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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 RAnBIedlis IANE of Borfp@leliE8d SR SRR dat 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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2 originating fromparties with whomthey have
bilateral credit. The determ nation of whether a
qguot e should be seen is made on the basis of a yes/no
credit matrix, but before a deal is conpleted the
credit of each <counterparty to the deal is check to
ensure that both have sufficiept credit for 5 the
anmount of the deal. If they do not, the anmount of the
deal nmay be reduced to conformto the credit

avai | abl e. The system di scl osed in US-A-5,375, 055 has
been enbodied for many years in the EBS Spot trading
system operat ed by EBS G oup Limted of London 10 UK
TheOrgjRating frampartiesvith \gh@naﬁh@y haxg bilatergl eneditndbeor
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trader devices on and na
co nyﬂ%ﬂcecmdélmatnx,wut before a deab ki congieteld |tlm@ cretiitef each

arbj trator | so ,distribute nmark a, to trader .
ety B0 ol RedieBk 6 pBRS Tt i srBSAt oredit or

mrﬂhetanwmmf theedsd! F thé\pde hét, e SRsuMth thk/abasnA)BE

are be| ncg de by other traders in the market as

el ledgged i r,q@tq esredit avadabler i nf or mati on
regardl ng the state of the market. The EBS system only

dm diditedds U§§5§,I§:ﬁ§8§§ glés g%%ﬁ Eniodal thfgﬁ ?ﬁaﬁ? years

dea ai gul ar anount asi C vo
t hemths EBﬁﬁmt ttzeiinupsyisterd e:pereﬁeni by ERFHGeouplimitet lof bondon
| abl e ce _ava

bl.e . which m ght, .be for, .
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to which the trader device is attached does not have

bi | #HAeRi0 caaRifte 4l suhiechioospdib ehesking: nEheyerbiteatonsralso
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i ndi vi dual ket views each _
bag¥ §p@l'|¢8t8m§ﬂrke¢ viewi to enable Imdere&@ bee thediuaded thabarenbeihg
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holidfortibtien reryaeding thd statessofahd nwhk@th Trer EBE Byttem bhipdhows
the trader devices the best price that they can deal a regular amount, defined
as a basic volume in the instrument 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



credit checks before a deal is conpleted. The trader
devi ces may be conventional workstations through
whi ch traders input quoted, usually via a 3 dedicated
keypad and which include a display of market
information enabling the trader to nonitor the market
and so make trading decisions. gAlternatively, there
may be autonmated trading interfaces which are
conmput ers which submt orders into the market under
the control of a trading nodel or algorithmwhich 5
responds to market data received fromthe system In a
recent version of the system the nmarket

d| s edigated kayrasandhwhichdadude, ﬁ(ﬁ'SFﬂmSOfdﬂ@f kehinfgymatied enabling
W tthbﬁréabp&?ﬁxoﬂﬁ’&s(ﬁ? & Wnd é@ﬁﬁ\gg é%ﬁﬁe{)@cﬁéﬁ{s. Hlterpatively,

exi sts an I1ssue of fairness uti on
qudhere may be aLMmbEdttraiiﬂmjmtérfaaeBevhwmd@rcmme@ whioh eubmit

bef t t.h ble to d t hat . .
ouceEsRE B8 mad Bt FiernE Yot o7 B g oroarifar which
Sadvespargts tbi’m@tkltb{ datanbeeilEefireXSthe By, hy §tn%'fb|r@€é‘rﬁ versnon
cre rtglllt and many parties will not see the benefit

of A MBRBYHCHn e markes dhséﬂtzsﬁloa@@dé)a@kﬂodeﬁmqtl@ns areintegrated

NotywifRh BFd@k nbBes! oW nmovi ng markets, or in systens
where quotes are 15 guaranteed to be avail able to a

certain period of time, such as is the case in nany
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10t hequatﬂsewbmh ICaI:f)beStm!iedTﬂf &ﬂé trtab@lyseﬁs% qedte 'bkeftﬁé an3@1er trader
SBreI ative. tine uotes are received
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device, in this case e arbitrator, art
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very fast moving markets such as the interbank FX spot market they are

critical.

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

25  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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EBS system are concentrated around the physi cal

| ocation of the arbitrators which are in the major FX
tradi ng centres: London New York and Tokyo. In the
Togher system prices are distributed to trader

devi ces every second with the order of distribution
bei ng determ ned by when the tgading floor |ogged on 4
to the system Thus one trading floor may | og on at
80nt past the second and another trading floor at
120nt past the second. The floors will always have
guotes distributed to themat 80 and 120 nfS past the

second respectively. If a new quote is available on
t hefozi'i*% SYFaifor THusrond Eading flepomnaylogreaidmS past the second

CARCandthér %ﬁé&dﬁtn@oﬁ§ ﬁ%st"ihé keSS, "Ithe-'!c ﬂcfo% V\fﬁpglways

be able to new quote i
av didveisjuster digtiboted toltherh288 ardatil0mSdmst e sauohH see

b rRbain g 1S BIEA Y SPushar ehSfant oo o
SwhedoenS past theWatbied, the 80 hdiag hb@n%ﬁls&e |trfﬁ9t9é{oel9é ¥%ble to
seel n I?ﬂl’ ot e@ﬁsl [ ght |y after another tradin oor .

Thit& neyhquese|ig syaitable at 1Q9Hg‘5.tthﬁé28m§ trading device
LT Rily %ge'it‘?'r;i,tlééot 8 %ﬁ?@lﬁéﬂugg wWitPhG ek 3ot 5§0rﬁ$”§60m8 after the

source. It could be caused by proximty
ot H&Omm dréee.d SiuatianstaansariseAvheradiong wnlleoohe;tradlhgtﬁomreus
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10r edastifor a Il:ﬁngl‘mm@ ane et linitdiisto@oohy rb@@'&rlﬂg&ia@é froRfthEBame
system hgts Eﬁn altered and the market distributors

Re CaYRSIY Pioxinyinie flagerean other mesketstistdbutors.
Syﬂ; ﬁ‘ﬁ&lthg\ﬂ@ob@ ﬂélaﬂ\%%c%@tﬁﬁ Qléleﬁr%é?ﬂaﬁﬁﬁgﬁ tl-he (531"3 nknode

nodes, brokers, sit logically between t tra
de\fllr%té'@nﬁﬁ%lstt%éﬂﬁ@trﬁmmsaamlﬁa@r restrbnsi bl e for a
nunber of system functions, including distribution of
quotes to the trader 20 devi ces, as well as the
15sulMdresecentlyfthé iatmltnntﬂlre{ obthesEBS siyftemetidy heeat @Ite?ed and the
e of tradgasettl ene

eck and t
Cr Sirke S EtoBNAnd BRarke dR8Es fhats 3hBadl b of hayTosher
ar ebstbatlhaueﬁbébrﬁt@pﬁﬁ:@d byrbrbﬁnﬁﬁédgg SBRiKng hbesDbPKRIKers, sit

di ?égriclzatfly between the trading devices and the arbitrators and are responsibie

for a number of system functions, including distribution of quotes to the trader

20 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

25  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



D

quotes received fromthe arbitrator to which they are
connected once per second. The broker receives the
quotes fromthe arbitrators, cal culates the 25 narket
view for each of the tradlng floors connected to it
and distributes the market view for each trading
floor, in turn, as quickly as gt can. There are two
key differences in this approach, both of which | ead
to fairness problems. First, the market views are
prepared fromthe same quote information received
fromthe arbitrator. In the previous version, market
views were 5 prepared fromthe quote infornmation at
t heprppaneddugna thestaetedifsimgatioh atdhe perticulan glob gssigoed to the
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par\trewsl by distridttettinfthea pairfidulH twrbigy feF RN Slw4y§ reéENedits
time apart froman%/pother trading floor.
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tha conpsjterlsed tr d|n interfaces, The result is 10
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them as the | arger floor e quote
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et PRLERARY RobPat ST 116 8 euBititel 876 s Taallg foor
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act [y worse as atrading floor's position with
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exanpl e on the next tradi
change when the floor logs on agaln for example on the next trading 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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20 A further problemis that sonme floors will receive
data a relatively long tine after it was provided by
the arbitrator and the market view was cal cul at ed.
Regardl ess of the problens of others connected to the
broker receiving the data first, the data is now
ageing. This problem may be referred tows one of
conmputation to delivery latency. 25 Sunmary O The
Invention The invention ains to address the probl ens
of unfairness di scussed above. Broadly, one aspect of
the invention resides in the provision of a system and

6 nmethod in which a data distribution period is
di vingthediinwhich a dateedisibutionperiodisdlivided into amuthien of slots

Lo “rEL B ortis B R BalrplTp AR spol i i o
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swapped, toget er wth any data recel ver assigne

t hateriodrig swepped, tmﬂeﬂaelawﬁg By detameceiver assignesl to that time slot,
sp e is provided a nethod of
peﬁ@gg?@ghkymals?#|butlng data 10 to a plurality of

data receivers, conpr|3|ng dividing a data

di ib | |
s s spc Bl dnciae peast Sttt & pefoghcalE gitthfiao data
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an assig 3‘ atarecelver during the time slot,
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This 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

- 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.

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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for distributing data to data receivers over a data
distribution period, the data period being divided
into a plurality of tinme slots; the data distributor
20 conprising a slot assignor for assigning each of
the data receivers to a respective one of the tine
slots; and a data cal cul at or f?r cal cul ating, during
the tine slot, for each tine 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 wwthin the tinme slot. 25 Enbodi nents of
this aspect of the invention have the advantage that

c onpigferablynthecdata recipiepts| are @ssigned to tiecsals sandeady which has

datga .r at ed ar at el
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ti slots random y. whic as ,the advantage that data
di gﬁﬁﬁ"bu{i%wﬁﬁ@ﬁﬁ% disrigytion mefigdm v spaced t hroughout

g he data distribution period. This maxim ses the tine

avai l able for data distribution within the
di Jrrefasablyoin peystern whictphas emamber oif data @Wbuﬂmmﬁfmmample

o5 BB ko33 LI AU S e BB oo
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10t hefa r@lm@nﬁﬁ\fééﬁlﬂﬁﬁ thdir 848 fidh gAY Baﬁi%@la? ldﬁﬁat distbutor so
recel ving their data fromany particul ar

di s@t1m"b%ttrt9p@@ept@nsmfwafanrm@swpaet@p.mdtstr lhsﬂﬁﬁm rness
fromthe data distribution. Preferably, data receivers
are only sent data only Mdata distribution periods.

Thi %‘efmsblyrmtade@aimrg arebnlysenhdatalonly Vedate nlistribvtion periods.
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16datdata 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.



di stribution period is divided into a nunber of

bl ocks, each having a nunber of slots and the data

di stribution period is processed bl ock by bl ock.

Preferably, a delay paraneter may be defined to del ay

the distribution of data to a given receiver by a

predeterm ned anobunt. 20 The igvention also resides in

a method of periodically distributing data to a

plurality of data receivers, conprising: dividing a

data distribution period into a plurality of tine

sl ots; assigning each of the data receivers to a

res ective one of the tinme slots; and for each tine
capsding do arseasrd gepett ohthe invedione there & provided M vathed of
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: d| s’ecenbartasmgnwtbdﬂattmdaebtlmm anothadime sloat of the
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corg) SI ng a s] ot assi gl}or for assi gnl ng each of
n slot position swapper, for 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 slof.

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.



15 the data receivers to a respective one of the tine
slots for distribution of data; and a slot position
swapper, for every Jth data. distribution period
selecting a randomslot of the plurality of slots in
the data distribution period and swapping the
position of that randomslot ig the data distribution
period, together with any data receiver assigned to
that tinme slot, wth another tine 20 slot.

Enbodi nents of this aspect of the invention have the
advantage that long termprice firing proximty,
wherei n one data recipient always receives data
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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:

20 |

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

25  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



shuffle of the order of the tinme slots relative to the
data distribution frequency. 15 Brief Description O -
The Draw ngs Enbodi nents of the invention, will now be
descri bed, by way of exanple only, and with reference
to the acconpanyi ng drawi ngs, in which: 20 Figure 1 is
a schematic view of a known trgdi ng systemto which
enbodi ments of the invention nay be applied; Figure 2
is a viewof a distribution tineslice having a nunber

of firing slots; Figure 3 illustrates the operation
of a first enbodi nent of the invention; and 25 Figure
4 illustrates the operation of a second enbodi ment of
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floor will include a trading floor administrator 42 which interfaces with the
system to enable an administrator to communicate floor details such as trader
identifications and privileges and floor credit limits to the system. The broker
12 is one of a plurality of 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
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
system, it is 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 timeliness of data is important.

- The invention is not limited to any particular frading system architecture or
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trades with counterparties. The trading floor shown is
one of a nunber on the system Floors A B and C are
shown as connected to the broker 12. As well as the
trader devices (workstations and/or automated trading
interface), each 15 floor will include a trading floor
adm ni strator 42 which interfgges with the systemto
enabl e an adm nistrator to comuni cate fl oor details
such as trader identifications and privileges and
floor credit limts to the system The broker 12 is
one of a plurality of brokers. Each broker on the
system may have a nunber of trading floors connected
t o even to yisding syptems butchasrapplicahility do noy Sgstem for distributing
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attached to the broker. The systemof figure 1 is
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pteferred that all brokers are configured with the same length T of time slice
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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10 distribution of live, or time critical, data. This
period, which is a fixed distribution period or tine
scale, is not fixed and any other suitable period
coul d be chosen. Figure 2 shows how this tinme interval
50 may be sliced or divided into a nunber of slots
52. In this exanple the nunberq®f slots is 40 but
this nunber is variable and a nmatter of system design
choi ce. The 15 nunber of slots nmay be represented by
N. The tinmeslice has a duration T and each slot has a
duration t. It is preferred that t is the sane for
eac?hslot but this is not essential. To ensure
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broker. As well as assigning actual trading floors to
slots, a market data pseudo-floor 25 may be assigned
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ar tcomputation to delivery latency discussed above. Moreover, by assigning

floors to slots randomly, an efficient distribution of quote firing is achieved.

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=1000m$, 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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..] approach in which market views for all floors were
first calculated and then 10 distributed. After
cal cul ation, the market viewis sent to the
subscribing floor wth calculation and distribution
bot h being performed within the tinme slot. Data from
the arbitrator is received by f3he broker continuously.
Thus the narket view for each trading floor is
calculated at a slightly different tine from slightly
different data. The use of time slots with cal cul ation
of rmrket view 15 data within the tine slot for a

en rec:l&ognt overcomes the problemof conputation,
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of riefedRfene TG dnFhact WY BasbOR AErPite AR ahigSpes of
f | aeiding oyst@ntceth bihet Hatadistibution scdridrios. In the example of the
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.
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preferred that the slots selected for swapping are

swapped regardl ess of whether there is a trading
fl oor assigned to one or both of the slots, but there

will be no effect on the relative positions unless
there is a floor in one of the 10 pair of slots. In
this case there will sinply beigpne pass of the process

in which the relative floor positions are unchanged.

An alternative approach would be to keep swappi ng

slots until a filled slot was noved. Wil e possible,

this approach is not preferred as it risks noving the

slot too far intime to nmintain the pitch
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25

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.

In a second 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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5 truncated to a random nunber R between 0 and the
nunmber of firing slots NN 1. The last tineslice is
then truncated to the value of R identifying a random
swap slot in the final timeslice of the J sequence.
Thus is figure 3, seven tine slices are showmn as TS 1
- TS 7. T=1000nt5 and J=5 with 440. The random
variable Ris calculated in this exanple as 32 so that
on the fifth or 10 Jth tineslice the trading floors in
the 32nd and 33rd slots are targeted to be swapped
around. In figure 3, the slots are illustrated around
the circunference of the tinmeslice with the slots
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15
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

20  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

25 atimeslice 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



tinmeslice than a workstation. It is also desirable for
an enhanced tradi ng experience to be given to prem um
custoners by changi ng the frequency with which they
receive market views. This is achieved by configuring
each 5 trading floor to receive market views as a
given multiple of a basic tineigice interval. To
configure floors and Ai ternminals with different tine
slice intervals the basic k--- tine slice is reduced
to a very short interval, say'/ second, and individua
10 floors are instructed to take notice of every nth
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an%pg&gﬂ ﬁdo‘?%c@u;%lﬁ'g grsloq is calculated and distributed in order
corresponding to their position in the schedule. It is important 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

20  that the appropriate muitiplier 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
25  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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16 timeslices. If Mequals zero, no workstation

mar ket view is calculated by the broker. After each
calculation and distribution of the market view, the
Broker waits Mbasic tineslices before processing
anot her Market View for that Floor so that market
views are processed every Mh 147 neslice. The Ai
Timeslice 5 Multiplier paraneter, A for a Floor,
defines the interval between Al Market View
tinmeslices for that floor. If A equals zero, no A
rmrket view is calculated by the broker, and trading
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1 Ot 0 amhraved byi ssiting tmmc;mmeﬂtérsmnawhichmets mefdedny far the floor's

et e o8 b Rieh sBls. Fe e 67 T advern.

Bagihe FlooePSteé DRstftsLRIBH EhuIXy Famnaéfelt D fbr aFRso detihed @ve
often the tineslice schedule is initiated. This val ue

al Sirgfion ofdae delayapplied pEostodistabiting th@{\éarkst Wigghilhe FD
pr ?fa?érh@fér%@éW@pé&ff ! Ouznl?é%f milliss n |g gggfé%rg no

may vary 25 Det mee I'l'i seconds
15 marksiatieridelagisappliedl ues nay be appropriate in
ot her system configurations and these val ues are not

i pfjht(.%ilﬂq:’rice Distribution Delay parameter, AD for an Ai Server defines 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



A Firing Block Count B is defined as a configurable

paraneter. A presently preferred value for Bis 5.
Again, this value may change according to
circunstance and the value given is purely exenplary
and not limting. It is 17 desirable that a m ni num
value for T/Bis set, which, f1@ exanple, nmay be 50
mlliseconds. Again, this value is not limting. The
nunber of Slots in firing blocks is preferably a
configurable integer Slots in Block Count paraneter N
A presently preferred value of Nis 20, which conbi ned
vvi th the B (Bx ives 5 a theaoretical maxi mum nunper
c;]q '88?5*(1% %@?ﬁbt@ﬁ?'%rmm@é‘taébﬁ@@ﬁﬂﬁheﬁf‘é‘ﬁﬁf@
of f ave
ARt o R T sl R AR e, BRI G
ei taesmandihg e kestimeslicat(thend")ar ramdomi nupebardR betWaen zero and

oni 2 TR ARSI ok B (48 PO FRh . TR el

5t hddeitlies afRandors Swapt Siet ietha YinkPtimesiReASf Jgeﬂ &rﬁguTé &), Just

FI G hasldtas SR Reludaaiest Giirarbo o) Upesiiss) RBtioteals of
to tﬁétsélél' é}Hts'm%pEB‘\?er{ﬁonYérﬁyof Tﬂéefoﬁamng%lcﬁ‘ L,.e{ ). Bte the

specify a nunb I’i seconds. zer'o,
no regmuffie hrs bgen @nmlﬂta@f thespraopss$ iscrep@ated /tarting deom the end

et e BE, R AR RPFO R i) HooP 8 RlisBLIGH amona the

10di dime Blidsl siotstjinet the sMaelastanyi sther frdsmf AD paraneter may

15

20

25

speci fy a nunber of mlliseconds. If AD equals zero,
no Ai 20 delay is applied. The AD and the FD

parTHiRtehSodiMENREOfURE thvieRHGP BUERBHe/the IdiRRAANaEEEbF the prior
However, when the AD and the FD paraneters reference

t hers Jriestly) therdivisien of Atime slicaistesats, apd thy ealewatiarhand

t hejidthbution of individual market views in each slot overcomes the problem of
calculation to delivery latency. Secondly, random assignment of floors 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
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

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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Figure 4 is simlar to figure 3, and illustrates the
principle of slot swapping applied to the second
enbodi ment of the invention. The figure 3 enbodi nment
is nodified by the inclusion of the block count B and
the slot count Nis now the nunber of slots in each
bl ock. The Redistribution Intemgval paraneter, J 18
defines, as a nunber of tinmeslices, the interval

bet ween the Broker's performances of the floor
Tinmeslice Redistribution routine. Before comencing
the last tineslice (the Jth) a random nunber R between

zero aq he Tot al Nunber of Slots mnus one (BxN -

1) is appligshle toithe distihuliopof payime erifical datadeom opg vamare

S [ [ I

) By s tihg s dpbfbisk TSt 8 ity ghja ieliphdr\Bhen
dunisad in Adradirty syishan) ﬂheenvaﬁgonos applicabledb the tratingl aftany

" TR Bogich Biiner R el el g e

5 pr cﬁnaﬁdai instrernenttie Gny Ststrunmad Havig 4 fnekfly valuet he Jth
timeslice. Any Market Data pseudo floor is

redi stributed anong the 10 tinme slice slots just the
SaffarSmadficaidmRrardd \Pé?fatloﬁgwtr%r@ﬁ%mﬁn;éh& éPéschB@d as possible
i nvent'i on overcone the di sadvantages o

ar and will eeeuy to thasedskillesi loﬁh@fartamhouedewamag fomnthslspirﬁ and

o R o BRI LA AR s e bl e Bighld ol 1

calculation to delivery latency. Secondly, random
assignment 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 tine slots during the |ast of every J

ti meslices overcones the problemof long termfiring
proximty, ensuring that no trading floor is caught
in the shadow of an earlier floor for 20 nore than a
short tine. Fourthly, by ensuring that each broker or
other conputer distributing data uses tineslice of
equal duration, having an equal nunber of slots, it
is ensured that data recipients do not receive an
unfair
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advant age by being attached to a particular data
distributor. As a further advantage, the relative
duration of the tineslices fromfloor to floor is 25
configurable. As nentioned above, the invention is not
limted to the distributed trading system described
but is applicable to the distrpdpution of trading data
fromany trading systemfor exanple to trading floors
or trading devices. Mreover, it 19 is applicable to
the distribution of any tine critical data from one or
nore conputers acting as data distributors to a
plurality of data recipients. Wen wused in a trading
system the invention isV@bls eldnedis the tradi ng of
any tradeabl e product, including, for exanple, any
financial instrument, where a 5 financial instrunent

i s hny iAsaetookof périndically alistometirar data & aelurblitywf data
nodi fications and variations to the enbodi nents
des%??@@ F8MPREYSh1 e ¢ 3 and will occur to those

gki | | ed dividingea aata détHBGEEn SQTRAT htdd plupaIty bheme Ridté:t
and scope _of the invention which is limted only by
the fol ISR EacheS the data repgiviers to arespestivg eneg of the time
netd)ed: ghg periodical ly distributing data to a
plurality of data receivers, conprising: 5 dividing a
dat a di Joreaaht firoa shdhiayingi ant assigneddathiregeiadr, dunmg the time

7 o prGRB R AR AFRT0 R e Ty Bl FGAT b chlngdne deta

10s| db thedatzreasivassi gned data receiver, during the tine

'slot, calculating the data to be sent to the data
recei ver and sending the data 10 to the data

I eCei Vera method according to claim 1, wherein the assignment of data
receivers to time 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
time 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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2. A nmethod according to claim1, wherein the ,
assi gnnent of data receivers to tine slots is random
15 3. A nmethod according to claim11, conprising, on
every Jth data. distribution period: selecting a
random sl ot in the data distribution period; and
swappi ng the position of the rgndomslot in the data
di stribution period, together with any data receiver
assigned to that tinme slot, with another tinme 20
slot. 4. A nethod according to claim3, wherein the
position of the randomy selected tine slot in the
data distributjon period is smagged wi th an adj acent

tin® sl dt mefpdsaccrreipg ko alaie doWbefan the Ruaben &f time slots is
whegrghizr tHih HWGRIRA o‘i’ﬁaf&%e@?@n‘sttb%a?gsiqﬁéd% i3 ﬁl{n@ slots.

occurs prior to calculation of the a 10 be se
during the first of the tine slots. 21 6. A nethod

di | i : foti | ot
s Par el MeL & Dyding KB J; Wigkah Fuctetd s isPhulltya
5a|sq¢!0raﬁtir df@atd{&istr'{tfm)rs |e;at:ﬁ to adbjurté{itggf F@tja %@éi%?, Mekdin the
cla . rern tne data I s IStriopute DYy, a
ol ke %Wﬂf‘oawogi@gﬂh% QUBST @E@'ﬁ?ts@t_ﬁ‘"ﬁ}{%thﬁ idgip of
daldefiBGtRin Ririod WaBHSRAN equdPid Aol it RidRRsSY.

and the nunber of tinme s w thin the
di stribution period is substantially equal for each of

020 o R ol SRRATEEI- R BB o

10f r asreivelatam sodata golie for distribatibh entheoddth eechidars repeatedly

recei vers repeatedly  every data distribution period.

9. eﬂe%?%ﬁﬁeﬁ%m gﬁf'% ciaim1, wherein the data to

be distributed is :
9. A method according to claim 1, wherein the data to be distributed is

received from a trading system, the data is market data for a product to be

15 traded, 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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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 according
to claim1, wherein the data distribution period is
divided into a plurality of blocks, each bl ock having
a nunber of the tinme slots, awd wherein the

cal cul ating and sending of data to receivers takes 20
pl ace on a block by block basis. 11. A nethod
according to claim1, wherein data receivers take
notice of data sent to then1every Mtinmeslices, where

adln floor., mul t |er 25 12. Arreho
acc di r\i) aoquq),rq@g t%'lé iTnwhstein selegtegdlata regeivers take

nothdtiee F de v
Mis nad?‘n@er?f“‘ﬂ%“ﬁ“"nﬁ*'%‘?;m ?ﬁ**&%"@f@ﬁ%&&mﬁ SRR floor
acdpdliiplgy angl & isd automated tradingdeledate cnudtipliar.r ecei ver s

take notice of data sent to themevery Mx A

tinmeslices, where Mis a trading floor nultiplier and

5A iBta &Jmﬂmdeabmrdidg ey cliafh d( taoprisig derlyirgr distibddng data to

nmet hod a claim conpri sing del ayi ng
di <& 9VEl g?%g’e&‘ég’ﬁr &Sapée%?fé’@ﬁ REfICH: recei ver by a
predefi ned per| od. 15. A nethod of periodically

distributin atatoaPIurallty of data receivers,
corﬂ@ri sifhige @‘unﬁn@ﬂwg wdightbatiog satd owa ploralibeef data

[ ntr@cév@s”&&%? %x time slots; assigning each of the
data recel ver 0"a respective one of the tine slots;

10and f or diddihg taidata sllstxibmhmmpmgodnnta%splgmw @F&Im?e slots

receiver, _every i stribution whe

< def | REHONEIE aakeip o SAIEERVE AR ONE orime
S| Glotscaidcul ating the data to be sent to the data

recei ver and sending the data to the data receiver.

16. A meneagh dF“%\O?Baneslan;ﬁSéigﬁﬁfiid@@ﬁ rasgiveateyenoMedata

Pl igiiblitbroberfds dwhere 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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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 tine
slots for distribution of data; on every Jth data

di stribution period: selecting a random sl ot of the
plurality of slots in the dateglistribution 25
period; and swappi nhg the position of that random sl ot
in the data distribution period, together with any
data receiver assigned to that tinme slot, wth another
tine slot 23 17. A nethod according to claim 16,

éhe dg{;a to be distributed to individual data
rec ver methedpecarding 4o gamAG, wherein e dataro hedligriedted to

t 0 hbRiduaCaRRGELYferdal @alﬁ:@l%?éd’ @lﬁrﬁweg thethe ﬁop’é‘%%‘?ed to the

according to claim16, whereint two tine s
whoespegivei dataneceivers.ne data di stribution period are
swapped, are adjacent tinme slots. C, 19. A nethod
according to claim16, wherein the nunber of tine

5| ot& i SAg'reﬂactceacddndmgli@elanﬂWB?Wh@felﬂﬂie’itWoetﬁﬂe\éRﬁ§ whose
10 20 Arre hog% ording to claim16, wherein the
asShGH Aistiiputioh Reriod srecwapbsfl are adiacant s slots.
21 A et hod according to claim 16, wherein the

é)l ng of the position 15 of the randonly sel ected
sI ot9-wi thmethetbacrerdingite cleing U6 wheysin theohwobenof tisé elots is

Pelit receivers in either

of qr%é{%g&gppegqgn‘gr{egﬁg%a '%Cgrrg%ﬁ%d according to claim

1016, wherein the swapping of the position of the
L::ﬁ? &[Sneel}l'i&c} ggco?clhﬁé teM Cltalhl‘}lqﬁ wﬁepe’qllr% ﬁ‘uedés,ss%rlln'?ejrt:tlo?%ata

receivers to time slots is random.

21. A method according to claim 16, wherein the swapping of the position
15 of the randomly selected slot within the data distribution petiod occurs prior to
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

20 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.

25 24, A method according to claim 18, wherein the time slot with which the
randomly selected slot is swapped occurs after the randomly selected slot

within the same data distribution period.
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y imredi ately prior to distribution of data to data
receivers in either of the 20 swapped slots. 23. A
nmet hod according to 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. 25 24. A4nethod according to
claim 16, wherein the tinme slot with which the
randomy sel ected slot is swapped occurs after the
randomy selected slot wthin the sane data

di stribution period 24 25. Apparatus for

per i odi cal | tributjn ata to lurality of data
-verPpa ?qrﬁeﬁadlcaﬁwglﬁgﬁlangs Aty Pty of data

d| ShEdibersl BsmBiddiRgt 0 data receivers over a data
di stribution erlod the data period being divided

into a @datad r}bttﬁtbr for distriiuing datsstordata dmeitvers over a data
r 1.1 .
O A PR R Bb S BB S AT i s
5t i me sl dtesdatandistabuatat aomplising at siot és@fgn@ﬁfdrldsatgnnm each of the
t he t| sl ot, .for {g}gt j e sgo havi ng an
s Seirelets e Tasekive pRS Ofide MG Igls: SBit 1o The
data 1 eaRia® talclipor fS@ézﬂchﬁﬁ%ﬂMdXheﬁﬁ&deBﬂ fbhsaéiﬂﬁrﬁe slot

to the data receiver within the tine slot

ApravingRn aesianest dajarecaiver thexita hbe éelnt tpﬁbe slatﬂ receiver, the
asgy 95‘ |%trﬁ’) ﬁdtn 3[ 8 dLef tK Std Rcbiv e time siot.
Py o

ran us accor I'ng to ¢
1OCorrpr| SI ng 15 a sI ot p03| t| on swapper for calculating
Jthd adlstr|b er i od ﬂ_gﬁra‘goms ot in
F’f”‘r 3?1‘%?@'89 19y MREFR IS $P %Q“er?é?'gns
ramm@b%rgmttrhgsm ﬁar@bﬁﬂyl bution period, together
Wi th any data receiver assigned to that tine slot,

with another tine slot.
27.  Apparatus according to claim 25, comprising:

15 a slot position swapper for calculating 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 28. Apparatus according to claim 27, wherein the
sl ot position swapper swaps positions with an

adj acent time slot. 29. Apparatus according to claim
27, wherein the slot position swapper swaps the
position of tinme slots prior to calculation of the
data to be sent 25 during thegfirst of the tine
slots. 30. Apparatus according to claim 25, conprising
a plurality of data distributors each for
distributing data froma data source to a plurality of
data receivers, wherein the data distribution period
and tﬁe nupber of tinme slots 25 wthin each data

di sWHhiBRach Safediskipution pated isrubgianjiabyeaual foralbefithedata
t hegid@ibdtorgli stributors. 31. Apparatus according to
claim 25, wherein the data to be distributed is 5
received froma trading system the data is narket

dat g, f or roduct to be  tr d,, and th t L .
r ecgdll ver ‘?paeﬁg&graga???ﬁ'q fod ?'E‘fﬂgi’YheAﬁtﬂgf‘%SG%a}ggt%ﬁj'ﬁf%'ted 1S
3 0 rdcaiveti Hom whiekiftignsyistin dpk datt Btmalket §81 foes bRshucsto be
di V{adﬁd into a plurality of blocks, each bl ock having

an apgfl the datg regeiyersarg tradingdlpoffer ei n t he dat a

cal cul ator and data distributor cal cul ate and send

data to data receivers on a block by block basis. 33.
App3¢-at \APRasalus dicaerding tol claim 2% wheneindhe ddtt distribution period is

recgi,: ' f t.a,sent_t.o them ever .

e b YRl s, FRETHEE hatife TR e e
104. sIéﬂspamdiWhEr&m G:B’ dita g:atou!at&t:raénﬁ %atM?E@bﬂcﬂa@IateMand send

receiver ake notice a ent to em every

ti ré%t?i%%a@{a RRHEMVEFSNN %%Ck??é{dﬁ?% Bas®dr nmultiplier. 35.

Appar atus according to claim?25, wherein selected data

receivers take 20 notice of data sent to themevery M

x A% meinagalys agpendingvoickaia 29, adiaseginfdasa receinsirs takei natice of
andydta isenftodHEMBVeR M fiRdiiftds | Wh & SEa %ldmgpfjldo?rmultiplier.
15 |
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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36. Apparatus according to claim 25, conprising 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, conprising: a data distributor for
distributing data to data recegvers over a data

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

di stributor conprising a slot assignor for assigning
each of the data receivers to a respective one of the
time sla h QMS a data cal.cul ator for calcul ating
during tihe dafadisiipyior ceprisinga et-assignor fonasigning each of the

per 48 secaids %o MreSQpééﬁ&é BRE of Bl tRAS an@sagaﬂgf ecei ver,

for each tine havi ng an assi gne at a
recei vera datae:aMIaiortfor balcglating daringhthedime slobosieneM data

t hey ol [ hu rsnin t t he. dat.a

N ec%%‘e)ﬁm\g}\j ?%f d(ﬁ f Hg dgﬁrggcp %égséﬁg%% receiver, é?r each time

aig rslotdiavirlg an dssigmedod@tamecei'aégatﬁemdma fod bg et wfmé deef a
receiv co sin ta, distribuytor

di SEPPNER %?ng@étcgﬁf'é@@ IRg Bie datate Heseripcecqiveravithin the

datifing €€l ver over a data distribution period, the

data distribution period being divided into a
pIuraIity of tinme slots; the data distributor

i si
COTRE! S Ao P RESLREN 35 A0 % BBl is
10sl Geeelflens doraprisingt i on of data; and a slot position
swapper .ever dat a d st ri put,i_on
ot oot s S be st uihg oflaegerey G RS Source to a
t hedaﬂ@t'@eﬁi!éimbbslﬂh%@lﬁbuw perfdtd tse\aRiRl diStribfon period being
posi tion of that random sl ot | n the data distribution

perdigded intd galyralityaf fimeasigtsiat a recei ver assigned to
that ti qRe 8h@distblifdr 88:9bRShg &l di& 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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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. 25 40. Apparatus
according to claim 38, wherein the swapping of data:
slots occurs prior to distribgtion of data to the
data receivers in the swapped tine slots. 27 41
Appar atus according to claim39, wherein the swapping
of data slots occurs inmmediately prior to
distribution of data to receivers in the swapped tine

sl gs. 5 42. Apparatus according to claim 38, wherein

t hets| otARRSERIUP GRCUARNG Ja claig#8h Wherrin tham swapRing ef delacidots
sl td a6 t A3, : '

ol Sehts i ARIBNISRR to Bsfibuudior 3RACTEHNASTR LA SHabitd
r arftioerlpts el ected sl ot is swapper occurs later in the
sane data distribution 10 period. 44. A nethod of
periodically distributing data to a plurality of data

5r e . v erAppaeato® atsdrting tdiclaiei 380 whefkih thalsiat poSHitr SWapper

period ipto a plurality of tinme slots; 15 assigning
eaciams tﬁﬁéa Y& Fe\‘i’éﬁ%t“l"g’ ah pdiggeetsidte one of the
time slots for distribution of data; and performng a

| ow frequency shuffle of the order of the tinme slots
rel4d i vé\pparathe ageardingite claim 38, wihefsie theeotbet si2dwih which the

SO 488 ol lcEIAREG5) i g st

10pl pegiodt y of data receivers, the software, when run on

15

20

25

a

44. 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 for distribution of data; and

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

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
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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47. A computer software product for periodically distributing data from a
15 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
20 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.
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mat ching engine is distributed by a broker to a
plurality of trading floors repeatedly every T
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floor relative to others is varied by swapping a pair

of

adj acent time slots every J distribution periods.

A Filgur esdidg s@3tem market data from a matching engine is distributed by a
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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 randomly assigned to a slot. Data for a given
trading floor is calculated and distributed during the time slot assigned to that

floor. The position of a trading floor refative to others is varied by swapping a

pair of adjacent time slots every J distribution periods.

(Figures 2, 3)



