ORDER PROCESSI NG APPARATUS AND METHOD The present invention
relates to an apparatus and nethod.for optimsing the allocation of

resour ces based on received orders. A wide variety of systens
exi sts in which a set of users each submt orders which consist of a
desired quanti of a given objective or resource which it is willing to
exchange fo?”od”ééﬁgfal n other resource, Exanples include BCEEMSREE -
schedul i ng system al |l ocating conmputing resources to users or to jobs
submtted by users; electricity generating plants offering to supply power

to a distribution system atopdid SrRCERINGPPARATUSAND MISAGS 2t ed from different
fuel s; a conputer processor allTocallng resources such as nmenmory and 110
bandwi dth to different internal processes or software applications; and
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financi al | ¥sgddronl FeesViedordars. A number of di fferent t echni cal sol uti ons

have been used for_ the above allocation or matchin roblem One exanple is
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of one ingt Jekﬁﬁ?@fmllﬁggt énbSebritehr %&u@%&@é{u ét?%m;@ngqb %x@lﬁﬁg‘@ Br a ettaln of ot q@éﬁﬁtyt hat
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of a tradersy&erﬁﬂtdlfﬁfeﬁt%étmd geRstatbd ekn defer¥htiibbi} a GBMButeD prodibsoOdockt r@%ﬁauﬁ%@dUCt
profile can be cal cul ated faor every buy/sell pair_and the individual matrix

val ues of t3ieh asipemasy and HQ pasdwidth tﬂdﬁfeismgssnabwmmssoewe englicatipns and fipapeial
mat chi ngl(% tragfrf offering to ﬂy%Fﬁg ?r mnﬁmal':d}trmﬁs,%ﬁ’cﬁ s s‘?cfckia‘? ptﬁgt%ek r}& ¢h Ut er

j obs, ocat’e a processor to each user ur
rot ati onal forhesfinancial instruments. These sol uti ons suf fer from a nunber of
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at peak | Oat(ejso;[lrpeels gﬁ‘%;’a ttolat? pffe(r)gy atdt}f%rar():t ursg? ?othuy that guantity of that resource. A second example,
15 in the case of scheduling computer jobs, is to allocate a sfice of processor time to each userin tumn on 2
rotationat basis,
These solutions suffer from a number of drawbacks, namely that generally speaking the allocation
of resources is not optimal. For example, supply and demand are not matched as well as they could be, such
as in a camputer, the majority of CPU cycles are idle, but at peak load the operation of the computer is
20 limited by one of the resources available such as processor time, memory, IJ0 bandwidth. Scheduling
systems do not necessarily take ints account the priority of jobs, such as whether they are required in real
time or can be batch processed, and allocating a time slice to each user in rotation is simply a compromise.
The matching of orders is inefficient in that in a binary matching system the size of the order must be
matched so that a very large order may never be matched unless it is broken down into a number of smaller
25 orders. The matching is also inefficient because in a binary matching system matches involving more than 2
instruments can not in general be found which prevents optimal matches from being discovered. Ina
financial market this can lead to illiquidity which in turn, and counter-intuitively, can lead to the problem of
market volatility.

The present invention seeks to alleviate at least partially some or all of the above problems.
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PCT/ GB98/ 02818  Accordingly the present invention provides an apparatus for processing trading orders, said
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of a particul ar or der*{R%torgug meags {gLstaring gnaapraypfcoelfipioyts each representig the propartion

processi Ng gEARficllf braéreat is G\bk Blisfdiapll Or ders fromsaid first storage neans,
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and their sm:‘mdrst%rsa een(]:etmils\‘/e coefficients.
said communication means also being for transmitting the processed orders and their
respective coefficients.
15 According to a further aspect of the present invention there is provided a method for processing

trading orders comprising the steps of:

racelving from users orders each spacifying a particular first resource ordered by a particdlar user
and storing them as an array in a first storage means;

processing said orders retrieved from said first storage means to calculate a set of coefficients

20 each representing the proportion of a particular order that is to be satisfied;

optimizing the values of said coefficients with respect to at least one predetermined, adjustable
constraint and at Jeast one predetermined, adjustable critsrion;

storing said optimized coefficient values in a second storage means; and

outputting the processed orders and their respective coefficients.

25 Embodiments of the present invention can produce optimised solutions to the matching of orders for
resources. The solutions are not sensitive to the sizes of particular received orders. The matching can be
done in an un-biased manner and is transparent to the particular resources being traded. Embediments of
the present invention that imprave the efficiency of a trading system can alleviate the problem of Hliquidity.

Embodiments of the invention will now be described, by way of example only, with reference to the

30 accompanying drawings in which:



15 . According to a further aspect of the present invention there

I's provided a nethod for processing tradi ng orders conprising the
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15 satisfied.

The central server further comprises processing means 22, such as a central processing unit (CPU}

—ty )
o

exscuting instructions of a particular piece of software. The processing means 22 is for retrieving orders
from the first storage means 18, calculating an optimised set of values of the coefficients with respect to at
least one pre-determined, adjustable constraint and at least one pre-determined, adjustable criterion, and
20 storing said optimised coefficient values in the second storage means 20.
A communication means 24, such as an interface and/or modem, is comptised in the central server
10 for communicating the processed orders and their respectivs cosfficients. Communications between the
terminals 12 and central server 10 via the network 16 are preferably done via universal standards and
protocols, such as TCP/IP and use a generally accepted interface, for instance an Internet browser. The
25 communications may be done via a network, such as the internet, or an intranst to which all users of the
broking system will be finked, and which is controlied by a central server. The orders enterad by users are
automatically passed on to the server in real time, and are matched in batches {(whose length and frequency
is controllad in software by the server} in an optimal sense as explained in this paper.
A second, presently preferred embodiment of the invention is ilustrated in Figure 2. Referring to

30 Figure 2, this embodiment includes all the faatures shown in Figure 1, numbered with the same reference
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for transmtting the orders fromthe termnals 12 to the central server 10
via a network 16. The central, server 10 conprises a ‘nunber
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rred rment  of
the invenjioggds illustrated in Fi gure 2. Referrlng to Figure 2, this

enbodi ment includes all the features shown in Fi %ure 1, nunbere vvrth t he
sanme reference Inthe preferred emhpgiment) thesystem requires a broking house which parficipates m e order

PCT/ GB98/ 02 Sﬁ]r?cess by taking the opposite position from users in respect of the matched user orders. In thls way the -4-
broking hiouse will be the formal counterparty for all trades executed in the system.

The matching algarithm makes sure that the breking house takes no market risk, and that subject

20 to that condition, the matching is optimal with respect ta certain criteria explained below:.

The essential function of the optimisation algorithm which lies at the heart of the systemis to
simulate an "infinitely clever” broking house which is able to search through the order flow availabls to it in
such & way as to satisfy the limit orders in the system to the optimal extent possible. Since there are
several possible criteria which determine, from the view point of the broking house, what is optimal, the

25 approach taken in this system is that of "cascading”  number of optimisation criteria. This is done in a way
that can be controlled in software. In other words, the broking house {which runs the system} will be able to
tank the optimisation criteria, from the most to the least important. Given this ranking, the algorithm will
first search for the best overall matching within the meaning of the first optimisation criterion. Having
found a set of optimal solutions, it will then search for a smaller set which are also optimal for the second

30 criterion snd o on. The most natural setting recommended by the system is to first optimise for volume {for



nuneral s, and séveral additional features. The additional features may be
used with the apparatus of Figure - 1 either individually or in
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raw instruments satisfy the constraint of case 2 above.

We now discuss the invention in greater generality. First we describe the case where arders are

25 general simple derivatives, i.e. are represented by a resource flow repressnted by a finite number of

elements of r?sourca space PF{+) x T as explained in the glossary, which are to be treated in the way
described in the glossary. Such orders are described by a finite number of portfolia of raw resources {like a
currency, share or indeed anything which has a non-negative value); each portfolio with a value-date.

These orders describe certain mutually agresd resource-flows in portfolia of raw instruments (as

30 defined in the glossary}, One such portfolio is offered in trade against another such portfofic. Such an order
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broker will earn fees sinply by maxi m sing the broker's Ley.enue. However ,
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short position in any resource instrument. ' '

The optimisation then performed is to optimise a number of successive target functions of alphafj),

20 j=1..N, where alpha(j) is the degree of acceptance of the order j. The first of these functions, in a preferred
setting, is volume defined as the sum of the absolute values of the elements of the matrix alpha.F, where F
is the order matrix (whose {jk) element denotas the amount of the k-th raw instrument bought or sold in the
j-th order, where alpha.F is not the matrix product but denotes the matrix resulting from scalar multiplication
of F by alpha row-by-row (ie. alphalj] multiplies the row Ffj,1),...F(jk), j= 1..N), and where value dates are

25 ignored).

An order invalving only an sxchange of a pair of raw instruments, such as described in the first part
of this specification, is a special case corresponding to an order in which a simple resource is offered against
another simple resource.

if the order is satisfied to 2 certain degree alpha (a number between 0 and 1) that portion of the

30 trade has been entered into, and each participant in the trade is required to recsive or deliver {according to
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1. 15 FiRGRNEY Acording 2 aneRIRGIRED KaKe ifveritioh Wil fow b2 desayd witkréfaterddoe,
defined as the sumover all resource-flows in

15 the flowchart of Figure 3.

At step 81 orders are received from users at a sub-server and are aggragated and transmitted to
the central server, In step S2 the central server receives orders directly from users and aggregated by sub-
servers in step S1 and unfilled arders from previous batches. The central server forms the received orders
into @ batch. The end of a batch is determined either hy the volume of orders exceeding a threshold or a

20 fixed time having elapsed since the previous batch. In step S3 the batch of orders are stored in a first
storage means.

In stsp S4 the processor of the central server retrieves éxnhange rate data from a third storage
muans and also retrieves the batch of orders from the first storage means.

In step Sb the orders are processed to calculate a set of parameters defining the optimization

25 problem.

The coefficients are then optimised at step S6. The optimisation is subject to constraints such as
the coefficients must be less than or equal to 1 and greater than or equal to O and ensuring that the braker
is not exposed to any risk. The coefficients are optimised with respect to a particular criterion, such as,

maximising the total volume of satisfied arders and maximising the brokers revenue. The optimisation is

30 performed by a software module. If an optimal solution is found the system proceeds to step S7. If a praset



raw i nstruments, at all val ue dat es up to and including that value date,

must be non-negative in all raw i nstrunents. This "non-negative"
constraint means that at any future value date, the broker will not have a
short position in any resource instrunent. The optim sation

t hen perfor YEU9%146%60 optimi se a nunber of successive tar geET/EBALEI®NS oOf
al pha(j), 20 j-1...N, where alpha(j) is the degree of acceptance of -the
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mat ri x al phapéiad sties stapses without an sptimbiesolationliesing foertdrthe)systend prmseeds th st 5821 errent
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of 2 pai o1 i BRI R te DB ARSI B o b G 3B gty

this SpECI I'S a Specl case correspon an or
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in the trade or deliver (according to VO
99/ 14695 voluihe Grid ek ik thebrokérS FelvihBe).

PCT/ GB98/ 02818  Instep S10 the resulting processed ordets and their coefficients ara output. This output is
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on 1Tts speci W now turn
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the resourcepfd Qd%gh fedn® ThSexEiRAYe 'ra‘i@ﬁtﬁﬂa#lﬁﬁ:a dinfhiaficated mr,eqfserpameeistehhe
part|C|pants I n the optlon trade |ng a ong pOSItlon in the
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he will non-negative 'positions in
all instru rrem&;swermbmaasremmd Enybe proseissedin €@ yiexvliitoh with any nwdnldhtsl mcalrey froef i ned,
by a users at step 82,
Sources of algarithms for solving the optimisation problems to which this method reduces the
problem of optimal matching are:
20 N.K. Karmarkar. A new polynomial-time algorithm for linear programming. Combinatorica, 4:373-
385,
C. Roos. T. Terlaky, J-Ph Val Theory and Algorithms for Linear Optimisation, An Interior Point
Approach, J. Wiley, 1997,
B. Jansen C. Roos, T. Terlaky, J-Ph Vial, Primal-Dual Algerithms for linear programming based on
25 the logarithmic barrier methed J, of Optimisation, Theory and Applications, 83:1-26, 1994,
R. Sedgewick, Algorithms in C + +, Addison Wesley, 1982,
W.H. Press et al. Numerical Recipes in C, 2nd ed. Cambridge, 1992.
Examples of the functioning of the apparatus can be given which, even in the very simplest market
situations, Mustrate the superiority of the matching algorithm which lies 2t the core of this invention over

30 the conventional method of "binary matching'.



nunber of steps equal to the nunber of value dates occurring in the |ong
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defining t4e peuBALIGH of & driFariiy BhoseR PRIt RIGA (potential trade) being such alfut BRLMRENt s are
then optim sed at step S6. The optim sation is subject to constralnts such

as t he dtasestignssprvergastrmardpexpanensially pathgoestodfiiitd to 1 and greater than

or equal to 0 and ol F et aneliad ) risk.
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WO 99/ 1469 qgustient of the probability of finding a match (trade} under the present invention, by comparison with the
PCT/ GB98/ 02818
probability of doing so under a conventional trading arrangement, goes to infinity as the number of traders
and instruments goes to infinity.
In conceptual terms, the group theoretic approach to the matching problem is powerful due to
recent developments in the theory of buildings, which one of the present inventors has generalised from the
20 context in which they were invented (simple Lie groups} to certain infinite dimensional geomatries and
continuaus geometries (related to {1} factors in von Neumann algebras). The theory of buildings is very
significantly intertwined with the theory of Coxeter groups, and the simplest of these are the symmetric
groups on p letters, The "Coxetsr” property, in the context of these groups, is expressed by the
extraordinary fact that symmetric groups of n letters are essentially amalgamated products of the simplast
25 Ahelian group of 2 elements Z/2Z: the group is generated by n-1transpositions together with the relation
that the product of adjacent transpositions has order 3: stl}"2=1, (s{l}*s{l+1)}"3=1. All properties of the
symmetric groups are consequences of these two types of relations. Furthermore, all simple Lie groups have
finite groups generated by similar such relations, and the entire theory of representations and classification
of Lie groups would not exist without these facts.

30 There is a great deal of important combinatorial work which is refated to these groups. The present
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20 match, whereas the traditional methods cannot find a match, and at the same time iflustrates how the
system finds the optimal match among possible matches, on the basis of 2 criteria.
We consider the following example of an order batch as given by an N by k matrix, where Nis the
number of orders {in this case 20), and k the number of raw instruments (in this case 10). An example order

matrix is as follows:



WO 99/ 14695 .
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-9- These sinplest cases are described by trades that are

re-all ocations of a certain nunber N of instruments anong N traders.
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expl ain the general nethod. 5 }n mat hemat i cal | anguage such a

re-all ocation is describe
group 8(N)). Fromthe vie
likely to represent noves
i.e. preferred trades bet
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traditional) tradi ng envi
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the 10 probability of an
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the present invention, as
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of this very special for
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ot withikh a convantional (electronilc or
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pggducti Bfgcoﬁﬂufiﬁb transpositionsl |n general
arbitrarily chosen: pernut ation (potenﬁial trade)
nmut i ng transpositions converges| towards 0O
infinity. The principql feature of
it applies to this sinplified scenarijo descri bed
hat the matching algorithmw Il be able to

ng to any pernutation, not just jpernutations
This inplies that the gaining efficilency, as
nmeasured by the 15 quotijent 'of the probability of finding & tch (trade)
under the present inventi $yg conpari son with the prebability of
doi ng so under a conventional trading arrangenent, goes to infinity as the
nunber of traders and instrunents goes to infinity. I n
conceptual terns, the group theoretic approach to the matching problemis
powerful due to recent devel opnents in the theory of buildings, which
one of the present inventors has generalised fromthe 20 context in which
they were invented (sinple Lie groups) to certain infinite dinensional
geonetries and continuous geonetries (related to I1(1) factors in von
Neumann al gebras). The theory of buildings is very significantly
intertwined with e A I . t ' .23 t hese
are the symmetri ctrpa '“‘L’p'g‘%%ﬁg‘f"%'ﬁ&ﬁﬁ% tg{ttt I&]@'w ‘?‘H"é“ﬁ‘r} re)g%f[?s atﬁé'mé’&' ﬁ?ay'? {‘/th rigﬁ t he
cont ext of t hesecedy thd Pt ordersthesign indisatingwhether theaaw rasource is paid out or received). A

conventional trading apparatus would consider each set of raw instrument pairs (45 such pairs) as a

as a pernutation(an el enent of the ainite

5 separate market. The total order flow described by the example wauld then be viewed 'slice by slice’ in each
of these 45 markets. in the example at hand, each of these markets would only see one order, either only 3
buy or only a sell, and hence such an apparatus would be unable to match any of these orders to any extent
at all

The present invention, on the other hand, not only finds a match but an optimal match, in the sense
10 of cascaded optimisation criteria, First, it would find a match that would maximise the total value (or
volume) over all matched orders. Secondly, it would find, among these, the match that would maximise the
net revenug of the broker among such volume maximising orders, or indeed the match that would optimise
any other suitable criterion specified. '
This two-fold optimisation can be done either by optimising the second optimising criterion on a
15 re-parameterised space of solutions to the first optimisation criterion, or equivalently it can be done within

the original space simply by adding the value of the first optimisation criterion on an optimal point as one
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extraordinary fact that symretric groups of n letters are essentially
amal gamat ed products of the sinplest 25 Abelian group of 2 elenents Z/ 2Z:
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WO 99/ 14695

PCT/ GB98/ 02818  First, the 2-stage optimisation problem would be defined as follows. The independent vector - 10
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of the key ideas 1n the sort of geonetric group theory i npl |g I n recent

research has been the idea of paths being created between pairs of
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approach of jdweceparegent i nvention supposes that the solution to the
mat ching problemlies in creating paths froma starting assignnment to a
final assignment (a partial match). Thus, the nmulti-di nensional matching

probl em may @@adh%hﬁémwwtﬁehaermmxwuéwinﬁmp@éa%y mbbo?@srpmﬂgieommgnf%&m.ﬁm as
the case of general higher rank &rous is to the group
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However , anguage o t'heory evaﬁ Sean iR andi ng
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The first stage of the optimisation is relative to a fixed exchange rate matrix which, is used solely
for the purpose of computing the volume function. This exchange rate may be the exchange rate computed
from a preceding matched batch of orders. Orders can, of course, be entered at arbitrary exchangs rates.

20 Having brought the first part of the optimisation problem into this form, we can express it explicitly in terms
of alpha. We can then use a standard technique of constrained optimisation to find an optimal solution (with
raspact to the data described). One such optimal solution to the ahove example is given by the vector:

{i alpha={1,0,1,0,...1,0). .
Another optimal sofution is given by the vector:

25 (i) alpha = (0,1,6,1,..0,1}.

In other words, the volume optimisation problem is degenerate. We now pick one optimisation solution to the

volume optimisation problem, say the solution (i), to compute the value of the optimal value of the function



may be many .ordérs to buy one particular resource agai nst other resources,
and where the exchange rates - bet ween different products may be very

di fferent betvieen different orders. Now we shall describe a
specific si npl e in which the present invention cap find an optinal
20 mat ch, vmqg(j?ggggé?he traditional methods cannot find a nBtUABYSE8at the
sane tine illustrates how the system finds the optimal match anong
possi bl e nmat ches, on the basis of 2 criterlia. We consider the
foll owi ng exanpl e of an order batch as ‘gi’x?eﬁ by an N by k matri x, where N

Dot rument s (P fpcsg B ofns 0ahed o8 Syf e pend bl oo P Bl wbbr | 10,
[ler r] variable alpha: -1

return{alphal is maximal,

where return is the value of the broker's aggregate trade at the exchange rate for that order batch, subject

5 to the set of constraints {1 and 2 above} plus the additional constraint:
volfalpha) = 20.

We now solve this problem by ane of the standard techniques, and find that the unique optimal paint for the
optimisation problem is given by the point alpha = {0,1,0,1....,0,1) for which the broker's return is equal to
20*epsilon.

10 A further simple example of the functiening of the apparatus and of the method according to the
present invention will now be given. In this simple example, three different raw instruments are being traded
between four users (P,Q,R,S). |

A particular batch of orders would be stored as the following array in the first storage means 18:

P 1 -1 0]
o o0 1 -1
R -1 0 1

s -12 0 08

15 The first column contains the user code (P,Q,R,S). Each row represents an example of an order
entered by a user on a terminal 12 and transmitted to the central server 10. The coefficients in columns 2
to 4 designate the amounts of the raw instruments that the user wishes to acguire {positive sign) or give up
(negative sign). In the example, user P wishes to acquire ong unit of raw instrument {}) {second column) (say
a currency or a future on a stock index) for a maximum price of one unit of raw instrument {} (third column).

20 The fundamental order matrix denoted F would be:
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total value (or vol unme) over
find, anong these, the nmatch that

woul d optim se

I nstrument.
(the sign indicating whether the raw i nstrunent

i Ny
h,

£ oL

altl

Wg

is

tradi ng apparatus woul d consi der each set of
separate market.
descri bed by the exanple would then be viewed

buy or only
th
ention, on t
i 0the bensell

Idfl dO

tched or

eI madg mi se.st e
t he broker anong such vol unme nexini sing orders,
any other suitable criterion specified.

or

represents

pai d out or received).
raw i nstrunment

The t ot EFT/GBARI28K| oW
"slice by slice'
In the exanpl e at -ha#d; each of these nmarkets woul d

in each-

a sell, and hence such

elorders to any extent
e|ot her

hand, not only

of cascaded
t hat woul d naxi m se the
s. Secondly, it would
net revenue of
i ndeed the match t hat

This two-fold optimsation can be done either by optimsing the second
optimsing criterion on a 15 re-paraneteri sed space of solutions to the

first optimsation criterion,

or equivalently it can be done within

the original spacgysgd hﬁ'ﬁhé/upf?&xﬁ uﬁdildihrfgg gk quatity ©f 4Hrst Pamnsirhlﬁeﬁtt at %ﬁkmh%at ion

criterion on an optinal
PCT/ GB98/ 028m@ket exchange rate (a

oi nt as one
a quantity which is computed by a best fit mathud from prevmus hatches by the

system and delivered to the user's terminal in real time) in terms of a specific quantity of the second raw

instrument. On the other hand, the user has the option to ignore this prevailing market exchange rate and

define his own exchange rate. In the Hflustrated example, users R and S order the same quantity of raw

instrument (111} for different amounts of raw instrument {l}, which ilustrates the fact that user arders nead

net be related to the prevailing market exchange rate. If an ordsr were made at the prevailing market

exchange rate, the CPU 22 would obtain the exchange rate from the third storage means 26. The system

i0

only, as explained later.

will always compute the prevailing exchange rate in real time by a best-fit method using satisfied orders

Having recsived the order flow and coded it as the matrix F above, the system will now proceed to

produce an optimal matching. The matching produced by the system from the order matrix will be recorded

in the second storage means 20, which contains an array MAT with 4 rows and 3 columns (in the general

15

and N will always have this meaning);

W N

H o KB B

0
1]

case N rows and k columns where N is the number of orders and k is the number of raw instruments and k

The coefficients in the second and third column will lie betwesn 0 and 1. This constraint

corresponds to the requirements that the user must not gat more of a raw instrument than she has ordered,



- 12 - . farther constraint to the list of constraints of the first
optim sati on problem : - The general nethod would work as
follows in this case. First, the 2-stage optirnisation

probl em woul d be defined as foI | ows. The i ndependent vector vari abl e
al pha woul d M85 vector of 'matching degrees', i.e. thePGRERBAIMEE degrees
to whi ch individual 5 orders will be accept ed (al pha is N-di nensional-).

In the first stage of the optim sation- the-dependent (target)

function vol (al pha) is the total volune of the total trade (i.e. the sum of
absol ut e val amgsha0she aillinevenrereivet asnegativs amount/d hnyeal instrurhentordered €The secdiideonstpeig isr ai Nt s

for the optimsatjon probl dtakethefo oW form . 1. The
coef ficient SWE'E‘F%WS‘“B‘?ME%\FI@ he epntstie Rosition fram &é@mﬁ%ﬂﬁga"ﬁ nemegalYe 0 nean
conpl et e acC giuO&FRach Paw instrumeRQ THIE EoRENDEREIB the requirbent tBat tfedfolingHousk Mt bbaf Vs Of
the order matrix will be nultiplied by the correspondi ng coefficient of

accept ance. risk o exmswe, -8 8Qshert Regitighain aRy,instcumsnt, withprs gouating previpusor aptstanding positions

functions fthtepg riyhuusg?ﬁ E\)ecﬂﬁl'a_ﬁtﬁes{n% ML lt]mnjare h N&nstral dby tﬂ_ah: %ﬂ@@r aints

t hen t ake oW n orm or eac urm o)
col um sum ( mtas i the second cMmanas digyesisad bidew. 1 hi iustcchlunmmem(y raphana quﬂkra[xm&tsm)d theCal |

this function nber of raw I nstrunents).
Then the j-t ¥ é{’sr‘%“h'h‘%fwrhéhl@?(ﬁ?”@ﬁ@%ékwqfrﬁg%eﬁndl tion CSj(alpha) < 0. This
constraint means ﬁa@flrsttdal@ﬁmﬁm'rbénﬁ’tk@aﬁ ;&Mtﬂ&umm%ﬁhe«mmm bréer MitkkPaeh. each
i ndi vidual trade) will hold non-negative amounts of each instrunment if

acceptance | Ehed@mldrwdunntﬁynnteh the dagisp ty' which the ordered qnantltv of the ordwtreen tisimatpheddin thige  of

the 0PI 534 k0eds, 5 Slednteadilodly hbnkfd i ik 3Gt Gofy AR it | 5 UoSC

solely ose 0 vol umne I'S exchange
rate may be ioumn wahﬂmgwah whichcthgauingity of the raw instammern ofperel drgpalynregt haslieehed bat ch

of orders. Orders.can, cougse e ente t arbitrary exchange rates.
20 Chowi oo HEGHIERD PNy ps G B hotBoin SRS o heaslie St SGhES AN FIGETL o <
form We CanpgaRKe8id chilmnhii bowSdoblidieni i910.t €1 NS of ‘alpha. Ve can then use
a standard techni que of constrained optimsation to find an opti nal

sol ution ( vm th  Ingeneraltheeads a eopstreitthay MAT Jmust boilese than or eyl t%Mkm2 § TSP
zflplﬁ;'_ (()2 t h(ﬁev%@(ng:fﬁé %W%L ?m\#} hyn‘ag'ra{a%aﬁfﬁ %{t&‘ﬂ gunbylhxg order( W):en the smam
vector. 25 ( bpebateain priatural mdde”, IA'Qp.ﬁl eqnalﬂ%ﬂml}, L. the sylstan gwlye bhaugwaﬂ smc;iely ahev ol ume

? gt It [Pes atio nexgigaggg lrgengplec?heg hﬂhe user aIElowever, the system%ancoléaraqg 1% s?: EJ contro?msde in \?:l(t)ul:hUt on
inequality between the second and third coiumns is passible
and it is by this mechanism that it can be guaranteed that the broker's revenue resulting from matching can

20 not exceed given thresholds.

The CPU 22 performs computations for optimising the coefficients of columns 2 and 3 of ths matrix
MAT defined above, which codes for the degree to which orders are to be accepted. This computation is
done by means of a cascade of 6ptimisation criteria cantrolled by different apparatuses denated Ap(i). Each
apparatus may be a software routine or module. The routines must be arranged sequentially, Ap(t),....

25 Ap{n). The first routine Ap{1) takes the erder batch F and then returns the set of permissible N by 3
coefficient matrices, all of which satisfy the first optimisation criterion, and passes thess onto routine Ap{2),
and so on untit Apln) outputs a particular coefficient matrix denating an optimal coefficient matrix MAT.

In the default case, this cascade will be of length 2 {but the broker can modify the length). The
mast important optimisation criteria are liquidity (i.e. the tota] value of the executed trades in the matching)

30 and broker's revenue, i.e. the spread or differsnce between what is paid in and what is paid out, This is how



vol une optim sation problem say the solution (i), to conpute the val ue of

the optinmal val ue of the function . WO 99/ 14695

PCT/ GB98/ 02818 -13
vol, and then discard the solutions (i) and (ii). W now solve the new

opti ni sati oWOPé#P%em for the vector vari abl e al pha: PCT/GB98/02818
return(al pha) is maxinmal, where return is the value of the broker's

aggregate trade at the exchange rate forgighat order batch, subject 5 to
the set of constraints (1 and 2 above) plus the additional constraint:
vol (al pha) =th2 Oroker will earn modéy withiwthe system. & lparticular apfataeuswithnowo teclesafibet indetsitwithdar d
techni ques, and find that tae uni que optimal point for the
opti m sat i on"FREBIS) BRI EEDES, by the point al pha - (0,1,0,1,...,0,1) for
whi ch the broker' g1 ffl tké'thé GdePRistad and Bperate the IAGWIRRAIFRPationldd it. We shall denote thi\
further sinple exanple of the functioning of the apparatus and of the
net hod accor aimbey of rgw fnpteuments by kigpdthenymber of wash erfasyin the batchivly be given. In this
si npl e exapple, t i ffeer : i j . d :
bet ween f o gf uSe r@@t?@? @1{5 ﬂg) [%rtt] is Eﬁwcédm{elﬁ%}hﬁer@ﬁfﬂ? W mdlr}rgnggﬁl, and C is

simply the transpose of the matrix F above (the rows of C correspond to raw instrument indices, the

columns to user orders). [n gensral the rows of B will consist of 1 times the j-th unit vector which has a2 1 in

column j and 0's elsewhere (for rows with index 2j-1), and -1 times the j-th unit vector (for rows with index

2.
10 In the example these matrices are as follows:
1 0 0]
-1 0 o
0 c O
B = 0o -1 0 O
6 0 1 O
0 0 -1 0O
o ¢ 0 1
| 0 0 0 -1]
and

1 0 -1 -1z
C={-1 1 0 0
0 -1 1 0.8

The {-dimensional array b is then produced where b is defined as:



A particul ar. batch of orders would be stored as the followng array in the
first storage rreans 18: .

[err] The first colum contains the user code
(P,QRYS). Each r$w represents an exanple of an order entered by a
user on a t&YMHAP512 and transnitted to the central ser VRFT/GBASOEIE
coefficients in colums 2 to 4 designate the ampunts of the raw --
instrunents that the user wishes to acqui e _(positive sign) or give up
(negative sign). In the exanple, user P Wi'shes to acquire one unit of raw

instrument (j) (second col urm{ (sa a currency or uture on a stock
i ndex) for a maxi mum pric of [bn& u?n t0 off r@w3i n8t r&mént Ojl 1) (third
colum). 20 The fundanental order matrix denoted F woul d be: WO
99/ 14695 In general, the first 2N entries of b are, alternately 1's and O's, and the remaining entries are all 0,
PCT/ GB98/ 02818 - 14 - Jerr]

An exchange rate matrix E is defined and is stored in third storage means 26. In this exan%ple itis a!

1-dimensional array of length k:
5 E-[1uv]

The entries of E denote the valves of 1 unit of raw instruments |, )} and )} {in general 1,...k) in terms
of the operator’s home raw instrument (which is always raw instrument with label |, and hence the first
entry of E is always equal to 1. The cuivent exchange rate data itself is stored in terms of 3 square array
such that the (k] entry denotes the exchange rate between raw instruments j and k.

10 There is further an apparatus for producing a 1-dimensional array of length N, whose i-th coefficient
will be given by the sum of the absolute values of the amounts of the raw instruments comprising the i-th
order, multipfied by the relevant cosfficient of the exchange rate matrix E. We call that vector OPT. Itisa
vector of length N.

Apl1) then is an apparatus performing one of the known algerithms {e.g. polynemial time) returning a

15 family of solutions to the problem defined by the optimisation problem defined by volume as a target funétion
and by the constraints defined by the two criteria: orders can be satisfied to a degree betwsen D and 1, and
the broker’s return must be non-negative in all instruments.

More explicitly, this is given by the following definition {in terms of this example) of the optimisation
routine involved {the "first optimisation routine"):

20 First optimisation routine; Optimise the real-valued function of a N_-dimensinnal vector argument X,
defined by:

fix) = inner product of array OPT with x
and the constraints are:
D.x < transpose(b}

25
Where D is the {11 by 4 matrix) [B;C], i.e. the matrix whose first 8 rows are those of the matrix B



A user has the option of ordering a desired quantity of a first-raw

instrunment at the prevailing mar ket exchange rate (a quantity which is
conputed by a best fit nethod from previous batches by the system and
delivered to the user's termnal inreal tine) in terns of ific
quantity ofWPA¥14€¥cond raw 5 instrunent. On the ot her"ﬁ‘é(ﬁa;?#“?ﬁé user has
the option to ignore this prevailing market exchange rate and defi"ne
his own exchange rate. In the illustrated exanple, users R and S order the
sane quantity of raw instrument (17138 for different amounts of raw

instrunment (1), ich illustrates the fact that user orders need not be
related to ﬁﬁﬁé“%@&ih?sfW&a’?{@rﬁg’%a@%ﬁ%ﬁ@gﬂ%’fe. | f an order were nmade at
the prevailing npfelsgimisation afparetaoval) froducelag an dufpet thefsld oPpbmvisitile ckdeHicerding tdthe
exchange rate fromthe third storage nmeans 26, The system 10 w || ys
conput e t he fifst eyimisatiphguas, h%fﬁrg@?%gm il beagnatisof e 1999{ %\"ebwwwla ﬂ%ﬁmﬁ
using sati sty h 2nd colurfMplced BPthENaRkpaiel Rotol xakdssed as a linear function of HAVI NQ
recei ved thgbnggg)fe??vﬂﬁ OV\rII g?llzj cgd'éedﬁ’ist as pt&ﬁe n&tri‘gé.F above, the systemw ||
NOW pr ocees! perameters, with conktreints enthespparamatersiand th3rdeglummheing sehequalitothe Bk oduced by
the systemfromthe order matrix will be recorded, in the second storage
means 20, which contains an arrlay WAT with 4 rdws jJand 3 columms (in the
general 15 case N rows and k cdql ugs vvheie N ii t He nunber of orders and k
is the nunber of raw instrunent|s d k and™N wi | | al ways have this

3

meani ng): [err] The coefticijents in the second and
third colum will lie between ( arld 1.1T_hié <iog_s§:rai nt

In the example this is the following set of parameterised matrices which we shall denate by otk

P 1 -1 0
Q 0 1 -1
olt) =
R -t 0 t
S -12*(1-t 0 08*(1- t)

Here the parameter t ranges from 0 to 1.

10 The second stage of the optimisation then uses a similar apparatus to the one described for

optimisation step 1, in arder to optimise the function B{t) where

Git} = Broker's revenue for order oft}

G(t) is computed as minus the sum of the terms in each column of the matrix oft), each evaluated at
the broker's exchange rats.
15 The second stage of the optimisation can be explicitly defined in terms of apparatuses analogously
to the construction involved in the first optimisation step as follows.

First, the second stage of the optimisation will invalve an apparatus for finding the constrained



corresponds ;to ‘the requirenents that the user nust not get nore of a raw
i nstrunment than she has ordered, - WO 99/ 14695
PCT/ GB98/ 02818 15

- and e wWill never receive a negative anount 8{5
i nstrument cﬁ&d%t’légg The second constraint is that the ?%E?éﬁdghouse
(which takes the opposite position from tlge_narket) nust have non-negative

anounts of each raw instrument. This corresponds to the requirement that

the broking {am&RfMeIdlowiRgihearianction of 2N varabl6Y, wiktieRRiest R co-drdifites Riffer, 36 Biote, to
pOSI tions in any instrunent, w thout counti ng p previ ous or outstandi ng

posi tions 5the pretfientscoding fox o degren i which prders ara-fsing.setisfieds andithe Spased N aviordiatessp urm
furth I

o o e S SVBB oy SASRIA0 ot BB Al BRI

t he sy Sthessddgmesase the saod buy fn thetgerehl neetheymapnat be. ed whi ch or der nunbers.

The first colum of I denotes an. identificatio 0 th unber of
the order iPn the ‘@éf" H.thea"ayGP?FHE“V%@EWVT%’VG‘?ﬂ'l’%@ﬂgf’é@cfﬁ‘ 'ﬂ'@‘g?"g 8t o which
t he ordered glflinsae aivedah® tol6er can be matched (in this 10 case orders
1, 2 and 4 will be conpletely matched and order 3 remmins totally

unnat ched) and t Hisstlyhe ealer matrix iscspit inaiweimatcnes ewhesh aumcissthe asder masrixasifinad umrwéy

oot oL A A e A 7D 2,

rise to no penysrémther, for each df these eratrites, ahdor ecichoow, thewsunt dverraliicohume smah,fwmwht is 0.
I'n general , ther

t t. b th |
Lo DRTCT CaP Sty Rk R IR Spasnds st arabiar stybert ot e Pt apd bpgetie gt amay
exchange rat g leh%?ﬁﬂ is i af Qﬁk&%EAﬁ_lx_vFlﬂwiepréhaW ohvesQhebfby DFW? elﬂ oty Bﬁmﬁé’ BisafFhy is as

operates in ural node equal's MAT[j, 2], e system
al ways char glelpwst precisely the exchange rate speC|f|ed by the user
However, the system can operate in "spread control node" in which
i nequal ity between the second and thir doIHnns i s possible and it is
by this nmechanismthat it can be guaraftgedjthat the broker's revenue
resulting frommatching can 20 not exd¢eéd @i ven threshol ds.

1

0'8

-1

-1

-1

In the example under discussion, the associated optimisation function of 8 variables is then the sum
15 of the first 3 parameters, plus 0.8 times the fourth parameter, minus the next 3 parameters, minus 1.2 times
the last parameter {designating the degrae to which the payments involved in the 4 user orders have been
accepted). The coefficients in this particular functional form come from the positive and negative component
of the matrix F in the obvious way. This is the function which the apparatus seeks to optimise, using the

matrix F as it arises from the order flow.



The CPU 22 perforns conputations for optimsing the coefficients.of colums

2 and 3 of the matrix MAT defined above,. which codes for the degree to
whi ch orders are to be accepted. This conputation is done by neans of
a cascade o L.sation criteria controlled by differe ses
denot ed Ap(ikx&&ééggﬁ apparatus may be a software rouﬁqﬁ"?@?}@%ul e. The
routines nust be arranged sequentially, Ag(l),.... 25 Ap(n). The first
routi ne Ap(l) takes the order batch F and®then returns the set of

permi ssible N by el 4 ' ll_of which satis he
first optimsati or\‘;\%né'?eicf rgﬁ?"ginu? kh%ﬁ%sﬁgggg@&@ﬁ%%@@% m‘@ P ?Pﬁfrftﬂse%f‘?}%/m %’e and
SO on until cbsgraipts that thejthand-4th ci-ardinates fust Becelfal (in ithe Héneraiitbse oKsp AR LORtiol this AN
optimal coefficient ma riH5< Mﬁ%& L I n tge efault case, this
cascade wi | I°°bsé'a‘6tfw"f@ﬁ%? » 9nd th3t, the J5h N capstgintsin tergps of et st parametens arp e pame agh e
nost 1 nport Ofisitip] InQRinCtha ' RTATET ! ' «al ue of
The. exeout e robE WnER nGRnCHIRT s 35 Srnh Qi ko 1t et b,
spread or &iwésdhreassyitol pptimgetionstophlat i s paid in and what is paid out. This is
Eg\{'\l/ CR98/ 02818 V\th?s,gt{ngéegsgtﬁat the only data that the apparatus involved in the first aptimi_satif%stgp needs to t he
broker w || redrdis theosalay of thetfinttian DFTRyived/hé cRBtraifts fosdribedcul ar apparatus w ||l now
be described in detail with, respect to the present exanple.

Ap(1) will take thiaeeampter thedipplanswertn the saseadedoptimisation fogtine isthematriy ansf or mat i on
on it. We shall denote the nupber of raw insfrunents by k and the
nunber of user orders in the batch®by N om0 First, the matrix D =
[B;C] is produced, where Bis 8 (Jg gegerak, 2N |by 4 N dinensional, and C
S sinply the transpose of the matrix F above (the rows of C correspond
to raw i nstrument indices, the Rcol@msOt o Q@skr orders). In general the
rows of Bwll consist of 1 tines éhe__i thouniot8 vector which has a 1 in
colum j and O s el sewhere (for rews Wl'?h i'ndex2j-1), and -1 tines the
j-th unit vector (tor rows with index 2j). 10 In the exanpl e
these matrices are as follows:

10 Having established through the optimisation stage 1 that ali of P and all of O can be satisfied, and
that a mixture of R and S {given by a parameter-t-between 0 and 1) is possible as far as nptimisatihn criterion
1 {the volume at chosen operator exchange tate) is concerned, the 2nd optimisation criterion pick?out the
solution under which the operator receives the highest price for 1 unit of raw instrument | thus maximising
his revenus.

15 Whenever orders are satisfied, they are fed into the exchange rate apparatus, which maintains a
store of recent satisfied orders in order to produce a best fit to the exchange rates of the most recent trades.

An exemplary best fit algorithm in the case of binary orders is as follows:

For each batch of satisfied orders, the following steps are performed:

1. The satisfied orders are added to the store. Each order defines an edge in the "order network” whose

20 nodes correspond to a raw instrument at a value date.

2. The set of orders which can be removed without causing the arder netwerk to bacome disconnected is
identified {there are standard algorithms to determine if a network is connected, see e.g. Sedgewick, chapter

28}, If this set is non-empty, its oldest member is removed and step 2 is repeated.



[err]

" and [err] The 1-dinensional array b is

then produced where b is defi-ned as:

10

15

20

25
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3. A 1-dimensional array L, whose elements correspond to vertices of the order graph, is determined as that
which minimizes the function OF(L), where DF(L) is the sum over the stored orders of the product of the value
of the order and the square of the difference between the logarithm of the exchange rate of the order and the
difference between the elements of L correspending to the raw instruments of the order {there are standard

algorithms to perform such Jeast squares optimisations, see e.g. Press et al., chapter 15).

The exchange rate between two raw instrument-value date pairs may then be computed as
exp{L-LE), where L[]} and L[] are the elements of L corresponding to the two raw instrument-value date
pairs, and this is used to update the exchange rate data in said storage means 26.Unlike conventional
systems, offers and bids which have not been satisfied are completely ignored as far as the exchange rate
compttation is concerned.

The server tracks incoming orders in real time. The new orders being received are added to the
existing batch of unfilled orders. A set of batch criteria can ba defined by the user, most importantly simply
the total volume computed in terms of the broking house's home currency, of the orders comptising the
batch. When the criterion is met then the server will compute an optimal matching, using at its core a reutine
for solving linear programming problems, and communicating the result of the matching fi.e. the vector of
partial satisfactions) to both the broking house and the users.

in order to be sure to get an optimal matching in real time, the program allows for a menu of linear
programming routines to be used. The program tries each of them for a specified maximal period of time, if
the optimisation routine terminates within that time then it returns its optimal value. The program then
chooses the best solution {in lexicographic order with respect to the set of optimisation criteria adopted, i.e.
starting with the main optimisation criterion, {which in the default setting is volume) and working its way
down through all the optimisation criteria adopted. The best solution is then adopted, and the matching
recorded and communicated to the participants.

The invention as defined herein involves the principle of 'no market risk”. This is true for each batch
separately. When a batch of orders have been processed and a solution found, and assuming that the
broker's account and the client accounts are zero at tha start of the order match, the pesition after the
orders have heen executed will be that the sum of client accounts equals minus the broker’s account. The
“no market risk” constraint means that as a result of any batch of matched orders the amounts of each

resource involved transferred from clients to the broker are alway non-negative. In other words the system
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[err] I'n general, the first 2N entries of b are, alternately
1's and 0's %pe remaining entries are all 0. An_exchange
rate matrix s defined and is stored in third storage PEIEBIYRES [ (s
exanple it is a 1-di nensional array of length k: 5 [err]-

The entries of E denote the values of 1 git of raw instrunments |, Il and
[1l [in general |,...Kk) in terns of the operator's hone raw instrunent

(which is alopeatsr afmﬁerifcmsrtng hommhlds\mietnh’gatnﬁbaﬁehh to thersin bfaNeaiient faRfofids) Tl sumof entry
of Eis al vvaés equal ;to éurrent exchange rate data itself is stored

in terms of ! °g°(ﬂU§Ft@h%ﬁ°?°§9‘ as a resigt pf mbatoh matchingds "(’ﬁ““ Re3itive MRCHT/In FREGUEre Snace; This
exchange r atyg;HRiARERe SR deﬂ?rt )_irg@ﬁﬂﬁysnadam@ Rébtritiantd fe called srgreatL ?-Elm \Aﬁtgés l?rokfePr t her

an apparatus for producing I mensional array of |-t
coef fi ci ent in the magghl Henbethgﬁw-emsw defined incesprective nﬂamxckimgbllatytﬁbe mmlune&wfnt ehe

anounts of _the ra |nstru comprising the j- rd | tiplied by
the rel evant’ ”3’33’f°¥'v"3a rgtﬁ{nan? dﬁ"gw@? RLREEm may %""W&H}Y”Q’"E"“ FU'? 71“5!? vect or
OPT. It is ather. Vvector of length N Ap(1) then I S an appar at us
perform ng one of the known al gorijthns ynomal tinme) returning a

15 fam |y of sol Theibekes cangarp ﬁ@“‘ﬁ%l‘ﬂ“%‘@ém%éEPYBVTQE"Ré“é%F'H‘TQS i3 cHPINIIBH| em
defined by yphiRR, MSrde th ﬁlfa%iimd(l Hé}ﬁiﬁtz the s stenﬁdﬂ?gtp%bmgﬂen vﬁﬁﬂﬁntf Hifbhekbk ?pééé@f' ned

by the two criteria: orders can be atls egree between and 1,
and t he cintrollead chergingoodetssamha ysed byith ahomesm peentiopeTwraexamples aregiven belnant s .

b Oxpl LT, bl it ot A B B bl ©
opti m sat i ORel¥e®tht protfiem)of sprédd control by the method o febRPifith¥iefcassisPEnd! Thd tebiteis déBpddibi se
the real -val ued function of , a N di nensi onal vector_argunent Xx, defi ned
by: a paramster rb between 0 and 1 indicating the degree fo which spread will be refunded:
1 means that the spread is refunded to the maximum possible extent and 0 that it is not refunded at
all. )
i5 The exchange rate matrix E, which underfies this algorithm, may be calculated in the way already
outlined above or any other suitable way. Note that in this approach, clients who place orders at below the
prevailing exchange rate and which are matched are not penalised in any way for their "underpayment”.
Once an exchange rate is defined, the value of accepted orders can be computed at that exchange
rate. Some of these orders may have positive value and others negative value, Call the (accepted portions of)
20 orders with negative value 'overpaid erders’. Spread control is a mechanism for re-distributing a portion b of
the total spread to the traders who have had overpaid orders accepted.
To do this, first compute the coefficient of overpayment of an overpaid arder as the valus of
overpayment divided by the total value of all overpaid orders. These coefficients represent a partition of
unity. The spread control mechanism is then implementad by crediting the user accounts corresponding to all
25 overpaid orders by an amount which at the exchange rate used for this calculation, is equal to the total
spread times the coefficient of overpayment times rh.
The credit to overpaid orders will be distributed in sequence to users in decreasing order according
to their caefficient of overpayment. The broker will pay spread in those currencies in which spread is held,
starting with the largest holding {in value} and going down as far as is necessary to credit clients in respect

30 of their overpaid orders. The rebate for each order is subtracted from the amount to be paid in respect of



f(x) = inner product of array OPT with x and the constraints are:

O x < transpose(b) 25 ' VWere Dis the (11 by 4 matrix) [B; (,
i.e. the matrix whose first 8 rows are those of the matrix B WO
99/ 14695 WO 99714695 PCT/GB98/02818
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(as above) and whose remaining 3 rows ar 5th hose of C (as above).

The optim sation apparatus will produce 45 an output the set of pernissible
orders accor@z.trawevt@mkmmg szwe&vetmnbmmswe@mtﬁeMﬁ ﬂ@wﬂwe formof this
output will be a matrix of formgiven 1n this exanple as MAT above,

but with the 2nd lmmmtheegﬂau@mawutkmfnﬂounsposed vector x expressed as a

| i near function of ters th constraints on these paraneters, and
the 3rd col um b@l r?@“"?ﬁ?at@gﬁa‘ﬁéisgewﬁe 2[err]. [err]

The exchange rate matrix E is calculated,

5 The rebate is calculated in the above manner using this exchange rate, and the amounts payable to
and by the broking house adjusted according to the rebate.

A second approach, referred to as central exchange rate matching, will new be described. This is
mare radical in that it modifies the matching algorithm described above by sacrificing the principle of
obtaining maximal volume for a given order flow.

10 A spread controf parameter theta> 0 is specified. This bounds (or optionally determines) the revenue
of the broker, as & fraction of the total traded volume,

Each baich is then processed as fellows:

1. A central exchange rate for the batch is detarmined. There are various possible ways to do this; two will

be described below.

15 2. A derived batch of orders is created as follows:
Each order is processed according to its “generesity” g, determined as the ratio of the exchange rate of the
order to the corresponding central exchange rate. For this purpose we define the exchange rate of an order to
be the reciprocal of the ratio of the quantity of the ordered raw instrument-value date pair ta the quantity of
the raw instrument-value date pair offered in exchange. There are three cases:

20 i} g=1+theta: the order is added to the new batch, with its exchange rate adjusted so that g=1+ theta.
i} 1 £ g < 1+theta: the order may optionally be included at its original exchange rate, in the case thatit is
not desired to enforce a minimum spread payment.

fii}g < 1: the arder is excluded from the new batch

3. The derived batch is then matched as usual, and the satisfaction coefficient of each order is updated

25 according to the amount traded of a designated principal component of the order,

A simple technique for determining the fixed exchange rate is to perform atrial non-spread-controlled



In the exanple this is the follow ng set of pararreterlsed matrices which we
shal |l denote by o(t): . [err]
Here the paraneter t ranges fromO to 1. 10 The second stage of

the optim sapbhemeboden uses a simlar apparatus to the onepdigssskiosgs for
optim sation step 1, in order to optimse the function Gt) where

G(t) = Broker's revenue for order o(t) _ 04 Gt) is conputed as
m nus the sumof the terms in each colum of the matrix o(t), each

eval uated at papop onttﬁ%%ntf?i RS, ramﬁhéﬂ%&ﬁ@t@% eXcRbhdR:rats ik the usual way ushi) he ?e?tﬁtcb?‘gus?ﬁaﬁge of

the optim sation can be explicitly defined in terns of apparatuses
anal ogous| y match. & prefetied, theyahsoomputationally move wxpensivel ditemmination df ithe Sixed oate i ssitbadifor on st ep

as foll ows. cé{lrtgetabnve ]a!%onﬁb\rle% ‘10 &npﬁﬁgﬁtﬁﬂﬁ'&q vangrfég'@a? qutrept%a l?s%fla norﬁlr%ztar' on wll

i nvol ve an aHB constr
optimization routine(see e.g. Press et al,, chapter 10). In this case the target function for optimization may be

5 computed by performing test matches for assumed fixed rates.

The sbove algorithm easily generalizes to includs orders containing more than two components. In
this case the derived orders are formed by projection onto a "theta hyperplane” in order space, cansisting of
thosa orders which are more generous than the fixed rate by a factor of 1+theta, while those whose
specified rate is less generous than this are excluded. This projection may take place along either the positive

10 or negative components of the order, according to which of this the user is willing to allow to vary.

In the first rebate approach discussed above, all orders that are satisfied under the original matching
algorithm are still satisfied. Under the single exchange rate algorithm this is no longsr true. .

Unlike conventional broking systems, which are based on the construct of direct exchanges between
counterparties, the prasent invention allows the user to input a wide range of different sizes of orders. This

15 is due to the fact that, from a mathematical standpoint, the optimisation problem is well defined and indeed
invariant under the operations of splitting up a very large order into many small ones, or aggregatmg any
finite number of small orders into one big order. Furthermore, there are effective numerical methods of
optimisation which can practically implement the solution to the optimisation problem. As the structure of
the most natural optimisation problems arising {as those listed above) is linsar, any of the many numerical

20 schemes for solving linear optimisation problems will do the job. The present invention has the advantage
that it enables trades which are genuinely non-binary: they are not exchanges between two parties, but are
"n-ary exchanges” of k commodities among n traders. A matching can occur between 3 users, P, Q and R,
evenif P and O, Q and R, and P and R, as isolated pairs of users would not be in a position to trade, For
instance, if P, Q, R held, respectively, 1 unit of three commodities p, g, r, (stocks, options or currencies), but

25 wanted to buy {respectively} g, r, p, at exchange rates all equal to 1, then the system would automatically
produce a matching by assigningq to P, rto G, and p to R.

Similar examples can be constructed which illustrate the general capacity of the system to construct
matchings which will take direct advantage of the full range of market participation, both as regards the full
set of users and the full set of instruments are concemed, Suppose, for the sake of argument, that there are

30 at any given time users within the system putting in orders, involving 500,000 financial instruments. It is
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]: t Nophrru&nof t he f](c)llovm ng linear function of 2*N variabl es, where the
irs co-ordinates refer, as above, to the coeffic l.ng for
the degree VB8%UMS%h orders are being satisfied, and the ggg/g%ﬁ@s )
co-ordinates to the degree to which the offered paynent is being
accepted. For the purposes of the node-dgscri bed herein, t hese degrees
are the sane, but in the general node they nmay not be. 5 The rol e

of the arr aysJBik tdamuect amampiewehioh siyve thatzymatchingis ossibleGRd Wouttfin favtibe sunttiveted Hye ngt h
whose coefficients are arrived at

the order methedlgerithe, wher there f”ﬁ'{l‘bbef’?/\i?t‘ﬁﬁbc'er‘ﬁ’dé'éél'“mgéd"‘g ﬂ???'?l%a“l"ﬁba"l)fl@e{g& matrix,
defined uni qugly ¥adinp 49949 mﬁeupﬁrﬁﬁbﬁflﬁsYrmﬁehﬁt In Hﬂﬁ whtd§, & maRAitg alforitPal A fir

non- negative coeftfcients and the second only non-positive ones.

Fulrt her, forglnziitrhnswmons larweamaemblmggersamiardedmmnﬂhmmwm market whieh cauiiot kg |
courm5|sta . by th h te E
above, so. it oy et ket Rl P ndns By hmcr i, anoarray. of

length N is arri egmadhing dodofdifiROmese gnbodifEns isinotdased unay@axmmmmmﬂwmmmy oDPT2.

In our exanple, this array is as fol | ows:
0.8 a numerical procedure by which a match, i.e. an allocation of rescurces among traders, is implsmented, and

_)-.

this numerical procedure is centrally computed, not arrived at by conscious and hence specifically informed
process involving the individual traders. It is for this reason that it is unnecessary for individual users to be

10 aware of the other orders in the system. Thus anonymity can be preserved, which is a key advantage to
users wha can place orders without fearing that their entry into the market will perturb the market in a
dirsction oppasite to their own interest.

However, a user alss has the option of marking certain orders as being visible to other market

participants. These orders may then contribute to market depth information in the following manner. A

15 further mods of operation of the present invention is to allow hypothetical orders to be submitted for
matching against orders marked as visible. Such orders can be used to obtain market depth information. The
orders are hypothstical in that the orders and their respective satisfaction coefficients are not forwarded to a
party for settlement, instsad the coefficients or information derived from the caefficients is returned to the
user. Two examples of this to obtain market depth information are as follows: |

20 {a) a user wishes to know at what exchange rate particular sizes of orders can be satisfied, for
example, the user wishes to know the exchange rates at which 10, 20 or 30 million US dollars can be bought
for yen. To do this the system iteratively submits hypothetical orders for 30 million US dallars {the fargest of
the amounts which the user wishes to have market depth information about} at 2 set of prices, say 120
yen/US$ {very cheap exchange rate), 121 yenj/US$ and so on up to 140 yenjUS$ (very generous exchange

25 rate}. The system then returns the respective coefficients, i.e. the amounts of these orders which can be
matched. For instance, in the given example, the coefficients might be 0, 0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.0...,
which for an order of 30 million US dollar corresponds to the following amounts of the order which could be
satisfied: O at 120 yen/US$, 0 at 121 yen/US$, 6 million doliars at 122 yenjUS$, 12 million dollars at 123
yenfUS$, 18 million dollars at 123 yen/US$, 24 million dollars at 125 yen/US$, 30 million dollars at 128

30 yen/US$ and so on. In this case the user would be informed that an order for 10 million US dollars could be



In the exanpl e under discussion, the associated optim sation function of 8
variables is then the sum 15 of the first 3 .paraneters, plus 0.8 tines the

fourth paranmeter, mnus the next 3 paraneters, mnus 1.2 tines t he | ast
paranmeter (designating the degree to which the paynments involy % In the 4
user order VOMNBeen accepted). The coefficients H?‘W]‘F%”’S Micular
functional formcome fromthe positive and negative conponent of the .
matrix F in the obvious way. This is thasfunction which the apparatus -seeks
to optimse, using the ‘matrix F as it arises fromthe order flow

\Igngg %{Bég?gggﬂgmd at an exchange rate of 123 yenfUS$, an order of 20 million US dollars could be satisfied at an

Next the coeshangiraté of 185 yen/b$ssandantorderi far30 miffian YS doliarsicould by satisfied atcanl exchangei fﬁe an
appar at us V\/& %E Igg ains the constraints that the jth and N+jth
co-ordinate 534 equal (in the general case of spread control this

constraint will (pe r itexetetly, theusd maywiish th dw Uk tiargbbt andnnts bairestitceiwhich eanbs  of t he
1st N paraneters are the sane as before, plus the new co r\stra nt that
OPT takes & mmpﬁmwwtar exahanae ratas fengeagale g user W%‘éﬁ"&ﬂét“’é‘r w many S dpllasiguidte 5 s

the result ﬁ ghY Rtekm MateOft s%yh%ﬁ’ A§t and 132 yenfUss. In this tadd he SRR iBBMRY blbaks t he only
date that the appara us I nv I rst optimsation step needs to
record is tngpatiraitaierdens of hiffrevolfiraaio piactice @Ttoghe\mstwﬂmemﬁw ez anytegdersutmitted be d.

to the system in this particular class of orderfinstrument pair), for example two hundred million doifars, at

gach of the prices submitted by the user, These orders are processed in the usual way and the partial

10 satisfaction coefficients are returned. In the above example these might be 0.25, 0.3 and 0.6. The user
could then be informed that orders of 50 million US dollars coufd be satisfied at 130 yen/US$, 60 million US
dollars at 131 yen/US$ and 120 million US dollars at 132 yenfUSS$ (the size of the orders being given by the

product of the coefficient and the hypothetical order of 200 million dollars which was submitted).

Although some of the above examples have concerned financial instruments, this is not intended to
15 [imit the scope of protection as defined by the claims. For example the invention is applicable to systems for
allocating computer time, telecommunication frequencies and bandwidth, power generation and distribution
capacity and so on. The invention can be implemented by means of a computer and the invention thersfore
includes a computer-readable storage medium having recorded thereon a program containing code
components that when loaded into a computer will cause the computer to operate according to & method of

20 the invention.



In the exanple, the final answer to the cascaded optimsation routine is

the matrix. [err] 10 . Havi ng establ i shed through the

optim sation stage 1 that all of P and all of Q can be satisfied, and

that a m xt f and S (given by a paraneter-t-between 0 and 1) is
RIS

possi bl e as ptimsation criterion 1 (the vol uRET/SBY%8Ben
operator exchange rate) is concerned, the 2nd optimsation criterion pkcks
out the sol ution under which the operator receives the highest price
for 1 unit of raw instrunent 1 thus maxi m sing his revenue. 15
Wienever ordefigsff € satisfied, they are fed into the exchange rate

appar atus, which maintains a store of recent satisfied orders in order

to produce a Thetsbowsng definitions pre:given toinasistyip understending the tefminolegywsediinsthecahove teseriieds .

An exenpl ary bes it al |- in I e of binary orders is as follows:
For each batc angks'g'gtaf@?tﬁ@%gggﬁg’f“@ﬁ'«ﬁﬁ%l | ow ng steps are perforned:

1. The sati sfRsadhseunfiftf Surrericies, &itiad tctwith hdwmebmpont. Each order defines an edge
in the "order_network"” whose 20 nodes correspond to a raw instrunent at a
val ue dat e. 5 Simple respurce:rs,quantityof grawdiswie’t. whi ch can be renoved without causing

the .or der nelpyffols shde PAC OMahelectts GRAART Sbisioxed by the Bt fal nilmeller © ar

standard algorithns to determne 1f a networ S connected, se . 0.
Sedgewi ck, cPhjsd:ethe set of @&tjon vecforstinRF with adn-négstive campenanss. \Sjimpleresourdesies partivdarber i s
renoved and step glenile%tsrnfetgiggetted.

Resource space = finite subsets of PF{+)x T with any two elements having differsnt tims componant (T). T

10 is the positive time axis and the T coordinate of a point in this space is known as the value-date. PF{+}is

identified with the subset consisting of only one element of the form {pf, now).

Compound resources:  Paints in the resource space.

Resource-flow: a set of pairs of compound rasources, as specified by an order. Orders are of the form: buy
one compound resource against another compound resource.

15 Simple derivative; a resource flow {i.e. order} with the rule that, if the order is satisfied, the trader is
required ta recsive or defiver {accarding to whether the value of the quantity is
positive or negative) the specified quantity of each simple resource on its specified
value-date,

Option: an instrument giving some market participant rights {but not ebligations) to exchange resources at

20 some future date (as opposed to simple derivatives in which the future transfers of simple resources

are obligatory on all parties).
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- 3. A l-dinmensional array L, whose elenents correspond to vertices
of the ordeg, 9§Bs i s determ ned as that whi ch mnimzes the function
OF(L), V\/nere% is the sumover the stored orders of tHE'PPERIE of the
val ue of the order and the square of the difference between the - -

| ogarithm of the exchange rate of the ordfer and the di fference between

the el enments of L corresponding to the raw instruments of the order (there
are standar ¢iamd al gorithns to perform such | east squares optim sations,
see e.g. Press et al., chapter 15), i . The exchange rate

bet ween two -raw #-nst rATARRRAIL Fr precedsing tsadipgprdess, sidppperatur CopRIishY hesniabeeriais

xP(LLIL - L loborab 6/ bt b @A iicRis ol e wblo ST, ok oBEHARARRT 19 {0

the two raw I nstrune , and this Is used to update the
exchange racenmpd@:a i n sai d storage neans 26. Unli ke conventi onal
systens, offers and bid

s which have nagt been satisfjed are conpletely
i gnored as’far as _the““@???f‘f‘fm%%@@%f"éuﬂ'j"gd‘é E‘l’saff"f"cfﬂd *"g“'"@'g?‘fﬁ%?“gﬂ@f' _
The server tracks i ncifistifgethieaid stofing Fabsived sbridflers dshR arfey WheE Gl@efits Betind\g)
recei ved are added to the exi sting batch of unfilled orders. A set of

bat ch cri t epirticulaefifst rsoura pidered by ppericler UBsSer | nost i nportantly sinply t he
t ot al | t ' ' : ; f th
otal vol ume conpu egseéoﬂd Jt(git‘)?@%aﬂé f\?&%ﬁnﬁgﬂg Do MR sah ﬂﬁg&’t@m{ﬁﬁgxg FrtFtﬁan 0 e

orders conprising th riterron 1s e server
wi | | conput ef epartiopdr ondeithahistodbbisatigfied; amli ng at its core a routine 15 for

solving |jinear programm ng problens,. and co ni.cat i the resylt of the
mat ching ¥ .e. the vepé‘i"ﬁsf'%d?”"st?“ "ﬂ‘ﬂ"fgisﬁ?“'&&%fﬂi@f%ﬁgﬁe '?eB"Sb"(?[%ﬁ"f'%@_ br oki ng
house and t BRimisdetof values of said cosfficisnts with REELE fo at Rasbehe predeRmiired, dfistabld cafttaintral
matching in real tinme, the programallows for a nenu of |inear

pr ogr ami ng akddtessheng predstereined,adiéstably priteripn. ang staring e4id optimizadeonffigent yahasin saiy o
specified ' .od of tinme. If the optim sation routine

t erm nat esrr%t"ﬂ?{r?ra?ﬁgéta%fi me then it returns its optinmal value. The program
then 2 0 chooses t he siésimmomdatinimeans flsorbeingar tawgitting tie processedarders apdithele spect to
the set of optimsation criteria adopted, i.e. starting with the main
opti ni sat+oFREFE BB (which in the default setting is volune) and

working its way 2 ORVappakafié Sdethingab Hairk 1) vhersnt dallaBisuket oRdcofstraihtiiciudesBdoms ed. The
best solution is then adopted, and the matchjng recorded and

communi cat edahe@f gapheof paidapgfHigients f§tess than or equal to 1 and greatpythaniorraeah®.i on as def i ned

BS{ gihn invol ves §he Pyl BtaRs Seebbing tDaif R Skhefeln S5id prockRing méans it &ddfted®” €ach

process orders such that a designated user takes the opposite position to each other user order by agreeing
20 to exchange a proportion of the ardered first resource for a second resource, where said proportion
corresponds to the optimized coefficient for that order.

4. An apparatus according to claim 3, wherein said at least one constraint includes that if all
orders wers to ba completed, in proportian te their respsctive coefficients, the designated user's holdings
atising from the precessed orders would be only non-negative amounts of each resource, including after

25 maturation of all simple derivatives and options to trade resources in the future.

B, An apparatus according to ¢laim 3 or 4, wherein said at least one criterion includes
maximizing the revanue of said designated user, in terms of a particular simple resource, based on an
exchange rate,

6. An spparatus according to any one of the preceding claims, wherein said central server

\
LT



2 5 separately.m When a batch of orders have been processed end a sol ution
found, and assum ng that the. broker's account and the client accounts
are zero at the start of the order match, the position after the orders
have been executed will be that the sum of client accounts equals m nus the
broker's accBfAt146%he "no market risk" constraint neaRSTER¥{02818 o
result of any batch of matched orders the anounts of each resour ce-

i nvol ved transferred fromclients to the broker are alway non-negative. In
ot her words the system WO 99/291695
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- oper afgiher@bmpnbes HtE torb® Mednb Br ANMS A S ofl fard rBifesih@GIe clifentRErbiig tate® t O
the sumof the client portfolios. The sum of the client portfgol|o
accounts as Aetwessanch resqurca angat lpast areeten iepagres, andavhereimsajd peopesying eeans ts fustherifor
resource spa Jhi V. s S e spread vector. Any strictly
negative coe?%iegiﬂ-@ﬁélgngafaée%g?%ﬁlﬁglg?igggﬁwé%? ned by the broker in the
mat ch. Hence the 3.pr eakh dpmaratus bdcordimy th any dnei of the privedidyichims, ahereimsaiderdedsonge rat e
(the mat chi ng . does not rel) 5 on .an xchange.rate matrj x, and ipdivi dual
transacti on%%WériF“ Béﬁdﬁ?mﬂf""éq the @P‘@H"’eéiyctﬁ‘asﬂ@éﬂ epbs0 tef"?‘?fﬁi’fé@(‘,’f’f“‘“‘““msd{]ﬂer) .

The Dbroker C%ﬁer@ﬁxiﬂris@ﬁs‘ﬁ%ﬁnﬁg& araﬁﬂﬂ,iimmsmp&aéuﬁa&mrresmcesmdw& éilﬁhaﬁga?a%f.Vi ce
(6]

charge or a conbination e two. In order to give maxim

flexibility to the system operator/broker, a variety of different spread
control and charggng ' . o i

exanpl es are gi ve?i ber@'\%ﬁ ar}a;gi‘dﬂnrmﬁ‘g thl%quf\é%{hﬁrécg@gg@ggg’g%ﬂd #ﬁ@@%e\k/%g m;mvo
conti nui ng t (& adaptad taoptimimitheviuesebssidtosfficiptschy sucessivelnapglyisgrespentha catedaies and

sol ves the problem of spread control by the nmethod of rebate of the excess
spread. The cEspAdedamaneer. gef | ned by a parameter rb between 0 and 1

i ndi cating 4 he degree gnQpabatys BecsrBigaaslaint, thrthBrRonipAfing W89 to specify the sequence of 1
means that the spread is refunded to the maxi mum possible extent and O that
it is not rebtdrdesadederiteria. al|. 15 The exchange rate matrix E,
whi ch underlies this | i L \Na

outlined above orménya%'% é’t”‘"g E%c ?TW%R&A@%} ﬁ%ér%&ﬁﬁzﬁ'%ﬂf'%%ﬂ@5'%%%%33%?"8
clients who pladped arapsy, b seqbentectachent ife plurality of predefined linear programming routines, or convex

programming routines, or standard combinatorial optimisation techniques, to optimize said cesfficients until

15 one of the following events occurs:
a specified maximum period of time elapses; l ,II,", ,"l” "l" "m " ,m
an optimal solution is found. R R
1. An apparatus according to claim 10, wherein if a specified maximum period of time elapses
before an optimal solution is found, a consistent sub-optimal sofution is used to obtain the optimized set of
20 coefficient values.
12.  An apparatus according to any one of the precading claims, wherein said processing means
is adapted to optimize said coefficients for batches of received orders.
13.  An apparatus according to claim 12, wherein said processing means is adapted to determine
the end of a batch by a preset interval of time having elapsed since the start of that batch.
25 14.  An apparatus according to claim 12, wherein said procassing means is adapted to determine
the end of a batch by the total order value exceeding a threshold value.
15.  An apparatus according to any one of claims 12 to 14, adapted to carry forward orders not
satisfied, completely or parfially, in one batch to the next batch.

18. An apparatus according to any one of claims 12 to 15, adapted to remove from said first



prevai | i ng exchange rate and which—are—matched are not penalised in any way

for their "underpaymenu' Once- an exchange rate is defi ned,
t he val ue of accepted ﬂmwﬂmﬂuaﬂ”w uted at that exchange rate.
Some of th rs my have pa vaI ue and ot her s ppegabiugisval ue.
Call the (accgpfé;% portions of) 20 orders with negative va’lg%g “overpaid
orders". Spread control is a mechanism fgr_re-distributing a portion b of

the total spread to t he traders who have had overpai d orders accepted.

To do this, first e, coeffici t of an overpaid
order as thg‘"egél’"ﬁ@s H? rs not s"W&q’ 'ﬁ?ﬁ'f/'ﬁﬂm' f’HP@Y a{graawsefﬂéthpg '%?If”(’)é‘fbﬁés“&‘f"PaI I
over pai d or gighe9rders. Nese coefficients represent a part ition of unity. The
spread control nmechanismis then inplenmented b rediting the user accounts
correspondi ng tol7al | Araprarotisyasesrding torclaiey 16, whprela sai reogthiitiomfoneach dnderiexchange
rate usedf |on |s equal to the total spread tinmes the
coefficient ?f}em:ﬁher%vgwufk ‘tines . The credit to overpaid
orders wils be diisst r |Ahmnpmtus ancaaihg;mampuae #fohe prmcedisg dlaimsOleterein sk tifedarders bre

accordi ng the h’écoefflm ent of OVEHJ‘O‘F ment. The broker wll pay

spread in tﬁB@’é 6°tﬂ'rsf“é § memory meanpgt U regisstohglspls he g, starting with the
| argest hol di ng 4gi n ‘Aﬁhﬂfﬂ)fu@a@ﬁrd&@tn‘%ﬂ; ﬂ?W?he%ﬁw&ﬁElauﬁsswhe?eufh?ﬁ%?&@ﬁéér drdy CT €di T
clients in respect 30 their overpaid orders. The rebate for each order
i S subt r act geredi siwfirshetoragemeans specifiepepapiafial sqcend resoyrse efferad in exchange for said first\D

99/ 14695
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- t hat ordepo. t oAb h;:parhnxﬂtdnm@g hamse ietieprecedibgviina atigni 3t lbastont sserdrden t he
match are se t he rebate agﬁgroach wor ks as

fol | ows: sturedl in s%ld first stogpge Bps Prpys sﬁiglf rétﬁesptgt}éfab anégg mgJ] ge rate The

exchange rate ngiri XAEadpﬁatGﬂc&H#n@inQﬁ# one of the preceding cmﬁ WieRAa festufbe @t ledst ated i n
t he above nmanner using this exchange rate, and the anobunts payable to

and by the ®ieoimerisqg coergend restiiceist ed accor di ng to t he rebate. A
second approach,,,r ef t i .1 | now be
descri bed. This 22 #h Ep?r%adés aF%B’fngﬁ%‘l{nﬁL ? Q&?i E]q"rocllrg ‘f‘lﬁg%ﬂ%ﬁgs% %f\F%“Lg

al gor i t hrsdwfinals bedmabdmalbgenwmvbrfvia@isﬂgemdmhlﬂiranmmﬁd opdedffrom users.

23.  An apparatus according to any one of the preceding claims, wherein said communication

o

rgﬁ?grce to define a resource flow,

means is adapted to transmit orders using TCP/IP, _
24, An apparatus according to claim B or to any claim appendant ta claim 6, wherein said '
processing means computes and updates the exchange rates in said third storage means based on the
20 satisfied order flow.
25.  An apparstus according to any one of the preceding claims, wherein instruments being
traded are financial, such as currencies, securities, and futures on the value of commodities.
28.  An apparatus according to any one of the preceding claims, wherein said communication
means transmits said processed orders and their coefficients to a further apparatus for settlement of said
25 orders.
27. A computer terminal comprising':
communication means for receiving the processed orders and their respective costficients from an
apparatus according to any one of claims 1 to 25; and
a device for triggecing transfer of resources in accordance with the filled part of each order specified

30 by the respective coefficient.

This Sheet Has Been Replaced
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obt ai ni ng maxi mal volunme for a given order flow 10 A spread

control paraneter theta> 0 i s speetf+et—This—bounds (or optionally
determ nes) the revenue of t Hm Dﬁ“” ﬂ“‘ractlon of the total
traded volu Each l ﬂ&i ocessed

1. A central ngggfb“ﬁgasnge rate for t erm ned Fﬁ@?&ﬂg}?@ vari ous

possi ble ways to do this; two wll be descri bed bel ow. 15 2. A~
derived batch of orders is created as togi ows: Each order is processed
according to its "generosity" g,- determned as the ratio of the exchange

rate of the _ 25derAé%gﬁr"&g%&gsfnﬁ%ﬁq“g}%uﬁ@fﬂ{nﬁ Lm%nghange rate. For this

pur pose we defingé—t he be the reciprocal of

the ratio of thereeginirgtrom ysesbrdérhexctospetifyingch partiswtat ﬁrak&mnﬂmﬂ&&uwﬁb&!&mwm r to
the quantity of the raw instrunment-value date pair offered in exchange.
There are tHP%%“"E%@%‘“QWW?‘a&'}‘i"‘“l‘“i"'ﬂ’éi"& the order is added to the new

batch, with its Fﬁﬂ%@&@gﬁd &tﬁk‘?ettﬁ@dd‘ﬁ%?ﬁd e sttoﬂé’et sto]calﬁllJtJ’ﬁe?nf coefficieritd Qachl <g

< 1 +theta: the or may optionally I nclu at I'ts original exchange
rate, in tﬁ@pmmmgttmomrtiunmfsapamculano‘ﬂar@hwstoéelsamfle@nf orce a mni num spread

e dor  ved bat chPiEny ey St ety BSpHslos eRVA MFRORpr Thpte >

coef ficient cg{mmenat)l&aieisnepr‘e‘detmﬁﬁﬂ,edjus&ﬂemamdl ng to the anount traded of a
desi gnat ed princi pal ¢conponent of the ord A sinple

techni que for det@inas#f WY '{BH@'VF'%!P"’%%EF\%’ﬁﬁé“f"éﬁa@”?% @l performatrial

non- spread- cont r gld@&fl the processed arders and their respective cosfficients.

10 29, A method according to claim 28, wherein said at least one constraint includes that the
value of each of said coefficients is less than or equal to 1 and greater than or equal to 0.

30.  Amethod according to claim 28 or 29, wherein a designated one of said users takes the
oppaosite pasition to each other user order hy agreeing to exchange a propartion of the ardered first resource
for a second resource, where said proportion corresponds to the optimized coefficient for that order.

15 31- A method according to claim 30, wherein said at least one constraint includes that if all
orders were to be completed, in praportion to their respei:tive coefficients, the designated user's holdings
arising from the processed orders would be only non-negative amounts of each resource, including after
maturation of all simple derivatives and options to trade resources in the future.

32. A method according to claim 30 or 31, wherein said optimizing step fncludes asone

20 criterion maximizing the revenue of said designated user, in terms of a particular simple resource, based on an
exchange rate,

33. A method according to any one of claims 28 to 32, wherein a third storage means is for
stoting an array of data representing the current exchange rate between each resource and at laast one other
resource, said method further comprising the step of retrieving exchange rate data from a third storage

25 means for use in optimizing said coefficients.

34. A method according to any one of claims 28 to 33, wherein said optimizing step includes

.. maximizing the valume given by the sum of the absolute values of the companents of all orders that are
satisfied, partially or in full, in terms of a particular simple resource at a given exchangs rate.

35, A method according to any one of claims 28 to 34, wherein said optimizing step further

30 comprises successively applying respectwe crttena in a cascaded manner to obtain optimized values of said

HS
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the usualmit[réh ;;;;get ﬁgtlrregm t*m'im,m, Wﬂmoﬂput rerat (t:tﬁ exchange rate in .

t hough conputationally nore expensive, determ nation of ‘ﬁr&?l xeé rate IS
as that for whi ch the above al gor_ltsjl,m_l eads to the greatest traded

vol une. This requires the use of a nonlimear optim zation routine(see
e.g. Press et al., chapter 10). In this case the target function for

optim zati oﬁ“ﬁﬁfﬁymbe 5 conputed by perform hg test matches for assumed
fixed rates. ncl ude
orders cont ai ni nga rmrAem?thdmﬁe:@qgééﬁnp%dngﬂﬁégwﬁ‘%b Lth,ph‘)rggﬂa ﬂdihgﬁ@"eéfgrdl ved
orders are fsatasddeldoritgieoj ecti on onto a "theta hyperplane" in order space,

by a factar of 1% ¢ el i e s & RSURARI iy s o o ©

gener ous tHakinpkifes SppininSaqldntereach onel i7ia HlurdityDdf redelinet ind® YrofratiingPbutines, oPdofag
either the positive 10 or negative conmponents of the order, according to

which of t h,pgrgrprpf@nmwpas,,ugstqmqrq Gombjnatasal aptimisatiop tschpigyes, to optimize said coafficients|uptity o
first rebat E Al Hemebisg€d above, all orders that are satisfied under
the origi na:?l x@cﬁl ngg ° algorithmare still satisfied. Under the single
exchange rate al gori taspecified maxiingn pedod|obtingpdapses;r ue. Unli ke

conventional broking Sgﬁwel[s”@t ;[MB are based on the construct of direct
exchanges bet ween lt'ﬁ'élf s, the present invention allows the user

to input gow de ggngey rmhoaiaetérmgemamsmﬁﬁemﬁrfrf AQpedifsdInaxichidh ferick1 finfe eﬂ'ak@s to the
fact that, froma mathematical standpoint, the optimsation problemis well
defi ned and befereianegtimal solutian s fpunch A pongisienbsub-orymal ssionds ysedkes the pptisized sevaf ng up a
very Iarge g&ﬁﬁiﬁm'\rﬂk? many snmall ones, or aggregating any finite nunber
of smal ers 1nto one big order. Furtherm)re there are effective

NUMer i cal rret hod3s. of Amethnd)murdmgsaamvmaot/dlumsmtnéﬁ,mminsﬁ@abés;ingismpfmm t he
solution to the optimsa m. As the structur t.he nost
natural opt FHHPEAE ¢ E’ﬁ”’"ﬂf%‘{ﬂ"ﬁﬁé %Fq'dls‘facﬁbd Stopge T%Bsé'bbatéﬁegtaé‘g &ﬁ%\?&y L | i near,

any of thgs H?Mn@mﬁ&ﬁ bbeai) optmzembmms\«aﬁ:&rforsad batchéf obder@ear optim sation
problems will do the deﬂmThe present invention has the advant age t hat

it enabl es trade® whi Eoyiding i g 35, Ht!?f?mﬁﬁ'er?&drﬂflah‘t"%é’;ﬁefawﬂth#tﬂ@%hanges
bet ween tvvo Pe?f H?rr?tsrnpe%es?{neofthgtbatcﬁ' ary exchanges" of k commobdities anong n
h

traders. I ng can occur between 3 users, P, Q and R even if P
and Q Q and R, 4&nd I-'Ammdd Rpordg tam%ﬂ:uhtrepaieremd ob & batrh dsrdstenained oy theadtallbeleri N a
position to_trade. instance, if P, Q R held, respectively, 1 unit

of three co%d’fcfﬁd@%“ﬂmh&'dv#"e (stocks, options or currencies), but 25

wanted toppuy (rgspeqtmevdd stkordhg td any he oftlaint 39 RANGGthErdbriFisinyl the sifivRl to 1,
t hen the system woul d automati cal | produce a, mat chi ng by assigning q
R

{0 P, I to wiing offers i opg batch thatar not satsfed Spaateor easbtpolowing R oRSEIZO Pt Lct el

whi ch illus capacity of the systemto construct
mat chi ngs V\;II cc&\fédpﬁ ta&gggll'rect advant age of the full range of market

partici pation, b&k h donethedjecaidingttdepy 6nebf claims 38 ©d2, fothensomprisingaiecitep bigeiawind set
O e B S 5 B R e s SR o AR ™ e
i nvol vi ngzéﬁﬁbtm&nt frahcelbinisaibn df BddelotdBRNt S. It 1S
44, A method according to claim 43, wherein said preset length of time for sach order is
specified by the relevant user.
45. A method according to any ana of claims 28 to 43, further comprising the step of deleting
from said second memory means unsatisfied orders at the request of a user.

30 46. A method according to any one of claims 28 to 45, wherein at least one user order stored

e

___/__.
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poss & it AR, o 5 5 St o

there woul d" b8 no satlsflable orders, that |s no tradin anong
any 499, 999 users tradi ng 499, 999 dlfferent financial instrunments.” In
ot her words, the matching algorithm al+®@s -f or gl obal transactions
anong an ensenble of users in a | arge-di nensional instrunent market which
coul d not b?n sat?ﬁﬁﬁ‘itﬁdg@ﬂeaﬁé% ecifibs EAticulr REdRH reStirod SHR1eH in MR e 16l sHAMSAsBIrATON]

t hensel ve mat chi ng according to these enbodi nents i s not
based on ban@aﬁmmmsmﬁlv\ﬂen i ndi vi dual s but on a nunerical procedure by
whi ch a match, f

i npl enent ed, an d47e alprﬁt?fgad ﬁc%ﬁéﬁgq %ﬁ? nrg aFc a?n!é 7% %o~ 462\%%@% ta{rl% e &er o|'d§rst Gpd in

arrived at kg R BEAhOhEEnsRIeLs WMrasqmsatfalpaedmhymamafmhaugdrate pr ocess
i nvol ving the individual trad

unnecessary for #hdi \A'ﬁﬁ‘l‘fﬁ"‘tﬁ%’@?ﬂé" f”&“’l‘}éfﬂ@“sg%\ﬁpzwf"'?ﬁ@s%‘f’ﬂ&?‘"tﬁf‘dﬁ"r%‘ief n the
system Thug . anoRY s gan be preserved, which is a key advantage to

users who can pltace or ers w thout fearing that their entry into the nmarket
wi |l perturb the48rar kimethod acgording to mvnluotnlm%mﬂsﬂllﬂ@f@mpﬂs gSteheh i nt er est .
However, a user .al.so t

visible to SAMYpicaYps oers emewﬁﬁﬁ%"& ?;geﬁ'{“ %@‘&‘?s?"%@*’@“’% il %%oer?\'ﬁf:sbnnlt ribute
to market d@gibtki nformation in the fol | ow ng manner. A 15 further node of
operation of the resent invention. s to allow h¥pot hetical ,orders to be

submi tt edld or rrat‘b'mﬂ??é acgpydingrfe elairp 9 further parpyisig the steRsioLagpPRAting & AP ¥P e s
can be used Pﬂw & f dl QRer, ThE orders are

hypot het i calo}d%ﬂﬂﬁ& g ’hggsmgndb?ﬁg‘lq%espgct I ve satisfaction
coefficients are5hot Amethudpaterdingtoclsim 49 or 5@ avhergin faid commupicatienisdene by maans efad t he
coeffi ci entﬁ (? i nformati on derived fromthe coefficients is returned to
t he use wo exanples of this to obtain market depth information are

as follows: 20 52 Amethod @kording to auyumfclamszamnmnhmmpmhgmhaipoexchange
rate particular sizes of orders can be sati t he user

Wi shes t otk nemputing spdatederehaege rates pased Daﬁheﬁmf@ﬁofmﬂwmﬂ SFF'HQE?‘W‘I‘aFeF gﬁi"% ¥ | ars
can be bought To do this the systemiteratively submts
hypot het i caq\saldt |rd£t8§90¥1@@6 mllion US dollars (the |argest of

53. A method according to any one of claims 28 to 52, wherein said instruments being traded

are financial, such as currencies, securities, and futures on the value of commodities.
54. A method according to any one of claims 28 to 53, further comprising the step of
20 fransmitting the rasult of said outputting step to  means for settiement of said orders.
§5. A method according to any one of claims 28 to 54, wherein a proportion of the value of an
order accepted at greater than a prevailing exchange rate is refunded to the raspective user.
56. A method according to any one of claims 28 to 54, wherein a designated user receives a
revenue limited by, or predetermined as, a fraction of the total traded volume.
25 57. A method according to any one of claims 28 to 56, comprising the step of controlling a
process using the processed orders and their cosfficients output in said outputting step.
58. A computer-readable storage medium having recorded thereon a program containing code
components that, when Joaded into a computer and executed, will cause the computer to operate according

to the method of any one of the preceding method claims.



t he amounts which the user wi shes to have market depth information, about)
at a set of prices, say 120 yen/ US$(very cheap exchange rate), 121
yen/ US$ and so on up to 140 yen/ US$ (very generous exchange 25 rate). The

systemt he Lfds the respective coefficients, i.e. the.amouais, of these
orders mhigﬁéggﬁﬁﬁe mat ched. For instance, in the given exa#%‘e, t he
coefficients mght be 0,0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.0..., whi ch™f or
an order of 30 mllion US doll ar corﬂé%ponds to the foll owi ng amounts of

t he order which could be satisfied: 0 at 120 yen/US$, 0 at 121 yen/ USS,
6 million dollars at 122 yen/US$, 12 nmillion dollars at 123 yen/ US$, 18

mllion dollars at 123 yen/US$, 24 million dollars at 125 yen/US$, 30
mllion dollars at 126 30 yen/ US$ SJS on. In this case the user woul d be

informed that an order for 10 millionUS dollars coul d be WO
99/ 14695

PCT/ GB98/ 02819 - 26 -
satisfied at an exchange rate of 123 yen/US$, an order of 20 mllion US
dol l ars coul d be satfrsffeg—ar—=an EXCange rate of yen/ US$ and an
order for 30mllion i sfi change rate

of 126 yen/ USS. ' alterngtive]y, r my wsh to
know t he | argest ang h cap be ght at particul ar
exchange rates, for nt t many US dol |l ars
coul d be bought |alg f say 1327/ 1; 132 yen/ US$. In
this case the systemiterakively subm tjs hypot hq orders of high
vol une (in practiﬁﬁ equal to the|llargest volune recorded for any order
subm tted to g systemin this particular class of oyder/instrunent
pair), for exanplé\rmo hundr mllion dollars, at each of the prices
submtted by the usqr. These grderg are processed in the usual way and the

partial 10 sati sf acttomr—coeffrici ent . above exanpl e
these m ght be 0.25, 0.3 and 0T® he user coul d then be inforned that
orders of 50 million US dollars fould be satisfied at 130 yen/ US$, 60
mllion US dollars at 131 yep/ and 120 mllion US dollars at 132
yen/ US$ (the size of the orders Tng given by the product of the
coefficient and the hypothetical Jorder of 200 mllion dollars which was
submtted).

CT § [ [ T 12

SUBSTITUTE SHEET (RULE 26)



Al t hough some of the above exanpl es have concerned financial instrunents,
this is not intended to 15 Iimt the scope of protection as defined by the
clainms. For exanple the invention is applicable to systens for

al l ocating conputer tinme, tel econmunication frequencies ge¥ﬁ§ w&dth

power generWP¥H6¥nd di stribution capacity and so on. vVention can
be i nplenented by neans of a conputer and the invention therefore T

i ncl udes a conput er-readabl e st orage 2/8di um havi ng recorded thereon a
program cont ai ni ng code conponents that when | oaded into a conputer

wi |l cause the conputer to operate according to a nmethod of 20 the

i nvention. WO 99/ 14695

PCT/ GB98/ 02818 E:' ﬁ% - 27
- d ossary The follown ng ftions are given to assist in
under standing the term nol ogy used in the above descri bed exanpl es,
but are not Iimtative of the present invention, Raw | nstrunent:
currencies, equities etc with no time conponent. 5 Sinple resource: a
gquantity of a raw i ngi=FeHent- Pot-tfotro——space (PP~ t he vector

space with basis ind e set_of raw instrugen PF(+): the set
of position vectors

non-lnegat i vg comjonent s. |Silnpl e resources
are particular enentijs of thif set]. Reqour ce space =
finite subsets of PF it h arbtsap—ale TENtte-——fap=ad qi fferent tine
conponent (T). T 10 si(ﬂe positiv C{/ ng axis apg/the T cqordinate of a
point in this space |s*™*nogw as th alble-date. PF( IS identified
wi th the subset cons|sting of onlly one eleneht of the form (pf, now).
Conpound resour cedd Points infthe resqurce spacezs Resource-flow a

set of pairs of cohppund resduﬁges, as sfecified]bysan order. Orders are of
the form buy

30
1€ _
14~ 14 , [14
L L] L P
L/
12} 12/
14~ /14

127 12/
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one conpound resource agai nst anot her conpo
derivative: a resource flow (i.e. orde
order is satisfied, the trader is

to receive i.ver (according to whet her
positive or‘p(599 %%

specified

i nstrument giving sone market parti
exchange resources at 20
derivatives in which the future t

va

éV%ant r

|ve) t he specified quantity of each si

und resource. 15 Sinple

r) wwth the rule that, if the
required
t he val ue of %Qg ity is
g Pgblzgagrce on its

| ue- dat e. Option: an
ights (but not obligations) to
ure date (as opposed to sinple

s of sinple resources

are obligatory on all paﬂns$)

Figa3."
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1

Aggregate
- CLAI V5

WO 99/ 14695
28

atus for processing trading

orders, said apparatus conprising a
plurality of term nals on which user

le to a
erein said

F-VAVF-T2
are to be entered,

or ders
central server conpri se$2 :
receiving user orders froms

n means for

conmuni cat i
a a network;

first storage nmeans for stori
el enents define a particular firgt reso
user; second s¥or age
coefficients each represent$3id t heggrp@ort i

whose
ticular

pr orders as an arra
urce ordered by a pa
means for storing an
bn of a parti cul

processi ng

that is to be satisfied; an Store
retrieving said orders froms $
optim zed set of values of said coef

O

i ci ent

age neans, cal cul ati

s with respect to at [l east one

predet erm ned, adjustable constrainit and at | east one predeferm ned,
adjustable criterion, and glﬂ ngExchanhgept i Jii zed coefficient vallues in said
second storage neans, Rate sai d communi cation ans al so
being for transmtting the pro and their
S5 Process
~ Orders
S Optimise
Coefficients
S7 Optimal S8 | Timed-Out
~~ Solution ~~ Sub-Optimal
Sg Output
™~ Coefficients
Do
S10 1
Output
™~ Resuits
Si1 Update
| Exchange Rate
§12 Unfiled 5
~ Orders
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15 _respective coefficients. . . 2 An apparatus according to

claim1, wherein said at | east one constraint.includes that the, val ue
of- each of said coefficients is |less than or equal .t0 1'and gteater than or
equal O. 3. An apparat us .accordi ng.to.claim, or 2,
wherein, said processing neans is adapted to process orders such that a

desi gnat ed user takes the opposite positio‘nltG each other user order by
agreeing 2 0 to exchange a proportion of the ordered st resource for a
second resource, where said priég SSING ARRARA HIS AN :

Uil i . gt he optim zed
coefficient for that order. 4. An apparatus according to
claim3, wherein said at |east one constraint includes that if all

orders were to be gaRbseit@fentibdvelRieOid Qh hip@atus fhdnl2ibd fof RERBIRG thy flocation of resources

coefficients, the designated user's hol dings arising fromthe processed
orders woul d hesedon rgceivedordessgat i ve anounts of each resource, including after

25 maturation of all _Einp:)le deri vati ves,.and options to t,ra&lfe resources in
. A wide vari

the future. e@y_of.system.s B in, Which 3.3ef, “é"ﬁ:‘i?F’_Eﬁ“HB_t Freprswhigh gpnsisi a4
wherei n sai g %Jir%@@?:ﬁitﬁ? lgﬁin'ubj?rﬁ@lé)d? réstlrde WARE it is willinoe bxhafdetot atcgﬁairtﬁ%?%kﬁrcﬂf

sai d desi gnate erns of a particular si e resource, based on an
exchange r at e Examples include a computer scheduling syétem alppain@iorputing Reduttes uies on tjobd Bmitted
the preceding clainms, wherein said central server WO 99/ 14695

PCT/ GB98/ 0281 8y users; electricity generating plants offering to supply power to a distribution system at different costsg -

further conprises i ra reans for storipng.an array of da
representing P‘}@%‘*&ﬁ%@ﬁ’{“ﬁ&&%%ﬁﬁg ?ugﬁgter procgsa t gtﬁ'g 421G udd %’gtb{fr”l?@&gﬁ@ Igt

| east=rone ot hggdifQ Hifftent Afiehal iARERAsHr W;e&gﬂsﬁm; 448l fiREREIH Sradefs offeinig Reuy bt
retrieving exchange rate data fromsaid third storage neans.

7. An appsellaasoscea oouanditissgf firmncahipstuments) Such hestpkeo eatrenciesch eiichange fofotireei n
said at |east _one 5 criterion includes nmaxi mzing the volune given by the
sum of the abfWNERIOSYUENSs of the conmponents of all orders that are

satisfied, partial h)ﬁmﬁb{ere df Qietbrdht tochdiddl dofalidhs nddf bedn R3S ol Y 11RVe aith TRnGr AiDRHYT C©

at a given exchange ra
problem. One example is binary matching in which an offer by ane user to sell a particular quantity of one

instrument is matched to an offer by a different user to buy that quantity of that instrument. A second
15 example, in the case of scheduling computer jobs, is to allocate a slice of processor time to each user in turn
on a rotational basis.

These solutions suffer from a number of drawbacks, namely that generally speaking the allocation
of resources is not optimal. For example, supply and demand are not matched as well as they could he, such
asina cnmput;r, the majority of CPU cycles are idle, but at peak load the operation of the computer is

20 limited by one of the resources available such as processor time, memory, /0 bandwidth. Scheduling
systems do not necessarily take into account the priority of jobs, such as whether they are required in real
time or can be batch processed, and allocating a time sfice to each user in rotation is simply a compromise.
The matching of orders is inefficient in that in a binary matching system the size of the order must be
matched so that a very large order may never be matched unless it is broken down into a number of smaller

25 orders. The matching is also inefficient because in a binary matching system matches involving more than 2
instruments can not in general be found which prevents optimal matches from being discovered. Ina
financial market this can fead to illiquidity which in turn, and counter-intuitively, can fead to the problem of
market volatility.

The present invention seeks to alleviate at least partially some or all of the above problems.
—
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8. An apparatus according to any. one of the preceding clainms, wherein
sai d processi ng neans Is adapted to optim ze the val ues of said
coefficients by successively applying respective critériain a cascaded
manner. A0 9. An appar at us according t.0. claim6, further
conprising means to specify the sequence of ;3 _ said cascaded criteria.

10. An apparatus according to any one of the preceding clains, wherein
sai d processing ne gence, each one of a
plurality of pr edeﬁ@rec} ﬁ“?%‘?g?&%@o"g%ébﬁ@%“@%%‘@"ﬂ'é‘gﬁ% convex

programm ng routi neﬁgureczrsh@ﬁs&rﬁih%érﬂy idibedimiet! of Erddphdiatesdctopding t BB Rbefti@Sand t O
optim ze said coefficients until one of the follow ng events occurs:

a specified nmaxi munhigyes:3 ivaifiaichart lﬁmr@hm&ibﬂd according to the invention. ~an opti nal
solution is found. r accordin claim10,
wherein if a speci fReEIMBAATG W@%qrrgaf a@?ar?t'i“rfg Ef @E%@%‘“Vem"’"ﬁ ‘Béaé"r?%ﬁlﬁf'w%l
solution i's f Ofily s AuSRITHSHRIN 12HRNRRbsE Glersl thd BbrdiS TSGR 12Bh g N he
optim zed set of coefficlent values An appar at us

according to aaamenmeal pdrsohdd conputers ¢RETshgnninlg apprapriatedvétnaieor sty tlaytedediated trgdingeans
Is adapted to optim ze said coefficients for batches of received orders.
13. An appderainals. %aelwmmahtg iy Qnmene&wrﬁ.qommumﬁmaan@élswhm dateréacn andisemensm

adapted to det nerrm {Mitting the (i P zﬂ eé’a l?eﬁ'veersﬁltwa'anr}e %(allb‘ Of t' e
havi ng el apsecf Jrenm f'gng gf’eésr “b WE{F ﬂ BiEa ik

appar atus_accor di nQ‘h& Eknﬁé! Sdrve iu%om%@sf Slufthe? 8 é?orﬂ;IE RIS STHAEL ity B8 Fevites s@dﬂ%?t ed
to determ ne the end of a batch by the total order val ue exceeding a

t hr éshol d i@l wemory chips or magnetic disasS .The diffefent stprpgemaanssnap canmpristidiifgrentoegiony withirea of
claims 12 to 14, ad to carry.forward orders not . satisfied,

conpl etel y or CHEPQNCH chp Pgﬁdﬁc P R RSt am3g f%gﬁ@fﬂmwéﬁm devices. In Pamcaar the cepfral
An apparat us %?r%? oSthiAks b rsPEtrad MR aii™18 Fdr oMy rebeivddUsel orderR BB B S Dse :RABME

fromsaid fir

define a particular first simple resource ordered by a particular user and second storage means 20 for
storing an array of coefficients each representing the proportion of a particular order that is to be satisfied.

15 The central server further comprises processing means 22, such as a central processing unit {CPU}
executing instructions of a particular piece of software. The processing means 22 is for retrieving orders
from the first storage means 18, calculating an optimised set of values of the coefficients with respect to at
least one pre-determinp;d, adjustable constraint and at least one pre-determined, adjustable criterion, and
storing said optimised coefficient values in the second storage means 20.

20 A communication means 24, such s an interface andfor modem, is comprised in the central server
10 for communicating the processed orders and their respective coefficients. Communications hetween the
terminals 12 and central server 10 via the network 16 are preferably done via universal standards and
protocols, such as TCPIP and use a generally accepted interface, for instance an Internet browser. The
communications may he done via a network, such as the internet, or an intranet to which all users of the

25 broking system will be linked, and which is controlled by a central server. The orders entered by users are
automatically passed on to the server in real time, and are matched in batches (whose length and frequency
is controlled in software by the server) in an optimal sense as explained in this paper.

A second, presently preferred embodiment of the invention is iliustrated in Figure 2. Referring to

Figure 2, this embodiment includes all the features shown in Figure 1, numbered with the same reference

1
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- 30 - storage neans orders not satisfied, conpletely or partially,
after a preset length of tinme from subm ssion of t hose orders.

17. An apparatus according to claim 16, mrgrein said preset |ength of
time for each order is specified by the relevant user. 5 18.
An apparatus according to any one of the preceding clainms, wherein,
unsatisfied orders are nenoked fromlsaid fi®st storage neans ati the
request of a user. 19. An appar atus according to any one of
the previous clains, wherein &t~ |&astlome &iser Order stored in|said
first storage nmeans specifi¢s particqiar secggg resource offeredijin
exchange for said first resource to define a resource flow 10
20. An apparatus accordi hg t@ any pne of the-preceding cl ainms, wherein
at | east one user order stored in said firsf storage nmeans orders said
first resource at a prevail{ng nmarket exchange tate. °. 41. An
appar atus according to fany pne of the preceding clains, wherein a nesource
in at |east one order s a conpound resource. 22. An
apparatus according to any pne of the preceding clainms, wherein at |l east
one of said 15 termi nals isjconnected to said central server via a
sub-server which aggregates{orders fram users. 23. An
apparatus according to any pne of the preceding clains, wherein_said
conmuni cati on means is|adapted to transmt orders using TCP/ IP.
24. An appar atus accordipgqto ¢glaimé6 or to any clain1appefdgng to claim
6, wherein said procesSsi ig neans conputes and updates t he exc¢hange
rates. in said third storage neans based on the 20 satisfied order flow
25. ' An apparatus according to any one of the preceding clainms, wherein

i nstrunments being traded are financial, such as currencies,

securities, and futures on the value of commodities. 26.

An apparatus according to any one of the preceding clainms, wherein said
comuni cati on means transmts said processed orders and their
coefficients to a further apparatus for settlenent of said 25 orders.

27. A conputer term nal conprising: conmuni cati on neans

for receiving the PrAGRRREHNLIRE RoATH bRl [y SIREH kirBaRORL Hlkhi B e LM

an appar at us accor 0O any one o

a device for t pi@Rhtimelvddirthsiftetrde {thd S kARG whetheR he ffndftGiRenyVs bild §uf6r rbdelvbdpd
part of each order specified
A conventional trading apparatus would consider each set of raw instrument pairs {45 such pairs} as a

5 separate market. The total order flow described by the example would then he viewed ‘slice by slice’ in each
of these 45 markets. In the example at hand, each of these markets would only see one order, either only a
buy or only d sell, and hence such an apparatus vguuld be unable to match any of these arders to any extent
at all. '

The present invention, on the other hand, not only finds a match but an optimal match, in the sense
10 of cascaded optimisation criteria, First, it would find a match that would maximise the total value {or
volume) over all matched orders. Secondly, it would find, among these, the match that would maximise the
net revenue of the broker among such volume maximising orders, or indeed the match that would optimise
any other suitable criterion specified.
This two-fold optimisation can be done either by optimising the second optimising criterion on a
15 re-parameterised space of solutions to the first optimisation criterion, or equivalently it can be done within

the original space simply by adding the value of the first optimisation criterion on an optimal point as one
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t he steps of:

SEPLACEMEMT gpeoy

28. A nmet hod for processing trading or rl sing
mlmlm'l i rom users orders each ?&%%&éw

pasticular first resoudil I’Hﬂ]ﬂﬁ' particul ar user and I ng them
as an array in a first *stbradge*neéins* - - processing s or der s
retrieved fromsaid first storage nmeans to calculate a set of coefficients
each 5 representing the proportion of a particul ar ordeL {hat s tq be
satisfied;  storage means ordetsetisaiishipdagompletsly\erparfialy. aiter & Areset feagwh ot timedmsubipigsign of
respect to at, | east one predeterm ned, adjustable constraint and at
| east one preta%sfg?dﬁﬁs'ned, adj ustabl e criterion; storing said
optim zed coefficignt Vﬂi %Ea?ath@ac@nrdi@%’ﬁﬂm%,%@@ﬁ s Bt lerfirbf time for each order is
outputting the processe rders and their respective coefficients. 10
29. A et hepekified bythe refegant osecl ai m 28, wherein said at | east one constraint

i ncl udes that the val ue of each of said,coeffigci eln.ts i,.s | ess..than,or
equal to 1 Bnd grelaﬁ-er Arrappargips :ﬁ;&qmg tp anycgne of the preceding claims,yyjierein uns;g\tlﬁ@? H’S S are

according to ' . ' | one of said users takes

t he opposﬁ%{ng}eg}ééﬁfaﬁ)@ﬁ&%‘&qﬂéﬁﬁﬁggwﬁQg@ggﬁggﬁgr by agreeing to exchange
a proportion of thgg, or digf Sgarftus &bordigIo byaee of the pfeviousalabmescwirkin @ deost nomyseninder e
sai d proportion corresponds to the optim zed coeffici en‘; for that, or dﬁ* 15
31. A net heeredio eaid isttorage mesns Sperifies, a PaRaas sesordesauren offeged dyexchiange fap s sk ¢
I ncl udes that _if a&)l . orders were to be conpleted, in proportion to
their respect'iEVé‘mE °eq£f"fecﬁr§‘vﬂ't"§? Phe desi ghat ed user's hol di ngs arising
from the precessedy®r defisapptatuslacbRdifth ¥nyadofiRGpadebding cRiM LWt incit leesa oie user order
resource, including after maturation of all sinple derivatives and
options to trstored ineaibfinsicstesage mearisardprg said fisst resource at a prevailing yarket exchanggisteq od

n: o e et g3t s o texc
20 or L or' on mi mebi ng HENEEG BTN bpe ol GraB R Gl 410F AR CPE
33

particul ar si gal eariesitbfd rdi@f@d on an exchange rate.
A net hod accor iong lto argy one of clains 28 to 32, wherein a third storage
nmeans is for 22, Anapparatus according to any one of the preceding claims, wherein at least one of sald

15 terminals is connected to said central server via a sub-server which aggregates orders from users.
23.  An apparatus according to any one of the preceding claims, wherein said communication
means is adapted to transmit orders using TCP/IP.
24, An apparatus according to claim 6 or to any claim appendant to claim 6, wherein said
processing means computes and updates the exchange rates in said third storage means based on the
20 satisfied order flow.
| 25, An apparatus according to any one of the preceding claims, wherein instruments being
traded are financial, such as currencies, securities, and futures on the value of commodities.
26. An apparatus according te any ane of the preceding claims, wherein said communication
means transmits said processed orders and their coefficients to a further apparatus for settlement of said
25 orders. .
27. A computer terminal comprising:
communication means for receiving the processed orders and their respective coefficients from an
apparatus according to any one of claims 1 to 25; and

a device for triggering transfer of resources in accordance with the filled part of each order specified

30 by the respective coefficient. REPLACEMENT SHEET
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storing an array of data repr
each regsource and at '
conprising the step o
25 means for use in oftiym zin
met hod according to any oriESO‘gEél

he current exchange rate between
resource, said et Rp uLLRersdE

hgnge rate data from am'éghlrd”stor g‘@

ficients.

to 33, wherein Said Optl mZzi g

step includes mexijmizi ng_the.wal gi vgg by the sum b e g
val ues of the conponengs of all orders }hat 3aré satlsﬁ Al B ::M Br
in full, in ternms of alpariicuar—stPT™e resource-at a given exChales :

35, A met hmﬂffmmmor’idl ng to any one of clainms 28 to 34, wherein sal d
optinmizing step further 30 conprises successively appl yi ng, r espect.i

criteria in a casca®ed Prﬂﬁﬂ‘éﬁi act"?fd‘@ﬂ)‘f’élﬁ*ﬁ %dﬂfthf'%lﬂl?é?Paﬁ‘spé Y9 the sequence of
coefficient A met hod according to claim 35, further
conpri sing th%a‘ds ascade‘jfcmeﬁem fying the sequence of sai d cascaded
criteria. 37. R fethod acBoriRy t6 @) ode 6@ laktis28 td I8, Adreindarl opfimitilgastepsurthér t 0
36, wherein said optinizing step further 5 conprises applyi ng, in
sequence, edchompriees afplyinggh saqeance; sacloine of aeksslityes arefefinaddineappreggamaia regines, of convex

opt i mi sat i on PRRHRERRLITET, SRR FoEnSidHCaErRD FADG: oApTee ot el wtho

fol |l ow ng eveGﬁesof%%ﬂﬁﬁmg events occurs: a specified nmaxi num peri od
of tinme |aps an optimal solution is found. 10
38. A rret hod accor di agpetifiedyhanimom Befiod whtimeddpsesi f a speci fied maxi num
period of tinme elapses before an optimal solution is found, a

consi stent sub-optinmal 3dbeimalsputesisfaRd as the optimi zed set of
coeffici ent, val ues ;
10 8. A method, accordi ggto elaim 39 vpﬁy}ﬁﬁar E@?H gl%ﬁgurﬁ Faribt bf tie aaﬁggs

clainms 28 to 38, €rein said processing s
before an optimal solution is found, a consistent sub-optimal solutien is used as the optimized set of

coefficient values.
39, A method according to any one of claims 28 to 38, wherein said processing step further
comprises retrieving said orders from said second storage means in batches, and is followed by said

15 optimizing step to obtain optimized coefficient values for said batch of orders.

40. = A method according to claim 38, wherein the end of a batch is determined by a preset
interval of time since the start of that bateh.

41. A method accarding to claim 39, wherein the end of a batch is determined by the tatal order
value exceeding a threshold value.

20 42. A method according to any one of claims 39 to 41, further comprising the step of
forwarding orders in one batch that are not satisfied, completely or partially, following the optimizing step, to
be processed in the next batch.

43. A method according to any one of claims 39 to 42, further comprising the step of removing
orders from said secend storage means that have not been satisfied, completely or partially, after a preset

25 length of time from submission of those orders,

44, A method according to claim 43, wherein said preset length of time for each order is
specified by the relevant user,

45, A method accarding to any one of claims 28 to 43, further comprising the step of deleting
from said first starege means unsatisfied orders at the request of a user.

30 46. A method according to any one of claims 28 to 45, wherein at least one user order stored



.conprises retrieving said orders fromsaid se rag ans in batches,

and is.foltowed by said 15 optim zing step to o n CSGHE
gD@ %ﬁ% accor%‘rr ET

values for said batch of orders. ing to
claim 39, wherein the end of a batch is determined by a preset i nt erval
of tinme since the start of that batch. 41. A et hod
according to claim39, wherei(dRIERPREDASSING ARPABATUSUNDSMETERr M ned by the
total order val ue exceeding a threshold value. 2 0 42. A

nmet hod according to any one of clai ms 39 to 41, further conprising the step
of forwarding rder are not sat.isfied, canpletely or
partially, foll ovmﬁe 'F‘fé‘“&‘&f’?'ﬁﬁitﬁﬁﬁ a%f“@if "f fd metho {)(gr Hhimsiag G dfoqaton of s

bat ch. basedunreceﬁe’ﬁor ars, A Met hod according to any one of clains 39 to
42, further conprising the step of renoving orders from said second
storage means thaf witaverietyalf sjsmmnexdsdih whitterket cfasand @tledubmipdrdepaitichabsiyt ofaf t er
a preset 25 length of tine from subm ssion of those orders.

44. A netdegited JenUdf hejven shiestivg qﬁrmrnewh@r@rwdkmuexphawév a|certai dtheolesattone
for each or eva

A et hod acgffrrfarfrfd“%e o PP s iy s IE e oty oy o i foditn e
t f del i i t t
TheP: oquag: Hyuls; dectricly yBltefidY fent'yfing BIQEAGRWEIAD B it AditffCLs

clai ns 28 t aind Genenated frem diffarentl fetsd competerpmetssayalibeyting tesquass such as memory andWil
99/ 14695 PCT/ (GB98/ 02818

- 33 - brapnddih tn differest intgpnal pengessasenssEwars aealisgtions: ad feaneisl fradewoffering dahwy and ,
e . ‘ T .

Fesour co 11 o esautols ARGt folhiaRiipend, 3t SERAY & repcen RSl B

28 to 46, WHpsiRialndtumégast one user order stored in said first storage

nmeans orders said first resource at a prevailing market exchange rate. 5

48. A net hod Acowmbetiofidifferentdevhnicah soldibndiase besplisediortite abniealiotaliomonmnatchingc e

'n at | east prol 2 gmo Ocrire example is binary matching in which an offer by one user to sell a particular quantity of
one instrument is matched to an offer by a different user to buy that quantity of that instrument, WO-A-
96/34357 discloses such a system of binary matching of all entered buyfsell pairs. H also discioses

satisfaction density profiles which allow traders to enter combinations of orders by defining for each

order element of a price-size matrix the degree of a rader's satisfaction, so that a mutual satisfaction

cross product profile can be calculated for every buy/sell pair and the individual matrix values of the

mutual satisfaction cross products can be ranked for matching.

A second example, in the case of scheduling computer jobs, Is to allocate a slice of processor

time to sach user in um on a rotational basis.

These solutions suffer from a number of drawbacks, namely that generally speaking the allacation
of resoyreas is not optimal. For example, supply and demand are not matched as well 2s they could be, such
as in a computat, the majority of CPU cycles are idle, but at peak load the aperation of the computer is

limited by one af the resources available suth as processor time, memory, /0 bandwidth. Scheduling-

systems do not necessarily take into acoount the priority of jubs, such as whether they are raquired in real
time ar can be batch pracessed, and allocating a time sfice to each user in rotatiun is simply a comprumise.
The matching of orders is inefficient in that in a binary matching system the size of the order must be

matched so that a very large order may never be matched unless it is broken down into a number of smaller

REPLACEMENT SHEET
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i's a conpound resource. 49. A nmet hod ac ' '

clains 28 to 48, further conprising the step of co%ﬁ%ﬁ%ﬁﬁ%gtj’
entered on a plurality of termnals to a central server for processing said
orders, via a net wor k. 10 50. A met hod according to claim
49, further conprising the steps of aggregating in a sub-server orders
fromusers before conmunicating themto said central server.

51. A nmet hod according to claim49 or 50, wherein said comrunication is
done by neans of TCP/ | P. 52. A met hod according to any
one of clainms 28 to 51, further conprisimg.the step of 15 conputi ng updat ed
exchange rates based on the satisfied order flow and storing said updated
exchange rates in said third storage neans. 53. A

met hod according to any one of clainms 28 to 52, wherein said instrunents
bei ng t r aded orders. Heauatdtiogisaiwingffient because io mbinaymiteling syaenmittfieRvolg thofathad e
on the val ue.of commodi A net hod according to any

t] . 54, -
one of cl ai mESEHRA{ caot #‘E?’FW# teugd phicirevents spaimalmepshestfrombeiny discaverndyi I i ng
orders.  CTnanuShaRe N b4 R B RN B Pl il oeod st ot

54, wherei n marpetapledity. on of the val ue of an order accepted at greater
than a prevailing_exchange rate is refunded to the respective user.

56. A met hod atiedresenhgvantionaasks tralfeviate at leadt partiai sinw obalh,of YO God Fobfems,

desi gnat ed user receives a revenue limted by, or predetermned as, a
fraction of the total traded volune. 25 57. A nmet hod according
to any one of clains 28 to 56, conprising the step of controlling a

process using the processed orders and their coefficients output in said
out putting step. 58. A conput er-readabl e storage nedi um
havi ng recorded thereon a program contai ni ng code conponents that, when
| oaded into a conputer and executed, will cause the conputer to operate
accordi ng to the method of any one of the precedi ng nethod cl ai ns.
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(34) Title: ORDER PROCESSING APPARATUS AND METHOD

{57) Abstract

An apparatus for processing

trading orders, comprising: a central
server connectable to a phurality of
terminals on which user orders are
to be entered. The central server

farther comprises: communication
means for transmitting user onders

between said terminals and said
central server via a network; first
storage means for storing received
user orders as =an amay whose
clements define # particular first

resource ordered by a particular
user; the first storage means is also
to be used for storing the resources
that may be offered by users for
exchange against the first resource
ordered; second storage means for
storing an array of coefficients each

16

representing  the proportion of a
particular order that is to be satisfied;
processing means for retrieving
the orders from the first storage
means, calculating an optimized set
of values of the coefficients with
respect to at least one predetermined,
adjustable constraint and at least one
predetermined, adjustable criterion,
storing the optimized coefficient
values in said second storage means;
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and output means for communicating the processed orders and their respective coefficients.




