execution requests (i.e., execution latencies), in addition to (or as part of)

communications latencies.

Summary

[0006a] Aspects of the invention are defined in the independent claims.

Some optional features of the invention are defined in the dependent claims.

[0007] In various aspects the present disclosure provides systems, methods,
and computer-executable instruction mechanisms (e.g., non-transient
machine-readable programming structures) such as software-coded
instruction sets and data, for the management of data processing by multiple
networked computing resources. In particular, for example, the present
disclosure provides systems, methods, and media useful in controlling the
synchronization or coordination of related requests for processing of data
using distributed network resources.

[0008] For example, in one aspect the present disclosure provides systems,
methods, and media for coordinating processing of data by multiple
networked computing resources. Such systems, for example, can include at
least one processor configured to: receive from one or more data sources
signals representing instructions for execution of at least one data process
executable by a plurality of networked computing resources; divide the at
least one data process into a plurality of data processing segments, each
data processing segment to be routed to a different one of a plurality of
networked execution processors; based at least partly on latencies in
execution of prior data processing requests routed by the system to each of
the plurality of networked execution processors, determine a plurality of
timing parameters, each of the plurality of timing parameters to be
associated with a corresponding one of the plurality of data processing
segments, the plurality of timing parameters determined to cause
synchronized execution of the plurality of data processing segments by the
plurality of networked execution processors; route the plurality of data

processing segments to the plurality of corresponding networked execution



processors in a timing sequence based on the timing parameters;
determining a capture ratio for the data processing segments; and adjusting
the timing parameters associated with each of the plurality of networked

execution processors based on the capture ratio.

[0009] In some aspects the present disclosure provides systems, methods,
and programming or other machine-interpretable instructions for causing
synchronized/coordinated processing of data by multiple networked
computing resources, such systems, for example, comprising at least one
processor configured to execute machine-interpretable instructions and
causing the system to: monitor execution of signal processing execution
requests by each of the plurality of networked computing resources;
determine at least one timing parameter associated with a latency in
execution of signal processes between the system and each of the plurality of
networked computing resources; and store the at least one timing parameter

in machine-readable memory accessible by the at least one processor.

[0010] Monitoring of execution of signal processing execution requests
according to such and other exemplary arrangements can be implemented on

continual, periodic, and/or other suitable or desirable bases.

[0011] In various exemplary techniques, the networked computing resources
can include one or more exchange servers. The data sources can include one
or more broker or trader systems or servers, the controlled signal processes
can represent trades in financial interests, and the execution of signal
processing execution requests represents the execution of transactions in
financial interests, including for example stocks, bonds, options and contract
interests, currencies and/or other intangible interests, and/or commodities.
In such embodiments requests for execution of data processing procedures
can be based wholly or partially on parameters including, for example, any
one or more of current market data quotations, order routing rules, order

characteristics, displayed liquidity of each networked computing resource,



and a probable delay, or latency, in execution of an order quantity at each

networked computing resource.

[0012] In the same and further aspects the disclosure provides systems for
controlling or otherwise managing requests for processing of data by distributed
computer resources, such systems including one or more processors configured
to execute instructions for causing the system to: monitor execution of signal
processing execution requests by each of the plurality of networked computing
resources; determine at least one timing parameter associated with the latency
in execution of signal processes between the system and each of the plurality of
networked computing resources; and store the at least one timing parameter for

each of the plurality of networked computing resources.

[0013] In accordance with one aspect, there is provided a system for
coordinating processing of data by multiple networked computing resources. The
system includes at least one processor configured to: monitor data associated
with a plurality of networked computing resources, the monitored data including
data associated with data processing segments previously routed to the plurality
of networked computing resources; receive from one or more data sources
signals representing instructions for execution of at least one data process
executable by the plurality of networked computing resources; based on the
monitored data: divide the at least one data process into at least one data
processing segment, each data processing segment to be routed to one of the
plurality of networked computing resources; determine a plurality of timing
parameters, each of the plurality of timing parameters to be associated with a
corresponding one of the plurality of networked computing resources, the
plurality of timing parameters determined to cause synchronized execution of the
at least one data processing segment by the plurality of networked computing
processors; and route the at least one data processing segment to the plurality
of corresponding networked computing processors in a timing sequence based on
the timing parameters.

[0014] In accordance with another aspect there is provided a method for

coordinating processing of data by multiple networked computing resources.
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Brief Description of the Drawings

[0023] Reference will now be made to the drawings, which show by way of

example embodiments of the present disclosure.

[0024] FIGS. 1A, 1B, 1C, 3 and 9 show examples of systems suitable for

causing processing of data by multiple networked computing resources.

[0025] FIGS. 2, 4, 8 and 12 show flowcharts illustrating examples of methods
for coordinating processing of data by multiple networked computing

resources.

[0026] FIG. 5 shows an example histogram that may be used in an example
method for managing processing of data by multiple networked computing

resources.

[0027] FIGS. 6A and 6B show a comparison of fill ratios using an example
method and system for processing of data by multiple networked computing

resources versus using a conventional method and system.

[0028] FIG. 7 illustrates the use of an example metric for comparing an
example method and system for processing of data by multiple networked

computing resources versus results of using a prior art method and system.

[0029] FIG. 10 shows a table illustrating example data associated with

networked computing resources.

[0030] FIG. 11A, 11B, 11C, 11D, 11E show example schedules for routing

data processing segments in data processing waves.

[0031] Throughout the appended drawings, like features are identified by like

reference numerals.
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Description of Example Embodiments

[0032] In this disclosure, as will be understood by those skilled in the relevant
arts, ‘synchronized’ or ‘coordinated’ can mean according to any desired
timing sequence, whether regular, irregular, and/or wholly or partially

simultaneous.

[0033] Figure 1 shows an example of a system 100 suitable for coordinating

processing of data by multiple networked computing resources.

[0034] In the example shown, system 100 includes one or more signal or data
sources 102 (comprising one or more each of sources 102a, 102b), execution
router processor(s) 104, and one or more networked computing resources,
or execution processors, 106. In some embodiments, data sources 102 may
include one or more internal data sources 102a, which may communicate
with the router 104 directly (e.g., through private local- or wide area
network(s) or other secure wireless or wireline communication, through
direct communication channel(s) or through communication(s) within a single
server). In the same and/or other embodiments, data source(s) 102 may
also include one or more external data sources 102b, which may for example
communicate with router processor(s) 104 via one or more public networks
108 (e.g., a public or private telecommunications network such as the
internet), using suitable or otherwise desired network security devices, which
may for example include data encryption, etc. In the example shown, router
processor(s) 104 communicate with each of the one or more networked
execution, or computing, resources 106 via a network 110, which may be the

same as or different than network(s) 108.

[0035] In various embodiments, data source(s) 102 may include devices that
provide, on behalf of one or more entities that generate trading and/or other
data processing requests, signals that communicate data and/or instructions
related to execution of data processing processes to router processor(s) 104,
which data and/or instructions the router processor(s) 104 may process

(e.g., aggregate by summing, averaging, etc.; and/or divide into segments,
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etc.) and use as bases for requests for processing of data by the networked
computing resources 106. Data sources 102a, 102b may include, for
example, systems, servers, processors and/or any other suitable source(s) of
requests for execution of data processing tasks such as offers and/or bids for
purchase of commodities, intangible financial interests, etc., and/or other
data processing tasks, such as word, image, and/or other communications or
document processing tasks. Each or any of data source(s) 102, processor(s)
104, and resources 106 may include multiple such systems, servers or

processors.

[0036] In various embodiments, some or all of data source(s) 102 and router
processor(s) 104 may be combined, and/or otherwise configured to
implement multiple programming or other machine instruction applications

running on single machines.

[0037] Networked computing resources 106 may include any devices or other
resources that communicate with router processor(s) 104 to receive and
carry out any of a very wide variety of data processing requests. Such
networked computing resources 106 may include systems, servers,
processors or any other suitable devices adapted for execution of any
processes suitable for use in implementing the disclosed techniques,
including, for example, processing of offers or bids for purchase of
commodities, financial interests, etc., and/or other data processing tasks,
such as word or document processing, image, and/or other communications
or documentation tasks.

[0038] In various embodiments, the one or more data sources 102 transmit
or otherwise provide to or for the router processor(s) 104 signals
representing instructions, or requests, for executing data processing
functions. Instructions from any given data source(s) 102 may include
instructions for signal processes to be executed by any one or more

networked computing resources 106. Requested signal processes may



23

etc., may be utilized in conjunction with the system. A reduced need for
integration and/or adaptation, as well as ease of interoperation with existing
standards and/or protocols may be commercially valuable in view of
regulatory requirements, resiliency requirements, security requirements, and
the potential expense and/or complexity required for system modifications.
The ability to interoperate with existing external systems and/or protocols

may lead to increased adoption and/or broker flow.

[0072] In addition or alternatively to determining timing parameters for
routing requests to multiple venues, in some embodiments, aspect(s) of the
system may be configured to determine timing parameters for routing

multiple requests to the same venue (i.e. in waves or otherwise).

[0073] An example of an application of a system 100 for distributed execution
of segmented processing requests is provided by a financial system 1000
adapted for processing of requests for processing of data representing trades
and/or offers for trades, or other transactions, in tangible and/or intangible
financial interests such as stocks, bonds, currencies (e.g., foreign exchange),
various forms of natural resources or commodities, options, loans, etc. As
shown in Figures 1A and 1B, for example, in a financial transaction data
processing system 1000, signal or data source(s) 102 may include trader
system(s) 1102, which may, for example, include trader/broker systems or
servers as well as any other sources of bids, offers, or other transactions in
financial interests such as currently provided by known financial trading
platforms. In various embodiments, such trader systems 1102 may be

referred to as order origination systems.

[0074] Order origination systems 1102, 102a may include systems operated
by or on behalf of, for example, entities owned or otherwise controlled by
parent or other controlling organizations such as banks or brokerage houses.
Order origination systems 1102, 102b may, for example, include systems

operated by or on behalf of brokers or other trading entities acting on behalf
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[0091] Alternately, orders can be marked as being the first and last orders of
a wave. In some embodiments, affinity may need to be preserved so that
replaces and cancels are handled correctly on the same venue sessions as

the original orders.

[0092] Among the many types of market systems 1106 suitable with the
current techniques are alternative trading systems (ATSs) of the type known
as ‘dark’ exchanges, or ‘dark pools’. Typically, such exchanges do not openly
display market offerings to members of the trading public. The use of known

or predicted reserve quantities can be especially useful in such embodiments.

[0093] Thus an example of a data record to be provided by a source 102,
1102 to request a transaction in a given interest, on stated terms, can

include:

<source (102, 1102) of request><type of transaction><interest

identifier> <quantity(ies)><price term(s)>

[0094] Signal sets received by processors 104, 1104 at 202 can be stored in
any volatile and/or persistent memory(ies), as appropriate, for archival

and/or further processing purposes.

[0095] At 204, transaction or other data processing execution requests
received at 202 can be parsed by router processor(s) 104, 1104 to place
them in any suitable or desired form for use in preparing one or more
instruction signal sets to be provided to execution processor(s) 106, 1106.
Parsing of instruction signals may include, for example, identifying the type
of transaction(s) or process(es) to be requested, including for example
volumes and/or quantities of orders or bids for trades in specified interest(s),
and whether such volumes are to be bought or sold, or offered for sale or
purchase; amounts and/or types of document processing to be done; and the
type and nature of networked computing resource(s) or execution

processor(s) 106 to be requested to execute and thereby be associated with
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of the same stock order may be transmitted to multiple exchanges with
different quantities, conveyed in unison with the SOR router processor(s)

determining scheduling using timing.

[00101] Instructions received at 202 may be accumulated during defined
time intervals, regular or irregular, such as the duration of a business day or
any segment thereof, or any other desired time period(s), which may be
preset and/or dynamically determined by processor(s) 104, 1104.
Instructions may be also be processed individually, as received. If more
instructions are to be received prior to processing, or may potentially be

received, process 200 can return to 202.

[00102] Transaction requests / instructions may be accumulated during
defined time intervals, such as the duration of a business day or any
segment thereof, or a desired time period, which may be preset and/or
dynamically determined by processor(s) 104, 1104. If more instructions to

be received, or may potentially be received, process 200 can return to 202.

[00103] In exemplary arrangements which employ sorting / aggregation
techniques in parsing or otherwise preparing order or other processing
requests, at 206 processor(s) 104, 1104 can repeat process 202 - 204 until
all needed or desired related or aggregatable processing request signal sets
have been received from source(s) 102, 1102. For example, as described
above, arbitrary numbers of data records representing orders or requests for
purchase of bonds identifiable by CUSIP (Committee on Uniform Security
Identification Procedures) numbers can be received from data source(s) 102,
1102, and stored in memory 118, 1018 associated with the processor(s) 104,
1104, for batch processing, for example:

<source 1><sell><CUSIP No. AA><10,000><price A><res. 9,000><price D>
<source 2><buy><CUSIP No. BB><12,000><price C><res. 1,000><price B>
<source 3><sell><CUSIP No. BB><11,000><price A><res. 8,000><price D>
<source 6><sell><CUSIP No. AA><14,000><price A><res. 2,000><price E>
<source 4><buy><CUSIP No. AA><18,000><price C><res. 7,000><price B>
<source 1><sell><CUSIP No. BB><20,000><price A><res. 3,000><price D>
<source 3><sell><CUSIP No. AA><13,000><price A><res. 6,000><price D>
<source 4><buy><CUSIP No. BB><22,000><price C><res. 4,000><price B>
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traded, quantities of interest(s) to be traded, price, etc., and associated with
suitable execution command signals. The form of any execution command
signals associated with a given request can depend, as those skilled in the
relevant arts will recognize, on the nature and type of requests to be
executed and the processors 106, 1106 by which they are to be executed, as
well any networks 110, 1110 over which signals exchanged between
processor(s) 104, 1104 and 106, 1106 are to be sent, including applicable
protocols and instruction formatting requirements. Ergo, data pertaining to
any or all of systems 106, 1106, 104, 1104, and 110, 1110, protocols used
thereby, and/or information related to interests traded, offered, or described
thereby may be accessed and used by processor(s) 104, 1104 in parsing and
preparing instructions for execution of processing by any of processors or
resources 106, 1106. Sources 1126 of such data may include, for example,
exchange market data system 1126v (Figure 1B) which, for example, in
exemplary arrangements adapted for processing of financial transactions, can
include information received from various exchange systems 1106, news

information sources such as Bloomberg or Reuters, and/or other sources.

[00119] It is sometimes necessary or desirable, in assembling requests
for data processing using networked processing resources, including many
resources configured for use in executing financial transactions, to break
execution and/or other processing requests into multiple parts. Such parts,
or segments, can, for example, correspond to portions of larger orders or
other data processing requests, to be executed by a plurality of networked
resources 106 such as exchange servers or other execution processor or
handlers 1106. For example, if a plurality of exchange servers or other
markets are available for execution of a transaction request representing a
purchase order for a significant amount of a financial interest such as a stock
or bond, it may be necessary or desirable to split the order into multiple
parts, for execution in multiple markets and/or by multiple exchange servers
1106. For example, sufficient quantities of specific interests may not be

available, at all or at desirable prices, on a single exchange: in order to fill
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an order entirely, it may be necessary or desirable to break a single order

into smaller segments and route it to multiple exchanges.

[00120] Thus, for example, in various exemplary arrangements directed
toward the processing of requests for transactions in financial instruments,
when a router 104,1104 is requested by one or more sources 106, 1106 to
complete a transaction in one or more financial interests, the router 104,
1104 can, in preparing signal set(s) representing requests for the
transactions, access information available from sources such as market data
source(s) 1126, as well as any one or more execution processor(s) 106,
1106, to determine the quantities of such interests available through the
respective processors 106, 1106 and the terms under which such quantities
are available, and can construct an execution request signal set configured
for routing to each of the respective desired processors 1106, 1106, based

on the number of quantities available at the most favorable terms.

[00121] For example, continuing the first example above, it may be
necessary or desirable to split one or more incoming processing requests into
smaller parts, directed to a plurality of exchanges, in order to obtain
fulfillment of the complete order(s). This can be accomplished by, for
example, accessing data representing current order books provided by one or
more of exchange servers 1106 and dividing the order(s) correspondingly,
using known data processing techniques. Thus, for example, the aggregated
‘sell CUSIP No. AA’ order above may be broken down into portions or
segments and associating with data representing such segments URLs or
other network resource address identifiers suitable for use in routing the
various segments to a plurality of exchange servers A1 - C3, as desired,
thus:

<exchange Al><sell><CUSIP No. AA><15,000><price A><res.
6,000><price D><res. 2,000><price E>

<exchange B2><sell><CUSIP No. AA><27,000><price A><res.
6,000><price D><res. 2,500><price E>
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- for example, all or part of a transaction routed to an exchange processor

1106 may not trade in view of a changed price.

[00132] In such examples, in which a trade instruction may not be fully
fulfilled at an exchange server 1106 due for example to price or other term
manipulation by a third party taking advantage of latencies, in prosecuting
data processing requests in one or more exchange servers 1106 it may be
useful to time or schedule the sending of trade requests to multiple exchange
servers 1106 such that the execution of such trade requests at all exchange
servers 1106 happens in a synchronized manner, such as, for example, in a
substantially concurrent manner. In particular, it may be useful to
synchronize the execution of signal processing execution requests, or
portions or segments thereof, in multiple networked computing resources
106, 1106, for example such that the signal processes are received,
acknowledged, and/or executed by the resources 106, 1106 in a substantially

concurrent manner.

[00133] In some examples it may not be necessary for the signal
processes to be executed in each processor 106, 1106 to be executed

simultaneously, but may be sufficient that:
Time Y - Time X < Time A, and/or
Time Z - Time X < Time B,

such that execution of the request(s) or segments thereof occurs before any
change in terms can be implemented by a trading server 304. The use of

such synchronized timings can, for example, cause:

Time X + Time A > Time Y and/or

Time X + Time B > Time Z

and thus, for example, defeat latency arbitrage opportunities. In some
embodiments, therefore, the disclosed techniques provide router(s) 104,

1104 the ability to execute transactions across multiple resources 106, 1106 with
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benchmark comparison relative to a market average price provided by, for
example, a market news service or other market data source 1126v. At 646,
performance of a system 100, 1000 in synchronized processing of a multi-
part transaction request is compared to a market performance indicator
“Average Price Benchmark.” Such average price benchmark, or other
benchmark or metric factor, can be obtained from, for example, any or all of
components 1126, 1106, etc. At 644, performance of a system 100, 1000 in
un-synchronized processing of a multi-part transaction request in accordance
with prior art methods is compared to the same market performance
indicator “Average Price Benchmark.” Comparison of comparisons 646, 644
indicates that processing of transactions provides better results for a seller of
financial interests. As will be understood by those skilled in the relevant arts,
a wide variety of benchmarks may be used in assessing performance of
systems and methods according to the disclosed techniques. Such
benchmarks may be determined at least partially by the nature of the system
100, 1000 used, and the types of transactions or other execution requests

processed by such system.

[00243] FIG. 8 is a flowchart illustrating aspects of an example method
800 for coordinating processing of data by multiple networked computing
resources. The method is suitable for implementation by router processor(s)
104 such as, for example, an SOR 1104 or by any one or more processors in
system 1000.

[00244] Aspects of the example method 800 in FIG. 8 are similar or the
same as those appearing in FIGS. 2 and 4 and described in various example
embodiments described herein. Therefore, any examples or implementation
details described with respect to those figures or as described herein can be
applied to the method of FIG. 8. Similarly, examples and implementation
details described with response to FIG. 8 can be similarly applied to the
example methods of FIGS. 2 and 4. All of these variants and combinations of

these aspects are contemplated by the present description.
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