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SYSTEM AND METHOD FOR DYNAMIC TRANSACTIONAL DATA STREAMING

Brian Scott Corbin
Thomas Dixon Whitmire IV
Theodore Calhoun Tanner, Jr.

Priority Claims/Related Applications

This application claims the benefit and priority under 35 USC 119(e) to U.S.
Provisional Patent Application Serial No. 61/927,261, tiled on January 14, 2014 and entitled
“System and Method for Dynamic Transactional Data Streaming™, the entirety of which 1s

incorporated herein by reference.

Field

The disclosure relates generally to a transactional data streaming system and in

particular to a data streaming system that may be used for health care related data.

Background

With the desire to lower health care costs, the United States has implemented a new
health care system that, among other things, fosters competition among health care providers
using healthcare marketplaces. However, the true costs of health care lie hidden 1n the
inefficient access, delivery and payment systems that have escaped innovation and disruption
until now. More specifically, the transmission and reception of health care information
within the context of care for the consumer has languished 1n past orthodoxies of obfuscated
technologies and data standards. Thus, the data pipelines for fluid enablement of base costs
for health care have been the main impediment to accessible transparent costs within the

Health Industry. The current industry standard for electronic transmission of health are data
1s called HIPPA ASC X12 5010 per the Health Insurance Portability & Accountability Act
(HIPPA) of 1996.

HIPAA was supposed to make the health care system in the United States more
efficient by standardizing health care transactions. To wit the acronym says Portability not
Privacy. HIPAA added a new Part C titled "Administrative Simplification” to Title XI of the
Social Security Act. This effort was created to supposedly simplity health care transactions by

requiring all health plans to engage 1n health care transactions 1n a standardized way.
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However, HIPAA has actually created a market for I'l' companies that have 1n fact
inflated the true cost of care services. More specifically, there are several companies that
charge for basic Application Programming Interfaces (API), Claims eligibility and enrollment
processing under HIPAA. Furthermore, there are several clearinghouses that charge for basic

Electronic Data Interchange (EDI).

Thus, many companies that support HIPPA ASC x12 5010 standards inject huge
hidden costs within the Health I'T processing flows. This 1s both an infrastructure cost and a

usage charge. It 1s desirable for these costs to be as close to zero as possible in order for the

consumer to truly know the cost of care for a service that 1s based on the current day and date.

The majority of existing Health I'T systems are legacy data systems, conveying
transactional information by means of sub-optimal file formats. The transactional data
contained 1n these files can be difficult to generate and parse. Some systems are unable to

work with these files unless they can be completely loaded into memory at once.

Briet Description of the Drawings

Figure 1A illustrates an example of an ASCX12 5010 Processing Pipeline;

Figure 1B illustrates an implementation of a dynamic transactional data stream

introspection and processing system that may be implemented 1n the adapter;

Figure 2 illustrates a dynamic transactional data stream introspection and processing

method that may be implemented, for example, by the system implementation in Figure 1B;

Figure 3 1llustrates the distributed and asynchronous process infrastructure used by the

dynamic transactional data stream 1ntrospection and processing system of Figure 1B;

Figure 4 1llustrates an outbound transactional data stream processing method that may

be implemented, for example, by the system shown 1n Figure 5;

Figure 5 1llustrates an example of an implementation of dynamic data transactional

system;

Figure 6 1llustrates an example of a 270 Provenance Graph that may be part of the

system 1n Figures 1B and 3;

Figure 7 1llustrates an example of a 271 Provenance Graph that may be part of the

system in Figures 1B and 35;
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Figure & 1llustrates an example of a 276 Provenance Graph that may be part of the

system 1n Figures 1B and 35;

Figure 9 1llustrates an example of a 277 Provenance Graph that may be part of the

system 1n Figures 1B and 3;

Figure 10 1llustrates an example of a 834 Provenance Graph that may be part of the

system 1n Figures 1B and 3;

Figure 11 illustrates an example of a ASCX12 5010 Inter-Domain Graph that may be

part of the system 1n Figures 1B and 5;

Figure 12 illustrates an example of an implementation ot a healthcare services

marketplace system that may utilize the dynamic transaction system and method;

Figure 13 1llustrates a ASCX12 5010 sample input file, containing both eligibility

(270) and enrollment (834) transactions; and

Figure 14 1llustrates how rule sets are dynamically loaded and applied to transaction

Sets.

Detailed Description of One or More Embodiments

The disclosure 1s particularly applicable to a healthcare marketplace system that uses
the dynamic transactional data streaming and it 1s 1n this context that the disclosure will be
described. It will be appreciated, however, that the dynamic transactional data streaming has
greater utility since 1t may be implemented 1n different ways than those described below and
may be used without the healthcare marketplace system or used with other systems that can

take advantage ot the benetits of the dynamic transactional data streaming.

The HIPPA ASC X12 5010 standard defines a number of different health care related

transactions and code sets including:

. (270/271) for health care eligibility inquiry and response transactions

. (274) for health care provider information

. (275) for patient information

. (276/277) for health care claims, status, and acknowledgement transactions

. (278) for health care services review
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. (834/835/837) for Benefit Enrollment, Claim Payment and Care Claim

transactions.

Although the disclosure below 1s directed to an example of the system that uses
HIPPA ASC X12 5010 standard, the transactional data streaming system and method may be
used with various standards or later revisions of the X12 standard since the system and

method could be easily adjusted to work with the various standards or later revisions of the

X 12 standard.

As described above, the current systems 1nject huge health care I'T' costs 1nto the
process and thus the system and method provide a low cost pipeline that would enable the
above transactions. The system and method may also provide a topology that enables lower

costs along with a *“graph based” representation of several data sources that includes the entire

HIPPA ASC X12 5010 standard.

The system and method provide a technique to etficiently process this health care
related information as dynamic transactional data streams. In one aspect of the system, each
file may be processed using streaming to minimize the memory footprint. As the
transactional data moves through the system, the transactional data may be dynamically
analyzed so that rules for parsing and processing the data can be loaded up at run time. As
the context changes in the data stream, new rules can be 1njected to adjust the data processing.

Dynamic rule 1injection also provides for minimized system downtime as new behaviors can

be added while data 1s streaming through the system.

To understand the dynamic transactional data streaming system and method, first an
example of the processing pipeline for the ASC X12 5010 standard 1s described with
reference to Figure 1A. As shown in Figure 1A, the processing pipeline may receive one or
more x 12 input parameters (1000) that may be dynamically loaded into pipeline components
(1002.) The system logs the raw request in a document database, prior to executing the
adapter. The system may use an adapter component 1004 to transform the request stream to
separate internal and external endpoint data formats as described below with reference to
Figures 1B and 2-4. Examples of data formats include, but are not limited to XML, SOAP
messages, JSON, delimited data formats, etc. The system’s internal data format 1s used
throughout the system to ensure that data 1s processed 1n a uniform manner. External endpoint

data formats vary based on the requirements of the external endpoint, and are generated based
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on the adapter component’s configuration. The adapter component 1004 transmits the
transformed request stream to the external endpoint. The external endpoint then processes the
request, and returns a response. The system logs the response stream 1nto a document
database. The adapter component may then translate the response to the internal
representation, which 1s then persisted 1n the graph database. Then, the status code response 1s

returned to the original requestor to complete the processing pipeline.

Figure 1B 1llustrates an implementation of a dynamic transactional data stream
introspection and processing system 1500 that may be implemented, for example in the
adapter 1004 shown in Figure 1A. The system 1500 may have a processing and messaging
component 3000 that 1s described 1n more detail with reterence to Figure 3 that may be used
to facilitate the functions of the components 1500A, 1500B, 1500C and 1500D of the system.
The system 1500 and each component of the system may be implemented 1n a combination
of hardware and software using one or more computing resources, such as one or more server
computers or one or more cloud computing resources that have one or more processors and a
memory connected to the one or more processors. In this implementation, each of the
components of the system may be a plurality of lines of code that may be executed by the
processor of the computing resources. Alternatively, each of the components of the system
may be a hardware device (or all of the components implemented 1n one hardware device)
wherein the hardware device, based on logic programmed to implement the functions and
operations of the components described below, may implement each component. The
hardware device may be a microcontroller, a processor, a programmable logic device, a field
programmable gate array, an application specific integrated circuit and the like. For example,
cach component may be implemented by a hardware processor that 1s configured to perform

the operations and functions of the component.

Returning to Figure 1B, the system 1500 may further have a data stream examining
component 1500A that performs 1nitial analysis of the transactional data stream as described
in more detail in process 2004 in Figure 2. The system 1500 may further have a data stream
segment processing component 1500B that analyzes and processes each segment of each data
stream and selects an appropriate rule set to use for the processing based on the
information/data in the particular transaction datastream being currently processed as

described 1in more detail in processes 2006-2022 1n Figure 2. The system 1500 may turther
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have a transactional data rule set store 1500C that stores a plurality of rule sets that may be

selected by the data stream segment processing component 1500B. Thus, using the rule set

store 1500C and the data stream segment processing component 1500B, as the transactional

data moves through the system, the transactional data may be dynamically analyzed so that

rules for parsing and processing the data (the rule sets in the rule set store 1500C) can be

loaded up at run time. Furthermore, as the context changes in the data stream, new rules can

be injected 1nto the rule set store 1500C or selected by the data stream segment processing

component 1500B from the already existing rule sets in the rule set store 1500C to adjust the

data processing. Dynamic rule injection also provides for minimized system downtime as

new behaviors can be added while data 1s streaming through the system.

To 1llustrate how rule sets are dynamically applied to transaction sets, consider a

ASCX12 5010 file containing both eligibility and enrollment transaction sets as shown 1n

Figure 13. In the ASC X12 5010 file specification, functional groups are used to group

transactions by transaction types. Transaction data 1s contained within a functional group

within a transaction set. The functional group acts as an outer envelope for one or more

transaction sets, and i1s delimited using GS and GE segments. ST and SE segments enclose

data within a transaction set. The system parses the GS and ST segments and infers which

rule sets are used, based on the transaction type as follows 1n this example:

ASCX12 5010 Control Segments

Transaction Set Identifiers

GS*HS* 1234567890*
654456654*20130810*0409* 1 *X*005010X279A1~

005010X279A1 (Transaction Version)

ST*270*0001*005010X279A1

270 (Transaction Set Type)
005010X279A1 (Transaction Version)

Figure 14 1llustrates the how the system dynamically applies rules to transaction sets.

A data stream containing multiple transaction sets, enters the system and 1s processed by a

stream parser. The stream parser parses the input stream 1nto the data into a structured format

such as JSON. The transaction sets from the input stream are preserved 1n the structured

format. The rules engine inspects each transaction set 1n the input stream, and determines

which rule sets to apply, based on transaction set identitiers. Thus if an input stream contains
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multiple transaction sets, the rules engine 1s capable of dynamically loading the rule set on
demand to process the transaction. Once the transaction set has been identified, the rules
engine determines 1f the rule set 1s loaded. If the rule set 1s not loaded, the rules engine loads
the rule set from the rule store. Finally, the rule set 1s applied to the transaction set. The rule
set processing channels are illustrated 1n Figure 3. The system 1500 may further comprise a
data stream output component 1500D (details of the process 1s shown 1n Figure 4) that

generates an output data stream.

Figure 2 1llustrates the dynamic transactional data stream introspection and processing
method (2000) utilized by the dynamic transactional data stream introspection and processing
system 1500 of Figure 1B. For example, the dynamic transactional data stream introspection
and processing method (2000) may be implemented in the adapter component (1004) in the
processing pipeline in Figure 1A. The system may also receive input parameters identifying
the 1nput data source and 1t’s transmission properties, such as the EDI sender, receiver, and
payor 1dentifiers, as well as data element separators. Transmission properties define the
channel for the EDI transmission, specitying the transmission source and endpoint. As shown
in Figure 1A, the dynamic transactional data stream may have the adapter and connector
components that the system inspects its input parameters and dynamically instantiates the
adapter and connector components to handle the inbound request. The adapter forms requests
and parse responses 1n a manner compatible with the channel’s endpoint destination. The
adapter also may transmit requests and recerves responses via the connector component. The
connector components provide data transmission services using protocols such as F1P,
HTTP, SOAP. The process depicted in Figure 2 activates rule sets based on the current
transaction stream. The rule sets are used to read and parse data into a data structure which 1s

then returned back to the caller.

Figure 3 1llustrates the processing environment used by the dynamic transactional data
stream 1ntrospection and processing system shown in Figure 1B. The processing environment
1s distributed across multiple processing channels. Processing operations are non-blocking
due to the use of asynchronous messaging. Parallel processing 1s achieved through the use of
multiple processing channels, where separate channels could refer to physically separate
processing nodes, separate threads of execution, or a hybrid model where processing occurs

on multiple nodes with each node using a multi-threaded environment. The inbound 1/0
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stream (3002) 1s segmented into units of work by a stream parser (3004). The unit of work 1s
specific to each transaction set, such as eligibility (270), enrollment (834), etc. Within each
transaction set, the units of work are composed of segments which are composed of fields.

The transaction set specific rule set 1s used to parse the unit of work from a transaction set.

The stream parser determines the appropriate unit of work by interrogating the
inbound 1/0 stream, and then forwards the unit onto a processing channel (3006). A
processing channel provides the services and execution environment for transforming the unit
of work to the appropriate format. Within the processing channel, asynchronous message
queues (3008) are used to support parallel processing within the distribution channel. Finally,
a rule set processor (3010) 1s used to retrieve the appropriate rules from the system’s rule
engine (3012), and then apply these rules as described below to the unit of work as 1s
described 1n more detail below 1n Figure 3. Transtormed units of work are coalesced into an

outbound 1/0 stream (3014), which is then returned to the calling process.

Refterring back to Figure 2, in the method, the system shown 1n Figures 1B or 5 may
inspect an incoming stream for the segments and type of data contained within the payload
and may also recerve a transaction data stream 2002 and the system may examine the
transaction data to determine the element separator and segment terminator (2004.) The
known ASC X12 5010 standard (more details of which may be found at
http://www.cms.gov/Regulations-and-Guidance/HIPA A-Administrative-
Simplification/Versions5010andD0O/Version_5010.html, which 1s incorporated herein by
reference) conveys data using a delimited format. In this format, data elements are separated
using an element delimiter. Data elements are grouped 1nto a larger structure referred to as a
segment. Segments are delimited from one another using a segment terminator. The control
characters used as the element separator and segment terminator are machine readable, and
embedded within the ASC X12 5010 data stream. The system also may inspect the respective
stream to determine which components are used to process the payload and components are
associated with data elements by configuration 1n a configuration data store. Thus, the

detection of the delimiters identifies each segment of the transactional datastream.

The system may activate an appropriate rule set based on the transaction set
information (2006.) An example of the rules set based on transaction set information 1s

discussed below with reference to the health care marketplace system scenario that shows
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how a healthcare marketplace system might use dynamic transactional data streaming during
a consumer/health care provider interaction. The system may then read a next element from
the data stream using the termination identifiers (2008.) The system may look up parse
expression(s) for the data (2010) and parse the data based on the parse expression (2102.) An
example of the parsing process 1s described below 1n the health care marketplace system
scenar1io. The system may then apply rules to the parsed data (2014.) An example of this rule

application process 1s described below 1n the health care marketplace system scenario.

The system may then determine 1f an end of the transaction set has been reached

(2016) and loops back to 2008 to read the next segment if the end of the transaction set has
not been reached. If the end of the transaction set has been reached, then the system may
store the data generated by the rules into a graph form (2018) that may be stored in a graph
data store 2020. For example, a graph model may be built with respect to the types of data
that can be inferred across concerning the streams. Once the data 1s stored 1n a graph form,
the system determines 1f more transaction sets need to be processed (2022) and the transaction
data stream processing 1s completed if there are not any more transaction sets to be processed.
If there are more transaction sets to be processed, then the system loops back to process 2006

to activate the appropriate rule set.

To better understand how this might work in practice; consider a scenario where a
consumer and a health care provider are interacting within a health care marketplace system
that utilizes this dynamic transactional data streaming technique. When the consumer first
engages with the health care provider about a condition, the provider can utilize the health
care marketplace system’s eligibility check functionality to verity the consumer’s health
insurance and access their deductible information. The eligibility check functionality
transmits a X12 270 transaction set (defined by the ASC X12 5010 standard above) to the
consumer’s insurance company to inquire about their deductible and general coverage
information. When the insurance company responds with a X12 271 transaction set (defined
by the ASC X12 5010 standard above) for benefit eligibility information, the system will use
parse expressions based on the X12 file specifications defined by the ASC X12 5010 standard
above 1n order to decompose segments 1n the transaction set into data elements. The parsed
segment data 1s passed through a rules engine that 1s initialized with rules from a rule set that

has been defined for the specific transaction set and trading partner. The following table
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includes some example parse expressions that would be used to parse segments found in a

X12 271 transaction set:

Example Parse Expressions for segments Example Eligibility Inquiry Data Segments
HI*{HLO1 ) *{HLO2 Y*¥{ HLO3 }*{HLO04 ) ~ HI_*3%2%22 %0~
NM1*{NM101}#{NM102}#{NM103 }*{NM104 ) * NM1*IL*1 *SMITH*]OHN*B***MI*W1991 00000~

(NM105 }*{NM106}*#{NM107}*{NM108 }*{NM109}*
(NM110}#{NM111)}*{NM112}~

EB*{EBO01}*{EB02}*{EB03)*{EB04}*{EB05 }* EB*C*IND#*30%*#23%3000% *##*Y ~
(EB06)*{EB07 }*{EB08)*IEB09)*{EB10}*{EB11)*{
EB12)}*{EB13}*{EB14}~

Segment element IDs are defined 1n brackets, { }, inside each parse expression and may be
optionally mapped to more meaningful variable names such that they may be referenced 1n

rules by the more friendly variable name instead of the element ID.

A sample rule subset that can process segments found 1n a benefit eligibility inquiry
response (271) transaction set 1s included 1n the table below along with sample data segments

that would cause the rule(s) to execute:

Example Rules for an Eligibility Inquiry Example Eligibility Inquiry Data Segments
Rule Set
“Hierarchical level rule”: HI*3%2%22%()~

if the current segment has an id of “HL",
then store the HL. segment information

in working memory for later use

“Subscriber identification rule™: NMI1*IL*1*SMITH*JOHN*B***MI*W 199100000~

if the current segment has an 1d of
“NM1” and the “hierarchical level code™
(or HLO3 element 1d) in the current

“HL” segment 1s 22" and the “entity




10

15

CA 02936628 2016-07-12

WO 2015/108572 PCT/US2014/052764

-11-

Example Rules for an Eligibility Inquiry Example Eligibility Inquiry Data Segments
Rule Set

identifier code” (or NM101 element 1d)
in the “NM1” segment 1s “IL”, then store
the “NM1” segment information on the

X 12 domain model

“Eligibility deductible information rule”: | EB*C*IND*30%***23%3000*****Y ~

if the current segment has an 1d of “EB”
and the “eligibility/benetit information™
(or EBO1 element 1d) in the segment has
a value of “C” then store the deductible

information found in the segment on the

X 12 domain model

After verifying the consumer’s health insurance, the provider examines the patient and
makes a diagnosis. Since the provider did a general eligibility inquiry (X12 270) to determine
the consumer’s current deductible information, the provider 1s now equipped to recommend a
set of treatment options that the consumer can pay for with cash or insurance. With a
diagnosis and treatment(s) identitied, the provider can initiate a more specific eligibility
inquiry (X12 270) with codes (typically CPT or ICD-10) for the treatments to determine 1f the
recommended treatments are covered by the consumer’s insurance plan. This allows the
consumer to make informed decisions regarding the treatments and their costs while they’re
still meeting with their health care provider. Once a treatment 1s selected, the health care
marketplace system will record the treatment purchase transaction and submit the necessary
X12 837 claims to the insurance company 1if the consumer elects to (partially) pay with
insurance. If there 1s a portion of the treatment cost remaining after processing the X12 835
health care claim payment response, the health care marketplace system can then bill the
consumer via their credit card on file and deposit the funds 1n the provider’s bank account
along with the insurance payment that was delivered in the X12 835 claim payment

transaction set. Each X12 transaction set recerved by the health care marketplace system can




10

15

20

25

CA 02936628 2016-07-12

WO 2015/108572 PCT/US2014/052764

-12-

make use of the dynamic transactional data streaming outlined 1n Figure 2. For example,
when a X12 271 transaction set 1s receirved following the benefits eligibility inquiry for the
consumer visiting the health care provider, the 271 transaction data is examined (2004).

After this examination, the appropriate rule set for the X12 271 transaction set 1s loaded into a
rules engine (2006). For each data segment present 1n the 271 transaction set, the system will
stream the segments through a stream based parser that will determine the appropriate parse
expression based on the current segment’s 1dentifier (2008 and 2010). The segment data will
be parsed according to the matched parse expression (2012) and then the parsed segment data
will be loaded 1nto the working memory for the rules engine so that the rules may be applied
to the segment data (2014). 'The process of streaming in segments from the 271 transaction
set, parsing them, and applying rules continues until the end of the transaction set 1s reached
(2016). The eligibility information 1s stored in a graph data store once the transaction set 1s
processed (2018 and 2020). This process may also be repeated for additional transaction sets
that may be received from the insurance company (2022). The graph data stored 1n 2020 1s
available to the consumer and health care provider as part of the health care marketplace

system.

Figure 4 1llustrates an outbound transactional data stream processing method 4000
that may be implemented, for example, by the system shown 1n Figures 1B and 5. In the
method, the system may select sub-graphs that contain transactional information for
streaming (4002) from the graph data store 1020 described above with reference to Figure 1A.

The system may then load appropriate stream generation rules based on current graph data in
query results (4004) and generate appropriate records on the output stream by executing the

loaded rules against the graph data (4006) which 1s communicated as a data file stream 4008.

The table below 1llustrates how the system utilizes rules to generate a claim status

request (276) output stream using the graph data store domain.

Claim Status Request Sample Rules 276 X12 Output Stream Segments

“New Patient Record Rule™: HIL*4%3%22%0~
When the rules engine encouters a patient

data attribute on the X12 domain model,
add a new HL segment to the output

stream to 1ndicate the start of a new
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patient record.

"Patient Birth Date and Gender Rule™: DMG*D8*19191029*M~
When the patient has a date of birth and
gender on the X12 domain model, add a
new DMG segment to the output stream

"Patient Identification Rule”: NMI1*QC*1*DOE*JOHN****MI*R11056841~

When the patient has a name and member
1d, generate a NM1 segment and add it to

the output stream

After the appropriate records are generated, the system may determine if the end of the
graph query results has been reached (4010) and delivers the generated data file(s) to a trading
partner(s) to communicate the transaction (4012) i1f the end of the graph query results has
been reached. If the end of the graph query results has not been reached, then the system may

loop to process 4004 to load the appropriate rules.

Figure 5 1llustrates an example of an implementation of a dynamic data transactional
system S000 that may implement the methods described above. The system may be
implemented using one or more computing resources (for example, cloud computing
component(s) or server computer(s) with typical elements like processors and memory) and
one or more components (including the adapter and connector components and some of the
components 1n Figure 5) that may be partially implemented by a plurality of lines of computer
code. In another implementation, each of the components 1n Figure 4 (and the adapter and
connector components) may be implemented 1n hardware or a hardware device, such as a

programmable logic device, an ASIC and the like.

Inbound requests are routed to a load balancer that distributes the processing load
between one or more Enterprise Service Bus, ESB, and components. Each ESB 1s a software
platform that hosts the ASC X12 Processing Pipeline and makes 1t available to external
clients. The ESB utilizes two data stores, an operational database and a statistics cache to
support its operations. The operational database tracks the services and components which are
supported by the ESB. The statistics cache records service metrics such as the number of
times a service has been executed, or a service’s average response time. Both databases may
be used to provide insight into the current health of the overall system. The system uses

document and graph databases as depicted 1n Figurel. The ESB environment 1s maintained
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using the ESB administration application. The administration application 1s an operations
console used to add , configure, and remove services, view processing statistics, and schedule
recurring tasks. Each of the stores and the cache may be implemented as a software database

or a hardware database.

Using the system, a transactional data file 1s communicated/received by a trading
partner participating 1n data exchange. Trading Partner named herein, any other person or
entity who will be receiving EDI information from or providing EDI information to another
entity and who requires a submitter number because of a business need. Such person or entity
may be an individual provider, a clinic composed of multiple providers, a clearinghouse or a
billing agent. In the system, the graph model described above allows the X12 system that 1s
historically row/column key-value based to be queried 1n a more knowledge domain model
behavior. Furthermore, the system dynamically generates inter-domain relationships for
nodes within the graph model. These graph relationships provide a holistic view of a
member’s data within a single system. In addition, the system may use Dynamic query based

models that do not need traditional relational algebras.

Figures 6 - 10 1llustrate the system’s graph representation of ASC X12 5010 data
segments. The transaction sets represented included: 270 (Figure 6), 271 (Figure 7), 276
(Figure 8), 277 (Figure 9), and 834 (Figure 10). Each transaction set’s graph representation
includes schema and data nodes. Schema nodes are used to map ASC X12 5010 segment

fields to domain names. The following example, from Figure 6 maps “name” fields from the

ASC X12 5010 name segment.
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The graph system models the relationships between nodes. This information is used to
associate node segments with one another using well defined relationships such as
“hasDependent”, “hasRecerverAddress™, and “isEntity T'ype”. The system also establishes
provenance, or origin, relationships which are used to associate nodes with parent or
container nodes. These relationships preserve the ASC X12 5010 control envelopes used to

CONvey fransaction sets.

An example of a cypher graph queries that could be used to access graph data for

outbound transactional data streaming may be:

start subGPProv = node:SubGProv(type= SubGProv) match tranSetProv<-
|:hasTransactiondetProv]-subGPProv-[:hasSubGProv]-member,member-
[:hasMemberNamelnfo]-memberNamelnfo-|:hasMemberName]-
memberName,member-| :hasMemberEmployerInto]-
>memberEmployerInfo,memberEmployerName<-|:hasMemEmployerName |-
memberEmployerInfo-[:hasMemEmpCommunicationNumber]-
>memberEmpCommunicationNumber ,memberEmployerInto-
|:hasMemEmpStreetAddress |->memberEmpStreetAddress where
tranSetProv.STO1 = 834 and memberName.NM109 = 123456789 return
memberEmpCommunicationNumber,memberEmpStrectAddress, memberEmployer

Name;

start subGPProv = node:SubGProv(type= SubGProv) match tranSetProv<-
[:hasTransactionSetProv]-subGPProv<-[:hasSub(GProv]-member-
|:hasMemberNamelnfo|->memberNamelnfo-|:hasMemberName |-
>memberName,member-| :hasMemberHealthCoveragelnfo]-
>memberHealthCoveragelnfo-[:hasHealthCoverage]->healthCoverage where

tranSetProv.STO1 = 834 and memberName.NM109 = 123456789 return

healthCoverage;

A healthcare marketplace system may provide a transparent health services

marketplace with clear descriptions and posted prices. Many health care providers and payers
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use legacy systems to communicate information for a variety of transactions: eligibility
checks, claims processing and benefits enrollment. To integrate the healthcare marketplace
system capabilities with existing systems in the health care space, it’s important that 1t be able
to process massive streams of transactional data related to health care services. The ability to
process these transaction streams enables: real-time eligibility checks for quote requests,
submitting a claim for a service after paying cash so that the service cost can contribute
toward a deductible, enrolling a consumer in new health benefits so that they might save
money on expensive services. Integrating all of these transaction capabilities with the health
service marketplace provides consumers with easy access to information to help them make
informed decisions concerning their health care spending. It also provides health care
providers and payers with more efficiencies so that administrative costs for processing health
care transactions approach zero. Without the dynamic transactional data streaming
capabilities, consumers would only be able to use the healthcare marketplace system tor cash
based transactions and would have to consult other systems for insurance based pricing. The
dynamic transactional data streaming may provide the best possible user experience for health

care consumers and providers participating in the health care services marketplace.

Figure 12 illustrates an example of an implementation of a healthcare services
marketplace system 100 that may utilize the dynamic transaction system and method. The
healthcare marketplace system 100 may have one or more computing devices 102 that
connect over a communication path 106 to a backend system 108. Each computing device
102, such as computing devices 102a, 102b, ..., 102n as shown 1n Figure 12, may be a
processor based device with memory, persistent storage, wired or wireless communication
circuits and a display that allows each computing device to connect to and couple over the
communication path 106 to a backend system 108. For example, each computing device may
be a smartphone device, such as an Apple Computer product, Android OS based product, etc.,
a tablet computer, a personal computer, a terminal device, a laptop computer and the like. In
one embodiment shown 1n Figure 12, each computing device 102 may store an application
104 1n memory and then execute that application using the processor of the computing device
to interface with the backend system. For example, the application may be a typical browser
application or may be a mobile application. The communication path 106 may be a wired or

wireless communication path that uses a secure protocol or an unsecure protocol. For
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example, the communication path 106 may be the Internet, Ethernet, a wireless data network,

a cellular digital data network, a Wil1 network and the like.

The backend system 108 may also have a health marketplace engine 110, a request for
quote engine 112 and a predictive pricing engine 113 that may be coupled together. Each of
these components of the backend system may be implemented using one or more computing
resources, such as one or more server computers, one or more cloud computing resources and
the like. In one embodiment, the health marketplace engine 110, the request for quote engine
112 and the predictive modeling engine 113 may each be implemented 1n software in which
cach has a plurality of lines of computer code that are executed by a processor of the one or
more computing resources of the backend system. In other embodiments, each of the health
marketplace engine 110, the request for quote engine 112 and the predictive modeling engine
113 may be implemented in hardware such as a programmed logic device, a programmed
processor or microcontroller and the like. The backend system 108 may be coupled to a store
114 that stores the various data and software modules that make up the healthcare system.
The store 114 may be implemented as a hardware database system, a software database
system or any other storage system. In this example implementation, the dynamic transaction
system components described above may be incorporated into the backend system 108 or may

be coupled to the backend system 108, but located remotely.

The health marketplace engine 110 may allow practitioners that have joined the
healthcare social community to reach potential clients 1n ways unimaginable even a few years
ago. In addition to giving practitioners a social portal with which to communicate and market
themselves with consumers, the marketplace gives each healthcare practitioner the ability to
offer their services in an environment that 1s familiar to users of Groupon, Living Social, or

other social marketplaces.

The request for quote engine 112, in the example shown 1n Figure 12 in which the
request for quote engine 112 1s part of the health marketplace system 110, allows a user of the
health marketplace system to search for practitioners in their area that treat their conditions or
practice 1n a desired specialty and request a quote for the service they need. Further details of

the request for quote engine 112 are provided 1in U.S. Patent Application Serial No.
61/871,195, filed on August 28, 2013 and U.S. Patent Application Serial No. 14/328,591 filed
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on July 10, 2014, the entirety of both of which are incorporated herein by reference. The
predictive modeling engine 113 may generate healthcare service prices based on predictive
modeling. Further details of the predictive modeling engine 113 are provided in U.S. Patent
Application Serial No. 61/381,918, filed on September 24, 2013 and U.S. Patent Application
Serial No. 14/455,341 filed on August 8, 2014, the entirety of both of which are incorporated

herein by reference.

The health marketplace system 110 may further have a health management engine
110a that may generate a healthstream for each member who 1s a user of the health system
100 and who has logged 1nto the health system 100. The healthstream groups health related
information and events into a timeline that can be shared among a patient, healthcare
provider(s), and approved family members/friends of each member/user of the system. The
information for each user/member may be entered directly into the healthstream using the
application 104. Alternatively or 1n addition, the information about the user/member may
also be imported from entries made 1n other systems including Facebook, Twitter,
Foursquare and other web sites. Although the keeping of a detailed health journal requires a
lot of discipline and work and busy lives don’t often have time to keep up with it, a lot of
important health information about the user/member may be recorded all the time 1n social
networks and web sites. The healthstream may provide users an easy way to import and
organize information that has already been recorded in these other systems so that 1t can be

visualized as a timeline of health information.

The health timeline (that 1s part of the healthstream) may always be available for
review by approved members of the PokitDok community (healthcare providers, tamily
members, friends) who have the required access rights and privileges that may be set up by
the user. The system may allow a user/member to link an account 1n the health system, such
as the health system provided by PokitDok, with other accounts that have been established by
the user/member using a known OAuth authorization tlow (further details of which may be
edia.org/wiky/O

found at bhitp://en. wiki Auth which 1s incorporated herein by reference.) The

OAuth flow links the accounts of the user (social network and web accounts) so that the
system 1s able to gather health related information. Once the accounts are linked, the

application 104 on the computing device may make API calls to each linked system to import
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health related posts into their healthstream. In addition, users may be able to drag and drop

entries to and from their healthstream to quickly manage what’s permanently stored there.

In the health system, the timeline view generated for each user/member may support
multiple cases 1n the timeline view. Each case may be like a directory on a filesystem where
events may be stored together. For example, a mother may have cases defined for herself
and for her young children that are not yet old enough to manage their own healthstream.
When that mother uses the PokitDok healthstream, her checkins at the doctor’s office will be
imported 1nto her case folder. When she posts about her child running a fever on facebook,
that event will be imported 1nto her child’s case folder that may be done by utilizing the APIs
provided by the various social networks and systems that can be linked to a PokitDok
account. Each time a PokitDok user returns to the system, asynchronous tasks are queued to
process the latest data from therr linked accounts. The results of the above tasks may be
presented 1n a list in the application. Each entry 1n that list may be manually added to a case
using the drag and drop capabilities of HIMLS. In addition, when possible, imported entries
may be automatically added to cases by analyzing the imported content for health related

keywords.

The health system may support a variety of healthstream entry types. For example,
when a checkin i1s added to the healthstream, a link to the location is stored along with
geolocation information so 1t can be quickly displayed on a map view. As another example,
when entries with photos are added to the healthstream, a link to the original photo 1s stored
along with cached versions of the photo at various resolutions for display in different
contexts. The healthstream may also include entries about medications that may be added to
the timeline that include information about when a medication was started/stopped along
dosage details for the medication. In addition, doctor appointments may also be added to the
healthstream. Purthermore, healthstream video entries contain links to the original video so
that it may be embedded 1n the health timeline along with the other information. In addition
to the specitic healthstream entry types above, a generic entry type may be available that
supports miscellaneous file attachments. For example, a user may have a PDF of blood
results that were emailed to them that they want to add to their healthstream so that it can be
shared with other health providers also on that case. The healthstream may allow a user to

drag the PDF attachment from their email to the appropriate case 1n their timeline.
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In the system 100, each of the entries for a user may be stored in the store 114 with a
user’s globally unique 1dentifier and the 1dentifiers of other PokitDok users that are allowed
to view the information to provide, among other things, access control for the data in the
healthstream of each user. In the system, each entry may default to being private among the
users explicitly specified on the data. Users can choose to change the privacy level to
‘anonymous’ when they want to share information they’ve learned about a particular health

issue with the community without revealing their identity.

Healthcare providers that are part of a healthstream case for a user can also add
events to it. For example, a provider can review a user’s healthstream when meeting with
them and recommend a service they’ve posted on the health marketplace as part of their
treatment plan. This may add that service to the healthstream with a date/time stamp so the
patient and other healthcare providers are all up-to-date with currently active treatments and
medications. If multiple providers are participating on a case, email and SMS alerts can be
triggered to alert them that new information is available for their review.

While the foregoing has been with reference to a particular embodiment of the
invention, it will be appreciated by those skilled in the art that changes 1n this embodiment
may be made without departing from the principles and spirit of the disclosure, the scope of

which 1s defined by the appended claims.
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(Claims:

1. A dynamic transactional data streaming system, comprising:
a data streaming system;

the data streaming system having a storage device that stores a plurality of rule sets,
wherein each rule set processes a transactional datastream having a particular set of

transactional data;

the data streaming system having a data stream examination component configured to
receive a transactional datastream having a plurality of segments wherein each segment has a
plurality of data elements, the data stream examination component also configured to 1dentity

cach of the segments in the transactional datastream; and

the data streaming system having a data stream segment processing component
configured to receive each segment of the transactional datastream 1dentified by the data
stream examination component, contigured to select a rule set from the plurality of rule sets
based on the data elements in each segment of the transactional datastream and configured to
generate a set of translated data based on the selected rule set and the plurality of segments

and the plurality of data elements of the transactional datastream.

2. The system of claim 1, wherein the data stream segment processing component
1s configured to parse each data element 1n each segment based on a parse expression to

generate a parsed data element and configured to apply the selected rule set to the parsed data

clement.
3. The system of claim 2, wherein the set of translated data 1s stored 1n a graph.
4+, The system of claim 1, wherein the data stream examination component that 1s

configured to identify each of the segments 1n the transactional datastream 1s further
configured to identify an element delimiter that separates each data element and a segment

terminator that separates each segment 1n the transactional datastream.

d. The system of claim 1 further comprising a data stream output component
configured to load a stream generation rule based on the set of translated data and configured
to generate an output datastream using the stream generation rule and the set of translated

data.
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0. The system of claim 5, wherein the data stream output component loads the

stream generation rules based on a set of translated data stored 1n graph.

7. The system of claim 1, wherein the transactional datastream 1s a healthcare

transactional datastream.

3. The system of claim 7, wherein the healthcare transactional datastream uses an

ASC X12 5010 standard delimited format.

9. The system of claim 1, wherein the data stream system further comprises a
data processing component having a plurality of processing channels wherein each processing
channel processes a segment of the transactional data so that the data segments of the

transactional datastream are processed 1n parallel.

10. The system of claim 9, wherein each processing channel has a message queue

so that each processing channel communicates with the other processing channels.

11. The system of claim 9, wherein each processing channel is a thread executed

by a processor.

12. The system of claim 9, wherein each processing channel has a rule set
processor that performs the operations of the data stream segment processing component for

cach segment assigned to the processing channel.
13. A dynamic transactional data streaming method, comprising:

storing, 1n a storage device, a plurality of rule sets, wherein each rule set processes a

transactional datastream having a particular set of transactional data;

receirving, by a computer system coupled to the storage device, a transactional
datastream having a plurality of segments wherein each segment has a plurality of data

elements;

identitying, by the computer system, each of the segments in the transactional

datastream;

selecting, by the computer system, a rule set from the plurality of rule sets based on

the data elements 1n each segment of the transactional datastream; and
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generating, by the computer system, a set of translated data based on the selected rule
set and the plurality of segments and the plurality of data elements of the transactional

datastream.

14. The method of claim 13 further comprising parsing, by the computer system,
cach data element in each segment based on a parse expression to generate a parsed data
clement and applying, by the computer system, the selected rule set to the parsed data

element.

15. The method of claim 14 further comprising storing the set of translated data in

a graph.

16. The method of claim 13, wherein 1dentifying each segment further comprises
identifying, by the computer system, an element delimiter that separates each data element

and a segment terminator that separates each segment in the transactional datastream.

17. The method of claim 13 further comprising loading, by the computer system, a
stream generation rule based on the set of translated data and generating, by the computer

system, an output datastream using the stream generation rule and the set of translated data.

18. The method of claim 17, wherein loading the stream generation rules turther
comprising loading, by the computer system, the stream generation rule based on a set of

translated data stored 1n graph.

19. The method of claim 13, wherein the transactional datastream 1s a healthcare

transactional datastream.

20. The method of claim 19, wherein the healthcare transactional datastream uses

an ASC X12 5010 standard delimited format.
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