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Stripping data from a level of the data stream may be intrusive since network level interpretation
is required. The logs are uploaded to an analysis system which analyzes the logged network
level data and determines latency.

[0004] In the data time stamping approach, a data stream is modified to include a time
stamp synchronized to a common clock. This method is also intrusive and can delay distribution
of the data stream. The time stamp is analyzed at different points in the network to determine

latency.

SUMMARY OF THE INVENTION

[0005] Embodiments of the invention disclosed herein have particular application to

determining latency in a network or networks that distribute financial data, but such
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application to distributing information of various
ki nds besides financial, e.g., legal, nedical, _
techni cal and/or other kinds of information. Financial
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thought of as a tine series of nunerical values. For
exanp price, quantity and other kinds of market
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[0007] In some embodiments, the recorded data is provided to a common processor or
analysis system to determine latency. The recorded data may be provided to the processor in any
suitable manner, e.g., as batch files, on the fly, on demand, or as it is being recorded locally,
(e.g., over the network), etc.

[0008] In some embodiments, the processor or analysis system analyzes the data and
determines latency. The analysis comprises finding corresponding data values in the recorded

data and processing the associated time information, e.g., time stamps. Where the local clocks
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data and processing the associated time information,
e.g., time stanps. Where the local clocks 2 .i i are
synchroni zed, processing the tinme information may
conprise sinply conparing tinme stanp information.
100091 In the case of financial market data, every
pi ece of market data is not unique. |Instead, narket
data can be very repetitive. Therefore, flndlng t he
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sanpl es from two or~hore
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nmpgﬂglcular tinme aSSOC|ated with the data sanple, and

performs a standard deviathgpcﬁ?L;ul?ggggsogefgits .
IOO"jﬁ)Ié gtngddﬁgt%é%tsl%ne%pa %t?c%gcg%r%mloﬁé{v Fk@ BBF diflerepeg between the
pre@ﬁlccé qtl?e same %ata at two or more network points. According to some embodiments, data
samples from the two or more network points involved in a latency determination are processed
to identify the same data by a matching process. In some embodiments, the matching process
sclects a first data sample at a first network point, ¢.g., based on a particular time associated with
the data sample, and performs a standard deviation calculation on the related data sample. The
matching process selects a second data sample at a second network point, also based on the
particular time. Time information associated with specific data points in the second data sample

may be used to confirm that the second data sample corresponds to the same general time as the

first data sample. Standard deviation calculations are then applied to a plurality of sequences of
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particular tinme. Time informati on associated with
specific data points in the second data sanple may be
used to confirmthat the second data sanple
corresponds to the sane general tine as the first
data sanple. Standard devi ation cal cul ations are then
applied to a plurality of sequences of 3 data points
d,in t he second data sanple. For exanple, the sequences
Ry Nt Blstoa7He daB bl fiior Agmtlh ehese queencendytetdbeic Bhhifiing
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samplejhgvang tbgclasesstnatgiecialiogat i ons in a communi cati ons
networ k, application |evel data may be sanpl ed and
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finafial data) at a first point in the network and providing a first data sample of application level
data from this data stream. The method further includes receiving a data stream at a second point
in the network, where the data streams in the first and second locations include common data. A
second data sample of application level data is provided from the data stream received at the
second network point, where the first and second data samples include common data. A

correlation between the.common data in the first and second data samples is determined prior to



second data sanple of application |evel data is
provided fromthe data streamreceived at the second
network point, where the first and second data sanpl es
i nclude common data. A correlation between the comon
data in the first and second data sanples is
determ ned prior to 4 determning a tine difference
bet ween the correl ated comon data in the first and
detgRiNAg HRe diflcsannpbaweenthperslatateopmatindsta io tenfirst and second data
enbodi nent of the invention, the first network point
sampleSt he  network is at an upstream network poi nt
serving as a source of the data stream and the second
[00BkY wor k Assprdingitmart ¢nebadabemo ok thie snvatiticn, oINS hE®@@ER point in the
networ k point at which an application program
networs dudlag upgrepmogiveek pdiet st adatiae suphifa ofeam, and the second
application | evel data. [00014] According to an
netaers odintirihe oftwotkes atnviennsteam fidneorappini @abﬂiﬂfhrwp@géaai% program
at the second network point executes at a conputer
exegutest te pravitegionsruetidaiatai san pMiot Bpgiketidni iewd dagt wor k- poi nt .
[ 000151 According to an enbodi nent of the invention,
(008 f i r Stccarditig seanmebod i ek 6 Kthp @iveitfon, A GpSlRWMSH Fr8&9h at the
froma source of the data stream whereby a first
secaypleivaal paint gxeQgsamh exREEreSsidh in tdiembhifSilon DEHMRY frst network
point to provide the first data sanple of the
poi@ppl i cation | evel data. A second application program
executes at the second network point to provide the
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applia®¥il @eeildhg second data sanple of application |evel
dat a.

[06016] According to an embodiment of the invention, the first and second network points
are downstream from sources of data streams which include the common data. A first
application program executes at the ﬁrst network point to provide the first data sample of the
application level data and a second application program executes at the second network point to
provide the second data sample of application level data.

[00017] According to an embodiment of the invention, calculating network latency is
based on first timing information associated with the first data sample and second timing

information associated with the second data sample.



[ 000171 According to an enbodi nent of the invention,
calculating network latency is based on first timng
i nformati on associated with the first data sanple and
second timng information associated with the second
data sanple. 5 [000181 According to an enbodi nent of
the invention, the correlation is determned using a
statistical algorithm where the statistical algorithm
[0D818hased Aotordinf itar &t enstodinkar off Weinvattioanthe e@tdtatloatis ddtermined using
associated with the first data sanple and a second
a sttandaeidodd, ahéremhecadtictidabilp@ithmasbaed at € drswhthilatd @ viation
second data sanple, such that the correlation is
cath@ta@bmhRedatby/witk eatfirdt Mhta@arh fle andnd shcomigidhideleenaeén calculation
between the first and the second standard devi ation
asSatlatadlaith @8 secodD@RQh pAG C@h dihad thelcorralaL @b aete mantd ©f identifying the
the invention, the correlation is deternmned using a
mithi i @6 Hifeesmpabdrsedm B fifshadithd &toRinthnaRaRdagla @lculations.
sanpl es. (000201 According to an enbodi ment of the
[00009eNt | ORccdriie &f At dnioliGiint & 1BOMERITh] Be BARLHi0RRs determined using
cal culating a cross-correlation between the first data

a ERERIe paddnlon e TR AR scd Bl Pu SR RIpRs. [ 000211 Accor di ng
to an enbodi nent of the invention, a systemfor
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systemmay include a first nodule at a first point
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at the first network point. Al so incl ude In
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thd ks i mpdb ,aga% £d SE&)nB ggm T H&\\BRQRJKQ@&&F%{ Lot lﬁpgpphcauon

sécond data sanples etermnin ferenc

le@?w‘(@ﬁ%é J@?cmd r&&ﬁgczr%&or&cacﬁ[:%{dqgta sgm%l}eoqgg WiEDE, dﬁq fdata received

the invention, I rst e may socl at e
at the second network point. The first and second data samples include common data. The

system further includes a third module adapted to receive the recorded first and second data
samples for determining a time difference between them.

[00022] According to an embodiment of the invention, the first module may be associated
with a source of the data stream and the second module may be associated with an end user, the
first and second modules may be associated with first and second end users, or the first and

second modules may be associated with a common end user.



with a source of the data stream and the second nodul e
may be associated with an end user, the first and
second nodul es may be associated with first and second
end users, or the first and second nodul es nmay be
associated with a comon end user. 6 1000231 According
to an enbodi nent of the invention, the systemfor

ermning data |atepcy may include a storage device
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first nodyle and the recorded second data sanple at
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data sanple arriving at the first nodule and the
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According to an enbodi nent of the invention, a method

the §fst fae epR!hpTh ngat Be liat amdyleiand the sprondedrik sample bt vete @ the
data stream of data points is transmtted, is

secidgy9didd. The nethod includes recording at a first
network point a first data sanple, conprising a first
pl UkapPiding tefn gabedipentref the imfentigppiniettandi cddekevieingdatdatency in a
froma first data stream and first tinme stanp

netwerk on v dhardagessiisen af dda whinks is trdvemitiedsis pplvired] i The nofthod includes
data points, and recording at a second network point a

recasdop Ak ftrat eetwerpbie! a ficodps banmg camgedanafipt pluedlitt §f dafa points, of
data points, of application |level data froma second

appligatian v elaiaim fronapdirs doasideat, med Stsanmpe stadp irfatmanion associated with
associated with the second plurality of data points. A

the Hest plhralipetideemointse afid restrdiap dt s@comithethadra psanpbesnd data sample,
determ ned. An average tine difference between the

compyipigg a serdnéploowhity dfidaw piragrpf applicativatiévehdadtsromarsecond data stream,
determ ned, where the average tinme difference

and ptcend des slampeeisumatioo assdeittad hathelmcsgcdetpheelity toli dath poiats. A match
and second network points. 1000241 According to an

betveoah difiveiand efcondéata samgridsiiodgterchiredr minnivaggd tee diferagebetween
time difference may include calculating tine

the {@isf énd seqoo e § Mo stawpe nfotth@iands thes paadiing!, paére sheafveiabetime
first and second plurality of data points within the

differatee pedides p steaundofSradmdndatcaveza il fast ans iseu@nd h@work points.

[00024] According to an embodiment of the invention, determining the average time
difference may include calculating time differences between the corresponding pairs of the first
and second plurality of data points within the matched first and second data samples using the
first and second time stamp information. The match may include an approximate match or an
exact match, whereby the exact or approximate match may be determined using one or more

correlation techniques, or one or more other data comparison techniques.



first and second tinme stanp information. The match may
i ncl ude an approxi mate match or an exact natch,
whereby the exact or approxi mate match may be
determnined using one or nore correlation techniques,
or one or nore other data conparison techniques. 7
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di agram of portions of the in ormation
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[OO(HGPr eseplg. 995 a flow diagram of an embodiment of the processing represented at least
partially by the data value correlation block in the flow diagram of Fig. 4.

[00031] Fig. 6 illustrates sample groups of data and processing thereof according to an
embodiment of the invention represented at least partially by the flow diagram of Fig. 5.
[00032] Fig. 7 is a diagram illustrating log files at end users or other systems representing
an embodiment of the data logs in the network evaluation system represented by Fig. 2.

[00033] Fig. 8 is a block diagram of two information distribution systems and a network
evaluation system according to an embodiment of the invention for determining relative latency

between points in the two information distribution systems,



an enbodi ment of the data logs in the network

eval uation systemrepresented by Fig. 2. 1000331 Fig.
8 is a block diagramof two information distribution
systens and a network eval uation system according to
an enbodi nent of the invention for determ ning
relative latency between points in the two
information distribution systens. 8 DETAI LED
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angihst sRAG MmN 1 Histrded i 918, a netarek pebwiieiesystert @A dscoupled to
~information poncerniq? information distribution
infymptigpedistobutign @eoala! Ola, and previdestitensy linforratipn bertoprming information
one or nore points in network 101 a which receive
maab%ﬂmﬁb%W?hﬁHﬁwéﬂpﬁhedhs@ﬂh@dﬁtmwt&ygtemwCi@ﬂnan@nwinnmwow
104a., The network evaluation system 100 will be
10d e sbichecdiveidpigtirom informesgredistribgiometystemk | (Mohd d Adh. Filgsietwork
1-7. Much of the description of network eval uation
evgluaticarfy o0 180 ovilhbe deseikbet(irstwiilhl resppglty néteorketOMank Figs. 1-7. Much of
eval uati on system 100 and network IO a illustrated in
thegiggeri@ion DOOOBBIK cFhkvationt ystmt 00 anding tvoikbl@il ivot aprey worekwork
101 (Fig. 1) may conprise information sources
evalpatpnisysiemrl 0 endemetworkd@heillabtrajedoy Fid2, i nf or mat i on
di stribution system 104, one or nore end users
[00@¥6h- d, iTbf efemeeeh ¢jsetnbutidn netviayk 106(Fi@ 1§ oy préseiifosnation
network 108 (which may include one or nore networks
sowrael I92a. by sietengired gamdralip b 82, uEfoinomios WstrénidiO€)stem 104, one or more
conprising one or nore analyzer systens 110a, b,
end gfeey Hifg-ddrefraereedéngrably by 106, Jf @O GIcalitres rienfok 88 (vdich may
di stribution network 101 (Fig. 1) may distribute
indlydenerat inor nofworlvsanidu sy skénmglsand @n gvaludtion ayseinal Q0 do@geéiking one or
medi cal , technical and/or other kinds of information.
mdrpamtyeer systems 110a,b, referenced generally by 110.

[00036] The information distribution network 101 (Fig. 1) may distribute information of
various kinds, e.g., financial, legal, medical, technical and/or other kinds of information. In one
embodiment, the information distribution network 101 distributes primarily financial
information, including real time market data, for example, as described in Application Serial No.
11/274,821.

[00037] [n an information distribution network 101 (Fig. 1) that distributes financial
information, information sources 102 include information sources that provide information

related to, among other things, financial interests, e.g., interests traded in stock exchanges,



enbodi nent, the information distribution network 101
distributes primarily financial information,
including real time narket data, for exanple, as
described in Application Serial No. 11/274,82 1.
1000371 In an information distribution network 101

(Fig. 1) that distributes financial information,
iLnformatjon spurces, 102 include infgormation sources .
ECQNiafopP o PR F P RATAGAS. Gl H Mg g GicAuee, indices, etc.
[ interests, e.g., interests traded in

t.hings, finan i?l , g : aded |
Sugh tou eéwéhgﬁgvge', y orgpagiEal exiegRhydntesra g inferaatiop gigibution system -
mar kets, derivatives markets, foreign exchange, .
10§.nequeess 1 0ga gnd 108h a5 exgyipleedf ertggnabiouigsoprdsogreed 92¢ jsan eyample of
external or internal to information distribution
an IWIAYIPUEHA. Sources 102a and 102b are exanpl es of
external sources and source 102c is an exanple of an
[00038ler nal Inésmrden soyren BBIcoPHR Gt Vigharsis (prmaiéomdistribution system
conmuni cate with an information distribution system
104 that mpatonprymple opssextdenspesoligae aatmadize anshebrivifgtpaocess data, e.g., in
normal i ze and ot herwi se process data, e.g., in a data
a dplp peassssinggy 5519 tlddn fordistripesrondivet the pamioricadipes netiyerk 108 (e. g., one
communi cati ons network 108 (e. g., one or nore
or mpfewpal ate metwanksk 5A NS AN Ns\IANBnets, abe errmedrs Vindyrd Poratedieevorks
Virtual Private Networks (VPNs), one or nore public
(ViRdpvwieles moee public nblevorkst(e s m the)Intamd!) ang anyorwhibiratipo thereof).
thereof). Information sources 102, e.g., sources 102a
Inforvehtio® shresh i1 8P car soextelOFaknd H02bhehi¢hrdroextaniign the information
di stribution system 104, nay conmmuni cate with
disiriphigemarsiconl Odi mey fbunineats ygh erfori@ionyisribttien system 104 over the
conmuni cati ons network 108, or any suitable |ink,
corpnivigdt@nenetpyathl 08, orhe siireblerlimht proate alipsblid. Bikkiinfarmation
~system 104 may include sources, such as source 102c,
distripgtionyyste ndld4 fmayama idel soudces, owchras s@med 103m tha poanideefnaagial
| east partially internal to information distribution
infergatiemirdi 4esaniges & demsmirtcdly entevintlho infernddbadprribogessysgm 104 and
system 112 over, e.g., a LAN. Information distribution
congrysritieats with thergtapoodessiey systkemoMA oiver, ¢.pea 8AN. lefogmatidnhBstribution
BLOOVBERG PROFESSI ONAL(r) Servi ce.
systems and networks are known in the art, e.g., the BLOOMBERG PROFESSIONAL® Service.

[00039] Data processing system 112 (Fig. 1) transmits data in a data stream or streams to a
plurality of end users 106 via the communications network 108. Each of the end users 106 may
include one or more computers running software programming for, among other things,
accessing, viewing, storing, processing, etc., the financial data information that is distributed by
data processing system 112 over network 108. End users 106 may include individual users such
as end users 106a, 106b, and 106¢ and/or one or more firms (e.g., financial institutions) such as

end user 106d.



1000391 Data processing system 112 (Fig. |I) transmts
data in a data streamor streans to a plurality of
end users 106 via the comuni cati ons network 108. Each
of the end users 106 may include one or nore

conput ers runni ng software progranmm ng for, anong
other things, accessing, view ng, storing,
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more end users. 106. | atency or | atencies can be

belySFR MR Hrere P%P‘Sé&awdeuse . AF ahwesnPaHEind wp g mgfe end users (or
financi al .data gl on nts in network 101, , .
beipiethp G5t he i Geoge e dg(}éﬂ%ﬂwfz nfgoR. Se E@é’rm%})’ in one

or npr e p0|nts in an
apﬂ&é?"“ éﬂ#enﬁétSﬂéEﬁn m?ﬁ?‘éve?fha PRARS bke-roPd eewrug%%n% wtem 112)
% ﬁg ot her nts or nodes in a data dlstrlbutlon
o POIG RS E NGB ST | bl gnotheheraw@xmawmeaaus piermined on a
| atency i s determ ned betmeen a in the
fe‘%lafia# Sl rﬁB“%‘if’E%% T misSlo el Bia e ndiso govngiggam poins in
d ﬂ1user 06). In another Enbodlnent | atency is
a a‘éfj&“ UHBRHNSHOK € B e RORRBEAS Lan the sgme of differea) %{@.%s 106. In this
b .ency in transm ssion of data between two downstream
imeRy hﬁ1at%lcaat%awd<?*§tfwttﬂnfr%aﬁfé"ﬂwa? ROINg €@, poigi A (in data
points B and Cin the sanme or different end users 106.
PFOF?FSFﬁu%‘e“éhb?o%n an'i‘é?ff’”“‘t‘f?é SPHERAT P RAT It BV UIPTSRPTe YQtvngream points

Lr8n1a common poi nt, % point A (in data
in the distribution network, e.g., pomts and C each of which may be in the same or a different

C
latlfe r)l

end user 106. Where the points are in the same end user, the points can be associated with
different application programs executing in the same end user.

[00041] The data stream received by an end user may be identical to or different from the
data stream transmitted by the data processing system 112, and the data streams received by two
different end users may be the same or different for both end users. Also, the data stream

transmitted by the data processing system 112 may be the same as or different for each end user.



processi ng system 112 or an informati on source) is
conpared at two or nore downstream points in the
di stribution network, e.g., points B and C each of
which may be in the sane or a different end user 106.
Where the points are in the same end user, the points
can be associated with different application prograns

nd
Hoev%%?egrgmepg ceicq%rgdnzblons are s&d é?mrﬁg98%t% qta%ﬂ%qsngﬁtte% a8d 6ece1ved data.
di f.f t I t tted by th
Usiigy %ee'ﬁl?%cdsﬁﬂg. rﬁamségté gﬂﬁ% 3B AR ¢ par
d t d
OBEEL g e B S 0 2 F B g 2By vros

rans ed by the data roces stem 112 b
end harS et BE Ryt SPERn O Badh LeburoTea e onBybs Sua
at enc det? ations are based on common data in
P"%¢F§H§r§¥i‘ Bd éﬁ'&p T BUEFOEGC U, OF U hY qvab?ﬂn?ralavca&rawwork 108
ans facilitates a determ nation of data |atency
amf @rdgafﬁt links. Epifpmpls, anp ZEfaStyé‘e‘Baltl % may deiespivg lP@@?i’efé‘tm data
to financial _data received by various end users 106,
pro&gﬁsggéﬁ%wrpﬂé@ O‘éﬁélﬁé‘f?lrlb”ogst?ﬁ‘ psers11 0pp, lpfzb gnd igéc over communication
conmuni cate with the data processing system 112 and a
Patébﬁbe“’rzn@di et épsprsdivelpr Siikrly, aelzevuster dﬁ?hmamfﬂ?rmse data latency
network 108 and/or direct |inks. For exanple
frogyfiatapratesgys istim 1iGe vivaget werkd Piiciadiidual ang etz yithip gad user 106d
data processin sten1112 over network 108 to end
ovgISemE uNFElON m%4 an84Toced BY/BY. Wotwresmedde fedaiive gaia fpsency, data
P1, P2, and P3, respectively. Simlarly, analyzer
lal@ygﬁ@mbp detemningd onsetelting hesischet ween spdnets 1067 ew?/ tgb gver paths P1
£roce33|ng system 112 over network 108 to individua
ancedbYGRANRE tnGice flEmusEr Prawsdng wviem [ddnneash efeidgisers 106a and
aths P4/ P5, P4/ P6 and P4/ P7. Wth respect to relative
IO&PwlmaEYecﬁeyderwateach A gndHEys gy anb 1 Qfbtas p et thhdaga distribution
rel ati ve basis between end users 106a and 106b over
netygtknld | pad mgaguripg thsylatgenypherehegveeat Bucieesminingrdadatancy in
processi ng system 112 to each of end users 106a and
infargghon distridhigsl netwerkd PHér datytranawhited by datd prssessing 598em d gl network
106b as a point in the data distribution network 101
delaysdn Heasupusmgths o dateprogestingsysivet Wean endyscoanar briidénigied and
data latency in information distribution network 101
addresseglafonthe parpssristof axdnimyzinpsuah gelasewd ampng petee thirgs Xptimizing
net wor k
network performance.

[00043] An analyzer system 110a is depicted in Fig. 2 together with end user and
information distribution system components used to determine data latency. Information
distribution system 104 may include agent module 118, which comprises a local agent module
124 and a data log 126. Module 118 may be an integral system within information distribution

system 104. Alternatively, module 118 may be coupled to a LAN in which information



delays in the various paths from data processing
system 112 to end users may be identified and
addressed for the purposes of mnimzing such del ays
and, anong other things, optimzing network
performance. [000431 An anal yzer system 110a is
depicted in Fig. 2 together with end user and
i nformati on distribution system conponents used to
distteugemiymemdideas ¢aipdcocal ageor maduloh24 dasbe ¢dadipiredito sample
system 104 may incl ude agent nodul e 118, which ,
apoami lses fiaadcat ddta agentansroed By didd pandsiag dpatean | geillzbat a pre-
Modul e 118 may be an integral systemwthin
proicesks mg [wapd s prodé ssing istapk, besed o8 yetfenrablkettifbd. Fonadaimprl the local agent
nodul e 118 may be coupled to a LAN in which
moidlf d 4raial arriub2 adbsfigurddioh ifita(nstyshben) thtdieiesmimeiphielland how many
Local agent nodule 124 may be configured to sanple
datappihisaid loc agev €4 daptiddiGindlogsl af e i R fllE ans @i filugehtddyin Fig.7
data processing system 112, either at a pre-
anddiQLes8 ingoRrdeRdHelop OCessi ng st age, based on
configurable settings. For exanple, the |ocal agent
[ooowgul e T4 1668y adeAC] MARiga2 Ce®iRf dcliVERIni tRdtedficbRiduB@ly logs the selected
shown) that determ nes which and how many data points

dath Péinls @€ @da RGANE udddnFRabEY FEsRo r_@decé Q0 8ath Mal N6 K&V ideQdo all end
file 126, as illustrated in and di scussed in

usePDEIRd£I@Tsabloched @4 10k 496 4dis e-EE'@resl @&he @egﬁf(‘)'g \Jll"z@or(tfh @ppropriate
2) after activation thereof continuously logs t

dat$ ®Ir@Giiefy deRtrRinRRIn 8nyt @ vidtéinl %wé&%o”ﬁt?ﬂe dhﬁ%fr %tc%ﬁj be
to stop. Slnce all data may not be provided al |

config@re8 10 Rhdp s6@ta@ite SodgPOGRE bR ndat Rad i e Aty thg-mtac* log. Tlmmg
ensures tﬁat the data log will contain appropriate

inféiahaod @/g. alrrleasttﬁilkﬁ)’thQQH&{tmeB@i@:|t@ﬂsn§§sxmmg®\f\@§c;tﬁe$@mc prior to
net wor k poi nt he data | og 126 can be configured to

trai¥fn@Riofi Po tthedantp@l daRUF 8 Ha F 240§ Se RALsobdalel vhdhe sampled data for
overflow the data log. Timng information (e.g., tine

use St FéRBhirgNAbndydR R hinh@shs b an hiARIM3RKON ok Me (or

another tinme prior to transm ssion) of the sanpl ed

(000 a i N ANG4G3S9 005 1865AW ERh kém&%s%%?ablﬂ,faﬁ% WoLmE 180, 130b
sanpl ed data for use in performng [aten

opefhE B i1 RN nYveRBF cﬁi&adnMﬁ@&te@yﬁ%%ﬂn;tl&?dlstrlbutlon network 101, a

local agent module 134a, 134b, and a data log 136a, 136b. For example, application program

130a,b may include a suitable interface for displaying and processing financial data (e.g., stock

quotes) associated with different financial interests (e.g., bonds, stocks, foreign currency pairs,

etc.) and different organizations (e.g., stock companies, bond issuers, dealers, market makers,

etc.) on a display screen (e.g., computer monitor). Local agent module 134a,b, similar to local

agent 124, may include configuration files as described above for local agent module 124.



1000451 An end user 106a, 106b nmay each conpri se

application prograns 130a, 130b operating at the

application | evel of data distributed by information

di stribution network 101, a |ocal agent nodul e 134a,

134b, and a data | og 136a, 136b. For exanple,

application program 130a,b may include a suitable

| rfacg for displayi nd _processing financial data
0@ *cPigefergnIed? JASHa R G pLRE

0 fore
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COBE?‘?‘S‘??I(E@J”%I&Q} ’Elggaé%%ge)?ecgﬂ%{ngq??)?gtpcé% orgvhé%{}ﬁrkcgtalpgaganm) values are
=y k i b i s d | t

o B EOTRH e R B S o,

itor). Cc agent dul e 134a,b, simlar to | ocal
MEEE AL N TGk, SRR e gkt oo RiiRaudth ¢ae@ poifE or e
seldle btﬁeség)lg?k’esqiTﬁ??q\i%tiggéglc%g?% pggﬁltg{ gg%gld%g% 4c§n lég’azgu’?rgg g%rket data
an end user, the configuration file can designate a
being|cgpyumsd ARG PN BFOLEPBIERIOFAHP- AT CKATRIF- & JAPATCE R il may be
values are to be |logged. The stocks woul d be sel ected
degirabif 1o meguor Aok tadedqn We il gkyorexeeges B Rarisulpp customers are
MSFT, DELL, INTC, GE, etc. so that the data stream ]
copgsreddbautpmarifRIAE Sterde schSionk B1ay 8¢ addsd to aeqnagirgdlist of monitored
stocks. The selection process for particular stocks |
sygeplendae emfigwationligmay gfsongydst canligurabifeinisgergurrsiifsdndicative of
and on geographi cal | ocation. For exanple, for _ _
datpspmpledengdl, thehdeiermyines thpnuger ofeash fishestedy prspapasfity pairs (data
synbol s traded on the Tokyo exchange. In particul ar, _
pojrfs) ¢usamphiedndl leg eThizgiiieie HatR dmvdsampie ssleeted éripageessingoxould include
such stock may be added to a configured |ist of _
theygmictngmeer of pyistatastityaes Essehgaleated ack Epeh dpgpsamiplsgomprises a
i nclude a configurable integer paraneter, indicative,
copfiguregapunbs st datp sHRRIA lengihe! daet ROIHE. n§Tebh gachdalg@pingfncludes a
~each of the stock price/quantity pairs (data points)
tinestagakpdl @ CaFRIPPTsiiNg Priseyolips priess PHasamplyat te saaag (e, end user
sel ected for processing would include the same nunber
poigh) avd isewtylgantinfoymadiah distribytionaystymg efecnse ferdbly 1ob die sarpa d4ia sample
data sanple conprises a configured nunber (i.e., data
lengtimiploeder eagrptiic teliaklamatcpisign Temingirdprainyior ecth, tifeg arpies) Hiat identify
includes a tinmestanp and a correspondi ng price/ vol une
theya¢aips linRatfahesdatppiampleats asbrsiatelryight the datysampdesdfoungsein performing

latency determinations. The samples and the associated time information are stored in respective
data logs 136a, 136b.

[00047] Analyzer system 110a (Fig. 2), which comprises a processor 140 and an
associated database 144, is coupled to end users 106a,b and to information distribution system
104 via communications network 108 (or otherwise). Alternatively, analyzer system 110a may

be located at information distribution system 104, in which case the agent module 118 associated



poi nt) and source (e.g., information distribution
systen) are preferably of the sane data sanple |length
in order to provide reliable matching. Timng '
information (e.g., tinme stanps) that identify the
receipt time of the data sanples is associated with
the data sanples for use in performng |atency

the associated ti

wi gﬁ@ g#‘ﬁ%?‘?%% Cﬁ%‘ab%toaf @d‘nﬁhl °r4£%33&°9%e taéleeae%g% Siﬁ%‘é viaa LAN.
0047 110a (F
S”Eiﬁ@r?%@%ﬂéY%F@@iB%és§R%%§te méﬁe“%é§%g?ﬁied daL;base

coupl ed to. end users 106a,b and to inforpation

(0485 1§ b EERTE oD S PE RO GHCH Dat i en IR andlor end
108 (or othermnse Alternatively, analyzer system

usef { %b feRFdipg “P‘Ub‘éi? Beftigilarlpg gy ﬁiﬁier%'ﬁatmné%i'r%u@q%wmples of logged
system 104, in which case the agent nodule 118

PR SeR I54e0 6 AR EDVIder o W TRse G4 F5Ka5iAGcowih an involved
systen1104 may be coupled to the anal yzer systemvia a

angl JERf SYSiSnj 1|0affqnydatzah>a§ 5/) Yol 3anpseiemn léroa{wﬁgxa bein|s@adtimg associated
at an end user 106a,b. 100048 In information

infofmafipn may boproifed irany ouitabiei fashiam) e.g aph batchefile angbe Nl @6as the
and/ or end wuser 106b, depending upon the particular

datp gbsingyorped.exaw avat ¢amrm ehaestiprsche ek A08% angihe salafpolntsgpyd dssociated
application level financial data are provided to the

timg Aray ba peovideq tepsthoteraeradatelyt RrogesspmiAdliv archlyzanbliOy 2eqesses the
system 110 from data | ogs 126, 136a and/or 136b. The

apRijad@npoichfisanaiabidats s ples o gt attaestl] 4diand ofenafidsamateiane (véthin limits)
provided in any suitable fashion, e.g., as a batch

prigefquantity date frethg Mdgta saynplessat theenetvahak points ibmifargaliggdjetdbution network
e.g., over conmmunications network 108, and the data

101gfer whish datehcassto bf deteahingd: rithe meogedser mf)owcslsds the getehefiormation
or separately. Processor 140 in analyzer 1 |Ca

assepizies Wil the denti Bigrhpriceuansity dasypdint fadateinile thialateneabrobes
i n dat abase 144 and identifies matching (within

conpragd reyworfs Pt/ (qaahetivegn pRntain dua frecedangsys@mpl l@sindend user 106a
the network points in information distribution network

or end usefr dPStwki bdth.|cabetmeyn pEnts o1 dnd uders ¢0Gaiand d06bIdran the same end user).
processor 140 processes the tinme informtion

(00X oci aflbd pwictds forveterdmntgi reivelk frtdnceAguaiitg th yn dabadiment of the
points to determ ne the | atency between

invention between points in the information distribution network 101 is described in more detail

below with the aid of the flow diagram depicted in Fig. 3. Where appropriate, the blocks in the
Fig. 3 flow diagram are referenced to components depicted in Fig. 2. At block 302, financial
data is processed and assembled for distribution in a data stream or streams to one or more end
users, such as end users 106a and 106b, over communications network 108. At block 304, the
clocks at points between which latency is to be determined (e.g., between data processing system

112 and an end user and/or between two end users, as discussed above) are synchronized, e.g., as



concerned network points (e.g., between points in data
processi ng system 112 and end user 106a or end user
106b, or both, or between points in end users 106a and
106b or in the same end user). 1000491 The process
for determ ning network | atency according to an
enbodinent of the invention between points in the
d Lgiggtlon di stribution network 101 is described in
e?fb' 2%4i(PYNCBEINGANM R Rfer!atedt Bt ipgtion|obapadizafyatem 110a or
. depicted in Fig. 3. Were appropriate, the blocks in
‘“fPH‘ga“oliudﬁmbg“?'r diean Wrahsrahae duapedanesembly OF FpIIIfE L ie time of a
depicted in Fig. 2. At block 302, financial data is
'mﬁF68@§§@6méﬁd assenbl ed for distribution in a data
treamor streans to one or nore end users, such as
lm@ﬁﬁluseré‘ha@éﬂéﬁ5@1®6$ﬁaEVG$MG©WﬁWH1Uéﬂmoﬂsnm@#MmmKMmsnfmn
108. At block 304, the clocks at points between which
0’ﬂﬁ?@ﬁ@yﬂWQmﬂwnE@Kwém@MwﬂhHB ("¢ blpck 3@eappbeniodddval data is received by
processing system 112 and an end user and/or between
ag$vbwéﬂ91bgﬁﬂ@bﬂwgmﬁﬂﬁﬁﬂwsgdﬁabawﬁm azndér sy apiiicatiinzledt) program at
e.g., as 15 described bel ow. (Synchronization may take
ongpraeere ged wsqistpredidesapplisatiar lewah dity xex losal sp@mmiodhle @a4@r1 34b. The
i nformation distribution system 104 rather than during
respRetize lwsd@atslty24ri 3faid B4tpreieots thempphi@tivn reelafatazand ) abkak 10
determ nation.) 1000501 At block 306 (Fig. 3), data
asspigeeisne h‘@orsygbremgl.l'@ndSltfalnsmsstosiatddl\/\&thidlataa)odﬂst)aviﬁltsEEatmi data. At
or streanms over conmunications network 108. At bl ock
blogloB!2appd iesrtiiomiotabugint as the irspecgieesangdedmppliagentevel data as data
nodul e 118 at information distribution system 104,
samricd/io theaespappk idetatiogi26| Edse) 136b.0Gogingadf thoduea S pimBaad related time
end users provides application level data to a | oca
infergenen madukepla@tagethd34bsepdhaely. rRes peatpil ehel repattivagedat agent may
124, 134a, 134b selects the application | evel data
log alrecssceiatdgl towkin Bt atassmd idatk eam plesv ehmfeo imathi odspéetive data log
time stanps associated with data points) with sel ected
togethtra Dafitsamplepaid 81 jat¢dhene e&prationiee poerkd agaalyzéragbase 144 in
the respective sanpled application | evel data as data
the anpifddesiof déthdlocksplst siveisdatacdoagh b2oyeriBbexpedi@dlclay. For
Loggi ng of the data sanples and related tine
exajupfeoilnit manimmayletag kee xptaaio o gaiune ke RhdsS eRakat@é Yhoukiave on
exanpl e, the respective |ocal agent nay
average about 2 seconds worth of data (block 314 and 316). At block 318, analyzer system 110a

processes the logged data samples and associated time information stored in database 144 to
determine a particular data latency or latencies.

[00051] Fig. 4 is a flow diagram that describes in more detail the operation of processing
logged data samples (latency determination block 318 in Fig. 3) within an analyzer system,
according to an embodiment of the invention. At block 402, analyzer system 110a (Fig. 2)

compares or otherwise processes time information (e.g., time stamps) associated with logged



|l og the associated tine informati on and data sanpl es
as entries into the respective data | og together.
Dat a sanpl es and associated tinme information are
provi ded to anal yzer database 144 in the form of
files of data bl ocks whose size is |arge enough to
cover the expected delay. For exanple, if the maxi num
dela¥ is expected to be about 2 seconds, the data file
datg B CAEFROBANE [QRdPlyén Retwerk 19! Segonds ewbnteh | @ffa, tefband/or
. (block 314 and 316). At bl ock 318, analyzer system1
infpmatiof Gaabuwiog sysiem [lefygédr datrples aithinesalard spssoci Gat g data
tinme information stored in database 144 to determ ne
samplgsare fegigh o framtlatatiaat icand prodest &by presessdkQQ0BHiE. Hi Gor #Hatency
is a flow diagram that describes in nore detail the
detgmérasivn owolyingpwopeissiimgetwbogipeca dat angangnespontmk @S irst point
~ determ nation block 318 in Fig. 3) within an analyzer
in rsirgrre 1 is aggordimg dambaswe lenbadi 6B 8paditulbiEndé PMRAL AR time period
At Dbl ock 402, analyzer system 110a (Fig. 2) conpares
maypeorgsirad W SEms@Enoeesasintd ke tdikOb m@Bhdd® This tirkd PRiod is
stanps) associated with | ogged 16 data sanpl es
selected fiespoudé Windb® vathROThe Hath 11 WG MOIKI y 2QL s (8 1Skt thel i i
end user 106a, 106b and/or in#%?%afion dis??ygdgrgﬂmeW1s
selesi8 telm 1294 knouzh o @4 Eximbht d¥ | ,
Ca, the %atalﬁsanples are retrFgﬁggﬁ%¥gﬁpﬁgyggggg&¥%%cmm
poiaf dithih acR&ESSHpBYTHRIR¢E5518 ddPAdd & @e croufc@muf !E)r%f%%}’s (data
determ nation involving two points In &t wor K E 1, "a
sam@RllengSa) HeR aGafalsea j fl ] ' ) re . ..
LT e i e T o PR Bl nel orR T PR e

fronP agthacdll Arvatddngs tﬂ@!am@cleaggtif;n%??ﬂ(ﬁi.eri od my
Correspond to consecuti ve pornts In a time series

(00d32} Ng ”ﬁtsﬁm da-tral'];;o?ntg {cgpreﬂ)gm#ig(dtoit e se?eg:le%cflt %&f@é&@éﬁt\\é% data

time window within the data fiTe belng ana

sampR&tortRontiingBo WIS insrxet»§(§l< ggf glglchgc{egﬁcal {\j}l‘og%ltng’r}ﬂ}"n%g (block

1]
to cover a naxi mum expecte ween

1o Ic cor .i r. .cmugIt L3 1o e
404 &OF éeﬁpﬁ%ﬂﬂdﬁgoﬁé‘aﬁ% RUIED Whglnlerﬂl aqeosarﬁa Cglirllgﬁgfd B)Oc!gff{lglne

time period depends on the confrgur

whe a inls d ta | inp§4n i '
he(tdathd d ﬁ@mﬂl %fl[h%rzig!;ar}a%gl-gggcprre?%%n%ma ‘%&%SPO‘TM“ ?rgormallon

corr_espondl ng to a second po A
dlsurétgxltné}étﬁée/tg/grtkl lﬁ)g%%]éc?]ﬁ%%%%gi% o]f%gpr%%%ea(tjel)g nthth Soiﬁt%rge?g., prices/volumes)
could match identically, or within predefined limits. For example, the difference between prices
may be within 5 basis points. If the data points in the data samples so match, then the time
information associated with the data samples can be used to determine latency from an upstream
point (e.g., in information distribution system 104) to a downstream point (e.g., in an end user
106a,b) or a relative latency between two downstream points (e.g., one in end user 106a and the

other in end user 106b). If the time information of the two data samples corresponding to the

two points in network 101 do not so match (block 406), then the process loops back to block 402



1000521 If specific data points (corresponding to the
selected tine period) of two data sanples
corresponding to two points in network 101 nmatch
identically or wwthin limts (block 404 in Fig. 4),
at bl ock 406 data correlation or other techni ques may
be utilized to determ ne whether the data points of
he data sanples corresponding to the two points in
a"‘{ P IRER R T5efc 10 NG RCH AP IeL B Provagsity 1o determine whether
identically or approximately. Data points (e.g.,
thesis pB@IChol unes)  coul d match identically, or within
redefined limts. For exanple, the difference between
IOOBﬁlces Atdipch 808 Ttigidn mntgied idstapanplesare tdstedhe delatrane whether the
points in the data sanples so match, then the tine
datd pifigs therdobyrlialy siquesat @drelaiivmthrdsboldatar danplhneses¢anh bedata points)
used to determne |atency froman upstream point
corfegnogding ikt worpoomsratrieorprilil ¢ thintuatisfpm psasst@riebGdy) thte@hdld (e.g., a
downstream point (e.g., in an end user 106a,b) or a
97.YeImatdhy @rdcatsenzay thretived ninteinfostaanst(b@aln PO ipRvidet Butdicy between
one in end user 106a and the other in end user 106b3
the o pdes td. gebei wifea i main a0ion dfstribilod sy s @@t 184 SAMBRESF more end users
corresponding to the tw points in network 101 do not
1068 @ndrHi6b han(dhr betkvediD6)o, entl uedts 1 162 4pE Q0SS shd R PPSeLAGK Bcfhnts in an
bl ock 402 17 and tine information associated with
endanotibes, 106) a TRREII@JdpSnd RABSBhAE of B iRe; 4 i
there is a match. 106%531 At bI%ck 4035%E$g§£§¥$9§hﬂﬁd‘s

detemntned eflpiadley GBS eAIR tnBil Bbur Cad &SNS WM NYESr 1% for a
the data points thereof satisfy a preset correlation

lendiin6©Bd $bintk QY a Shddpde. SRANPUAS pdiWds il ntlddiRq ARk Egrf?‘;)les do not satisfy
corresponding to two points in network 101 that

the prabdt Sdryel AioRGEMbIL Mek Blatds AR 18pE eshal didcL 48>, a 97.5%
mat ch), processing of the related tinme I nfornmation

[00q5a] ock Fhldy: cRIbOYinaS r%%@d@?ﬂ@%ﬁ%%ﬁ 08 LHECIBMS #9 i{cgk%ving

(e.g., between information distributions system

|goRiftth 0N Qa@lsafiBE 81 £ Aded : Al work 101 i
Te bet vveenat vs\gﬂgnd use? Sﬁﬁ%ggor;%gﬁll%oé%‘gggpﬁgg{%&%ktl\(,)Vloxs
leBOd BdsSd bila & : - Thr eshol d. depends
¥ “on t hse_ I e?lgt ﬁteg? e?éjh%%ég’]ﬁglggscflt% ?O(rsrgepo?/%t E}rle\?ZIFi {’eéh'aa‘?@“g sequence
in s&8hLiM ﬁﬁ'&é&edggﬂﬁéﬂo&giln%my% ﬂ%&brggpc%tqiqgft?vgﬁ\f 5&1%953%1&% This could

our case or

be done in several ways. One way is to select as the best match the sequence with the highest

number exactly matching data points. However, finding exact matches is not always possible.
[00055] Another way is maximizing cross-correlation between two sequences in the data
samples according to Equation 2 below.

2 L) = m) * (yh-d) - my) )

1

fg(mn-mm2j§<mvm-mw2

r(d) =

(Equation 1),



Il ength of 9 data points in a sanple. If the data
points in the matched data sanples do not satisfy the
preset correlation threshold, then processing |oops
back to block 402. [00054) In one enbodi ment, the
processing in block 408 inplenents the follow ng
algorithm A data sanple of a fixed Iength .
corresponding to a first point in network 101 is
sel ected based on a selected tinme period, as described
‘WﬁﬁdﬁéﬁfmhéﬁKWh@fbé@ﬁSmuﬂchkmgps@qhemnanknauﬁeapﬁﬂsQahapmm
sanpl e corresponding to a second point in network 101
mepgiredeaf@rdaiared ple Tivinsa scoodoboitnén damerk 101saver gk d¥idy SMaximizing
One way is to select as the best match the sequence
r(dhivohldphevidei (ghest manlimber exact |y mat ching data points.
However, finding exact matches is not always possible.
[0006€I055] Ardidhery iwaym inm iz @i Zdroigte GEQRST ¢QhdsSh Ald QBucnces
bet ween two sequences in the data sanples according
sqLtaG:qua.Lateili@tﬁba?slh&laﬂiﬁdevlatiéﬂ%_(ctabcufaliU%s)acécyrélg'g‘fjc) C 'uam{a 2 loc:low, where a
r(d) _ i (x(i) - m)2 (y(i-d) - rny)2 (Equation 1),
first Bamdaer &via(iod cdleuldiodat B) ROIpRlicPlo Aefdhe: ér%'m'r{;%iﬁ} inQ"Nfst data
point in network 101, and y(i) is a data point

) ol i
a0 VLS 0 By A0

wabathpRr OV e cfob&: RSRhinBBhAdrd JR0ARGISA Lhi rd way is
Secto ﬁigFQize tﬁe differgggé bétmeen vi?d%s in two
sequences —+.e., statistical stan_dard2 ]
devi ati ons -al_ﬁkgtigﬁs QIigh Mg to Equation el ow,
where a fir@gg§iandard g%ﬁiation calculation (S 1N
is applied to a sequence of data points in a first

A e, «and to sequences of data points in a

Wh%gc onie 3‘%2%"5%6'1380&“65 Fr tg%oréﬁé‘"’dﬁé feulptipn; pés the selemeyeraged
i na [ d devi ation

ovel(s %ﬁlbw otflaatta rp‘)%in sI ig%eesdtata sartng el, gngd xs,-tre Qr(sj?oreach c?z:/ta point in the data

sample.

- .
écelqyence in the

[00057] Once the match is found, an average delay is calculated as a time difference
between matched sequences. N time differences are calculated between data point time stamps
in two data samples of length N. The time delay is then calculated as an average of the
calculated N time differences between data points. Using an average delay rather than the delays
calculated from differences in specific time stamps or specific time information permits the use
of longer times between data points and less precision in time stamping. Then a standard data
regression section and error calculation is performed. This produces a series of values for
providing an average delay, where each value is based on a data sample. As the average delay

for incoming samples is calculated, a plot of average delay against the time of data sample



6 = ~ (xX; - x)2 (Equation 2), where N is the nunber of
data points used in the correlation calculation, xis
the val ue averaged over the nunber of data points in
the data sanple, and xi refers to each data point in
the data sanple. [000571 Once the match is found, an
average delay is calculated as a tine difference

n t ched sequences. N tinme differences are
argg%]\éﬁﬁsa "gg’oﬁ’éf’\ﬂégﬁg‘d%l?ﬁdpcﬁrws 3¢ padcwatedpsuming thamthedatadoints are

sampl es .of | ength A The time delay is then cal cul at ed
noé@g@ngé\?&‘tﬁ e of the calculated N tine differences

lopﬁ meen (@%a points. Using an average del ay rather
3t he ledyaximigine sriisat erdel dtrcorEqudtiben @Be@s isi atextbook method for

sg'$cifi c tinme stanps or specific tine information
MY AE 1guTKes: (rdiabilipfdebonigerore bimiis qbatiweeddakRa Bahd S deviation
and |l ess precision in tinme stanping. Then a standard
an@éﬁf‘é“‘?%@ﬂ@@@‘i’ dabayec s ovas aoidicdou0dbosalegatk AlalcBMgliSnot always
performed. This produces a series of values for
PopiR)Gi Hhasefomsnthavefagd ndadhag, tedR] e ueRGKE Nﬁdgﬁ.desiah&?%lysis.
on a data sanple. As the average delay for incom ng
Hoyygivph exct maickihg ol @dsseorralapbricciffiquay B 28 uda! A% AGRINS!
the time of data sanple 19 arrival at its end point
teclraiyugsehativs h bayedvn ErioRE 6f aileicdt &4l at ed assuni ng t hat
the data points are normally distributed. 1000581
[0086P) e nrelxatericy it teenORE ICHILEEH RLIsAR KEHHALI QR .| apov
is a textbook nethod for rratchisﬁ]g sequer?ccge}gl,allon R8% e correlarea
sequendeabbthintd/indeqe Ad6. TTRE B 438 nAUad data than
standard devi ation anal ysi s usi ng Iéqrﬁ%{\qttslo%ﬁ“efnacﬁgsl&ed%ata
sarfesvasbped ot atlaverbingRANBlati&X S hoilBE GI is. not alwa
possible. Therefore, _thejaplnr ef eF?lg%_ ?rgkta@ chémfee%rh"rﬁpaﬁ%dsamoum
of tirsing jittem st e e celemb akd, Bin?srlﬁ|t}§ésc'o§relateﬁlgg\ﬁ\éaerégle%é,glggxamp]e of
y ;

mat chi ng or cross-correlation techni ques ma

suchan wedrhgiggscadul@ibn istSERny Stiddke |1 be known to
those of skill in tgﬁe agﬂ%ﬁ%léOOS%eiwL'atency 'S

determ nﬁ(,i nybl ock 410 using the time information
fromth oﬁpe%at ed  (Equation 3),

1=1
where N is the number of data points used in the correlation calculation, ¢ is the time stamp or
timing information associated with an i-th point in the first data sample, and ¢7; is the time stamp
or timing information associated with the i-th point in a second data sample used in the data
latency calculation.
[00060] The flow diagram in Fig. 5 describes in more detail the processing represented by
block 406 in the Fig. 4 flow diagram using the standard deviation analysis described above,
which determines whether a sequence in a second data sample matches within limits a sequence
in a first data sample corresponding to two network points in information distribution network

101. Where appropriate, the blocks in the Fig. 5 flow diagram are referenced to data samples

20



ences obtained in block 406. Tinme information
ﬁgggurenents between correl ated data sanples are
based on an averaging cal culation, as pointed out
above, since an expected anmount of timng jitter may
exist’betmeen the data points in the correlated data
sanpl es. An exanple of such an averaglng"calculatlon
is given by Equation 3 below. N 20 (t _t" ) f
relzrﬁ?fﬂktji”bﬁ‘gsﬁ- AU e peduence fretha ﬂm@dnta@ﬁmﬂltafﬁmfgdﬁriaﬁﬁg {0 a first
[ he correlation calculation, t; is e ti
“eg,‘g’ogﬁﬁgig?éo“gﬂ ATt HYldpanaenceb0assiigi Gtiestiatddhs aBsclibddhbove,
ojnt in the first data sanple, and t'; is the tine
i“‘gﬁf‘lé%feswtitq T nganps B3 mat bloek Hesoaisatesiand ddVidibE chicdiflion (s1,) is
point in a second data sanple used in the data _
appligdda y selatteddeanénon usii®BOGDEN The flow diagramin Fig.
5 describes in nore detail the processing represented
(0G99 1] bl ock! Woek 506, 4 beyubticg in the kbcowd daRGrRAM U@rjréggomh% to a second
standard devi ation analysis described above, |€m
nelyerkepaiitfes invived bréri 02 (SQAHROGES inFig 63 RGRNRE4at BesP B W aBove. Al
matches within limts a sequence in a first data
blogla AR, @ seond espndidation cﬁlwal'ﬁﬁlt(‘ﬂ@ﬁ)&sp)@%?tidnnz is applied to the
i nfornation distribution network "101. erg_ T are
seqagrer 006 inahesecbiedan Qetede. | Nadddfi J:e'vgtiorgscz[liug%on% %%rd?so applied to
referenced to data sanples 20 represented In ||.e
T or Toapondi g, 1o S e e 1 BB T e nglrarcd
corresponding to a firs net\ o
FiglOka(lseqhenneaqbl stdhehied (6 1@) 61256 ?‘ﬂln%éi%g irfal-t%e (S:i(%fs)g {:ie@qe:y@mplc are
above, including respective tine staI _ '(S Nt
derBOdiby ehiftinf She SeABEaLHudRY LAt Jia‘?zppo(%r%ltglfh afgﬁlﬁ‘gnlttqrﬁharﬁples sequence
applied to the sel ected sequence y3|n§ a on 2
610[i0686hdd ¥ ri@t@ﬁi&cé%ue&e%@@,%ﬁggg ulerli]cc:t gg% %edg Pr3fe smdanyobtained.
sanpl e corresponding to a secon net\ | Lted oF
A swelanoudvidh AISAGHENG EpRA «d BichbBseqldnct:S6 06 FE A% 13 The standard
descri bed above.

deviation values determined for the right-shifted sequences 610, 612, 614 shown in Fig. 6
assume that second data sample at the second point 608 is delayed relative to the data sample at
the first point 604, although that may not turn out to be the case since which point has incurred
more data latency relative to the other may be unknown. The assumption can be tested by
applying the standard deviation calculation to selected sequences in the second data sample
produced by left-shifting previous sequences starting with sequence 606.

[00062] At block 510 (Fig. 5), the minimum difference between the first standard
deviation calculation for the selected sequence 602 at first point 604 and a standard deviation
calculation for each of the sequences 606, 610, 612, 614 at the second point 608 is determined in

order to identify the two correlated sequences. Using the TS values for the data points of each of
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bl ock 508, a second standard devi ation cal cul ation
(S2N) using Equation 2 is applied to the sequence 606
in the second data sanple. Standard devi ation
calculations are also applied to other sequences in
the second data sanple (sequences 610, 612, 614 in
Fig. 6). As illustrated in Fig. 6, each of the
lhsubsgg}dent sequences (610, 612, 614 in Fig. 6) in the
SEEGRE dEtUENCamyl @ crapetimg alpmp sgicalinu lasdd dsingrigguatien 3 above. The time
.previ ous sequence one data point to the right. For
di S Ib@,we"srb‘(lffﬁl EHedalcarigs tiolst winmedhlipy coirgghords b fhie &flency between
sequence 606, and sequences 612 and 614 are simlarly
thegpogprreened painstiamgaock HYv kedetamircdlacbibeit 4 10nn iFs.appl i ed
to each of sequences 610, 612 and 614. The standard
(063 at i ofs mantipesd detvertht ed claks sihp@intd ighifosdtbh @dtribution network
sequences 610, 612, 614 shown in Fig. 6 assune that
105 bvelved dat!alesanphedattidnee s@ciodizpDiottm6Q% 16k W rd¥ed rom the
relative to the data sanple at the first point 604,
latggicy hensighratibmt Amayuinble ctagk ByretifoniZAtiBLtet g e %S bRIUSGE for example
whi ch point has incurred nore data |atency relative '
Netvork lignoltrhecolnByistbe, Bakaowamoddethass WAPlIORifS MRS e, which is
tested by applying the standard deviation cal culation
sintilor ®eheCtiwidn siniqiE e&otdd el BnSGERRH M Feci 3Pk B nce clock and
produced by left-shifting previ ous sequences starting
movu'!tdir!ﬂd Gl@ct};lﬂ,_&dhﬂ&va@@@md[l@gg)ﬁgl)ablét TS %oa@l]r@s L(nFl)igu ié:)a’s lﬁerr]eeis no
m ni mum di fference between the first standard
actabg viagipLiatiorC &t L34k @nl R MochPEo D ence $02.at.
first Tppoi nt 60% and a st g%%l\a?glﬁgéegrﬁgot%ﬂg%ﬁ%g%ll‘émcgﬁnézr?hon s

dode@rflig@ly. Aurihd) ferSEAUSHARFarfO 2 014,88 Lhe
second poi nt %0% i s deterﬁ%ﬁgglgﬁghgg é?mf§”ﬁﬁgWF?Fﬂnag“"

molif1@ads¥at W tBhL MRl 028 WIERNEET LAg. Lhe values for
the data points of each of Ziabﬁggg%&g%ﬂgﬁgdw””i%“ﬂ”mesmmp

to aB QAL RGOS ate A BVIRS RE%nt: PBSLAIP abngd&l s Ul at ed, ysi n
Equation 3 above. The tine ﬁ???g@%g%gkggrm ! s e to the

e e oy ot e AP MR IG TTRBERfShes e
tranglggt.\gggifclig%ﬁe nﬂﬁx%ﬁﬁe .f u eg\gllg‘l’dglglﬁgil Oegllég?‘-l:tllg[il kxgck@ogtﬁél‘requ??ﬂ@ed with
e e Bt SR ML R MBI secrr e R iy
systgrinflfl@Wﬂﬂ%%sftﬁg%ttaqgcorrect the monitored clock time before determining a match
between data samples at the reference clock and a monitored clock or at two monitored clocks.
[00064) In order to evaluate, verify and adjust the matching technique, calibration tests
may be conducted on network 101. For example, a known, preset delay value may be introduced
into a data stream provided to a given point (e.g., an end user 106) in network 101 at which a

latency determination is desired. A data stream without the delay is also provided to the given

point. For example, the two data streams may be provided to application programs (either



| at ency consideration. Any suitable clock
synchroni zati on techni que nay be used, for exanple,

Net work Tinme Protocol, Cristian, Berkerly, anong

ot hers. The follow ng technique, which is simlar to

the Cristian technique, records the tinme difference

between a reference clock and nonitored cl ocks, and

was found to be suitable. This approach is unobtrusive
diferepingplicatiansy twe ingahcarmfithpshat hpp”licﬁlﬁon@a&lvfé%i@@ﬂ &int, c.g., an end

| ocal clock. In this enbodinment, clock synchronization
uspig Thg@HErefet lin eeciptainges is dhurinig:dnat W6 far BRI BIRNG e lay. The
- etc. According to this enbodi nent, an agent nodule
clesentbe ddfeemicanistid tha knowidtlay, et fbackSeRGS 18R & fination technique

(e.g., UDP) with a local tinme stanp to an agent '
[08Sbci at . WiltustratbeanrerfiapleRE SoechI0CKanhikh . BRPEDASHE beSork 101
own local clock tine to the nessage and transmts 't

witharepettdo whéhagemic yadeekhia fidinis e gd ¢ O, & i i
difference in the transmtted éloﬁﬁétgﬁgjﬁ%ﬁhgmﬁgﬁﬁ““b”“mm”
disgfibutibe sysean o4t 4rid Rt bth&hot s Wdd §1€P0 BLO i 400, fi. ]

associated with theaﬁgni%oré% Clo%E%??%gegF%%%a%gordma
repositdrersacicasdatanod Ny 2 inlig® provided to a file in

the anal ysis s%steﬁ?%l%r“hiéﬁgﬁggg8¥h?§né§%ﬁnf%£amdogﬁk704
mag OesidCilt dih &R0 BEL MHA D610 QA0K utsérg?(l}]é%eafngp 86bc.1%azg gc}igtlé &83%& stock

mat ch between data sanples at the reféerenc
prie aMdRjublt £ 8ai6h AcKasdciAld . i.t.or | ocks. 1000641

In order fglezaldgtgf véE| ?mgﬁﬁhdaﬁ%% gtﬂ@”ﬁﬁ?&ﬁ?%@apanwubr
acth@BhAESoc@l e Rt LA &; conduct ed on |

ne?mork 1%i% For gﬁ%ﬁgﬁéé%gikﬂgﬁ%, ﬁ@§§PHH§PﬁY”95F9@edeWm

d 2 1 i, i, nt data stream provided to a

Ry R R—

110N e b i@ n [ 'ng ion.is desired. A data .
Stream w %%tc\)/gt %%{%%?%Iéq rg;s/ai SR LYY BY InfuEation tmesegiaydscribed

aboR@irdThtendioet , the two data streans may be
proviggalf% a%%ﬁ%%ation progranms (either 22 different

00 l'i catyj, (AT i.nst ances of 'the sanme application)
[ g{{mt he gi %%mg’gfiﬁ}%t ré‘.”ﬁ?e,megrl“gfﬁj& Wodpiornya{ion glistritation systems

IaRdh bpttines.is,determned and conpared to the
O LS BRR LT i) SR PHEStha ek dRbb W hiostude immmwion

sou&ggc ﬁ)hﬁl’a,q tdg_g (yrF?rj%d:éa]ie(; Ir ag'lfeengltu?qeq 1{93{(3&;%50?%56);;&5% (igggﬁalyzer system
110k % J j:oln?r‘g’unq?ailirolgsari)ert]sgrke}t()8.plorifggmsatigr?scfurgéee:s r;g;a\/\g]gkl O%l?,:ilnformation
distribution system 104, end user 106, analyzer system 110a and communications network 108
are as described above, except that end user 106 is running two end user applications 130a and
130b, and that a common agent 134 services the two end user applications 130a and 130b.
Information distribution sysiem 104a may be generally similar to information distribution system

104. In this embodiment, relative latency may be determined at a common end user 106 with

respect to data transmitted by a common information source 1022 or 102b to both information
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with respect to which a |latency determnation is
desired, e.g., at end-users 106 and at information
di stribution system 104 and at other points. Log file
702 may reside at a data log or data repository, such
as data log 126 (Fig. 2) in information distribution
system 104, and log file 704 may reside at data | ogs
.166a and 136h in end users 106a and 106b. Data points
d‘s%fgé‘“@%?ﬁ.‘e,mssl%eﬂd Tgha; which gaehduepdei deip frpan the rommgn information
associated tinme information 708 (e.g., tinme stanps)
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MSFT, DELL, fNTC, GE) particular stock are recorded in
0%y Es israeamnlisb! fyesogsideringznd nskr 2ppticatsond 1 30aeandr 306 sbatle two points
. to the database 144 in an invol ved anal yzer system 1
In AQwaRk I@és vith bspecalsoviich Theendatiacponnios iadedirass saCihed @germining
tinme information are used as described above in
the| rglayrclpiedet wtwienand oses apfl 00066 J 30aand heowshRei Wik work points
~represented in Fig. 8, two information distribution
invelrsd énthe lal@uy deierniifdian destibébabioee datsaminy rd 1884& between a common
~distribution network 101a, which includes information
infgmuatior sout@2d2a ORI b( deregive thieics betwbn BB ndISRE aphPBations 130a and
(anmong others), at |east one analyzer system | | QCa
13@nedillebecorminiticati Go selngt Wortkrmba& oflinb AR IR Q0 HRaHE %%t%ms 104
102a and 102b, information distribution system 104,
ancerdauser 106, anal yzer system| | Oa and
conmuni cations network 108 are as described above,
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phySicallifZistiuOuROtH) nbith MRILARs didci Sl Lbut j.on syst :
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with respect to various points in va'rious networks.

[00068] Some embodiments of the invention do not require an exact match to determine
latency and can tolerate data loss. Some embodiments can operate on non-identical data forms,
€.g., pre-processed data at one point and processed data at another point.

[00069] Embodiments of the invention can operate to determine latency independent of

infrastructure for distributing the data in a network and can operate with, e.g., different data

distribution systems. As mentioned, some embodiments of the invention sample application



in network 10 1 a with respect to which a | atency
determnation is desired, and then determning the
relative | atency between end user applications 130a
and 130b as the two network points involved in the
| at ency determ nation descri bed above. Assum ng no
| atency between a common information source 102a or
the relative | atency between the end user
'e‘éﬁgﬁt“P &ngt 456U derma mad iy k3t imiby wine aaddd RduGatk@To08f additional
the relative performance of information distribution
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meneiowdidks. Emdodideptsed tHednepesaissoottic a1 RERH gAY B ation with such
| evel within any node of the network or networks,
mqgened dhiayhighapawbet st plRBidGyhdhRirbedyt 0 the parti cul ar
net wor k topol ogy, size, and physicat i nfrastructure;
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[ 00069] Enbodi nents of the invention can operate to
determ ne | atency i ndependent of infrastructure for
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details of methodology or construction set forth above as such variations and modifications are
intended to be included within the scope of the invention as defined in the claims. Except to the
extent necessary or inherent in the processes themselves, no particular order to blocks or stages
of methods or processes described in this disclosure, including the figures, is implied. In many
cases the order of process blocks may be varied without changing the purpose, effect or import

of the methods described.
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sonme enbodi nents of the invention have m ni mal i npact
on the applications using the nonitored data.
Enbodi ments of the invention associate and record tine
information with such nonitored data which nmay be
acconpl i shed asynchronously. 1000701 By | oggi ng the
data stream enbodinents of the invention provide a
basis for nore in-depth analysis of data content,
al | ow ng neasurenent of data integrity and data | oss,
and for troubl eshooting. Enbodi nents of the invention
WHABIS deAIMEDdEpI oyment of data nonitoring to multiple
points within a distribution infrastructure, including
mul ki pl et oleihedbf daterermtingides lasynsy armnetwdrll) thbiReMBE €omprising:
enbodi nents of the invention may process diverse data
st reans providing b fird edla dagylee! appicdlioh @l i@ h@h @A8Y stream received
[ 000713 While the invention has been described and
at a firktustwaak paini;n connection with preferred enbodi nents,
many variations and nodifications as will be evident
to t hoserskdihg @ekcofd ddtdbasnphd &f dpBYcaREn [FREIQIaW AP Eata stream
departing fromthe spirit and scope of the invention

recélSedd® bis@Rdd h@lwotky®ifl @k BFa s@chstin e FHMGRE be@@ndar%lwork points
defined in the clains is thus not to be limted to the
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forth above as such variations and nDdlflc tions are
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invention as defined in the clalinms. Except
sanfXds€4Wd necessary or inherent in the processes
t hensel ves, no particular order to bl ocks or stages

of net hggl%rn?i'hmfa ARESEREHRICH é%ﬁgve c%ﬁr‘éllg[eﬁ cgmmon g’tggrﬁt’he first and

i ncl udi ng the Flgures I's

sec@ddfla QfpREOCESS bl ocks may be varied MAthout changlng
t he purpose effect or inport of the nethods
described. 25 WHAT IS CLAIMED IS: | . A nethod of
determning data latency in a network, the method

conpr i stig e Q¥ FhiRgid 1 fi L rstndat a, sanpl e of . .
appl i cation I eve?O aF © r6n1a“ggFgﬂg f%gwfvg'gPWéﬁa“m
upstream network point serving as a source of the data stream and the second network point is at

a downstream network point at which an application program executes to provide the second

data sample of application level data.

3. The method according to claim 1, wherein the application program at the second

network point executes at a computer system in communication with the first network point.

4. The method according to claim 1, wherein the first and second network points are

downstream from a source of the data stream, and wherein a first application program executes at



at a first network point; providing a second data
sanpl e of application | evel data froma data stream
received at a second network point, the data streans
in the first and second network points including
common data and the first and second data sanpl es
i ncl udi ng conmon data; determning a correl ation
bet ween conmon data in the first and second data
thg FRp PEOrkRpint deprerint Hiefigst dataisampldiof fhe mppivetidetve it tth@a second
correlated common data in the first and second data
apgg?ﬁypgggogza_m THeulpedt sdheennd me o ank) paiat to lpadvidedhe WB@TdEd Al sample of
the first network point is at an wupstream network
appbfaten kaehdailg as a source of the data stream and the
second network point is at a downstream network point
at which an application program executes to provide
the second data sanple of application | evel data. 3.
The Sret hdte method dicnglitgao @lagth M WherWAEKEH B dnBSecond network points are
application programat the second network point
dogmeoumeisoraboBices ONMIA Qfcafy ShER ihduGARWI G 400 M Llerein a first
the first network point. 4. The nethod according to

applicaiion frogtamerxetulestah e ffirdt SEwIRALSBGORA, NELMOE ints
are downstream from a source %f thg aata sf%%§%¥m38§°fme

appiiveri@i Rva dhiala8l a RPAd £tiLARNRF QYL R tes at 26 .
the first network poiﬁ?lto B?H%? e ﬁ%ggfgﬁﬁi“a%Fgng"kpmnuo

provadethescabnd de: ARPld FabhRRENME] dgﬁ.ta and a second
appl i cation program executes at the second network

point to provide the second data sanpl e of
application | evel data. 5. The nethod according to

cl asm 1, ThREEbduckigink 5 St cond net work pojnts .
are downstream Tr orﬁngé%§l%lggp’o &gﬁé't] Caa%laﬁ'élar‘?ﬁt {‘f‘ ncy is based on
firdt OEnARIENRI HORTR R 8t erein a first .. . .
applicationlprograﬁleieéﬂ?ggtgga?ﬁ%ﬂ??P§FxW8PﬁBWV“b”“MW“
assPALBA with (tRIsB¥ndRak REnpir St data sanple of the

7. The method according to claim 1, wherein the correlation is determined using a

statistical algorithm.

8. .The method according to claim 7, wherein the statistical algorithm is based on a
first standard deviation calculation associated with the first data sample and second standard
deviation calculation associated with the second data sample, such that the correlation is
determined by identifying the minimum difference between the first and the second standard

deviation calculations.
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application | evel data and a second application
program executes at the second network point to
provi de the second data sanpl e of application |evel
date. 6. The nethod according to claim1l, wherein
cal culating network latency is based on first timng
information associated with the first data sanple and
second timng information associated with the second
dat & sanphemethod qasardifgtin eldimodieaiimgie correlpigms determined using a
Wherein the correlation is determned using a
dirggtgpmptriseno! B st prhipcord. dapsampiss.hod according to
claim7, wherein the statistical algorithmis based on
a first standard devi ation cal cul ati on associ at ed
with the first data sanple and second standard
devil@t i ohhacmpbed apcpidingas sleict Atvegran thh statisiics eadgamidhrd &t kesed on
sanpl e, such that the correlation is determ ned by
cacglevng 4 grpsserotrhletion brtweemtiti firbelerempbenidersetdnd dhiasatple.
and the second standard deviation calculations. 27 9.
The met hod according to claim1, wherein the
correlation is determ ned using a direct conparison
of the filThstnetdid asechimgitodiia | sahqtieshe dbbh strebve compiicee financial
according to claim7, wherein the statistica
da@l gorithmis based on calculating a cross-correl ation
between the first data sanple and the second data
sanple. 11. The nmethod according to claim1, wherein
the data stream conprises financial data. 12. A
sysiem f Asyseagumicagirdaidaa ladrenaya ndiwerk Nt wstdn cdri@ising:
system conprising: a first nodule at a first point in
t he net wofilst @p@raitiafastgbindin pmtivektdpentilemah apflichlitd level of the
network, the first nodule recording a first data
nets@ripkte foft napiple reatrdioga Figy édta shadpde &RPEIicaEEn Riveltdag received at the
first network point;
first network point;

a second module at a second point in the network operative at the application
level, the second module recording a second data sample of application level data received at the
second network point, the first and second data samples including common data; and_

a third module adapted to receive the recorded first and second data samples for
determining a time difference therebetween.

13. The system according to claim 12, wherein the first and second network points are
downstream from a source of the data stream, and wherein a first application program executes at

the first network point to provide the first data sample of the application level data and a second
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a second nodul e at a second point in the network
operative at the application Ilevel, the second nodul e
recordi ng a second data sanpl e of application |evel
data received at the second network point, the first
and second data sanples including conmon data; and a
third nodul e adapted to receive the recorded first and
. second data sanples for determining a time difference
apphatiebpbpeartxedies aTthe sexpsl AEWAACKYIAlith Bl Rle Ghelec Bl ata sample of
wherein the first and second network points are
apgioansit kkedntar om a source of the data stream and
wherein a first application programexecutes at the
first network point to provide the first data sanple
of the application | evel data and a second 28
appllicat TisyREAGCAIURX RFULiIRS] Atvh d network . .
poi nt to provide the Second éé{a&ggégfg%gywse“mgnﬂ“ﬂﬂ‘m“msam
doavpfteh@atdnPsbut @Y 8t ddAl@amd dhichk em.according to .
claim13, wherein the fiv stlcgﬁlﬁ%z%enc mn"é(%r\/\%?aka%b‘i"li‘ﬁ%‘“a first
ap@ic@tior iU ah e 8@ LOM: § of .data strea i ch
i ncl ude the common @gtg?ﬁgﬁgm c@?g?HmémF§FQ§H%QMSampkofmc
id i sut.es at the first network
appIRRIi drCiatdl 84 Qrﬁogagge? edeeéﬁﬁ&ﬂlgra g{ogragb%ﬁéte%?t thesgeond network point to

point to provi rst _ _
prcﬁ/méltﬁ@s@@dngraala%grﬁble%?%a li%agongﬁ%?ﬁond appl i cation

program execut es’ at e Sec Hfwor k point to

provi de the second data sanple of application |evel

date. 15. The system according to claim 13, wherein
I S,.aSS0 with a source of the

the;fir ul e . i at ed
dat {,f st flté‘ﬁ Sgen”é I REIRER SR Hodtheeein dhedfiggerdioca ssspeibed with
er. 16., The system according to claim 14,
S°%e°?§%n&faﬁée?“? fd mSﬁ%”ﬁi%%C HotAcEcdarieh anend wsdrat ed
with first and second end users. 17. The system

according to claim 14, wherein the first and second
nDdHJesq%ge assoc a common end user. 18.

0, aosociated win ,
The System %\&gb_?cﬁf’ '8 Cl‘ff”&ilﬂn”‘.’L}?,re”éBmfrf%?@hﬁgecan%mewag@re
assSTHELSiul Bl ST b Cers

17. The system according to claim 14, wherein the first and second modules are

associated with a common end user.

18. The system according to claim 12, comprising a storage device for storing the
recorded first data sample at the first module and the recorded second data sample at the second
module, wherein the third module accesses and processes the recorded first and second data
sample for determining a time difference between the first data sample arriving at the first

module and the second data sample arriving at the second module.
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recorded first data sanple at the first nodule and the
recorded second data sanple at the second nodul e,
wherein the third nodul e accesses and processes the
recorded first and second data sanple for determ ning
atinme difference between the first data sanple
arriving at the first nodule and the second data
sanple arriving at the second nodule. 29 19. A nethod
of t erdvimgiheg ofidtternlimb e day latme g imeh @bk, inl whivhi 841a &ream of data
data stream of data points is transmtted, the nethod
P0@5H®FW§mngdthewmmddngnmm”@ first network point a first
data sanple, conprising a first plurality of data
poi nt's, reforéipphiacfatt envdreyeint gatstddu oM e, fcbﬁ@ﬁxsnﬁ’@& ﬂrst plurality
stream and first tinme stanp informati on associated
of quita poitthefapplshtiql lewedbith Fo@fa ﬁi@ﬁcﬁatm&eﬁﬁsandffﬁQQInﬁé MR formation
a second network point a second data sanple
assoOaTpd with 1tg fastpeeandof @isahdty of data poi nts, of
application level data froma second data stream and

second treddRding4t@NRedndhOWERL hAR LSS At t )
second plurality of dat a po#nts deter%1%?‘ "a"WgP"ﬁase“md

plublﬁtWﬁQlﬁ[atphﬁ][J bf l@fﬁlq %le%gd
det'erm ni ng an %@érabg time d? g;g%@gdgggwgnlaP%gmondume

stathp (r¥érnRAN6Eh SQEQNEY @vltﬁﬁxe%&%%elu f&gf‘&ﬁ' onygwherein the

average tine difference pro es’ & TEAlNE of data

| at ency d@l%FrWﬁﬁu@ e fdlah t@ﬁrsﬁan%oéconmﬁtg%%;rﬁplgs an

20. The method according to ¢

determ i di fference co _

calcuIa?%ﬁgn%P§€ﬁ§§%%%ﬁgﬁﬁese%8(ﬁ%@%“@6V?@§g§ﬁdﬁﬁﬁd“mcSmmp
xnfo‘?ﬁbtr(ﬁl fonerEERhJ é\reﬁage A heaﬁg(?n%ggf&é#é %léliae% l&gfaalatency between the

points wt

firsSRARLES4 U flrst and second tine stanp
lrs|n ornatFont((ﬁ Yhe net hod according to claim 19,

wherein the match conprises an approxi mate match. 22.
The nethod according to claim 19, wherein the match

20. COMRE 'm%%d%@co%ﬁﬁgo CIFZH}TICII}, wherein determining the average time difference

comprises calculating time differences between corresponding pairs of the first and second
plurality of data points within the matched first and second data samples using the first and

second time stamp information.
21, The method according to claim 19, wherein the match comprises an approximate match.

22, The method according to claim 19, wherein the match comprises an exact match.
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30 23. The nethod according to claim2l. wherein the
approximate match is determned using a correlation
techni que. 24. The nethod according to claim 22,
wherein the exact match is determ ned using a
correlation technique. 31

23. The method according to claim 21, wherein the approximalc match is determined using a

correlation technique.

24. The method according to claim 22, wherein the exact match is determined using a

correlation technique.
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