SYSTEMS AND METHODS FOR DATA EXCHANGE AND CONVERSKD
TECHNICAL FIELD
[0001] The present disclosure relates generally to impig\lectronic data conversion and
distribution and, in particular, to systems and hods for electronic data conversion and
distribution of electronic data performance metiacgl predictions of data performance where
electronic data is sparse.
BACKGROUND
[0002] Problems exist in the field of electronic data cension and distribution. Users of data
classes with sparse electronic data often seeltiawiai information in order to analyze or
otherwise utilize these data classes. One uselectrenic data is in the creation of data
projections (or other statistical analyses/applice) for those data classes having sparse
electronic data (e.g., limited historical data)ecBuse the electronic data is sparse, it may be
difficult to obtain the additional electronic datad information needed, at desired time(s) and/or
in desired data types and volumes, in order to rgé@eaccurate data projections. Indeed,
accurate projections (and other forms of statistcelyses) typically require a large amount of
historical electronic data and/or information. tihe absence of sufficient data and information,
conventional projections (based on the sparse aadainformation) are often inaccurate and
unreliable. Accordingly, there is a need for imgd data conversion and distribution systems
which are able to generate accurate projectiona iimely manner, even if the data being
projected is sparse.
SUMMARY
[0003] Aspects of the present disclosure relate to systemethods and non-transitory
computer-readable storage media for data conveesondistribution. A data conversion and
distribution system includes a data collection eysta data performance system and a data
distribution system. The data collection systeny rba configured to receive electronic data
from each of a plurality of electronic data sourgeselectronic communication over a network;
extract, for each electronic data source, one agerdata values from the corresponding received
electronic data; classify, for each extracted datlue from each electronic data source, the
extracted data value among one or more predetednuiai@gories, and store each extracted data
value from each electronic data source in a fiasaldase according to a data mapping based on a
category index corresponding to each predetermiaéejory, such that the respective extracted

data value is stored according to the categoryxirmdsociated with the corresponding classified



category. The data performance system may be coioatively coupled to the data collection
system. The data performance system may be coafigo retrieve, from the first database, for
each predetermined category, stored data valuexias=d with the respective predetermined
category and a predetermined time period, by gogrihe first database based on the respective
category index; and run, for each predeterminedgeay, the respective retrieved data through
one or more statistical algorithms, to generatea dagrformance metrics for the respective
predetermined category representative of the eleictidata from all of the plurality of electronic
data sources. The data distribution system maycdymamunicatively coupled to the data
collection system and the data performance systéfrhe data distribution system may be
configured to generate a predictive performancerimér further electronic data based on a
comparison of the further electronic data to thegeerformance metrics for at least one of the
one or more predetermined categories. The dakactioh system, the data performance system
and the data distribution system include one orencomputers.

BRIEF DESCRIPTION OF DRAWINGS
[0004] FIG. 1 is a functional block diagram of an examgkectronic data exchange
environment including an example data conversiod distribution system, according to an
aspect of the present disclosure.
[0005] FIG. 2 is a functional block diagram of an examgéta collection system of a data
conversion and distribution system according tagpect of the present disclosure.
[0006] FIG. 3 is a functional block diagram of an examgdg¢a performance system of a data
conversion and distribution system according tagpect of the present disclosure.
[0007] FIG. 4 is a functional block diagram of an examgié¢a distribution system of a data
conversion and distribution system according tagjrect of the present disclosure.
[0008] FIG. 5A is a flowchart diagram of an example methaidcreating an aggregated
database of benchmarked-data values for the gemexdtdata performance metrics associated
with the electronic data exchange environment showilG. 1, according to an aspect of the
present disclosure.
[0009] FIG. 5B is a flowchart diagram of an example metbbgenerating data performance
metrics associated with electronic data sourcethénelectronic data exchange environment
shown in FIG. 1, according to an aspect of thegmedisclosure.
[0010] FIG. 5C is a flowchart diagram of an example metbdbdenerating predictive data
performance metrics for particular electronic dased on the data performance metrics
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associated with the electronic data sources irlixetronic data exchange environment shown in
FIG. 1, according to an aspect of the presentaksice.
[0011] FIGS. 6A and 6B are example data distribution diagr for generating data
performance metrics, according to an aspect optasent disclosure.
[0012] FIG. 7 is a schematic representation of an exargm@hical user interface used in
connection with an aspect of the present disclosure
[0013] FIG. 8 is a functional block diagram of an exampbaputer system, according to an
aspect of the present disclosure.

DETAILED DESCRIPTION

[0014] Aspects of the present disclosure generally refatsystems and methods for data
conversion and distribution. In one aspect, tiseldsed systems and methods may be used to
provide data performance metrics for sparse datssek. It should be understood, however, that
the systems and methods described herein are mibédi thereto, but instead may be used in
other suitable applications. An exemplary systeayrnclude a data collection system for
aggregating and mapping data from multiple soutoea first database, a data performance
system to determine performance metrics based @maglregated data and a data distribution
system to determine a predictive performance mériadditional data based on the aggregated
data performance metrics and distribute the priegigterformance metric to a receiver.

[0015] In an example embodiment, the data collection aystey receive electronic data from
each of a plurality of electronic data sources.e Electronic data may include, without being
limited to, electronic data feed(s), electronicadite(s), email(s) and/or text message(s). The
data collection system may extract, for each datace, one or more data values from the
received data and classify each extracted valuengmooe or more predetermined categories.
The data collection system may then store eacla&et (and classified) data value from each
data source in a first database according to a dapping based on a category index
corresponding to each predetermined category. higrrhanner, the respective extracted data
value may be stored according to the category irdsrciated with the classified category.

[0016] In some examples, the data collection system mesive a large volume of electronic
data (e.g., millions of data points) which may Ieqtiently updated (e.g., every 15 mins).
Because the data collection system extracts amdsstmly the data values (and any associated
information) needed for data performance analyses, specific database, the data collection

system may reduce the amount of information thadseo be classified (i.e., processed) and
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stored in the database. Because the data coliesyistem classifies the extracted data values
into predetermined categories and stores the tilbgilata values in the first database in a
specific manner (i.e., aggregated from multipleadsdurces and arranged in the database based
on a category index), data in the database caretbeved more efficiently, by querying the
database based on the category index. Accorditigtydata collection system may improve the
speed of storing large volumes of rapidly receiviada and the speed at which it may be
subsequently retrieved and processed.

[0017] In an example embodiment, the data collection systeay further determine a
difference value between each extracted data \atdean independent benchmark value. The
difference value may create an unbiased referense psed to measure the data performance
metrics for the data (received from among multideta sources). The difference values
associated with the extracted data values maydredsin the database, and used to determine
the data performance metrics.

[0018] In an example embodiment, the data performanceersysnay retrieve, for each
predetermined category, stored data values (sudheadifference values) associated with the
respective predetermined category and a predetedriime period. The data performance
system may run the retrieved data through one aeratatistical algorithms to generate data
performance metrics for the predetermined catetitay is representative of the electronic data
from all of the data sources. In one non-limitingplementation, for example, the electronic
data may include transaction data correspondingntasset in an asset class, and the data
performance metrics include statistical profile resentative of transaction data execution
quality for all retrieved transaction data in aresponding predetermined category. The data
performance system may store the data performareteics) for each category in a second
database, such as for use by the data distribsyistem.

[0019] In an example embodiment, the data distributiortesygsmay generate a predictive
performance metric for further electronic data, daample, based on a request from a receiver.
The predictive performance metric may be based conaparison of the further electronic data
to the data performance metrics (stored in the reectatabase) for at least one of the one or
more predetermined categories. In this manneropednce metrics may be estimated for a
sparse data set (such as the further electronia) desed on the observations (i.e., the

performance metrics) determined from the aggregdétd from among all of the data sources.



The data distribution system may transmit the mtedt performance metric, as well as other
requested information, to the receiver.

[0020] Turning now to FIG. 1, FIG. 1 is a functional blodkagram illustrating an example
electronic data exchange environment 100 for dataversion and distribution, according to
aspects of the present disclosure. Environmentmi@y include one or more data sources (i.e.,
data source 102-1, ..., data source 102-M, where & ismiteger greater than or equal to 2), data
conversion and distribution system (DCDS) 104 amel @ more performance data receivers 106
(i.e., receiver 106-1, ..., receiver 106-N, whereshun integer greater than or equal to 1). Each
of data sources 102, DCDS 104 and data performaoesvers 106 may comprise one or more
computing devices (such as computer system 800 rshowIG. 8, for example), including a
non-transitory memory storing computer-readablé&ucsions executable by a processing device
to perform the functions described herein. Althouthe description herein describes
environment 100 having two or more data sources ib02me examples, environment 100 may
include one data source 102 (i.e., where M is etpudl). Although system 100 is described in
some examples below with respect to data classexiaged with electronic instrument data,
system 100 may be used with any type of electrdaia, including those having sparse (i.e.,
limited) data.

[0021] Data sources 102, DCDS 104 and benchmark data veeseil06 may be
communicatively coupled via one or more networkd.1FIG. 1 illustrates an example where
DCDS 104 is coupled to data sources 102 via netvidek-1, and DCDS 104 is coupled to
performance data receivers 106 via separate netibl?. For example, the use of separate
networks 114-1, 114-2 may prevent direct commuiooabetween performance data receivers
106 and data sources 102. Alternatively, the neksv@14-1, 114-2 may be linked and/or may
be a single large network. Although not shown, ponents of DCDS 104 (i.e., data collection
system 108, data performance system 110 and dataibdiion system 112) may be
communicatively coupled to each other directly and/ia an internal network (not shown).
Networks 114 may include, for example, a privatevoek (e.g., a local area network (LAN), a
wide area network (WAN), intranet, etc.) and/onudl network (e.g., the Internet).

[0022] Data sources 102 may include any data source dewiat includes data and
information directly, indirectly and/or tangentialkelated to a data class. In general, the
electronic data and/or information may include ahig¢ real-time data and/or archived data

which may be related to a data class having sghatse and that may be useful for determining



statistical analyses information, data performamegrics and/or performance prediction metrics
for the data class.

[0023] Data sources 102 may include internal and extetatd sources which may provide
real-time and archived information. Internal datairces may include data sources that are a
part of a particular entity seeking to generatéistteal information for a data class that pertains
to that particular entity. External data sources/ imclude sources of data and information other
than the entity that is seeking to generate thesstal information. For example, in one type of
organization, data sources 102 may include intedata related to sales, purchases, orders and
transactions. Data sources 102 may also inclutdeatgregators that may store information and
data related to multiple data classes. Data agygvey may themselves obtain the data and
information from a plurality of other internal aod/external data sources. In some examples,
the data sources 102 may include information reggrdurrent activity data, reference data and
security information (all of which may vary by ingtty). In some examples, data sources 102
may include news media outlets, exchanges, regalaémd the like. Data sources 102 may
contain information related to domestic and forgagoducts and/or services.

[0024] In one non-limiting example, data sources 102 magtude external and internal
sources that may contain market data informatiog.,(g@ricing information and benchmark
pricing information) for various data classes. Rxample, data sources 102 may contain
reference data and information for one or morerumsénts (e.g., terms and conditions for
various instruments such as bonds, securitiespmgtifutures, derivatives, etc.), regulator-based
transaction data feeds for various instrumentgepupdate information for various instruments
(e.g., from data aggregators and/or unstructuréa aantained in emails), structured market data
feeds (e.g., for benchmark yields supplied by sielé banks and interdealer brokers), current
offering levels (e.g., available from exchanges) ather market data information (e.g., over-
the-counter fixed income market). For exampleubstantial amount of pricing information
may be extracted (e.g., by data collection syst@8) by parsing unstructured data (i.e., data
without any particular arrangement, sequence ondy contained in e-mails. The information
from these messages may often be the most timely taweassess changes in the market’s
perception of value.

[0025] DCDS 104 may include data collection system 10& garformance system 110 and
distribution system 112. In some examples, dalactmn system 108, data performance system

110 and distribution system 112 may be embodieda @ingle computing device. In other

6



examples, data collection system 108, data perfocsaystem 110 and distribution system 112
may refer to two or more computing devices disteoluover several physical locations,
connected by one or more wired and/or wirelessslink should be understood that DCDS 104
refers to a computing system having sufficient psstng and memory capabilities to perform
the following specialized functions, and it does mecessarily refer to a specific physical
location. An example computing system that mayasgnt DCDS 104 is described below with
respect to FIG. 8.

[0026] Data collection system 108 may be configured teixecelectronic data from each data
source 104 and extract data value(s) and/or infoom#&from each data source 102) that may be
useful for determining data performance metricke €lectronic data may be represented in one
or more data forms including, without being limiteal electronic data files, electronic data
feeds, electronic messages, etc., and may alsespamd to different data formats. Data
collection system 108 may receive electronic daienfdata sources 102 in real-time, based on a
predetermined event and/or on a periodic basis, (@xge per day at a predetermined time). In
general, data value(s) and/or information may r&gme a portion of data extracted from the
electronic data from a data source 102. In thismag data collection system 108 may dictate
processing only the type and volume of data andrinétion that is pertinent to generating
statistical information (e.g., data performanceriog} related to one or more data classes for
which directly-related or historical informationgparse or unavailable.

[0027] Data collection system 108 may classify the ex¢édctata value(s) and/or information
into one or more predetermined categories, asagefissign any attributes to each extracted data
value and/or information associated with the cfass$icategory. Data collection system 108
may also, for each extracted data value, identity @pply a corresponding benchmark value, to
generate difference value(s) of the extracted datae relative to the benchmark value. Data
collection system 108 may map and aggregate théiomah information (i.e., the extracted data
value(s) and/or information and difference value(s)a first database (such as database 208 of
FIG. 2) such that the corresponding combined in&drom is indexed according to the
corresponding predetermined category. Each ertlagata value and/or information may be
associated with a timestamp. Data in each categ@ay also be further indexed according to
various predetermined times based on the timestamphis manner, data in first database 208
may be accessed based on a predetermined categwrih@ predetermined times. In some
examples, data collection system 108 may authdatieach data source 102 and/or validate



electronic data received from each data source 10X5o0me examples, data collection system
108 may include a secure network connection betwlaegém collection system 108 and each data
source 102. Data collection system 108 is desgtitseher below with respect to FIG. 2.

[0028] Data performance system 110 may be configured eoydgust database 208 (FIG. 2) of
data collection system 108 to retrieve at leasbréign of the combined information associated
with each category and for a predetermined periaihwe. Data performance system 110 may
execute one or more statistical processes (eajiststal modeling, algorithms, etc.) using the
retrieved combined data from among all of data cesirl02 to generate data performance
metrics for each category over a particular timggae In one example, the difference value
may represent a difference between a reporteddtéine price and a concurrent continuous
evaluated price for transactions (involving goodsl/ar services) over a predetermined look-
back period (e.g., 20 days). The data performaneg&ics may represent a transaction price
distribution for the price differences for a rargddransactions in a particular category. The data
performance metrics, for each category and predéted time period, may be stored in a
second database (e.g., database 308 in FIG. 3}a @aformance system 110 is described
further below with respect to FIG. 3.

[0029] Data distribution system 112 may be configuredaimmunicate with performance data
receivers 106, as well as data performance systéinahd data collection system 108. Data
distribution system 112 may receive request(spésformance data from one or more receivers
106 related to a particular data set (which mayunhe a sparse data set). Data distribution
system 112 may generate one or more predictivepeaince metrics for the particular data set
based on a comparison of the particular data sétegalata performance metrics stored in the
second database 308. Data distribution systenmish2transmit the predictive performance data
metric(s) to the requesting receiver 106. In oran®le, data distribution system 112 may
generate a best execution score for particulasé@ion information that predicts the execution
guality of the particular transaction, relativethe observed behavior provided by the transaction
price distribution determined by data performangetesn 110.

[0030] In this manner, data distribution system 112, imbmation with data performance
system 110, is able to produce predictive dataopmidnce metrics for data classes without
sufficient direct data to generate the predicti@ng., data classes having sparse electronic data).
In some examples, data distribution system 112 maljude an application programming
interface (API), having a suitable web service @cot for communication with receivers 106.
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The data distribution APl may be used with receidacing applications. Receivers 106, with
the proper entitlements, may integrate the distionuAPI into their proprietary systems. Use of
industry standard protocols may minimize the eff@éded to access the functionality of DCDS
104. Data distribution system 112 is describethirbelow with respect to FIG. 4.

[0031] Receivers 106 may represent any electronic devicapplication on an electronic
device configured to receive predictive performamoetric(s) (as well as other data and/or
information) for one or more data sets. In onengXa, receivers 106 may be used by data
managers, data analysts, regulatory compliancest@auch the like.

[0032] In some examples, data distribution system 112 mizgyact with one or more public
API's configured to communicate with one or moréem applications that operate on an
electronic device (where a client application megresent receiver 106). Client(s), through the
client application(s), may access the analysis (dhdr) information provided by DCDS 104 via
interaction with the public API. The public API gnancorporate user authentication and/or
entittement features to prevent unauthorized actesSCDS 104. Client applications may
represent external applications built and mainthingy clients for implementing data
performance analyses.

[0033] In some examples, data distribution system 112 ocmsgmunicate with one or more
application servers configured to communicate wothe or more web-based applications
accessible by an electronic device (where a webebapplication may represent receiver 106).
An application server may provide the web-basedliegmn with centralized access to
information used to render graphical user interfdisplays on a web page (such as shown in
FIG. 7). The application server(s) may be contguto include enforcement of entitlements that
control access to web pages, along with technealices such as security search/lookup tools,
access to historical data and data caching logge, (fnat may improve the performance of the
web-based application to access information). Aangle desktop application may include a
web application that provides access to benchmaekg values and end-of-day pricing values,
along with other content and analytics, such aparate actions, liquidity scores and a workflow
tool used by fund valuation specialists to verifie tprices being used to calculate a fund’'s
official Net Asset Value (NAV). In one examplegtiveb-based application may provide clients
with a set of screens that give various views ef phedictive performance metrics (e.g., a best

execution quality analysis) on a transaction-bydection basis. In some examples, the desktop



application may include a calculator interface tlova clients to assess the sensitivity of a
particular performance metric score to changes\@a more input values.

[0034] FIG. 2 is a functional block diagram of exampleadabllection system 108, according
to an aspect of the present disclosure. Datamy$@8 may include data source interface 202,
data performance interface 204, data distributiderface 206, aggregated data database 208,
data extractor 210, data classifier 212, data beacker 214, data mapper 216 and history
database 218, which may communicate with each ethattata and control bus 220. Although
not shown, in some examples, data collection sys2@th may include a controller (e.g., a
processor, a microcontroller, a circuit, softwanel/ar other hardware component(s)) specially
configured to control operation of data sourcerfatse 202, data performance interface 204, data
distribution interface 206, aggregated data dawl288, data extractor 210, data classifier 212,
data benchmarker 214, data mapper 216 and histbapase 218.

[0035] Data source interface 202 may be configured to conicate with data sources 102
(FIG. 1) via a network (e.g., see network 114-1Ft5b. 1) (and/or via a direct connection), to
receive electronic data that may be useful for rddteng data performance metrics. In some
examples, the network connection may include arsecannection with one or more of data
sources 102. Although not shown, data sourcefader202 may also receive other information
from among data sources 102 that may be usefldrfalyses and presentation to receivers 106,
and store this additional information in one or enalatabases (e.g., including in database(s)
storing historical data).

[0036] As discussed above, the electronic data may baiilows data forms and/or different
data formats. In one example, the electronic dag include independent estimates of current
and/or historical market prices for particular assenarket-wide coverage of transaction data
from particular market sectors (e.g., a transacpoice, a transaction size, a time of the
transaction, a transaction direction (dealer bweglel sell, interdealer information), reference
data for each asset (e.g., issuer, maturity datgitcquality/credit rating, industry sector)
information. The independent current/historicdineates may vary by data class (e.g., asset
class), a liquidity of assets in the asset classtha amount of direct market data observations
received for an asset class, an issuer and othelasiassets in its industry. For example,
currently, prices for US corporate bonds (e.g.eaample data class) may update from several

times a day to several times per minute.
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[0037] Notably, any type of data may be included in thecebnic data, depending upon the
particular industry and/or implementation for th€DS 104 of the present disclosure. In
general, data source interface 202 may be configtoeeceive electronic data from multiple
data sources 102, where data transferred from @aehsource 102 may include a large volume
of electronic data (e.g., millions of data pointd)ich may be frequently updated (e.g., every 15
mins). In some examples, data source interfacen2®? authenticate data source(s) 102 and/or
validate electronic data received from data sogjceQ2. In one example, the electronic data
may include market transaction data, intraday bewach price data, security reference data,
client transaction data as well as other markettedl information associated with various data
classes (e.g., asset classes).

[0038] In one example, data source interface 302 mayveasset reference data for bonds
(e.g., about 30,498 bonds outstanding in the Uparate bond market). Data source interface
302 may also receive regulator supplied marketstretion feed data, including a Transaction
Reporting And Compliance Engine (TRACE) feed assteci with the Financial Industry
Regulatory Agency (FINRA) (that reports transactidn US Corporate bonds, US Agency
debentures, agency mortgage-backed securities ardirc structured products, within 15
minutes of the transaction execution time) and ani®lpal Securities Rulemaking Board
(MSRB) data feed (that reports municipal bond taatisns). For example, the TRACE feeds
currently provides information on about 1,189,1Z4nsactions for about 20,142 unique
securities, and the MSRB feed currently providésrmation on about 699,226 transactions for
about 107,144 unique securities. The independstimhated data may include approximately 10
million price updates per day for the US Investm@rdde, US High Yield and Europe, Middle
East and Africa (EMEA) Sovereigns and Credit mad&ttors, combined. An additional 51
million updates of estimated evaluations may bdiplied for the US Municipal bond sector. In
one example, the independent estimated data ircldentinuous evaluated price (CEP) that is
used as a benchmark value to generate the datarmparfce metrics. In one example, data
source interface 202 may receive market informatiom approximately 7 million individual
market data points collected from various otherkeiadata feeds and sources (e.g., structured
market data feeds, current offering levels, emadhiding pricing information).

[0039] Data performance interface 204 may be configureseturely communicate with data
performance system 110, to provide data performagsteem 110 access to the aggregated data

in database 208, for determination of data perfocaanetrics. Data distribution interface 206
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may be configured to securely communicate with dég&ibution system 112, to provide data
distribution system 112 access to data and/ornmétion related to one or more data sets (e.g., in
addition to predictive performance metrics (suchiasorical data in database 218).

[0040] Data extractor 210 may be configured to extract datd/or information from the
receive electronic data from each data source T02 extracted data/information may include a
transaction price (i.e., a data value) and assatiatformation (e.g., transaction size, time of
transaction, transaction direction, asset class) ftr an asset that may be useful for determining
data performance metrics. In some examples, datsactor 210 may extract the
data/information from a portion of one or more nedrkdata feeds. In some examples, data
extractor 210 may parse data (e.g., unstructurestractured data) contained in one or more
emails or text messages and extract suitable didahation useful for data performance
analysis. Thus, data extractor 210 may act aslter,fito reduce the number of data
values/information needed for data performanceyaisa(performed by data performance system
110). In some examples, data extractor 210 mayralste transaction-related information for an
asset (extracted from the received data) to datssidier 212, and may route benchmark data
values and corresponding timestamp information fradependent reference price data source(s)
106 to history database 218.

[0041] Data classifier 212 may be configured to class#greextracted data value(s) (and any
associated information) for an asset to one or rpoedetermined categories. In one example,
the categories may reflect a maturity and credaligu of an asset type (e.g., bond). For
example, the categories may include a transacyjos & credit group, a maturity band, an issuer,
an asset symbol, etc. In some examples, one c@ atbrtbutes may be assigned to a category,
such as, without being limited to, industry secamsets from a same issuer, all transactions from
a particular asset. Data classifier 212 may compa extracted data/information to information
associated with each predetermined category (ap@tmbutes if included in the predetermined
category) and assign the extracted data/informatmra predetermined category (and any
attributes). The assignment by data classifier @B¥ include a classification indication (and
any assignment indications). In one example, 2@dgories may be assigned to a data class.
[0042] Data benchmarker 214 may be configured to ideratifgl retrieve, for each classified
data value(s)/associated information for an assetrresponding benchmark value from history
database 218 (and/or from among data sources 186tlg). For example, the associated

information (of a data value) may be used to quesyory database 218 to identify a reference
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price corresponding to a time of the transactiod ardata class. Data benchmarker 214 may
also be configured to determine a difference vdlatwveen the data value and the retrieved
benchmark value.

[0043] Data mapper 216 may be configured, for each cladsifiata value/associated
information for an asset, to map the data valuspaated information and the difference
information (i.e., combined information) to one more storage locations in aggregated data
database 208 based on the classification indicgasnwell as any attribute information) such
that the combined information is indexed accordimg corresponding predetermined category.
Data mapper 212 may further map the combined dadatabase 208 according to timestamps in
the combined information, such that the combined daindexed according to a predetermined
time. In this manner, the indexing of data in bate 208 based on category and time may
improve the efficiency of data retrieval for subsent analysis by data performance system 110.
As a result, fewer system resources may be needpdrform the subsequent data performance
analysis.

[0044] Aggregated data database 208 may be configuretbte sombined information for
each asset from electronic data received from omeooe data sources 102 indexed according to
predetermined categories and predetermined tirmésis, data received from one or more data
sources 102, is aggregated (i.e., combined and @dpmto database 208 based on
predetermined categories and times.

[0045] History database 218 may be configured to storehreark data values for one or
more time periods for one or more data classest ekample, the DCDS 104 may retrieve
previously published benchmark price data as artiqular timestamp, in order to perform post-
transaction execution quality evaluations. Forneple, clients may submit their records of
executed transactions to be evaluated on a nighhekly, monthly or quarterly basis. Clients
may also use request that DCDS 104 perform “wharalyses, which may include transactions
that were not completed. In some examples, hisglatgbase may include transaction data and
benchmark price data. In one example, historybdesta 208 may store approximately 14 months
of data “live” to facilitate the analysis of trams@ans as old as 1 year (e.g., for 252 days per yea
and about 60 million benchmark prices per day).

[0046] FIG. 3 is a functional block diagram of an exemypldata performance system 110,
according to an aspect of the present disclosDiaga performance system 110 may include data

collection interface 302, data distribution inteda304, statistical data analyzer 306 and data
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performance metrics database 308, which may contatmwith each other via data and control
bus 310. Although not shown, in some exampless gatformance system 110 may include a
controller (e.g., a processor, a microcontrollerciecuit, software and/or other hardware
component(s)) specially configured to control ofieraof data collection interface 302, data
distribution interface 304, statistical data analy306 and data performance metrics database
308.

[0047] Data collection interface 302 may be configuredségurely communicate with data
communication system 108, to provide data perfosaaystem 110 access to the aggregated
data in database 208, for determination of datbbopeance metrics. Data distribution interface
304 may be configured to securely communicate wdéta distribution system 112, to provide
data distribution system 112 with access to datBbpeance metrics stored in database 308.
[0048] Statistical data analyzer 306 may be configurequery aggregated data database 208
(See FIG. 2) to retrieve at least a portion of doenbined data for entries in database 208
associated with a predetermined category overdepeenined time period (e.g., 30 days), based
on category and time indices of database 208.is8tal data analyzer 306 may be configured to
execute one or more statistical processes (edajistgtal modeling, algorithms, etc.) using the
data value(s) and corresponding difference valwestlie entries to generate one or more
performance metrics for the corresponding catedomer the predetermined time period).
Statistical data analyzer 306 may repeat this poder each predetermined category. In one
example, statistical data analyzer 306 may compiamesaction prices with corresponding
difference values and determine percentile rankinggrice differences (i.e., data performance
metrics) in the predetermined category. In operatstatistical data analyzer 306 may perform
the data performance analysis process periodi¢alty, once per day) and/or responsive to an
event (e.g., issuance of new assets, credit ratitapges, tender offers, etc.). In general,
statistical data analyzer 306 may determine datéoqmeance metrics for one or more time
periods.

[0049] Database 308 may be configured to store the datarpence metrics associated with
each predetermined time period. The data perfocmametrics may be indexed in database 308
according to each predetermined category and predeted time period. In this manner, the
indexing of data in database 308 based on categuaftime period may improve the efficiency

of data retrieval for subsequent analysis by detaildution system 112.
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[0050] FIG. 4 is a functional block diagram of an exempldata distribution system 112,
according to an aspect of the present disclosDaa distribution system 112 may include data
performance interface 402, data collection intexfd04, performance data receiver interface 406
and data performance prediction calculator 408 clwvimay communicate with each other via
data and control bus 410. Although not shown,ome examples, data distribution system 112
may include a controller (e.g., a processor, a ooimntroller, a circuit, software and/or other
hardware component(s)) specially configured to mrdperation of data performance interface
402, data collection interface 404, performance dateiver interface 406 and data performance
prediction calculator 408.

[0051] Data performance interface 402 may be configureseturely communicate with data
performance system 110, to provide data distrilutgystem 112 with access to data
performance metrics stored in database 308, farohation of predictive performance metrics
for a particular data set. Data collection inteefa402 may be configured to securely
communicate with data collection system 108, tovig® data distribution system 112 access to
the aggregated data in database 208 and/or haltaldta in database 218, for presentation of
information to receivers 106. Performance dat&ivec interface 406 may be configured to
securely communicate with performance data recei{eeg., see performance data receivers 106
of FIG. 1) via a network (e.g., see network 114fZFI§5. 1), to provide authorized receivers
access to predictive performance metrics and/oeradlata/information associated with one or
more data sets. Performance data receiver ineed@6 may be configured to communicate with
receivers 106 directly and/or via API(s) and/orlaggpion server(s).

[0052] Data performance prediction calculator 408 maydidigured to receive request(s) for
performance data from one or more receivers 106i{ierface 406) related to a particular data
set (which may include a sparse data set). Catou#)8 may generate one or more predictive
performance metrics for the particular data seetbas a comparison of the particular data set to
the data performance metrics stored in database 308

[0053] In one example, calculator 408 may determine t@i@a information from the
performance data request, based on informatiorcamelil in a user interface (of receiver 106),
transaction information stored in a transactioa {stored at receiver 106 and/or stored at data
collection system 108) or transaction informatienaived from a source other than receive 106
or data collection system 108. Calculator 408 medsieve data performance metric(s) (e.g., an

execution quality) from database 308 based on omeooe categories identified in the request.
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Calculator 408 may also identify and retrieve admark price corresponding to the identified
transaction information from history database 2BEE5( 2). Calculator 408 may determine a
transaction-specific difference between a transacfrice (associated with the transaction
information) and the benchmark price. Calculat@8 4nay then determine a percentile ranking
corresponding to this difference from the retrieymformance metrics. In some examples,
calculator 408 may convert the percentile rankim@ performance score, where a higher score
may correspond to higher performance. For exanglgansaction with a score of 75 may
indicate that the transaction outperformed 75% eérptransactions in the category. The
percentile ranking or score represents the pregigerformance metric for the data set.

[0054] Data distribution system 112 may transmit the @t performance data metric(s) to
the requesting receiver 106, via performance dateiver interface 406. In one example, data
distribution system 112 may generate a best ex@tusicore for particular transaction
information that predicts the execution quality tbe particular transaction, relative to the
observed behavior provided by the transaction piistibution determined by data performance
system 110.

[0055] Some portions of above description describe theodintents in terms of algorithms
and symbolic representations of operations on inédion. These algorithmic descriptions and
representations are commonly used by those skiieitie data processing arts to convey the
substance of their work effectively to others &dlin the art. These operations, while described
functionally, computationally, or logically, shoulb@ understood to be implemented by computer
programs or equivalent electrical circuits, micrdepor the like. Furthermore, it has also proven
convenient at times, to refer to these arrangemeitgperations as modules, without loss of
generality. The described operations and theio@aed modules may be embodied in
specialized software, firmware, specially-configubardware or any combinations thereof.
[0056] Those skilled in the art will appreciate that DCD® (of FIG. 1) may be configured
with more or less modules to conduct the methodsrdeed herein with reference to FIGS. 5A-
5C. As illustrated in FIGS. 5A-5C, the methodswhanay be performed by processing logic
(e.g., such as processing logic 804 in FIG. 8) tnaty comprise hardware (e.g., circuitry,
dedicated logic, programmable logic, microcode,)etoftware (such as instructions run on a
processing device), or a combination thereof. na embodiment, the methods shown in FIGS.

5A-5C may be performed by one or more specializeatgssing components associated with
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components 202-218 of data collection system 10&IGf. 2, components 302-308 of data
performance system 110 of FIG. 3 and componentsi882f generator system 112 of FIG. 3.
[0057] FIGS. 5A-5C illustrate flowchart diagrams of exeargl methods of data conversion
and distribution associated with the electroniadatchange environment 100 shown in FIG. 1,
according to an aspect of the present disclosr@articular, FIG. 5A is a flowchart diagram of
an example method of creating an aggregated da&abfabenchmarked-data values for the
generation of data performance metrics; FIG. 58fiswchart diagram of an example method of
generating data performance metrics; and FIG. %Cfigwchart diagram of an example method
of generating predictive data performance metacgarticular electronic data based on the data
performance metrics.

[0058] FIGS. 5A-5C are described with reference to FIG8. 1n this non-limiting example,

it shall be assumed that the electronic data exghamvironment 100 of FIG. 1 refers to an
electronic asset exchange environment, and thatoatiponents and functions referenced with
respect to FIGS. 5A-5C have been configured foctioning in that environment for purposes
of this illustrative application. It should be wrdtood, however, that the present disclosure is
not limited to the exemplary implementation dis@dssvith respect to FIGS. 5A-5C. To the
contrary, as noted above, the data conversion atidbdtion technology discussed herein may
be used in any data exchange environment.

[0059] Referring to FIG. 5A, at step 500, data collectsystem 108 may receive electronic
data from each of data sources 102, e.g., viarel@ctcommunication over network 114-1. At
step 502, data extractor 210 may, for each datecedl02, extract one or more data values (as
well as any associated information) from the cqroesling received electronic data.

[0060] At step 504, data classifier 212 may classify eextriacted value into one or more
predetermined categories (e.g., based on the edraalue and/or associated information), and
assign a classification indication to the extractatle (and associated information). At step
506, data classifier 212 may, for each extractddevavithin a category, assign one or more
attributes to the extracted value based on predeied attributes associated with the
corresponding category (e.g., based on the extrackie and/or associated information), and
may assign an attribute indication to the extrastdde (and associated information)..

[0061] At step 508, data benchmarker 214 may, for eactaeed value within a category,
identify and retrieve a benchmark value associati¢dl the extracted value (e.g., from history

database 218 and/or from among data sources Fd2)ep 510, data benchmarker 214 may, for
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each extracted value within the category, deternairgifference value between the extracted
value and the associated benchmark value.

[0062] At step 512, data mapper 216 may, for each exttagtdue, map corresponding
combined information (e.g., the extracted value, difference value, associated information) to
one or more locations in database 208 such thatdh#ined information is indexed according
to the corresponding category, to form aggregatdd tbr each predetermined category. Data
mapper 216 may also, for each extracted valuee sk combined information in database 208
such that the combined information is indexed atiogr to various predetermined times. It
should be understood that steps 500-512 may betexhefor example, as additional electronic
data is received from among data sources 102 pamiadic basis and/or responsive to an event.
[0063] Referring to FIG. 5B, at step 520, statistical datalyzer 306 may, for each category,
query database 208 and retrieve aggregated datzciatesl with the category over a
predetermined time period. Statistical data arealy@6 may perform the query based on a
category index associated with the category andoormaore time indices corresponding to the
predetermined time period.

[0064] At step 522, statistical data analyzer 306 maye#wh predetermined category, run the
respective retrieved aggregated data through oneoe statistical algorithms to generate one or
more data performance metrics for the correspondatggory. Because the aggregated data is
representative of data from all of the data sourt@®, the data performance metrics are
representative of data from all of the data sourt@2 associated with category for the
predetermined time period.

[0065] At step 524, statistical data analyzer 306 mayestbe data performance metric(s) for
each category in database 308 such that the ddtarmpance metrics are stored in one or more
locations in database 308 indexed by category.

[0066] When authentication module 210 determines, at 402) that a respective data entity
104 is not authorized, authentication module 21§ deny any data transfer (step 404) from the
particular data entity 104. It should be underdtdloat steps 520-524 may be repeated, for
example, on a periodic basis and/or responsive ®vant.

[0067] Referring to FIG. 5C, at step 530, data performam@siction calculator 408 may
receive a request for performance data relateditbdr data (i.e., a data set), from a receiver
106. For example, the request may be submittetht® distribution system 112 via a graphical

user interface of a requesting receiver 106 overvork 114-2. The request may indicate one or
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more categories for comparison of the further ddtasome examples, the categories may be
pre-set based on particular user preferences, sumhthe request may only indicate the
particular requesting user.

[0068] At step 532, data performance prediction calcul@@8 may generate one or more
predictive performance metrics, based on a compaas at least a portion of the further data to
the data performance metrics stored in databasdo3@Be indicated category(s). For example,
data performance prediction calculator 408 may aenphe further data to the statistical profile
of the overall data (from all data sources 102) assess the percentile ranking for the further
data’s predicted performance.

[0069] At step 534, data performance prediction calculd@8 may transmit the predictive
performance metric(s) to the requesting performat@a receiver 106. Receiver 106 may
display the predictive performance metrics in vasiéorms, such as shown in example graphical
user interface 700 (shown in FIG. 7).

[0070] One non-limiting example of a sparse electroniadat includes electronic transaction
data associated with performance information sigchxa&cution quality metrics. Participants in
such an industry (including portfolio managers,lgsta, regulatory compliance teams, etc.) may
seek performance information for assets such asuére quality metrics. However, in illiquid
markets, directly observable data points relatongarformance information may be scarce. For
example, in some fixed income markets, less thano2%sued instruments are a part of a
transaction on a given day. As a result, direotigervable data points relating to performance
information is sparse, thereby forming a sparse dat.

[0071] In addition, there are existing regulations thafuiee both buy-side and sell-side firms
to implement best-execution policies for their gaction activities. However, implementation
of these policies in the fixed income segment &llehging. In more liquid asset classes, such
as equities and foreign exchange (F/X), it is gmedio measure execution quality by comparing
particular transactions to other transactions aaogirin the market during the same period.
Those involved in fixed income transactions ofter fthat there is no other transaction activity
going on for the bond they are buying or selling.

[0072] Accordingly, a data conversion and distribution tegs according to the current
disclosure provides a solution for these typesat& alasses having sparse electronic data sets.
As described above, the solution comes in the faimspecially configured computer

components, include a data collection system, a ptformance system and a data distribution
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system that collectively, receive any amount ofdaiginating from among a plurality of data
sources, extract data values (and any associafedmation), determine difference values
between the extracted data and a benchmark vahssify and map the combined information
to form aggregated data, and run the aggregatedtdaiugh statistical algorithms to generate
statistical data for the sparse data classes.

[0073] In some examples, a data conversion and distribugistem described herein may
measure a difference between reported transactioesp and a concurrent independent
continuous evaluated price (CEP) (i.e., a benchmalte) for transactions reported over a look-
back period (for example, 20 days). The system thay calculate the distribution of these
differences for a range of comparable transactiassiescribed below. From these distributions
the system may create a "BestEx" score that refldot quality of a particular transaction
execution, relative to the observed behavior.

[0074] An example data conversion and distribution systeay rely on a statistical analysis
of a broad range of data collected from reliablek®tasources. Accordingly, a sparse asset class
(an example of a sparse data class) such as aifigethe asset class may benefit from such a
system. For example, the system may provide ptiediperformance metric(s) (e.g., execution
quality) for transactions in the US Corporate Bomarket. The same process can be applied to
other fixed income asset classes, including butlinoted to, US Agency debentures, to be
announced mortgage-backed securities (TBA MBS), Mificipal bonds, and sovereign and
corporate bonds in EMEA and Asia-Pacific(AsiaPac).

[0075] An example data conversion and distribution systeoording to the present disclosure
may create an unbiased reference point used toumsets execution quality of an individual
transaction or group of transactions. The systeswy be capable, for example, of calculating
reference levels based upon a population of apprately 1 million transactions, broken down
across transaction direction, transaction size grouaturity date group and credit quality. The
system may generate, for example, an initial setbafut 294 categories, and provides tools to
efficiently calculate transaction execution quaitpres for arbitrary set of transactions.

[0076] An example data conversion and distribution systeoording to the present disclosure
may efficiently categorize, for example, assetshwiportable transactions into a series of
predetermined categories. This system may updadéoia modify its data collection and/or

performance analyses to handle market events, asithe issuance of new bonds, credit rating
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changes, tender offers, etc. For example, eatihesk corporate actions may impact transaction
activity and/or the category assignments of theiwedl electronic data.

[0077] For example, each month, between 700,000 and 900108 Corporate Bond
transactions are reported by FINRA, covering apipnaxely 20,000 unique securities. The
volume of transaction data, extracting the refegedata for each instrument involved in a
transaction, constructing the cohorts and matcleagh transaction to the contemporaneous,
independent evaluated price prevent this process freing performed manually.

[0078] Next, an example operation of a data conversiondsttibution system is described
with respect to the US corporate bond markethdugd be understood that the example below is
a non-limiting example.

[0079] The exemplary process begins by measuring the itremigdied transaction costs,
based upon reported transaction data over a pefi@d days, for example. A data collection
system may then group the transactions by comntabwges. For example, the data collection
system may group the individual transactions irdtegories reflecting the maturity and credit
guality of the bond and the type of transactiome @ata collection system may also measure the
difference between the reported transaction pracesthe contemporaneous independent market
price for each transaction in the category. Thaultang differences may be stored in a first
database for use by a data performance system. cdtkgories may be further refined, using
attributes such as industry sectors, bonds froms#imee issuer, and/or all transactions from a
particular bond if more granular categories arardds The grouping, difference measurement
and storage may be repeated for any new categeflesting any desired attributes.

[0080] The data performance system may create a staltiptichle of the execution quality
achieved across all transactions in each categbing profile(s) may capture the behavior of the
market as a whole. The data performance systemsel@gt a set of price differences for a
particular category, as determined by the dataectdn system and stored in the first database.
The data performance system may perform a statistoalysis, to calculate a percentile
distribution of the observed differences for eaategory. The results of the statistical analysis
may be stored in a second database for use byrébdi®n system. The large set of categories
and the number of transactions present in the n@ngategories necessitate the use of a
specialized computer in order to produce reliabiits within a meaningful timeframe.

[0081] The data distribution system may compare individinahsactions to the statistical

profile of the overall market, quantifying the pmrhance with a "BestEx Score." The data
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distribution system may match specific transactimnthe corresponding category and assess the
percentile ranking for the transaction's estimatadsaction cost. The score may represent the
percentile rank of the selected transaction (e.¢ransaction with a score of “75” may refer to a
transaction that outperformed 75% of the peer &etiens in the selected cohort).
[0082] Tables 1-6 provide an example overview of transastiinvolving the US corporate
bond market, as reported through FINRA's (TRACE)The data underlying these tables
illustrates operation of an exemplary embodimenthefdata collection and distribution system
to provide execution quality metrics.
[0083] As shown in Tables 1-6, transactions are conceutriat the 5 year (5Yr) and 10 year
(10YT) sectors, with roughly 60% of the number @nsactions and transaction volume being
from these two segments. For the market as a whaleover 86% of all transaction volume
(estimated) occurs in blocks of $1Million or mor&or the 10Yr sector, the proportion is just
over 87%, and for the 5yr sector, the proportiojuss over 85%.

Table 1: Number of transactions by tenor in Junks20

Number of transactions by tenor

Tenor Dealer Buy InterDealer| Dealer Sell| Total
30Yr 32,655 42,400 50,017 125,072
10Yr 68,802 95,464 104,957 269,223

T 1,217 2,287 2,538 6,042
SYr 69,632 94,100 99,209 262,941
3Yr 22,729 28,299 27,028 78,056
2YR 27,192 31,440 27,609 86,2411
Short 23 1 12 36
NoBench| 20,146 18,932 20,129 59,207

Total 242,396 312,923 331,499 886,818
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Table 2: Estimated volume by tenor for transactioniune 2015

Estimated Volume by tenor (millions)
Tenor Dealer Buy InterDealer| Dealer Selll Total
30Yr 38,572 17,113 40,617 96,30P
10Yr 73,806 38,666 74,944 187,416
7Yr 1,879 1,104 1,963 4,946
5Yr 60,152 28,989 61,845 150,986
3Yr 16,144 6,112 16,616 38,872
2YR 17,346 6,493 17,603 41,441
Short 40 4 43 87
NoBench| 17,709 7,149 19,489 44,346
Total 225,646 105,629 233,120 S64,396

Table 3: Estimated volume by transaction sizerfamgactions in June 2015

23

Estimated Volume by tenor (millions) all tenors

Transaction Size Dealer BuyinterDealer| Dealer Sell| Total

1) 5SMM+ 86,859 20,251 82,473 189,582
2) IMM-5MM 114,833 61,223 120,855 296,910

3) 500K-1MM | 10,945 9,429 11,894 32,268

4) 250K-500K| 5,783 5,075 6,997 17,855

5) 100K-250K| 4,616 5,040 6,437 16,093
6) 25K-100K 1,861 3,213 3,254 8,328

7) <25K 750 1,399 1,211 3,360
Total 225,646 105,629 233,120 564,396



Table 4: Estimated volume by transaction size me2015

Estimated Volume by transaction size (millions) dt@nor

Transaction Size Dealer BuyinterDealer| Dealer Sell| Total
1) 5SMM+ 25,054 6,651 22,952 54,656

2)IMM-5MM 41,659 24,052 42,955 108,667
3) 500K-1MM 3,389 3,343 3,560 10,292
4) 250K-500K 1,708 1,642 2,074 5,423
5) 100K-250K 1,327 1,597 1,969 4,893

6) 25K-100K| 477 978 1,034 2,489
7) <25K 193 403 400 996
Total 73,806 38,666 74,944 187,416

Table 5: Number of transactions by transaction sizRine 2015

Number of transactions by transaction size-All tsno

Transaction Size Dealer Buy| InterDealer| Dealer Sell| Total

1) 5SMM+ 9,169 2,214 9,001 20,384
2)IMM-5MM 43,066 27,563 46,431 117,060
3) 500K-1MM 17,338 15,856 19,135 52,329
4) 250K-500K 17,560 16,085 21,664 55,309
5) 100K-250K 30,359 35,077 43,504 108,940
6) 25K-100K 41,845 75,190 76,409 193,444
7) <25K 83,059 140,938 115,35% 339,352
Total 242,396 312,923 331,499 886,818
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Table 6: Number of transactions by transaction sizRine 2015

Number of transactions by transaction size-10YroFen
Transaction Size Dealer Buy| InterDealer| Dealer Sell| Total
1) 5SMM+ 2,681 744 2,542 5,967
2)IMM-5MM 14,862 10,417 15,615 40,894
3) 500K-1MM 5,414 5,680 5, 745 16,839
4) 250K-500K | 5,178 5,233 6,396 16,807
5) 100K-250K | 8,386 10,854 13,031 32,211
6) 25K-100K 10,650 22,748 24,598 57,996
7) <25K 21,631 39,788 37,030 98,449
Total 68,802 95,464 104,957 269,223

[0084] For 68,802 Dealer Buy transactions and 104,957 dde@ell transactions, the data
performance system may examine the distributionthef transaction price/reference price
differences described above, using, for exampbmxaplot (shown in FIGS. 6A and 6B). FIGS.
6A and 6B illustrate median differences as a fumctf block size for the 10 year sector. FIG.
6A illustrates a distribution of differences foradler buy transactions in June 2015. FIG. 6B
illustrates a distribution of differences for deadell transactions in June 2015. The hashed area
shows the range for the middle 50% of observationsach category. In Fig. 6A, the ranges for
the larger, dealer buy transactions are quite curaied.

[0085] The data performance system may capture the péeceankings that are used to
measure the execution quality of individual tranises (i.e., the BestEx score). The percentile
rankings are shown below in Tables 7 and 8 foratdaly transactions (Table 7) and dealer sell
transactions (Table 8).
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Table 7: Market Performance Percentile (%tile) Riagdk for Dealer Buys

Dealer Buys Block

Y%tile 5MM 1IMM- 500K- 250K- 100K- 25K- <25K

SMM 1IMM 500K 250K 100K
1% -1.044 -1.213 -1.342 -1.629 -2.492 -3.506 4.38
5% -0.534 | -0.538 | -0.693| -0.787| -1.125 -1.708 Q.30
10% -0.358 | -0.337 | -0.437| -0.500 -0.721 -1.134 824
15% -0.252 -0.250 | -0.261| -0.325 -0.50( -0.874 54.0
20% -0.190 -0.136 | -0.200| -0.250 -0.367 -0.665 796.
25% -0.147 -0.095 | -0.125| -0.161] -0.25( -0.500 16.6
30% -0.114 -0.018 -0.061 -0.101 -0.176 -0.400 479.
35% -0.075 0.000 -0.007| -0.048] -0.117 -0.290 64.3
40% -0.046 0.000 0.000 0.000 -0.03¢ -0.219  -0.261
45% -0.016 0.000 0.004 0.000 0.000 -0.141  -0.199
50% 0.003 0.050 0.050 0.041 0.027 -0.08p  -0.128
55% 0.029 0.121 0.100 0.088 0.075 -0.01p  -0.094
60% 0.063 0.125 0.141 0.130 0.126 0.01d -0.037
65% 0.093 0.212 0.202 0.190 0.188 0.06d 0.000
70% 0.125 0.250 0.250 0.250 0.250 0.125 0.04y
75% 0.163 0.250 0.273 0.277 0.300 0.198 0.109
80% 0.206 0.350 0.375 0.365 0.384 0.260 0.182
85% 0.250 0.441 0.480 0.471 0.500 0.375 0.279
90% 0.320 0.500 0.500 0.559 0.625 0.521 0.424
95% 0.427 0.750 0.750 0.800 0.932 0.871 0.758
99% 0.878 1.250 1.259 1.583 1.750 2.101 2.150
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Table 8: Market Performance Percentile (%tile) Ragd for Dealer Sells

Dealer Sells Block
Y%tile 5MM 1IMM- 500K- 250K- 100K- 25K- <25K
SMM 1IMM 500K 250K 100K

1% -0.614 | -0.853 | -0.905| -0.801| -0.87¢ -0.578 -8.81
5% -0.250 | -0.250 | -0.250| -0.250| -0.22( -0.043  -R.04
10% -0.116 | -0.063 | -0.064| -0.056| -0.011 0.10d 0.10b
15% -0.038 0.000 0.000 0.000 0.050 0.191 0.179
20% 0.000 0.000 0.000 0.063 0.125 0.254 0.254
25% 0.034 0.026 0.055 0.125 0.190 0.332 0.339
30% 0.071 0.101 0.112 0.177 0.246 0.405 0.42H
35% 0.101 0.125 0.155 0.223 0.279 0.49d 0.50b
40% 0.127 0.188 0.200 0.250 0.337 0.579 0.614
45% 0.154 0.250 0.250 0.298 0.393 0.718 0.750
50% 0.180 0.250 0.251 0.350 0.466 0.89d 0.925
55% 0.215 0.250 0.310 0.389 0.504 1.10d 1.12y
60% 0.243 0.274 0.370 0.457 0.615 1.317 1.363
65% 0.266 0.343 0.414 0.500 0.740 1.527 1.562
70% 0.300 0.375 0.494 0.564 0.850 1.733 1.749
75% 0.338 0.478 0.500 0.670 1.000 1.912 1.950
80% 0.376 0.500 0.605 0.750 1.250 2.09§ 2.16y
85% 0.424 0.600 0.730 0.942 1.508 2.310 2417
90% 0.489 0.750 0.875 1.146 1.850 2.57C 2.737
95% 0.608 0.950 1.200 1.578 2.289 3.00d 3.225
99% 0.904 1.513 2.00 2.568 3.239 4.300 4741

[0086] The data distribution system may determine a exatufuality score (BestEx) score for

individual transactions, based on the percentitkirags shown in Tables 7 and 8. Table 9 below
displays five sample transactions for the 10 yeatunity sector. The last three columns show
the mapping to the block size category, the obskditéerence between the reported transaction

price and the contemporaneous reference pricelencesulting BestEx score. In this example,
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CUSIP transaction identified6051GEU has the highest BestEx score whereas Ct&iiBaction
identifier 40414LAN has a lowest score.

Table 9: Example Transactions with BestEx Score

CUSIF Issue Issue Transactit | Transac! | Ref. Block | Diff. Score
n Size on Price | Price Size
472319AlL JEFFERIES | SR NT | 80,00( 104.34° | 102,30° | 25K- 2.04( 22
GROUP 5.125% 100K
INC NEW 23
404119BC( HCA INC SR 35,00( 105.60( | 105.27' | 25K- 0.32¢ 76
SEC 100K
NT5.25
%25
40414LAN | HCP INC SR NT | 500,00( 99.38¢ 97.85] 250K- | 1.52¢ 6
4%25 500K
06051GEL | BANK FR 10,00( 98.42: 98.44( 25K- -0.01¢ | 93
AMER 3.3%01 100K
CORP 1123
04021LAA | ARGOS SR 3,591,001 | 105.75( | 105.31: | IMM- | 0.43¢ 27
MERGER GLBL 5MM
SUB INC 144A
23

[0087] FIG. 7 illustrates an exemplary graphical userrfatee (GUI) 700 which may be
provided on a display of one or more receivers 1l@6some examples, GUI 700 may be present
on a webpage accessed by a user of receiver 108.7@ illustrates an example interface for
calculation of execution quality scores for fixettome instruments. It should be understood
that FIG. 7 represents a non-limiting example usnrface, and that a similar interface may be
provided for providing predictive performance megrfor any data class.

[0088] GUI 700 may include a section displaying instrumiedrmation 702 including, for
example, the asset title, a brief description, dredlike. GUI 700 may also contain means for
providing feedback to an operator of the data cmigr and distribution system, such as via
feedback icon 704. Selection of the feedback it@n by the user may, for example, provide a

pop-up window, link to a new tab or webpage, ardlitke which allows for communication with
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DCDS 104 for data conversion and distribution. eAlatively, hovering over the feedback icon
704 with a mouse, may display a phone number, esdaitess, or chat service configured to aid
in communication between the user of receiver Itbam operator of DCDS 100.

[0089] GUI 700 may include one or more tabs 706 used &amgh the panels displayed in the
GUI window. Tabs 706 may include any desired tappropriate for the particular
implementation. A selected tab may change colarder indicate to a user selection of the tab.
Other panels displayed on the GUI window may bestdf in accordance with the selected tab
706.

[0090] In the displayed embodiment, selection of BestHx TA6A displays at least three
panels: Best Ex score panel 708, Best Ex calcufzoel 710 and Median Markup/Markdown
panel 712. It should be understood that additiondwer panels may be visible upon selecting
Best Ex tab 706A. GUI 700 may also display infatiora regarding the date at which data and
information displayed in the GUI 700 was last updat In the particular example, GUI 700
displays an example of the BestEx Scoring anafgsia particular asset (6.55%), maturing on 9/
15/2043.

[0091] Best Ex panel 710 may include information regardexgcution quality (Best EXx)
scores for various categories (e.g., 708A) of atipdar asset when compared with the
distribution of similar transactions in the categaeparated by category. For example, subpanel
708A shows the BestEx Score (49) computed fortthissaction, based upon the distribution of
all similar transactions (Dealer Sells, for all 30¥hvestment grade bonds). The transaction
price differs from the current CEP by 0.312. Tlaue of the BestEx Score indicates that 49%
of all transactions had a larger price differenice.,(49% of buyers of this type of bond had a
higher transaction cost). Categories may alsadekector, issuer and bond.

[0092] Best Ex calculator panel 712 may include infornmatregarding calculation of the
execution quality score for the asset. Subpan@A7dllows for user input of size and/or price
information for both transaction sides (dealer smild dealer buy). Although textboxes
configured for user input are depicted in subpati€lA, alternate methods for receiving user
input may be used, such as a scrollbar, selectaibfedown menu, and the like. Subpanel 710B
shows the CEP at the time of the transaction, defsed as a "Dealer Sell" for a principal
amount of $1 ,500,000, at a price of 117.400. @imeent CEP price (117.088). Calculation
button 710C allows for calculation of the Best Eoore according to the values indicted in
subpanel 710A. Subpanel 710D provides a graphiwador numerical display of Best Ex score
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for various prices, including the price informationput into subpanel 710A. In one
embodiment, selection of the calculation buttonG b@ay update the other panels and subpanels
of the Best Ex tab 706A.

[0093] The Median Markup/Markdown panel 712 may displajorimation regarding the
asset’s score in the context of "market norms"tfios category. In this example, subpanel 712A
illustrates the markup/markdown information in amhmical format. Bars 714 show the median
markup for each of seven transaction size rang@amond 716 represents the transaction being
evaluated. Line 718 shows the level corresponding BestEx score of 30. Legend 712B
shows the values associated with the median maakdghe markup corresponding to a selected
threshold.

[0094] Although exemplary sections and panels are depiot&édiG. 7, alternate configurations
for the sections and panels are envisioned. Famele, a graphical user interface may contain
more or fewer sections and panels. Additionahllg $ections and panels may be reorganized in
any manner and display other pertinent information.

[0095] Systems and methods of the present disclosure malude and/or may be
implemented by one or more specialized computectuding specialized hardware and/or
software components. For purposes of this disoépsa specialized computer may be a
programmable machine capable of performing aritioragtd/or logical operations and specially
programmed to perform the functions described herén some embodiments, computers may
comprise processors, memories, data storage dewndsr other commonly known or novel
components. These components may be connectecc@hy®r through network or wireless
links. Computers may also comprise software whiohy direct the operations of the
aforementioned components. Computers may be eeféor with terms that are commonly used
by those of ordinary skill in the relevant artsclsuas servers, personal computers (PCs), mobile
devices, and other terms. It should be understtwat those terms used herein are
interchangeable, and any special purpose compupebte of performing the described
functions may be used.

[0096] Computers may be linked to one another via oneamemetworks. A network may be
any plurality of completely or partially intercorsted computers wherein some or all of the
computers are able to communicate with one anot@emnections between computers may be
wired in some cases (e.g., via wired TCP conneatioother wired connection) or may be

wireless (e.g., via a WiFi network connection). yAtonnection through which at least two
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computers may exchange data can be the basis etwonk. Furthermore, separate networks
may be able to be interconnected such that onease momputers within one network may
communicate with one or more computers in anotleéwaork. In such a case, the plurality of
separate networks may optionally be considerec ta single network.

[0097] In some non-limiting implementations, the data exade system described herein may
refer to an electronic exchange system. In sugilementations, a the data collection system
may receive electronic data related to transagirtce data and information associated with one
or more assets, as well as independent market @atae associated with other assets at one or
more times. A first database having aggregated aety store transaction data and associated
information for one or more assets, including teanti®n price data associated with asset(s)
involved in transactions at particular time(s). sAcond database may store benchmark data
values including independent market prices assatiatith assets in one or more particular
categories at one or more times. A third databaseng data performance metrics may store a
statistical profile of execution quality achievedr@ss assets within a predetermined category
(across the marketplace) over a predeterminedgefibme. The data performance system may
determine the statistical profile of execution dyabased on a difference between reported
transaction prices and a contemporaneous indepenushket price for each transaction in the
category. The data distribution system may detsenpredictive performance metric(s) for
further electronic data including an execution gyacore(s) for one or more transaction data
sets based on assessment of the transaction dé&a wieh respect to the statistical profile
representing all assets (involved in transactiovi)in one or more categories. The execution
qguality score(s) may represent percentile rank(s)estimated transaction cost(s) of the
transaction data set(s).

[0098] The systems and methods described herein areieffdot use in connection with all
types of asset classes, including with fixed incoasset classes. However, and solely for
exemplary and illustrative purposes, aspects opthsent disclosure are described in the context
of fixed income asset classes.

[0099] The term "computer” shall refer to any electronevide or devices, including those
having capabilities to be utilized in connectiorthwén electronic exchange system, such as any
device specifically configured in accordance withistdisclosure and capable of receiving,
transmitting, processing and/or using data andrinédion. The computer may comprise a

server, a processor, a microprocessor, a persongluter, such as a laptop, palm PC, desktop or
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workstation, a network server, a mainframe, anteda& wired or wireless device, such as for
example, a telephone, a cellular telephone, a patsdigital assistant, a smartphone, an
interactive television, such as for example, avislen adapted to be connected to the Internet or
an electronic device adapted for use with a telewjsan electronic pager or any other computing
and/or communication device.

[0100] The term “network” shall refer to any type of netwamr networks, including those
capable of being utilized in connection with anceienic data exchange system and the data
conversion and distribution system described hergiich as, for example, any public and/or
private networks, including, for instance, the ingt, an intranet, or an extranet, any wired or
wireless networks or combinations thereof.

[LRR1]

[0101] The terms “data source,” "electronic exchange sé&rvelectronic data exchange” and
"electronic exchange system" may be used intercdarlg and shall refer to any type of a
computing device, system or venue that is spedlificnfigured according to this disclosure
and capable of carrying out electronic data exchangFor example, an electronic exchange
system may refer to a simple data transfer / exgdaystem or, in one particular non-limiting
implementation, to an electronic asset exchangeéesyr device such as a commodities
exchange, a futures execution facility, an optiershange, a cash equities exchange, a swap
execution facility, an unregulated electronic tart®n execution venue or any other type of an
exchange venue known in the art. The electronadh&mge server may comprise one or more
processors configured to execute instructions gdtorex non-transitory memory (such as shown
in FIG. 8). The electronic exchange server magddigured to place orders in connection with
assets over a network when the instructions areutgd. An electronic exchange server may be
embodied on a single computing device, while ineotembodiments, an electronic exchange
server may refer to a plurality of computing desid®used in one or more facilities that are
configured to jointly provide local or remote cortipg services to one or more users or user
devices. The electronic exchange server may saddreceive data from user devices, data
servers, or any other type of computing devicesmities over the Internet, over a Wi-Fi
connection, over a cellular network or via any otivred or wireless connection or network
known in the art.

[0102] The term “asset” shall include any type of goodenvice, including instruments of any
type or class, such as, without limitation, outtigptions, spread options, option combinations,
commodities, derivatives, shares, bonds and cugencThe term "derivatives" shall further
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refer to any type of options, caps, floors, collatsuctured debt obligations and deposits, swaps,
futures, forwards and various combinations themradny other type of instruments that derive
from another underlying instrument.

[0103] The term “trade” or “transaction” shall refer toyaype or part of offer, purchase, sale
and/or exchange that may occur in connection wih @ more assets.

[0104] The term “product” may be broadly construed to cosgany type of asset including,
without limitation, commodities, derivatives, shardonds, and currencies. Derivatives, for
example, should also be broadly construed to caagwithout limitation) any type of options,
caps, floors, collars, structured debt obligati@msl deposits, swaps, futures, forwards, and
various combinations thereof.

[0105] FIG. 8 illustrates a functional block diagram ofrachine in the example form of
computer system 800 within which a set of instutsi for causing the machine to perform any
one or more of the methodologies, processes otiturscdiscussed herein may be executed. In
some examples, the machine may be connected rfetgiorked) to other machines as described
above. The machine may operate in the capaciysefrver or a client machine in a client-server
network environment, or as a peer machine in a-tmepeer (or distributed) network
environment. The machine may be any special-perpaschine capable of executing a set of
instructions (sequential or otherwise) that speecifitions to be taken by that machine for
performing the functions describe herein. Furthéiije only a single machine is illustrated, the
term "machine" shall also be taken to include aoNection of machines that individually or
jointly execute a set (or multiple sets) of instroies to perform any one or more of the
methodologies discussed herein. In some exampEé®S 104 (FIG. 1) may be implemented
by the example machine shown in FIG. 8 (or a coatimn of two or more of such machines).
[0106] Example computer system 800 may include process#vgce 802, memory 806, data
storage device 810 and communication interface @hith may communicate with each other
via data and control bus 818. In some examplespater system 800 may also include display
device 814 and/or user interface 816.

[0107] Processing device 802 may include, without beimgitéd to, a microprocessor, a
central processing unit, an application speciftegnated circuit (ASIC), a field programmable
gate array (FPGA), a digital signal processor (D8RJ/or a network processor. Processing
device 802 may be configured to execute procedsigig 804 for performing the operations

described herein. In general, processing devi@ B8y include any suitable special-purpose

33



processing device specially programmed with prangskgic 804 to perform the operations
described herein.

[0108] Memory 806 may include, for example, without belingted to, at least one of a read-
only memory (ROM), a random access memory (RAMYlash memory, a dynamic RAM
(DRAM) and a static RAM (SRAM), storing computeradable instructions 808 executable by
processing device 802. In general, memory 806 majude any suitable non-transitory
computer readable storage medium storing compatatable instructions 808 executable by
processing device 802 for performing the operatidescribed herein. Although one memory
device 808 is illustrated in FIG. 8, in some exasplomputer system 800 may include two or
more memory devices (e.g., dynamic memory andcstagimory).

[0109] Computer system 800 may include communication fiaater device 812, for direct
communication with other computers (including wiraod/or wireless communication) and/or
for communication with network(s) 114 (FIG. 1). dame examples, computer system 800 may
include display device 814 (e.g., a liquid crystalplay (LCD), a touch sensitive display, etc.).
In some examples, computer system 800 may inclsde interface 816 (e.g., an alphanumeric
input device, a cursor control device, etc.).

[0110] In some examples, computer system 800 may inclatke storage device 810 storing
instructions (e.g., software) for performing anyeasr more of the functions described herein.
Data storage device 810 may include any suitabletremsitory computer-readable storage
medium, including, without being limited to, soktihte memories, optical media and magnetic
media.

[0111] The term “computer-readable storage medium" shda@daken to include a single
medium or multiple media that store one or more sdtinstructions. The term "computer-
readable storage medium" shall also be taken tadecany medium that is capable of storing or
encoding a set of instructions for execution by thachine and that causes the machine to
perform any one or more of the methodologies ofptfesent disclosure.

[0112] While the present disclosure has been discusseernms of certain embodiments, it
should be appreciated that the present disclosumeot so limited. The embodiments are
explained herein by way of example, and there amanous modifications, variations and other
embodiments that may be employed that would silvithin the scope of the present disclosure.
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CLAIMS
1. A data conversion and distribution system cosipg:
a data collection system configured to:
receive electronic data from each of a pluralityetdctronic data sources via
electronic communication over a network,
extract, for each electronic data source, one orenuata values from the
corresponding received electronic data,
classify, for each extracted data value from eaett®nic data source, the
extracted data value among one or more predetedncetegories, and
store each extracted data value from each electdaia source in a first database
according to a data mapping based on a categorgxirmbrresponding to each
predetermined category, such that the respectitract®d data value is stored according
to the category index associated with the corredipgrclassified category;
a data performance system communicatively coufdeithe data collection system, the
data performance system configured to:
retrieve, from the first database, for each peti@ned category, stored data
values associated with the respective predetermiagegory and a predetermined time
period, by querying the first database based omes$gective category index, and
run, for each predetermined category, the resgectitrieved data through one or
more statistical algorithms, to generate data perdmce metrics for the respective
predetermined category representative of the eleictrdata from all of the plurality of
electronic data sources; and
a data distribution system communicatively couptethe data collection system and the
data performance system, the data distributioreaysonfigured to:
generate a predictive performance metric for furtblectronic data based on a
comparison of the further electronic data to th&a ¢eerformance metrics for at least one
of the one or more predetermined categories,
wherein the data collection system, the data pmdace system and the data distribution

system comprise one or more computers.
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2. The system of Claim 1, wherein the electronitadaceived from each electronic data
source includes at least one of one or more elgctata feeds, one or more electronic data

files, one or more emails, and one or more textsangss.

3. The system of Claim 1, wherein the data colbectsystem is configured to assign a
classification indication to each classified datdue corresponding to the classified category,
and map the corresponding classified data valuengor more locations of the first database

based on the respective classification indication.

4. The system of Claim 1, wherein the data colbectsystem is configured to further
classify, for at least one of the classified vaJug® classified value among one or more

predetermined attributes associated with the ¢ladgpredetermined category.

5. The system of Claim 1, wherein the data collecystem is configured to at least one of

authenticate each data source and validate atdgastion of the received electronic data.

6. The system of Claim 1, wherein the data coltectystem is configured to receive, from
among the plurality of electronic data sources, @nmore benchmark data values and store the

received one or more benchmark data values inandetatabase.

7. The system of Claim 6, wherein the second databs further configured to store

historical data.

8. The system of Claim 7, wherein the data distrdvusystem is configured to generate the
predictive performance metric responsive to a rsgder performance information received
from a receiver device and is configured to tramstoi the receiver device, at least one of the
predictive performance metric and other data aasedi with the further electronic data

corresponding to one or more values stored in¢bersl database.

9. The system of Claim 6, wherein:
the data classification system is further confeglito determine, for each classified data

value, a difference value between the classifigd @alue and a benchmark data value among
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the one or more benchmark data values stored isg¢bend database, and store the associated
difference value in the first database with theegponding extracted data value, and

the data performance system is configured toenatrifor each predetermined category,
each corresponding stored difference value fronfiteedatabase associated with the respective
predetermined category and a predetermined tim®dgend generate the data performance

metrics for the respective predetermined categasg on each retrieved difference value.

10.  The system of Claim 1, wherein the data peréorre metrics include a statistical profile
representative of data execution quality for allriesed data values in the corresponding

predetermined category.

11.  The system of Claim 6, wherein the electrord@tadncludes transaction data associated
with one or more assets, and the one or more bearéhdata values includes reference price

data.

12. A method for data conversion and distributitve, method comprising:

receiving, by a data collection system, electrodata from each of a plurality of
electronic data sources via electronic communioatizer a network;

extracting by the data collection system, for ealelctronic data source, one or more data
values from the corresponding received electroate;d

classifying, by the data collection system, focheaxtracted data value from each
electronic data source, the extracted data valumgrane or more predetermined categories;

storing, by the data collection system, each et¢chdata value from each electronic data
source in a first database according to a data mggyased on a category index corresponding
to each predetermined category, such that the cegpextracted data value is stored according
to the category index associated with the corredipgrclassified category;

retrieving, by a data performance system, fronfitise database, for each predetermined
category, stored data values associated with tepeotive predetermined category and a
predetermined time period, by querying the firdlase based on the respective category index;

running, by the data performance system, for @aetietermined category, the respective

retrieved data through one or more statistical ritlgms, to generate data performance metrics
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for the respective predetermined category repraseatof the electronic data from all of the
plurality of electronic data sources; and

generating, by a data distribution system, a pte@ performance metric for further
electronic data based on a comparison of the furthectronic data to the data performance
metrics for at least one of the one or more predeted categories,

wherein the data collection system, the data padoce system and the data distribution

system comprise one or more computers.

13. The method of Claim 12, wherein the classifyoighe extracted data further includes
assigning a classification indication to each dfeesk data value corresponding to the classified
category, and map the corresponding classified waize to one or more locations of the first

database based on the respective classificatioceiah.

14.  The method of Claim 12, wherein the classifyiighe extracted data further includes
classifying, for at least one of the classifiedues, the classified value among one or more

predetermined attributes associated with the dladgpredetermined category

15. The method of Claim 12, the method further cosnmgy:

retrieving, by the data classification system, dach classified data value, a benchmark
data value from among one or more benchmark dalaewsastored in a second database
corresponding to the classified data value;

generating, for each classified data value, adfice value between the classified data
value and the respective retrieved benchmark ddteeyand

store the associated difference value in the diasshbase with the corresponding extracted

data value.

16. The method of Claim 15, wherein:
the retrieving of the stored data values includesieving, for each predetermined
category, each corresponding stored differenceeviim the first database associated with the

respective predetermined category and a predetednime period, and

38



the running of the respective retrieved data et running for each predetermined
category, each corresponding retrieved differenakies through the one or more statistical

algorithms to generate the respective data perfocmanetrics.

17. The method of Claim 16, wherein the generatihthe predictive performance metric

includes determining a further difference valuenssn the further electronic data and a further
benchmark value corresponding to the further edeatr data and comparing the further
difference value to the data performance metrigstf@ at least one of the one or more
predetermined categories to identify the predicpeeformance metric for the further electronic
data.

18. The method of Claim 12, wherein the data peréorce metrics include a statistical
profile representative of data execution qualitydd retrieved data values in the corresponding

predetermined category.

19. A non-transitory computer-readable storage oradirogrammed to include instructions
that, when executed by one or more processing egvicause the one or more processing
devices to perform functions including:
causing a data collection system to:
receive electronic data from each of a pluralityetéctronic data sources via
electronic communication over a network;
extract, for each electronic data source, one orenuata values from the
corresponding received electronic data;
classify, for each extracted data value from ealett®nic data source, the
extracted data value among one or more predetedncgtegories, and
store each extracted data value from each electdata source in a first database
according to a data mapping based on a categorgxirmbrresponding to each
predetermined category, such that the respectitract®d data value is stored according
to the category index associated with the corredipgrclassified category;

causing a data performance system to:
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retrieve, from the first database, for each premueined category, stored data
values associated with the respective predeterntagegory and a predetermined time
period, by querying the first database based oma$ective category index, and

run, for each predetermined category, the respgeotitrieved data through one or
more statistical algorithms, to generate data perdmce metrics for the respective
predetermined category representative of the eleictrdata from all of the plurality of
electronic data sources; and
cause a data distribution system to:

generate a predictive performance metric for furtblectronic data based on a
comparison of the further electronic data to thta gieerformance metrics for at least one

of the one or more predetermined categories.

20. The non-transitory computer-readable storagadimm of Claim 19, wherein the
instructions include further instructions that aatise data collection system to:

retrieve, for each classified data value, a berackrdata value from among one or more
benchmark data values stored in a second databassmonding to the classified data value;

generate, for each classified data value, a diffez value between the classified data
value and the respective retrieved benchmark ddteeyand

store the associated difference value in the diassabase with the corresponding extracted
data value.

21. The non-transitory computer-readable storagedimm of Claim 20, wherein the
instructions include further instructions that @tise data performance system to:

retrieve, for each predetermined category, eachesponding stored difference value
from the first database associated with the resmecpredetermined category and a
predetermined time period, and

run, for each predetermined category, each caorebpg retrieved difference value
through the one or more statistical algorithms emegate the respective data performance

metrics.
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