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1 DI STRI BUTI ON OF DATA TO MULTI PLE RECI PI ENTS Field
O The Invention 5 This invention relates to the

di stribution of data froma data source to multiple
recipients. It is particularly concerned with the
distribution of tinme critical data for exanple from
trading systens to trader deviges trading on the
systemin which relative delay of trading data from
one device to another can 10 affect the ability to
trade effectively Background To The Invention There

are many exanples in the art of conputerised,

aut omat ed tradj 15 systens which enable parties to
oy and sePISFRIEEON B QATATOMUL BRLERECIPIENTS
informati on. Trading systens are widely used in the
financial industry, for exanple, to trade financi al
products such as equities, conmodities, FX products
ande: pnancial instruments. One exanple of a
kng“%ﬁpﬁggﬁggﬁw§v§¥kn1used to trade FX spot is

5di scl osed in US-A-5, 375,055 of Togher et al. 20 The
system described in this publication is an anonynous
tradi ngq%iﬁs'f‘éﬁﬁ“f% relgtesie tgs higtdpyiian of slata fromi a datageurce to
N . _ . . . 0 _
par'?f‘g" . ") o | PR Hh 1nd AR Lch ofYme
of calicalsiata farsxample Bom tording systémns thtraderadevies thaslimg on the

oo P AP i vuten BBlidh PG} b Barifif KBl s w6 pobltat can
1025 affeesthieidbilite teedrads effiedtivelymi ts. Each party submits

details of the credit they extend to each other
possi bl e counterparty on the system If a party does

notBackgpbuh@ To ANCINVehiof Certain counterparty they
extend no credit to that counterparty. The system

filters visible quotes (bids and offers) entered into
:/Pg‘lh%rée EF(;éJth%Qg eg%}.’)le@i ir? BT of QorfpQleXiE8y, SN SleBdra ng

15 systems which enable parties to buy and sell products by entry of trading
information. Trading systems are widely used in the financial industry, for
example, to trade financial products such as equities, commodities, FX
products and other financial instruments. One example of a known trading
system used to trade FX spot is disclosed in US-A-5,375,055 of Togher et al.
The system described in this publication is an anonymous trading system in
which counterparties submit orders into the market without revealing their
identity. A party trading on the system does not know the idéntity of a
counterparty to a deal until the deal has been completed. To avoid parties
entering into trades with parties they consider to be untrustworthy, the system
uses bilateral credit limits. Each party submits details of the credit they
extend to each other possible counterparty on the system. If a party does not
wish to trade with a certain counterparty they extend no credit to that
counterparty. The system filters visible quotes (bids and offers) entered into

the system and only displays to a given counterparty, visible quotes
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originating fromparties with whomthey have bilatera
credit. The determ nation of whether a quote should
be seen is nade on the basis of a yes/no credit
matri x, but before a deal is conpleted the credit of
each counterparty to the deal is check to ensure that
both have sufficient credit fop 5 the anount of the
deal. If they do not, the anobunt of the deal may be
reduced to conformto the credit avail able. The system
di scl osed in US-A-5, 375, 055 has been enbodied for many
years in the EBS Spot trading system operated by EBS
Goup Limted of London 10 UK The sy sten1con§r|ses a
gr ofigivatingdrmipagtieswiwhomithey bave bilateral oieditn Thecei ve
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quotes to co slbject to cre
c h eyﬂe/mrg cretlﬂ enatrik, but beﬁnre aalesmbis a:bnspleﬂeﬂ ihe creglitiof eadat a
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gjuotheankdait offre dil.ng tﬁ%’ asdet, e ahbent dfrtw@aéél rhay bée

mar ket as. wel | as providi ng themw th ot her
i nf'&EHERT reqrierm o thg oredit avalebleof t he market. The EBS

system only shows the trader devices the best price

th .

baaine SRt R USALS 375 88RHAL ol ehiitied¥Br any years

exdnphe EBE0Stltrading sytsham obes-.ttednl by‘tlEﬂS &rqup ldmited of London
via e, i ch t be f IIer vol une nd )
108 20K 8 et PoBbiis < o Rt Fusthipg Roaings O sufators which

dl freeeiedtquble inftematiad froe trad@idevRedonahe sttems zddahatch

device is attached does not have bilateral credit with

t heAysies fareampiete dapls, @HBleét tq qfefhh eheedifiger Theambisrgtors also
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for 25 each on theirr cre
t harepaiess a matkehyie tocﬂnahiel fradare taseelthief grodes that are being
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I i rinfosmatioh vdyjaeding ehid state dfithe markbt. THeEEBS soiteakenly shows
corlOGPRBhSFVisss Ke(Eet GG et Bleyiraniiecha Fealer ampu fefined
qUOfise@I basig ¥8lune ivitBe thstrument being traded, for example $10 Million; the

best dealable price available, which might be for a smaller volume, and the

20  best price on the system, which will be different if the trading fioor to which
the trader device is attached does not have bilateral credit with the provider of

the quote.

In the Togher system, market distributors prepare individual market views for
25  each frading floor based on their credit, so that each trading floor will see a
different, personalised view of the market. The market views are distributed
via bank nodes which hold actual credit limits and which perform the final
~ credit checks before a deal is completed. The trader devices may be

conventional workstations through which traders input quoted, usually via a



3 dedicated keypad and which include a display of
mar ket information enabling the trader to nonitor the
mar ket and so make tradi ng decisions. Alternatively,
there nay be automated trading interfaces which are
conmputers which submt orders into the market under
the control of a tradi ng nodel gor al gorithmwhich 5
responds to market data received fromthe system In a
nore recent version of the system the market
di stri buti on and bank node functions are integrated
mﬁthin broker nodes. In any trading systemthere
g;ts an issue of fairness in the distribution of 10

edicatpd kevraghansbwhichdeelude p display efadaketisiymatiqn enabling
beft%‘?r EPW;%Bnﬁt?]ﬁﬂ@r ﬁ(@leé(ncpé(gn%?E?ratd[?mrgdu?cltm6|Ps?tAlf;]ergatlvely,

guote before It has been seen
adviheteagay be awmmateldrttaﬂlmgmtezme whidtearsyingratémaMisich submit
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V\/nere gquotes are 15 guaranteed to be avail abl e
cerdfd sy ?%H‘%maf'ﬁ%élst@s&*ﬁnﬁldu bankmede dgnctions ammegrated

Intﬁ[mﬁbrm?ﬁgdégsterrs in which latency is hard to
control. However, in very fast noving markets such as

the interbank FX spot market they are critical. 20
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e sRRARGgEOBuitifoMe ts?&bﬁ?tlﬁ% s%sfe‘rma{cﬁ é&ﬁmﬁt? anf} rn‘?éf@]
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critical.

20 The relative time at which quotes are received by trader devices depends

25

partly on the location of the trading device with respect to the distribution
device, in this case the arbitrator, and partly on the manner in which the
quotes are distributed. As messages from the system take a finite fime to
travel to the trader terminals, those terminals that are physi.caily closer to the
arbitrator have an advantage. In practice, many of the trading floors using the
EBS system are concentrated around the physical location of the arbitrators
which are in the major FX trading centres: London New York and Tokyo. In
the Togher system, prices are distributed fo trader devices every second with
the order of distribution being determined by when the trading floor logged on
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the order of distribution being determ ned by when the
trading floor logged on 4 to the system Thus one
trading floor may | og on at 80nS past the second and
anot her trading floor at 120nS past the second. The
floors will always have quotes distributed to them at
80 and 120 nS past the second g4respectively. |If a new
gquote is available on the arbitrator for distribution
at 5 60ntS past the second, the 80nt trading floor wll
see it first and be able to trade it first. If a new
guote is avail able at 100n5, the 120nt tradi ng device
will see it first as the 80nS device will not see it

f ortodhe gystenis ohhbisAnadrading floanmaplagan at30nss ast thersscond
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y whe
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architecture of system beén a
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10| ogasieid)d zyldmgttme and endtrlindlictidodRviCrREeiRitg ddwfrom the same

arbitrat are responsible for a nunbe

sy SPHS Thedu ﬂﬂb%calﬂ% Ripiesiraihsiofionts pbathsr rrmﬁb@tékstflbutors
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t hdirstconngets 4 ap esbitratoseftep ar arbiirater rastart.ons. Unl i ke

the distribution systemof the architecture disclosed

in US-A-5,375,055, the brokers distribute quotes
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oS alaBrpo® She i &fticceds ot &1 ban Fadem ofkidEgher
VI eyxstieﬂf haachea rephRetitidbroRing InRdes. Bﬂﬂd'}ﬁjh@dést 8r bfokers, sit

asltrlbutes the market view for each trading

byfbetvieen thedtraging deyicas and thesgrbitraiers @ngrase fosponsible

for a number of system functions, including distribution of quotes to the trader
devices, as well as the submission of hits and quotes to the arbitrators, credit
check and the storage of trade settlement instructions. Unlike the distribution
system of the architecture disclosed in US-A-5,375,055, the brokers distribute
quotes received from the arbitrator to which they are connected once per
second. The broker receives the quotes from the arbitrators, calculates the
market view for each of the trading floors connected to it and distributes the
market view for each trading floor, in turn, as quickly as it can. There are two
key differences in this approach, both of which lead to fairess problems.
First, the market views are prepared from the same quote information

received from the arbitrator. In the previous version, market views were
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key differences in this approach, both of which | ead
to fairness problens. First, the market views are
prepared fromthe sane quote information received
fromthe arbitrator. In the previous version, market
views were 5 prepared fromthe quote i nformation at
the particular slot assigned tg the trading floor
that was slightly different for each floor. Second, as
the market views are distributed in turn, a
particular trading floor will always receive its data
at a fixed tine apart fromany other trading fl oor.
This can lead to a 5 situation where, for exanple, a

| aryepaneddiamy the guotelaformatiarhat the glaﬂmulas |slme dssigned to the
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be referred tows one o conpu Ivery
| atcba@ge when the floor logs on again, for example on the next tradmg day.

20 Afurther problem is that some floors will receive data a relatively long time
after it was provided by the arbitrator and the market view was calculated.
Regardless of the problems of others connected to the broker receiving the
data first, the data is now ageing. This problem may be referred to as one of
computation to delivery latency.

25

Summary Of The Invention

The invention aims to address the problems of unfairness discussed above.

Broadiy, one aspect of the invention resides in the provision of a system and
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25 Summary OF The Invention The invention ains to
address the problens of unfairness discussed above.
Broadly, one aspect of the invention resides in the
provision of a systemand 6 nethod in which a data

di stribution period is divided into a nunber of slots
and users, or data recipients,gare each assigned to a
time slot. The data to be distributed to a given
recei pent is calculated and distributed during that
user's tinme slot. In another aspect of the invention a
randomslot in the data 5 distribution period is

cal cul ated and the position of that randomslot in the

perfnethoddn swmip@datat dglebution periad isrdjvided imte 8 wmber of slots
as Sérﬂ:r‘ﬁs‘?erg réduﬁfﬁnt@l 8119 eacWI a’is@ @gagattB %et rﬁ% gﬁ)g S’JI'I% data to

Nbra specrti c IS provi
perbeodistributed i asgweb wédaigerddd ealculfteidarl dlbﬂuibaiedtcﬂlnﬁﬁ that

data re BIV r r sin i vidin
o S5 BRI Hop el herasseat e fvelycho Fern siobthe data
5 digRbOgoreg&ibdis dahﬁnéiéa @.na YEEhYSHiGh bOthat FPABRCIOME the

one of the time slots; d for each time slot having
an %@ﬂgﬁ swapged.dogelber wéh anydetagceiver assigned lotthat time slot,
ca tﬂgr{'rﬂgsgﬁta to be sent to the data receiver
senlng ata to the data receiver. 15 This
aspect of the invention al so provides appar atus for
erj.odi cal |

M?R?esfpf |f%§3“gg iiﬁgrledg llétréan%%f %H]aﬁt@?q O b(?érur ﬁ:apl)sﬁls?nbutmg adata

10dl b rd plukalifoofttrita rédénﬁé@é SoonRsRinge E:Iﬁndwgb c%téjéﬁsﬁflbunon period
di stribution period the data peri od bei ng divided

i ntigtozA plugaliy ot Imgplats; ABSignGeachef Toe datadRseivetso 6

20 rSQ;BEUti‘vé'o‘h% &R f?ﬁ"leaéétbngof' %ﬁcﬁﬁﬁfegéibtrlﬁvﬁ@céh signed
data receivers to a espect | ve one

sI Giaéa regeives, didring thaltima slot cafcolatiog ltiee Hatai tadpe bt tonthe data

aar 2B EpendiL i b PR G ket P ara O
15recei ver, the data distributor sending the data to the
atﬁwis aspect of the invention also provides apparatus for periodically
distributing data to a plurality of data receivers, comprising: a data distributor
for distributing data to data receivers over a data distribution period, the data
period being divided into a plurality of time slots; the data distributor
20  comprising a slot assignor for assigning each of the data receivers to a
respective one of the time slots; and a data calculator for calculating, during
the time slot, for each time slot having an assigned data receiver, the data to
| be sent to the data receiver, the data distributor sending the data to the data
receiver within the time slot.

25

Embodiments of this aspect of the invention have the advantage that
computation to delivery latency is reduced as each data recipient has its data

calculated separately during the time slot in which the data is sent to it.
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receiver within the tinme slot. 25 Enbodi nents of this
aspect of the invention have the advantage that
conmputation to delivery latency is reduced as each
data recipient has its data calcul ated separately
during the tinme slot in which the data is sent to it.
7 Preferably, the data recipignts are assigned to
time slots randomy which has the advantage that data
di stribution tends to be uniformy spaced throughout
the data distribution period.. This maxim ses the tinme
avai l able for data distribution within the
distribution period. 5 Preferably, in a system which

h asPigferablyethepdata secipiditstare lassigned td imeslaisdrelondy which has

T T .

di stheidatd dagmmﬂon pén@@drm:h mamgge@mmaﬁh ¢ alaildbiefop Eatas

per | rj.od. . Thi enent. has the advantage that
heq'étﬁggi'%wgﬁ'\‘?éﬁ?g att'-%of‘tﬂ’@”% data recipient in

g eceiving their data fromany particular data

distributor so elimnating perceptions of unfairness
f r direfatablyaing aystemivthich bas ampusther ebtgta distributoes; éoneaxasnple

o & ooty Ukl e LS SRR 6 oo

whi I}Hvedhe lsamecd4ia eistritsutionh petiat ?nd?ghel Bd&é}?ﬂlmbbeir of time slots per

e TR Pl e ESlie e o o e
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di stri bution period rocessed

Pr HiYRAING Pefcestjony qizwn $frﬁfﬁyth§653é@ﬂlsﬁé1§ltlm del ay

the distribution of data to a given receiver by a
predeterm ned anount. 20 The invention also resides in

a rirefesablyf dq[te recaiveralary olystent Hatai ordy Medatatdistdbution periods.

;’ﬂ% hé%( (? hﬂag&ed @éﬁﬁi;@‘:@é&”dén%y r\}\gth vgllugfll %Iagtg re%ipient's

15 data is updated configurable on an individual basis. Preferably, the data
distribution period is divided into a number of blocks, each having a number
of slots and the data distribution period is processed block by block.
Preferably, a delay parameter may be defined to delay the distribution of data
to a given receiver by a predetermined amount.

20
The invention also resides in a method of periodically distributing data to a
plurality of data receivers, comprising: dividing a data distribution period into a
plurality of time slots; assigning each of the data receivers to a respective one
of the time slots; and for each time slot having an assigned data receiver,

25  every M data distribution periods, where M is defined for each data receiver,
during the time slot, calculating the data to be sent to the data receiver and
sending the data to the data receiver.



plurality of time slots; assigning each of the data
receivers to a respective one of the tine slots; and
for each tine slot having an assigned data receiver,
25 every Mdata distribution periods, where Mis
defined for each data receiver, during the tinme slot,
cal culating the data to be seng to the data receiver
and sending the data to the data receiver. 8
According to a second aspect of the invention, there
Is provided a nethod of periodically distributing
data to a plurality of data receivers, conprising:
dividing a data distribution period into a plurality
of A¢onedisy de 9;seserd gepeni ob thehinveritianh mematsapnowled\aemethod of
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that tinme slot, wth another tine I S aspect
of nih@htyrﬂf@!nts imthel data gistibution p@ppdx mmswamlng the position of
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recelrvers,

- di sﬁcelbattassmnmmth@tdknaekbt,fwimramtﬂatmnselm.ce to data
receiver over a data distribution period, the data
di stribution period being divided into a plurality of
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20 sl ot. Enbodi nents of this aspect of the invention
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swapping the position of that random slot in the data distribution period,
together with any data receiver assigned to that time slot, with another time
20 slot.

Embodiments of this aspect of the invention have the advantage that long
term price firing proximity, wherein one data recipient always receives data
shortly after another, js avoided. Preferably, the time slots that are swapped
25  are adjacent. This, in combination with performing the swap only after ever
Jth distribution period, enables the firing order for data distribution to be
slowly re-arranged in small intervals without it being noticeable to the data

recipients.



shortly after another, is avoided. Preferably, the
time slots that are swapped 25 are adjacent. This, in
conbi nation with performng. the swap only after ever
Jth distribution period, enables the firing order for
data distribution to be slowy re-arranged in snal
intervals without it being notgceable to the data
recipients. 9 Preferably, the adjacent tine slot is
the one after the randomy selected tinme slot and the
swap is perfornmed before the data is cal cul ated. Thus,
data is calculated and sent first for data recipient
that was in the tinme slot after the randomy selected.
t i nigrefergblyp Hrecrdiagant timgeslol is thaare after the so0denmlytsstedted time
ro L ' :
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to a pl uralllcé of data receivers, conprising
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of mgstpggntand performing a | ow frequency shuffl e of
the order of the tine slots relative to the data

di stribution frequency. 15 Brief Description O The

10Dr aTi‘h@meElﬁt‘imﬂsﬂﬁéﬁi@eﬂﬁ 4 h@thd@/@frﬁeln@ﬂlcaw Histrmﬁu‘(m@@ata to a

descrii of exanp] e reference

to RIHE '%af rﬁﬁeW@r%rc&mm@mg ﬂw'% eﬁat@@smbgup@ peripd into a
a sQhelrBt oQinvd §I\6’ts@fas% \gfﬂ%)/‘@aéﬁé\qhﬁﬂaﬁay@cﬁ Fé’to"@?é‘sibegtwe

embodi nents of thé 1nvention Fi gu
i s ene/pldie dimessigisdor dipirbutian of d@tgl and pﬁréoﬂmngg a lowrfteguency

of sf,HJﬁ’IeUQf tﬁla%'i'éer of the time slots relative to the data distribution frequency.

15

Brief Description Of The Drawings

Embodiments of the invention, will now be described, by way of example

only, and with reference to the accompanying drawings, in which:
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Figure 1 is a schematic view of a known trading system to which
embodiments of the invention may be applied;

Figure 2 is a view of a distribution timeslice having a number of firing slots; |
Figure 3 illustrates the operation of a first embodiment of the invention; and

Figure 4 illustrates the operation of a second embodiment of the invention.

The trading system of figure 1 is largely as described in the introduction
above and is a known trading system. In addition to the arbitrator 10 (other

- arbitrators are not shown for simplicity}, broker 12 (only one of which is



Figure 3 illustrates the operation of a first

enbodi nent of the invention; and 25 Figure 4
illustrates the operation of a second enbodi nent of
the invention. The trading systemof figure 1 is

| argely as described in the introduction above and is
a known trading system In addgtion to the arbitrator
10 (other arbitrators are not shown for sinplicity),
broker 12 (only one of which is 10 shown), and
tradi ng devices 24, shown here as trader workstations,
the systemincludes city node 30 which is responsible
for di stribution of market data and news, as opposed
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distributed is not affected b t he nunmber of floors
at t1ddB ege o aihgrality s brokers. Each broker on the system may have a

number of trading floors connected to it, typically in the order of 10 to 50. ltis

20  important that the manner in which quotes are distributed is not affected by
the number of floors attached to the broker.

‘The system of figure 1 is purely exemplary. The present invention is not
limited to distribution of quotes in a broker or other distributed type of trading

25  system, itis applicable to any system where is desired to distribute data fairly
to a number of parties. This may be a trading system having a different type
of architecture such as a centralised system or it may be a system other than
a trading system in which the fairness and timéliness of data is important.

- The invention is not limited to any particular frading system architecture or
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The systemof figure 1 is purely exenplary. The
present invention is not Ilimted to distribution of
gquotes in a broker or other distributed type of
trading 25 system it is applicable to any system
where is desired to distribute data fairly to a nunber
of parties. This may be a tradhng system having a
different type of architecture such as a centralised
systemor it may be a systemother than a trading
systemin which the fairness and tineliness of data is
inportant. The invention is not |imted to any
particul ar trading Sésten1architecture or 11 even to
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shows how this tine interval 50 may be sliced
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t. Trading 20 floors are assigned to slots random
eadreferred ?h@tlgyggpkgggar@ gonfigured with the same length T of tlme sllce

and the same number of slots N each having the same length t. Trading
floors are assigned to slots randomly as each floor subscribes to market
views. This is a one-off assignment when the floor first subscribes and is
connected to the broker.

‘As well as assigning actual trading floors to slots, a market data pseudo-floor

. may be assigned to a vacant slot. This pseudo-floor is used for calculation
and distribution of market data which is sent to all recipients regardless of the
bilateral credit. One example is the best prices that is available on the
system.
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views. This is a one-off assignnment when the floor
first subscribes and is connected to the broker. As
wel | as assigning actual trading floors to slots, a
mar ket data pseudo-floor 25 may be assigned to a
vacant slot. This pseudo-floor is used for cal cul ation
and distribution of market datgwhich is sent to al
reci pients regardless of the bilateral credit. One
exanple is the best prices that is available on the
system 12 The time slice is fixed by reference to
the systemclock of the broker enabling it to be kept
acc¥6§tely In some cases, where the market is very
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Figure 3 illustrates a solution to the problem of long term firing proximity. In

20  essence, a low frequency shuffle is used to change the position of a pair of

firing slots. Preferably, these slots are adjacent. Preferably, during the last of
a configurable number of timeslices the contents of a randomly selected
adjacent pair of firing slots is exchanged. It is important that each trading

floor receives market views as close to the time slice interval T as possible as

25  any large variation could temporarily distort the market view. In order to

achieve this the pitch of the slots must be small. Preferably the pitch is in the
order of 1/20"™ the timeslice. Where T=1000mS, the pitch P=50mS. This
requires that the number of slots is great enough for the timeslice to be

divided up so that each slot is not larger than 1/20" of the timeslice. The
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a configurable nunber of tineslices the contents of a
randomy selected adjacent pair of firing slots is
exchanged. It is inportant that each trading floor
receives market views as close to the tinme slice
interval T as possible as 25 any large variation could
tenporarily distort the market{aview. In order to
achieve this the pitch of the slots nust be snall
Preferably the pitch is in the order of 1/20th the
timeslice. Where T=1000n5, the pitch P=50nt. This
requi res that the nunber of slots is great enough for
t he tineinCﬁ to be divided up so that each slot is
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t he s]yst em are treated
preferred embodiment it is preferred that the same approach is implemented
on each broker to ensure that all trading floors on the system are treated in

20 the same way and that issues of fairness are broker independent.

When swapping slots randomly, there is a danger that a slot that is just about
to be fired is swapped so that it is advanced in front of its firing point so that
the firing is missed. Similarly, a slot that has just been fired could be

25 swapped backwards so that it is almost immediately fired again. This may be
referred to as hopping where the slot hops over the firing point. To avoid
hopping the first slot of the pair fo be swapped is identified ahead of time and
when it is this slot’s turn to have its market view calculated, the contents of

the slot are swapped with the following slot before doing the calculation.



£y

20 the sanme way and that issues of fairness are broker
i ndependent. Wen swapping slots randomy, there is a
danger that a slot that is just about to be fired is
swapped so that it is advanced in front of its firing
point so that the firing is mssed. Simlarly, a slot
that has just been fired coul digpe 25 swapped backwards
so that it is alnost imMmediately fired again. This may
be referred to as hopping where the slot hops over
the firing point. To avoid hopping the first slot of
the pair to be swapped is identified ahead of tine and
when it is this slot's turn to have its nmarket view
cal cul ated, the contents of the slot are swapped wth
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Once the process has been completed the time slice is completed in the
usual order and the process is repeated starting from the end of the Jth

timeslice.

25  Inasecond embodiment of the invention, the timeslice intervals are
configurable. In a trading system, trading floors may include both
conventional trader terminals operated by human traders, and automated
trading interfaces (Ais), which run frading algorithms. The latter Ais react to

market data much more quickly than human traders. In this embodiment of
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case 25n5. ¢ f 20 Once the process has been conpl eted
the tinme slice is conpleted in the wusual order and
the process is repeated starting fromthe end of the
Jth tinmeslice. 25 In a second enbodi ment of the
invention, the tineslice intervals are configurable.
In a trading system trading figpors may include both
conventional trader term nals operated by human
traders, and automated trading interfaces (A S),
which run trading algorithns. The latter Ais react to
mar ket data nmuch nore quickly than human traders. In
this enbodi nent of 15 the invention Ai term nals nay
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A direct implementation of this approach may not be possible as the minimum
time required fo wake up a thread, which is typically 20 milliseconds, limits
the ability of a Broker to keep up with this faster scheduling. This problem
may be overcome by grouping the slots info blocks. A block may have, for
example, 5 to 15 slots, preferably 10 slots. The Broker will only wake up a
thread for each block of slots and then process each slot in the block in
‘sequence. All other processing including changes in relative firing order is
performed as described above with respect to figures 2 and 3. Ai terminals
are sent a “ take notice of” parameter (Ai Timeslice Multiplier A) to give them
a timeslice that is a multiple of the Floor Timeslice Multiplier M for the trading
floor to which they are attached.

Thus, the Fioor Timeslice Multiplier parameter, M defines the interval

between that Floor's Market View timeslices and specifies a number of



the ability of a Broker to keep up with this faster
schedul ing. This problem nay be overcone by grouping

the slots into blocks. A block may have, for 20

exanple, 5 to 15 slots, preferably 10 slots. The

Broker will only wake up a thread for each bl ock of
slots and then process each sli@ in the block in
sequence. All other processing including changes in
relative firing order is perfornmed as descri bed above
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corresponding to therr posmon in the schedule. ltis }mportant that the Broker
keeps a record of whether a request for a subscription to market views

received from a floor is from a workstation (human trader) or an Ai terminal so

that the appropriate multiplier can be applied.

A Basic Time Slice Frequency” parameter T specifies how often the timeslice
schedule is initiated. This value also defines the schedule’s duration. One
presently preferred value of T is 250 milliseconds although T may vary
between 100 milliseconds and 5,000 milliseconds. Other values may be

~ appropriate in other system configurations and these values are not limiting.

~ A Firing Block Count B is defined as a configurable parameter. A presently
preferred value for B is 5. Again, this value may change according to

circumstance and the value given is purely exemplary and not fimiting. Itis
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for each floor occupying a slot is calculated and
distributed in order corresponding to their position
in the schedule. It is inportant that the Broker

keeps a record of whether a request for a subscription
to market views received froma floor is froma

wor kstation (human trader) or ggn Al term nal so 20

that the appropriate nmultiplier can be applied. A

Basic Tinme Slice Frequency" paranmeter T specifies how
often the tinmeslice schedule is initiated. This value -
al so defines the schedule's duration. One presently
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can be_ 10 achi eved bY setting araneters: one
ie

whidkiFation of thﬁ é'elw @Pﬂ?ht@ dlﬁfabw thedviakehViewh Thedd
t h@apihiler WY st X %% ﬂdﬁ%éi’%f"fw nik&&oridae I#D%‘Bﬁ%ﬂ% zerd (Mo

FI oor Price ution Del ay paraneter
15F| awrkefatiomdelayiappliedat i on of the del ay applied prl or
to distributing the Market View. The FD paraneter my

f}g%iefﬁ(i ﬁric'é%f%ﬁfbu%n E}ellelxy' Eaerglon%ger Abffo:": aDn i\q gael'vsér %1?31[" nés the
duration of the delay applied prior to distributing the Ai Market View. The AD
parameter may specify a number of milliseconds. If AD equals zero, no Ai
20 delayis applied.

The AD and the FD parameters may be used independently of each other,
However, when the AD and the FD parameters reference the same roor,' the
AD must be equal or greater than the FD,
25
- Figure 4 is similar to figure 3, and illustrates the principle of slot swapping
“applied to the second embodiment of the invention. The figure 3 embodiment
is modified by the inclusion of the block count B and the slot count N is now

the number of slots in each block. The Redistribution interval parameter, J



15 workstation delay is applied. The Al Price

Di stribution Delay paraneter, AD for an A Server
defines the duration of the delay applied prior to

di stributing the Al Market View. The AD paraneter nay
specify a nunber of mlliseconds. If AD equals zero,
no A 20 delay is applied. Thgg AD and the FD
paranmeters nmay be used i ndependently of each other.
However, when the AD and the FD paraneters reference
the same floor, the AD nust be equal or greater than
the FD. 25 Figure 4 is simlar to figure 3, and

Ilustrates the principle of slot swapping lied to
¢ heledBearRP @ AHBURHERIMBFliceRcther0ienval SRtweridhe Bjolar s3

e”tiféilfdﬁ%ﬁhceé éf tﬁ@‘%*l'of)* ?ﬁné&)ﬁc tP?edléiﬁM{ﬁin%ufme Eté?orgl ock

count B and the slot count %Ils now the nunb
s| cronmancging mealaetlﬂneéﬂme (Eheecitar lamdorrmumhﬂrd? balween zero and

) 1 f nbar. N ' ,
P e ol puamtie of STt PPl R s Rl JbiHalvn 8
5f | ddént'ﬁeﬁ%ﬂiaﬁdbrﬁiw\v@t $lbb}mt thei ITFtEIﬁmhe;ﬂR:e 0$Gf(¢2t§m figure 4). Just
conme la i mesl i a random
nurfs ché‘lt \%e'ﬁ d;@rtB bgrfﬁed t ‘ﬁé’ gt giceofnseesitgnts of
M RHst Q&earé%mppeahlihsadaﬂ&ﬂgéﬁt%s Eﬁ' ttfﬁﬂ& lé\N%?'sHﬁ r(rlg +51) Once the

identifies a Random Swa |na
of rgshuffie has heen gampleted thiprocess istiepeated: statting Fﬁ*bnn ihe end

cot e 3°upebfis, ARy MARe! B8pobubib TER} 5585 BBlincaang the
100f tinheslice! dlotsijingt the ebmeRstarly) othénfieort he reshuffl e has

been conpl eted the process is repeated, starting from
the end of the Jth tineslice. Any Market Data pseudo

f 1 Ousi gmbbRfinehid SUhe thvariey ot/@l%omleothb 'd%d%ht‘é@e@bﬂfh% prior
just the sane as any other floor. Thus enbodi nents of

t heri: niviestly; ¥ diwgaoam tirme sm(as@mglﬁts@g@@ thst caleidation and

N e L

15 rmrdaélulatloevte delivarydatentiot Sevmdty mesddrh aspgmhnleetrofo‘foors to
slots has the advantage of providing efficient distribution of firing. Thirdly, the
random exchange of the position of a pair of adjacent time slots during the
last of every J timeslices overcomes the problem of long term firing proximity,
ensuring that no trading floor is caught in the shadow of an earlier floor for

20 more than a short time. Fourthly, by ensuring that each broker or other
computer distributing data uses timeslice of equal duration, having an equal
number of slots, it is ensured that data recipients do not receive an unfair
advantage by being attached to a particular data distributor. As a further
advantage, the relative duration of the timeslices from floor to floor is

25 configurable.

As mentioned above, the invention is not limited to the distributed trading
system described but is applicable to the distribution of trading data from any

trading system for example to trading floors or trading devices. Moreover, it
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15 calculation to delivery latency. Secondly, random
assignnent of floors to slots has the advantage of
providing efficient distribution of firing. Thirdly,
the random exchange of the position of a pair of

adj acent tinme slots during the |last of every J
timeslices overcones the probl@mof long termfiring
proximty, ensuring that no trading floor is caught
in the shadow of an earlier floor for 20 nore than a
short tinme. Fourthly, by ensuring that each broker or
other conputer distributing data uses timeslice of
eqyal ﬂur |on haV|qﬁ an equal nunber of slots, it

' o inARRlicablaRdhe distubiiion qi.a@mt%n%ltml data feqny eng er more
unf |
dacaiputed BGEE dgte ASlrbGHs 10 GRIENG of dBRYiefpHor. When
r elused wea diading systesh, thiednvéntieslis apphcﬁabtmhofthedmdm of any

| ndaeh R ol nplhg, o R YR p Ll Sy ynere o

5sy sihancidiastrirnest ibahy iisstaménidaRing 4 mohbiargvaluel but i on

of trading data fromany trading systemfor exanple

to trading floors or trading devices. Mreover, it 19
I\/Pd??fl mhE&RERIdR atr{bevéiiia‘ilbﬁé R HHe BB giRTRNHts! d%ﬁﬁéﬂ b5 pRksible
at romone or nore conputers acting

d| andjwill pegus te (H"l@ﬁepﬁhjie&i intthe aft vdthoat demrpn@ faren theyspirit and

Lo SPoRS o RTIRABn IO kLY BV R R, °

for exanple, any financial instrunent, where a 5
financial instrument is any i nst r ument havi ng a
nonetary val ue. Many nodifications and variations to
the enbodi ments described as possible r 3 and w |
occur to those skilled in the art w thout departing
formthe spirit and scope of the invention which is
limted only by the following clains. } 20 What Is
Clainmed Is 1. A nethod of periodically dlstrlbutlng
data to aplwahty of data
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receivers, conprising: 5 dividing a data distribution
period into a plurality of tinme slots; assigning each
of the data receivers to a respective one of the tine
slots; and for each tinme slot having an assi gned data
receiver, during the tine slot, calculating the data
to be sent to the data receivepgand sending the data
10 to the data receiver. 2. A method according to
claim1, wherein the assignnment of data receivers to
time slots is random 15 3. A nethod according to
claiml1, conprising, on every Jth data. distribution
period: selecting a randomslot in the data

di stribution period; and"¥w@hppFlaimedds position of the
random sl ot in the data distribution period, together
Wi th any data receiver assigned to that tine slot,

wi t h anoh heathod ofperk@icdligtdistdbutitgnaxth dal a phuraiitgtiofi gatso
cI§1w1§ wherei.n. t he position of the randomy

sel EPUET CHIPUPNE i n the data distribution period is
gwapped dwitiihgadaea dstabltior peREI) a pRiality oftimBishas
according to claim3, wherein the swappi ng of the _
posi t i orAssianing aachsplihe deta trcsiviers tor a respestivaeng plthedime
t hegig@t and 0 be sent during the first of the tine
slots. 21" 6. A nmethod according to claim1, wherein

t he nunifer eath limeslatihaving an aspigreadedatt meceivdreduingothe time

7. 96 BakBRBhS s oS B EL TR def ks g S8 tge data

10di storthédbeorcbygiver.5 plurality of data distributors each

'to a plurality of data receivers, wherein the

2. A method according to claim 1, wherein the assignment of data

receivers to fime slots is random.

15 3. A method according to claim 1, comprising, on every Jth data

distribution period:
selecting a random slot in the data distribution period; and
swapping the position of the random slot in the data distribution period,

together with any data receiver assigned to that time slot, with another time

20  slot.

4. A'methed according to claim 3, wherein the position of the randomly
selected time slot in the data distribution period is swapped with an adjacent

fime slot,

25

5. A method according to claim 3, wherein the swapping of the position of
time siots occurs prior to calculation of the data to be sent during the first of
the time slots.
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data distribution period and the nunber of tine slots
wWithin the data distribution period is substantially
equal for each of the data distributors. 8. A nethod
according to claiml1, wherein the data is received by
a data 10 receiver froma data source for
distribution to the data receipqers repeatedly every
data distribution period. 9. A nethod according to
claim1l1l, wherein the data to be distributed is
received froma trading system the data is market
data for a product to be 15 traded, and the data

receivers are trading floors. 10. A nethod accordi ng
to &l ai i me thebAcoRdiig 4o alaira 1anberdimtha omber ofdime gots is

di virdstdr tHoPth rmn‘rﬁeﬁ"df H?t%cglgﬁmbgfﬁﬁdgﬁiih@ﬁl‘ﬁ'e%@ots.

a nunber of the t
cal cul ating and sendl ng of data to receivers takes 20

| B R 9 11, A method.
Db af e Srabeino SR Bhetetn 1o f5b I distbuted by a
5hOtplﬂl@htyfof ddéd distibitors %a?hﬁfm%%ﬁ* MngHht‘ﬁ%béi@t@% WhBRS® the
i plier me

is.a trading flo :

cffﬂt@fiﬁ thugod nsrid eod top akeber GEW"&erS@E%WBF‘sth?éiﬁ‘@
not
y .dﬁﬁbﬁf’a DS a AR EPTof shoh B A8 RisflRG
according to claim1, wherein selected data receivers

ta nagyf f th evear X A .

st 1 ebtro o W biahd o) WESReRL B aatik epeiver by aata
10A |rﬁcgva1ﬁm d=ta tsbad:llerfgr distribufias e thel datg |rd|e<ﬁ§’ iver® rdpbatdlly

met hod acco to ¢ conprising del ayi ng

di &Y F%@?t?r‘?ﬁ)sqﬂg‘?@’l%e“%f gi ven data receiver by a

predefined period. 15. A nmethod of periodically

d| strl but i nﬁmata to a plurality of data receivers,
br i siniethosl anoprding ép elatiad awbersin thaudataro bedissibuted is

52?20"?‘@%’%‘.‘*9@1%&?%“% PR Ve i B SR oo G

~ 15andraded, and the data receivers are trading floors.

10. A method according to claim 1, wherein the data distribution period is
divided into a plurality of blocks, each block having a number of the time
slots, and wherein the calculating and sending of data to receivers takes

20  place on a block by block basis.

11." A method according to claim 1, wherein data receivers take notice of -

data sent to them every M timeslices, where M is a trading floor multiplier.

25 12. A method according to claim 11, wherein data receivers take notice of
data sent to them every M timeslices, where M is a trading floor multiplier.
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for each tinme slot having an assigned data receiver,
every Mdata distribution periods, where Mis defined
for each data receiver, during the 15 tinme slot,
calculating the data to be sent to the data receiver
and sending the data to the data receiver. 16. A

met hod of periodically distrilgging data to a
plurality of data receivers, conprising: 20 dividing
a data distribution period into a plurality of tinme
slots; assigning each of the data receivers to a
respective one of the tinme slots for distribution of

dat Jt atad stribution period: selectin

ar do e@@%@%@ﬂ%ﬁ% im fly wherein selected dat repgivers thke
di sidtickF dafh st t@ﬁfén?@ver?rhﬁ xsﬂ‘@ﬁl%'sﬁlﬁést PReRORIL bg%dﬂ{g floor
that randomslot in the data distribution perio

t ogetlieliengndA isg adtomated bedingrintesfacg nudtilier.t hat ti ne
slot, with another tine slot. 23 17. A nethod

accordi ng to claim116, wherein the data to be

Sdi st4.i bk eebthiarl adooeding telainddt aompasing @emying distributing data to
cal cul at d durin éhe tine slot assigned to the

r espeUER @%@Pﬁ“’ge yppEpdeiingdperiog. et hod according to
claim 16, wherein the two tinme slots, whose positions

in the data di stribution period are svvapped are

adj ¥e ent? Metfiodgfpesiodicglly d.etnmtlnetdatmtoa plralityof daja
cl %Eé'%ésh%gﬁé'n the nunber of tine slots is greater

than 't data receivers. 10 20. A nethod

10accor di wiyidiog @l cmtaﬁlbmbumbamnndudite aqslara[jty‘mfﬂim@éioﬂaat a

receivers to.tine ran . A net hod .
accor di fg>E68"E e(ﬂcnlofghe %@rrgpﬁv?rﬁéowﬁgeﬂ@emetqféhe time
posidts cand

for each time slot having an assigned data receiver, every M data

distribution peftiods, where M is defined for each data receiver, during the

16 time slof, calculating the data to be sent to the data receiver and sending the

data to the data receiver.

16. A method of periodically distributing data to a plurality of data
receivers, comprising:

20 dividing a data distribution period into a plurality of time slots;

assigning each of the data receivers to a respective one of the time
slots for distribution of data: -
on every Jth data distribution period:

selecting a random slot of the plurality of slots in the data distribution

25 period; and

swapping the position of that random slot in the data distribution
period, together with any data receiver assigned to that time slot, with another
~ time slot.
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15 of the randomy selected slot within the data

di stribution period occurs prior to distribution of
data to data receivers in either of the swapped slots.
22. A nethod according to claim 16, wherein the
swappi ng of the position of the randomy sel ected
slot within the data distribut2®n period occurs y

i medi ately prior to distribution of data to data
receivers in either of the 20 swapped slots. 23. A

met hod according to claim 22, wherein the swapping
occurs prior to calculation of the data to be

di s{ ibuted to the data receivers assigned to either
of 1fre M%ﬂ apcarding3g ciaim 18, wherla thedalade kg digributed to
¢l ainfividual WaRIeLEvérdSs thidBlatdLby dﬂﬂe‘ﬁﬁ‘nég%)f Qgsig?rhed to the
random y sel ected slot I's swapped ‘occurs after e

r anSRpstiveclatareativrst within the sane data

di stribution period. 24 25. Apparatus for

periodically distributing data to a plurality of data

I ectB.verA metiopacsirdigy té cliivh a 6¢ivdibrdil tedivd @he slots, whose

distributi.ng data fLo.data receivers over, a data )
di sfe‘?%'t!i?ﬂsi'aﬂ%@?f@&ﬁ?tr'? Mo eI UPPREf ngrecidjacesd time slots.
into a plurality of time slots; 5 the data

distributor conprising a slot assignor for assigning
each-of A Methpg acqosding i@ elairn d 6awhergie thd numbereofdime Blets is

ghﬁeg{eﬁ,%q?%&@?%qﬁp%@ I%%Q,g?slr for cal cul ating

ng the eac ‘me slot having an

10assi gned data receiver, the data to be sent to the

dat.g, recgiver  the .data distributor sending the t a
o Bt meThat AtasiNGHS A TBemhPiRn eSS wnan of data
Appataivess tadies lbfdstahddngi M 25, wherein the sl ot

assi gnor assigns data receivers to tinme slots

randonly. 27. Apparatus according to claim 25, _
COnpf.| Sl NfhretHod Qcc%hﬂﬁ% %?!gfnrh 98, SNeRATthe Qladithd bt Bk RMition

every Jth data distri

15 of the randomly selected slot within the data distribution petiod occurs prior to

20

25

distribution of data to data receivers in either of the swapped slots.

22. A method according to claim 16, wherein the swapping of the position
- of the randomly selected slot within the data distribution period occurs
immediately prior to distribution of data to data receivers in either of the

swapped slots.

23. A method according fo claim 22, wherein the swapping occurs prior to
calculation of the data to be distributed to the data receivers assigned to
either of the swapped slots.

24. A method according to claim 16, wherein the time slot with which the
randomly selected slot is swapped occurs after the randomly selected slot
within the same data distribution period. | '



period, a randomslot in the tineslice; and for
swappi ng the position of that randomslot in the data
di stribution period, together with any data receiver
assigned to that tinme slot, with another tine slot. 20
28. Apparatus according to claim27, wherein the slot
positi on swapper swaps positi2gns with an adj acent
time slot. 29. Apparatus according to claim 27,
wherein the slot position swapper swaps the position
of time slots prior to calculation of the data to be
sent 25 during the first of the tinme slots. 30.

of Wl | tpratatinos badPdichlNp Pt LtiaG AR 6ra Bty sidatag

datracdiverd) dorfigfisingource to a plurality of data
receivers, wherein the data distribution period and

t he nurr@eiat@ﬂlsﬂﬂbtéorsfbbdtstlﬂmtmwdﬁtﬂ 9 dsha heakiters over a data

di S§.L i d

£ hahdhidor bR raded sRHBE bR dubda T3 ooy g stots
5cl ai m 2he dditerdistribtitor co@peising a@ot@s@tgnbbtﬁr%@slg%nngﬁeach of the

rec ived froma tradlp‘{g)ee Stﬁ@@ I he d ta |s mar ket

19 fecelyers lo tasPestiveone pEedMe slats: RBY dat o
r ecel Veadatd @afb[ﬂ%ﬁirﬁ&r ¢A18958ng &%mg%@fﬂn?é e, %F@ééﬂ tﬂﬁe slot
to claim 25, wherein the data di stribution gerl od

d| Viayisg amassignesl datareasjvest thel dstato be sent toitbe rdataamc:ﬁyer the

cal i [%)&%trf%térgféaﬁ ngqgé (&fairs‘% @ttﬁe d%fbdre‘@gﬁéfhﬂhﬁglﬁeq%deasiot

ator an calcu e an
10data to data receivers on a block by block basis. 33.

Apparat ys according,to.clai.m25 wherein data. .
oot Ve bPRGIE fetiidbs 46 SRS, WAt B Hehrsiansy agsians
ti et ietefersMoatife MotSrandonagi ng floor nultiplier. 15
34. Apparatus according to claim32, wherein data

receivers take notice of data sent to themevery M
Ui BBS| | a@saratiieh&odting 18 clfidsNombAghgmu! tiplier. 35
Appar at u? accor%]‘?cng % cl tg:im 55 vvhere h sel ected data
151 ecei vepsslatgosition swapper for ca]culatmg every Jth data distribution
period, a random slot in the timeslice; and for swapping the position of that
random slot in the data distribution period, together with any data receiver

assigned to that time slot, with another time slot.

20 28. Apparatus according to claim 27, wherein the slot position swapper
swaps positions with an adjacent time slot.

29.  Apparatus according to claim 27, wherein the slot position swapper
swaps the position of time slots prior to calculation of the data to be sent
25  during the first of the time slots.

30.  Apparatus according to claim 25, comprising a plurality of data
distributors each for distributing data from a data source to a plurality of data

receivers, wherein the data distribution period and the number of time slots



20 notice of data sent to themevery Mx A tineslices,
where Mis a trading floor nultiplier and Ais a
automated trading interface multiplier. 36. Apparatus
according to claim 25, conprising a data delay for
delaying distribution of data to a given data

recei ver by a predefined perigs 25 37. Apparatus for
periodically distributing data to a plurality of data
recei vers, conprising: a data distributor for
distributing data to data receivers over a data

di stribution period, the data period being divided
into a plurality of tine slots; 26 the data

di sVithippash dabdisiribution gededis substaptislly eauwal Serallpefithy data
eachis@ibuidpe data receivers to a respective one of the
time slots; and a data cal cul ator for cal cul ating
during the time slot, every Mdata distribution

per Lpds, re Mis defined f ach. dat ecei ver, . .
P 0 pRA ol ) 25, RSP Bh B Fheutea s
§ eceiceived floheadaiding €yshsn IR8datDistrhgrkdedatafecs bisiuct to be

t he g‘\?}%f di stri butor sendi nlg the data to the data

r eclt apf the dataeceiversarg tigdingdporsppar at us f or
periodically distributing data to a plurality of data

10 receivers, conprising: a data distributor for

di s$2.i buAppagatgaascending toadpifr mvehetieindhe datacdistribution period is

dat g, . Lver I stibutiaon period, the ..

ot QBT Bl B 0, B BB b a8y e tme
10! uslatsi ayd whete%imrtﬁwesd:lathml@@oﬁ@t@dﬁib&ﬁﬁﬁbﬂbﬂﬁmc?la%ehand send

conpr.i Si a slot assigpo r assi gni.ng each o e

15 Setp o Peiadereiversh a Blask pyckiodkbasie of the ti e

slots for distribution of data, and a slot position

swapper for, on every Jth data distribution period,
sel €t i riypraratin @erorsing tostaienab, whereinidaja ofcedvens takemnotice of

{ hegglatan : . L . ¢ o
pos {8 sanCloThEerPfh e, wigtk 1T IER BB by rrigplir
1eri od,
34.  Apparatus according to claim 32, wherein data receivers take notice of
data sent to them every M timeslices, where M is a trading floor multiplier.

35.  Apparatus according to claim 25, wherein selected data receivers take
20  notice of data sent to them every M x A timeslices, where M is a trading floor

multiplier and A is a automated trading interface multiplier.

36.  Apparatus according to claim 25, comprising a data delay for delaying
distribution of data to a given data receiver by a predefined period.
25
- 37.  Apparatus for periodically distributing data to a plurality of data
- receivers, comprising:
a data distributor for distributing data to data receivers over a data

distribution period, the data period being divided into a plurality of time slots;
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together with any data receiver assigned to that tine
slot, with another tinme 20 slot. 39. Apparatus
according to claim 38, wherein the data to be
distributed to individual data receivers is
calculated during the tinme slot assigned to the
respective data receivers. 25240. Apparatus accordi ng
to claim38, wherein the swapping of data slots
occurs prior to distribution of data to the data
receivers in the swapped tine slots. 27 41.

Appar atus according to claim 39, wherein the swappi ng
ofd&aﬁhns urs inedj ately prior to

LOC! A y \ —_—
di st ri bdbp GAtEisERLIr COMPEBIBY ATt 3591aN08 Farngsisming eackeof the
s| odfa récé%?er_s&PB%‘é@éé&ﬁvé‘@ﬁé’bfjih%Qirﬁﬁsl%lté'a'ﬁhe’s’ wher ei n

the sl ot position swapper swaps the randomy sel ected

sl ot wi tehdate calfjulatemfor salovlatimpduriygptivedinos stot,cavedy Mgldte

| Qs 00.:R8: ' . I 1.0 ich th .
" arionP o DS whBfh i€ Bl or S ! el oy oag te
5% arﬁoumvmd_ lg{ﬂdars gséi@m&;d dxft:a réébivrfrr tr\t©ctiaté4tl; bé slﬁﬁf i@ﬂﬁl? @fgta{
T ing da a plurali of data
ng:f'&?%'%g@,th%eﬁ%ﬁ!%ir'ﬁ@?r sgnﬁqraa ﬁ@ datai 0 thedasp remivarapithin the
pergrdlsiont o a plurality of time slots; 15 assigning

each of the data receivers to a respective one of the
time slots for distribution of data; and perfornming a

oSt HPRRE Rk BaRay A B0 ol IR HIE,S! B

10c orrpatieerss ofrmpasiagpr oduct for periodically
[ stribut

IRV EER T RAT Y It SRS Y -
a data receiver over a data distribution period, the data distribution period being
divided into a plurality of time slots;
the data distributor comprising a slot assignor for assigning each of the
15 data receivers to a respective one of the time slots for distribution of data; and
a slot position swapper for, on every Jth data distribution period,
selecting a random slot of the plurality of slots in the data distribution period;
and swapping the position of that random slot in the data distribution period,
together with any data receiver assigned to that time slot, with another time
20  slot.

39. © Apparatus according to claim 38, wherein the data to be distributed to
individual data receivers is calculated during the time slot assigned to the
respective data receivers.

25
40.  Apparatus according to claim 38, wherein the swapping of data slots
occurs prior to distribution of data to the data receivers in the swapped time
slots.
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data distributor, causing the distributor to perform
the steps of: dividing a data distribution period into
a plurality of time slots; assigning each of the data
receivers to a respective one of the time 25 slots;
and for each tinme slot having an assi gned data
receiver, during the tinme slgty, calculating the data
to be sent to the data receiver and sending the data

to the data receiver. 28 46. A conputer software
product for periodically distributing data froma

data distributor to a plurality of data receivers, the
soffware, when run on a data distributor, causing the
di 4t i bdirnaratys gecqrding tp iz 38, wherein dis, sHarRing Oﬂg@ta slots
di dcuPir8diRely) ;S’r%r't&(%i%tr?oﬁbH o ldataVtoGbcdil e it Y Swagbed
assi gning each of the data receivers to a respective
ondinp¢ skotss tinme slots for distribution of data; on
every Jth data distribution period: selecting a random
slot of the plurality of slots in the data

5di SA2.i biRgparatupattardingaodialy 3B)apRldlg thdSloPpsdifidrPswabper
t hat raqﬁon1ﬁ5ot in the data distrjbution period,

t og¥ARS NG andamly sglecied slatayithean adiscgiledot o that tine
slot, with another tinme slot. 47. A conputer software

product for periodically distributing data froma 15
dat43. di dhpiamius aceasdingdd glaimiady whiereiathe otheeslobwith which the

L T g NS e e

10di qterioduti on period into a plurality of tine slots;

assigning each of the data receivers to a respective
one of the time slots; and 20 for each tine sl ot
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receivers, comprising:

dividing a data distribution period into a plurality of time slots;

15 assigning each of the data receivers to a respective one of the time

slots for distribution of data; and
performing a low frequency shuffle of the order of the time slots
relative to the data distribution frequency.

20 45. A computer software product for periodically distributing data from a

data distributor to a plurality of data receivers, the software, when run on a
data distributor, causing the distributor to perform the steps of:
dividing a data distribution period into a plurality of time slots;

assigning each of the data receivers to a respective one of the time

25 slots; and

for each time slot having an assigned data receiver, during the time
siot, calculating the data to be sent to the data receiver and sending the data
to the data receiver. '
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defined for each data receiver, calculating the data
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DATA TO MULTI PLE RECIPIENTS In a tradi ng system

mar ket data froma matching em@gne is distributed by a
broker to a plurality of trading floors repeatedly
every T seconds, typically one second. This one
second distribution period is divided into a plurality
of time slots and each trading floor is randon1y
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assigning each of the data receivers to a respective one of the time
slots for distribution of data;

on every Jth data distribution period:

selecting a random slot of the plurality of slots in the data distribution
period; and

swapping the position of that random slot in the data distribution
period, together with any data receiver assigned to that time slot, with another
time slot.

47. A computer software product for periodically distributing data from a
data distributor to a plurality of data receivers, the software, when run on a
data distributor, causing the distributor to perform the steps of:

dividing a data distribution period into a plurality of time slots;

assigning each of the data receivers to a respective one of the time
slots; and

for each time slot having an assigned data receiver, during the time
slot, every M data distribution periods, where M is defined for each data
receiver, calculating the data to be sent to the data receiver and sending the

data to the data receiver.





