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Parallel, Dastributed Processing in a Heterogeneous, Distributed Environment

Technical Field

(W4

[3061]  The present invention relates generally to apparatus and methods

related to enhanced data processing and applications thersof

Backeground

[8662] A number of scalable system design pattern-based systems can provide

10 techruques for iroplementing a distributed, parallel compute/visualization
environment. Examples of such systems include, but are not limited to,
MapReduce (MR), Herative MapReduce (IMR), Streaming MapReduce (SMR),
Scatter/Gather (SG) (Message Passing Interface (MP1 implementations fall into
this world of distributed, parallel computing}. and Bulk Synchronous Processing

15 {BSP). Most scalable system design pattern-based systems like MR, IMR, SMR,
S¢G, and BSP operate, typically, in a homogenous hardware and software
environments that linut utilization of resources such as graphic processing units
(GPUs), field-programimable gate arrays (FPGAs), or even different central
processing unit {CPU) architectures for either compuie or visualization. Such

20 scalable system design pattern-based systems may be batch, micro-batch, or
strearming. Typically, a sitaple extract, transform, and load (ETL) pattern is used
to address such a hmitation at each boundary between the two different systems,
but the very nature of extracting typically deals with two separate data pipelines

introduces mefficiencies into the system.

Brief Description of the Drawines

{6083} Figure 1 15 a block diagram of an example system architecture that can
comprise a request input, a first plurality of first nodes, a second plurality of
second nodes, and an output, in accordance with varigus embodiments.

30 {0004} Figure 2 1s an illustration of an example system architecture providing
parallel request management, in accordance with various embodiments.

[0065]  Figure 3 1s a block diagram of an example system illustrating
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specialized backend processing, in accordance with various embodimenis.
18066} Figure 4 is a block diagram of an example systern llustrating a
specialized backend processing svstem having a single type A node feeding

multiple type B nodes, in accordance with various embodiments.

(W4

[B067]  Figure 5 is a block diagram of an exampie system illusirating a
specialized backend processing system having multiple type A nodes feeding a
single tvpe B node, in accordance with various embodiments,
{6068} Figure 6 15 a block diagram of an example system illustrating shuffle
prior to rendering, i accordance with various embodiments.
[0 [0009] Figure 7 is a block diagram of an example of a unified pipeline for
specialized compute, in accordance with various embodiments.
[601¢] Figure 8 is representation of a moving window in a two dimensional
grid n streaming update including a prediction process, in accordance with
vartous embodiments
15 [80611] Figure @ is a block diagram of an example system with predictive
streaming, in accordance with various embodiments.
10012} Figure 1015 a flow diagram of features of an exaruple method using
paraliel, distributed processing in a heterogeneous, distributed environment, in

accordance with various embodiments.

Detaled Description

[6013] The following detailed description refers to the accompanying
drawings that show, bv way of illustration and not limitation, various
ernbodirvents that may be practiced. These embodiments are described in

25  sufficient detail to enable those skilled in the art to practice these and other
embodiments. Other embodiments may be ufilized, and structural, logical,
mechanical, and electrical changes may be made to these embodiments. The
various embodiments are not necessarily mutually exclusive, as some
embodiments can be combined with one or more other embodiments 1o form

30 new embodiments. The following detailed description 13, therefore, not o be

taken in a lirmting sense.

[RS]
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{6014} In various embodiments, a single data as well as execution pipeline can
be created across a heterogeneous, distributed compute/visualization
environment. This structure and associated procedure can provide

improvemenis by elininating a bulk extract of data, by pushing the control

(W4

mechanism for all processing on one data pipeline, and by transcending
programming language, process, and machine boundaries inherent i
heterogeneous environments at a given unit of work. This structure and
associate procedure can simplify the programming model, optimize the transport
mechanisms, and allow for simpler inclusion of new hardware resources.
10 J0015] A basic process includes a recognition that heterogeneous
environments are ofien considered separate entities, for example, a cluster of
CPU nodes being used for general processing and a cluster of GPU nodes, or
other nodes such as FPGAs, being used for some specialized processing such as
rendering. In the scenario depicted in Figure 1, data is distributed across some
15 number of nodes of type “A™ in some manner as depicted by the “data™ 1-1.
Data can refer to either or both actual values of samples and any summary
regarding data that is data describing data, which 1s typically referred to as
metadata. A different set of requirements can include data distributed in a
different manner, depicted as A-N, on a different set of node types, “B” in this
20 case. A typical ETL umplementation would either use a secondary storage
device, like a network mounted disk, to give both svstems access to the entire
dataset or would gather and extract the needed pieces on the head node of one
system, transfer the block, transform the data, and then load the result back.
[6616]  In Figure 1, it is recognized herein that the desired data is already
25  distributed and that the requests for the data to be redistributed in some other
manner 1s, inherently, also disiribuied. Instead of collecting responses at some
miermediate point, the power of the disiributed system can be used to connect
one directly to another. A given redistribution request, a subscription, can be
handled by a series of filter and map closures and publishing can be transmitied
30 from where a request is received to the distributed nodes actually holding the
needed data. Each distributed node can then respond directly {o the request by

examining the data and/or metadata it holds against the request and responding
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with the infersection of the two. The requestor then needs o receive these
asynchronous responses and sort the pieces into the appropriate format for the
original request. This process, by the nature of its parallel response, has the

characteristics of optimizing the distributed processing nature of the system as

(W4

well as network/transport infrastructure.

{8017} Itis important to note that the actual transport mechanism of the data

with its comumand is imuimaterial to the process. One might assume from Figure 1

that the communication is some standard socket pair, which is one

implementation. However, the transport can also be unmplemented by shared

10 memory, distributed shared memory, a shared file system, or any other
mechanism,

[6318] Figure 1 is a schematic represeniation of an embodiment of an example
system 100 that can comprise arequest input 101, a first plurality of first nodes
102-1, 102-2 ... 102-). a second plurality of second nodes 103-1, 103-2 . . . 103~

15 N, and an ouiput 104, Each first node 102-1, 102-2 . . . 102-J can be a first tvpe
of processing unit, where each first node is operable m parallel with the other
first nodes of the first plurality. Each first node 162-1, 102-2 .. 102-J can be
operable to respond directly to a request by examining data and/or metadata it
holds against the request. Each first node 102-1, 102-2 . .. 102-J can inchade,

20 respectively, data 1, data2 . . . dataJ. Each second node 103-1, 103-2 . .. 103-N
can be a second type of processing untt, where each second node can be operable
in parallel with the other second nodes of the second plurality. Fach second
node 103-1, 103-2 ... 103-N can be operable to respond to the request using
data and/or metadata it holds and/or can be operable in response to data and/or

25  metadata from one or more of the first nodes, where the second tvpe of
processing node can be different from the first type of processing node. Each
second node 103-1, 103-2 .. . 103-N can include, respectively, data A, data B ..
. data N. Output 104 can send responses from operation of the first plurality and
the second plurality in a format appropriate to respond to the request. The

30 received response from the operation can be a sum of the responses. The

received responses from the operation can be sorted into the appropriate format.
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(6012} The system 100 can include transformations to provide data and/or
metadata from the first plurality of fivst nodes (o the second plurality of second
nodes. The transformations can include appropriate filiers and maps. The

system 100 can include a first process head node 106 to coordinate processing of

(W4

the first plurality of first nodes102-1, 102-2 . . . 102-J, where the first process

head node 106 can be arranged to receive all requests. Such requests can include

first requests and other requests from the plurality of second node 103-1, 103-2 .

.. 103-N. The system 100 can include a second process head node 107 to

coordinate processing of the second plurality of second nodes103-1, 103-2 . ..

10 103-N. The non-dashed lines in Figure 1 refer to a first request and the dashed
lines in Figure 1 refer to ancther request.
[602¢] Consider request management derivation. Figure 2 is an illusiration of
parallel request management. In the base process shown in Figure 1, all the
equests are funneled to the head node 106. Again, utilizing the nature of the

15 distributed system, a request broker 208 can be inserted, as shown in Figure 2,
and used {o redirect requests from request node 201 {o the distributed nodes 202~
1,202-2 .. 202-1. The first node available can receive the request and trigger
the master to start the appropriate transformations such as but not limited to
filters and maps. This one level of managing direction eliminates explicit

20 knowledge by the processing head node 206 and allows for better Joad
balancing.
10021} The system: 200 can include first process head node 206 to coordinate
processing of the first plurality of first nodes 202-1, 202-2 .. . 202-F; a second
process head node 207 1o coordinate processing of the second plurality of second

25  nodes 203-1, 203-2 . .. 203-N; and a request broker node 208 to receive the
request from the second plurality of second nodes 203-1, 203-2 . .. 203-N and to
provide the request to the first plurahity of first nodes 202-1, 202-2 . .. 202-J. A
first node of the furst plurality of first nodes 202-1, 202-2 ... 202-J can be
arranged such that a first available first node to recetve the request from the

30 reguest broker node 208 is operable to trigger the first process head node 206 {o

start appropriate transformations with respect to respond to the request. The

non-dashed lines i Figure 2 refer to a first reguest and the dashed lines in Figure
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2 refer to another reguest. Responsas from operation of the first plurality and the
second plurality can be output in a format appropriate to respond o the request.
The recetved response from the operation can be a sum of the responses.

166221  Consider resiliency on the client derivation. Resilience ig the ability of
a network to provide and maintain an acceptable level of service in the
occurrence of varnous faults and challenges to normal operation. On the
processing side of Figure 2, the transformations can be implementaed in such a
way that their calculations are resilient. This i3 an important notion to
distributed processing due to the high hkelihood of errors either across the
network or in one of the many distributed nodes. Recovering from failure state
is an important feature of a distributed architecture. Implementing the
processing with a framework like Apache Spark™, which provides a resiliency in
calculations, can provide an important feature.

(6623} No less important, but normally not considered in haterogeneous
environments, is resiliency on the request side. In the previous sections, filters
and maps of a publishing function can be implemented with a technique such as
Apache Spark resilient disinibuted datasets (RI3Ds) in a typical usage of RDDDs
representing data. From a high level perspective, this allows for recovery of any
one request, but, remembering that the goal 13 to unify a data pipeline in a
heterogeneous environment, the actual desire 1s to redistribute the data for some
specialized processing, like rendering. Froro that perspective, there is no easy
way to recover from failure on the subscribing side. By encoding the total
description of the redisirtbution on the subscribing side as an RDD or another
mechanism such as Akka, the entire redistribution can recover from error and be
easily rerun.

[#024] Consider rendering as a service derivation. The publish and subscribe
{pub~sub) nature of the previous derivations makes the subscription side,
effectively, a client of the publishing side. This is a characterization of a pub-
sub pattern, but, while taking advantage of both the distributed nature of the
subscription and publishing and behaving as a unified data pipeline, ultimately,
it 1s still implemented as a pub-sub. Figure 3 1s a block diagram of an

embodiment of an example system tllustrating specialized backend processing.

6
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In Figure 3, the pub-sub patiern s replaced so that the distribution of the
processing piece is etther divectly rendered in a heterogengous environment or
the redistribution occurs in a truly unified manner. The result is that the

distributed nature of the processing side is utilized directly.

(W4

[3025] Figure 3 illustrates an example system 300 that provides a specific
arrangement of a first plurality of first nodes 3062-1,302-2 .. 302-Jand a
second plurality of second nodes 303-1, 303-2 . .. 303-N. The system 300 can
include a first process head node 306 arranged to coordinate processing of the
first plurahity of first nodes 302-1, 302-2 . . . 302-J and to receive the request and
10 distnibute the request to selected first nodes of the first plurality of first nodes
302-1,302-2 ... 302-). Selected second nodes of the second plurality of second
nodes 303-1, 303-2 . . . 303-N can be arranged to receive data and/or metadata
from the selected first nodes 302-1, 302-2 . .. 302-J. The system 300 can
include a composite node 309 to generate an output from compositing resulis of
15 operation of the selected second nodes 303-1, 303-2 . .. 303-N. Each of the
selected second nodes 303-1, 303-2 . .. 303-N ¢an be arranged in a one-io-one
relationship with a respective selected first node, which can be viewed as J=N.
With the second plurality of second nodes 303-1, 303-2 . . . 303-N being
rendering nodes, the composite node 309 can ouiput an image. The image can
20 be directly output from the composite node 309
[6026] In this derivation, by pushing the rendering request to the data side and
jumping either or both the language and machine node boundaries at the
processing node level, the specialized processing case, rendering in this
dertvation, becomes a service of the processing instead of a chient. Inthis
25  manner, if a differing distribution was needed or desired for a particular type of
rendering, the redistnibuiion of the data {aka shuffie} could happen in the same
manner that any calculation needed a diffening distribution would do s0 as
shown in Figure 6.
16027} Two vanations of Figure 3 are posstble. One vartation is shown in
30 Figure 4, where Figure 4 1s a block diagram of an example embodiment of a
specialized backend processing svstem 400 having a single tvpe A node feeding

multiple type B nodes. The division of labor between the two types is based on
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some cost function. The system 400 can include selected second nodes 403-1,
403-2 .. 403-(N-1}, 403-N disinbuied m a plurality of sets of selecled second
nodes. As shown, the second nodes 403-1, 403-2 . .. 403-(N-1}, 403-N can be
distributed as a number of sets having two node types B. Though shown as sets
of two node type Bs, the sets can include more than two node type Bs. In
addition, each set need not have the sarme number of node type Bs. Inan
embodiment, at least one set of the plurality of sets arranged from selected
second nodes 403-1, 403-2 . . . 403-(N-1), 403-N can have a plurality of selected
second nodes, that is, two or more node fypes B. Each set of selected second
nodes can be arranged 10 a one-to-one relationship with a respective selected
first node of the plurality of nodes 402-1, 402-2 . . . 402-J of type A node.
Outpuis from each set of the plurality of sets of selected second nodes 403-1,
403-2 ... 403-(N-1), 403-N can be provided to composite node 409 that can
output an image. The image can be directly output from the composite node
409.

[8628] The other variation is {ound in Figure 5, where Figure 5 13 a block
diagrarn of an example system tllustrating a specialized backend processing
system 500 having multiple type A nodes feeding a single type B node. Here,
there are multiple type A nodes that provide information to a smaller number of
Type B Nodes. The sysiem 500 can include selected first nodes 502-1, 302-2 . ..
302-(§-1), 502-J distributed in a plurality of sets of selected first nodes. As
shown, the first nodes 502-1, 302-2 . . . 302-(J-1}, 502-J can be distributed as
sets of two node types A, However, the sets can include more than two node
tvpes A. Further, each set need not have the sare number of node types A, In
an embodiment, at least one set of the plurality of sets arranged from selected
first nodes 502-1, 502-2 ... 502-{}-1), 502-J can have a plurality of selected first
nodes, that is, two or more node types A, Each set of selected fivst nodes can be
arranged in a one-to-one relationship with a respective selected second node of
the plurality of nodes 503-1, 503-2 .. . 503-N of type B node. QOutputs from
each of the selected second nodes 503-1, 503-2 ... 503-N can be provided to
composite node 309 that can output an image. The 1mage can be directly output

from the composite node 509,
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18028} Figure 6 is a biock diagram of an embodiment of an example system
600 Hustrating shuttle prior to rendering. With this denvation, there 15 a single
unified data pipeline for a heterogeneous compute/visualization environment. In

system 600, a render request can be received by process head node 606 that is

operatively coupled to first nodes 602-1, 602-2 . .. 602-J, which can be nodes of
node type A, each node having a respective dataset 1,2, . .. J. The first nodes

602-1, 602-2 . 602-J can be operatively coupled to second nodes 603-1, 603-2
... 603-N, which can be nodes of type B node that may be realized as rendering
nodes. Each selected first node 602-1, 602-2 . . 602-J can be arranged with a
respective data hypercube, 1, 2 ... N different from the data hypercubes of the
other selected first nodes and conversion occurs on the selected second nodes
603-1, 603-2 . .. 603-N. The second nodes 603-1, 603-2 .. 603-Ncanbsina
one~to-one relationship with the first nodes 602-1, 602-2 . .. 602-F. OGutpuis
from each of the second nodes 603-1, 603-2 . . 603-N can be provided to
composite node 609 that can ontput an 1image. The image can be directly output
from the composite node 609,

16636]  Consider a specialized compute derivation. Rendering represents a
particular type of processing that can be considered a sink, meaning that the
result of the rendering, the images, is consumed outside of the framework. This
allows for a few simplifications, most notably, where the communication across
to the specialized processors is largely one~way, out. By generalizing this
mechanism, this unified data pipeline can be used not only for rendering but also
for processing that requires or would benefit from specialized processing
hardware. Figure 7 shows this denivation, where Figure 7 is a block diagram of
an embodiment of an example of a unified pipeline for specialized compute. In
system 700, a render request can be received by process head node 706 that is
operatively coupled to first nodes 702-1, 702-2 . . . 702-J, which can be nodes of
node type A, each node having a respective dataset 1, 2, . .. J The first nodes
702-1, 702-2 . .. 702-] can be operatively coupled to second nodes 703-1, 703-2
... 703-N, which can be nodes of type B node. Each selected first node 702-1,
702-2 .. 702-3 can be arranged with a respective data hypercube, 1,2 .. . N

different from the data hypercubes of the other selected first nodes. The second

9
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nodes 703-1, 703-2 . .. 703-N can be in a one-to-one relationship with the first
nodes 702-1, 702-2 ... 702-]. Each selected second node 703-1, 703-2 . .. 703~
N can be arranged to provide a respective selecied first node702-1, 702-2 . .

702-J to which it is in the one-to-one relationship with a data hypercube resultant

(W4

from operation of the respective selected second node 703-1, 703-2 . . . 703-N.

The result show in Figure 7 can also nclude an image output as illustrated 1o

Figure 6.

{6631} Distributed rendering is inherently a render-composite operation, which

can be mapped to a MapReduce pattern, but the resull is a specialized

10 dimensional reduction, an image. This dertvation shows a process for utilizing
specialized processing, but having the result maintained as if it were performed
in the exact same manner as the base nodes, 1.e. the result could be an another
Spark RDD or an equivalent mechanism as would be expected {rom the output
of a map() function call. To do so, the communication path out is mirrored on

15 the returm and each distributed result is presented back as an element of the new
RDD. The process goes beyond mimicking a unified pipeline and actually
cousiructs one.
[6632]  Consider a unified compute derivation. If the closure for the
MapReduce is implemented i such a way that it can execute on the given

20 computational resource, whether it is a CPU or GPU, a FGPA, or any other
device that can perform a calculation, then one achieves a unified computational
pipeline. One approach could be to have the same languages such as Java run
everywhere, Unfortunately, Fava and other languages that use virtual machines,
which could be run on all machines that can perform calculations, do not exist.

25  However, there are two possible approaches that are variants on Domain
Specific Languages (DSLs). One is to use a DSL in the closure itself that
describes completely the work the closure must perform. Here, at runtime, the
DSL s translated into the appropriate language for the computational device at
the last possible moment. The other approach is to take the DSL and compile it

30 to all the possible targets, such as CPU and/or GPU and/or FPGA for example,

ahead of time (AOT), and then use the results of this AQT compilation on the

correct resource to execute the program. The latter case has simpler deployment

16
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mechanisims, since the compilation section of the language need not be
distributed as part of the nmtime deployment.
16633] Consider predictive streaming update derivation. Figure 8isa

representation of a moving window 820 in a two dimensional (2D} grid in

(W4

streaming update including a prediction process. The 2D gnd contains an area
of interest 825 that also can have some adjacency information. The moving
window 820 and the area of interest 825 change from a current state at 821 to a
new state 828 from processing after arrival of an update request at 822. From
the update request 822, a prediction is generated at 824, which is then streamed
10 as an update at 826. The streamed update provides the new state 824, Thas
scenario of moving a region for a calculation holds in lower as well as higher
dimensional space. For example, in a 3D space, the area of interest is a cube.
[#034] Figure 9 is a block diagram of an embodiment of an example system
200 with predictive streaming. Process head node 906 is operatively coupled to
15 first nodes 902-1, 902-2 . .. 902-], which can be nodes of node type A, each
node having a respective data set 1, 2, .. . J. The first nodes 902-1, 902-2 . ..
902-F can be operatively coupled to second nodes 903-1, 903-2 . .. 903-N, which
can be nodes of type B node. Each selected first node 902-1, 902-2 . 902-J
can be arranged with a respective data hyvpercube, 1, 2 . .. N different from the
20 data hypercubes of the other selected first nodes. The second nodes 903-1, 303-
2 ... 903-N can be in a one-to~-one relationship with the first nodes 902-1, 9062-2
... 902-). Fach selected second node 903-1, 903-2 . . . 903-N can be arranged to
provide arespective selected first node 902-1, 902-2 .. . 902-J to whach if is in
the one-to-one relationship with a data hypercube 1, 2, . . N that is resultant of
25 prediction of need.
[30335] The system 900 can be arranged as a server-side distributed svstem
mncluding the process head node 906 arranged to coordinate processing of the
first plurality of first nodes 902-1, 902-2 . 902-1. The process head node 906
can be arranged with respect to a predictive model of an N-dimensional
30 hypercube of data and/or metadata, where the N-dimnensional hypercube of data
and/or metadata can be distributed among the first nodes of the first plurality of

first nodes 902-1, 902-2 . . 902-1. The process head node 906 can stream, to a

11
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client 940, a delta of hvper dimensionality and/or delta of data and/or metadata
with respect to a hypercube of data and/or metadaia stored in the client 940, The
client 940 may be a local render client. The delta can be a difference between
what the client has and what the client needs. The delta can be based on
hvpercubes of data and/or metadata provided by operation of the plurality of
second nodes second nodes 903-1, 903-2 . 903-N in respounse to mapping from
the plurality of first nodes 902-1, 902-2 . . . 902-J. The process head node 906
can be arranged to receive feedback from the chient 940 as input to the predictive
model Lo operatively reduce the dimensionality of the N-dimensional hypercube
of data and/or metadata based on the feedback. The client feedback may be
taken as absolute. The N-dimensional hypercube on the server-side can be equal
to or larger than the hypercube stored on the client.

[#036] There are a number of good reasons 1o have some amount of
information managed at a client. Latency is the most obvious. A further
derivation is to use a server-side distributed system as a predictive model of an
N-dimensional hypercube of data. Based on client-side {eedback, the predictive
model reduces the dimensionality 1ts hypercube and subsets the result down to a
delta (A) that will be needed by the client for it {0 continue to respond to user
requests. This delta can be streamed to the client for consumption. This delta,
the difference between what the chient has and what 1s needed, is the only set of
the entire dataset sent by the service,

{6637} It is important {0 note the predictive model can be created via deep
learning, machine learning, or prograromatic heuristics. Tn the case of alearning
model, the model would be continuously updated based on the client feedback.
The N-dimensional hypercube on the server-side 1s equal to or larger than the
hyvpercube stored on the client. The method will work for any value of N Part
of the predictive model includes determimng the dimensionality of the
hypercube needed by the client. For instance the predictive model may
determine that a new type of data will be needed by the client, which would add
a dimension (o the client’s hypercube. Part of the predictive model can include
deterrmning the data needed to populate or update the client hvpercube. For

mnstance, if the client is roaming through the entire dataset, the predictive model
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would determine where the user is going and send the appropriate updates prior
1o the user asking to access that region. This predictive model is not constrained
to data model viewing but can be a predictive model of user intent, including

process goals.

(W4

[30338] Staielessness is imporiant so that dropped messages don’t iniroduce
cunmulative error into the svstem. Therefore, the client feedback must be
“absolute”, meaning it must be relative onldy to some well-known origin for the
dimension of the hypercube. Additionally, message compression can occur
either client-side or server-side.

10 j0039}  The system architectures associated with Figures 1-9 can be used as
building blocks. Features of the svstem architectures associated with Figures 1-9
can be combined to form new architectures. For example, a svstem can be
structured as a combination of system 400 of Figure 4 and system 500 of Figure
5 in parallel with each other. In an embodiment, process head node 406 of

15 Figure 4 and process head node 506 of Figure 5 may be realized as a singie head
node to control operation of a system struoctured as system 400 in parallel system
500, Other combinations can be implemented.

[66G46G]  In addition, each tvpe processing node can be implemented with
respect to a type of processor. Each processing node may iclude or have access

20 to amemory wui. A memory unit can be realized as a machine-readable storage
device that can comprise instructions, data, and/or metadata stored thereon,
which, when execuied by one or more processors cause performance of
operations. Further, a memory unit such as a machine-readable storage device,
herein, 1s a physical device that stores data represented by physical structure

25 within the device. Such a physical device is a non-transitory device. Examples
of machine-readable storage devices can include, but are not limited to, read
only memory (ROM), random access memory (RAM), a magnetic disk storage
device, an optical storage device, a flash memory, and other electronic,
magnetic, and/or optical memory devices. The memory unit may be a memory

30 module. While memory modide may be implemented as a single unit in some

‘machine-readable medium,

"o

application, terms such as "memory module,

machine-readable device," and similar terms should be taken to include all forms
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of storage media, either in the form of a single medium (or device)} or multiple
media (or devices}, in all forms.
10041} Figure 10 15 a flow diagram of features of an embodiment of an

example method 1000, At 1010, a request is operated on using a first plurality of

(W4

first nodes, each first node being a first type of processing unit. Each first node

can operate in parallel with the other first nodes of the first plurality, where each

first node is operable to respond directly to the request by examining data and/or

metadata it holds against the request. At 1020, a second plurality of second

nodes 13 operated on with respect to the request, each second node being a

10 second tvpe of processing unit with the second type of processing node being
different from the first type of processing node. Each second node can operate
in parallel with the other second nodes of the second plurality. Each second
node can be structured to be operable to respond to the request using data and/or
metadata it holds and/or operable in response to data and/or metadata from one

15 or more of the first nodes. At 1030, responses are output from operation of the
first phurality and the second phurality in a format appropriate to respond to the
request.
16421  Various architectures or combination of architectures of systems
simiiar or identical to the architectures associated with any of Figures 1-9 or

20 combinations thereot can be implemented to perform method 1000 or portions
thereof. Method 1000 or methods sinular to method 1000 can include using
transformations to provide data and/or metadata from the first plurality of first
nodes to the second plurality of second nodes. The transformations may include,
but are not limated to, appropriate filters and maps. Method 1000 or methods

25  sumilar to method 1000 can include receiving ali requests in a first process head
node, coordinating processing of the first plurality of first nodes by the first
process head node; and coordinating processing of the second plurality of second
nodes by a second process head node.
[6043] Variations of method 1000 or methods similar to method 1000 can

30 mclode coordimating processing of the first plurality of first nodes by a first

process head node; coordinating processing of the second plurality of second

nodes by a second process head node; and receiving the reguest at a request

14
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broker node and providing the request to the first plurality of first nodes from the
reguest broker node. Such methods can include triggering the first process head
node to start appropriate transformations with respect to responding to the
request by a first available first node of the first plurality of first nodes to receive
the request from the request broker node.

[6044] Method 1000 and/or vanations of method 1000 or methods sinular to
method 1000 can include coordinating procassing of the first plurality of first
nodes by a first process head node; receiving the request and disinbuiing the
reguest to selected first nodes of the {irst plurality of first nodes; recetving data
and/or metadata from the selected first nodes at selected second nodes of the
second plurality of second nodes; compositing results of operation of the
selected second nodes; and generating an output from composiiing the results
directly from the second nodes. Receiving data and/or metadata from the
selected first nodes at selected second nodes of the second plurality of second
nodes can include receiving the data and/or metadata with each of the selecied
second nodes arranged in a one-to~one relationship with a respective selected
first node. In various implementations, each selected first node can be arrange
with a data hypercube different from the data hypercubes of the other selected
first nodes. In an implementation, receiving data and/or metadata from the
selected first nodes at selected second nodes of the second plurality of second
nodes can include receiving the data and/or metadata with the selected second
nodes distributed in a plurality of seis of selected second nodes, each set of
selected second nodes arranged in a one-to-one relationship with a respective
selected first node. In another implementation, receiving data and/or metadata
from the selected first nodes at selected second nodes of the second plurality of
second nodes can include receiving the data and/or metadata with the selected
first nodes distributed in a plurality of sets of selected first nodes, each set of
selected first nodes arranged in a one-to-one relationship with a respective
selected second node. In various implementations, generating the cutput can
imclude generating the output as an image directly from the second nodes.
16645] Method 1000 and/or variations of method 1000 or methods similar to

method 1000 can include providing the selected first node to which each selected



WO 2017/222533 PCT/US2016/039051

second node is in the one-to-one relationship with a data hypercube resultant
from operation of the respective selected second node. Such methods can
imclude operating a process head node arranged in a server-side distribute

system including: coordinating processing of the first plurality of first nodes by

(W4

the process head node, the process head node arranged with respect to a

predictive model of an N-dimensional hypercube of data and/or metadata, the N-

dimensional hypercube of data and/or metadata being distributed among the first

nodes of the first plurality of first nodes; streaming to a client a delta of hyper

dimensionality and/or data and/or metadata with respect to a hypercube of data

10 and/or metadata stored in the client, the delta being a difference between what
the client has and what the client needs, the delta based on hvpercubes of data
and/or metadata provided by operation of the plurality of second nodes in
response to mapping from the plurality of first nodes; and recetving feedback
from the client as input to the predictive model to operatively reduce the

15 dimensionality of the N-dimensional hypercube of data and/or metadata based
on the feedback. The N-dimensional hyvpercube on the server-side can be equal
to or larger than the hypercube stored on the client.

[6646]  Sinular to the system architectures associated with Figures 1-9 being
used as building blocks, methods associated with the system architectures

20 associated with Figures 1-9 can be used as building blocks for processing.
Features of processing associated with Figures 1-9 can be combined to form new
processing procedureas,

[8647] The structures and procedures, as taught herein allow for heterogensous
paralielization of processing. The structures and procedures, as taught herein,

25  allow for heterogeneous, distributed hardware and software environments. Such
structures and procedures decouple data of consumer and producers for easier
implementations of new hardware devices or software languages.

Heterogeneous hardware environments optinize cost by utilizing expensive
and/or specialized hardware components (for example, GPUs) at guantities

30 necessary for the compute. Optimized network load may be attained by utihizing

parallelized transport.

16
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[6048] Distributed and elastic compute and visualization can be a critical piece
of providing a cloud-based infrastructure. Effective use of available hardware
components and software technologies 1s equally important. Combining these

two needs to provide a heterogeneous, distributed, elastic platform can create a

(W4

compute/visualization environment not, currently, in existence, for example in

the oil & gas space.

[6649] The following are example embodiments of methods and systems in

accordance with the teachings herein.

[8856] A systermn | can comprise: a request input; a first plurality of first

10 noedes, each first node being a first type of processing unit, each first node
operable in parallel with the other first nodes of the first plurality, each first node
operable to respond directly 1o a request by examining data and/or metadata it
holds against the request; a second plurality of second nodes, each second node
being a second tvpe of processing unit, each second node operable in parallel

15 with the other second nodes of the second plurality, each second node operable
to respond to the request using examining data and/or metadata it holds and/or
operable in response to data and/or metadata from one or more of the first nodes,
the second tvpe of processing node being different from the first type of
processing node; and an output to send responses from operation of the first

20 plurality and the second plurality in a format appropriate to respond to the
request,

(6651} A svstem 2 can include elements of system 1 and can include
transformations {o provide data and/or metadata from the first plurality of first
nodes to the second plurality of second nodes.

25  [0B52] A svstem 3 can include elements of any of systems 1-2 and can include
a first process head node to coordinate processing of the first plurality of first
nodes, the first process head node arranged to receive all requests; and a second
process head node to coordinate processing of the second plurality of second
nodes.

30 {0083} A system 4 can include elements of any of systems 1-3 and can include

a first process head node to coordinate processing of the first plurality of first

nodes; a second process head node to coordinate processing of the second

17
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phurality of second nodes; and a request broker node to receive the request from
the second plurality of second nodes and {o provide the request to the first
plurality of first nodes.

[66584] A system 5 can include elements of system 4 and elements of anv of

(W4

systems 1-3 and can include the first node of the first plurality of first nodes

being arranged such that a first available first node to receive the request from

the request broker node is operable to trigger the first process head node to start

appropriate transformations with respect to respond {0 the request.

[8855] A system 6 can include elements of any of systems 1-5 and can include

10 afirst process head node arranged 1o coordinate processing of the first plurality
of first nodes and to receive the request and distribute the request to selected first
nodes of the first plurality of first nodes; selected second nodes of the second
plurality of second nodes arranged to receive data and/or metadata from the
selected first nodes; and a composite node to generate an output from

15 compositing results of operation of the selected second nodes.
[8856] A systermn 7 can include elements of system 6 and elements of anv of
systems 1-5 and can include each of the selected second nodes being arranged in
a one-to-one relationship with a respective selected first node.
[B357] A svstem 8 can include elements of system 7 and elements of any of

20 systems 1-6 and can nclude each selected first node being arranged with a data
hypercube different from the data hypercubes of the other selected first nodes
and conversion occurs on the selected second nodes.
[8658] A system 9 can include elements of system 8 and elements of anv of
systems 1-7 and can include each selected second node being arranged to

25 provide the selected first node to which it is in the one-to-one relationship with a
data hypercube resuliant from operation of the respective selected second node.
[B089] A system 10 can include elements of sysiem 6 and elements of any of
systems 1-3 and 7-9 and can include the selected second nodes being distributed
in a plurality of sets of selected second nodes, each set of selected second nodes

30 arranged in a one-to-one relationship with a respective selected first node.

[6666G] A system 11 can mclude elements of system 6 and elements of any of

systems 1-5 and 7-10 and can include the selected first nodes being distributed in

18
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a pharality of sets of selected first nodes, each set of selected first nodes arranged
i a one-to-one relationship with a respective selected second node.
[6661] A system 12 can mclude elements of system 6 and elements of any of

systems 1-5 and 7-11 and can include the composite node being arranged to

(W4

generate the output as an image directly from the second nodes.

[B062] A svstem 13 can mclude elements of system Y and elements of any of

gystems 1-8 and 10-12 and can include the system being arranged as a server-

side distributed system including a process head node arranged to: coordinate

processing of the first plurality of first nodes, the process head node arranged

10 with respect to a predictive model of an N-dimensional hypercube of data and/or
metadata, the N-dimensional hypercube of data and/or metadata being
distributed among the first nodes of the first plurality of first nodes; sireamto a
client a delta of hyper dimensionality and/or data and/or metadata with respect to
a hypercube of data and/or metadata stored in the client, the delta being a

15 difference between what the client has and what the client neads, the delta based
on hypercubes of data and/or metadata provided by operation of the plurality of
second nodes in response to mapping from the plurality of first nodes; and
receive feedback from the client as input to the predictive model to operatively
reduce the dimensionality of the N-dimensional hypercube of data and/or

20 wmetadata based on the feedback.
[B063] A svstem 14 can imclude elements of system 13 and elements of any of
gystems 1-12 and can include the N-dimensional hypercube on the server-side
being equal o or larger than the hypercube stored on the chient.
[6664] A method 1 can comprise: operating on a request using a first plurality

25  of first nodes, each first node being a first type of processing unit, each first node
operating in parallel with the other first nodes of the first plurality, each first
node operable (o respond directly to the request by examining data and/or
metadata it holds against the request; operating a second plurality of second
nodes with respect to the request, each second node being a second type of

30 processing unii, each second node operating in paratlel with the other second

nodes of the second plurality, each second node operable to respond to the

request using data and/or metadata it holds and/or operable in response to data
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and/or metadata from one or more of the first nodes, the second type of
processing node being different from the first type of processing node; and
outputting responses from operation of the first plurality and the second plurality

in a format appropriate to respond to the request.

(W4

[3365] A method 2 can include elemenis of method 1 and can include using

transformations to provide data and/or metadata from the first plurality of first

nodes to the second plurality of second nodes.

[6066] A method 3 can include elements of any of methods 1-2 and can

imclude recetving all requests in a first process head node; coordinating

10 processing of the first plurality of first nodes by the first process head node; and
coordinating processing of the second plurality of second nodes by a second
process head node.
{8067} A method 4 can include elements of any of methods 1-3 and can
include coordinating processing of the first plurality of first nodes by a first

15 process head node; coordinating processing of the second plurality of second
nodes by a second process head node, and recetving the request at a request
broker node and providing the request to the first plurality of first nodes from the
request broker node.
[3368] A method 5 can include elements of method 4 and elements of any of

20 wethods 1-3 and can include triggering the first process head node to start
appropriaie fransformations with respect to responding to the request by a first
available first node of the first plurality of first nodes to receive the request from
the request broker node.
[6669] A method 6 can include elements of any of methods 1-53 and can

25  include coordinating processing of the first plurality of first nodes by a first
process head node; receiving the request and disinbuiing the request 1o selected
first nodes of the first plurality of first nodes; receiving data and/or metadata
from the selected first nodes at selected second nodes of the second plurality of
second nodes; compositing results of operation of the selected second nodes; and

30 generating an output from compositing the results directly from the second

nodes.
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16076} A method 7 can include elements of method 6 and elements of any of
methods 1-5 and can include receiving data and/or metadata from the selecled
first nodes at selected second nodes of the second plurality of second nodes o

include receiving the data and/or metadata with each of the selected second

(W4

nodes arranged in a one-to-one relationship with a respective selected first node.

[B071] A method 8 can include elements of method 7 and elements of any of

methods 1-6 and can include each selected first node being arranged with a data

hypercube different from the data hypercubes of the other selected first nodes.

[8672] A method 9 can include elements of method 8 and elements of any of

10 methods 1-7 and can include providing the selected first node to which each
selected second node 1s in the one-to-one relationship with a data hvpercube
resultant from operation of the respective selected second node.

[#073] A method 10 can include elemenis of method 6 and elements of any of
methods 1-5 and 7-9 and can include recetving data and/or metadata from the

15 selected first nodes at selected second nodes of the second plurality of second
nodes to include recetving the data and/or metadata with the selected second
nodes distributed in a plurality of sets of selected second nodes, each set of
selected second nodes arranged in a one-to-one relationship with a respective
selected first node.

20 (08747 A method 11 can include elements of method 6 and elements of any of
methods 1-5 and 7-10 and can include receiving data and/or metadata from the
selected first nodes at selected second nodes of the second plurality of second
nodes to include recetving the data and/or metadata with the selected first nodes
distributed in a plurality of sets of selected first nodes, each set of selected first

25  nodes arranged in a one-io-one relationship with a respective selected second
node.

[#078] A method 12 can include elemenis of method 6 and elements of any of
methods 1-5 and 7-11 and can include generating the oufput to include
generating the output as an image directly from the second nodes.

30 {0076} A method 13 can include elements of method 9 and elements of any of

methods 1-8 and 10-12 and can include operating a process head node arranged

in a server-side distributed system to include: coordinating processing of the first
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plurality of first nodes by the process head node, the process head node arranged
with respect 10 a predictive model of an N-dimensional hypercube of data and/or
metadata, the N-dimensional hvpercube of data and/or metadata being
distributed among the first nodes of the first plurality of first nodes; sireaming to
a client a delta of hyper dimensionality and/or data and/or metadata with respect
to a hvpercube of data and/or metadata stored in the chient, the delta being a
difference between what the client has and what the client needs, the delta based
on hypercubes of data and/or metadata provided by operation of the plurality of
second nodes i response o mapping from the plurality of first nodes; and
receiving feedback from the client as input o the predictive model to operatively
reduce the dimensionality of the N-dimensional hvpercube of data and/or
metadata based on the feedback.

#0771 A method 14 can include elemenis of method 13 and elements of any
of methods 1-12 and can include the N-dimensional hypercube on the server-side
being equal o or larger than the hvpercube stored on the chient.

18078} Although specific embodiments have been illustrated and described
herein, 1t will be appreciated by those of ordinary skill in the art that any
arrangement that is calculated to achieve the same purpose may be substituted
for the specific embodiments shown. Various embodiments use permutations
and/or combinations of embodiments described herein. It is to be undersiood
that the above description is intended to be illustrative, and not restrictive, and
that the phraseology or terminology employed herein is for the purpose of
description. Combinations of the above embodiments and other embodiments

will be apparent to those of skill in the art upon studving the above description.

Q]
[RS]
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Claims

What 1s claimed is:

h
J—

A system comprising:

a request inpui;

a first plurality of first nodes, each first node being a first type of
processing unit, each first node operable in paraliel with the other first nodes of
the first piurality, each first node operable to respond directly 1o a request by

10 examining data and/or metadata it holds agaimst the request;

a second plurality of second nodes, each second node being a second type
of processing unit, each second node operable in paralle! with the other second
nodes of the second plurality, each second node operable 1o respond o the
request using data and/or metadata it holds and/or operable in respounse to data

15 and/or metadata from one or more of the first nodes, the second tvpe of
processing node being different from the first type of processing node:; and

an output to send responses from operation of the first plurality and the

second plurality in a format appropriate to respond to the request.

20 2. The system of claim 1, wherein the svstem includes transformations to
provide data and/or metadata from the first plurality of first nodes to the second

plurality of second nodes.

3. The system of claim 1, wherein the system includes:
25 a first process head node to coordinate processing of the first plurality of
first nodes, the first process head node arranged 1o receive all requests; and
a second process head node to coordinate processing of the second

plurality of second nodes.

30 4 The system of claim 1, wherein the system includes:
a first process head node 1o coordinate processing of the first plurality of
first nodes;

a second process head node to coordinate processing of the second

Q]
[



WO 2017/222533 PCT/US2016/039051

phurality of second nodes: and
a regquest broker node to receive the request from the second plurality of

second nodes and to provide the request to the first plurality of first nodes.

(W4

5. The system of claim 4, wherein a first node of the first plurality of first
nodes are arranged such that a first available first node to receive the request
from the request broker node 15 operable to trigger the first process head node 1o

start appropriate transformations with respect to respond to the reguest.

10 6 The system of claim 1, wherein the systern includes:
a first process head node arranged to coordinate processing of the first
plurality of first nodes and to receive the request and distribute the request o
selected first nodes of the first plurality of first nodes:
selected second nodes of the second plurality of second nodes arranged to
15 receive data and/or metadata from the selected first nodes; and
a composite node to generate an output from compositing resulis of

operation of the selected second nodes.

7. The system of claim 6, wherein each of the selected second nodes is

20 arranged i a one~-lo-one relationship with a respective selected first node.

8. The system of claim 7, wherein each selected first node 15 arranged with
a data hypercube different from the data hypercubes of the other selected first

nodes and conversion occurs on the selected second nodes.

25
9. The system of claim 8, wherein each selected second node 1s arranged to
provide the selected first node to which 1t1s 1n the one-to-one relationship with a
data hypercube resultant from operation of the respective selected second node.
30 10, Thesystem of claim 6, wherein the selected second nodes are distributed

in a plurality of sets of selected second nodes, each set of selected second nodes

arranged in a one-io-one relationship with a respective selected first node,
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11, The svstem of claim 6, wherein the selected first nodes are distribuied in
a pharality of sets of selected first nodes, each set of selected first nodes arranged

in a one-to-one relationship with a respective selected second node.

12. The system of claim 6, wherein the composite node is arranged {o

generate the output as an image directly from the second nodes.

13. The system of claim 9, wherein the system is arranged as a server-side
distributed sysiem including a process head node arranged {o:

coordinate processing of the first plurality of first nodes, the process head
node arranged with respect to a predictive model of an N-dimensional hypercube
of data and/or metadata, the N-dimensional hypercube of data and/or metadata
being distributed among the first nodes of the first plurality of first nodes:

stream 10 a client a delta of hvper dimensionality and/or data and/or
metadata with respect to a hypercube of data and/or metadata stored in the client,
the delta being a difference between what the client has and what the chient
needs, the delta based on hypercubes of data and/or metadata provided by
operation of the plurality of second nodes in response to mapping from the
plurality of first nodes; and

receive feedback from the client as input to the predictive model {o
operatively reduce the dimensionality of the N-dimensional hypercube of data

and/or metadata based on the feedback.

14. The svstem of claim 13, wherein the N-dimensional hypercube on the

server-side 1s equal to or larger than the hvpercube stored on the client.

15 A method comprising:

operating on a request using a first plurality of first nodes, each first node
being a first type of processing unit, each first node operating in parallel with the
other first nodes of the first plurality, each first node operable to respond directly
to the request by examining data and/or metadata i holds against the request;

operating a second phurality of second nodes with respect to the request,

Q]
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each second node being a second type of processing unit, each second node
operating in parallel with the other second nodes of the second plurality, each
second node operable to respond to the request using data and/or metadata it

holds and/or operable in response to data and/or metadata from one or more of

(W4

the first nodes, the second type of processing node being different from the first
type of processing node; and
outpuiting responses from operation of the first plurality and the second

phurality in a format appropriate to respond to the request.

10 16, The method of claim 15, wherein the method includes using
transformations to provide data and/or metadata from the first plurality of first

nodes to the second plurality of second nodes.

17. The method of claim 15, wherein the method includes:
15 receiving all requests in a first process head node;
coordinating processing of the first plurality of first nodes by the first
process head node; and
coordinating processing of the second plurality of second nodes by a

second process head node.

18 The method of claim 15, wherein the method includes:
coordinating processing of the first plurality of first nodes by a tirst
process head node;
coordinating processing of the second plurality of second nodes by a
25  second process head node; and
receiving the request al a request broker node and providing the request

to the first plurality of first nodes from the request broker node.

19, The method of claim 18, wherein the method includes triggering the first
30 process head node to start appropriate transformations with respect to responding
to the request by a first available first node of the first plurality of first nodes to

receive the request from the request broker node.
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20. The method of claim 15, wherein the method includes:
coordmating processing of the first plorality of {irst nodes by a first
process head node;

recetving the request and distributing the request to selected first nodes of

(W4

the first piorality of first nodes;
receiving data and/or metadata from the selected first nodes at selected
second nodes of the second plurality of second nodes;
compositing results of operation of the selected second nodes; and
generating an output from compostiing the results directly from the

10 second nodes.

21 The method of claim 20, wherein receiving data and/or metadaia from
the selected first nodes at selected second nodes of the second plurality of second
nodes includes receiving the data and/or metadata with each of the selected

15 second nodes arranged in a one-to-one relationship with a respective selected

first node.

22. The method of claim 21, wherein each selected first node is arranged
with a data hypercube different from the data hypercubes of the other selected

20 first nodes.

23, The method of claim 22, wherein the method includes providing the
selected first node to which each selecied second node 1s in the one-to-one
relationship with a data hypercube resultant from operation of the respective

25 selected second node.

24, The method of claim 20, wherein receiving data and/or metadaia from
the selected first nodes at selected second nodes of the second plurality of second
nodes includes recetving the data and/or metadata with the selected second nodes
30 distributed in a plurality of sets of selected second nodes, each set of selected
second nodes arranged in a one-to-one relationship with a respective selected

first node.
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25. The method of claim 20, wherein receiving data and/or metadata from
the selected first nodes at selected second nodes of the second plurality of second
nodes includes receiving the data and/or metadata with the selected first nodes
distributed in a plurality of sets of selected first nodes, each set of selected first
nodes arranged in a one-to-one relationship with a respective selected second

node.

26. The method of claim 20, wherein generating the output inchudes

generating the output as an imnage directly from the second nodes.

273. The method of claim 23, wherein the method includes operating a
process head node arranged m a server-side distributed system including:

coordimating processing of the first plurality of first nodes by the process

ead node, the process head node arranged with respect 1o a predictive model of

an N-dimensional hypercube of data and/or metadata, the N-dimensional
hypercube of data and/or metadaia being distributed among the first nodes of the
first plurality of first nodes;

streaming to a client a delta of hvper dimensionality and/or data and/or
metadata with respect to a hypercube of data and/or metadata stored in the client,
the delta being a difference between what the client has and what the client
needs, the delta based on hvpercubes of data and/or metadata provided by
operation of the plurality of second nodes in response to mapping from the
plurality of first nodes, and

recetving feedback from the client as input to the predictive model to
operatively reduce the dimensionality of the N-dimensional hypercube of data

and/or metadata based on the feedback.

28, The roethod of claimn 27, wherein the N-dimensional hypercube on the

server-side is equal {0 or larger than the hyvpercube stored on the client.
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