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(57) Abstract: Systems and methods for managing distributed data using any of a plurality of data models are disclosed. One meth-
od includes receiving a data request from one of a plurality of database interfaces, each database interface associated with a ditferent
data model type. The method further includes translating the data request to a second data request based at least in part on a data
model neutral description of a data model in the data store that is associated with data and the database interface, wherein the data
store maintains descriptions of each of a plurality of different data models corresponding to the different data model types. The
method also includes executing the second data request, thereby reflecting the data request in data storage such that data is managed
consistently across each of the plurality of database interfaces.
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DATABASE AND DATA BUS ARCHITECTURE AND SYSTEMS FOR
EFFICIENT DATA DISTRIBUTION

Technical Field

The present application relates generally to database and data bus

architectures. fu particular, the preseut application relates generally to a database and

Backeround

in traditional system architectures, an operating system executes on
computing hardware, and can host a particular database management systen and
database storage arrangement. For example, selected computer hardware having a
particular systern architecture (e.g., compliant with the x86, x86-64, 1A64, PowerPC,
ARM, or other system architectures) can host an operating system specifically written
for or compiled for that architecture. That operating system {(e.g., Windows, Linux,
etc.) can then host a corresponding database and associated database management
systent.

Within this consiruct, various database architectures have emerged. For
example, relational databases have been developed, in which data requests, such as
queries, can be submitted in a relational query structure {¢.g., using SQL or some
stmilar language). Generally, data in such relational databases are stored in records,
with interrelationships across table eniries n one or more tables, with query results
returned in terms of row and table references. In other examples, hierarchical databases
have also been developed which store data in records, but generally guery results are
returned o record and set references,  Still other database architectures are
implemented using different access procedures, such as storage in columns, records,
streams, or other structures,

Increasingly, a number of limitations of computing infrastructure have

begun to aftect these database arrangeraents, For example, some relational and
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hicrarchical database management systems assume all data is to be stored on a
particular partition or computing system, and as such are either unable to or are
inefficient at obtaining data stored in separate memories or memory partitions.
Furthermore, existing application level programs may be written for use with a
relational system when data is stored in a hierarchical database, or vice versa, thereby
comphlicating data access issucs. In such situations, it may be the case that separate
iransactional and relational database instances must be maintained, leading to data
consistency and replication difficulties. Or, hicrarchical database commands must be
translated to a relational database language, accounting for the difference between such
data models. In both circumstances, inefficiencies exist in storage and retrieval of data,
and limitations as to methods (i.e., database commands and query languages) persist,

For these and other reasons, improvements are desirable.

SuEmmary

in accordance with the following disclosure, the above and other issues
are addressed by the following:

in a first aspect, a computer-implemented method for managing
distributed data using any ot a plurality of data modcls 1s disclosed. The method
includes determining a data request from one of a phurality of database interfaces, each
database intertace associated with a different data model type, The method further
inclades translating the data request to a second data request based at least inparton a
data model neutral description of a data model that is associated with data and the
database interface, wheretn the data model neutral description 1s included n a plorality
of descriptions of each of a plurality of different data models corresponding to the
different data model types. The method also includes executing the second data
request, thereby reflecting the data reguest in data storage such that data is managed
consistently across cach of the plurality of database mterfaces.

In a second aspect, a data storage system is disclosed. The data storage
system inchudes a plurality of database interfaces each associated with a different data

model type and having a different set of database commands associated therewith, The
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data storage system further includes a data model newtral data layer including data
storage distributed across a plurality of computing systems. The data model neutral
data layer is configured to translate data requests from each of the plurality of database
interfaces, based at least in part on database cornmands received at the plurality of
database interfaces, to data model neutral data requests.

In a third aspect, a computer-implemented method for managing
distributed data using any of' a plurality of data models is disclosed. The method
includes receiving a query at a database interface selected from a group of database
interfaces, each of the database interfaces associated with a different data model type
and having a different set of supported database commands. The method also includes
transmitting a data request from the database mterface to a common data storage layer,
the data request based on the query, and translating the data request to a data model
neutral data request within the common data storage layer based at least inparton a
description of a data model stored within a plurality of metadata atoms describing each
of a plurality of different data models. Each of the plurality of different data models has
one of the plurality of different data model types. The ruethod further includes
communicating the data model neutral data request to data storage systems within the
common data storage layer model, the common data storage layer including data
storage distributed across a plurality of computing systemss. The method also includes
recetving data representing a set of data model neutral results received from the
plurality of computing systems in response to the data request, and transiating the data
to a formuat consistent with the data model and expected by the database mterface

responsive 1o the query.

Brief Descrintion of the Prawings

Figure 1 1s g logical diagram of a data storage system according o an
example embodiment of the present disclosure;
Figure 2 is a logical diagram of a data storage system accordingto a

second possible embodiment;

a2
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Figure 3 is a logical diagram of aspects of a data storage system of
Figures 1-2;
Figure 4 is an example logical diagrany illustrating a layout of computing
FeSOUrces in an environment implementing the data storage systems of Figures 1-3;
5 Figure 5 is a block diagram of an electronic computer system useable
within the data storage systems disclosed herein:
Figure 6 is a flowchart of a method {for managing distributed data across
a phurality of data model types, according to an example embodiment; and
Figure 7 is a flowchart of a method for wanaging distributed data using
10 any of a plurality of data models, according to an example embodiment; and
Figure 8 18 a flowchart of a method for handling a data request based on
a database command received from a database interface, according to an example

embodiment,

Detailed Descrintion

15 Various enmbodiments of the present invention will be described in detail
with reference to the drawings, wherein like reference numerals represent like parts and
asscmblies throughout the several views. Reference to various erabodimuents does not
limait the scope of the invention, which is limited only by the scope of the claims
attached hereto. Additionally, any examples set forth in this specification are not

20 intended to be himiting and werely set {orth some of the many possible embodiments for
the claimed invention.

The logical operations of the various embodiments of the disclosure
described herein are implemented as: (1) a sequence of computer implemented steps,

operations, or procedures runming on a programmable circutt within a computer, and/or

[\
W

(2} a sequence of computer implemented steps, operations, or procedures running on a
programmable circuit within a directory system, database, or compiler.

In general the present disclosure relates to database and data bus
architectures. In particular, the present application relates generally to a database and

data bus architecture arrangernent providing for systems for efficient data distribution,
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The database and data bus architectures disclosed herein represent systems in which a
unified, data model neutral data storage arrangement can be used as a data layer, with
existing database management systems operating to provide different views into a
unificd, data model neutral data layer. In cxample embodiments, the data model neutral
layer can matntain descriptions of the data models associated with sach database
interface to provide a definition that allows rephication of data across different data
models of different data model types. In other exaraple embodiments, the data wmodel
neutral layer can maintain both descriptions of the data models associated with each
database interface and a data model neutral data layer, thereby avoiding replication of
data but rather maintaining a single data model neutral set of data, upon which various
views can be generated for cach of a plurality of database mterfaces having different
data model types.

In general, and as discussed herein, a data model corresponds to a
particular arrangement of data for use in a database. For example, the data model can
correspond to a particular database structure or schema that 1s specific to the data stored
in a database. Analogously, a data wmodel type, as referred to herein, corresponds to a
particular type of arrangement of data, whether it be a relational, hierarchical,
multidimensional, object ontented, cohummar, network, record, or stream arrangements
for data, or any other data model type. Accordingly, data model neutral data
corresponds to data that 1s not stored 1n & manner that relies upon a particular data
structare, but rather can be described across a vartety of such structures. Examples of
cach of these coneepts are generally provided in further detail below in conjunction
with the various embodiments of the present disclosure.

Referring now to Figure 1, a logical diagram of a data storage system
104 is shown, according to an example embodimeunt of the present disclosure. Tn
general, the data storage system 100 corresponds to an implementation of a data storage
system in which data models are described in a data model neutral arrangerent, but in
which data is maintained associated with existing database systems. Accordingly, the
data storage system 100 represents an arrangement in which a data model neutral

software layer operates as a data bus for exchanging data across various databases each
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managed by separate database management systems, or database interfaces, having
different data model types.

In the embodiment shown, the data storage system 100 includes a
virtualization space 101 executable on g hardware layer 102, The hardware layer 102
supports secure partition services 104, The hardware layer 102 generally corresponds
to a large, multiprocessor, networked arrangement meluding a phlurality of computing
systerus. As further discussed below in connection with Figures 4-5, the hardware layer
102 can be assigned to and atfiliated with particular portions of the data storage system
190 in a variety of ways, but generally provides processing and memory resources
useable to implement a database and database application architecture. The hardware
layer can be constructed from one or more server computers, an example of which s
discussed below in connection with Figare 5.

The secure partition services 104 provides a low-level software layer
above the hardware layer 102, and generally corresponds to a virtualization layer
uscable to host various types of operating systems that may or may not be compatible
with the hardware layer 102, For example, the secure partition services 104 can
correspond to a hypervisor software layer installed on one or more computing systems,
capable of collectively partitioning available hardware resources available withina
computing system into a plurality of partitions. As discussed below in connection with
Figure 4, cach of the partitions represent a defined collection of hardware resources
capable of being allocated to a hosted operating system, such that the hosted system
views the allocated resources, via the hypervisor, as a computing system tself. In one
example embodiment, the secure partition services 104 correspond to S-Par secure
partitioning hypervisor software from Unisys Corporation of Blue Bell, Pennsylvania.
Of course, other secure partition services could be used as well.

in the embodiment shown, the secure partition services 104 host a set of
architecture atiributes 106 and a common data bus 108, The architecture attributes 106
reside in a laver above the secure partition services 104, in that they are published to

various partitions 110 (shown as partitions 110a-d). In various embodiments, the
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architecture attributes 106 can include, for example, emulated processing, memory,
networking and/or other attributes made available to the partitions 110

The common data bus 108 hosts and supports data exchange across the
plurality of partitions 110, to allow for cross-pollination of data between the partitions,
for use by the operating systems and software instalied thereon. In particular, the
common data bus 108 stores metadata describing, for exarmple, a particular file system
and/or database stracture or schema used in a particular partition, such that when data is
stored or altered in that partition, the common data bus 108 detects the data change and
replicates that change of data across the other partitions. In various emsbodiments, the
common data bus 108 can be configured to detect changes in data in virtual file systems
or virtual database files in the various partitions 110, and replicate data between those
systemas based on known interrelationships between those data structures, For example,
the cornmon data bus 108 can be implemented using one or more transforms developed
between source and target computing system file systems and/or database systems, and
includes the software necessary to support export of data from cach partition {e.g., from
the file systern within a particular partition, or within a database having a scherua hosted
within the partition).

In the embodimeunt shown, each of the partitions 110 supported by the
secure partition services 104 and common data bus 108 are configured to support any of
a varicty of operating systems and/or database management systems and database
architectures. In the example depicted, a first partition 110a hosts a first operating
system, depicted as an MOCP operating system provided by Unisys Corporation of Blue
Bell, PA. Sumilarly, other partitions within the system may host different types of
systems; in the embodiment shown, a second partition 110b hosts a second operating
systery, shown as the 082200 operating system, also from Unisys Corporation of Blue
Bell, PA. A third operating systom simply illustrated as a coprocessor, or “CP” is also
ittustrated as associated with a third partition 110¢. Other partitions, such as partitions
mainttaining third party operating systems {e.g., Linux, Windows-based, or other

operating systems) could be mcorporated as well,
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Within cach of the partitions 110a-¢, each partition may include one or
more data personalities 112, Data personalities 112 generally refer to structures or
arrangements by which data is accessed and understood. For example, data
personalities may correspond to a data model type of a database, such as a relational,
higrarchical, multidimensional, columnar, network, record, stream or object oriented
data model type. Data personalitics generally describe the expected operation of an
interface to data, rather than the specific structare of a given data set. Such a specific
structure, or data model, corresponds to a particular schema of that data set as may be
designed within the data model type.

{n the example embodiment shown, the first partition 110a including the
MCP operating systern hosts two data personalities, 4 relational data personality 112a
{such as would be expected of a SQL or other relational database} and a DMSH
personality 112b, useable with DMSII database management system from Unisys
Corporation of Blue Bell, PA. Similarly, the second partition 110b is illustrated as
supporting an RDMS personality 112¢, a DMS personality 112d, and indexed filesina
file system (i.e., a file-based data personality 112¢).

in the arrangement shown, cach of the partitions ! 18a-c can be made
available to a further partition or application executing within oue of those pattitions,
ilfustrated as a data access application 114. The application 114 can access one or more
APIs 116, shown as traditional APIs 1163 and third party APIs 116b for accessing data
stored using nonstandard third party data personalities. The APlIs 116 are published for
use with cach of the varicty of data personalitics 112, for accessing data in the various
partitions. As such, the application can access data as needed from each of the various
data personalities — e.g., in a relational format from a relational database personality
such as personality 112a, or lnerarchical data frov a hierarchical database personality
{e.g., the DMSII personality 112}, or other data access arrangements,

Use of a common data bus 108 1o provide data synchronization across
partitions, 1 particular in an example arrangement such as that depicted in Figure 1,
provides a number of advantages over existing hypervisor systoms or even existing data

replication systems. Because an application can access data from each of the various

8
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data personalities, the application can be designed to access data according to different
personalities (rather than beiug written to interface with a particular data model type),
and can request and receive data from a selected personality based on the suitability of
the data model type associated with that data personality, For example, an application
could both store data according to a DMSH data personality 112b, and could retrieve
data in a reporting format from a relational data personality 112a, or a multidimensional
data personality, or some other convenieut format. Using the comruon data bus 108,
cach of the data personalities is kept up-to-date via transformations of the data at the
time it 1s stored in each personality, thereby providing convenient retrieval of datan a
convenient format, from a supported AP1, at the application level regardless of whether
the data was oniginally stored in a database having the particular personality from which
retrieval ts desired. As such, data is available from each of the data personalities 112 at
essentially data retrieval speeds, since each data personality would not be required to
communicate across to other data personalities to retrieve such data (assuming
sufficient time between data storage in one data personality and retrieval in another data
personality to allow for replication of the data i each of the data models and data
model types associated with cach of the personalitics supported within a particular
system. Optionally, an application development environment 118 could be included as
well which allows a designer to create applications designed to interface with various
data personalities via the APIs 116a-b. The data personalitics 112 allow applications o
be written using the application development environment 118 that are capable of
accessing data from any of the personalities.

As illustrated in system 100, a remote system 128, such as a client
system or other remote server, can be communicatively connected to the virtual system
101, e.g., for comnmunication with the application 114, or application developrent
environment 118, For example, the application 114 or application development
euvironment can have a web interface, either directly supported within one of the
partitions in which the application or application development environment reside, or in

a separate partition, managing access to that system,

9
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it 1s noted that, as illustrated, other third party systems can be
incorporated into the overall system 100, In the embodiment shown, one such third
party system 122 can be included within the overall virtualized system 101, hosted by
secure partitioning services 104, and a further third party system 124 18 remote from the
overall system 100, and communicatively connected to the system by the common data
bus 108, These third party systems are shown to tllustrate exarple interoperability of
the common data bus 108 with third party systems. In counection with third party
system 122, the common data bus 108 can be extended, on a case-by-case basis, to such
third party systems by establishing a relationship between known data personalities of
the supported systerns and those developed by third parties. In the example shown, both
third party systems 122, 124 operate third party operating systems 126, 128,
respectively, and have specific third party data personalities 130, 132, These may be
the same, or different, operating systems and/or data personalities. Further, as
ilfustrated in Figure 1, third party operating system 128 can be communicatively
connected to the system despite running on incompatible third party hardware 134,

Although the system 100 of Figure 1 has numerous advantages, it is
noted that, in particular for large data colicctions, some inefficiencies may exist, for
example due to the requirement that data be replicated as many tiraes as there are
different data personalities. Accordingly, and as illustrated in Figure 2, an alternative
embodiment of a database and data bus architecture 1s contemplated, 1n which a system
260 reduces the amount of data replication involved. In connection with the system
200, a common data store 202 takes the place of the common data bus 108 for at least a
supported portion of the system 200, namely one or more partitions 110 having known
data personalities. In this embodiment, each of the partitions that are capable of
connection o the coraron data store 202 no louger are required to independently
maintain storage of data associated with the particular data personalities to which they
relate, but instead request data from a common data store that stores data in a data
model neutral format. Although examples of such a format are discussed in further
detail below, it 1s noted here that any of a varicty of formats that do not specifically rely

on positional interrelationships among data elements {e.g., within a common table or

10
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data record) to define relationships can be used. For example, unstructured data, such
as key-value pairs or other types of data labeling, could be used.

In the particular embodiment shown, the comimon data store 202 is
configured to provide an mterface betwoen cach of a plurality of data personalities 112
and the underlying data by providing a conduit for data storage from each of the
supported partitions 110, In the embodiment shown, the common data store 202 is
interfaced to partitions 110a-c, and provides data to data personalities 112a-f. As such,
data personalities 112a-f, rather than representing database systems as in Figure 1,
effectively act as data views on data wn the common data store 202,

The common data store 202 can be interfaced to a common data bus 204,
which acts analogously to the common data bus 108 of Figure 1, but for only
unsupported data structures, i.e., data personalities for which the common data bus 204
may have some knowledge of the data format type, but the common data store 202 lacks
knowledge of the data format of the data personality itselfl In other words, the common
data store acts as a structurc-independent database capable of being maintained in
synchronization with external data personalities, such as data personalities 112g, 112h,
using the conmon data bus 204, In this arrangement, the common data bus 204 would
not be required to directly interface with data personalities 112a-f] since those data
personalities would not directly store data; rather, the common data store 202 would
manage that data, and would be maintained in synchronization with the common data
bus 204.

In the embodiment shown, it 18 noted that additional {features can be
incorporated in the common data store 202, in addition to those managed in the
common data bus 204, For example, functionalities that are related to database
functions but which are not part of a particular data mode] can entirely be wanaged
within the common data store; for example, transaction management, recovery, backup,
aund other data functions can be managed within the common data store 202, Other
functionalities typically associated with database management systems could be

incorporaied into a common data store as well,
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Now referring to Figure 3, a general implementation of an example
embodiment of a system 300 meorporating a common data store, such as the common
data store 202 of Figure 2, is shown. The system 300 generally includes an application
layer 302 capable of accessing various data personalities 304, examples of which, 304a-
b, represent a relational database and a DMSII database. In the embodiment shown, a
separate environment hosts an MCP systern 306, which can be located on a different
partition from either of the data personalities, and 1s configured to host aspects of the
common data store. In other words, the MCP system 306 acts as a service engine
supporting data retrieval according to the data personalities 304a-b, as would be
dictated by query and storage commands received at those data personalities from the
application layer.

A data layer 308 resides beneath the data personalities 304a-b, and can
be executed across a plurality of partitions within a virtual environment, The data laver
308 includes data atoms 310 and metadata atoms 312, The data atoms 310 generally
include data stored via any of the data personalities 304, but separated from the format
or structure 1 which that data 1s stored. In other words, the data atoras 310 have a data
model neutral format in which the structure of the data (i.e. its position on disk relative
to other data} does not define interrelationships of the data (e.g., n a table/row format
such as in a relational database, or in a hierarchical dataset/record arrangement).

In contrast to the data records of a DMSI database, or tuples stored by a
SQL database, in the example embodiments of the data atoms 310, the data atoms can
be implemented in key-value pairs, where the metadata atoms 312 associate keys with
the specific logical format of that data. In other embodiments, other data model neutral
data formats could be used, such as a triple, or some other type of data arrangement. In
some ernbodireents, the data is stored 1 a resource description framework (RDF). o
such embodiments, the data is stored in records that include a number of data atoms,
aund associated metadata describing the interrelationships among the data, but which can
be stored separately from the data. Similarly, the metadata atoms 310 can be
maintained 1n key-value pairs or other analogous structures, and define databases based

on a description of the database schema, for example which may be received at the data

12



WO 2014/093262 PCT/US2013/073961

10

i5

layer 308 in an XMI or other markup langunage format, thereby allowing decoupling of
structure (in the metadata} from the data values themselves.

In the embodiment shown, each of the data personalities 304 have
associated therewith a set of one or more agents useable to format data received from
the data atoms 310 into an arrangement that is expected by that data personality 304,
Although the particular format of the data to be returned to the data personality may
vary, i some embodiments the structare corresponds to a data block that contains data
responsive to a query, formatted in an arrangement as expected by the data personality.
For example, the structure could be a block of data containing records in a format
normally returned from a portion of a table or tables of a relational database, or dataset
and record eniries including one or more entries responsive 1o a guery of a hierarchical
database. In other words, the data returned to a data personality is returned in a way
that is consistent with the data model associated with that data personality, The data
personality, representing the database management system (albeit without managing the
underlying data) will receive the data block having a recognizable structure to that data
personality, and will extract the responsive data from that data block for retum to the
application from which a query or other data request was received.

To implement the above arrangement, in the particular example
embodiment shown, a data agent generator 314 manages metadata describing data
formats and/or data format types associated with data collections defined using each of
the associated data personalities 304, The data agent generator 314 maintains the
collection of metadata atoms 312 that describe cach of the data formats of databases,
and generates data agents 316 associated with each data personality 334 that can format
the data stored in a data model neutral format. In the embodiment shown, the data agent
generator 314 gencrates a row agent 316a and a table agent 316b for response to data
inguirics and storing data associated with a relational personality 304a. The data agent
generator 314 also generates a set agent 316¢, as well as a data set agent 316d and a
record agent 316¢ associated with a DMSII data personality. In the embodiment shown,

the set agent 316¢ includes sub-agents, such as DMSH key agents 318a-b, which can be
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used to interrelate records based on keys provided within the DMSH database
architecture, and which are tracked in the metadata atoras 312,

Based on the personality to which the data agent interfaces, different
types of data agents could be generated by the data agent generator 314, incorporating
metadata as defined in the metadata atoms 312, When the data agents receive requests
for data from the various data persounalitics 304, those data agents can manage requests
for a receipt of data from the underlying data atoms 310, The data agents 316 can also
manage the various tasks typically performed in database management systems but not
intrinsically tied to the stracture of the data, such as transaction management, recovery,
backup, and other data functions,

In connection with both Figures 2-3, it 1s noted that the data atorms 310
generally represent data stored in a plurality of databases or other data structures; as
such, in typical arrangements the data atoms are stored across a plurality of computing
systems. In such embodiments, the data atoms 310 are generally distributed across a
number of computing systems, or partitions. As such, in typical implementations of
such systerns requested data is to be retrieved from more than one computing system or
partition. Accordingly, within the common data store 202, an implementation for data
rodel neutral data retrieval is imaplemented in which massively-parallel querics can be
processed and guery resuits compiled and returned. In one example embodiment, the
common data store implernents a map-reduce technique for guery processing and/or
storage, such as the Hadoop Map-Reduce algorithm. Other data processing
implementations could be used as well,

Referring to Figures 1-3 overall, it is noted that these overall systems
allow for use of data personalities by application programs in the same manner as is
traditionally provided by database management systems. Accordingly, since such an
arrangement is typically located in a large-scale multi-server environment, applications
have a choice regarding the specific data personality from which data 1s requested,
despite the fact that data may not have originally been stored using that data personality,
and in implementations of Figures 2-3, the data 1s maintained in a common data store in

a data model neutral format.
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Referring now to Figure 4, an example arrangement 400 of systems is
ilustrated, on which the systerus of Figures 1-3 can be implemented. o the
embodiment shown, the arrangement 400 includes a plurality of logical computing
systems 402a-d, or partitions. Each of the logical computing systems 402a-d can
include a collection of computing resources, such as a processor, Memory resources,
disk resource, network or communications resources, and other resources typically
present on a computing sysiem. An example of a collection of physical computing
resources, formed as a typical discrete electronic computing system is described below
in connection with Figure S.

in general, each of the logical computing systems 402a-d hosts secure
partition services 404, which define the set of physical computing resources available to
higher-layer software, as well as providing an interface between that higher-layer
software and the physical computing resources allocated to the particular logical
computing system 402, Furthermore, the partition services 404 provide virtualization
and security services, as well as backup and recovery services, for each partition.

In the embodiment shown, the arrangement 400 juclades a coutrol
partition 4006, guest partitions 408a-b, and a services partition 410, The control partition
406 schedules allocation of additional partitions to various guest processes as desired.
For example, the control partition 406 can execute a console application configured to
allow reservation of resources for various guest partitions and/or service partitions. The
guest partitions 408a-b can execute any of a variety of guest applications. For example,
the guest partitions 408a-b can host scparate databasc management systems or data
personalities on different hosted operating systems {e.g., the relational and DMSIH
database management systems of Figure 3). Still further guest partitions (not shown}
could host data storage partitions, or an implementation of the common data bus or
common data store, a map-reduce service operation useable by the common data store,
or other types of services discussed above. A services partition 410 hosts one or more
services uscable by the guaest partitions, such as for remote systems communications,

data management/replication, or other services.
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When implementing a system such as those shown in Figures 1-3 above
in a virtualized computing arrangement such as is iHastrated in Figure 4, it 18 noted that
although an example set of hosted, virtualized partitions are shown, other partitions
could be mchaded in such a system for hosting additional data personalities,
applications, data nodes, data processing software, networking operations, or specialty
processes. Furthermore, in some embodiments, at least some of the computing
arrangements of Figures 1-3 can be implemented natively on a local system, rather than
on a virtualized system.

Referring now to Figure 5, a schematic tllustration of an example
computing system in which aspects of the present disclosure can be implemented. The
computing system 500 can represent, for cxample, a native computing system within
which one or more of computing systems 402a-d, or with multiple of which any of
systems 100-300 could be implemented.

in the example of Figure 5, the computing device 500 includes a memory
502, a processing system 504, a secondary storage device 506, a network interface card
508, a video wterface 510, a display unit $12, an external component nterface 514, and
a communication medium 516, The memory 502 includes one or more computer
storage media capable of storing data and/or instractions. In different embodiments, the
memory 502 1s implemented in different ways. For example, the memory 502 can be
implemented using various types of computer storage media.

The processing system 304 includes one or more processing units. A
processing unit 18 4 physical device or article of manutacture comprising one or more
integrated circuits that selectively execute software instructions. In various
embodiments, the processing system 504 s implemented in various ways. For example,
the processing system 504 can be implemented as one or wore processing cores. In
another example, the processing system 504 can include one or more separate
raicroprocessors. fn yet another example embodiment, the processing systern 504 can
include an application-specific integrated circait (ASIC) that provides specific
functionality. In yct another example, the processing system 504 provides specific

functionality by using an ASIC and by execating computer-executable instructions.
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The secondary storage device 506 includes one or more computer
storage media. The secondary storage device 506 stores data and software instructions
not directly accessible by the processing system 504, In other words, the processing
system 504 performs an VO operation to retrieve data and/or software instructions from
the secondary storage device 506, In various embodiments, the secondary storage
device 506 includes various types of computer storage media. For exarple, the
secondary storage device 506 can include one or more magnetic disks, magnetic tape
drives, optical discs, solid state memory devices, and/or other types of computer storage
roedia.

The network mterface card 508 enables the computing device 500 to
send data to and recetve data from a cormunication network. In different
embodiments, the network interface card 508 is implemented in different ways. For
example, the network interface card 508 can be implemented as an Ethernet interface, a
token-ring network interface, a fiber optic network interface, a wircless network
interface {e.g., WiFi, WiMax, etc.}, or another type of network interface.

The video wnterface S10 enables the computing device 500 to output
video information to the display unit 512, The display unit 512 can be various types of
devices for displaying video mformation, such as a cathode-ray tube display, an LD
display panel, a plasma screen display panel, a touch-sensitive display panel, an LED
screen, ot a projector. The video interface S0 can communicate with the display unit
512 i vartous ways, such as via a Universal Serial Bus (USB) connector, a VGA
connector, a digital visual interface (DVE) connector, an S-Video connector, a High-
Definition Multimedia Interface (HDMI) interface, or a DisplayPort connector.

The external component interface 514 enables the computing device 500
to communtcate with external devices. For example, the external component witerface
514 can be a USH interface, a FireWire interface, a serial port interface, a parallel port
interface, a PS/2 wnterface, and/or another type of interface that enables the computing
device 500 to communicate with external devices. In various embodiments, the external
component interface 514 enables the computing device 500 to communicate with

various external components, such as external storage devices, input devices, speakers,
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modems, media player docks, other computing devices, scanners, digital cameras, and
fingerprint readers.

The communications medium 516 facilitates communication among the
hardware components of the computing device 500. In the example of Figure 5, the
communications medium 516 facilitates communication among the memory 502, the
processing system 504, the secondary storage device 506, the network interface card
508, the video interface 510, and the external component interface 514, The
communications medium 516 can be implemented in various ways. For example, the
communications mediom 516 can mclude a PCY bus, a PCT Express bus, an accelerated
graphics port {AGP) bus, a serial Advanced Technology Attachment (ATA}
interconnect, a parallel ATA mnterconnect, a Fiber Channel interconnect, a USB bus, a
Small Computing system Interface (SCSI) interface, or another type of communications
medium,

The memory 502 stores various types of data and/or software
instructions. For instance, in the example of Figure 5, the memory 502 stores a Basic
Toput/Gutput Systera (BIOS) 518 and an operating systern 520, The BIOS 518 includes
a sct of computer-executable instructions that, when cxecuted by the processing system
504, cause the computing device 500 to boot up. The operating system 520 includes a
set of computer-executable instructions that, when executed by the processing system
504, cause the computing device 500 to provide an operating systern that coordinates
the activities and sharing of resources of the computing device 500, Furthermore, the
memory 502 stores application software 522, The application software 522 mncludes
computer-executable instructions, that when executed by the processing systen 504,
cause the computing device 500 to provide one or more applications. The memory 502
also stores program data 524, The program data 524 is data used by programs that
execute on the computing device 500,

Although particular features are discussed herein as included within an
slectronic computing device 500, it is recognized that in certain embodiments not all
such components or features may be included within a computing device exccuting

according to the methods and systems of the present disclosure. Furthermore, different
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types of hardware and/or software systems could be incorporated into such an electronic
computing device.

In accordance with the present disclosure, the term computer readable
media as used herein may include coraputer storage media and commmunication media.
As used in this document, a computer storage medium i3 a device or article of
manufacture that stores data and/or computer-executable mstructions. Computer
storage media may mclude volatile and nonvolatile, removable and von-removable
devices or articles of manufacture implemented in any method or technology for storage
of wformation, such as computer readable justractiouns, data structares, program
modules, or other data. By way of example, and not limitation, computer storage media
may nclude dynamic random access memory (DRAM), double data rate synchronous
dynamic random access memory (DDR SDRAM), reduced latency DRAM, DBR2
SDRAM, DDR3 SDRAM, sohd state memory, read-only memory (ROM), clectrically-
erasable programmable ROM, optical discs {e.g., CI3-ROMs, DVDs, ete.}, magnetic
disks {¢.g., hard disks, floppy disks, ctc.}, magnetic tapes, and other types of devices
and/or articles of mamufacture that store data. However, such coruputer readable roedia,
and in particular computer readable storage media, are generally implemented via
systems that mnclude at least some non-transitory storage of instructions and data that
implements the subject matter disclosed herein.

Communication media may be embodied by computer readable
instructions, data structures, program modules, or other data in a modulated data signal,
such as a carrier wave or other transport mechanism, and mcludes any mformation
delivery media. The term “modulated data signal” may describe a signal that has one or
more characteristics set or changed in such a manner as to encode information in the
signal. By way of example, and not hmitation, communication media may nclude
wired media such as a wired network or direct-wired connection, and wircless media
such as acoustic, radio frequency (RF), mfrared, and other wireless media.

Referring now to Figures 6-§, example methods for managing distributed
data according the various embodiments described above in connection with Figures 1-

5. Figure 6 tllustrates a flowchart representing a method 600 for managing distributed
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data across a plurality of data model types, according to an example embodiment.
Figure 6 theretore represents a method 600 that can be performed by a common data
bus, such as the common data bus 108 of Figure 1 or the common data bus 204 of
Figure 2.

The method 600 of Figure 6 begins when a data personality receives a
database command (step 602). The database command can be, for exarpic a query or a
data storage coramand, or other types of commands expected to be received by a
particular type of database management system analogous to that data personality. The
database cormmand can, in varions embodiments, effect a change ou data managed at
the database associated with that data personality.

In response to a detected change in the data managed by the data
personality receiving the database command, the common data bus will detect a data
request (1.e., a request to provide or request to change data in a particular database}, and
an analogous data request will be formed by the common data bus, In the event the
common data bus is interfaced to a common data store, the data request can be to form a
data model neutral change i data that would be analogous to the data change reflected
by the data request. In the event of a data change, the common data bus (or
aliernatively, the data personality issuing the original data request) will issue a data
request at the common data bus. That request will then be translated to a second type of
data request {step 606). The sccond type of data request can take any of g nurnber of
forms, but generally is configured to replicate a change of data from the data personality
recetving the request in a second data store having a ditferent format from that data
personality recetving an original database command. For example, the second data
request can be a data model neutral data request, or can be a data request in a different
data model (1.2, at a different data personality} as compared to the original request. The
second data request, if executed in a common data bus, causes synchronization of the
data personality that 1s the target of the second data request with the data personality
originally receiving the database command (step 608},

1t is noted that, depending upon the number of different data

personalities, the translation and execution of the first data request to different types of
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data requests may occur many times, such that each data personality maintains a
synchronized set of data with cach of the other data personalitics, Additionally, in some
cases, the specific data personalities to be synchronized for each database or data
collection can be user selectable, thereby controlling the number of data personalities

5 requiring synchronization.

Referring now to Figure 7, a flowchart of a method 700 for managing
distributed data using any ot a plurality of data models, according to an exaruple
embodiment. The method 700 is generally executable within a common data store,
such as data store 202 of Figure 2, with portions of the method 700 performed by agents

10 and/or an agent generator within the common data store.

In the embodiment shown, the method 700 begins when a database
command 1s received at a data personality, also known in this instance as a database
interface (step 702). The data personality can be referred to as a database interface in
this case because the each of the data personalities, rather than storing data, represent an

15 interface to data stored in an underlying common data store. The data personality
performs a first data request based on the database cormand recetved by the data
personality (step 704). The data request is gencrally a request for data from an
underlying data collection, which would normally be issued from a database
management system to an underlying database file system; however in the present

20 disclosure, the data request 18 passed to a comumon data store. This can be, for exarple,

issued to one or more data agents, such as the agents tllustrated in Figure 3, as generated
by a data agent generator specific to cach data personality.

The common data bus will receive the data request, and translate that
data request to a second data request in a data model neutral format (step 706}, For

25 example, oue or more data ators will receive the data request and trauslate that data

request to one or more data model neutral search or data operations, for example using a

rap-reduce operation across data distributed ou a large number of physical systems in

data model neutral data atoms. That data model neutral request will then be executed

{step 708}, managed by the data agents, and data will be returned via the data agents to
{0  the data personality from which the data request is received (step 710}
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Referring now to Figure 8, a further method 800 for handling a data
request 18 tustrated, based on a database command received from a database interface,
according to an example embodiment. The method 800 may be performed, for example,
at a common data store, such as data store 202 as illustrated m Figure 2, using agents
and associated data and metadata atoms as illustrated in connection with Figure 3.

In general the mcthod 800 1s performed using one or more data
personalitics, or database iuterfaces, that have been preconfigured with the common
data store {i.e., which the common data store has metadata regarding the structure of
databases managed by that data personality). In the embodiment shown, the method
800 includes obtaining, from a metadata agent, metadata describing a logical structure
of the database associated with that particular data personality {step 802). This can
include, for example, obtaining metadata from a metadata store that was extracted from
or otherwise separated from data that is stored in the common data store in a data model
neutral format.

Omnce the metadata is obtained, the metadata agent can generate one or
more database 1nter{ace agents based ou that metadata (step 804). The database
interface agents are gencrated to be capable of parsing data and data requests received
from a data personality, as well as to collect and logically arrange data to be returned to
the data personality in response to a data request from that data personality. In some
embodiments, the data agents arc generated based on the metadata describing the
personality to be interfaced to the common data store.

In the embodiment shown, the method 800 will continue upon receipt of
a data request at the common data store, for example from a data personality (step 806).
The data request is received at one or more agents interfaced to the data personality, to
deterraine the type of data request that 1s being roade. For examiple, the data request can
be to store data in a particular logical location within a database, to retrieve data, to
obtain a record count, or other types of database actions. Based on that data request, the
agent receiving the data request will parse the request to determine one or more actions
to be taken across the distributed data storage systems associated with the common data

store, and distribute that data request across the storage systems to obtain or modify
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data as required (step 808). To the extent any results are required {e.z., either
acknowiedgement of completed storage of data, or receipt of data n respouse to a query
or record count operation}, those results are formatted by the agent(s}) associated with
the data personality to be i a form understandable by the data personality (step 810),
The results can then be passed back to the data personality, as if coming from an
underlying data storage having a logical organization dictated by that data personality,

Referring 1o Figares 1-8 generally, it is recognized that the various
systems and methods described herein provide a number of advantages over existing
database systems, and in particular for large-scale, large fanout databases requiring
many physical computing systems for implementation. For example, the various
virtualization services on which the systems arc provided allows for custonuzed
workload assignment, by placing the common data bus or common data store on
cutirely separate hardware resources as compared to the various data personalitics
which they serve. Additionally, due to the common storage of data in a format easily
and quickly scarched regardless of the interface from which a query or other database
command 1s received, data retrieval times can be reduced, due to a lack of a requirement
to replicate data if a common data store is used, as well as due to distribution of query
tasks across many partitions to avoid bogging down one particular hardware system
with many complicated data requests.

The above specification, examples and data provide a complete
description of the manufacture and use of the composition of the invention. Since mauny
embodiments of the invention can be made without departing from the spirit and scope

of the invention, the invention resides in the claims hereinafter appended.
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Claims;

I. A computer-implemented method for managing distributed data using any of a
plurality of data modecl types, the method comprising:

receiving a data request from one of a plurality of database interfaces, each
database mnterface associated with a different data model type;

trauslating the data request to a secound data request based at feast in part on a
data model neutral description of a data model that is associated with data and the
database interface, wherein the data roodel neutral deseription is juctaded with a
plurality of descriptions of cach of a plurality of different data models corresponding to
the different data model types; and

executing the second data request, thereby reflecting the data request in data

storage such that data 18 managed consistently across cach of the plurality of database

interfaces.
2. The computer-implemented method of claim 1, wherein the second data request

comprises a data model neutral data request.

|99

The computer-implemented method of claim 2, wherein executing the data
maodel neutral request occurs within a data model neutral data layer, the data model
neutral data layer including data storage distributed across a phlurality of computing

systoms,

4. The computer-implemented method of claim 3, wherein executing the data
maodel neutral data request includes issuing a plurality of divided data request tasks to
cach of a plurality of computing systems configured to store data in the data model

neutral data laver.
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5. The computer-implemented method of claim 4, further comprising receiving
data from the data model neutral data layer and translating the data to a format

recognizable to the database interface.

6. The computer-implemented method of claim 5, further comprising
communicating the franslated data to the database interface in a format expected by the

database inierface.

7. The conmputer-implerented method of claiva 3, further comprising:

receiving a second data request from a second database interface from among
the plurality of databasc intertaces, the second database mterface different from the
database interface associated with the data request and associated with a different data
model type as compared to the databasce interface associated with the data request;

transiating the second data request to a second data model neutral data request
based at least in part on a description of the second data model; and

exccuting the second data model neutral data request withio the data model
neutral data layer;

wherein the data request and the second data request implicate data stored 1o the
data model neutral data layer that is accessible by both of the plurality of database
interfaces meluding the datsbase mnterface and the second database interface, and
wherein the data model and the second data model comprise different views of

the data implicated by the data request and the second data request.

8. The computer-implemented method of claim 3, wherein translating the data
request to a data wmodel neutral data request includes translating the data request via a
data agent residing within the data model neutral data layer and affiliated with the

database interface,

9. The computer-imaplemented method of claim 3, wherein translating the data

request to a data model neutral data request includes determining a data model based on
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metadata describing the data model of the database interface, the metadata managed via

a wetadata agent residing within the data model neutral data layer.

10, The computer-implemented mothod of claim 2, further comprising receiving 2
query from an application level program at the database interface, thereby causing the

database interface to form the data request.

t1.  The computer-implemented method of claim 7, wherein the format expected by

the database interface comprises a data block including data responsive to the query,

12, The computer-implemented method of claim 1, wherein the data request 1s based

on a database command received at the database interface.

13, The computer-implemented method of claim 1, wherein the database command
is included within a set of database commands recognizable by the database interface,

and wherein cach of the database nterfaces have different sets of database commands.,

14, The coraputer-implerented wethod of claiva 1, wherein translating the data

request occurs in a data bus layer interconnecting the plurality of database interfaces.

15.  The computer-implemented method of claim 14, further comprising replicating
the database command across cach of the database mierfaces, the database interfaces

sach comprising separate database management systems.

16, The computer-imaplemented method of clawm 1, wherein the data raodel types
associated with the plurality of database interfaces are selected from a group of data
rodel types cousisting of:

a relational data model type;

a hierarchical data model type;

a columnar data model type;
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a network data model type;

a record data model type;

a stream data model type;

a multidimensional data model type; and

an object-oriented data model type.

17. A data storage system comprising:

a plurality of database interfaces cach associated with a different data model
type and having a different set of database commands associated therewith;

a data model neutral data layer inchading data storage distributed across a
plurality of computing systems, the data model neutral data layer configured to translate
data requests from cach of the plurality of database interfaces, based at least in part on
database commands received at the plurality of database intertfaces, to data model

neutral data requests,

18, The data storage system of claimn 17, wheretn the data model peutral data layer
is configured to, in response to receipt of data model neutral data requests, issue a
plurality of divided data request tasks {o cach of a plurality of computing systems

configured to store data in the data model neutral data layer.

19.  The data storage system of claim 17, further comprising an application level
program wterfaced to at least one database interface of the plurality of database
interfaces, the application level program configured to issue database commands to the
at least one database interface from among a set of database commands supported by

ihe at least one database mterface.

20, The data storage system of claim 17, wherein the data model types associated
with the plurality of database interfaces are selected from a group of data model types
consisting of}

a relational data model type;



WO 2014/093262 PCT/US2013/073961

a hierarchical data model type;

a columnar data model type;

a network data model type;

a record data model type;

a stream data model type;

a multidimensional data model type; and

an object-oriented data model type.

21, The data storage systern of claim 17, further comprising a plurality of database
agents residing within the data model nentral data layer, cach of the plurality of
database agents associated with a particular data model type and configured to provide
translations between the database interface associated with that data model type and the

data model neutral data layer.

22, The data storage system of claim 21, further comprising a data agent generator
configured to generate the plurality of database ageuts based at least in part on roctadata
atoms describing data models having data model types associated with each of the

database interfaces,

23, The data storage system of claim 17, wheretn the data model noutral data layer
is configured to store data across the plurality of computing systems in a plorality of

data atoms,

24, The data storage system of claim 23, wherein each of the data atoms is

configured to be siored 1o a key-valoe pair,

25, The data storage system of claim 17, further comprising a data bus layer
interposed between the data model neuntral data layer and each of the phurality of

database interfaces,
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26. A computer-implemented method for managing distributed data using any of a
plurality of data roodels, the method comprising:

recelving a query at a database interface selected from a group of database
interfaces, each of the database interfaces associated with a different data model type
and having a different set of supported database commands;

fransmitting a data request from the database mterface to a coramon data storage
layer, the data request based ou the query;

translating the data request to a data model neutral data request within the
common data storage layer based at least 1o part ou a description of a data model stored
within a phurality of metadata atoms describing ecach of a plurality of different data
models, cach of the plurality of different data models having one of the plurality of
different data model types:

communicating the data model neutral data request to data storage systems
within the common data storage layer model, the common data storage layer including
data storage distributed across a plurality of computing systems;

recelving data representing a set of data model neutral resulls received from the
plurality of computing systems in responsc to the data request; and

translating the data to a format consistent with the data model and expected by

the database interface responsive to the query.
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