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(57) Abstract: Methods and systems for communication in a heterogeneous distributed system are described. The described systems
implement the described methods, where the method includes receiving data from at least one data source, by a data store computing
device. The method further includes identifying a data source from amongst the at least one data source to have generated the data,
based on host parameters associated with the data source and the data. Further, the method includes determining the data to be rep -
resented in a first data presentation based on the identified data source and the host parameters and transforming the data from the
first data presentation to a second data presentation, where the data store computing device operates using the second data presenta-
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COMMUNICATION IN A HETEROGENEOUS DISTRIBUTED SYSTEM
BACKGROUND

{0001} in the rapidiy-evolving competitive marketplace, data is among an
organization's most valuable assels. Meeting day-lo-day business requisites of
organizations depends on access to data and information, and the ability fo
quickly and seamiessly distribute data throughout the members of the
organization. Crganizations may exiract, refine, manipulate, fransform, integrate
and distribute data in tormats suitable for strategic decision-making.

[0002] in heterogensous environments, where data is housed on
disparate plafforms in any number of different formats and used in many
different contexts it may be challenging to communicate data.

BRiEF DESCRIPTION OF DRAWINGS

{0003] The detasiled description is provided with reference to the
accompanying figures. In the figures, the left-most digit(s} of a reference number
identifies the figure in which the reference number first appears. The same
numbers are used throughout the drawings to reference like featurss and
components.

{0004} Fig. 1{a) illustrates an example a distibuted helerogeneous
system, implementing a dala store computing device,.

[o00s] Fig. b} #lustrates another example distributed helerogeneous
system, implementing a data source computing device;
{G006] Fig. 2 is a flowcharl representalive of an sxample method of
communication in a distributed heterogensous system;

{0007 Fig. 3 iflustrates an example distributed heterogeneous system,
implementing a non-fransifory computer-readable medium for a data store
computing device,
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DETAILED DESCRIPTION

{0008} The present subject matter relates to systems and methods for
communication in & helerogensous distributed system. In recent years,
organizations have seen substantial growth in data volume. Since organizations
continuously collect large datasets that record information, such as customer
interactions information, product sales information, and results from adveriising
campaigns on the Internat, many organizations today are facing tremendous
challenges in managing the growing data volume. Consequently, storage and
analysis of large volumes of data has emerged as a concem for many
organizations, hoth big and small, across all industries.

{0009} For such requisites of organizations, aithough the use of a single
high-performance computer is possible in principle, but such an approach may
utiize tremendously large processing time and sophisticaled hardware
components. Therefore, {o achieve storage and analysis of large volumes of
data within an acceptable time, distribuled systems which provide parallel

storage and processing technigues are employed.

[6010] The use of distributed systems for storage and analysis of data is
beneficial for praclical reasons. For example, it may be more cost-efficient o
obtain a desired level of performance by using a dluster of several low-end
computing devices, in comparison with 8 single high-end computing device.
Further, the use of cluster of computing devices of a distributed system may
also provide enhanced speed of processing and relieble dala slorage
capabhiliies as compared with a single computing device. Therefore, more and
more organizations are utilizing interdinked computing devices which form a
distributed system for storage and analysis of data.

{0011} The cluster of computing devices in the distributed system
generally communicates over a network with each other and other computing
devices of the distributed system {0 provide various functionalities. In the
distributed system, some computing devices are also communicatively coupled

to data stores 10 process dala within the dala stores. For the purpose of
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explanation, the computing devices communicatively coupled with the data
stores have been referred fo as data store computing devices, hereinafier. As
used herein, ‘communicatively coupled’ may mean a direct connection between
entities in consideration {0 exchange data signals with each other via an
electrical signal, electromagnetic signal, optical signal, etc. For example, entities
that may be either directly communicatively connected with and/or collocated
infon a same device {e.g., a computer, a server, elc.) and communicatively
connected to one ancther have been referred to be communicatively coupled
with  each other, hereinafter. Therefore, computing devices directly
communicatively coupled and/or collocated with the data stores are referred o
as data store computing devices.

{00121 Further, for the sake of clarity, as used herein, the computing
devices communicating with the dala store computing devices have been
referred {0 as host computing devices, hersinafter. As used herein,
‘communicating with’ may mean either a communication via 8 network or an
indirect communication link {eq., a communication link including an
intermediate communication device, such as a router, ancther entity, elc.)
between entitfes in consideration. For example, entities that may be either
communicating via a network, or through an indirect communication fink have
heen referred to be communicating with each other, hereinafter. Therefore,
computing devices communicating via a nelwork or through an indirect
communication fink with data store computing device are referred to as host
computing devices.

{6013} The distributed system may either be a homogenous distributed
system in which the computing devices or their applications operate using
simitar data presenigtions or, may be a heterogeneocus distributed system in
which the computing devices or their applications operate using different data
presentations. As used herein, data presentations utlilized by the compuling
devices include dala format and data layout utilized for the purpose of
communication. Data format may include, but is not imited to, data endianness
{e.g.. how bits are organized in a byle), data alignment, and data encoding.
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Similarly, the data layout may include, but is not limited {o, row, column ordering
of data, call/ remote procedurs call (RPC) parameter packaging format of data,
and memory layout ulilized for data.

{0014} In homogenous distributed systems, since the computing devices
or their applications operate using similar dala presentations, inclusion of
computing devices and applications which operate using different data
presentations is 3 constraint. Such a limilation resinicis the type of compuling
devices and applications that may be utiized in the homogenous distributed
systems.

{0015] in heterogeneous distributed sysiems, communication bstween
the computing devices and applications operating on  different data
presentations is often achieved by following a set of interoperability slandards
that specify the common data presentation {o be ulilized by all computing
devices. In implementation of such interoperability standards, host computing
devices, while communicating with the data store compuling devices, execute g
get of marshalling or seralization instructions by either machineg readable
instructions, such as Java serialization library and protocol buffers or by
hardware, such as Ethemet Network interface Controllers (NIC) to transform
host-specific presentations o the common data presentation.

{0018] However, implementiation of such common data presentation
among all communication devices is time and rescurce consuming and
sacrifices efficiency and may infroduce significant iatency. Further, adherence {o
the common data presentalion may introduce significant performance and
energy overhead at the host computing devices. Furthermore, implementation of
the common data presenfation may necessitate each computing device to
communicate with other computing devices and; computing devices that are
unaware of the existence of the common data presentation would be rendered
incapable of communicating with other computing devices of the distributed

systen.
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{0017 According to example implementations of the present subject
matter, systems and methods for communication in a heterogengous distribuied
system are described. The described systems and methods may allow
communication between heterogeneous computing devices which operate using
different forms of data preseniations. Also, with the implementation of the
described systems and methods, different host computing devices may
communicate with the data store computing devices in different forms of data

presentation.

{0018} The described systems and methods may be implemented in
various computing devices connected through various networks. Although the
description herein is with reference o computing devices, communicatively
coupled to data stores of distributed systems, the methods and described
tachnigues may be implemented in ofher devices, albeilt with a few varigtions.
Various implementations of the present subject matter have been described
below by referring to several examples.

{0019] In an example of the present subject matter, the described
systems may be implemenied as dala slore compuling devices for
communication with helerogeneous computing devices, such as the host
computing devices. The gystems and methads of the present subject matter
may receive data from different computing devices and may also provide data o

such computing devices, such as host computing devices.

{0020} Although it has been described that the dala slore compuling
device may communicate with different heterogeneopus computing devices
operating on different data presentations, however, in cerfain situations,
different applications of a particular host computing device may also implement
different data presentations. Alse, certain host computing devices may also
implement one or more virtual hosts which may operate using different data
presentations. Therefore, in such situations, the data store computing device
may receive and provide data to applications and virtual hosts. For the ease of

explanation, any entity, such as the host computing device, an application of the
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host computing device, or a virtual host that communicates data with the data
store computing device has been referred 1o as data sowrce, herginafier.

[0021] in operation, for data received at the data store compuling device,
a data source from which the data has originated may be identified. Based on
the determination of the dala source, a dala presentation in which the data
source operates may be delermined. For instance, the identified data source
may implement a first data presentation. Further, a transformation may be done
for the data, from the data presentation implemented by the dala source, o
another data representation on which the data store computing device operates.
For instance, the data may be transformed from the first data presentation {o a
second data preseniation, where the data store computing device operates

using the second data presentation.

{0022} Thersfore, data received from any host computing device in any
data presentation is transformed into a data presentation on which the data
store operates, and subseguently processed. in one implementiation, the data
source from which the data originates may be identified based on one or more
host parameters, which may include, but is not limited to, Media Access Control
(MAQG) address, Iniemet Protocol (IP) address, application ldentifier, pre-defined
fabel, data source dentifier, and data pattern.

{00231 For example, data ‘D’ received by a data store computing device,
may be identified o have onginated from, say, a data source A, based on host
parameters, such as the MAC address of the host computing device associated
with the data. Upon identification of the data source to be A, a data presentation
on which the data source A operates may be delermined. In the above sxample,
the dala source A may implement a data presentation 'XYZ' which may have a
specific data format and data layoul implementation. In such a situation, upon
determination of the data presentation of the data source A, the data ‘G may be
fransformed info another data presentation, say data presentation 'PQR,
implemented by the data store computing device.
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{0024} in ancther example, the identification of the dala source may be
based on the IP address included in the dala received by the data store
computing device. Further, in other example, a data source may include a pre-
defined label included in the generated data by the data source.

[0025] Further, in one implementation of the present subject matter, the
data presentation on which the identified data source operates may be
determined based on a pre-defined data presentation table. The pre-defined
data presentation table may inciude the data preseniation ulifized by different
data sources, corresponding to their one or more host parameters. For example,
the dala presentation able at the data store computing device may include an
antry for a data source “A’. Such an entry for the daia source ‘A’ may include
one or more known hosts parameters assoclated with the data source ‘A, such
as MAC address, 1P address, application ldentifier, pre-defined label, data
source identifier, and data pattern along with the data presentation ulilized by
the data source ‘A, Based on such arn entry for the data source ‘A’ in the data
presentation {able, the data presentation on which the data source ‘A’ operates
may be identified by the data store computing device.

{00286} in another implementation, the data store computing device may
identify a data source to have generated the data, and the data presentation on
which the data source operates is based on a data paltern associated with the
data received. That is, the data received by the data store computing device
may be analyzed and patterns, such as data structures and value patterns may
be determined. Based on the determined patterns, the data source to have
generated the data, and the data presentation of the data are identified.
Therefore, in situations where a pre-defined label is not included in the dala by
the data sources, data presentation of the data may stilt be identified based on
the data pattem.

{0027} Upon determination of the data presentation of the received dala,
the data slore computing device may transform the data into the data
presentation implemented by the daia store compuling device. In one
implementation, such a transformation may be based on a transformation table
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which may define a procedure of transformation of the data from one data
presentation to the other, or may include pointers 1o the procedures of
transformation of the data from ong data presentation to the other, For example,
if the data received is identified to be in a first data presentation based on the
host parameters and the data presentation table, the transformation lable may
allow the data store computing device to sslect a procedure for transformation
of the data to a second data presentation on which the data store compuding
device operated.

{0028} In another implementation of the present subject matfter, the data
store computing device may also provide data fo a different dala source
implementing different data presentations. in such a situalion, the dala slore
computing device may transform the data o be provided to the data source from
one data presentation {o ancther. The data store computing device may ulilize
the data preseniation table and the transformation table to determing the data
presantation of the data source and the procedure of transformation of data. For
example, the dalg store compuling device implementing a second data
presentation may convert data into a third data presentation to provide the dala
o a data source implementing the third data presentation.

{0028} The ahove described method of transformation of the data
presentation from one to ancther at the data store computing device may allow
different heterogeneous dala sources o communicate with data store
computing devices without implementing any common dala presentation.
Further, since in the described implementation of the present subject matter the
data sources do not transform data from one data presentation to another,
performance and energy overheads are not encountered by the dals sources.
Furthermore, since the transformation of data s performad by the data store
computing device, the host computing devices may be unaware of any
occurrence of data transformation and may communicate data without initiating
any specific transformation request.

{0030} The above systems and methods are further described with
reference fo Fig. 1{(a), 1(b}, 2, and 3. it should be noted that the description and
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figures merely tlustrate the principles of the present subject matier along with
examples described herein and, should not be construed as a limitation fo the
present subject matter. It is thus understood that various arrangements may be
devised that, although not explicitly described or shown herein, embody the
principies of the present subject matter. Moreover, all statements herein reciting
principles, aspects, and embodiments of the present subject matler, as well as

specific examples thereof, are intended to encompass equivalents thereof.

{0031} Fig. 1(a} schematically illustrates a heterogeneous distributed
system 100, implementing an example data store computing device {DSCD)
102, according o an example implementation of the present subject matter. The
heterogeneous distributed system 100 may either be a public distributed system
or may be a private distributed system. The BSCD 102 may be understood as a
computing device implemented along with 3 data store of the heterogeneous
distributed system 100, According to an implementation of the present subject
matter, the DSCD 102 may be implemented as, but is not limited 1o, a server, a
workstation, a computer, and the fke. The DSCD 102 may be a machine
readable  insltructions-based implementation or a  hardware-based
implementation or & combination thereof.

{0032} The DSCD 102 may communicate with different entities of the
heterogensous distributed system 100, such as different computing devices
104-1, and 104-2, 104-3, ... . 104-N. For the purpose of explanation, the
computing device 104-1, 104-2, 104-3, ... , 104-N may include host camputing
devices, applications running on such host computing devices, and virtual hosts
and are collectively referred 10 as data sources 104, and individually referred 1o
a5 a data source 104, The data souwrces 104 may include, bul are not restricted
{0, deskiop computers, laptops, smart phones, personal digital assistants
{PDAs), tablets. virtual hosts, applications, and the like. Further, the dala
sources 104 may operate using different data presentations where each data
presentation includes a pre-defined data format and a pre-defined data layout.

{0033} in an implementation, the example BSCD 102 of Fig. 1{a) includes
processor(s} 108, The processor{s} 108 may be implemented as
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microprocessor(s),  microcomputer{s), microcontroller(s), digital signal
processor(s), cenlral processing unit{s), state machina(s), logic circuil(s), and/or
any device(s) that manipulates signals based on operational instructions.
Among other capabilities, the processor{s} 108 may fetch and execute
computer-readable instructions stored in a memory. The functions of the various
elements shown in the figure, including any funclional blocks labeled as
"nrocessor{s)’, may be provided through the use of dedicated hardware as well

as hardware capable of executing machine readable instructions.

[0034] In the example implementation of Fig. @), the DSCD 102
ncludes a commupication module 118, ransformation module 122, and an
analysis module 1200 Apart from other functionalities, the communication
modute 118 may receive data from the data sources 104. Further the analysis
madule 120 may determine the dala o be represented in a first data
presentation based on host parameters, where the host parameters comprises
gither g data pattern and a value provided by the data source 104 in the data.
Furthermore, the fransformation module 122 may transform the data from the
first data presenfation 10 a second dala presentation. In such an example
implementation, the DSCD 102 may operate using the second dala

presentation.

{0035] Although the DSCD 102 may perform the above mentioned
functionality in the described example implementation, the DSCD 102 may also
perform other functionaliies and may include different components. Such
example funclionaiities and example components have been described in more

detail in reference 1o Fig. 1{b).

{00386} Fig. 1({b) schematically illustrates a helerogeneous distributed
systern 150, implementing the data store computing device (DSCDY 182,
accarding o an implementation of the present subject matler. In one
implementation of the present subject matter, the DSCD 102 may be
communicating with the data souwrces 104 through a communication network
106 through one or more communication links. The communication links
between the data sources 104 and the DSCD 102 may be enabled through a
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desired form of communication, for example, via diak-up modem connections,
cable links, digital subscriber lines (DSL), wireless or satellite links, or any other
suitable form of communication.

{0037} Further, the communication network 106 may be a wireless network,
a wired network, or a combination thereof. The communication network 106 may
also be an individual network or a collection of many such individual networks,
interconnected with each other and functioning as a single large nebwork, 8.4..
the Intemet or an intranet. The communication network 106 may be
implemented as one of the different types of networks, such as intranst, local
area network (LAN), wide area network {(WAN), and such. The communication
network 106 may etther be a dedicated network or a shared network, which
represents an associgtion of the different types of networks that use a variety of
protocols, for example, Hyperext Transfer Protocol (HTTP), Transmission
Control Profocolinternet Protocol (TCPAP), ste., to communicate with each
other.

{0038 The communication network 106 may also include individual
networks, such as, but are not hmited to, Global System for Communication
{GSM) network, Universal Telecommunications System (UMTS) nebtwork, Long
Term Evalution {(LTE) network, Personal Communications Service (PCB)
network, Time Division Multiple Access (TOMA) network, Code Division Multiple
Access {CDMA) network, Next Generation Network {(NGN), Public Switched
Telephone Network {(PSTN), and Integrated Services Digital Network {ISDN}
Depending on the implementation, the communication network 106 may include
various network entities, such as base stations, galeways and routers; however,
such detgils have been omitted {0 maintain the brevity of the desaription
Further, it may be understood that the communication between the BDSCD 182,
the data sources 104, and other eniiies may take place based on the
communication protocol compatible with the communication network 106.

{0039] The DSCD 102 may also include interface(s} 110. The interface(s)
110 may include a variety of machine readable nstructions-based interfaces
and hardware interfaces that allow the DSCD 102 to interact with the data
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sources 104. Further, the interface{s) 110 may enable the DSCD 102 to
communicate with other communication and computing devices, such as
network entifies, web servers and external repositories.

{0040] Further, the DSCD 102 includes memory 112, communicatively
coupled to the processor(s) 108. The memory 112 may include any computer-
readable medium including, for example, volatile memory {e.g., RAM}, andfor
non-volatile memory (8.g.. EPROM, flash memory, Memyistor, sic).

foB41} Further, the DSCD 102 includes module{s) 114 and data 116. The
module{s) 114 may be communicatively coupled to the processor(s) 108. The
module{s) 114, amongst other things, include routines, programs, objects,
components, data structures, and the like, which perform particular tasks or
implement parficutar abstract dala types. The module{s) 114 further include
maodules that supplement applications on the DSCD 102, for example, modules
of an operating system. The dala 116 serves, amongst other things, as a
repository for storing data that may be fetched, processed, received, or
generated by the module{s) 114. Although the data 116 is shown internal to the
DSCD 102, it may be understood that the data 116 may reside in an external
repository (not shown in the figure), which may be communicatively coupled fo
the DSCD 102. The DSCD 102 may communicate with the external repository
through the interface({s) 110 to obtain information from the dala 116.

{0042} in an implementation, the module(s) 114 of the DSCD 102 includes
the communication module 118, the analysis module 120, the transformation
module 122, and other moduie(s) 124. in an implementation, the data 118 of the
DECD 102 includes host data 126, transformation table 128, data presentation
table 130, configuration data 132, and other data 134. The other module(s) 124
may include programs or coded instructions that supplement applications and
functions, for example, programs in the operating system of the DSCD 102, and
the other data 134 felched, processed, received, or generated by the other
module(s) 124.
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{0043} The following description describes the DSCD 102 communicating
in the heterogeneous distriibuted system 100 along with data sources 104
operating on different data presentations, in accordance with the present
stbject matter, and it will be understood that the concepts therelo may be
extended 1o other computing devices of the heterogeneous distribuled system
100.

{0044 in one implementation of the present subject matler, the DSCD
102 may receive and provide data and messages, commonty referred o as
data, from and 1o the data sources 104, respectively. Since the data sources
104 operale using different data presentations, the data received from one data
spurce 104 may be in a different data presentation as compared with that of
data received from another data source 104, For example the data source 104-
1 may operate using a first data presentation while the data source 104-2 may
opearate using a third data presentation. In such a situation, the data received by
the DSCD 102 from the data source 104-1 is presented in the first data
presentation, and the dala received from the data source 104-2 is presented in
the third data presentation.

[0045] fn such an example, the DSCD 102 may sither operate using any
one of the data presentations of the dala sources 104, the first data
presentation or the third data presentation, or may operate using a different data

presenfation, say a second data presentation.

{0048} in one implementation of the present subject maller, the
commuunication module 118 of the DSCD 102 may receive and/or provide data
fromio the data scurces 104, The communication module 118 may receive dala
from one or more data sources 104. The analysis module 120 of the DSCD 102
may analyze the data received o determine a corresponding data presentation
of the data. To this end, the analysis module 120 may either first determine the
data source 104 that generated the data based on one or more pre-defined host
parameters and may determine the data presentation on which the data source
104 operates, or may directly determine the data presentation of the data based
on the host parameters. The host parameters may include, but are not limited
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to, 8 MAC address, an IP address, an application idenifier, a pre-defined label,
a data source ldentifier, and a data pattem.

[0047] Values for the host parameters may either be inherenily
assaciated with the data, such as an IF address of the data source 104, or may
be included by the data source 104 in the data, such as a pre-defined label
andfor data source ldentifier.

{0048] As an sxample, the analysis module 120 may analyze the
received data and determine the MAC address of the data source 104, included
in the data, to be 00-14-22-01-23-45. {n such an example, the analysis module
120 may identify that the dala source 104-1 has generated the dala based on
the host data 128, where the host data 126 indicates the MAC address 00-14-
22-01-23-45 s assotiated with the data source 104~1.

{0043} in another example, the analysis module 120 may analyze the
received data and may delermine the IP address of the dala source 104,
included in the data, 1 be 194.66.82.11. In such an example, the analysis
module 120 may identify that the data source 104-2 has generated the data
based on the host data 126, where the host data 126 indicales the 1P address
194.66.82.11 is associated with the data source 104-2.

{0050} in some examples, the analysis module 120 may not identify a
specific data source 104 1o have generated the data merely based on one host
parameter. For example, a computing device may be running two different
virfual hosts, operating on different data preseniations, but may have been
assigned a same |P address to be ulitized at different imes. Similarly, another
computing device may also run different applications which operate using
different data presentations, but share a same dala source ldentifier. Such
applications may have the same data source identifier bul may have separate
application identifiers. Therefore, in such siluations, the analysis module 120
may not determine the dala source 104 merely based on one host parameters
and, may instead utilize more than one host parameters o specifically identify
the data source 104.
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{0051} it is appreciated that {or the purpose of explanation of the present
subject matier, different host computing devices, different applications running
on host computing devices, and different virtual hosts operating on different
data presentations have been explained as different data sources 104,

[0052] Based on determination of the data source 104, the dala
presentation on which the identiied data source 104 operates may be
determined. In some examples, the analysis module 120 ulilizes the dala
presentation table 130 of Fig. 1(b) o determine the data on which the data
source 104 operates. in the above described example where the data source
104-1 was identified to have generated the data, the analysis module 120 may
further utitize the data presentation iable 130 1o determing that the data s

represented in first data presentation.

{00531 For the purpose of explanation, the data presentation table 130
may include different entries for different dala sources 104. Each entry may
include host parameters corresponding o a dats source 104 and, a8
corresponding data presentation on which the data source 104 operates. Table
1 represents an example of the data presentation table 130,

5 No. | Host Host Data Soures Datn
4 Parameter i Parameter 2 Presentation
4 1P Add. BAC Adid. Data Source XY7
194.188,12.13 14-23-01-23-45 1041 ‘
o i Add. MAC Add. Data Source POR
. 194.88.82.11 AG-2E-40-34-84 104-2
A ‘ I Add, BAC Add. Diata Source FGH
- 184.866.82. 11 65-38-88-91-A5 104-3
20 Appiication id. Data Source Data Source R
AS654BHYE identifier 20 104-20 )
Table 1
{0054] As depicted above, the host parameters for different data sources

104 may be included in the data preseniation table 130, and the data
presantation on which each data source 104 operates is also indicated against
such host parameters. Although it has been depicted that two host parameters
for each data source 104 are listed in the data presentation table 130, however,
the data presentation table 130 may include more columns to represent more
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host parameters, or may include less columns (o represent less host parameters
for each data source 104, Further, although same number of host paramsters
are listed o be included in each entry, a different number of host parameters
may aiso be listed for different data source 104. That is, entry for data source
104-1 may include two host parameters, while the entry for data source 104-8
may include five host parameters.

{0055] in one implementation of the present subject matler, the data
sources 104 may actively include value for one or more host parameters within
the data, such as value for the pre-defined label. The pre-defined label may be
utilized by the analysis module 120 of the DSCD 102 {o identify a particular data
source 104 to have generaled the data and, the data presentation of the data.
The pre-defined label may include, but is not limited to, markers, {ags, unique
identifiers, and pointer values o define the dala source 104 and the data
presentation of the data source 104. For example, the pre-defined label may
include a unique identifier which may be unique for sach data source 104
Based on the unigue identifier of the data source 104, the analysis module 120
may ulilize the data presentation table 130 o determing the data presentiation of
the data receijverd.

[0058] in another example, the pre-defined tabel may include values that
may indicate data presentation details itzself. That is, the pre-defined label may
provide information about the instruction set format utilized, like x88/64, an
operating system of the data source 104, like Linux 2.6.22, and a compiler
utitized for generation of the data, like the GCC 4.2. Therefore, based on such
information in the pre-defined label, the analysis module 120 may identify the
specific data source 104 {0 have generated the data and ifs data presentation.

{0057} As discussed eadier, in ong implementation of he present subject
matter, the DSCD 120 may directly determine the data presentation of the data
received based on host parameters, without identifying the data source 104, In
such an implementation, the analysis module 120 of the DSCD 102 may

analyze the data packets {o identify the available host parameters and may
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ufiize the data presentation table 130 {0 determine the data presentation of the
data received.

[0058] In certain situations where the DSCD 102 may merely have o
store data received, or may have fo perform an action based on the data
received, the determination of the data source 104 may be avoided 1o efficiently
ufilize time and processing capabilities. Therefore, in such situations, the data
presentation of the data received may be directly identified based on the host
parameters.

{0059] In some examples of the presemt subject matter, the DSCD 102
may determing the dafa presentation of the data received based on a data
paftern. In such examples, the analysis modude 120 of the DSCD 102 may
analyze value palterns andfor dafa structures of data received and may
determine the dala presentation based on the analyzed value patterns andfor
data structures. For example, an array of structures with integer 1 and a pre-
defined siring may be identified by the analysis module 120 {o be represenied in
a particular data presentation. Similarly, an array of struciures with integer 0 and
another pre-defined string may be identified by the analysis module 120 1o be
represented in another data preseniation,

{0060} Upon determination of the data presentation of the data received,
the data received may further be transformed o another data presentation, such
as the data preseniation in which the DSCD 102 operates. in one
implementation of the present subject matier, the transformation module 122
may transform the data received from one data presentation to another based

on the transformation lable 128.

[6061] The trangformation module 122 of Fig. 1(h) may determine either a
procedure or a pointer to such procedurs of transformation of the dala received
based on the fransformation table 128, The procedure of fransformation may be
undersfood as a method to be performed or a functionfinstructions to be
executed for the transformation of the data from one data presentation o
anothar. The transformation table 128, similar o the data presentation iable
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130, may include eniries corresponding to the data presentations and
corresponding procedure of transformation. The below depicted table, table 2,
depicts an example of the transformation table 128.

5. No. | Uats Presentation | Data Presentation Procedurs For
Input Chitpud Transformation’ pointer
3 xXYZ ABG Function 1
5 POR SWD Function 2
3 FGH ABC Pointer fo Function 3
N TRP Yo Function N
Table 2
{0oe2] As depicted in the above table 2, the procediurs 1o e adopted by

the transformation module 122, for transforming the data from one presentation
to another may be listed in the transformation table 128.

{0063} in an example, if the analysis modiude 120 identifies that the dala
presentation of the data received is ‘FGH', the transformation module 128 may
determine the dala presentation in which the data is {0 be fransformed is 'ABC'.
In such & scenario, the f{ansformation module 122 may ulilize the
fransformation table 128 1o identify entry 3 where, for the fransformation of data
presertation 'FGH' to dala presentation 'ABC, a corresponding ‘Function 3' is
listed. Therefore, the transformation module 122 may execute the 'Function 3
and tansform the data received from the data presentation FGH 1o data
presentation "ABC" and generate a ransformed data. The transformed data may
be wilized by the DSCD 102 for further processing.

{0084] Although the iransformation {able 128 is shown {0 have been
implemented separately from the dala presentation table 130, in one
implementation, the data 116 of the DSCD 102 may include a combined table to
represent data presentation associated with data sources 104 and, procedure o
transform data received from such dafa presentation to another. Such table may
gither be implemented either as a relalional table, or a ook up tables (LUT),

depending upon the implementation of the present subject matter.
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{0065] As described above, white communicaling with data sources 104,
apart from receiving data, the DSCD 102 may also provide data to the data
sources 104, and the dala sources 104 operate using different data
presentations. For the purpose of explanation, the data to be provided by the
DSCD 102 is defined as second data. According to an implementation of the
present subject matter, the DSCD 102 may provide the second data o the data
source 104 in a data presentation on which the data source 104 operates. For
axample, if the DSCD 102 operates using the second data presentation, such
as 'ABC’ and the data source 104-2 {0 which the second data is 1o be provided
operates using third data presentation, such as PQAR’, the DSCD 102 may
transform the second data from the second data presentation "ABC’ to the third
data presentation 'POR’, and provide the transformed second data to the data
source 104-2.

{00868] The communication module 118 of the DSCD 102 may also
update the dala 116, such that the data presentation table 130, the
transformation table 128, the host data 126, and the configuration data 132 are
updated with information. The updates may include information about the data
sources 104, host parameters associated with the data souwrces 104, and
procedures for transformation of data from one dala presentation 1o another. In
one implementation, the update may occur after expiration of a pre-defined time
period. In another implementation, the update may also be initiated by the
communication module 118 when the data received cannot be transformed from
one data presemtation to another data presentation. In one example, the DSCD
102 may not be able to transform the data either due to unavailable value for
host parameters included In the dafa, or due to unavailable procedure {o
compiele such transformation. if the values of host parameters included in the
data are unavailable with the DSCD 102, the communication module 118 may
initiate an updale of the data 116 such that the data preseniation table 130
and/or the host data 126 is updated. Similarly, i it is identified by the DSCD 102
that a procedure for transformation of the data from one data presentation to
another data presentation is not available in the {fransformation {able 128, the
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communication module 118 may initiate the update of the data 118 o receive a
procedure 1o support the transformation.

[0067] in cerlain situations, there may be an addition of new daia sources
104 that operate using a data presentation unknown to the DECD 102 In such
situations, based on the data received, the analysis module 120 may not be
able to identify the specific data source 104. Therefore, the communication
module 118 may update the data 116 such that the information necessitated fo
communicate with the new data saurces 104 is available.

{6068} In an #lustrative example, the implementation of a DSCD 102 is
now described. In such an example, the DSCD 102 may store data of mulliple
health systems located af different geographic locations and operating on
different dala presentations. The health systems may have different data layouts
and different data formats. For instance, one health system may operate using a
big endian data format while the DSCD 102 may operate using a little endian
data format Similarly, some heslth systems may process data in relational
database structure, while the DECD 102 may store dala as HBase files. Further,
one health system may understand data in ‘Hindt' language while another in
‘Mandarin' Therefore, in such situations, any data received from the health
systems by the DSCD 102 may be anslyzed. Based on the analysis, the dala
presentation of the data may be determined. in case the DSCD 102 is able ©
identify the dala presentation of the dala received, the DSCD 102 may
transform the data according to any suitable processing. However, in situations
when the DECD 102 is not able to identify either the data presentation of the
data received, or a corresponding procedure for transformation, the DSCD 102
may updale the dala 116 for corresponding sntries of health systems and
corresponding data presentations.

{0063 Fig. 2 illustrates a method 200 for communication in a
heterogeneous disttibuted system, according {o an implementation of the
present subject matter. The order in which the method 200 is described is not
intended to be construed as a limitation, and any number of the described
method blocks may be combined in any order to implement the method 200, or
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an altemative method. Furthermore, the method 200 may be implemented by
processor(s} or computing device(s) through any suiltable hardware, non-
transitory machine readable instructions, or combination thereof.

{0070} it may be understood that steps of the method 200 may be
performed by programmed computing devices. The steps of the methods 200
may be executed based on instructions sfored in a non-transitory computer
readable medium, as will be readily undersiood. The non-transitory computer
readable medium may include, for example, digital memories, magnetic storage
media, such as ong or more magnetic disks and magnetic tapes, hard drives, or
optically readabile digital data storagse media.

{0071} Further, although the method 200 may be implemented in 3 variely
of computing devices of the bheterogenesous distributed system; in an
embodiment described in Fig. 2, the method 200 is explained in context of the

aforementioned data source computing device 102, for ease of explanation.

{0072} Referring fo Fig. 2, in an implementation of the present subject
matter, at block 202, data from at least one data source may be received. In one
implementation, the at least one data source may operate using different data
presentations and may be located at different geographic locations.

{0073} At hiock 204, a data source from amongst the at least one data
sourge is identified to have generated the data. The identification may be based
on host parameters associated with the dala source and the data. The host
parameters may include, bul are not limited {o, Media Access Contral {(MAC)
address, an internet Profocol (IP} address, an application ldentifier, a pre-
defined label, a data source Identifier, and a data paltemn. In one
implementation, the dala source may include values, for host parameters, such
as pre-defined label in the data.

{0074} At binck 208, the data is determined o be represented in a first
data presentalion based on the data source and the host parameters. The data
presentation of the datla received may either be delermined based on the dats
source, or may be hased on the analysis of the data iself. For example, upon
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identification of the dala source, it may be determined based on data
presentation {able that the dala source operates using the first daia
presentation. Similarly, for the data received, based on the values of some of
the host parameters, such as pre-defined label and data pattern, the data
presentation may be directly determined to be the first data presentation.

{0075] At block 208, the data is transformed from the first data
presentation to & second data presentation. in one implementafion, the
transformation of the data generates a transformed data that is utilized further,
The transformation may be based on transformation table that may define a pre-
defined procedure to transform the data from one data presentation to another.

{00786} Fig. 3 illustrates a helerogeneous distributed system 300
implementing a non-transitory computer-readable medium 382, according to an
implementation of the present subject matter. In one implementation, the non-
fransitory computer readable medium 302 may be ulilized by a compuiing
device, such as the DSCO 102 {not shown) The DGCD 102 may be
implemented In a2 public networking environment or a private networking
environment. in one implementation, the heterogensous distributed system 300
includes a processing resowce 304 communicatively coupled to the non-
transitory computer readable medium 302 through a communication link 306.

{00771 For example, the processing resource 304 may be implemented in a
computing device, such as the DSCD 102 described earlier, The computer
readable medium 302 may be, for example, an infernal memory device or an
external memory device. in one implementation, the communication link 306
may be a direct communication link, such as any memaory read/write interface.
in another implementation, the communication link 3068 may be an indirect
communication link, such as a network interface. In such a case, the processing
device 304 may access the computer readable medium 302 through a network
308. The network 308 may be a single network or a combination of mulliple
networks and may use a variety of different communication profocols.
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{0078} The processing resource 304 and the computer readable medium
302 may also be communicating with data sources 310 over the nelwork 308
The data sources 310 may include, for example, deskiop computers, laptops,
smart phones, PDAg, and tablets. The data sources 310 have applications that
communicate with the processing resource 304, in accordance with the present
subject matter.

{0079) in one implementation, the computer readable medium 302 indudes
a set of compuler readable instructions, such as the communication module
118, the transformation module 122, and the analysis module 120. The set of
computer readable instructions may be accessed by the processing resource
304 through the communication link 306 and subsequently executed to process
data communicated with the data sources 310.

{0080] For example, the communication module 118 may receive and
provide data {o the data sources 310. The data sources 310 of the
heterogenecus  distributed  systemy may operate using different data

presentations.

{0081} For any data received from the compuling device, the analysis
module 120 may detenming specific data sources 310 {o have generaled the
data. The determination may be based on host parameters which may include,
but are not limited to, Media Access Control {(MAC) address, an Intemet
Protocol {IP) address, an application identifier, a pre-defined label, a data
source ldentifier, and a data pattern.

[0082] Values for some of the host parameters may be inherent in the data
received, such as 1P address of the data sources 310 and MAC address of the
data souwrces 310. However, In certain situgtions, the dala souwrces 310 may not
be identifiable based mersly on such inherent parameters. Therefore, the
analysis module 120 may also determine the data sources 310 to have
generated the data based on values inserted by the data sources 310, in the
data. Such values may be insered for host parameters, such as pre-defined
fabel. In other words, the data sources 310 may include vaiues for the pre-
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defined iabel such that the analysis maodule 120 may identify that the data
received was generated by a specific data sources 310. in one implementation,
the pre-defined {abel may ailso include values to define the data presentation of
the data.

{0083} The transformation module 122 may allow ransformation of the
data from one data presentation 1o another. Therelore, according 1o the present
subject matier, {he data received by the communication module 118 may have
to be wansformed to some other data presentalion for processing, In such
situations, the transformation module 122 may transform determine a procedure
to be adopted for the transformation and, based on the delermnined procedurs,
parform the transformation. In an example, the procedure of transformation may
be defined i a form of a defined funclion 1o be executed.

{0084} Further, the transformation module 122 may also transform data
which may have to be provided fo the dala source 310, For instance, the
processing resource 304 may process a set of instructions and generate data
which is 1o be provided to one of the dala source 310, However, the particular
compuiing device may operate using a data presentation different from the one
on which the processing resource 304 operates. Therefore, the transformation
modute 122, in such situation, may transform the data into a data presentation
o which the computing device operates and the communication module 118

may communicate the transformed data {o the computing device.

{ao8s] Although implementations of communication in a helerogeneous
distributed system have been described in language specific to structural
features and/or methods, it is {o be understoad that the present subject matler is
not necessarily imited to the specific features or methods described. Rather, the
speacific features and methods are disclosed and explained in the context of a
few implementations for communication in helerogeneous distributed systems.
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What is claimed is;

1. A method for communication in a heterogeneous distributed system, the
method comprising:
receiving, by a data store computing device, data from at least one
data source,
identfying a first data source from amongst the at least one data
source 1o have generated the data based on host parameters, wherein
the host parameters are indicative of at least one of the first data source
and the data, and wherein the host parameters comprise at leastone of a
data pattern corresponding fo the dafa and wvalues for the host
parameters provided by the first data source in the data;
detenmining that the data is representied in a first data presentation
based on the identified first data source and the host parameters, and
transforming the data from the first data presentation to a second
data presentation, wherein the data siore computing device operates
using the second data presentation.
2. The method as claimed in claim 1, wherein the first data presentation
comprises 8 pre-defined data format and a pre-defined data layout.

3. The method as claimed in claim 1, wherein determining that the dala is
represented in the first presentation is further based on a data presentation
table comprising an entry for the first data sowrce and the corresponding host
paramsters.

4. The method as claimed in claim 3, further comprising: updating the data
presentation table based on al least one of a delerminagtion of a new host
computing device and an expiration of a pre-defined time inferval,
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The method as dlaimed in claim 1, wherein transforming the dala is

based on a transformation table, comprising at least one of procedures and

pointers to the procedures fo fransform data from one data presentation o

another data presentation.

7.

The method as claimed in claim 1, further comprising:

obtaining second data, wherein the second dala is represented in
the second data presentation;

transforming the second data from the second data presentation to
a third data presentation to generate a transformed second data based
on a transformation table; and

providing the transformed second data represented in the third
data presentation to ancther data source from amongst the at least one
data source.

A data source compuling device (DSCD) for communication in 3

neterogeneous distibuted system, the DSCD comprising:

& Processor;

a communication module communicatively coupled with the
processor o receive data from af least one data source;

an analysis module communicatively coupled with the processor o
determine that the data is represented in a first data presentation based
on host parameters, wherein the host parameters comprise at least one
of a data paltern corresponding to the data and a value for the host
parameters, and wherein the value s provided by a first data source from

amongst the at least one data source; and

a transformation module communicatively coupled with the
processor 1o fransform the data from the first data presentation fo a
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second data presentation, wherein the DSCD operates using the second

data presentation,

8. The DSCD as claimed in claim 7, wherein the analysis module identifies
the first data source from amongst the at least one data source to have
generaled the data based on the host parameters associated with the data
source and the dafa to delermine a representation of the data.

128 The DSCD as claimed in claim 7, wherein the transformation module s fo
transform the dats based on a transformation table comprising at least one of
procedures and pointers to the procedures o transform data from the first dala
prasentation to the second data presentation.

10, The OSCD as daimed in ¢laim 7, wherein:

the communication module is 1o oblain second data, wherein the
sacond data is represented in the second dala presentation; and

the transformation module fransforms the second data from the
second dala presentation to a third data presentation to generale a
fransformed second data based on a transformation table,

11, The DSCD as claimed in claim 10, wherein the communication module
further provides the transformed second data to another data source from
amaongst the at least one data sourge.

12. The DECD as claimed in claim 7, wherein the host paramelers comprise
at least one of a Media Access Contral (MAC) address, an Internet Protocot (IP)
address, an application identifier, a pre-defined label, a data source identifier,
and the dala pattem.
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13.  The DSCD as claimed in claim 12, wherein the pre-defined label is
included in {he data generated by the dala source.

4. The DSCD as claimed in claim 7, wherein the at least one data source
comprises at least one of a host computing device, an application of the host

computing device, and a virtual host computing device.

15. A non-fransitory computer-readable medium comprising instructions for a
data source computing device {DSCD) for communicating in a heterogeneous

distributed system executable by a processor resource to:
receive data from at least one data sourge:

determine the dala 10 be represented in a first data presentation
based on host parameters, wherein the host parameters comprise at
least one of a data pattern comresponding to the data and values for the
host parameters provided by the first data source in the dala; and

transform the data from the first data presentation fo a second

data presentation, wherein the DSCD operates using the second data
presentation,
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