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exchanged. Optionally, the invention employs heuristic rules 
in association with the preferred protocol that adapt the pro 
tocol to the time and exchange requirements of financial 
commodities. In other embodiments, this invention is equally 
applicable to the exchange of any tangible or intangible com 
modities. In a general embodiment, this invention further 
includes a preferred message-exchange protocol for the con 
struction of computer programs representing exchange par 
ticipants and an intermediary. 
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COMPUTER METHOD AND SYSTEM FOR 
INTERMEDIATED EXCHANGES 

1. FIELD OF THE INVENTION 

0001. The field of this invention is computerized informa 
tion systems directed to commercial applications; in particu 
lar computer systems that facilitate an automatic exchange of 
commodities between users of Such a computer system 
according to the users’ goals. 

2. BACKGROUND 

0002 An intermediated exchange involves negotiated 
trading between two or more participants through a third 
party, the intermediary. Specifically, in Such an intermediated 
exchange, the participants do not communicate directly with 
each other, but rather through the third-party intermediary. 
Examples of items traded include intangibles, such as Secu 
rities (stocks, bonds, and options) commodity futures, collat 
eralized 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. 
0003. 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 floors of these exchanges act as 
intermediaries for listed securities and, typically, have posi 
tions 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 securities 
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). 
0004 Alternately, financial 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, main 
taining the participants anonymity and representing the par 
ticipants interests. Originally, the fourth market was largely 
a network of securities brokers communicating primarily by 
telephone (the “Rolodex' market). Later. Instinet (Reuters, 
New York, N.Y.) began offering partially automated interme 
diary services by providing a computer network through 
which participants can post their security trading interests and 
Subsequently can negotiate trades using standardized mes 
sages made available by the network. More recently, POSIT 
(ITG, New York, N.Y.) and the Arizona Stock Exchange 
(AZX) (Phoenix, Ariz.) began providing more fully auto 
mated fourth-market intermediary services. Instinet, POSIT, 
and AZX are referred to as “crossing networks' because they 
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provide intermediary services with varying degrees of com 
puter and communications technology. 
0005. In the simple form as currently practiced, a crossing 
network intermediated exchange involves two participants 
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 execu 
tion a new series of exchanges. In this more complex case of 
multiple commodities and optimized exchange Strategies, the 
intermediary may provide for selecting the actual commodi 
ties to be exchanged from a list of possible commodities, as 
well as for determining the amounts and prices that satisfy the 
more-complex 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. 
0006 Most market exchanges of financial commodities 
involve a specific, 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 specific 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 specific 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 
profiles. 
0007. In this way, the composition of the associated inter 
mediated exchange would be less dependent on any single 
investment or list and more dependent on the aggregate char 
acteristics of all the commodities combined. The motivation 
for this approach is that it permits the participant the flexibil 
ity 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 notable to accommodate the evolving needs of 
participants, such as investment managers and others, who 
seek to trade multiple commodities to achieve general port 
folio goals. 
0008. In addition, an intermediated exchange meeting 
those portfolio goals for multiple participants requires a com 
puterized solution of what is known as a competitive equilib 
rium problem. See, e.g., Ellickson, 1993, Competitive Equi 
librium—Theory and Applications, Cambridge University 
Press. Currently, no satisfactory solution exists for that prob 
lem as applied to the specific situations of intermediated 
exchanges. 

3. SUMMARY OF THE INVENTION 

0009. This invention provides a computer system (a com 
puter-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 
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computer system of this invention is used for the exchange of 
financial commodities according to mean-variance portfolio 
goals and related portfolio constraints. In the preferred imple 
mentation, 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. 
0010. The system of the preferred embodiment imple 
ments a negotiation protocol that facilitates the intermediated 
exchange of commodities between any number of partici 
pants according to their goals. This negotiation protocol 
specifies how to search through possible combinations of 
exchanges between participants in order to identify the com 
bination 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 com 
modity exchanged. It also provides a solution for the com 
petitive equilibrium problem as it is applied to intermediated 
exchanges. A computer program constructed according to 
this protocol, together with accompanying hardware, permits 
participants electronically and automatically to carry out 
negotiations for the transfer of commodities through an inter 
mediary. 
0011. A computer program constructed according to this 
invention includes electronic agents (“e-agents'), each of 
which represents a participants exchange goals, and an elec 
tronic intermediary, through which the e-agents conduct elec 
tronic negotiations leading to an intermediated exchange. The 
e-agent program for a participant encodes the exchange goals 
and objectives of that participant. Participants can express 
their goals and objectives either (1) as an objective (or utility) 
function together with optional constraints, or (2) through a 
set of rules, which can be represented in a procedural com 
puter language. Other ways of expressing objectives may be 
Supported by a particular embodiment. However expressed, 
the participants’ objectives can be encoded in a computer 
program that automatically 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. 
0012. According to this invention, the e-agents negotiate 
an intermediated exchange through an intermediary com 
puter program. E-agents, acting in conjunction with the inter 
mediary, process data so as to Substantially maximize a 
tradeoff between the amounts exchanged and the fairness of 
the exchange. An intermediary program constructed accord 
ing to this invention acts to Substantially maximize the aggre 
gate number of units of commodities exchanged in a fair 
manner that is acceptable to the participants. 
0013 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 mes 
sages over this network and/or using an inter-process mes 
sages mechanism. Preferably, participants access this system 
for Submitting exchange orders and receiving exchange 
responses over network connections. These network connec 
tions can be private networks or suitably secured public net 
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works, such as the Internet. In the preferred embodiment, this 
invention is adapted to the exchange of financial commodi 
ties, particularly equity securities, but also including com 
modity futures, stock options, collateralized mortgage obli 
gations, and other financial commodities, individually or 
combined (e.g. equities and futures or equity options com 
bined). Equity securities are those securities that represent an 
ownership interest in property. 
0014 Five embodiments of this invention will be 
described. In a first general embodiment, this invention com 
prises 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 computer, 
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 com 
modity exchange objectives of its associated participant; an 
electronic intermediary program running on at least one com 
puter system, the intermediary program storing in an associ 
ated 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-offermes 
sages to the intermediary program, and (ii) the intermediary 
program receives the electronic counter-offer messages from 
the e-agent programs, generates offer messages according to 
the exchange objectives of the intermediated exchange, and 
sends the offer messages to the e-agent programs. 
0015. This first embodiment can include several more 
detailed and particular embodiments and aspects, such as the 
following. In one aspect, the exchange of electronic messages 
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 commodity exchange objec 
tives of the intermediated exchange. Alternatively, the 
exchange of electronic messages terminates when the e-agent 
programs generate counter-offer messages accepting all the 
amounts of commodities offered in the immediately preced 
ing offer messages received from the intermediary program. 
0016. In another aspect of the first embodiment, the elec 
tronic offer messages contain digital data representing the 
amounts of the commodities that the intermediary program 
offers to the e-agent programs, and the electronic counter 
offer 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 messages according to 
sequential rounds of an electronic negotiation, each round of 
the negotiation comprising the intermediary program sending 
electronic offer messages to the e-agent programs followed 
by the e-agent programs sending electronic counter-offer 
messages to the intermediary program. 
0017. In another aspect of the first embodiment, the elec 
tronic memory associated with the intermediary program 
stores digital data representing a plurality of current and 
preceding bounds, each current bound representing the maxi 



US 2013/0262285 A1 

mum amount of a particular commodity that can be offered to 
a particular e-agent program in a current round of the elec 
tronic negotiation and each preceding bound being a current 
bound from a preceding round of the electronic negotiation. 
In this case, the intermediary program generates offer mes 
sages offering amounts of commodities less than or equal to 
the appropriate one of the current bounds. Alternatively, the 
plurality of current bounds depends on commodity amounts 
in the intermediary offer messages, the e-agent counter-offer 
messages, and the preceding bounds from one or more pre 
ceding rounds of the electronic negotiation, and more particu 
larly from the immediately preceding round of the electronic 
negotiation. Alternatively, the plurality of current bounds 
depends on commodity amounts in the e-agent counter-offer 
messages and on the preceding bounds from the immediately 
preceding round of the electronic negotiation. 
0018. In another aspect of the first embodiment, the elec 
tronic memory associated with the intermediary program fur 
ther 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-offer 
messages and the preceding bounds of the immediately pre 
ceding 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 
offer messages of the immediately preceding round of the 
electronic negotiation. Alternatively, before the selected 
round of negotiation the plurality of current bounds are 
selected to be a weighted average of the commodity amounts 
in the e-agent counter-offer messages and the preceding 
bounds of the immediately preceding round of the electronic 
negotiation. 
0019. In another aspect of the first embodiment, the 
e-agent programs generate counter-offer messages accepting 
amounts of commodities that are less than or equal to the 
amounts offered in one or more of the preceding offer mes 
sages received from the intermediary program, and more 
particularly from the immediately preceding offer message. 
Alternatively, the e-agent programs further send opening 
messages to the intermediary program before the exchange of 
offer and counter-offer messages. Each opening message 
includes digital data representing maximum amounts of com 
modities each participant will exchange in the intermediated 
exchange. 
0020. In another aspect of the first embodiment, the com 
modity exchange objectives of the intermediary program 
comprise that a Substantially maximized amount of com 
modities are exchanged in the intermediated exchange Sub 
ject 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 commodity exchange 
objectives of the intermediary program further include a mea 
sure of the unfairness of the share of commodities offered to 
each e-agent program that is Substantially minimized. Alter 
natively, a measure of the fairness can be substantially maxi 
mized. The measure of unfairness increases as the share of 
commodities offered to each e-agent program differs from a 
pro-rata share. Preferably, the measure of unfairness 
increases as the square of the difference of the share of com 
modities offered to each e-agent program differs from a pro 
rata share. The pro-rata share for a commodity for an e-agent 
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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. Alterna 
tively, the measure of unfairness includes a plurality of adjust 
able factors, each factor associated with an e-agent program 
and for adjusting the rate of increase of the measure of unfair 
ness as the share of commodities offered to an e-agent pro 
gram differs a pro-rata share. 
0021. In another aspect of the first embodiment, the inter 
mediary program generates the commodity amounts for the 
offer messages by Substantially maximizing the value of a 
utility function of the amounts of commodities subject to 
constraints. The utility function can be a difference of a first 
term and a second term, the first term representing the total 
amount of all commodities offered to the e-agent programs 
and the second term representing the unfairness of the share 
of commodities offered to the e-agent programs. Alterna 
tively, non-linear terms in the utility function may be approxi 
mated by a plurality of piece-wise linear terms. Where com 
modities are exchanged in whole commercial units, any 
fractional commercial units generated by Substantially maxi 
mizing 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 commodities are 
actually offered. 
0022. In another aspect of the first embodiment, at least 
one of the e-agent programs generates counter-offer 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 difference of two terms, a first 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 maximiza 
tion of the utility function can be limited by optional con 
straints. 

0023. In other aspects of the first embodiment, at least one 
of the e-agent programs generates counter-offer messages by 
accepting all commodity amounts previously offered by the 
intermediary program up to certain pre-specified 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 mes 
sages by executing procedural rules having variables refer 
ring to the commodity amounts. Optionally at least one of the 
e-agent programs is provided by the associated 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 programs. Optionally at least one 
of the e-agent programs is an autonomously running com 
puter process. optionally at least one of the e-agent programs 
are executed on the same computer as the intermediary pro 
gram. Optionally at least one of the e-agent programs are 
executed on computers geographically remote from the com 
puter on which the intermediary program is executed. 
0024. In another aspect of the first embodiment, this first 
embodiment includes communications means for sending 
digital information representing the electronic offer messages 
and the electronic counter-offer messages between e-agent 
programs and the intermediary program. The communication 
means can include the IP or the TCP/IP communication pro 
tocols. The communication means can also include inter 
process communication of an operating system of a computer 
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running at least one of the e-agent programs and the interme 
diary program. Alternatively, the communication means 
includes inter-computer communication means between at 
least two of the computers where the e-agent programs and 
the intermediary programs are executed. 
0025. In another aspect of the first embodiment, the 
e-agent programs receive electronic order messages from 
computers of the associated participants. The order messages 
contain digital data representing the commodity exchange 
objectives of the associated participants. Also, the intermedi 
ary program can send electronic results messages to the com 
puters of the participants. The results messages contain digi 
tal data representing the results of an intermediated exchange. 
Alternatively, the digital data representing the commodity 
exchange objectives of the participants is tested before the 
electronic intermediated exchange begins. 
0026. In other aspects of the first embodiment, the first 
embodiment also includes interface programs that communi 
cate with the computers of the participants for transferring the 
order messages and the results messages between the com 
puters and the intermediary program. Also, the first embodi 
ment can include an exchange driver program running on at 
least one computer, such that the interface programs commu 
nicate 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 messages. 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 pro 
gram of the computer system to determine if it has failed. 
0027. 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 com 
modities offered to the e-agent programs by the intermediary 
program; sending a plurality of electronic counter-offer mes 
sages generated by the e-agent programs to the intermediary 
program, each electronic counter-offer message including 
digital data representing amounts of commodities 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 elec 
tronic offer messages are Substantially satisfactory to the 
e-agent programs, according to exchange objectives of the 
participants stored in the e-agent programs, and to the inter 
mediary program, according to objectives for the intermedi 
ated exchange stored in the intermediary program. Alterna 
tively, the repetition of the first two steps terminates when the 
e-agent programs generate counter-offer messages represent 
ing acceptance of the total amounts of commodities offered in 
the immediately preceding offer messages received from the 
intermediary program. 
0028. 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 
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commodities that are less than or equal to amounts of com 
modities represented in one or more of the preceding offer 
messages received from the intermediary program, more par 
ticularly from the immediately preceding offer message. 
0029. In another aspect of the second embodiment, to 
generate offer messages, the intermediary program performs 
a first step of determining 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 negotia 
tion, followed by a second step of generating the offer mes 
sages representing offered amounts of commodities less than 
or equal to the appropriate one of the bounds. Alternatively, 
the method further includes, preceding the first 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 maxi 
mum 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 intermedi 
ary offer messages, the e-agent counter-offer messages, and 
the bounds from one or more preceding rounds of the nego 
tiation, more particularly from the immediately preceding 
round of the negotiation. 
0030. In another aspect of the second embodiment, the 
plurality of current bounds depends on commodity amounts 
represented in the e-agent counter-offer 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-offer 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-offer messages from the immediately 
preceding round of the negotiation. 
0031. In another aspect of the second embodiment, before 
the first step, the method further can include various prelimi 
nary steps. Among these preliminary steps is a step of sending 
from the intermediary program to the e-agent programs a 
plurality of electronic initial messages, each initial message 
including digital data representing the particular commodi 
ties that can be exchanged in the intermediated exchange. 
Also, before the first 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. 
0032. 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 inter 
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mediated exchange performed by an electronic negotiation 
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 partici 
pant, the order message including digital data representing 
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 intermedi 
ary program in response to the previous request message. 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 representing 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-offer mes 
sage including digital data representing amounts of com 
modities 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. 
0033. This third embodiment includes several more 
detailed and particular embodiments and aspects, such as the 
following. In one aspect, the method includes, between the 
first 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 par 
ticipant according to the exchange objectives as determined 
by the e-agent program, and commodities participating in the 
intermediated exchange with prices for the participating com 
modities as determined by the intermediary program. 
0034. 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 objec 
tives are expressed as a utility function of commodity 
amounts. Commodity amounts in counter-offer 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 com 
modities from offered amounts of commodities. 

0035. 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. 

0036. In a fourth general embodiment, this invention com 
prises 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 elec 
tronic opening messages to an intermediary computer pro 
gram from the e-agent programs, the opening messages 
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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 com 
modity the amount being offered for sale by all the e-agent 
programs equals the amount being offered for purchase by all 
the e-agent programs; receiving electronic counter-offer mes 
sages by the intermediary program from the e-agent pro 
grams, each counter-offer message including digital data rep 
resenting amounts of offered commodities accepted by each 
e-agent program, the accepted commodity amounts being 
less than or equal to the offered commodity amounts; repeat 
ing 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 commodities offered, the 
accepted amounts being final commodity amounts; and send 
ing results electronic messages to computers of the partici 
pants, the results messages including digital data representing 
the final commodity amounts. 
0037. This fourth embodiment includes several more 
detailed and particular embodiments and aspects, such as the 
following. In one aspect, additional steps can precede the first 
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 inter 
mediated exchange, and commodities actually participating 
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. 

0038. In another aspect of the fourth embodiment, the 
second step can further include that the intermediary pro 
gram, first, 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 negotia 
tion, and second, generates the offer messages representing 
offered amounts of commodities that are less than or equal to 
the bounds. The intermediary can determine the bounds ini 
tially 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. 
0039. 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 intermedi 
ary offer messages, the e-agent counter-offer messages, and 
the bounds from one or more preceding rounds of the nego 
tiation, more particularly from the immediately preceding 
round of the negotiation. Alternatively, the plurality of current 
bounds can depend on commodity amounts represented in the 
e-agent counter-offer messages and on the bounds from the 
immediately preceding round of the negotiation. More par 
ticularly, the plurality of bounds can be a weighted average of 
commodity amounts represented in the e-agent counter-offer 
messages and the bounds from the immediately preceding 
round of the negotiation. Alternatively, after a selected round 
of the negotiation, the bounds are determined to be equal to 
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commodity amounts represented in the e-agent counter-offer 
messages from the immediately preceding round of the nego 
tiation. 

0040. 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. 

0041. In a fifth general embodiment, this invention com 
prises an order-manager computer system for electronic inter 
mediated exchange of a plurality of commodities among a 
plurality of participants. The order-manager system com 
prises: a plurality of client-interface electronic processes for 
communicating with computers of the participants in order to 
receive from the participants electronic order messages rep 
resenting exchange objectives of the participants and to send 
to the participants electronic results messages representing 
the commodities exchanged in the intermediated exchange; 
an exchange-driver electronic process for transferring the 
order messages and the results 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 gener 
ating electronic counter-offer messages sent to the interme 
diary process 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-offer mes 
sages received from the e-agent processes, the exchange of 
offer and counter-offer messages being according to a proto 
col 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. 
0042. This fifth 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 specifies (i) that the 
amounts of commodities represented in the counter-offer 
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 preced 
ing corresponding offer messages. 
0043. In other aspects of the fifth embodiment, this 
embodiment can include additional elements. Such addi 
tional elements are a Supervisor process for periodically test 
ing 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 periodically test 
ing 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 provid 
ing digital data representing the prices of the commodities, 
and a tape reporting process for forwarding results of an 
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intermediated exchange for public reporting. Alternatively, 
the intermediary can include, in turn, a communications inter 
face component for communicating messages between the 
intermediary process and the exchange driver process and the 
database, an allocation component for performing the com 
putations for generating the offer messages, and a local data 
area component for storing data to be exchanged between the 
communication interface function and the allocation func 
tion. 

4. BRIEF DESCRIPTION OF TEE DRAWINGS 

0044) These and other features, aspects, and advantages of 
the present invention will become better understood by ref 
erence to the accompanying drawings, following description, 
and appended claims, where: 
0045 FIG. 1 chemically illustrates software that performs 
the principal functions of this invention; 
0046 FIG. 2 is a flow chart of a process performed by the 
software of FIG. 1; 
0047 FIG.3 schematically illustrates a preferred protocol 
for the process of FIG. 2; 
0048 FIG. 4 schematically illustrates an embodiment of 
an order-manager of the system of this invention; 
0049 FIG. 5 schematically illustrates in greater detail the 
order-manager of FIG. 4; 
0050 FIG. 6 schematically illustrates in greater detail an 
intermediary machine depicted in FIG. 5; 
0051 FIG. 7 schematically illustrates internal data mes 
sages of the intermediary machine of FIG. 6; 
0.052 FIG. 8 schematically illustrates e-agent data mes 
sages used in the intermediary machine of FIG. 6; 
0053 FIG.9 is a flow chart of a process for an e-agent used 
in the intermediary machine of FIG. 6; 
0054 FIG. 10 is a flow chart of a process for an interme 
diary machine of FIG. 6; and 
0055 FIG. 11 schematically illustrates external data mes 
sages used in the intermediary machine of FIG. 6. 

5. DETAILED DESCRIPTION 

0056. For clarity of disclosure, and not by way of limita 
tion, the preferred embodiment of this invention is described 
in detail with respect to the exchange of financial commodi 
ties. However, this invention is not so limited, an 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 manufactured 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 
0057 This invention provides substantially simultaneous 
exchange of commodities between participants represented 
by electronic agents, e-agents, that interact with an electronic 
intermediary in order to facilitate negotiations leading to the 
exchange. The intermediary and agents are implemented in 
the preferred embodiment as Software processes running on 
one or more computer systems. The agents conduct negotia 
tions by exchanging electronic messages with the intermedi 
ary. This subsection describes the following: (1) typical elec 
tronic negotiations leading to an intermediated exchange 
according to the preferred embodiment of this invention; (2) 
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general software and hardware architecture for this embodi 
ment; and (3) a preferred process and protocol for the 
exchange of messages. 
0058. By way of illustration, the process of typical elec 
tronic negotiations are described here, first, for a simpler case 
of an exchange between two participants, and Subsequently, 
for an exchange between three or more participants, the pre 
ferred 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 assis 
tance in realizing a satisfactory exchange even in the simple 
case. More specifically, in advance of the negotiation, the 
participants electronically instruct their respective e-agents 
about the criteria for a satisfactory final exchange of the 
commodities of interest. Thereafter, the electronic negotia 
tion begins with an opening message from each e-agent that 
establishes the bounds within which a final exchange must lie, 
that is the maximum and minimum amounts of each com 
modity the e-agent is prepared to buy or sell. Then, the elec 
tronic 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 terminates, and the 
parties can then proceed to perform the exchange according to 
the amounts negotiated using means known in the art. 
0059. 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 Substantially 
similar to the simpler case discussed above. Without such an 
intermediary, each of the, Say N. agents would need to nego 
tiate directly and individually with all of the other agents, 
requiring on the order of N negotiations. However, the inter 
mediary, 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. 
0060 Preferably, the intermediary should be programmed 
to act fairly by not favoring any of the agents and by promot 
ing a greater Volume of exchanges. An exchange among elec 
tronic agents using the services of a trusted electronic inter 
mediary also proceeds, as in the simpler case above, as a 
several step process. First, after the e-agents receive elec 
tronic instructions from their participants, the negotiation 
opens with each e-agent informing the intermediary 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 com 
modity, 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 negotia 
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tion is designed so that for a typical case, after several rounds 
of this negotiation all the agents will be “satisfied with their 
offers from the intermediary for the commodities being 
exchanged, and the negotiation will terminate. 
0061 This invention is equally adaptable to exchanging 
portfolios of several linked commodities as well as individual 
commodities. A portfolio of commodities is a group of com 
modities collectively having or requiring certain characteris 
tics. In the case of financial commodities, such characteristics 
include, for example, total cost, overall expected return, over 
all expected risk, certain weightings with respect to industrial 
sectors or to benchmark portfolios (such as the S&P 500), and 
so forth. 
0062. In the following detailed description, an "offer for 
a commodity is an electronic message sent from an interme 
diary 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 electronic 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 negotiation. 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. Preferably, offers, counter-offers, and 
openings contain data for all the commodities to be 
exchanged in one electronic message. 

5.1.1. The System of Intermediated Exchange 
0063 FIG. 1 generally illustrates the software architecture 
of the system for automated intermediated exchanges of the 
preferred embodiment. FIG. 4 shows an implementation of 
this architecture in greater detail. 
0064 Turning first 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. 
0065. 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 to Sub 
stantially independently and all commodities are substan 
tially 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. 
0.066 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 participants objective. In the preferred embodiment the 
intermediated exchanges occur periodically, e.g., preferably 
every 90 minutes. Typically, each participant specifies 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 
specification 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 
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an e-agent includes the characteristics of the portfolio, for 
example, risk, expected return, and sector allocations. 
0067. 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 sys 
tem of this invention the entire program that is executed by the 
e-agent process and that encodes the participants objectives. 
According to another option, the participant selects one of 
e-agent programs already provided by the system and Sup 
plies parameters to tailor the selected program to the partici 
pants 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 finding Substantially the extre 
mum of an objective function of amounts of commodities to 
be exchanged, as limited by optional constraints, and Supplies 
parameters defining the precise form of the objective function 
and constraints. The e-agent then generates counter-offers by 
substantially maximizing the defined objective function. This 
option is referred to as substantially maximizing the “utility” 
function of the participant. Other ways of evaluating offers 
and generating counter-offers can be employed. 
0068 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 satisfied on a pro-rata basis. 
Beyond this general preference, commodity allocation can be 
done in many manners reflecting objectives of the partici 
pants 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 first. In the preferred 
application of this invention to exchanges of financial com 
modities, and similarly for other fungible commodities, it is 
desirable that commodities be allocated such that the total 
amount of commodities exchanged is substantially maxi 
mized. Therefore, the electronic intermediaries of the pre 
ferred embodiment, to which the remainder of this descrip 
tion is generally directed, attempts to fairly allocate the 
maximum amounts of commodities. 

0069. The goals for the commodity allocation, e.g., fair 
ness and maximum exchange, can conflict, and an electronic 
intermediary can resolve Such conflicts 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 off 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 commodities 
offered to the e-agents. Amounts for an actual offer are deter 
mined by the maximum, or an approximate maximum, of a 
selected combination of these functions. (Both the “maxi 
mum” 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, maxi 
mum amounts of each commodity. Other constraints are, for 
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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 chosen. Such techniques include the 
simplex method, the maximum flow method, or the barrier 
method in conjunction with branch-and-bound techniques. 
See, e.g., Gonzaga, 1992, Path-following methods for linear 
programming, SIAM Review 34(2):167-224; Karloff, 1991, 
Linear Programming, Birkhauser; Papadimitriou et al., 1982, 
Combinatorial Optimization, Prentice-Hall. In other embodi 
ments fairness can be maintained only on average over a 
plurality of separate intermediated exchanges, with each 
single exchange Substantially maximizing amounts 
exchanged in a not necessarily fair manner. In this case, 
allocations can then be made by a rule interpreter which 
interprets agreed rules governing longer term fairness 
tradeoffs while Substantially maximizing amounts exchanged 
at each offer. 

0070 The hardware and software architecture of the pre 
ferred embodiment are illustrated in FIG. 4. Generally, the 
various Software functions of this invention are implemented 
as Software processes, such as intermediary process 3 and 
e-agent process 42-46, that can be running on different com 
puters, such as intermediary computer 40 or participant com 
puter 47. These computers are connected by at least one 
communication network which provides communication 
links, such as communication link 5.5, for the exchange of 
messages between the processes. 
0071. As FIG. 4 illustrates, the software processes can be 
distributed across the various computers. For processes to be 
freely distributable it is preferable that they be separately 
addressable nodes of a general electronic communication 
network. Such a preferred network is one constructed using 
the TCP/IP protocols, and can thus be implemented using a 
private intranet or the public Internet. Such a TCP/IP network 
can transparently link processes on one or more computers. 
However, for those processes known to reside only on one 
computer, it is often more efficient that the operating systems 
facilities for inter-process communication serve as the com 
munication network, using process-ids for addresses. Actual 
process distribution in a particular embodiment is generally 
determined by cost, response-time, and throughput consider 
ations, as known in the computer arts, as well as by require 
ments of the participants for security and control of their own 
e-agent processes. 
0072 E-agents are preferably single processes, each 
executed on the appropriate and convenient computer. In 
Some instances, participants require direct control of their 
e-agent computers, for example, for security reasons. FIG. 4 
illustrates Such an instance in which single e-agent process 44 
executes on participant computer 49. Participant terminal 50. 
attached to computer 49, inputs to the e-agent the partici 
pants commodities of interest and exchange objectives and 
outputs to the participant the results of the negotiated 
exchanges among all the e-agents conducted by electronic 
intermediary 3. In another instance, participant computer 47 
executes two e-agent processes 45 and 46 because this par 
ticipant controls two independent and different portfolios of 
commodities which these two separate e-agents manage. In 
other cages, e-agents can execute remotely from their partici 
pants. For example, e-agent processes 42 and 43 reside on the 
intermediary computer(s) 40. These e-agents are accessed by 
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terminals, such as participant terminal 52 attached through 
link 56, which can either be a local or a long-distance link to 
computer 40. 
0073. The computers that rune-agent processes preferably 
enable e-agents to respond rapidly to intermediary offers in 
order that the intermediated exchange not be unduly delayed. 
When it is necessary that an exchange be completed as rapidly 
as possible, as in the case of financial commodities, e-agents 
preferably reside locally with the intermediary, as e-agents 42 
and 43 in FIG. 4, so that the system response times can be 
optimized. Exemplary e-agent computers include Sun Micro 
systems Sparc 20, Compaq Deskpro 6000, and the IBM 
RS6OOO. 
0074 Intermediary 3 is also preferably implemented as 
one or more processes executed on one or more computers, 
each intermediary process having one or more threads of 
execution. Intermediary computer(s) 40 is sufficiently 
capable to meet computational and turnaround time require 
ments of a particular embodiment. If a single computer is not 
sufficiently capable, the intermediary can be parallelized into 
multiple cooperating and parallel processes or threads in 
ways known in the computer arts. In this case, computer 40 
can be a local network of computers or, alternatively, a single 
parallel computer. For example, in a preferred embodiment 
directed to financial commodities and especially equities, the 
turnaround time for an intermediated exchange is typically 
required to be less than 90 secs. and, preferably, computer(s) 
are chosen to be sufficiently powerful to meet such a turn 
around time. For example, Sun UltraSparc Systems can be 
used for computer(s) 40. 
0075 Also, optionally, certain e-agents can be imple 
mented as part of the intermediary process or processes. Such 
e-agents are those with particularly limited computational 
requirements. By implementing these e-agents within the 
intermediary the system can reduce communication delays 
and, thereby, improve performance. 
0.076 Various alternative distributions of the software to 
processes and threads, and the processes and threads to physi 
cal computers are apparent to one of skill in the computer art. 
Such specific distributions are governed by computational 
demands and computer costs. 
0.077 FIG. 4 also illustrates communication links to exter 
nal data gateways. Since the intermediary of the preferred 
embodiment of this invention does not determine prices, this 
information is obtained from external sources that report 
prevailing commodity prices in markets acceptable to the 
electronic agents involved in an exchange. Thus, price data 
source 53 is linked to the intermediary computer 40. Also, for 
certain commodities, in particular for financial commodities, 
laws and regulations dictate the prompt, public reporting of 
all exchanges of those commodities. In this case, Successful 
exchanges are appropriately reported at 54 as well as to the 
participants. 

5.1.2. The Method of Intermediated Exchange 
0078 FIG. 2 illustrates in more detail the process of the 
electronic intermediated exchange of the preferred embodi 
ment, which is a synchronized sequence of exchanges of 
offers and counter-offers between the electronic intermediary 
and the e-agents. Preliminary to the steps of FIG. 2, the 
intermediary, which represents the joint goals of a group of 
agents that might seek to exchange certain commodities, is 
constructed. Preferably, the intermediary for a certain group 
of participants is constructed on the basis of a parameterized 
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utility function with constraints that reflect the interests of the 
group of participants. That intermediary then facilitates 
exchanges executed according to the steps of FIG. 2. 
0079 Generally, at step 10, the participants instruct their 
e-agents regarding the exchange objectives; at step 11, the 
e-agents Submit opening messages to the electronic interme 
diary; at Step 12, the intermediary generates initial offer mes 
sages to the e-agents; at step 13, the e-agents respond with 
counter-offer messages; step 14 tests for Successful comple 
tion of the electronic negotiation; and at step 15 if the 
exchange is not yet completed, the intermediary generates 
further offers to the e-agents. Steps 13, 14, and 15 are repeated 
until the negotiation completes according to the test of step 
14. Alternatively, the negotiation can be terminated after a 
pre-determined number of steps, whether or not this test is 
met. 

0080 More specifically, at step 10, each participant speci 
fies to its e-agent the commodities of interest, as well as 
objectives and constraints for evaluating offers and for gen 
erating counter-offers. In the preferred embodiment, objec 
tives and constraints are provided as parameters that define an 
instance of a utility function of commodity amounts 
exchanged, along with optional associated constraints. The 
maximum of the constrained utility function determines the 
counter-offer amounts. Alternatively, a participant can Supply 
rules that when interpreted or executed evaluate offers and 
generate counter-offers. Also, a participant can Supply an 
entire e-agent program. 
I0081 Based on their exchange objectives, at step 11, the 
e-agents send to the electronic intermediary opening mes 
sages indicating all the commodities which an e-agent can 
exchange and for each, the maximum amounts to exchange. 
In the opening message, an e-agent may specify that it is 
willing to both buy and sell the same commodity if, for 
example, its final decision to buy or to sell that commodity is 
based on the availability of other commodities in the 
exchange. 
I0082 In general, the opening, offer, and counter-offer 
messages may have buy and sell requests for the same com 
modity. These are called herein the “buy side' and the “sell 
side' for a commodity. In the example below, Moe, Larry, and 
Curly want to exchange PG&E stock, PCs, and plums, and 
they have instructed their agents to make the following open 
1ngS. 

TABLE 1 

Example of an Opening 

Buy Side sell Side 

Agent PG&E PCS Plums PG&E PCs Plums 

Moe 16 10 16 10 
Larry 10 6 5 
Curly 10 15 10 

TOTAL 36 25 6 16 5 2O 

I0083. In this example, Moe has indicated that, in this par 
ticular exchange, he might buy up to 10 PCs or sell up to 10 
plums, but not more. Further, he has indicated that he might 
buy or sell up to 16 shares of PG&E, depending on how the 
negotiation progresses. 
I0084. Based on the information provided by the opening 
messages, at Step 12, the intermediary generates initial offer 
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messages listing commodities offered and sends them to the 
e-agents. Because the e-agents collectively may seek to pur 
chase more units of a commodity than they seek to sell, or vice 
versa, the intermediary’s initial offer for each commodity 
allocates the total quantity offered by all the e-agents among 
all the e-agents interested in buying or selling. As discussed 
above, this allocation is preferably done fairly, and, in the case 
of financial and similar commodities, so as to Substantially 
maximize the total amount exchanged. This allocation pref 
erably satisfies a set of “basic constraints on the exchange set 
by the e-agents. One Such constraint is that each e-agent is 
willing to exchange only a certain maximum amount, as 
communicated in the opening message. Other e-agent con 
straints, for example, include: (i) a minimum amount of a 
commodity that must be exchanged by an e-agent for any 
exchange to occur; (ii) a group of other e-agents not eligible 
for exchange with this e-agent; (iii) a refusal to accept frac 
tional units of a commodity; and so forth. As described, 
different intermediary goals can be appropriate for different 
groups of participants exchanging other types of commodi 
ties. 

0085 Continuing with the previous example of Moe, 
Larry, and Curly, assume that these participants have selected 
an intermediary that attempts to Substantially maximize the 
total amount of commodities exchanged while fairly allocat 
ing-amounts according to a pro-rata scheme. Accordingly, an 
offer can contain the following allocations. Since only Larry 
wants to buy plums while Moe and Curly want to sell equal 
amounts of plums, Larry can be initially offered a purchase of 
6 plums, 3 each from Moe and Curly. Since only Larry wants 
to sell PCs while Moe and Curly want to buy PCs in the ratio 
of 2/3, Larry can be initially offered a sale of 5 PCs, with 2 
going to Moe and 3 to Curly. Finally, to maximize the com 
modities exchanged, Moe can be initially offered a sale of all 
16 shares of PG&E to be divided equally between Larry and 
Curly. Further rounds of counter-offers and offers can modify 
these initial offers to reach a successful exchange for all 
participants. 
I0086. At the next step 13, each e-agent evaluates its cur 
rent offer from the intermediary, either an initial offer or an 
offer during a Subsequent round of electronic negotiation, and 
responds with a counter-offer. In the preferred embodiment, 
this evaluation is determined by the amounts offered in the 
last offer from the intermediary together with initial instruc 
tions from the participant. In other words, an e-agent of the 
preferred embodiment is “memory less” in that it does not 
look back to prior offers from the intermediary at any given 
round of negotiation, but rather computes a counter-offer only 
from the offer just received. In an alternative embodiment, an 
e-agent may act tactically or strategically to try to increase its 
utility by considering a sequence of several offers and 
counter-offers at a given round of negotiation. Such an 
e-agent, however, can prevent other e-agents from obtaining 
desired outcomes, and therefore is less preferred. 
0087. A memory less e-agent of the preferred embodiment 
can use its counter-offer to signal certain preferences to the 
intermediary. For example, the e-agent can signal its interest 
in a particular commodity by a counter-offer to take all, or 
Substantially all, of that commodity. Further, the e-agent can 
signal its satisfaction with the offer as a whole by returning a 
counter-offer that is identical to the preceding offer. As 
described, in the preferred embodiment, an e-agent evaluates 
previous offers according to a “utility’ function, together 
with optional constraints, whose joint extremum determines 
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the counter-offer to a prior offer. Alternatively, the e-agent 
can use a set of rules, such as expressed in a programming 
language format, for evaluating offers. 
I0088 At step 14, the negotiation successfully terminates if 
all the e-agents signal that they are satisfied with their last 
offers from the intermediary. Preferably, they do this by 
returning counter-offers that are equal to the previous offers. 
Alternatively, the negotiation can be terminated after a pre 
determined number of steps of negotiation, whether or not all 
the e-agents signal satisfaction. Upon termination, the par 
ticipants actually exchange the agreed upon amounts of the 
commodities using any mutually acceptable known means. 
I0089. If the negotiation did not terminate at step 14, then at 
step 15, the intermediary generates new offers by a process 
similar to that for generating initial offers, that is, it allocates 
commodities among e-agents based on fairness, Substantially 
maximizing commodity exchange, and satisfaction of 
e-agent basic constraints. Preferably the intermediary, unlike 
e-agents, has a memory of the recent rounds of negotiation, so 
that it can generate offers that depend on previous offers and 
counter-offers. In the preferred protocol, described subse 
quently, the intermediary generates offers based on the imme 
diately preceding counter-offer and the immediately preced 
ing offer. 

The Protocol for Intermediated Exchanges of the 
Preferred Embodiment 

I0090. In the preferred embodiment the negotiation 
between the intermediary and the e-agents proceeds accord 
ing to a protocol which leads to (1) a Substantially satisfactory 
outcome of the negotiated exchange according to the goals of 
the participants and the intermediary, and (2) a near optimum 
Solution for commodity exchange according to the particular 
e-agent and intermediary utility functions or exchange rules 
adopted to reflect these goals. Time requirements on comple 
tion of an intermediated exchange, as are present for financial 
commodities, may require the use of approximations or heu 
ristics in order to perform the computations of the intermedi 
ated exchange in the required time. This preferred protocol 
includes the following rules: 

0.091 E-agent Rule: (i) The amount of a commodity in 
the current counter-offer generated by an e-agent is less 
than or equal to the amount of that commodity in the 
immediately preceding intermediary offer; and 
0092 (ii) The current e-agent counter-offer depends 
only on commodity amounts in the immediately pre 
ceding intermediary offer. 

0.093 Intermediary Rule: (i) The amount of a commod 
ity in an offer to an e-agent being generated by the 
intermediary is chosen to be less than or equal to the 
"current demand, which is an upper bound for that 
commodity and that e-agent that varies during the nego 
tiation, and to satisfy the applicable set of basic e-agent 
constraints; current demands for an e-agent do not 
change if the immediately preceding offer is equal to 
Zero, or if the immediately preceding counter-offer 
equals the immediately preceding offer, and 
0094 (ii) Preferably, the current demand, and thus 
the amounts in the current intermediary offer, 
depends on both the last offer, the last counter-offer, 
and on the round of the negotiation; further the current 
demand is less than or equal to the immediately pre 
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ceding demand and greater than or equal to the 
amount in that e-agent's immediately preceding 
counter-offer. 

0095. It is preferred that the amounts to be offered next by 
the intermediary be close to the demands, and that these 
amounts are between the amounts in the e-agents immedi 
ately preceding counter-offer and the amounts in the interme 
diary’s immediately preceding offer. Accordingly, the 
e-agents are presented with opportunities to obtain the maxi 
mum satisfactory commodity exchange, at least for those 
amounts in which they expressed an interest in their most 
recent counter-offers. 
0096. However, since such desirable offer amounts can 
not, in general, be guaranteed, the demands in the preferred 
protocol are targets for the intermediary’s next offer. In par 
ticular, the intermediary should always be able to arrange 
Some satisfactory commodity exchange. A failure of offer 
determination, and a consequent failure of an intermediated 
exchange, is undesirable for exchange participants. Depend 
ing on the intermediary’s offer selection method and its con 
straints, imposing a lower-bound on the offers, such as the 
e-agents previous counter-offers, can result in Such a failure 
to determine next offers for all the e-agents. For example, 
lowering a bound for an intermediary that uses optimization 
to determine offers may cause offer amounts to be less than 
the amounts in which an e-agent previously indicated an 
interest. Therefore, the demands or bounds are treated as 
targets for the intermediary to generate is offers. It is prefer 
able that the resulting offers are close to the demands. How 
ever, in an alternative intermediary implementation, where 
lower bounds can be specified without a risk of failure, a 
preferred lower bound is the e-agent's immediately previous 
counter-offer. In Such an implementation, the actual interme 
diary offer, not just the upper bounds, would lie between the 
immediately preceding e-agent counter-offer and the imme 
diately preceding intermediary offer. 
0097. In more detail, FIG. 3 illustrates the protocol of the 
preferred embodiment with reference to the steps of FIG. 2. 
E-agent process 20 and intermediary process 21 are illus 
trated as exchanging the following messages as time 
increases: opening message 22 generated by step 11 of FIG.2, 
initial offer message 23 generated by step 12, first counter 
offer message 24 generated by step 13, second offer message 
25 generated by step 15, second counter-offer message 26 
generated by step 13, and so forth. Also illustrated are 
amounts of commodity A in these messages. For example, 
opening message 22 indicates that the maximum amount of A 
that e-agent 20 is prepared to exchange is al. Similarly, a 
where n is from 2 to 5, is the amount of A that is offered or 
counter-offered in the Subsequent messages illustrated in 
FIG. 3. Further, d is the current demand for a particular 
commodity for a particular e-agent. 
0098. More specifically, this exchange begins at step 11 of 
FIG. 3, when e-agent process 20 sends opening message 22 
indicating the maximum amount of commodity A, a that 
it is willing to trade in this intermediated exchange. In step 12. 
intermediary process 21 sets the current demand for A, d, to 
be equal to the opening maximum amount, a, allocates the 
opening amounts of A among the interested e-agents as 
described above, and then generates initial offer message 23 
to e-agent process 20. According to the Intermediary Rule of 
the preferred protocol, the amount offered to the e-agent is 
equal to or less than the current demand, that is: 

a2sd2 (1) 
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0099. During step 13, e-agent process 20 evaluates its 
offer and determines a counter-offer, Substantially optimum 
according to its utility function, for all the commodities in 
which it is interested. According to the E-agent Rule of the 
preferred protocol, the e-agent is not constrained in this deter 
mination as long as it uses only the preceding offer message 
22, and its counter-offer for A is less than or equal to the 
previous offer for A, that is: 

a3 (a2)sa2 (2) 

0100 If all the e-agents are not satisfied, then, during step 
15, the intermediary process generates new offers to all the 
e-agents. According to the Intermediary Rule, if an e-agent 
does not counter-offer to take all that was offered of a com 
modity in the previous offer, the intermediary selects that 
e-agent's next demand, d, according to the Intermediary 
Rule. That is, in general, this demand, or upper bound, is 
given preferably by: 

a, 1sd, d, (a, -1, a 2, d. 2, n, . . . )sa-2 (3) 

Here, “a” denotes the amount in the immediately preceding 
e-agent counter-offer, "a denotes the amount in the imme 
diately preceding intermediary offer; “d-2” denotes the 
demand for the generation of the immediately preceding 
intermediary offer; and “n” denotes the current stage of the 
negotiation. The "...' denote that the demand can depend on 
additional variables in alternative embodiments. Thus, sec 
ond offer message 25 proposes quantity as of commodity A 
which satisfies: 

as d(a,a24)sd2 (4) 

Preferably, the actual offer amount, as well as the demand, is 
between the previous offer, that is a, and the previous 
counter-offer, that is als. 

(3s (4s (2 (5) 

However, if this condition cannot be satisfied, this preference 
is dropped and only equation 4 is satisfied. 
0101 Finally, FIG.3 illustrates further counter-offer mes 
sage 26 in which the e-agent responds according to the 
E-agent Rule with counter-offered quantity satisfying: 

0102 The preferred protocol is accompanied by heuristic 
rules for determining the demands or bounds, d. These heu 
ristic rules preferably balance several competing require 
ments, including requirements for rapid and efficient conver 
gence of the protocol to a final exchange, requirements to 
Substantially maximize the total amounts of commodity 
exchanged, and requirements for overall fairness of the 
exchange. To insure convergence of the negotiation, it Suf 
fices that, for every round beyond some point in the negotia 
tion, there is at least one commodity for which the new 
demand, d is less than the previous demand, d, for that 
commodity. In other words, preferably, there is some nego 
tiation stage, denoted by N. Such that for all rounds, n, of the 
negotiation beyond N, n>N, there is at least one commodity 
for which the following equation is true. 

d.(..., n, . . . )sd-2(..., n-2, ...) (7) 

This insures convergence of the negotiation, because then the 
sequence of the Sums of the demands of all the e-agents is 
decreasing. Since commodities are exchanged in pre-deter 
mined, integer units, the amounts offered to each e-agent 
must eventually stop decreasing, arriving at a successful 
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exchange for alle-agents. The speed of convergence depends 
on the rate of decrease of the demands, the more rapid the 
decrease the fewer rounds of negotiation are required for 
convergence. 

(0103). However, it is preferable that the heuristic rules 
balance convergence requirements against requirements for a 
maximal commodity exchange. To encourage the e-agents to 
respond with larger counter-offers, and thereby to obtain a 
larger final intermediated exchange, it is preferable for the 
intermediary to present larger offers. In other words, it is 
preferable that the demands or bounds, d, not be decreased 
rapidly. In one extreme case, if the demands were not reduced 
at all, a maximal exchange would occur if the negotiation 
converged. However, in this case, it may not. In an opposite 
extreme case, if the demands are merely set to the amount in 
the e-agents counter-offers, the intermediary then only allo 
cates the counter-offers from the e-agents without modifica 
tion. Thus, each offer will be less than or equal to the pro 
ceeding counter-offer amount. Such a rule may sharply 
reduce the amounts of commodities exchanged because each 
e-agent acts in isolation and in a memory less fashion. For 
example, if one e-agent linked the exchange of two commodi 
ties together, a low offer for the first commodity can result in 
a low counter-offer for both the first and second commodities, 
which can sharply restrict the amount of the second commod 
ity finally exchanged if this e-agent is a major Supplier of that 
commodity in this exchange. 

0104. Therefore, it is desirable that the heuristic rules 
specify that the demands, or upper bounds, decrease at an 
intermediate rate during the course of the negotiation. In this 
manner convergence occurs while the intermediary generates 
offers that permit the e-agent to explore the greatest range of 
possible satisfactory exchanges. 
0105 Heuristic rules are chosen to satisfy the joint goals 
of the participants and the intermediary with respect to con 
Vergence, exchange size, and fairness. There rules can be 
determined empirically by rerunning past intermediated 
exchanges, using, for example, the previous e-agent instruc 
tions provided by the participants along with other previous 
data, with different heuristics. A satisfactory heuristic 
achieves, on average during Such reruns, the greatest com 
modity exchange within whatevertime constraints determine 
the required rate of convergence. For example, for financial 
equities, convergence must occur in no more than approxi 
mately 90 seconds. Satisfactory heuristic rules substantially 
maximize total commodity exchanges within this time limit 
for those e-agents and e-agent parameters likely to be used by 
the participants. Optimal heuristic selection is preferably an 
on-going process. The participants are likely to change their 
e-agent instructions, which can change convergence speed 
and exchange sizes and in turn require adaptation of the 
heuristic rules. 

0106. This invention is adaptable to other rules for inter 
mediary offer generation that have properties of(i) generating 
ultimately non-increasing offers for a commodity while (ii) 
not being merely limited to the amounts in the e-agents 
counter-offers. In particular, the variable demands deter 
mined by the intermediary can depend on several prior inter 
mediary offers and several prior e-agent counter-offers. Fur 
ther, the demands can be chosen to be greater than the least of 
a determined number of prior counter-offers but less than the 
maximum of another determined number of prior offers. 
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5.2. Offer and Counter-Offer Generation 

0107. In this embodiment, the intermediary and e-agents 
exchange offer and counter-offer messages, according to the 
preferred protocol, described above, to arrive at a satisfactory 
exchange. As indicated, an intermediary allocates commodi 
ties among the e-agents in a manner satisfactory to the joint 
goals of the participants. Each e-agent responds to offers from 
an intermediary with counter offers, generated according to 
its objectives. This section presents methods for the interme 
diary and an e-agent to generate offers and counter offers. 
0108. An offer message of the preferred embodiment 
includes the following data: 

0.109 1. Commodity names; and 
0110 2. For each commodity, the amount of that com 
modity that is currently offered by the intermediary for 
sale or for purchase. 

Similarly, a counter-offer message includes: 
0.111 1. Commodity names; and 
0112 2. For each commodity, the amount of this com 
modity that the e-agent currently is prepared to buy or to 
sell. 

5.2.1. E-Agent Counter-Offer Generation 
0113. An e-agent of the preferred embodiment is a com 
puter process that acts according to the objectives of its prin 
ciple. As indicated, at the start of the electronic intermediated 
exchange, an e-agent sends to the intermediary an opening 
message listing all the commodities of interest to its principle 
and the maximum amounts of each commodity to buy or sell 
at the exchange. Subsequently, the e-agent responds to offer 
messages from the intermediary with counter-offers as dis 
cussed above. This subsection describes two exemplary 
embodiments of counter offer generation: (1) a method pri 
marily suitable for financial commodities based on portfolio 
theory, and (2) a method primarily suitable for other types of 
commodities in general, based on general rules. 

Method Based on Portfolio Theory 

0114. In this embodiment, counter-offer generation is 
based on portfolio theory so that a counter-offer is selected 
from a previous offer by Substantially maximizing a utility 
function within the limits established by optional constraints. 
The utility function, which is a function of the amounts of 
commodities in the counter-offer, includes terms represent 
ing, among others. Such factors as the preference of the par 
ticipant for different commodities, the risk of the various 
commodities, the transaction costs of buying or selling the 
commodities, and the degree to which certain constraints on 
commodity holdings may be violated. 
0115 Commodity preferences are numerical weights 
expressing a participants interest in a given commodity, and 
can be, for example, the participants expected financial 
return from owning the commodity. The risk represents the 
participants estimation of the uncertainties associated with 
owning a particular commodity, and can be, for example, the 
variance of the expected financial return from owning the 
commodity. Transaction costs are estimates of the cost of 
buying or selling in a market. Finally, a participant can estab 
lish certain approximate goals for owning groups of com 
modities, and can allow a certain slack in meeting these goals. 
For example, a financial participant may wish to divide hold 
ings among industry groups according to certain percentages. 
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The maximum of the utility function minimizes the extent to 0120 Table 3 below uses vector and matrix variables and 
which these allocations are not met. vector and matrix notation to group the commodities together. 
0116. These components can be gathered into certain For example, Vector h represents commodity holdings with 
strategies, for example, as illustrated in Table 2. components (h, h . . . h.), where h is the amount held of 

commodity i. In this notation Cfc) is a scalar with the value 
TABLE 2 a *w--aw -- . . . +aw, where juxtaposition represents 

matrix multiplications and t is the transpose operator. 
Utility Function Terms and Strategies 

Commodity Trans. TABLE 3 
Strategy Preference Risk Costs Constraints 

E-agent Variables 
Active with e e e e 

risk Variable Meaning 
Active with no e e e 
risk h Vector of current commodity 
Indexing e e e holdings 

Characteristics e e b Vector of commodity amounts to buy 
Opportunity e e S Vector of commodity amounts to sell 
Cost AC) Vector of changes in portfolio 
List Completion e holdings due to amounts bought and 

sold 
Aco': Aco" Vectors with positive elements 

which give the upper and lower 
bounds on the amounts of each 0117. According to a simple strategy called “list comple 

tion' (also called herein “list'), the participant merely commodity to buy or to sell 
instructs its e-agent to make exchanges from a list of com- () Vector of commodity holdings after 
modities up to certain maximum-exchange amounts. Such a buying and selling the amounts 
articipant tionally, specifv limited tv pes of con- indicated in vectors bands p 1cipan may op ly, p y yp co': co" Vectors with positive elements 

straints, such as dollar imbalance or tiering constraints. which give the upper and lower 
According to a complex strategy called “active with risk', the bounds on the amounts of each 
participant generally instructs its e-agent to Substantially sity to have in a final 

OOIO 

maximize preferences or expected return while substantially C. Vector indicating the expected 
minimizing risks associated with these preferences. Option- return, or other numerica 
ally, the participant can specify broader types of additional preference measure, for each 
constraints, such as constraints on transaction costs of the commodity XE Matrix giving the covariance of the exchange, on the deviation of the resulting portfolio from expected returns, or other 
specified allocation constraints, and so forth. A less complex numerical risk measure, for all 
strategy is called “active with no risk.” and differs from the pairs of commodities, i.e. the risk 
66 - -4- 199 - 0 model 

E. with risk RE only R that risk 1S its B Vector of the holdings of a 
y the e-agent, wnicn su stantially maximizes only expecte benchmark portfolio against which 

returns subject to optional constraints. According to the risk is judged; if set to 0, then 
“indexing strategy a participant instructs its e-agent to Sub- risk is judged absolutely without 
stantially minimize the risk, or variance of the return, of a reference to any benchmark 
portfolio that represents the difference between the partici- y Scalar measuring the aversion to 

s risk; if set to 0, risk is ignored pants current portfolio and a benchmark portfolio. Such as & G 99 in generating counter-offers 
the S&P 500. A participant using “characteristics strategy, o Scalar which limits the maximum 
for example, may instruct its e-agent to invest up to S100 M value of the risk measure 
with 40% in identified technology stocks, 40% in automobile T(AG)) Separable model of transaction 
stocks, and 20% in banking Stocks. Finally, an “opportunity costs giving the transaction costs 

99 or the net buys and sells cost strategy is a more Sophisticated form of a list comple- indicated by AC) 
tion strategy in which an overall exchange is performed as a 8 Scalar measuring the aversion to 
series of Sub-exchanges, each Sub-exchange in the series transaction costs; if set to 0, 
being defined so that after its completion the risk of the transaction costs are ignored in 
unexecuted portion of the overall exchange decreases. generating counter-offers 

C Matrix providing linear constraints 
0118. Importantly, Table 2 illustrates that these and other on the commodities in a final 
strategies can be implemented by choosing which terms to portfolio; an exemplary such matrix 
include in the utility function to be substantially maximized groups financial commodities into 
by the e-agent and also which constraints limit this maximi- industry sectors 
Zation. The details of each Strategy are chosen by selecting the C: C Vectors providing lower and upper bounds, respectively, for the actual values of the Scalars, vectors, and matrices defining the - inear constraints on the final 
utility function terms and the constraints. portfolio 
0119 The portfolio method of counter-offer generation op Vector sing the aversion to 
configures the e-agent based on parameters passed from its missing each linear constraint 

bound; if an element is set to 0, 
participant. In the following, first, the general e-agent imple- errors in that bound are ignored in 
mentation is described, followed, second, by description of he utility function and the 
how it is parameterized. The Subsequent description pre- constraint is left rigid 
sented in equations 7 through 15 uses variables from Table 3. 
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TABLE 3-continued 

E-agent Variables 

Variable Meaning 

Sl; St Vectors with positive elements 
measuring the amount by which the 
linear constraint bounds are missed 
on the low-side and up-side, 
respectively; also known as slack 
variables 
Matrix providing linear constraints 
on the changes in portfolio 
holdings; an exemplary Such matrix 
includes commodity prices and 
measures the dollar imbalance of 
all the exchanges of the counter 
offer 
Vectors providing lower and upper 
bounds, respectively, for the 
linear constraints on the changes 
in portfolio holdings 

d' d', 

0121 Vectors “b” and 's', the amounts of each commod 
ity to buy or sell, are determined by finding the maximum (or 
approximate maximum) of the utility function. Their differ 
ence is the change in the portfolio holdings, Act). 

Acp=b-S (8) 

0122 Equation 9 below specifies upper and lower bound 
ing constraints on the changes in portfolio holdings. 

Aco's AcosAco" (9) 

For a particular commodity, the meaning of equation 9 
depends on whether the commodity can be bought, sold, or 
both. In the case of a commodity which is only bought, Aco' 
specifies the maximum amount to buy, and Aco' specifies an 
optional minimum amount that must be met for any 
exchange. Conversely, in the case of a commodity which is 
only sold, Aco' specifies the maximum amount to sell, and 
Aco' specifies an optional minimum amount that must be met 
for any exchange. Finally, in the case of a commodity that can 
be either bought or sold depending on the course of the 
negotiated exchange, Aco' specifies the maximum amount to 
buy, and Aco' specifies the maximum amount to sell. In this 
latter case, two additional parameters are optionally provided 
to specify minimum threshold amounts to buy and sell that 
must be met for any exchange. 
(0123. These constraints, Aco" and Aco', change during the 
intermediated exchange negotiation in accordance with the 
previously described protocol. Before the intermediated 
exchange, the participant instructs its e-agent with the maxi 
mum amounts of commodities to buy or sell. The participant 
can also optionally specify the minimum amount to buy or 
sell so that if this minimum is not met no exchange of that 
commodity is made. The e-agent transmits in its opening 
message these upper and lower bounds on the amounts to buy 
or sell to the intermediary for its use in initial offer generation. 
0124. In Subsequent negotiation rounds, the e-agent gen 
erates counter-offers by selecting amounts to buy or sell from 
the intermediary’s preceding offers. Thus, at each stage of the 
negotiation, the upper bound in equation 9, that is Aco", Aco', 
or both as is appropriate, is set to the amounts offered in the 
immediately preceding offer from the intermediary. Accord 
ingly, the upper bound limiting the exchanged amounts, and 
thus the decision variables in equation 9, vary during the 
intermediated negotiation. 
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0.125 Inequation 10, () is a vector containing the amounts 
of commodities that will be in the portfolio if an intermediary 
accepts the e-agent's counter-offer. 

The amounts in the portfolio, (), are the current holdings of 
the portfolio, h, plus the changes in the portfolio, AC). A 
participant can also optionally specify limits on the total 
amounts of each commodity in a portfolio by specifying 
upper and lower bounds, co" and co", in equation 11 that limit 
the possible values of (). 

co'scoso" (11) 

I0126. A preferred utility function, U, is expressed in 
terms of () and Act), and thus in terms of the decision variables 
bands, in equation 12 below. 

The first term in equation 12 represents the preference, or 
expected return, of the proposed portfolio, and is a Sum of the 
amount of each commodity in the proposed portfolio times its 
numeric preference factor, or expected return. The preference 
factors for all the commodities are gathered into the elements 
of vector C. Other forms of utility functions adaptable to this 
invention are apparent to those of skill in the art. 
I0127. The remaining three terms of the utility function 
above represent the participants aversions to risk, to trans 
action costs, and to constraint slack, respectively. The second 
term, representing aversion to risk, is typically the variance of 
the preference or expected return with respect to an optional 
benchmark portfolio, represented as vector B of benchmark 
commodity amounts. If this benchmark portfolio is specified, 
the risk of a proposed portfolio will be zero if the proposed 
portfolio is the same as the benchmark portfolio. If the bench 
mark portfolio is not specified, B is 0, and the second term 
measures the absolute amount of risk in the proposed portfo 
lio. The matrix X has elements which are the covariance of the 
commodity preferences or return and represents risk in mean 
variance portfolio theory. The factor Y is a weighting factor 
representing the participants overall aversion to risk. 
0128. The third term models transaction costs as a func 
tion of the amounts of commodity exchange, Act). The trans 
action cost model, T, is preferably separable, in that the cost 
for exchanging a particular commodity is independent of the 
amounts of other commodities exchanged. T need not be 
linear in the amounts of commodities exchanged, and can, for 
example, represent decreasing costs with increasing amounts 
of commodities exchanged. The factor 6 represents a partici 
pants overall aversion to transaction costs. 
I0129. The fourth term represents the participants aver 
sion to constraint slack, or in other words, constraint viola 
tion. This factor is a sum of products, each product including 
a term from vector (p representing a participants aversion to 
the slack in that particular constraint multiplied by the 
amount by which that constraint is violated, either on the low 
side, represented by S", or the high side, represented by S. 
0.130. In this utility function all the terms are preferably 
positive. Therefore, when this function is substantially maxi 
mized, the expected preference or return of the proposed 
portfolio is substantially maximized, while simultaneously 
the risk, the transaction costs, and the constraint violation 
slack are Substantially minimized according to the specified 
aversions. 
I0131 The utility function of equation 12 is substantially 
maximized within the limits of constraints such as specified 
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by equations 13-16. Equations 13 and 14 illustrate financial 
asset allocation constraints that limit the amounts of particu 
lar classes of commodities in a final portfolio. 

C's Co+S-S"sc". (13) 

Os.S.S (14) 

Such classes can be, for example, industry groupings, e.g., 
utility, technology, or cyclical stocks. Each row of matrix C 
adds portfolio holdings of commodities of a particular allo 
cation class. Vectors c' and c" represent the minimum and 
maximum amounts, respectively, of commodities in the 
groups defined by matrix C. Slack variables S and S", having 
positive elements according to equation 14, record the 
amount by which the commodity allocation constraints are 
violated on the low side and on the high side, respectively. 
0132 Equation 15 constrains the risk in proposed portfo 

lio, (), compared to an optional benchmark represented by B. 
This constraint limits the total relative risk, or total absolute 
risk where B is 0, to less than a maximum quantity O'. 

Finally, equation 16 represents additional constraints on the 
amounts of commodities exchanged, Act). 

d's DAGosd" (16) 

In the case where matrix D represents the prices of commodi 
ties, this constraint limits the total dollar imbalance of the 
total commodity exchange represented by Act) to be between 
a lower bound, d", and an upper bound, d". This constraint 
may be useful for limiting cash exposure during a particular 
intermediated exchange. 
0133. The framework described above implements the 
previously described portfolio strategies by merely setting 
certain variables to 0 or 1 as provided in Table 4. Absence of 
a parameter limitation is indicated by an empty box in this 
table. For example, the “active with risk” strategy allows all 
the parameters to be set freely by a participant. On the other 
hand, the “active with no risk’ strategy requires that the risk 
aversion parameter, Y, be set to 0, leaving the other parameters 
to be freely set. The simple “list' strategy requires that all the 
preference weights, C, be set to 1 with all the remaining 
parameters of the utility function set to 0. For this strategy, 
Substantially maximizing the utility function merely maxi 
mizes the total amounts in the proposed portfolio, (), as the 
utility function in this strategy merely reduces to a Sum of the 
amounts of commodities in a proposed portfolio. This maxi 
mum is limited by any optional constraints specified accord 
ing to equations 9, 11, 13, 15 and 16. 
0134. Therefore, to select and parameterize a strategy, par 
ticipants generally make Some or all of the following selec 
tions for each order submitted to the intermediated exchange: 

0.135 1. Specify commodities to buy and sell and the 
maximum, and optionally the minimum, amounts to be 
exchanged (vectors Aco", Aco", co", and co"); 

0.136 2. Specify commodity preference rankings by 
buy or sell side (vector C.); 

0.137 3. Select risk model, benchmark portfolio, if any, 
and specify risk aversion and/or risk limit (matrix X. 
vector B, Scalary, and scalar O., respectively); 

0.138 4. Select transaction cost model and specify cost 
aversion (function T(ACD), Scalar ö, and the parameters of 
equations 17-20); 

0.139 5. Specify other constraints, such as cash imbal 
ance constraints (matrix D. vectors d" and d'). 
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In the preferred embodiment, a participant makes these selec 
tions using a set of screen displays that facilitate entry of 
parameters or choices according to individual strategies. 

TABLE 4 

Strategy Option Implementation 

Strategy C. y 8 h op 

Active with risk 
Active with no O 
risk 
Indexing 1 
Characteristics 1 O 
Opportunity Cost 1 O O O 
List 1 O O O O 

0140 Various alternative utility functions and constraints 
may be used in various embodiments of the invention. Equa 
tions 17-20 illustrate one such alternative. These equations, 
include additional terms representing the transactions cost in 
the intermediated exchange compared to the transaction costs 
in other markets or exchanges. Here, vectors b, and s, repre 
sent the amounts to buy or sell, respectively, in this interme 
diated exchange and vectors bands, represent the amounts 
to buy or sell in other markets or exchanges. 

Ac),=b-s, (17) 

AG), -b-S, (18) 

Ao Ao,+AC), (19) 

Equations 17 and 18 give the net amounts exchanged in this 
intermediated exchange and in other markets. According to 
equation 19, the total amount of commodities exchanged. Act), 
equals the sum of the net amounts exchanged in the interme 
diated exchange of this invention and the net amounts 
exchanged in other markets. The transaction cost term in the 
utility function, the fourth term in U of the equation 12 is 
replaced according to equation 20. 

The overall separable transaction cost model is the sum of two 
different separable transaction cost models: (1) a function of 
the amounts exchanged that uses the system of this invention, 
and (2) a function of the amounts exchanged in other markets. 
Sophisticated participants can use this alternative approach to 
make trade-offs between the cost of portfolio management 
using the system of invention and the cost of management in 
other markets. 
0.141. Other alternative utility function and alternative 
portfolio techniques adaptable to this invention can be devel 
oped by those of skill in the art based on this disclosure. For 
example, additional constraints can be added, or the linear 
and quadratic terms for the commodity preferences and risk 
aversion of Equation 9 can be replaced by more general 
functions. Also frameworks other than the mean-variance, 
risk-reward model can be used by e-agents. 

Method Based on Rules 

0142. Alternatively, an e-agent can use rules to generate 
counter-offers in response to an intermediary’s offers. These 
rules, provided to the e-agent by the participant, preferably, 
are stated using typical programming language Syntax, Such 
as "if-then-else' statements, “for” statements, “while' state 
ments, “case' statements, and so forth. These statements may 
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include Boolean tests applied to the commodity amounts in 
an offer and executable portions that generate an e-agents 
counter-offer. In one implementation, these statements are 
executed by a statement or a rule interpreter of the e-agent 
process, while in another implementation, these rules could 
be compiled into a module which is simply called from the 
e-agent process. 
0143. The following set of rules illustrate the rule-based 
approach. 

BEGIN 
IF { (Shares of IBM Stock offered for sale >= 1000 

shares) & (pork-bellies offered for purchase >= 
10 units) 

THEN . 
(counter-offer to buy IBM stock <= 100,000 shares) 
& (and counter-offer to sell an equivalent dollar 
amount of pork-bellies) 

}: 
IF grapefruit is offered for sale at less than $1 

per pound 
THEN . 

ELSE IF bananas are offered for sale at less than $2 
per pound 

counter-offer to buy grapefruit <= 10 pounds 

THEN 

ELSEIF figs are offered for purchase at greater than 
$3 per pound 

counter-offer to buy bananas <= 4 pounds 

THEN { 

}: 
END. 

counter-offer to sell figs <= 20 pounds 

0144. Based on the above rules, an e-agent would generate 
an opening message with the following contents: IBM Stock 
can be bought in quantities between 1,000 and 100,000 
shares; porkbellies can be sold in quantities between 10 units 
and an amount dollar equivalent to 100,000 shares of IBM 
stock; grapefruit can be bought in amounts of less than 10 
lbs., bananas can be bought in amounts of less than 4 lbs., figs 
can be sold in amounts less than 20 lbs. After this opening, the 
e-agent would generate counter-offers from intermediary 
offers by applying these rules to the offers. For example, an 
intermediary offer could include the following: the sale of 
10,000 shares of IBM stock; the purchase of 1,000 pork 
bellies; the sale of 20 lbs. of grapefruit at S2 per lb.: the sale of 
10 lbs. of bananas at S1 per lb.; and the purchase of 40 lbs. of 
figs at $4 per lb. Applying the above rules to such an offer, an 
e-agent would offer to buy an amount of IBM stock dollar 
equivalent to 1,000 pork bellies, since the minimum require 
ments of the first rule are met by the offer of IBM stock to sell 
and pork bellies to purchase. No grapefruit is purchased, 
since it is offered at a price greater than S1 per lb. According 
to the first "else' alternative of this “if” statement, 4 lbs. of 
bananas are bought since they are offered at less than $2 per 
lb. This successful purchase terminates the “if statement 
without further consideration of the offer to purchase figs. As 
a result, the e-agent would sell 1,000 pork bellies, purchase a 
dollar equivalent amount of IBM stock, and purchase 4 lbs. of 
bananas. 

5.2.2. Offer Generation 

0145 As described, the intermediary and the e-agents 
exchange messages in order to arrive at a satisfactory inter 
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mediated exchange. The e-agents do not communicate 
directly with each other, and are not aware of each other's 
identity or existence. In the preferred embodiment for finan 
cial commodities, the intermediary seeks to allocate com 
modities in order to Substantially maximize in a fair manner 
the total amount of all commodities exchanged. This com 
modity allocation can also be subject to certain optional con 
straints that may be implemented in the intermediary due to 
market requirements, secrecy requirements, efficiency 
requirements, and so forth. 
0146 Since many commodities are directly exchanged in 
whole units, the intermediary preferably does not generate 
offers to e-agents for fractional amounts of commodities. For 
example, financial markets typically exchange shares of com 
mon Stock in units of 100. Such a common constraint can be 
implemented in the intermediary. Another type of constraint 
for intermediary implementation is known as "tiering con 
straints.” In some situations, a participant or a group of par 
ticipants may be unwilling to trade with other participants or 
other groups of participants, while at the same time wishingto 
maintain their anonymity. To maintain Such secrecy, tiering 
constraints are preferably implemented in the intermediary. 
0147 Certain constraints may be implemented in either 
the e-agents or the intermediary. An example of Such con 
straints are participant minimums on the number of units of a 
particular commodity that the participant is willing to 
exchange. For example, a participant may wish to exchange 
either 5,000 units or more up to some specified maximum or 
nothing at all. To substantially maximize the amounts of 
commodities eventually exchanged and to Substantially mini 
mize message generation, Such e-agent minimums may be 
implemented in the intermediary. Other appropriate con 
straints can also be implemented in the intermediary. For 
example, limited e-agents, such as e-agents for list-strategy 
participants, can have their constraints implemented as part of 
offer generation in order that any generated offers are auto 
matically acceptable to such limited e-agents, and can be 
accepted with an identical counter-offer without further 
rounds of negotiation. 
0.148. The objectives of substantially maximizing the total 
amount of commodities exchanged and the fairness of their 
allocation among the e-agents often conflict. This conflict can 
be resolved in various ways. In the preferred embodiment that 
deals with financial commodities, the intermediary generates 
each offer in a manner that Substantially maximizes the 
tradeoff between the total units exchanged and a pro-rata 
measure of allocation fairness. In other embodiments, the 
intermediary can Substantially maximize the amount 
exchanged while ensuring fairness only over the entire inter 
mediated exchange or, perhaps, only over series of interme 
diated exchanges. The intermediary may also choose to Sub 
stantially maximize the fairness of allocation at the expense 
of the amount of exchanged commodities. In all cases, it is 
preferable that the intermediary act in a manner consistent 
with the joint interests of all the participants likely to be 
present in a given intermediated exchange. 
0149. In the preferred embodiment for financial commodi 

ties, the intermediary generates offers by Substantially maxi 
mizing a utility function of the amounts of each commodity 
offered to each of the e-agents. A preferred utility function 
includes terms representing the amount exchanged and the 
fairness of the allocation. The general framework of this 
utility function and the optional constraints are presented 
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using the variables in Table 5 below. (For clarity, the sub 
Script, “n” denoting round number of the negotiation, is 
dropped in this Subsection.) 

TABLE 5 

Intermediary Variables 

Variable Meaning 

B. : S. Maximum amount of commodity to 
buy or sell in this exchange, 
respectively, indicated in e-agent 
is opening message 
Minimum amount of commodity to 
buy or sell in this exchange, 
respectively, indicated in e-agent 
is opening message; if no minimum 
indicated, O is assumed 
Binary threshold variables are set 
to 1 if the e-agent i receives in 
the current offer its minimum buy 
or sell amounts, respectively, of 
commodity; otherwise, they are 
set to O 
Amount of commodity to buy or 
sell, respectively, offered to 
e-agent i by the intermediary, as 
determined according to 
intermediary objectives 
Maximum amount of commodity which 
e-agentican buy or sell according 
to the preferred protocol 
Current demands, or upper bounds, 
according to the preferred protocol 
on the amount of commodity which 
e-agentican buy or sell, 
respectively, at this round of the 
protocol 

The relative pro-rata amount of 
commodity to buy or sell in this 
exchange, respectively, determined 
rom the amounts in e-agent is 
opening message compared to the 
otal amounts to buy or sell, 
indicated in all the e-agents 
opening messages 

y A controllable parameter to adjust 
he tradeoff between fairness and 
amounts allocated 
Tiering-constrainte-agent Subsets: 
or each pair of Subsets associated 
with a given l, no e-agent in the 
first Subset wishes to trade with 
any e-agent in the second Subset 
Optional fairness weights used by 
he intermediary to adjust the 
airness of the allocation for 
e-agent i in determining buy or 
sell amounts to offer 

if S if 

i . B', S', 

i ws Yi Y., 

is Sii 

i: . 24 b": s", 

O, O, 

8; 8, 

0150. The preferred utility function, U: for the intermedi 
ary includes two terms, one term representing the total 
amount of commodities exchanged, and the second term rep 
resenting the fairness of the commodity allocation. Since b, 
represents the amount of commodity J bought by e-agent I. 
the total amount of commodities, denoted by A, exchanged is 
given by equation 21. 

(21) 
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Because of constraint equation 27, the total amounts sold 
equal the total amounts bought for each commodity. 
0151 Commodities are fairly allocated when eache-agent 

is offered a fair proportion of the total amount of each com 
modity present in an exchange. This invention is adaptable to 
numerous ways of determining the fair proportion and the 
amount of each commodity present. In the preferred embodi 
ment, the fair proportion of a commodity for an e-agent is that 
e-agent's pro-rata purchase or sales fraction. This fraction is 
measured by comparing the demand which the intermediary 
has assigned to that e-agent in the current round of negotiation 
to the demands assigned to all the othere-agents in the current 
round. An e-agents fair proportion changes during a nego 
tiation, since the demands assigned to the e-agents change 
from round to round of the negotiation. In more detail, since 
d'his, is the demand to buy commodity Jassigned to e-agent 
I by the intermediary at the current round of the negotiation of 
the intermediated exchange, e-agent I's fair proportion of 
commodity J to buy is given by equation 22. 

diply (22) 
ld 

bicy X di. 
k 

(0152 Similarly, since d', is the demand to sell com 
modity J assigned to e-agent I by the intermediary at the 
current round of the negotiation, e-agent I's fair proportion of 
commodity J to sell is given by Equation 23. 

sei d; (23) 
w = 

y did 
k 

ld 

Further, the preferred total amount of a commodity present in 
a round of the negotiation is the Sum of the amounts of this 
commodity to be offered in this round to each of the e-agents. 
0153. In view of these choices, equation 24 is a preferred 
measure of the overall fairness of the commodity allocation 
among the e-agents. 

f 

(24) 

i Xe-"),...) Xeo-"). 
For example, considering the first purchase Summation, the 
difference between the amount of commodity J that e-agent I 
is to be offered, b, and e-agent I's fair proportion of com 
modity J, that is the pro-rata purchase fraction, w". multi 
plied by the sum of all amounts of commodity J offered to all 
of the e-agents, represents the fairness of the allocation of 
commodity J for e-agent Is purchase. The greater the differ 
ence in these two quantities, the greater is the unfairness, 
either to e-agent I or to the other e-agents, of e-agent Is 
allocation of commodity J. A similar expression represents 
fairness of the allocation of commodity J for e-agent Is Sale. 
The sum, W, of these measures over all commodities and all 
e-agents is the preferred measure of the fairness of the total 
allocation. The smaller W, the closer this allocation is to being 
perfectly pro-rata. This representation of W as a sum of 
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squares is preferred because it facilitates computation of the 
maximum of the utility function for the intermediary. Other 
expressions for W can also be used. In fact, at the expense of 
increased computational cost, any monotonicly increasing 
function of the absolute values of these differences can be 
used as a measure of the allocation fairness. 

0154) In certain situations, the preferred fairness measure, 
which weights equally all e-agents, fails to result in an allo 
cation satisfactory to the objectives of all the participants. For 
example, certain participants who have specified large 
exchange amounts, can receive proportionately less than they 
feel is fair in cases where other participants have specified 
certain constraints, such as dollar imbalance constraints. In 
Such situations, an alternative fairness measure incorporates 
fairness weights, 8", and ö, which can give certain e-agents 
a greater or lesser influence in the fairness measure for pur 
chases or sales according to whether their weights are speci 
fied to be greater or less than 1, respectively. An exemplary 
weighted fairness measure is given by equation 25. 

(25) 

* X. 2. e(e. w), b. -- X. o, w). ...) 
f i 

0155 These fairness weights can be adjusted either during 
the course of an intermediated exchange or from one inter 
mediated exchange to another, in order to satisfy the joint 
fairness requirements of all the participants. 
0156 Finally, the intermediary utility function is given by 
Equation 26 as the difference between the amount exchanged, 
A, and the measure of allocation fairness, W. multiplied by an 
aversion factor, Y. 

U-A-YW (26) 

This aversion factor controls how seriously an intermediary 
considers allocation fairness. The greater the value of this 
aversion factor, the more important role the allocation fair 
ness plays in the intermediary's overall offer generation. 
0157 Preferably, the value of this aversion factor is chosen 
according to the joint goals and objectives of the participants 
and the intermediary in a given intermediated exchange. In 
the preferred embodiment, this factor is heuristically chosen 
by running sample intermediated exchanges with typical 
input data or by rerunning past intermediated exchanges 
using the previous instructions provided by the participants 
along with other previous data but with various heuristics. A 
satisfactory aversion factor is one which meets the joint goals 
of the participants and the intermediary for fairness and maxi 
mum commodity exchange in these test runs. 
0158. The intermediary generates offers by substantially 
maximizing its utility function, U, which is a function of the 
offer amounts, b, and S. Subject to certain constraints. One 
essential constraint is that each commodity is completely 
crossed, that is for each round of the negotiation the Sum of 
the amounts of each commodity that the intermediary offers 
for sale to all the e-agents equals the Sum of the amounts of 
that commodity that the intermediary offers to purchase from 
all the e-agents. Therefore, no commodity has an excess or a 
deficit in the exchange. This constraint is expressed in equa 
tion 27. 
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Xb, =Xs. Vj (27) 

A further constraint is that all exchanges occur in multiples of 
standard commercial units. For example, for stocks, such a 
standard unit is 100 shares. Further, the coefficients and 
bounds must be chosen according to the commercial units of 
the problem. These integer constraints are expressed in equa 
tion 28. 

b, s, are integer W. (28) zizi 

In the case of stock, each integer unit represents blocks of 100 
shares. 
0159 Further constraints are bounds on the commodity 
amounts that can be exchanged. Equations 29 and 30 express 
the lower and upper bounds, respectively, on the amounts that 
e-agent I can buy of commodity J. 

Osy, bi'sbWij (29) 
bi, ii-f: : bisy, b; Wii (30) 

Equations 31 and 32 express the lower and upper bounds, 
respectively, on the amounts E-agent I can sell of commodity 
J. 

Osy,’s'ss, Vij (31) 

Sisys, "Wij (32) 

According to equations 29 and 31, the decision variables of 
the problem are greater than equal to Zero. Equation 33 limits 
the value of the variables, y', andy, called herein “thresh 
old variables, to 0 and 1. 

y'ye(0,1 ), Wii (33) 

The threshold variables are by default 1, but are set to 0 if an 
offer being computed allocates less than the buy or sell mini 
mum amounts of commodity J to e-agent I. These variables, 
together with equations 29 through 32, express the constraint 
that e-agent I will only buy or sell commodity J if it can 
exceed any specified minimum exchange requirements. 
0160 These exchange bounds play a role during a nego 
tiation according to the preferred protocol for intermediated 
exchange of this invention. For the first offer generated by the 
intermediary, the upper limit constraints on sales and pur 
chases by each e-agent are set to the limits provided by that 
e-agent in its opening message to the intermediary. Also, for 
the first and all subsequent offers, the lower limit constraints 
on sales and purchases by eache-agent are set to the minimum 
exchange constraints, if any, also specified in e-agents open 
ing messages. 
0.161 During subsequent rounds of the negotiation, the 
upper limit constraints on sales or purchases of each com 
modity are set to the current demands for sales or purchases, 
respectively, according to the preferred negotiation protocol, 
that is: 

b." =de. s"=d". (34) 
In this manner, intermediary offers are automatically gener 
ated consistently with the Intermediary Rule of the preferred 
protocol. Where alternative bounds are used in a negotiation 
protocol, these upper and lower constraints are adjusted 
accordingly. 
0162. As previously discussed, the current demands, or 
upper bounds, d", and d'et, are adjusted during the rounds 
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of the negotiation according to heuristic rules which balance 
requirements on negotiation convergence, exchange 
amounts, and fairness. Preferably, as the negotiation pro 
ceeds, the current demand for a commodity is chosen to 
progress from its initial amount, the maximum amount of the 
commodity of interest, towards the amount of the immedi 
ately preceding e-agent counter-offer in a Substantially uni 
form fashion. This preferred heuristic is computed according 
to equations 35 and 36. 

(35) d = d-2 ( )(d. 2 an-2) 
Wii. 3 K 

d = a-1 win > K (36) 

In these equations, “n” denotes the number of the current 
round of the negotiation; “d denotes the current demand; 
“d-2” denotes the immediately preceding demand; and 'a' 
denotes the amount of the immediately preceding e-agent 
counter-offer. The constant “K” controls the rate by which the 
current demand approaches the immediately previous 
counter-offer. K is preferably approximately 5, or, alterna 
tively between 3 and 10. Another embodiment of this heuris 
tic replaces equation 35 with equation 37 when n>K. 

1 (37) 
d da-2 (k - it -- 1)(d. 2 an-1) 
Wii. 3 K 

0163 According to another heuristic, the current demand 
in a given round of negotiation, for a given commodity and 
e-agent, is the average of the immediately preceding interme 
diary offer and the immediately preceding e-agent counter 
offer for that commodity. Thereby, for n-K, the current 
demand is determined according to equation 38. 

d. 2-(1/2)(d. 2-a-)WnsK (38) 

0164. Among optional constraints are tiering constraints, 
which express the desire of certain e-agents not to exchange 
with certain other e-agents. According to the tiering con 
straints, pairs of sets of e-agents, O and 0, are defined. Such 
that for each pair of sets, no e-agent in set O trades with any 
e-agent in set 0. Equation 39 expresses the tiering constraints 
for purchases of e-agents in set O, by requiring that all Such 
purchases can be satisfied by sales of e-agents not in set 0. 

Xb, s X s.j. vi. 1 (39) 
isol iG 

Equation 40 expresses similarly this constraint for sales of 
e-agents in set O. 

Xs, s X. vi. 1 (40) 
isol ieG 

Further optional constraints may be included in the interme 
diary’s offer generation computation, one Such being dollar 
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imbalance constraints for those e-agents. Dollar imbalance 
constraints are illustrated by equation 14. 
0.165. The problem of substantially maximizing the utility 
function, U as defined by equation 26, according to the 
described constraints is known in the art as a “mixed integer 
quadratic optimization problem. Its solution provides the 
offers that the intermediary sends to each e-agent. As is com 
monly known in the relevant art, the computational demands 
involved in finding the Solutions to Such mixed integer-qua 
dratic problems can be prohibitive, given the current capa 
bilities of commercially available processors. Therefore, 
practitioners skilled in the art often use heuristic methods that 
do not guarantee that a solution is exactly optimal, but instead 
provide a solution that is satisfactorily accurate as well as 
computable in an acceptable time. 
0166 In particular, the quadratic form of the fairness term 
in the utility function, U, certain of the constraints, and the 
sheer size of mathematical programs that can be encountered 
can increase the computational demands of the intermediary. 
Accordingly, the preferred implementation of the intermedi 
ary computation uses one or more, and preferably all, of the 
following heuristics to achieve satisfactory accuracy within 
the available computational resources. 
(0167 First, in view of the size of the problem that the 
intermediary solves for each of the possibly many rounds a 
Successful negotiation may require, the mathematical pro 
gram of the intermediary is linearized. The quadratic fairness 
term W. defined in equation 25, is approximated by a piece 
wise linear, convex function according to methods known in 
the art of mathematical programming. The resulting linear 
mathematical program of the intermediary can then be mod 
eled as a minimum-cost flow problem. Such a model can be 
routinely constructed by methods known in the art of math 
ematical programming. See, e.g., Papadimitriou et al., 1982, 
Combinatorial Optimization. Algorithms and Complexity, 
Prentice-Hall Inc., which is herein incorporated by reference 
in its entirety. In general, an implementation modeled as a 
minimum-cost flow problem uses less computation per round 
of the negotiation than an implementation using linear pro 
gramming. However, an implementation using linear pro 
gramming has the advantage that a Subsequent round of nego 
tiation can use the solution of the previous round of 
negotiation for an initial approximate solution. Therefore, in 
the preferred implementation, for the first K rounds of nego 
tiation the intermediary computation is modeled as a mini 
mum-cost flow problem and, in the Subsequent rounds when 
the negotiation is closer to convergence, the problem is imple 
mented using linear programming. The value of K is chosen 
to achieve an adequately accurate solution within the time 
bounds on the intermediary. In the preferred implementation, 
K is set to between 4 and 6, preferably approximately 5. 
0168 Next, the constraints represented by equations 
29-33, which express that e-agent I will only buy or sell 
security J if the offered amount exceeds minimum exchange 
requirement b, or s', are modeled by the following pre 
ferred heuristic. For the first L rounds of the negotiation, these 
constraints are disregarded. After the Lith round, if the 
amount, a chosen by the e-agent in a counter-offer is less 
than the specified lower bound, the intermediary sets the 
demand, d for the current offer to 0, in order that none of that 
commodity will be offered to that e-agent in Subsequent 
rounds of the negotiation. The value of L is chosen to sub 
stantially maximize the total amounts exchanged while still 
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satisfying all such e-agent constraints. In the preferred imple 
mentation, K is set to between 4 and 6, preferably approxi 
mately 5. 
0169 Finally, the integer constraints represented by equa 
tion 28, which express that the commodities are exchanged in 
the relevant commercial units, are modeled by the following 
preferred heuristic. At each round of negotiation, first, the 
intermediary solves the commodity allocation problem dis 
regarding the integer constraints of equation 28. Second, the 
intermediary then allocates any fractional commodity units in 
the resulting solution fairly among the e-agents, so that only 
integer units of commodities are actually exchanged. The 
allocation of fractional units can be done according to many 
methods. A preferred method for this allocation proceeds 
according to the following steps. 

0170 1. Ignore integer constraints and solve the prob 
lem of substantially maximizing the utility function of 
the intermediary Subject to constraints with continuous 
variables. Such a solution can be obtained according to 
methods known in the art, for example, using commer 
cially available mathematical programming Software. 
This software includes CPLEXTM from CPLEXOptimi 
zation Inc. (Incline Village, Nev.)) or OSLTM from IBM 
Corp. (Poughkeepsie, N.Y.). See, also, Karloff, 1991, 
Linear Programming, Birkhauser. 

0171 2. For each commodity J, adjust the amounts for 
each e-agent to buy or sell provided by the continuous 
solution to integer values according to in the following 
indented steps: 
(0172. 3. Let T=0. 
0173 4. For each e-agent I exchanging commodity J. 
randomly adjust the amount to buy, b, either to b, 
(the greatest integer less that or equal to b) or to 
b.l. (the least integer greater than or equal to b.) 
with probabilities proportional to (b. -b, ) or to 
(b. -Lb), respectively; make a similar adjustment to 
the amount to sell, s, add the adjusted difference to T 
if the order is to buy, or subtract from T if the order is 
to sell. 

(0174 5. If T>=1 of ifT-1, then adjust the order in 
an opposite manner, that is from b, to b, or vice 
versa, in order to maintain the value of T to be strictly 
between -1 and 1. 

0.175 6. Repeat steps 3, 4, and 5 for each e-agent I 
interested in commodity J. 

0176 Alternatively, the following process can be used to 
fairly allocate fractional units. 

0177 1. Ignore integer constraints and solve the prob 
lem of substantially maximizing the utility function of 
the intermediary Subject to constraints with continuous 
variables according to the previously described meth 
ods. 

0.178 2. For each commodity J, adjust the amounts for 
each e-agent to buy provided by the continuous solution 
to integer values according to in the following indented 
steps: 

0179. 3. For each e-agent I exchanging commodity J 
compute b, the greatest integer less than or equal 
to b, This removes any fractional units from e-agent 
I. 
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0180. 4. Compute the sum given by equation 41. 

i 

0181. This determines the total fractional units of 
J taken from all e-agents. Then truncate B, to 

B. 

(ois; 5. Reallocate the truncated B, fractional units 
back to the e-agents one unit at a time according to the 
following steps: 

(0183 6. While B-0 do: 
0.184 7. Rank the e-agents in order by their: 

0185 share of the allocation (ascending); 
0186 slack in cash balance constraint (descend 
ing), 

0187 units below minimum units (ascending). 
0188 8. Assign one unit to the e-agent ranked highest 
in step 7. Break any ranking deadlocks randomly. 

(0189 9, B-B-1 
0.190 10. Repeat steps 1 and 2 for the continuous sell 
variables. 

5.3. An Embodiment for Exchange of Financial 
Commodities 

0191 As discussed, this invention is particularly adapted 
to the exchange of financial commodities, and in this section 
the preferred implementation adapted to this exchange is 
described. Financial commodities include Such intangibles as 
stocks and bonds, as well as contracts for the future exchange 
of tangible or intangible commodities, known as options. 
Preferably, these commodities are traded in financial markets 
during which publicly available bid and ask prices are estab 
lished. Financial commodities are often identified by a num 
ber selected by the Committee of Uniform Security Identifi 
cation (the “CUSIP number), or by an exchange trading 
symbol, and in the following the word “symbol is often used 
synonymously with financial commodity. 
0.192 In this embodiment, the invention includes an 
Order-Manager system (hereinafter also referred to as an 
“OM system). This system makes services for the electronic 
intermediated exchange of financial commodities available 
to, typically, remote participants over network interconnec 
tions. This system accepts commodity exchange orders from 
participants, performs intermediated exchanges periodically 
during the day, either at pre-established times or as instructed 
by the system operator(s), and reports the results of com 
pleted exchanges to the participants. In the preferred embodi 
ment, preestablished exchanges are conducted four times per 
day. In general, the OM System according to the preferred 
embodiment is structured as a modular collection of com 
puter processes that exchange messages. The next Subsection 
describes the general structure and implementation of this set 
of computer processes. The Subsequent Subsection describes 
the message types exchanged and the Software architecture of 
these processes. 

5.3.1. The Order-Manager System 
(0193 FIG. 5 illustrates a preferred implementation of the 
Order-Manager system 40, as well as several classes of client 
systems. The Order Manager includes, client interfaces, sys 
tem component processes, and the intermediary with 
e-agents. In this and Subsequent sections, a "client system' 
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generally denotes the client portion of a client-server com 
puter system. More particularly, it denotes a computer system 
used by a participant to access the OM System services. 
0194 Client systems for the participant access are prefer 
ably grouped into classes which have similar characteristics, 
Such as similar order complexity, similar OM System access 
performance, similar OM System access authority, and so 
forth. These classes include general clients 79, limited clients 
80, trading workstations 81, and further client types A83 and 
types B 84. These client computer systems run participant 
interface software, herein called "client interactive' software, 
adapted to particular client types and constructed according 
to the user interface specification appropriate to the particular 
client system. In more detail, general client systems 79 are for 
those participants who require the most general processing 
capabilities from their e-agents. As described previously, 
Such processing capabilities include selecting commodities 
according to methods such as finding a constrained extremum 
of an objective function of commodity amounts or applying 
rules to commodity amounts. Therefore, the client interactive 
Software for general clients is adapted to the entry or receipt 
of a large number of variables describing these capabilities, 
such as the variables identified in Table 3. Accordingly, this 
software includes screens for entry and display of these vari 
ables and the interface is preferably interactive. In other 
embodiments, this Software can be non-interactive, for 
example, by being adapted to batch data entry by a partici 
pant. 
(0195 On the other hand, limited client systems 80 are for 
participants with simpler exchange requirements. A type of 
limited client, the “list completion client of Table 2, merely 
accepts any offer from the intermediary which includes com 
modities of interest and meets limited types of constraints. 
Such a client is specified by a more limited set of variables, 
including a list of commodities sought in an exchange, maxi 
mum and, optionally, minimum amounts of each commodity 
sought, and constraints such as tiering, dollar constraints, and 
price limit constraints. As described Subsequently, limited 
clients may also be processed efficiently by the intermediary 
without creating separate e-agents. Limited clients may 
optionally be processed by general client systems and general 
client interface processes, since they can be specified by 
variables which area special cases of those for general clients. 
0196. Other client systems types include trading computer 
workstations 81 and glue client computer systems 82. Trading 
workstation systems 81 are a special class of client system 
designed for operators and administrators of the Oh System, 
and not for participants. One or more of the trading worksta 
tions can have administrator-level authority for their users to 
control access to the OM System by other client systems, 
initiate, monitor, and control intermediated exchanges, and 
perform other general system control and configuration func 
tions. Other trading workstations may be used by operators 
who accept orders for intermediated exchanges from partici 
pants without client systems. 
0197) Glue client systems 82, also called herein the “glue.” 
are more complex clients of the OM system. Although they 
are client systems of the OM system 40, they are in turn server 
systems to attached client systems of participants of various 
types, such as type A clients 83 and type B clients 84 attached 
by links 89. Client systems attached to glue clients, or to the 
glue, execute more capable client interactive Software, which 
can direct financial commodity requests to various trading 
systems other than the OM system 40. Therefore, in addition 
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to being linked to the OM system 40, glue clients 82 are also 
attached to other exchange systems 97. Such as Systems for 
trading in the NYSE or the National Market system of the 
NASD, and route exchange requests from their own attached 
client systems to the correct exchange system. As a router 
connected to the OM system, the glue clients preferably mul 
tiplex the OM system requests of their own attached clients 
over one link, such as link 90. 
0198 Finally, certain clients are specialized for adminis 
trative and operations functions. Such functions include par 
ticipant commission billing, end-of-day clearance of com 
pleted exchanges, and so forth. The client interactive software 
for these client systems is specialized to these particular 
operations functions. 
0199 Turning now to the client interface processes of the 
OM, FIG. 5 illustrates that each client system directly 
attached to the OM system 40 is linked to an instance of an 
interface process. Preferably, these interface computer pro 
cesses are specialized to the particular requirements of that 
class of client systems to which they are linked. Therefore, 
general clients 79 have general client interface processes 85: 
limited clients 80 have limited client interface processes 94; 
trading workstations 81 have trading client interface pro 
cesses 95; and each glue client 82 has a specialized glue 
interface process 96. 
0200. As each client connects to the OM system, an inter 
face process of the type specialized for handling that client is 
preferably spawned. This interface process maintains the 
connection to the client, and terminates after the client dis 
connects from the system. To decrease computational over 
head, and thereby to increase performance, an OM System is 
adaptable to more complex client interface process which are 
capable of simultaneously supporting and maintaining con 
nections to several clients. A special case of Such a more 
complex client interface process is the “glue' client, which 
serves all the clients directly connected to a glue server 
through a single connection that server. Client interfaces can 
be of two general types: a first type in which a separate 
interface instance is required for each separate instance of 
participant access, and a second type in which multiple par 
ticipants are multiplexed over a single instance of a client 
interface. Client interfaces for general clients 79, limited 
clients 80, and trading workstations 81 are representative of 
the first type of client interfaces. For these systems, a separate 
interface process is created for each participant during that 
participant’s access to the OM system. The client interactive 
software and interface processes of this type are preferably 
specialized to take advantage of this dedicated access link. 
Participant exchange request information can be held in 
memory by the interface process for rapid access in the event 
of for example: queries by participants; validation of partici 
pants order corrections, deletions, etc.; attaching partici 
pants order details to reports coming from the intermediary 
before sending them to participants; and so forth. 
0201 Client interface processes are preferably imple 
mented to include two processing functions or halves, as 
illustrated by the two halves of the circles illustrating client 
interfaces 85,94, 95, and 96. One processing function, for 
example function 85, is for connecting to client systems and 
exchanging messages with participants of the intermediated 
exchanges through the client interactive Software. This func 
tion presents a single communication port for access to the 
OM system and Supports communication protocols and mes 
sage formats appropriate to each class of client system and 
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client interactive software. Thus, client systems do not need 
knowledge of the detailed internal structure of the OM sys 
tem. 

0202 The other interface function, for example function 
86, connects to the internal components of the Oh System and 
exchanges messages with these components. Thus, the OH 
internal components do not require knowledge of its client 
systems, for example, knowledge of their types, their network 
addresses, their communication protocols, or their client 
interactive software. Preferably, the internal interface func 
tions of the interfaces run Substantially the same program 
code. 
0203 The two components of the interfaces pass mes 
sages between each other and translate between external for 
mats appropriate for transmission to clients, and internal for 
mats appropriate for transmission to the OM system 
components. Preferably, all messages exchanged between an 
OM System and its clients and also between internal OM 
System components are individually acknowledged and Vali 
dated to preserve system integrity and client security. Also, 
other interface implementations can be used. For example, to 
the extent that limited or other client types are special cases of 
general clients, such client types can also access the OM 
System through general client interfaces. 
0204 Another function of the interface processes relates 

to orders that are submitted with a potential duration of sev 
eral intermediated exchanges or several days. Some partici 
pant strategies and corresponding e-agents are designed for 
only a single intermediated exchange. If a participant 
employing Such a strategy did not receive all desired amounts 
of commodities, then a new order must be constructed by the 
client interactive software and Submitted to request any 
residual amounts. However, other participant strategies and 
corresponding e-agents permit update of a pending order by 
either removing satisfied commodity requests or by Subtract 
ing partially satisfied commodity amounts. The pending 
updated order remains for the next intermediated exchange 
for up to participant specified maximum number of 
exchanges or days. The interface processes for Such partici 
pants, without involvement of the client interactive software, 
are responsible both for such order update and for maintain 
ing the order pending according to the participants specifi 
cations. 
0205 Types of external electronic message exchanged 
between clients and the OM system include the following: 
orders, order corrections, exchange reports, queries, query 
responses, commands, command responses, and broadcast 
system messages. In general, these external message types 
begin with a message header exemplified in Table 6. 

TABLE 6 

Message Header 

Client identifier E-agent Message Record Count 
identifier Type 

0206. The client identifier field uniquely identifies a client 
to the OM System, and can be assigned by, for example, a 
system operator when a particular participant is authorized to 
make use of the OM System. In cases where a client requires 
an e-agent and an e-agent has already been assigned, the 
e-agent identifier or address is included in the message header 
in order to make message delivery internal in the OM system 
more efficient. The message type field indicates the type of 
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the message, and the record count field specifies the length or 
number of Sub-records present in this particular message. 
0207 Order messages include basic and optional informa 
tion and can beformatted into a variety of alternative formats. 
In the preferred embodiment a client presents basic portfolio 
information, that is identification of the financial commodi 
ties to be exchanged along with the maximum amounts of 
each commodity to be exchanged. Basic portfolio messages 
have multiple records of a format exemplified in Table 7. 

TABLE 7 

Portfolio Detail Record Format 

Maximum 
trade size 

Asset identifier Price Buyi Minimum 
Sell trade size 

The fields of this message are described in the following table 
8. 

TABLE 8 

Portfolio Message Fields 

Data 
Field Name Type Description Values 

Asset Char. Unique identifier Any valid string, 
Identifier (24) OraSSet acroSS e.g. a symbol or 

participants. CUSIP number. 
Price Float For certain Any non-negative 

participants, a number. 
dollar ceiling 
(for a buyer) or a 
dollar minimum 
(for a seller) 
beyond which no 
asset should be 
exchanged. 

Buy/Sell Char. Flag to indicate B: Asset is bid 
(1) whether asset is for purchase. 

being offered for S: Asset is 
sale or bid for offered for sale. 
purchase. 

Minimum Float Minimum units of Any non-negative 
Trade Size asset required by number. 

e-agent for a 
purchase or sale. 

Maximum Float Maximum units of Any non-negative 
Trade Size asset that e-agent number. 

will buy or sell. 

0208 For limited clients, certain additional constraints 
can be presented in optional order messages, which Supple 
ment the minimum trade amount constraints present in the 
portfolio message. For example, cash imbalance constraints 
can be presented as a pair offloating point numbers establish 
ing lower and upper bounds for permitted cash balances after 
an exchange. Tiering constraints can be presented as a list of 
identifiers of other clients that this client does not wish to 
exchange with. Alternatively, for limited clients, both the base 
portfolio information and the optional constraints can be pre 
sented in a single order message. 
0209 For general clients, an order message of the pre 
ferred embodiment necessarily includes considerable infor 
mation in addition to the basic portfolio information provided 
by the limited or list client. First, such information includes an 
indication of the type of e-agent processing requested, such as 
offer evaluation according either to mean-variance portfolio 
theory or to procedural rules. In the first case, an order mes 
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sage can include numeric parameters Sufficient to define the 
Scalars, Vectors, and matrices which specify the objective 
function and constraints. An exemplary specification is pre 
sented in Table 3. In the latter case, an order message can 
include the procedural rules specifying e-agent processing. In 
both cases, either text form or in binary coded form can be 
used. Also, this additional information can optionally becom 
bined with the basic portfolio information into a single, 
potentially long, order message. Therefore, the client inter 
face for a general client is preferably adapted to handle Such 
large order messages. 
0210 Turning to the additional message types, any param 
eter Supplied in an order message can be altered by a client 
prior to initiation of an intermediated exchange by Submitting 
an order-correction message. An order-correction message 
can simply update the particular parameters that the client 
wishes changed. In the preferred embodiment, the order 
correction message replaces all parameters previously Sup 
plied by a client, whether changed or not. 
0211. After an intermediated exchange completes, the 
OM system returns exchange reports to each client. These 
reports include a list of commodity identifiers exchanged on 
behalf of this client, the amounts exchanged, the exchange 
price, and an indication of whether the exchange was a buy or 
a sell. Additionally, in the case of general clients with e-agents 
performing more complicated processing, the OM system 
can return special data reflecting the details of e-agent pro 
cessing, for the participant to check that the e-agent is pro 
cessing according to requirements, and where this is not the 
case, to alter parameters or rules to correct processing defi 
ciencies. 
0212. Using query messages, a client or participant can 
query an OM System concerning, for example, the status of 
submitted orders, the time to the order cutoff for next sched 
uled intermediated exchange, current commodity prices, and 
so forth. The OM system returns responses to client queries in 
the query-response messages. In addition, OM System opera 
tors, using the trading workstation interactive application, 
with OM System operator authority, can Submit command 
messages and receive command-response messages from the 
OM system. Exemplary commands include those for sched 
uling an intermediated exchange, controlling access to an 
intermediated exchange, querying exchange orders or the 
status or the progress of an intermediated exchange, querying 
and altering system configuration, querying and altering cli 
ent authorization, and so forth. A further command provides 
for running test intermediated exchanges known as 'sce 
narios. Such test exchanges are advantageous for the pur 
poses of providing trading workstation users with a prediction 
of the results of the next exchange, of verifying that no orders 
or other data have been Submitted that might cause an 
exchange to fail, and of removing such problematic data, if 
any. Upon receiving a command to perform Such a scenario, 
the intermediary carries out a complete intermediated 
exchange using the currently Submitted orders, but does not 
store these exchange results in the database. Further, only the 
trading workstation clients are informed of the results of a 
scenario; no reports are sent to the participants or to the tape 
reporting service. Finally, broadcast system messages can 
include messages indicating the cutoff of orders for the next 
intermediated exchange, the commencement of an interme 
diated exchange, and the completion of the exchange. 
0213. In addition to the client interfaces, the Order-Man 
agement system has interfaces to a source of commodity 
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prices and to systems for publicly reporting the results of 
financial exchanges. E-agent strategies of the general clients 
and optional dollar imbalance or price ceiling constraints of 
the limited clients can require a Snap-shot of up-to-the-mo 
ment prices of participating commodities just before an inter 
mediated exchange. This invention can use various sources of 
price data that provide on request and in a Sufficiently timely 
fashion Such a Snap-shot. 
0214. However, in the case of financial commodities, cur 
rently available are “quote feeds.” which either broadcast all 
quotes/trades of financial commodity prices or are capable of 
responding to a price query only for one commodity at a time. 
To use Such a service, this invention preferably uses a ticker 
plant system, which includes ticker plant program 101, of 
FIG. 5, for linking to and monitoring quote feed 78 along with 
database 102 for accumulating commodity prices. The pro 
gram monitors the quote feed for price information concern 
ing securities of interest in upcoming intermediated 
exchanges, and maintains a database of Such prices. At the 
beginning of an intermediated exchange, this database pro 
vides the up-to-the-moment prices of commodities participat 
ing in the exchange. Since illiquid commodities can appear on 
a quote feed only a few times each day, the ticker plant must 
monitor the entire universe of commodities likely to partici 
pate in upcoming exchanges. The ticker plant may also per 
form certain related functions, such as, discovering missing 
or bad prices, providing for manual price update, accumulat 
ing price statistics, and so forth. Preferably, the program of 
the ticker plant is constructed as a price information server 
that responds to queries with up-to-the-moment prices of 
multiple commodities. Thus, a client of the ticker plant is the 
order-manager system. Currently, preferred quote feed for the 
ticker plant is S&P Commstock, Inc. (Harrison, N.Y.). 
0215 For financial commodities, regulatory authorities 
require public reporting of all exchanges within established 
and stringent time limits. In order to satisfy such rules, an OM 
system can connect to public reporting services and can send 
to Such services in appropriate formats messages indicating 
the results of each intermediated exchange. Such messages 
include asset identifiers along with amounts exchanged and 
exchange prices. For stocks and those bonds which are traded 
on the New York Stock Exchange (“NYSE), the American 
Stock Exchange (AMEX), or the National Market System 
(“NMS), such a reporting service is available from the Secu 
rities Industry Association Automation Corp. (“SIAC). For 
options, such a reporting service is available from the Options 
Pricing Reporting Authority (“OPRA”). 
0216 FIG. 5 also illustrates a preferred internal structure 
of order-manager system 40 of the preferred embodiment, 
including supervisor subsystem 98 with slave-supervisor 
100, exchange driver subsystem 73, database subsystem 72, 
and intermediary machine or machines 74, which host the 
functions for performing the intermediated exchange. In gen 
eral, the supervisor function together with the database func 
tion maintain a fault-proof system. The exchange driver func 
tion manages message flow to and from the intermediary. The 
intermediary and its internal functions, which actually per 
form the intermediated exchange, are described in the next 
Subsection. 

0217. These OM system functions are described sequen 
tially in more detail in the following paragraphs and Subsec 
tions after description of the communication links between 
these functions. These links are used for inter-process mes 
sages. The Supervisor maintains communication links, illus 
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trated by link 99, with all processes in the OM system 40. 
Each instance of a client interface establishes a communica 
tion link both with the database subsystem 72 and with the 
exchange driver 73. For example, instance 85 of the general 
client interface establishes communication link 90 with data 
base function 72 and communication link 91 with exchange 
driver function 73. Thereby, the intermediary itself need 
merely establish two links, link 92 with database subsystem 
72 and link 93 with the exchange driver 73, and need not have 
knowledge of the number, identity, or addresses of any of the 
client interfaces. In addition, the intermediary establishes a 
link with the ticker plant 101, which acts as a server of 
up-to-the-moment commodity price information. The inter 
mediary also establishes communication links with external 
tape reporting service 77, which provides public reporting of 
completed exchanges. 
0218 Supervisor 98 manages a fault-tolerant system envi 
ronment by monitoring the OM system processes and restart 
ing any failed processes. It performs this role in cooperation 
with database subsystem 72 and on the basis of process con 
ventions used in the OM system. The supervisor 98 estab 
lishes communication links with the OM System processes, 
such as links 99, and then periodically queries status of the 
processes. If a process responds with an error status or fails to 
respond at all, the Supervisor restarts the process. If any 
system process other than an interface process fails, the pro 
cess itself then recovers its last saved process state from the 
database Subsystem 72 and begins processing from that last 
state. In the case of a client interface process, in addition the 
Supervisor indicates to the interface process to which client to 
connect. After recovering the saved state of that connection 
from the database, it reconnects to that client. 
0219 All processes in the OM system are structured for 
fault-recovery. First, all processes periodically save their state 
in the database subsystem 72. Second, the processes, other 
than interface processes, automatically assume that, upon 
being started, they are starting after a previous failure, and, 
accordingly, retrieve from the database saved process state 
and begin again with that state. An interface process, how 
ever, upon starting, is informed by the Supervisor whether it is 
being restarted after a failure, in which case it also retrieves 
the saved process state from the database and begins again 
with that state as for other processes, or whether it is being 
started to serve a new client, in which case it begins from an 
initial state. 

0220 Concerning the intermediary in more detail, for 
recovery purposes, computation of an intermediated 
exchange is treated as a single operation, which either com 
pletes or fails as a unit. Therefore, database subsystem 72 
stores Sufficient state information, such as all input data, 
including order and order-correction messages, for an inter 
mediary to be able to reconstruct its initial state just prior to 
commencement of an intermediated exchange. If the inter 
mediary or an e-agent fails during the course of an interme 
diated exchange, all the e-agents and the intermediary are 
refreshed with the saved state information and the exchange 
restarted from the beginning upon operator command. 
Optionally, at operator discretion, an e-agent that failed dur 
ing an exchange can be excluded from the restarted interme 
diated exchange. If an e-agent fails prior to an exchange, the 
intermediary can simply reinvoke the e-agent with its con 
trolling portfolio and other order information. Also, the data 
base stores information concerning the commodities 
exchanged immediately upon completion of an intermediated 
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exchange. Therefore, if a system component fails during the 
reporting process after an exchange, the results of the 
exchange can be retrieved and the reporting process restarted. 
0221 Additionally, it is advantageous to test e-agents 
when they are submitted by participants from their client 
systems. Participants can Submit parameters, rules, or entire 
e-agent programs which fail to correctly function. Failure of 
a single e-agent may lead to failure of an entire intermediated 
exchange. To avoid this possibility, the OM system should 
preferably test an e-agent for correct functions. This can be 
done by presenting each e-agent with a range of offers to 
verify that it does not fail and that it returns counter-offers 
satisfying the Agent Rule as discussed above. Unsatisfactory 
e-agents may be excluded from the intermediated exchange 
and their Submitting participants notified. 
0222 Supervisor 98 is itself protected from failure by 
slave-supervisor 100. The slave-supervisor process maintains 
a copy of the state of the Supervisor and monitors the Super 
visor by exchanging status messages. If the status messages 
indicate that supervisor 98 has failed, slave-supervisor 100 
takes over the Supervisor function of monitoring the other 
OM system processes and immediately starts a new slave 
supervisor to monitor itself. 
0223) The database components of the OM system partici 
pate essentially in providing for a fault-tolerant system by 
storing copies of all input and output messages and records 
reflecting the up-to-the-moment state of all OM system pro 
cesses. The database includes database software subsystem 
72 together with storage means 97. Database subsystem 72 is 
preferably a relational database system, such as SYBASE 
version 11 supplied by SYBASE Inc. Storage means 97 pref 
erably includes a mixture of Solid-state and disk storage con 
figured, as is known in the relevant art, for Sufficient perfor 
mance and reliability. Nightly tape backups are performed to 
protect from disk failures. In order to store copies of messages 
sent from participants to the OM system, database Subsystem 
72 establishes separate communication links to client system 
interface processes over which it receives these message cop 
ies. For example, database subsystem 72, has established 
connection 90 with the instance 86 of a general client inter 
face. Additionally, the database establishes communication 
link 92 with the intermediary over which it receives results of 
each intermediated exchange promptly after exchange 
completion. If recovery is needed, as previously explained, 
copies of this data is Supplied to the failing process in order to 
reestablish its state. 

0224. In the case of intermediated exchanges of financial 
commodities, in which stringent time limits must be met for 
reporting of exchange results, it is advantageous that these 
results be promptly committed in the database before report 
ing. To meet these performance requirements, these results 
are first stored as a large binary block of unformatted data 
representing these results. Upon committing the exchange 
results, client and public reporting can begin. During report 
ing, the unformatted binary block can then be extracted and 
formatted into a standard relational row and column format 
for final storage in the relational database. Typically, direct 
formatted Storage in the database is too slow to meet equity 
reporting requirements. 
0225. The database performs certain other functions in the 
OM system. First, the data about exchange inputs and outputs 
can be used to tailor intermediary heuristics. As previously 
described, the intermediary makes use of certain heuristics to 
meet the joint exchange goals of the participants and the 
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intermediary. By rerunning Stored, historical intermediated 
exchanges with varied heuristics and comparing results, these 
heuristics can be tailored. The database subsystem provides 
Such retrospective data. Second, the database receives certain 
intermediate data for an intermediated exchange, including 
commodity prices used during the intermediated exchange 
and information tracking the process of the intermediary and 
e-agent computations. Such tracking information is useful to 
improve the performance of these computations. The data 
base also stores system configuration information. This infor 
mation includes communication addresses of the OM com 
puter(s) and software processes, as well as identities, 
addresses and authorizations of clients permitted to access the 
OM system. This information is made available to the OM 
system processes during execution and to operators for dis 
play and modification. Hardware and Software modularity 
and configuration flexibility are maintained in order to allow 
easy addition of new clients and participants, new client 
types, new e-agent computational methods, new hardware 
machines, new communication pathways, and to so forth. 
0226 Turning now to the exchange driver 73, it manages 
order, order-correction, and command messages received 
from the client systems directed to the intermediary 3, and 
also manages intermediated exchange results from the inter 
mediary directed to the client systems. Therefore, first, 
exchange driver 73 receives input messages from its connec 
tions with the interface processes and forwards them over its 
single link93 to the intermediary 3. After passing messages to 
the intermediary prior to an exchange, it waits for completion 
of the exchange. After the intermediated exchange completes, 
exchange driver 73 receives all the exchange results from the 
intermediary and distributes them appropriately. For each 
portfolio of each participant, it formats messages with the 
identifiers of the commodities exchanged, the amounts 
exchanged, and the exchange prices, and sends those mes 
sages to the interface process connected to that participants 
client system. In order to distribute exchange results, the 
exchange driver can maintain information relating client 
identifiers with client interface network addresses. Also, the 
exchange driver receives commands directed to the interme 
diary, Such as the command to prepare for an exchange and 
the command to initiate an exchange. Optionally, the 
exchange driver may periodically generate commands to ini 
tiate an exchange according to a schedule set by system 
operators, using the trading workstation interactive applica 
tion. In the preferred embodiment, such commands originate 
from those trading work stations which have operator author 
ity. The exchange driver also originates broadcast messages 
to the participants. 
0227. In the preferred implementation, each previously 
described software function of the order-manager system is 
implemented as a system process that may be multi-threaded. 
Each Such process is executed on one of one or more com 
puters. Communication connections between processes are 
implemented either within a computer for collocated pro 
cesses, or, alternatively, over network interconnections 
between the OM system computers for remotely located pro 
cesses. Preferably, all communication interconnections are 
managed according to a common network protocol. The num 
ber and capability of OM System computers and the arrange 
ment and the capacity of network interconnections among 
these computers are chosen according to methods known in 
the system arts in order to achieve desired performance and 
throughput targets. In particular, since financial situations are 
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increasingly fluid, it is preferable that an intermediated 
exchange of financial commodities be completed as fast as is 
reasonably possible after the command to initiate the 
exchange is received, e.g., preferably within 5-10 seconds. 
Therefore, the computers on which the intermediary and the 
e-agents are hosted are preferably capable of significant inte 
ger and floating-point numerical computations. Preferred 
computers for intermediary and e-agent functions are Sun 
Ultrasparc work stations model 2, or equivalent computers of 
equal or greater capacity. These computers run the SunOS 
operating system and associated operating system compo 
nents, for example communication drivers. They are inter 
connected by LANs, preferably an ethernet LAN operating at 
100 mega-bps. The preferred network protocol is IP with TCP 
for managing inter-process sessions. 
0228. In more detail, for equities, an intermediated 
exchange must be completed and publicly reported within 90 
secs. This requirement follows from National Association of 
Securities Dealers (“NASD) regulations which require that 
all trades of an equity at its most recent price be reported 
within 90 secs. Since the intermediated exchange, according 
to the preferred embodiment, commences by obtaining the 
up-to-the-moment prices of financial commodities to be 
exchanged, it must complete and report the trade within the 
90 sec. window required by NASD. Preferably, the prices 
actually used are the most recent quote mid-spread prices, 
that is the average of the most recent bid and most recent 
asked prices. Further, since transmission time of input prices 
and output results can require from 15 to 30 secs., the actual 
intermediated exchange computation for equities must com 
pute within 60 to 75 secs., at most. Given the method of 
intermediated exchange computation, necessary computers 
are chosen to have the capability to perform the necessary 
computation within approximately 1 minute or less. Further, 
the method of intermediated computation, itself, is chosen So 
that it is possible to meet this requirement. For example, the 
rounding heuristic for accommodating integer constraints 
provides computational simplicity in order to meet this 
NASD window. Also, the current demand heuristic provides 
Sufficiently rapid convergence. 
0229. Other order-manager system architectures can be 
used. For example, in an alternative in order to improve inter 
mediary reliability by limiting external access, the ticker 
plant price server can be linked to the exchange driver instead 
of to the intermediary. Similarly, the tape reporting external 
interface can be linked to the exchange driver. In a different 
embodiment, the intermediary and the exchange driver may 
be combined into one process; the intermediary may establish 
direct connections with client interfaces in order to obtain 
orders and return exchange results. Also, as noted, the inter 
mediary machine 74 can be implemented using several 
machines. In this case, the system configuration component 
of database 72 would contain the addresses and communica 
tion links between Such machines, as well as the machine for 
each e-agent of each particular participant. 

5.3.2. Intermediary Message Protocol and Process 
Structure 

0230. The functions hosted on the intermediary machine 
(s) are described in detail in this subsection. Described first 
are the preferred implementation, the general functions, and 
the message protocol of the intermediary and e-agents. 
Described second are the processes according to which the 
intermediary and e-agents function. 



US 2013/0262285 A1 

0231 FIG. 6 illustrates in more detail an implementation 
of the intermediary machine(s) 74 of FIG. 5. The intermedi 
ary machine or machines generally hosts intermediary pro 
cess 3 and e-agent processes 1. Optionally, an exchange with 
only limited clients has no e-agent processes. The intermedi 
ary machine is preferably a plurality of machines connected 
by a communication network, Such as a LAN with the system 
processes distributed across the machines in order to equalize 
processing load and thereby achieve increased performance, 
as is known in the art. Further, as previously described, certain 
e-agent processes can be located remotely from the OM sys 
tem, being hosted on machines controlled by particular par 
ticipants and connected to the intermediary by telecommuni 
cation links. Alternatively, where one machine has a sufficient 
computing capacity to meet the computing demands of all 
these processes, they are collocated on that single machine for 
reduced communication overhead. Such a single machine can 
be either a very capable uni-processor or a multi-processor. In 
the latter case, the same Software architecture can be used 
with each e-agent assigned to its own processor. An alterna 
tive architecture for a multi-processor machine implements 
the intermediary and the e-agents as separate threads of a 
single process. A further alternative for a very capable uni 
processor implements the intermediary and the e-agents as 
parts of one single-threaded program linked by procedure 
calls. 

0232. As further illustrated in FIG. 6, intermediary pro 
cess 3 includes three principal functions: allocation function 
114, local data area function 113, and communications inter 
face function 112. Allocation function 114 performs the 
actual computations necessary to generate offers to e-agents 
according to the preferred protocols for intermediated 
exchange. In the preferred embodiment, and especially for 
financial commodities, this computation is performed 
according to the methods of Section 5.2.2, which depends on 
the Solution of a mixed integer-quadratic numerical optimi 
zation problem limited by described constraints. This prob 
lem can be solved by methods known in the art and available 
as Software packages from commercial Suppliers as discussed 
before. 

0233 Local data area function 113 is responsible for stor 
ing and retrieving most shared data used by the intermediary. 
It includes functions or methods to store and retrieve shared 
data objects, thereby providing an interface between commu 
nications interface function 112 and allocation function 114. 
Before the commencement of an exchange, the communica 
tion interface stores in the local data area, information gen 
erally necessary for an intermediated exchange. Such as up 
to-the-moment commodity prices. Also stored in the local 
data area 113 are the exchange requirements and objectives of 
certain limited function clients, such as list clients. These 
exchange requirements include their portfolio order and cor 
rection messages and any constraint requirements, such as 
dollarimbalance or tiering constraints. After an exchange, the 
communications interface 112 distributes the exchange 
results, which have been stored in local data area function 113 
by the allocation function 114, to database 72, to exchange 
driver 73, and to tape reporting service 77. First, the exchange 
results, stored in an unformatted binary representation in the 
local data area, are quickly committed in the database in this 
binary form. These unformatted results are intelligible to the 
intermediary but are not formatted into database fields. After 
database commitment, the results are distributed to the other 
elements, optionally being translated into text form. For cer 
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tain client interactive software that is capable of formatting 
the binary results no text translation is necessary. When 
recovering from a failure during exchange reporting after a 
completed exchange, the just completed exchange results are 
retrieved into local data area function 113 from database 
function 72 in order to restart the reporting process. 
0234. During the actual intermediated exchange, alloca 
tion function 114 first retrieves the previously described 
stored data, and constructs an in-memory representation of 
the mathematical programming (“MP) optimization prob 
lem that is solved to generate intermediary offers. To generate 
an offer, the intermediary passes this representation to MP 
library routines, which actually solve the optimization prob 
lem. The solution result is then updated in local data area 
function 113, in order that the exchange results are immedi 
ately available for distribution in case the e-agents accept the 
intermediary offers. If they do not accept their offers, the 
in-memory structures are updated with the e-agent counter 
offers and the next round of the electronic negotiation pro 
ceeds. The in-memory MP representation is constructed in 
two phases in order that the intermediary is not committed to 
any particular set of MP library routines. In a first phase a 
general representation of the problem is constructed. In a 
second phase, a specific representation is constructed 
directed to the particular library routines currently used. For 
example, in the preferred case of using CPLEXTM derived 
library routines, this second phase constructs a representation 
adapted to use by the CPLEXTM routines. 
0235 Finally, communications interface function 112 
provides functions for all external communications needed 
by intermediary 3. Therefore, it communicates with exchange 
driver 73, which in turn communicates with all instances of 
client system interfaces in the OM system, with the database 
72 for reporting and recovery purposes, with the ticker plant 
101 for obtaining price information, and with tape reporting 
service 77 for publicly reporting results of an intermediated 
exchange. During normal exchange processing, the commu 
nications interface function 112 receives input data from the 
exchange driver 73, which it distributes as appropriate to the 
local data area 113 or the allocation function 114. During 
recovery processing, the communications interface function 
112 retrieves data from the database function 72 either to be 
prepared to execute an exchange following a system failure 
that occurred while not running the actual intermediated 
exchange, to restart an intermediated exchange following a 
failure of the actual exchange, or to restart the reporting 
process. 
0236. The intermediary is preferably implemented as a 
single process constructed from the three functional modules 
described. In Summary, the communications interface 
handles all inter-process communication of the intermediary. 
The local data area separates the handling of the complex data 
required by the intermediary from the other intermediary 
functions. For sufficient performance, all this local data is 
kept in actual machine memory. Finally, the allocation func 
tion computes the actual intermediated exchange. These 
functional modules communicate by method or procedure 
calls. 
0237. The preferred implementation of the intermediary 3 
and of e-agents 1 uses object-based technology. According to 
Such an implementation each of the principle intermediary 
functions is an instance of an object containing private data 
and presenting methods necessary to carry out the particular 
functions required. In a preferred object-oriented implemen 
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tation, messages between intermediary functions on commu 
nication links 121 and between the intermediary and e-agents 
1 across communication links 120 contain data for invoking 
methods presented by these objects. For example, the local 
data area function 113 maintains intermediary data shared 
among the principal functions and presents methods to store 
and retrieve this data, among others. The communications 
interfacefunction 112 presents methods to communicate with 
the described externally connected processes, among others. 
The allocation function 114 presents a single method to runan 
intermediated exchange, which performs offer generation for 
each negotiation stage of an exchange and places the offer 
results in the local data area. The preferred language for Such 
an implementation is C++. 
0238. In particular, the numerical optimization calcula 
tions required by the allocation function 114 constructed 
according to the preferred embodiment, can be inherited from 
computational classes built from commercially available 
numerical optimization packages Suitable for Solving mixed 
integer or quadratic programming problems. A preferred Such 
package is CPLEXTM from CPLEX optimization, Inc. (In 
cline Village, Nev.). These inherited computational functions 
are preferably multi-threaded and therefore, capable of 
executing in parallel on a multi-processor computer system 
for improved response time. Such a multi-processor com 
puter can be either a shared-memory or a message-passing 
multi-processor System as are currently commercially avail 
able. 
0239. A less preferred implementation of the functions of 
the intermediary 3 and e-agents 1 is according to any pro 
gramming technology which provides for process and func 
tion coordination by message passing, while not necessarily 
providing for encapsulation or inheritance. 
0240. To improve performance, any implementation of the 
intermediary and the e-agents should keep as much data as 
possible in memory. At least the data stored in the local data 
area as well as any data needed by the MP optimization 
calculations should be memory-resident. Further, it is prefer 
able that an OM system, together with its client systems and 
their particular client interactive software, keep all the data 
for a particular intermediated exchange in memory. This pro 
vides for rapid computation of an exchange and for rapid 
reporting of exchange results. 
0241 Before turning to a detailed description of the mes 
sage flow in the intermediary machine(s) of the order-man 
ager system, optimization of this message flow in order to 
take advantage of certain properties of limited, or list, clients 
or participants is discussed. Intermediated exchanges with 
certain limited clients can be treated separately from the 
exchanges with more general clients in order to decrease 
computational requirements and increase performance. Such 
special clients are those which have strategies that accept all 
offered commodities that are within specified basic con 
straints, if any. Among Such clients are those participants that 
have selected the previously described list completion strat 
egy. 
0242 On the other hand, exchange definitions for more 
general clients are forwarded to e-agents, which perform the 
intermediated exchange for these participants. Alternatively, 
all clients can be treated similarly with their own e-agents, 
even Such special, or list, clients. 
0243 FIGS. 7, 8, and 11 illustrate message flow internal to 
intermediary 3, between its principal functions, and also 
external to the intermediary, with its linked processes. These 
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figures adopt the following conventions. Messages 
exchanged between two components or processes in one 
direction are illustrated in one-block of messages. The trans 
mission time of each message in a block with respect to an 
intermediated exchange is indicated by a parenthesized code 
that precedes the message. This code uses the following 
abbreviations: “B” denotes messages passed before com 
mencement of an exchange: “M” denotes messages passed 
during an exchange: 'A' denotes messages passed after an 
exchange; “R1' denotes messages for recovery of exchange 
failures; and "R2 denotes messages for recovery of reporting 
failures. 

0244. Now with respect to FIG. 11, the messages 
exchanged between communications interface 112 of the 
intermediary 3 and connected external processes are as fol 
lows. Before an intermediated exchange, the exchange driver 
71 sends to the communications interface 112 messages of the 
types indicated in block 200, including: portfolio messages, 
extended data block messages, correction messages, and 
commands from system operators. In more detail, portfolio 
messages include the list of financial commodities, perhaps 
by trading symbol or CUSIP number, along with the maxi 
mum amounts to buy or sell. In addition, these messages 
indicate certain parameterized constraints, such as minimum 
exchange amount, cash imbalance, and tiering constraints. 
Such information, preferably packaged as a single message, 
is needed for all clients, but is adequate to completely 
describe only the limited clients which are processed in the 
previously described optimized fashion. For general clients, 
extended data block messages are sent which include param 
eters sufficient to describe the general strategies and con 
straints according to, for example, the exemplary methods for 
counter-offer generation described in Section 5.2.1. In a pre 
ferred implementation for general clients, this extended infor 
mation is packaged together with portfolio information in a 
single message. Alternatively, it can be packaged as a plural 
ity of separate messages. The communications interface 
accepts correction messages, which correct or alter any 
exchange parameter for any client prior to commencement of 
an exchange. For general clients, it is preferred that a correc 
tion message replace all previously Supplied parameters with 
new parameters, whether or not changed. Finally, commands 
from system operators can query the State of intermediary 3 or 
initiate an intermediated exchange. An exemplary exchange 
initiation command is represented by “Exchange’. The com 
munications interface function 112 returns validation and 
exchange result messages to the exchange driver 73, as indi 
cated in block 201. Receipt of all the input messages is 
acknowledged in a validation message. Also, after comple 
tion of an intermediated exchange, communications interface 
function 112 retrieves exchange results from the local data 
area and distributes them to the exchange driver 73 and tape 
reporting process 77. To the exchange driver, the exchange 
results are distributed grouped by client or participant in a 
form adapted to further distribution to clients across the client 
interface processes. 
0245. Just before commencement of an intermediated 
exchange, communications interface function 112 requests 
the most current price data from ticker plant 101 for the 
commodities participating in the exchange and receives the 
prices in a message indicated in block 203. The identity of 
participating commodities is determined by the allocation 
function 114, as is described subsequently. After completion 
of an exchange, the communications interface returns 
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exchange results to the tape reporting service 77 as indicated 
in block 202. The results are distributed as a list of exchanges 
by commodity in form adapted to the particular reporting 
service. 

0246 Finally, the communication interface sends to the 
database function 72, an exchange results message as indi 
cated by block 205. These results are sent in a compact binary 
format for rapid storage. If recovery is needed, processes 
restarted by the Supervisor request check-pointed State infor 
mation Sufficient to restart their processing. Messages con 
taining this state information are indicated by the messages in 
block 204. For example, to recover from failures after com 
mencement but before completion of an intermediated 
exchange, the communications interface retrieves all input 
data necessary to an exchange. Such as copies of portfolios, 
general client data blocks, corrections, and so forth. When 
this data is restored, intermediary 3 waits for an operator 
command to restart an exchange. To recover from failures 
after a final exchange is completed, the compact binary form 
results of the just completed exchange are sent from the 
database 72 and report distribution restarted using these 
retrieved results. 

0247 FIG. 7 illustrates the messages exchange between 
each pair of principal internal components of the intermedi 
ary 3 of FIG. 6. This figure illustrates an embodiment that is 
optimized to specially treat limited, or list, clients, which 
require one, or at most a small predetermined number of 
rounds of negotiation according to the preferred protocol. 
Further, in a preferred object-based implementation, each 
message type illustrated in FIG. 7 is sent by invoking methods 
in the object instance representing the receiving function. 
Message types in block 130 are sent from the communica 
tions interface 112 to the local data area 113 at the indicated 
times. Thus, prior to an exchange, portfolio and constraint 
messages, and corrections to these messages, for those lim 
ited clients with the previously described optimized process 
ing, are sent to the local data area. At the commencementofan 
exchange, the communications interface also sends prices for 
the commodities to be exchanged to the local data area. Since 
the local data area preferably stores most shared data needed 
by the intermediary, additional so types of Such data as 
required are forwarded from the communications interface 
for storage in the local data area. Also, as indicated in block 
130, for recovery of the failure of an exchange, the commu 
nications interface re-sends these portfolio messages to the 
local data area, and for recovery of the failure of reporting, the 
communications interface retrieves the results of the imme 
diately previous exchange and sends them to the local data 
area 113. As indicated in message block 131, after an inter 
mediated exchange, the local data area 113 returns the results 
of the exchange to communications interface 112 for distri 
bution. 

0248. The message types in block 134 are sent from the 
communications interface 112 to the allocation function 114. 
Thus, prior to an exchange, and for recovery during exchange 
failure, the communications interface 112 sends to the allo 
cation function 114 those messages defining the exchange 
requirements and objectives of general clients. Such mes 
sages include at least extended data block messages and, also, 
portfolio messages, where several messages are used to 
define a general client. When the allocation function receives 
messages defining a general client portfolio, it starts an 
e-agent program of the processing type defined by the model 
used by the client on the appropriate computer and the defin 
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ing data is passed to it. For example, in the case of financial 
commodities, it is preferred that the e-agent process offers 
according to mean-variance portfolio methods, as described 
in Section 5.2.1. In this case, the information defining the 
e-agent can include one or more of the variables listed in 
Table 3. Alternatively, the e-agent can process according to 
procedural rules, and the defining information is a represen 
tation of these rules. Additionally, communications interface 
112 passes to allocation function 114 relevant operator com 
mands, such as the command Exchange for initiating an 
intermediated exchange. Since shared data is preferably com 
municated through the local data area 113, the allocation 
function returns no messages directly to the communication 
interface. In an alternative embodiment, the communications 
interface can communicate directly with the e-agents, in 
which case it passes only commands directly to the allocation 
function. 

0249 Message types indicated in blocks 132 and 133, 
respectively, are sent between the allocation function and the 
local data area. Thus, at the commencement of an intermedi 
ated exchange, the allocation function 114 retrieves up-to 
the-moment commodity price data from the local data area 
113, both for its use and for forwarding to the e-agents. The 
allocation function also fetches all data from the local data 
necessary for it to build an in-memory representation of its 
mathematical programming problem for offer generation. 
During the protocol of an intermediated exchange, the local 
data area and allocation function exchange Such shared local 
data as is necessary for the computations performed by the 
allocation functions. Also portfolio and constraint data is 
provided to the allocation function from the local data area for 
those limited clients whose counter-offers are generated 
directly by the allocation function. Finally, when an exchange 
is completed, exchange results are returned to the local data 
area for storage before further distribution. 
0250 FIG. 8 illustrates the messages exchanged between 
the e-agent 1 and the allocation function 114 of intermediary 
3 across link 120. Message types in block 135 are sent from 
the allocation function to the e-agent, and message types in 
block 136 are returned from the e-agent. In general, an 
e-agent responds to messages from the intermediary and does 
not independently generating messages to an intermediary. 
E-agents respond to at least two general types of messages 
from the intermediary, queries for an initial e-agent opening 
message and queries for e-agent counter-offer messages to 
previous intermediary offers. At the commencement of an 
intermediated exchange, the intermediary queries the 
e-agents for their initial openings. In response, each e-agent 
specifies the maximum amount of each commodity that it is 
interested in buying or selling in this intermediated exchange. 
Optionally, an e-agent can preserve the flexibility to be either 
a buyer or a seller of a particular commodity, depending on 
the course of the intermediated exchange, by specifying both 
a maximum amount to buy and a maximum amount to sell in 
the initial opening message. During the course of the pre 
ferred protocol of an intermediated exchange, an e-agent 
responds to an offer from the intermediary with a counter 
offer. The counter-offer specifies the amounts of each com 
modity from the offer that the agent is interested in buying or 
selling at this round of the negotiation. An e-agent may not 
counter-offer to buy or sell more than the intermediary 
offered in the immediately preceding offer message. Option 
ally, the e-agent can simultaneously offer to buy and sell the 
same commodity. The only limitation one-agent generation 
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of counter-offers is given by the preferred protocol for inter 
mediated exchange as previously discussed. 
0251. In more detail, before an intermediated exchange, 
allocation function 114 passes extended data blocks and other 
messages defining the exchange requirements and objectives 
of a particular participant to the associated e-agent. In an 
alternative implementation, the allocation function can also 
invoke e-agents for limited clients, such as for list clients. In 
this case, all client definitions and objectives are represented 
by appropriate e-agents and all portfolios, constraints, and 
objectives are sent to e-agents. Also before an intermediated 
exchange, an e-agent can be tested by the intermediary send 
ing one or more pairs of offers, followed by a query for the 
e-agent's counter-offer. Such testing can minimize the 
chances of admitting a failure-prone e-agent to an exchange. 
0252. Next, at the commencement of an intermediated 
exchange, the allocation function forwards up-to-the-mo 
ment price data to e-agents. Possibly in view of this price data, 
eache-agent determines the financial commodities, described 
by symbols or CUSIP numbers, which it is interested in 
trading in this exchange and sends this information to the 
intermediary. The intermediary then transmits to the e-agent 
those commodities that are to be actually exchanged in the 
current exchange, that is those commodities which have at 
least one e-agent interested in buying and at least one other 
e-agent interested in selling. The e-agents next transmit their 
opening messages, which are lists of the commodities 
together with maximum amounts that the e-agent is interested 
in exchanging. Alternatively, e-agents can transmit only 
opening messages that have both commodities of interest and 
the upper bounds. 
0253 During the intermediated exchange, allocation 
function 114 and e-agents 1 exchange offers and counter 
offers according to the preferred protocol for intermediated 
exchanges. Optionally, during an intermediated exchange, an 
e-agent can transmit to the allocation function certain data 
reflecting the process of its counter-offer generation, in order 
that its participant can be assured of its proper functioning and 
improve future functioning. After an intermediated exchange 
completes, certain e-agents return an allocation message to 
allocation function 114. Such e-agents represent participants 
that exchange multiple separate portfolios, general or limited, 
according to the same requirements and objectives. In this 
case, one e-agent performs the intermediated exchange for a 
portfolio combined from these multiple separate portfolios, 
and on completion of the exchange, returns to the intermedi 
ary the allocation of its final accepted offer among the mul 
tiple separate portfolios which it is managing. 
0254 E-agents are implemented in a manner similar to 
that of the intermediary, and, especially, similar to that of the 
allocation function of the intermediary. Thus, preferably, 
e-agents are implemented with an object-oriented methodol 
ogy, for example in C++. They include methods invoked by 
the allocation function for sending and receiving the 
described messages. For financial commodities selected 
according to mean-variance portfolio methods, the e-agents 
preferably employ commercially available computational 
packages in a manner similar to the allocation function. These 
methods of Such packages are capable of Solving the con 
strained linear, quadratic, continuous, or mixed-integer opti 
mization problems in order to compute counter-offers. Fur 
ther, they construct in-memory representation of their 
mathematical programming problems in a manner similar to 
that of the intermediary. 
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0255 Next, the processes which implement the message 
exchanges of an intermediated exchange are described in 
more detail, first with respect to the intermediary and second 
with respect to the e-agent. FIG. 9 illustrates an embodiment 
of the process of the allocation function of the intermediary. 
In general, the allocation function waits at step 150 for the 
“Exchange command before beginning an intermediated 
exchange. Next, at steps 151-154, it performs various initial 
ization actions for the intermediated exchange. At steps 155 
158, the allocation function performs the intermediated 
exchange negotiation according to the preferred protocol. 
Finally, at step 159 end-of-exchange post-processing is per 
formed, and the allocation function returns to wait for another 
Exchange command. 
0256 In more detail, after receiving the Exchange com 
mand, the intermediary requests up-to-the-moment asset 
prices and sends them to connected e-agents at step 151. The 
e-agents determine the financial commodities of interest for 
this exchange in view of these prices, and return a list of the 
commodities of interest upon query by the intermediary at 
step 152. At step 153, the intermediary determines those 
commodities that can be exchanged in this intermediated 
exchange and sends that list to the connected e-agents. The 
commodities that can be exchanged are those for which at 
least one e-agent has indicated an interest in buying and at 
least one other e-agent has indicated an interest in selling. 
Using the list of commodities that can actually be exchanged, 
the allocation function and the e-agents update, respectively, 
their offer and counter-offer computation methods to con 
sider only those commodities that can actually be exchanged. 
Thereby, commodities that are not to be exchanged are 
ignored in these computations, and computational demands 
are decreased. Next at Step 154, the exchange negotiation 
begins when the intermediary queries the e-agents for the 
commodities of interest along with the maximum, and option 
ally minimum, amounts to be exchanged. Alternatively, these 
initialization steps can proceedin different orders which have 
similar effects. For example, step 152 can be combined with 
step 154 so that the intermediary determines the commodities 
to be actually exchanged from the e-agents opening mes 
sages. Also, the intermediary can delay making prices avail 
able to the e-agents until after receiving the e-agents opening 
messages at step 154. 
0257 Next, at steps 155-158, the exchange negotiation is 
performed. At step 155, the intermediary generates offers to 
all clients by, preferably, allocating the maximum amount of 
commodities for exchange in a fair manner. For financial 
commodities, this is preferably performed according to the 
methods described in section 5.2.2. Offer determination is 
optimized within the constraints on the amounts to be 
exchanged according to the current round of negotiation 
according to the preferred protocol, together with any tiering, 
cash imbalance, or other constraints of the limited clients 
which are specially processed during the intermediary offer 
generation. During this optimization, offer amounts not meet 
ing clients’ minimum exchange requirements are set to Zero, 
and the excess is reallocated optimally among the other cli 
ents. The commodity amounts in the computed offers are 
rounded to round-lots, and any rounding excess is fairly allo 
cated among the e-agents exchanging this commodity, 
according to the previously described method. At step 156, 
the generated and rounded offers are then sent to the e-agents 
representing general clients. Offers for limited clients, such as 
list clients, can be automatically accepted by the intermedi 
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ary, since they necessarily fall within the constraint bounds of 
these clients, which, in fact, constrained the intermediary’s 
offer generation at step 155. At step 157, the allocation func 
tion receives from the e-agents their counter-offer amounts 
selected from the preceding offer amounts. If all the counter 
offer amounts equal the preceding offer amounts, test 159 
terminates the intermediated exchange. If any counter-offer 
amount does not equal its preceding offer amount, then the 
allocation function returned to step 155 to compute new 
offers for all the clients. 

0258. After the intermediated exchange completes at step 
158, step 159 performs certain post-processing. First, those 
e-agents representing multiple portfolios with identical 
requirements and objectives send to the intermediary their 
allocations among their managed portfolios. Then, the allo 
cation function sends to the local data area the intermediated 
exchange results in the format of one binary data block. As 
described, the communication interfacefunction then distrib 
utes these exchange results to the individual clients, to the 
tape reporting service, to administrative systems, and to the 
database. The allocation function then returns to step 150 to 
wait for a command signalling commencement of the next 
intermediated exchange. 
0259 FIG. 10 illustrates a process for the e-agents of this 
invention. Preferably, in general, an e-agent is a slave of the 
intermediary, waiting for messages from the intermediary and 
responding appropriately to each received message. There 
fore, at step 170, an e-agent waits for and reads the next 
message from the intermediary. At steps 171, 173, 175, 177, 
179, and 181 the e-agent tests a received message for the 
various recognized message types, and performs processing 
appropriate to each recognized message type. If an unrecog 
nized message type is received, step 183 indicates this error 
and performs appropriate processing, which optionally can 
include causing this intermediated exchange to fail and 
exchange recovery to be entered. 
0260 Turning now to the detailed message types recog 
nized, if an e-agent receives a query assets message, at Step 
172 it returns a message to the intermediary with a list of the 
commodities of interest in this exchange. When an e-agent 
receives a prices message from the intermediary, at Step 174 it 
computes the maximum and minimum amounts of each com 
modity that it is interested in trading in this exchange. When 
an e-agent receives a 'send commodity” message, at step 176 
it updates its counter-offer computation methods with the 
commodities to be actually exchanged. Thereby, commodi 
ties in which it was interested but which are not to be 
exchanged are not considered in future computations. This 
increases the efficiency of e-agent counter-offer computation. 
When an e-agent receives a query opening message, at step 
178 it sends the opening message of the preferred negotiation 
protocol described above. This message includes the assets of 
interest together with their maximum and minimum amounts, 
these limits having been computed at step 174. Steps 171-178 
perform e-agent initialization for this particular intermedi 
ated exchange. As described for the intermediary, these steps 
may be altered or combined in various fashions correspond 
ing with similar alternatives for the intermediary. Finally, 
when an e-agent receives an offer message, at step 180 it 
computes its selection, which is preferably optimized, from 
the commodity amounts offered, which it returns when que 
ried. When an e-agent receives a query counter-offer mes 
sage, at step 182 it returns to the intermediary these counter 
offered commodity amounts. 
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0261 Preliminary to the process illustrated in FIG. 10, the 
e-agent has been invoked and provided with the extended data 
and, optionally, portfolio data, necessary to define the 
detailed processing in the illustrated steps. 
0262 Programs for the intermediary and the e-agent, both 
in a human readable form and a machine readable form 
capable of causing a computer to execute these programs, can 
be recorded on any convenient computer readable medium. 
Such mediums include magnetic discs, both hard discs and 
floppy discs, on optical discs, such as CD-ROM discs, on 
magnetic tape, and so forth. 

6. SPECIFIC EMBODIMENTS 

Citation of References 

0263. The present invention is not to be limited in scope by 
the specific embodiments described herein. Indeed, various 
modifications of the invention in addition to those described 
herein will become apparent to those skilled in the art from 
the foregoing description and accompanying figures. Such 
modifications are intended to fall within the scope of the 
appended claims. 
0264. Various publications are cited herein, the disclo 
sures of which are incorporated by reference in their entire 
ties. 
What is claimed is: 
1. An electronic intermediated exchange for exchanging a 

plurality of commodities among a plurality of participants in 
an electronic trading network, said network including a plu 
rality of participant clients coupled with an electronic data 
network, each client configured to generate and transmit data 
representing participant exchange objectives for each corre 
sponding participant, said electronic intermediated exchange 
comprising: 

intermediated exchange facilities coupled to the network 
including a memory unit for storing data representing 
commodity exchange objectives of the intermediated 
exchange and configured to receive data representing 
participant exchange objectives from the plurality of 
participant clients and to exchange a plurality of com 
modities among the plurality of participants based upon 
said data representing said commodity exchange objec 
tives and upon said data representing said participant 
exchange objectives received from the plurality of par 
ticipant clients. 

2. The electronic intermediated exchange of claim 1, 
wherein said intermediated exchange facilities are further 
configured to determine the maximum quantity of at least one 
commodity that can be exchanged based on said participant 
exchange objectives and to communicate to said plurality of 
participants respective first offers to buy or sell a quantity of 
said at least one commodity, wherein the quantity of said first 
offers to each of said plurality of participants comprises an 
allocation of said maximum quantity proportional to said 
participant exchange objectives. 

3. The electronic intermediated exchange of claim 2, 
wherein said quantities of said first offers to each of said 
plurality of participants is less than or equal to the quantities 
indicated by said participant exchange objectives. 

4. The electronic intermediated exchange of claim 2, 
wherein said intermediated exchange facilities are further 
configured to receive from said plurality of participants 
counter offers to buy or sell a quantity of said at least one 
commodity, to determine the maximum quantity of at least 
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one commodity that can be exchanged based on said counter 
offers, and to communicate to said plurality of participants 
respective secondary offers to buy or sell a quantity of said at 
least one commodity, wherein the quantity of said secondary 
offer to each of said plurality of participants comprises an 
allocation of said maximum quantity proportional to said 
counter offers. 

5. The electronic intermediated exchange of claim 4, 
wherein the quantities of said secondary offers to each of said 
plurality of participants are respectively less than or equal to 
the quantities of said first offers, and wherein the quantities of 
said secondary offers to each of said plurality of participants 
are respectively greater than or equal to the quantities of said 
counter offers. 

6. The electronic intermediated exchange of claim 1, 
wherein one or more of said plurality of participants comprise 
an electronic agents that exchange electronic messages with 
said intermediated exchange facilities via said electronic data 
network. 


