COMPUIES lNIIlAL 

OFFERS 

13 E-AGENTS 
\A COMPUTE COUNTER 

OFFERS 

‘5 INIERMEDIARY 
001010155 

SUBSEOUENT OFFERS 

Ami 

Publication Classi?cation 

(51) Int. Cl. 
G06Q 30/00 (2006.01) 

(52) US. Cl. .............................................................. .. 705/80 

(57) ABSTRACT 

In a preferred embodiment, this invention includes software 
processes distributed on one or more computer systems that 
exchange messages in order to facilitate an intermediated 
exchange of ?nancial commodities between a plurality of 
participants. The messages are exchanged according to a 
preferred protocol that leads to a satisfactory exchange that 
meets the objectives of the participants, and that substan 
tially maximizes in a fair manner the total amount of 
?nancial commodities exchanged. Optionally, the invention 
employs heuristic rules in association With the preferred 
protocol that adapt the protocol to the time and exchange 
requirements of ?nancial commodities. In other embodi 
ments, this invention is equally applicable to the exchange 
of any tangible or intangible commodities. In a general 
embodiment, this invention further includes a preferred 
message-exchange protocol for the construction of computer 
programs representing exchange participants and an inter 
mediary. These constructed computer programs exchange 
messages such that a satisfactory intermediated exchange of 
commodities is substantially certain to be achieved. 
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COMPUTER METHOD AND SYSTEM FOR 
INTERMEDIATED EXCHANGES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of application 
Ser. No. 11/193,344 (?led Aug. 1, 2005), Which is a con 
tinuation of application Ser. No. 09/209,815 (?led Dec. 11, 
1998), now US. Pat. No. 6,968,318, Which is a continuation 
of application Ser. No. 08/856,741 (?led May 15, 1997), 
now US. Pat. No. 5,873,071, the contents of each of Which 
are hereby incorporated by reference. 

1. FIELD OF THE INVENTION 

[0002] The ?eld of this invention is computerized infor 
mation systems directed to commercial applications; in 
particular computer systems that facilitate an automatic 
exchange of commodities betWeen users of such a computer 
system according to the users’ goals. 

2. BACKGROUND 

[0003] An intermediated exchange involves negotiated 
trading betWeen tWo or more participants through a third 
party, the intermediary. Speci?cally, in such an intermedi 
ated exchange, the participants do not communicate directly 
With each other, but rather through the third-party interme 
diary. Examples of items traded include intangibles, such as 
securities (stocks, bonds, and options) commodity futures, 
collateraliZed mortgage obligations, and pollution rights, as 
Well as tangibles, such as copper or soy beans. All such items 
involved in an intermediated exchange are herein referred to 
as “commodities.” In fact, any item that can be traded is a 
commodity. 
[0004] In the case of stocks and options, there are several 
examples of intermediaries, which differ depending on the 
status of the securities as listed or as over-the-counter 

(“OTC”) (i.e., unlisted). Listed stocks and options can be 
traded on securities exchanges, such as the NeW York Stock 
Exchange (“NYSE”), the American Stock Exchange 
(“AMEX”), and the Chicago Board of Options Exchange 
(“CBOE”). Specialists on the ?oors of these exchanges act 
as intermediaries for listed securities and, typically, have 
positions in the securities that they intermediate. Over-the 
counter securities can be traded on a computer netWork, 
knoWn as “NASDAQ,” Which links securities dealers Who 
make markets and typically maintain positions in certain of 
these OTC securities. These netWorked dealers continually 
make available on NASDAQ the highest price at Which they 
Will buy a security (“bid price”) and the loWest price at 
Which they Will sell a security (“offer price”). They then act 
as intermediaries betWeen buyers and sellers of those secu 
rities for Which they make markets. Also, they can trade With 
each other. Trading on this netWork is regulated by the 
National Association of Securities Dealers (“NASD”). 

[0005] Altemately, ?nancial institutions can exchange 
both listed and OTC securities through intermediaries Who 
form the “fourth” market. Fourth-market intermediaries do 
not maintain security positions; instead, they act only as 
agents for market participants, Whether as buyers or sellers, 
maintaining the participant’s anonymity and representing 
the participant’s interests. Originally, the fourth market Was 
largely a netWork of securities brokers communicating pri 
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marily by telephone (the “Rolodex” market). Later, Instinet 
(Reuters, NeW York, NY.) began offering partially auto 
mated intermediary services by providing a computer net 
Work through Which participants can post their security 
trading interests and subsequently can negotiate trades using 
standardiZed messages made available by the netWork. More 
recently, POSIT (ITG, NeW York, NY.) and the AriZona 
Stock Exchange (“AZX”) (Phoenix, AriZ.) began providing 
more fully automated fourth-market intermediary services. 
Instinet, POSIT, and AZX are referred to as “crossing 
netWorks” because they provide intermediary services With 
varying degrees of computer and communications technol 
ogy. 

[0006] In the simple form as currently practiced, a cross 
ing-netWork intermediated exchange involves tWo partici 
pants Who seek, through a computeriZed intermediary, to 
buy and/or sell a given amount of a given commodity at a 
given price. The amount of the commodity is determined by 
the netWork. In more complex forms, an intermediated 
exchange can be desirable Where multiple participants Who 
seek, through an intermediary, to buy and/or sell multiple 
commodities, each With a different price. For example, a 
portfolio manager may seek to execute an optimiZed series 
of commodity exchanges that are interdependent in the sense 
that, if some exchanges of the series cannot be executed, the 
portfolio manager Would prefer to WithdraW the previous 
series and submit for execution a neW series of exchanges. 
In this more complex case of multiple commodities and 
optimized exchange strategies, the intermediary may pro 
vide for selecting the actual commodities to be exchanged 
from a list of possible commodities, as Well as for deter 
mining the amounts and prices that satisfy the more-com 
plex conditions of the participants. It is believed that no 
current netWork provides such more-complex exchanges. 
See, e.g., Orford, Trading on the Frontier, Plan Sponsor, 
October 1996, pp. 18-27. 

[0007] Most market exchanges of ?nancial commodities 
involve a speci?c, single instrument, e.g., “IBM stock,” and 
tWo counter-parties, one the buyer and the other the seller. 
Even the most adaptable crossing netWorks require partici 
pants to supply a list of speci?c commodities they Will 
exchange. But as the siZe and complexity of commerce and 
investment has groWn, participants have become less inter 
ested in single commodities or lists of speci?c commodities 
and have become more interested in expressing their 
exchange goals as portfolios of commodities, Which are 
draWn from a general universe of acceptable commodities 
and Which achieve certain target-risk, return, and exposure 
pro?les. 
[0008] In this Way, the composition of the associated 
intermediated exchange Would be less dependent on any 
single investment or list and more dependent on the aggre 
gate characteristics of all the commodities combined. The 
motivation for this approach is that it permits the participant 
the ?exibility to dynamically adapt to market conditions that 
affect the price and availability of individual commodities. 
Currently, computer systems that support existing markets 
or crossing netWorks are not able to accommodate the 
evolving needs of participants, such as investment managers 
and others, Who seek to trade multiple commodities to 
achieve general portfolio goals. 
[0009] In addition, an intermediated exchange meeting 
those portfolio goals for multiple participants requires a 
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computerized solution of what is known as a competitive 
equilibrium problem. See, e. g., Ellickson, 1993, Competitive 
EquilibriumiTheory and Applications, Cambridge Univer 
sity Press. Currently, no satisfactory solution exists for that 
problem as applied to the speci?c situations of intermediated 
exchanges. 

3. SUMMARY OF THE INVENTION 

[0010] This invention provides a computer system (a 
computer-based machine including hardware and software) 
for intermediated exchange that is capable of facilitating 
exchanges of multiple commodities for multiple participants 
according to their goals. In the preferred implementation the 
computer system of this invention is used for the exchange 
of ?nancial commodities according to mean-variance port 
folio goals and related portfolio constraints. In the preferred 
implementation, participants can include investors and 
investing entities. A single participant can appear in an 
intermediated exchange single or multiple times. In the latter 
case, each appearance of a participant can be governed by 
the same or different objectives. 

[0011] The system of the preferred embodiment imple 
ments a negotiation protocol that facilitates the intermedi 
ated exchange of commodities between any number of 
participants according to their goals. This negotiation pro 
tocol speci?es how to search through possible combinations 
of exchanges between participants in order to identify the 
combination that balances the goals of the intermediary with 
the goals of the participants in the exchange. The protocol 
addresses both the determination of which commodities are 
exchanged among participants and the amount of each 
commodity exchanged. It also provides a solution for the 
competitive equilibrium problem as it is applied to interme 
diated exchanges. A computer program constructed accord 
ing to this protocol, together with accompanying hardware, 
permits participants electronically and automatically to 
carry out negotiations for the transfer of commodities 
through an intermediary. 

[0012] A computer program constructed according to this 
invention includes electronic agents (“e-agents”), each of 
which represents a participant’s exchange goals, and an 
electronic intermediary, through which the e-agents conduct 
electronic negotiations leading to an intermediated 
exchange. The e-agent program for a participant encodes the 
exchange goals and objectives of that participant. Partici 
pants can express their goals and objectives either (1) as an 
objective (or utility) function together with optional con 
straints, or (2) through a set of rules, which can be repre 
sented in a procedural computer language. Other ways of 
expressing objectives may be supported by a particular 
embodiment. However expressed, the participants’ objec 
tives can be encoded in a computer program that automati 
cally selects commodities to buy and sell from the universe 
of acceptable commodities on the basis of current market 
conditions. Systems for intermediated exchange that do not 
take into account participants’ general goals can simply be 
represented as special cases of the general e-agents of this 
invention. 

[0013] According to this invention, the e-agents negotiate 
an intermediated exchange through an intermediary com 
puter program. E-agents, acting in conjunction with the 
intermediary, process data so as to substantially maximiZe a 
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tradeolf between the amounts exchanged and the fairness of 
the exchange. An intermediary program constructed accord 
ing to this invention acts to substantially maximiZe the 
aggregate number of units of commodities exchanged in a 
fair manner that is acceptable to the participants. 

[0014] A preferred implementation of this embodiment 
represents the e-agents and the intermediary as one or more 
software processes residing on one or more computers. If 
multiple computers are used, the are interconnected by a 
network. These processes carry out the general negotiation 
of this invention by exchanging offer and counter-offer 
messages over this network and/or using an inter-process 
messages mechanism. Preferably, participants access this 
system for submitting exchange orders and receiving 
exchange responses over network connections. These net 
work connections can be private networks or suitably 
secured public networks, such as the Internet. In the pre 
ferred embodiment, this invention is adapted to the 
exchange of ?nancial commodities, particularly equity secu 
rities, but also including commodity futures, stock options, 
collateraliZed mortgage obligations, and other ?nancial 
commodities, individually or combined (e.g. equities and 
futures or equity options combined). Equity securities are 
those securities that represent an ownership interest in 
property. 

[0015] Five embodiments of this invention will be 
described. In a ?rst general embodiment, this invention 
comprises a computer system for electronic intermediated 
exchange of a plurality of commodities among a plurality of 
participants. This computer system includes: a plurality of 
e-agent computer programs running on at least one com 
puter, each participant being associated with at least one of 
the e-agent programs, and each e-agent program storing in 
an associated electronic memory digital data representing 
commodity exchange objectives of its associated partici 
pant; an electronic intermediary program running on at least 
one computer system, the intermediary program storing in 
an associated electronic memory digital data representing 
commodity exchange objectives of the intermediated 
exchange and exchanging electronic offer and counter-offer 
messages with the e-agent programs. According to this 
message exchange (i) the e-agent programs receive the 
electronic offer messages from the intermediary program, 
generate the electronic counter-offer messages according to 
the exchange objectives of the associated participants, and 
send the counter-offer messages to the intermediary pro 
gram, and (ii) the intermediary program receives the elec 
tronic counter-offer messages from the e-agent programs, 
generates offer messages according to the exchange objec 
tives of the intermediated exchange, and sends the offer 
messages to the e-agent programs. 

[0016] This ?rst embodiment can include several more 
detailed and particular embodiments and aspects, such as the 
following. In one aspect, the exchange of electronic mes 
sages between the intermediary program and the e-agent 
programs converges to an exchange of commodities that is 
substantially satisfactory both to the participants, according 
to the digital data representing the commodity exchange 
objectives of the participants, and also to the intermediary 
program, according to the digital data representing com 
modity exchange objectives of the intermediated exchange. 
Alternatively, the exchange of electronic messages termi 
nates when the e-agent programs generate counter-offer 
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messages accepting all the amounts of commodities offered 
in the immediately preceding o?fer messages received from 
the intermediary program. 

[0017] In another aspect of the ?rst embodiment, the 
electronic o?fer messages contain digital data representing 
the amounts of the commodities that the intermediary pro 
gram o?fers to the e-agent programs, and the electronic 
counter-o?fer messages contain digital data representing the 
amounts of the commodities that the e-agent programs 
accept from the intermediary program. Further, the e-agent 
programs and the intermediary program can exchange mes 
sages according to sequential rounds of an electronic nego 
tiation, each round of the negotiation comprising the inter 
mediary program sending electronic o?fer messages to the 
e-agent programs folloWed by the e-agent programs sending 
electronic counter-o?fer messages to the intermediary pro 
gram. 

[0018] In another aspect of the ?rst embodiment, the 
electronic memory associated With the intermediary pro 
gram stores digital data representing a plurality of current 
and preceding bounds, each current bound representing the 
maximum amount of a particular commodity that can be 
o?fered to a particular e-agent program in a current round of 
the electronic negotiation and each preceding bound being a 
current bound from a preceding round of the electronic 
negotiation. In this case, the intermediary program generates 
o?fer messages o?fering amounts of commodities less than or 
equal to the appropriate one of the current bounds. Alterna 
tively, the plurality of current bounds depends on commod 
ity amounts in the intermediary o?fer messages, the e-agent 
counter-o?fer messages, and the preceding bounds from one 
or more preceding rounds of the electronic negotiation, and 
more particularly from the immediately preceding round of 
the electronic negotiation. Alternatively, the plurality of 
current bounds depends on commodity amounts in the 
e-agent counter-olTer messages and on the preceding bounds 
from the immediately preceding round of the electronic 
negotiation. 

[0019] In another aspect of the ?rst embodiment, the 
electronic memory associated With the intermediary pro 
gram further stores digital data representing a selected round 
of the electronic negotiation. For rounds before the selected 
round of negotiation, the plurality of current bounds are 
selected to be betWeen commodity amounts in the e-agent 
counter-o?fer messages and the preceding bounds of the 
immediately preceding round of the electronic negotiation. 
For rounds after the selected round of negotiation, the 
plurality of current bounds are selected to be equal to 
preceding e-agent counter-o?fer messages of the immedi 
ately preceding round of the electronic negotiation. Alter 
natively, before the selected round of negotiation the plu 
rality of current bounds are selected to be a Weighted 
average of the commodity amounts in the e-agent counter 
o?fer messages and the preceding bounds of the immediately 
preceding round of the electronic negotiation. 

[0020] In another aspect of the ?rst embodiment, the 
e-agent programs generate counter-o?fer messages accepting 
amounts of commodities that are less than or equal to the 
amounts o?fered in one or more of the preceding o?fer 
messages received from the intermediary program, and more 
particularly from the immediately preceding o?fer message. 
Alternatively, the e-agent programs further send opening 
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messages to the intermediary program before the exchange 
of o?fer and counter-o?fer messages. Each opening message 
includes digital data representing maximum amounts of 
commodities each participant Will exchange in the interme 
diated exchange. 

[0021] In another aspect of the ?rst embodiment, the 
commodity exchange objectives of the intermediary pro 
gram comprise that a substantially maximized amount of 
commodities are exchanged in the intermediated exchange 
subject to constraints (i) that for each commodity the total 
amount sold equals the total amount bought by all the 
e-agent programs, and (ii) that for each commodity the 
amount sold or bought by each e-agent program is less than 
the appropriate one of the bounds. Alternatively, the com 
modity exchange objectives of the intermediary program 
further include a measure of the unfairness of the share of 
commodities o?fered to each e-agent program that is sub 
stantially minimized. Alternatively, a measure of the fairness 
can be substantially maximized. The measure of unfairness 
increases as the share of commodities o?fered to each e-agent 
program dilTers from a pro-rata share. Preferably, the mea 
sure of unfairness increases as the square of the di?ference of 
the share of commodities o?fered to each e-agent program 
dilTers from a pro-rata share. The pro-rata share for a 
commodity for an e-agent program can be determined by the 
ratio of the bounds for that commodity for that e-agent 
program to the sum of the bounds for that commodity for all 
the e-agent programs. Alternatively, the measure of unfair 
ness includes a plurality of adjustable factors, each factor 
associated With an e-agent program and for adjusting the rate 
of increase of the measure of unfairness as the share of 
commodities olTered to an e-agent program dilTers a pro-rata 
share. 

[0022] In another aspect of the ?rst embodiment, the 
intermediary program generates the commodity amounts for 
the o?fer messages by substantially maximizing the value of 
a utility function of the amounts of commodities subject to 
constraints. The utility function can be a di?ference of a ?rst 
term and a second term, the ?rst term representing the total 
amount of all commodities o?fered to the e-agent programs 
and the second term representing the unfairness of the share 
of commodities o?fered to the e-agent programs. Altema 
tively, non-linear terms in the utility function may be 
approximated by a plurality of piece-Wise linear terms. 
Where commodities are exchanged in Whole commercial 
units, any fractional commercial units generated by substan 
tially maximizing the value of the utility function can be 
preferably reallocated among the e-agent programs in a fair 
manner, Whereby only Whole commercial units of commodi 
ties are actually olTered. 

[0023] In another aspect of the ?rst embodiment, at least 
one of the e-agent programs generates counter-o?fer mes 
sages by executing a program that substantially maximizes 
the value of a utility function of the commodity amounts. 
Preferably, the utility function is determined according to 
mean-variance portfolio methods. Alternatively, the utility 
function is a di?ference of tWo terms, a ?rst term representing 
the expected return from a portfolio having the commodity 
amounts and a second term representing the risk of a 
portfolio having the commodity amounts. The substantial 
maximization of the utility function can be limited by 
optional constraints. 
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[0024] In other aspects of the ?rst embodiment, at least 
one of the e-agent programs generates counter-offer mes 
sages by accepting all commodity amounts previously 
olfered by the intermediary program up to certain pre 
speci?ed maximum commodity exchange bounds and also 
limited by optional constraints. Optionally, at least one of 
the e-agent programs for the associated participant generates 
counter-offer messages by executing procedural rules having 
variables referring to the commodity amounts. Optionally at 
least one of the e-agent programs is provided by the asso 
ciated participant. Optionally At least one of the e-agent 
programs is memory-less. Optionally at least one of the 
participants is associated With more than one e-agent pro 
grams. Optionally at least one of the e-agent programs is an 
autonomously running computer process. Optionally at least 
one of the e-agent programs are executed on the same 
computer as the intermediary program. Optionally at least 
one of the e-agent programs are executed on computers 
geographically remote from the computer on Which the 
intermediary program is executed. 

[0025] In another aspect of the ?rst embodiment, this ?rst 
embodiment includes communications means for sending 
digital information representing the electronic offer mes 
sages and the electronic counter-offer messages betWeen 
e-agent programs and the intermediary program. The com 
munication means can include the IP or the TCP/IP com 
munication protocols. The communication means can also 
include inter-process communication of an operating system 
of a computer running at least one of the e-agent programs 
and the intermediary program. Alternatively, the communi 
cation means includes inter-computer communication 
means betWeen at least tWo of the computers Where the 
e-agent programs and the intermediary programs are 
executed. 

[0026] In another aspect of the ?rst embodiment, the 
e-agent programs receive electronic order messages from 
computers of the associated participants. The order mes 
sages contain digital data representing the commodity 
exchange objectives of the associated participants. Also, the 
intermediary program can send electronic results messages 
to the computers of the participants. The results messages 
contain digital data representing the results of an interme 
diated exchange. Alternatively, the digital data representing 
the commodity exchange objectives of the participants is 
tested before the electronic intermediated exchange begins. 

[0027] In other aspects of the ?rst embodiments the ?rst 
embodiment also includes interface programs that commu 
nicate With the computers of the participants for transferring 
the order messages and the results messages betWeen the 
computers and the intermediary program. Also, the ?rst 
embodiment can include an exchange driver program run 
ning on at least one computer, such that the interface 
programs communicate With the intermediary program 
through the exchange driver program. Also included can be 
a database program running on at least one computer for 
storing copies of the order messages and the results mes 
sages. Alternatively, the database, in case of a failure in the 
computer system, can retrieve the copies of the messages in 
order to recover from failure. Also included can be a 

supervisor program running on at least one computer, and 
for periodically testing each program of the computer sys 
tem to determine if it has failed. 
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[0028] In a second general embodiment, this invention 
comprises a computer-based method for an electronic inter 
mediated exchange of a plurality of commodities among a 
plurality of participants. This method includes the steps of: 
sending a plurality of electronic offer messages generated by 
an intermediary computer program, Which intermediates the 
intermediated exchange, to a plurality of e-agent computer 
programs, each e-agent computer program associated With 
and representing one of the participants, each electronic 
offer message including digital data representing amounts of 
commodities offered to the e-agent programs by the inter 
mediary program; sending a plurality of electronic counter 
offer messages generated by the e-agent programs to the 
intermediary program, each electronic counter-offer mes 
sage including digital data representing amounts of com 
modities accepted by the e-agent program; and repeating the 
previous steps in order, each ordered repetition being a 
round of an electronic negotiation, until the amounts of 
commodities in the electronic offer messages are substan 
tially satisfactory to the e-agent programs, according to 
exchange objectives of the participants stored in the e-agent 
programs, and to the intermediary program, according to 
objectives for the intermediated exchange stored in the 
intermediary program. Alternatively, the repetition of the 
?rst tWo steps terminates When the e-agent programs gen 
erate counter-offer messages representing acceptance of the 
total amounts of commodities offered in the immediately 
preceding offer messages received from the intermediary 
program. 

[0029] This second embodiment includes several more 
detailed and particular embodiments and aspects, such as the 
folloWing. In one aspect, the counter-offer messages gener 
ated by the e-agent programs represent accepted amounts of 
commodities that are less than or equal to amounts of 
commodities represented in one or more of the preceding 
offer messages received from the intermediary program, 
more particularly from the immediately preceding offer 
message. 

[0030] In another aspect of the second embodiment, to 
generate offer messages, the intermediary program performs 
a ?rst step of determining digital data representing a plu 
rality of bounds, each bound representing a maximum 
amount of a particular commodity that can be offered to a 
particular e-agent program in a current round of the elec 
tronic negotiation, folloWed by a second step of generating 
the offer messages representing offered amounts of com 
modities less than or equal to the appropriate one of the 
bounds. Alternatively, the method further includes, preced 
ing the ?rst step, a further step of sending a plurality of 
electronic opening messages from the e-agent programs to 
the intermediary program, each opening message including 
digital data representing maximum amounts of commodities 
participants Will exchange in the intermediated exchange. 
The intermediary then sets the initial bounds to be these 
maximum amounts. Preferably, the bounds in a later round 
of the negotiation are not greater than the bounds in an 
earlier round of the negotiation. Further, the plurality of 
bounds in a current round of the negotiation can depend on 
commodity amounts represented in the intermediary offer 
messages, the e-agent counter-offer messages, and the 
bounds from one or more preceding rounds of the negotia 
tion, more particularly from the immediately preceding 
round of the negotiation. 
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[0031] In another aspect of the second embodiment, the 
plurality of current bounds depends on commodity amounts 
represented in the e-agent counter-o?fer messages and on the 
bounds from the immediately preceding round of the nego 
tiation. Alternatively, the plurality of bounds are determined 
to be a Weighted average of commodity amounts represented 
in the e-agent counter-o?fer messages and the bounds from 
the immediately preceding round of the negotiation. Further, 
after a selected round of the negotiation, the bounds can be 
determined to be equal to commodity amounts represented 
in the e-agent counter-o?fer messages from the immediately 
preceding round of the negotiation. 

[0032] In another aspect of the second embodiment, 
before the ?rst step, the method further can include various 
preliminary steps. Among these preliminary steps is a step of 
sending from the intermediary program to the e-agent pro 
grams a plurality of electronic initial messages, each initial 
message including digital data representing the particular 
commodities that can be exchanged in the intermediated 
exchange. Also, before the ?rst step, the method can include 
a step in Which the e-agent programs receive and store a 
plurality of electronic order messages from the participants. 
Each order message includes digital data representing the 
exchange objectives of that participant. Another possible 
preliminary step is a step of the intermediary program 
receiving and storing electronic objective messages from an 
operator of the electronic intermediated exchange. The 
objective messages can include digital data representing the 
objectives of the intermediated exchange. Additionally, after 
the last step, the method can include a step of sending a 
plurality of electronic results messages to each participant. 
Each results message has digital data representing the 
amounts of commodities in the satisfactory offer message. 

[0033] In a third general embodiment, this invention com 
prises a computer-based method for representing a partici 
pant in an intermediated exchange of commodities, the 
intermediated exchange performed by an electronic nego 
tiation With an intermediary computer program. The method 
has the folloWing steps: receiving by an e-agent computer 
program an electronic order message from a computer of the 
participant, the order message including digital data repre 
senting the objectives of the participant for the intermediated 
exchange in order that the e-agent program can represent the 
participant; receiving one of a plurality of electronic request 
messages from the intermediary program; and sending one 
of a plurality of electronic response messages to the inter 
mediary program in response to the previous request mes 
sage. The response message is (i) an opening message, if the 
previous request message Was a query for an opening 
message, the opening message including digital data repre 
senting the maximum amounts of commodities that the 
e-agent program Will exchange in the intermediated 
exchange, and (ii) a counter-offer message, if the previous 
request message Was an offer message, the offer message 
including digital data representing amounts of commodities 
offered to the e-agent program by the intermediary program, 
the counter-o?fer message including digital data representing 
amounts of commodities accepted by the e-agent program as 
determined according to the exchange objectives, the 
accepted amounts being less than or equal to the offered 
amounts and being all equal to the offered amounts only if 
the offered amounts meet the exchange objectives. 
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[0034] This third embodiment includes several more 
detailed and particular embodiments and aspects, such as the 
folloWing. In one aspect, the method includes, betWeen the 
?rst tWo steps, a further step of exchanging one or more 
electronic initial messages betWeen the e-agent program and 
the intermediary program, the initial messages including 
digital data representing commodities of interest to the 
participant according to the exchange objectives as deter 
mined by the e-agent program, and commodities participat 
ing in the intermediated exchange With prices for the par 
ticipating commodities as determined by the intermediary 
program. 

[0035] In another aspect of the third embodiment, the 
exchange objectives of the participant can be expressed 
according to a variety of methods. In a preferred method, the 
exchange objectives are expressed according to mean-vari 
ance portfolio theory. More particularly, the exchange obj ec 
tives are expressed as a utility function of commodity 
amounts. Commodity amounts in counter-o?fer messages are 
those that substantially maximiZe the utility function subject 
to maximum amount constraints given by the previously 
offered commodity amounts. Further, the utility function can 
include terms representing expected return and expected 
risk. In a further method, the exchange objectives are 
expressed as procedural rules Which determine accepted 
amounts of commodities from offered amounts of commodi 
ties. 

[0036] A program for performing the method of this third 
embodiment can be recorded on a computer readable 
medium, either as encoded instructions for causing an elec 
tronic computer to function according to this method or as 
human-readable instructions Which can be compiled into 
such encoded instructions. 

[0037] In a fourth general embodiment, this invention 
comprises a computer-based method for an intermediated 
exchange of commodities among a plurality of participants, 
each participant represented by an e-agent computer pro 
gram. The method includes the folloWing steps: sending 
electronic opening messages to an intermediary computer 
program from the e-agent programs, the opening messages 
including digital data representing the maximum amount of 
each commodity that each e-agent program Will exchange in 
the intermediated exchange; sending electronic offer mes 
sages by the intermediary program to the e-agent programs, 
each offer message including digital data representing 
amounts of commodities currently offered to each e-agent 
program, the amounts being determined so that for each 
commodity the amount being offered for sale by all the 
e-agent programs equals the amount being offered for pur 
chase by all the e-agent programs; receiving electronic 
counter-o?fer messages by the intermediary program from 
the e-agent programs, each counter-o?fer message including 
digital data representing amounts of offered commodities 
accepted by each e-agent program, the accepted commodity 
amounts being less than or equal to the offered commodity 
amounts; repeating the previous tWo steps in order, each 
ordered repetition being a round of an electronic negotiation, 
until the e-agent programs accept all the amounts of com 
modities offered, the accepted amounts being ?nal commod 
ity amounts; and sending results electronic messages to 
computers of the participants, the results messages including 
digital data representing the ?nal commodity amounts. 



US 2008/0071693 A1 

[0038] This fourth embodiment includes several more 
detailed and particular embodiments and aspects, such as the 
following. In one aspect, additional steps can precede the 
?rst step of this method. One such additional step includes 
exchanging one or more electronic initial messages betWeen 
the intermediary programs and the e-agent programs. The 
initial messages can include digital data representing com 
modities that the e-agent programs Will exchange in the 
intermediated exchange, and commodities actually partici 
pating in the intermediated exchange With their prices. 
Further initial message can include digital data representing 
the particular commodities available for exchange in the 
intermediated exchange. 

[0039] In another aspect of the fourth embodiment, the 
second step can further include that the intermediary pro 
gram, ?rst, determine digital data representing a plurality of 
bounds, each bound representing a maximum amount of a 
particular commodity that can be offered to a particular 
e-agent program in a current round of the electronic nego 
tiation, and second, generates the offer messages represent 
ing offered amounts of commodities that are less than or 
equal to the bounds. The intermediary can determine the 
bounds initially to be the opening maximum amounts. 
Preferably, the bounds in a later round of the negotiation are 
not greater than corresponding bounds in an earlier round of 
the negotiation. 

[0040] In another aspect of the fourth embodiment, the 
plurality of bounds in a current round of the negotiation can 
depend on commodity amounts represented in the interme 
diary olfer messages, the e-agent counter-offer messages, 
and the bounds from one or more preceding rounds of the 
negotiation, more particularly from the immediately preced 
ing round of the negotiation. Alternatively, the plurality of 
current bounds can depend on commodity amounts repre 
sented in the e-agent counter-o?fer messages and on the 
bounds from the immediately preceding round of the nego 
tiation. More particularly, the plurality of bounds can be a 
Weighted average of commodity amounts represented in the 
e-agent counter-o?fer messages and the bounds from the 
immediately preceding round of the negotiation. Alterna 
tively, after a selected round of the negotiation, the bounds 
are determined to be equal to commodity amounts repre 
sented in the e-agent counter-o?fer messages from the imme 
diately preceding round of the negotiation. 

[0041] A program for performing the method of this fourth 
embodiment can be recorded on a computer readable 
medium, either as encoded instructions for causing an elec 
tronic computer to function according to this method or as 
human-readable instructions Which can be compiled into 
such encoded instructions. 

[0042] In a ?fth general embodiment, this invention com 
prises an order-manager computer system for electronic 
intermediated exchange of a plurality of commodities 
among a plurality of participants. The order-manager system 
comprises: a plurality of client-interface electronic pro 
cesses for communicating With computers of the participants 
in order to receive from the participants electronic order 
messages representing exchange objectives of the partici 
pants and to send to the participants electronic results 
messages representing the commodities exchanged in the 
intermediated exchange; an exchange-driver electronic pro 
cess for transferring the order messages and the results 
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messages betWeen the client interface processes and an 
intermediary electronic process; an electronic database for 
storing copies of the order and the results messages, and in 
event of process failure in the order-manager system, for 
retrieving the message copies in order to restart the failed 
process; a plurality of e-agent electronic processes, each 
e-agent process for representing one of the participants 
according to the exchange objectives by generating elec 
tronic counter-o?fer messages sent to the intermediary pro 
cess in response to electronic offer messages received from 
the intermediary process; and the intermediary electronic 
process for generating the offer messages sent to the e-agent 
processes in response to the counter-o?fer messages received 
from the e-agent processes, the exchange of offer and 
counter-o?fer messages being according to a protocol for 
performing the intermediated exchange, and further for 
generating the results messages When the intermediated 
exchange completes. Optionally, this embodiment further 
includes a plurality of computers for executing the processes 
of the order-manager system, the computers interconnected 
by communication means. 

[0043] This ?fth embodiment includes several more 
detailed and particular embodiments and aspects, such as the 
folloWing. In one aspect, the offer messages and the counter 
offer messages include digital data representing amounts of 
commodities. Accordingly, the protocol speci?es (i) that the 
amounts of commodities represented in the counter-o?fer 
messages are less than or equal to the amounts of commodi 
ties represented in immediately preceding corresponding 
offer messages, and (ii) that the amounts of commodities 
represented in the offer messages are less than or equal to the 
amounts of commodities represented in immediately pre 
ceding corresponding olfer messages. 

[0044] In other aspects of the ?fth embodiment, this 
embodiment can include additional elements. Such addi 
tional elements are a supervisor process for periodically 
testing other processes of the order-manager system for 
failure, and in case of failure, for managing restart of the 
failed process, and a slave-supervisor process for periodi 
cally testing the supervisor process for failure, and in case of 
failure, for assuming the functions of the supervisor process. 
Other additional elements include a ticker plant process for 
providing digital data representing the prices of the com 
modities, and a tape reporting process for forWarding results 
of an intermediated exchange for public reporting. Altema 
tively, the intermediary can include, in turn, a communica 
tions interface component for communicating messages 
betWeen the intermediary process and the exchange driver 
process and the database, an allocation component for 
performing the computations for generating the offer mes 
sages, and a local data area component for storing data to be 
exchanged betWeen the communication interface function 
and the allocation function. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] These and other features, aspects, and advantages 
of the present invention Will become better understood by 
reference to the accompanying draWings, folloWing descrip 
tion, and appended claims, Where: 

[0046] FIG. 1 chemically illustrates softWare that per 
forms the principal functions of this invention; 

[0047] FIG. 2 is a How chart of a process performed by the 
softWare of FIG. 1; 
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[0048] FIG. 3 schematically illustrates a preferred proto 
col for the process of FIG. 2; 

[0049] FIG. 4 schematically illustrates an embodiment of 
an order-manager of the system of this invention; 

[0050] FIG. 5 schematically illustrates in greater detail the 
order-manager of FIG. 4; 

[0051] FIG. 6 schematically illustrates in greater detail an 
intermediary machine depicted in FIG. 5; 

[0052] FIG. 7 schematically illustrates internal data mes 
sages of the intermediary machine of FIG. 6; 

[0053] FIG. 8 schematically illustrates e-agent data mes 
sages used in the intermediary machine of FIG. 6; 

[0054] FIG. 9 is a ?ow chart of a process for an e-agent 
used in the intermediary machine of FIG. 6; 

[0055] FIG. 10 is a ?ow chart of a process for an inter 
mediary machine of FIG. 6; and 

[0056] FIG. 11 schematically illustrates external data mes 
sages used in the intermediary machine of FIG. 6. 

5. DETAILED DESCRIPTION 

[0057] For clarity of disclosure, and not by way of limi 
tation, the preferred embodiment of this invention is 
described in detail with respect to the exchange of ?nancial 
commodities. However, this invention is not so limited, and 
from the following detailed description it will be apparent to 
one of skill in the art that this invention is applicable to 
exchanges of tangible or intangible commodities of any sort. 
For example, it can be applied to the exchange of tangible 
commodities such as agricultural, mineral, and manufac 
tured products, or exchange of intangible commodities such 
as contracts for the future exchange of tangible or intangible 
commodities. 

5.1. E-Agents and the Intermediary 

[0058] This invention provides substantially simultaneous 
exchange of commodities between participants represented 
by electronic agents, e-agents, that interact with an elec 
tronic intermediary in order to facilitate negotiations leading 
to the exchange. The intermediary and agents are imple 
mented in the preferred embodiment as software processes 
running on one or more computer systems. The agents 
conduct negotiations by exchanging electronic messages 
with the intermediary. This subsection describes the follow 
ing: (1) typical electronic negotiations leading to an inter 
mediated exchange according to the preferred embodiment 
of this invention; (2) general software and hardware archi 
tecture for this embodiment; and (3) a preferred process and 
protocol for the exchange of messages. 

[0059] By way of illustration, the process of typical elec 
tronic negotiations are described here, ?rst, for a simpler 
case of an exchange between two participants, and subse 
quently, for an exchange between three or more participants, 
the preferred application of this invention. Although the 
simpler case is described as a negotiation directly between 
two e-agents, without an intermediary, as will become 
apparent later, an intermediary according to this invention 
can provide assistance in realiZing a satisfactory exchange 
even in the simple case. More speci?cally, in advance of the 
negotiation, the participants electronically instruct their 
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respective e-agents about the criteria for a satisfactory ?nal 
exchange of the commodities of interest. Thereafter, the 
electronic negotiation begins with an opening message from 
each e-agent that establishes the bounds within which a ?nal 
exchange must lie, that is the maximum and minimum 
amounts of each commodity the e-agent is prepared to buy 
or sell. Then, the electronic negotiation proceeds in a series 
of rounds, in which each e-agent considers the current offer 
from the other e-agent and makes a corresponding counter 
offer. After a certain number of rounds of this electronic 
negotiation, the offers and counter-offers typically converge 
so that the amounts of each commodity to be exchanged are 
acceptable to both participants, according to their initial 
electronic instructions. At this point the negotiation termi 
nates, and the parties can then proceed to perform the 
exchange according to the amounts negotiated using means 
known in the art. 

[0060] In the more complex case of the preferred embodi 
ment, three or more participants electronically negotiate a 
common exchange through their respective e-agents and a 
single, trusted electronic intermediary. The intermediary is 
designed to represent the interests of all the participants in 
such a manner that each e-agent needs only to conduct a 
two-party electronic negotiation with the intermediary, 
which negotiation proceeds according to a process substan 
tially similar to the simpler case discussed above. Without 
such an intermediary, each of the, say N, agents would need 
to negotiate directly and individually with all of the other 
agents, requiring on the order of N2 negotiations. However, 
the intermediary, as provided by the preferred embodiment, 
facilitates the electronic exchange by requiring only on the 
order of N direct negotiations with each e-agent individually. 

[0061] Preferably, the intermediary should be pro 
grammed to act fairly by not favoring any of the agents and 
by promoting a greater volume of exchanges. An exchange 
among electronic agents using the services of a trusted 
electronic intermediary also proceeds, as in the simpler case 
above, as a several step process. First, after the e-agents 
receive electronic instructions from their participants, the 
negotiation opens with each e-agent informing the interme 
diary of the bounds within which must lie an acceptable 
deal. Using this information, the intermediary presents each 
e-agent with an initial offer that is constructed by allocating 
to each e-agent, according to whether it wishes to buy or sell 
a given commodity, a share of the total of all the offers to sell 
or to buy, respectively, of that commodity. This process is 
known as “crossing” and “allocating” the “buys” with 
“sells.” In the following steps, the e-agents receive further 
offers from the intermediary and return counter-offers to the 
intermediary, which it again crosses and allocates so as to 
generate new offers to all of the agents. The process of 
electronic negotiation is designed so that for a typical case, 
after several rounds of this negotiation all the agents will be 
“satis?ed” with their offers from the intermediary for the 
commodities being exchanged, and the negotiation will 
terminate. 

[0062] This invention is equally adaptable to exchanging 
portfolios of several linked commodities as well as indi 
vidual commodities. A portfolio of commodities is a group 
of commodities collectively having or requiring certain 
characteristics. In the case of ?nancial commodities, such 
characteristics include, for example, total cost, overall 
expected return, overall expected risk, certain weightings 
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With respect to industrial sectors or to benchmark portfolios 
(such as the S&P 500), and so forth. 

[0063] In the following detailed description, an “offer” for 
a commodity is an electronic message sent from an inter 
mediary to an e-agent that includes the amount of the 
commodity that the intermediary has made available to the 
e-agent to buy or sell at a given stage of the electronic 
negotiation. A “counter-offer” for a commodity is an elec 
tronic message sent from the e-agent to the intermediary that 
includes the amount of the commodity that the e-agent 
intends to buy or sell at this stage of the electronic nego 
tiation. An “opening” for a commodity is an initial electronic 
message sent from an e-agent to the intermediary that 
includes the maximum amount of a commodity that the 
e-agent intends to buy or sell in a given negotiation. Pref 
erably, o?fers, counter-offers, and openings contain data for 
all the commodities to be exchanged in one electronic 
message. 

5.1.1. The System of Inter'mediated Exchange 

[0064] FIG. 1 generally illustrates the softWare architec 
ture of the system for automated intermediated exchanges of 
the preferred embodiment. FIG. 4 shoWs an implementation 
of this architecture in greater detail. 

[0065] Turning ?rst to FIG. 1, each participant Who Wishes 
to exchange commodities is represented by a softWare agent, 
such as 1, knoWn as an electronic agent or an e-agent. An 
electronic intermediary 3, conducts electronic negotiations 
individually With e-agents 1 in order to arrive at a successful 
intermediated exchange of commodities. The negotiation is 
facilitated by the exchange of electronic messages 2, trans 
mitted betWeen the e-agents and the intermediary. 

[0066] As illustrated in FIG. 1, e-agents 1 communicate 
only With the intermediary 3 and not With each other. Since 
the intermediary and an e-agent exchange only offers and 
counter-offers relative to that agent, no e-agent is “aWare” of 
any other e-agent’s activities. Thus, all e-agents act substan 
tially independently and all commodities are substantially 
fungible among the e-agents. Further, in the preferred 
embodiment, the intermediary actively initiates all message 
exchanges, While each e-agent Waits passively for and 
responds to messages from the intermediary. 

[0067] E-agents 1 evaluates offers from the intermediary 
and generate counter-offers to the intermediary in order to 
arrive at an exchange of the commodities consistently With 
the participant’s objective. In the preferred embodiment the 
intermediated exchanges occur periodically, e.g., preferably 
every 90 minutes. Typically, each participant speci?es the 
commodities of interest and corresponding objectives to its 
e-agent just before each intermediated exchange, as these 
objectives are expected to change betWeen sessions. The 
speci?cation of commodities of interest can for example be 
provided as a list by means knoWn in the computer arts. 
Where these commodities form a portfolio, data provided to 
an e-agent includes the characteristics of the portfolio, for 
example, risk, expected return, and sector allocations. 

[0068] The objectives of a participant can be provided to 
the e-agent process according to the folloWing options. 
According to one option, the participant provides to the 
system of this invention the entire program that is executed 
by the e-agent process and that encodes the participant’s 
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objectives. According to another option, the participant 
selects one of e-agent programs already provided by the 
system and supplies parameters to tailor the selected pro 
gram to the participant’s objectives. For example, according 
to this option, a participant can select a rule interpreter and 
provide it With a list of procedural rules Which the selected 
interpreter uses to evaluate an offer from the intermediary 
and to generate a counter-offer. In the preferred embodiment, 
the participant selects a program capable of ?nding substan 
tially the extremum of an objective function of amounts of 
commodities to be exchanged, as limited by optional con 
straints, and supplies parameters de?ning the precise form of 
the objective function and constraints. The e-agent then 
generates counter-offers by substantially maximizing the 
de?ned objective function. This option is referred to as 
substantially maximiZing the “utility” function of the par 
ticipant. Other Ways of evaluating offers and generating 
counter-offers can be employed. 

[0069] Software intermediary 3 sums the commodity 
amounts offered for exchange in the opening and counter 
offer messages of the participating e-agents, allocates these 
total amounts among the e-agents, and generates commodity 
offers to send back to the e-agents. In general, it is usually 
preferred that the intermediary act substantially fairly in not 
favoring one e-agent over another. One measure of fairness 
is that all offers are at least partially satis?ed on a pro-rata 
basis. Beyond this general preference, commodity allocation 
can be done in many manners re?ecting objectives of the 
participants and the type of commodities exchanged. For 
example, for commodities Whose value decrease over time, 
such as for perishable agricultural commodities, it can be 
preferable to allocate the oldest, fresh commodities ?rst. In 
the preferred application of this invention to exchanges of 
?nancial commodities, and similarly for other fungible 
commodities, it is desirable that commodities be allocated 
such that the total amount of commodities exchanged is 
substantially maximiZed. Therefore, the electronic interme 
diaries of the preferred embodiment, to Which the remainder 
of this description is generally directed, attempts to fairly 
allocate the maximum amounts of commodities. 

[0070] The goals for the commodity allocation, e.g., fair 
ness and maximum exchange, can con?ict, and an electronic 
intermediary can resolve such con?icts and perform accept 
able allocations in various Ways. In the preferred embodi 
ment, each exchange is treated separately, and the electronic 
intermediary seeks commodity allocations for each round of 
the negotiation that trades oif maximum amounts exchanged 
With maximum allocation fairness. In the preferred imple 
mentation, allocation fairness and the amounts exchanged 
are expressed as functions of amounts of individual com 
modities offered to the e-agents. Amounts for an actual offer 
are determined by the maximum, or an approximate maxi 
mum, of a selected combination of these functions. (Both the 
“maximum” and the “approximate maximum” Will be 
referred to as “maximum”). Further, this maximum must be 
consistent With any e-agent constraints. For example, one 
such constraint is that each e-agent is Willing to exchange 
only limited, maximum amounts of each commodity. Other 
constraints are, for example, minimum amounts to 
exchange, tiering constraints, Which list certain other 
e-agents With Which this agent is unWilling to exchange, and 
so forth. This maximum can be found by knoWn techniques 
of mathematical programming and optimization knoWn in 
the arts that are appropriate to the form of the functions 


















































