I*I Innovation, Sciences et

Innovation, Science and CA 3021772 C 2021/10/12

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 02 1 772
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2016/06/23 (51) ClLInt./Int.Cl. GO6F 9/38(2018.01),

(87) Date publication PCT/PCT Publication Date: 2017/12/28
(45) Date de délivrance/lssue Date: 2021/10/12

GO6F 15/16(2006.01), GO6F 9/46 (2006.01),
GO6T 1/20(2006.01), HO4N 21/2343(2011.01)

(72) Inventeurs/Inventors:

(85) Entrée phase nationale/National Entry: 2018/10/22 WINSTON, JOSEPH BLAKE, US;
®6) N° demande PCT/PCT Application No.: US 2016/039051 SENFTEN, SCOTT DAVID, US;

(87) N° publication PCT/PCT Publication No.: 2017/222533

RANGARAJAN, KESHAVA PRASAD, US

(73) Propriétaire/Owner:
LANDMARK GRAPHICS CORPORATION, US

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.EEN.CR.L, S.RL.

(54) Titre : TRAITEMENT DISTRIBUE PARALLELE DANS UN ENVIRONNEMENT DISTRIBUE HETEROGENE
(54) Title: PARALLEL, DISTRIBUTED PROCESSING IN A HETEROGENEOUS, DISTRIBUTED ENVIRONMENT

BHEAD
NODE

107~ j 133-2~
PROCESS

Ny
RESPONSE

NODE
TYPEB

RECEIVE

.

101

REQUEST

SORT

(57) Abrégé/Abstract:

PUSH/ SUBSCRIBE FOR N

Various embodiments include systems and methods of operating the systems that include operation of a plurality of first nodes and
second nodes in response to a request, where each first node is a first type of processing unit and each second node is a second
type of processing unit, where the second type of processing node is different from the first type of processing node. Each of the
first and second nodes can be operable in parallel with the other nodes of their respective plurality. Each second node may 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 or more of the first nodes. Additional apparatus, systems, and methods are disclosed.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 20177222533 A3 I 0000 OO0

CA 03021772 2018-10-22

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
28 December 2017 (28.12.2017)

(10) International Publication Number

WO 2017/222533 A3

WIPO I PCT

(51) International Patent Classification:

Keshava, Prasad; 1800 Austin Parkway #509, Sugarland,

GO6F 9/38 (2006.01) HO4N 21/2343 (2011.01) TX 77479 (US).

gzgﬁ ?{;‘; 6(2(28(6)60 (1))1) GO6T 1/20 (2006.01) (74) Agent: TIDWELL, Mark et al.; Haynes and Boone, LLP,
’ 2323 Victory Avenue, Suite 700, Dallas, Texas 75219 (US).
(21) International Application Number:P CT/US2016/039051 (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
23 June 2016 (23.06.2016) CA,CH,CL,CN,CO,CR,CU,CZ,DE, DK, DM, DO, DZ,
(25) Filing Language: English EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR,
HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, KZ, LA,
(26) Publication Language: English LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK, MN,
. MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE,
(71) Applicant: HALLIBURTON ENERGY SERVICES, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC. SD, SE,
INC. [US/US]; 3000 N. Sam Houston Parkway E., Hous- SG. SK. SL, SM. ST, SV, SY, TH, TJ, TM, TN, TR, TT. TZ,

ton, TX 77032-3219 (US). UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors: WINSTON, Joseph, Blake; 731 Voyager, (84) Designated States (unless otherwise indicated, for every

Houston, TX 77062 (US). SENFTEN, Scott, David; 4734
Melissa Ct, Sugar Land, TX 77479 (US). RANGARAJAN,

kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,

(54) Title: PARALLEL, DISTRIBUTED PROCESSING IN A HETEROGENEOUS, DISTRIBUTED ENVIRONMENT

100~ N
™ /-~ RESPONSE
A g N
A B SN >, )]
Y 3 i
A0 ! e
AT )
3 t i i
N NI B 3
- {
17~ U1 NODE NODE | ... | NODE
BROCESS NODE | || TYPEA TYPE A TYPEA
BHEAD voin || B R -
NODE_F : SR R YRR IS 5 J 10
. L %
by 7
i 1
| N L PROCESS
T > AHEAD (105
NODE

M

PUSH/ SUBSCRIBE FORN

FG. 1

(57) Abstract: Various embodiments include systems and methods of operating the systems that include operation of a plurality of
first nodes and second nodes in response to a request, where each first node is a first type of processing unit and each second node is
a second type of processing unit, where the second type of processing node is different from the first type of processing node. Each
of the first and second nodes can be operable in parallel with the other nodes of their respective plurality. Each second node may 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 or

more of the first nodes. Additional apparatus, systems, and methods are disclosed.

[Continued on next page]



CA 03021772 2018-10-22

WO 20177222533 A3 {00000 0 O

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
—  of inventorship (Rule 4.17(iv))

Published:
—  with international search report (Art. 21(3))

(88) Date of publication of the international search report:
01 March 2018 (01.03.2018)



10

15

20

25

30

Parallel, Distributed Processing in a Heterogeneous, Distributed Environment

Technical Field
[0001] The present invention relates generally to apparatus and methods related to

enhanced data processing and applications thereof.

Background
[0002] A number of scalable system design pattern-based systems can provide
techniques for implementing a distributed, parallel compute/visualization environment.
Examples of such systems include, but are not limited to, MapReduce (MR), Iterative
MapReduce (IMR), Streaming MapReduce (SMR), Scatter/Gather (SG) (Message Passing
Interface (MPI) implementations fall into this world of distributed, parallel computing), and
Bulk Synchronous Processing (BSP). Most scalable system design pattern-based systems
like MR, IMR, SMR, SG, and BSP operate, typically, in a homogenous hardware and
software environments that limit utilization of resources such as graphic processing units
(GPUs), field-programmable gate arrays (FPGAS), or even different central processing unit
(CPU) architectures for either compute or visualization. Such scalable system design
pattern-based systems may be batch, micro-batch, or streaming. Typically, a simple extract,
transform, and load (ETL) pattern is used to address such a limitation at each boundary
between the two different systems, but the very nature of extracting typically deals with two

separate data pipelines introduces inefficiencies into the system.

Summary

[0002a] In accordance with one aspect, there is provided a system comprising a request
input, a first plurality of first nodes, 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 to 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

type of processing unit, each
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second node operable 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 the first nodes, the second
type 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.

[0002b] In accordance with another aspect, there is provided 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 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 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 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.

Brief Description of the Drawings

[0003] Figure 1 is 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 various embodiments.

[0004] Figure 2 is an illustration of an example system architecture providing parallel
request management, in accordance with various embodiments.

[0005] Figure 3 is a block diagram of an example system illustrating

la
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specialized backend processing, in accordance with various embodiments.
[6066] Figure 4 15 a block diagram of an example systern llustrating a
specialized backend processing svstem having a single type A node feeding
nmwiltiple type B nodes, in accordance with various embodiments.

[6807F  Figure 5 is a block diagram of an example system iHusirating a
specialized backend processing system having multple type A nodes feeding a
single tvpe B node, in accordance with various embodiments.

[6068] Figure 6 is a block diagram of an example system illustrating shuffle
prior to rendering, in accordance with various embodiments.

[0069]  Figure 7 15 a block diagram of an example of a untfied pipeline for
specialized compute, in accordance with varigus embodiments.

[601¢]  Figure 8 is representation of a moving window in a two dimensional
grid in streaming update including a prediction process, in accordance with
various embodiments

[6013} Figure 9 is a block diagram of an example system with predictive
streaming, in accordance with various embodiments,

[3612] Figure 1015 a flow diagram of features of an example method using
paraliel, distributed processing in g heterogeneous, distnibuted environment, in

accordance with various embodiments.

Detailed Description

16613} The following detailed description refers to the accompanying
drawings that show, by way of lhustration and not limitation, various
ernbodirnents that may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice these and other
embodimenis. Other embodimenis may be utilized, and structural, logical,
mechanical, and electrical changes may be made to these emsbodiments. The
various embodiments are not necessarily mutually exchusive, as some
embodiments can be combined with one or more other embodiments to form
new embodiments. The following detailed description 1s, therefore, not o be

taken in a limiting sense.

[Sv]
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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
environiment. This structure and associated procedure can provide
improvements by eliminating a bulk extract of data, by pushing the control
5 mechanism for all processing on one data pipeline, and by transcending

programmming language, process, and machine boundaries inherent in
heterogeneous environments at a given unit of work. Thus structure and
associate procedure can simplify the programming model, optimize the transport
mechanisms, and allow for simpler inclusion of new hardware resources.

10 [6015] A basic process includes a recognition that heterogeneous
environments are offen 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 speaialized processing such as
rendering. In the scenario depicted in Figwre 1, data is distributed across some

15 number of nodes of type “A” in some manner as depicied by the “data™ 1-J.
Data can refer to etther or both actual values of samples and any summary
regarding data that 1s data describing data, which is 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. Atypical ETL implemeniation would aither use a secondary storage
device, like a network mounted disk, fo give both svstems access o 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.
16016]  In Figure 1, 1t is recognized herein that the desired data s already

25 distributed and that the requests for the data 1o be redistributed in some other
manner 18, inherently, also distributed. Instead of collecting responses at some
intermediate point, the power of the distributed systern 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 to the request by

exanmining the data and/or metadata it holds against the request and responding

o
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with the intersection of the two. The requestor then needs to receive these
asynchronous responses and sort the pieces into the appropniate 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
5 well as network/transport infrastracture.

[80617} Ttis important to note that the actual transport mechanism of the data
with its commmand is immaterial to the process. One might assume from Figure 1
that the communication is some standard socketl pair, which is ong
implementation. However, the transport can also be umplemented by shared

10 memory, distributed shared memory, a shared file system, or any other
mechanism.
[6318] Figure 1 is a schematic representation of an embodiment of an example
system 100 that can comprise a request 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 output 104. Each first node 102-1, 102-2 . .. 102-] can be a first type
of processing unit, where cach first node 13 operable m parallel with the other
first nodes of the first plurality. Each first node 102-1, 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 include,

20 respectively, data 1, data 2 .. . data ). Each second node 103~1, 103-2. .. 103-N
can be a second tvpe of processing unit, where each second node can be operable
in parallel with the other second nodes of the second plurality. Each 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 type of
processing node can be different from the first tvpe of processing node. Each
second node 103-1, 103-2 | 103-N can include, respectively, data A data B .
data N. Quiput 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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(6019} The system 100 can include transformations to provide data and/or
metadata from the first plurality of first nodes to the second plurality of second
nodes. The transformations can mclude appropriate filters and maps. The
system 100 can include a first process head node 106 to coordinate processing of
S the first plurality of first nodes102-1, 102-2 . . . 102-J, where the first process
head node 106 can be arranged 1o 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 1o
coordingte 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 another request.
[#026]  Consider request management derivation. Figure 2 is an illustration of
paraliel request management. Tu 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 to the distributed nodes 202-
1,202-2 ... 202-). 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 altows for better Joad
balancing.
[6021}] The system 200 can include first process head node 206 to coordinate
processing of the first plurality of fisst nodes 202-1, 202-2 .. 202-J; a second
process head node 207 o 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 plurality of first nodes 202-1, 202-2 .. . 202-]. A
first node of the first plurality of first nodes 202-1, 202-2 . . 202-J can be
arranged such that a first available first node 1o receive the request from the
30 request 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 in Figuare 2 refer to a first request and the dashed lines i Figure
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2 refer to another request. Responses from operation of the {irst plurality and the
second plurality can be output in a format appropriate to respond to the request.
The received response from the operation can be a sum of the responses.

160221 Consider resiliency on the client derivation. Resilience is the ability of
a network to provide and maintain an acceptable level of service in the
occurrence of vanous faults and challenges to normal operation. On the
processing side of Figure 2, the transformations can be 1mplemented in such a
way that their calculations are resilient. This is an important notion to
distributed processing due to the high likelthood of errors either across the
network or in one of the many distributed nodes. Recovering from falure state
is an important feature of g distributed architecture. Implementing the
processing with a framework like Apache Spark™, which provides a resiliency in
calculations, can provide an important feature.

[0023] No less important, but normally not considered in heterogeneous
environments, is resiliency on the request side. In the previous sections, filters
and maps of a publishung function can be implermented with a techniguoe such as
Apache Spark resthient distributed datasets (RDDs) 1o a tvpical usage of RDDs
representing data. From a high level perspective, this allows for recovery of any
one request, i, remembering that the goal is to unify a data pipeline ina
heterogeneous environment, the actual desire 1s to redisinibute the data for some
specialized processing, like rendering. Frowmn that perspective, there is no easy
way to recover from failure on the subscribing side. By enceding the total
description of the redisirtbution on the subseribing side as an RDD or ancther
mechanism such as Akka, the entire redistribution can recover from ervor and be
easily rerun.

[60624] 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, vitimately,
itis still implemented as a pub-sub. Figure 3 is a block diagram of an

embodiment of an example system tHustrating specialized backend processing.
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In Figure 3, the pub-sub pattern is replaced so that the distribution of the
processing piece is either directly rendered in a heterogensous enviromment or
the redistribution occurs in a truly unified manner. The result 1s that the
distributed nature of the processing side is utilized directly.

S [6028]  Figure 3 illustrates an example system 300 that provides a specific
arrangenent of a first plurality of first nodes 302-1,302-2 . 302-Jand a
second plurality of second nodes 303-1, 303-2 . .. 303-N. The svstem 300 can
include a first process head node 306 arranged to coordinate procassing of the
first plurality of first nodes 302-1, 302-2 . .. 302~} and to receive the request and

10 distribute the request fo selected first nodes of the first plurality of first nodes
302-1, 302-2 ... 302-1 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 . . . 302-1. The svstem 300 can
mnclude a composite node 309 to generate an output from compositing results 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 can be arranged m a one-to-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 cutput 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
denvation, becomes a service of the processing mstead of a chient. fnthas

25  manner, if a differing distribution was needed or desired for a particular type of
rendering, the redistribution of the data (aka shuffle) could happen in the same
manner thal any calculation needed a differing distsibution would do so as
shown i Figure 6.

16627} Two varnations of Figure 3 are possible. One variation 15 shown in

30 Figwre 4, where Figure 4 1¢ a block diagram of an example embodiment of a

specialized backend processing system 400 having a single type A node feeding

multiple tvpe B nodes. The division of labor between the two types 1s 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 distnbuted in a plurality of sets of selected second
nodes. As shown, the second nodes 403-1, 403-2 . . . 403-(IN-1), 403-N can be
distributed as a number of sets having two node types B. Though shown as sets
5 of two node tvpe Bs, the sets can include more than two node type Bs. In

addition, each set need not have the same 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 1s, two or more node types B, Each set of selected second

10 nodes can be arranged in 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.
Gutputs from each set of the plurality of sets of selected second nodes 403-1,
403-2 . 403-(N-1}, 403-N can be provided 1o compostie node 409 that can
outpiwt ant image. The image can be directly outpwt from the composite node

15 409
16028} The other variahion is foand m Figure 5, where Figure 5 13 a block
diagram 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

20 Type B Nodes. The system 500 can include selected first nodes 502-1, 502-2 ...
302-(5-1), 502-1 distributed in a plurality of sets of selected first nodes. As
shown, the first nodes 502-1, 502-2 . . 502-(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 same number of node types A. In

25 an embodiment, at least one set of the plurality of sets arranged from selected
first nodes 502-1, 302-2 .. . 502-(}-1), 502-} can have a plurality of selected first
nodes, that is, iwo or more node types A, Each set of selected first 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. Outputs from

30 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 image can be directly output

from the composite node 509.
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[6028] Figure 6 is a block diagram of an embodiment of an example system
600 tustrating shuffle prior 1o 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 1s

S operatively coupled to first nodes 602-1, 602-2 . .. 602-], 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
10 respective data hypercube, 1, 2. . N different from the data hypercubes of the
other selected first nodes and conversion occurs on the sefected second nodes
603-1, 603-2 . .. 603-N. The second nodes 603-1, 603-2 . . . 603-Ncanbeina
one-to-one relationship with the first nodes 602-1, 602-2 . .. 602-J. Outpuis
from each of the second nodes 603-1, 603-2 . . . 603-N can be provided to
15 composite node 609 that can output an image. The image can be directly cutput
from the composite node 609,
|663G]  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 cutside of the framework. This
20 allows for a few simplifications, most notably, where the commumication across
to the specialized processors is largely one~-wayv, out. By generalizing this
mechamsm, 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 derivation, where Figure 7 1s a block diagram of
25 an embodiment of an example of a unified pipeline for specialized compute. In
system 700, a render request can be recetved by process head node 706 that ig
operatively coupled to first nodes 702-1, 702-2 .. 702-1, which can be nodes of
node tvpe 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 763-1, 703-2
30 ... 783N, which can be nodes of tvpe B node. Each selected first node 702-1,
702-2 ... 702-Y can be arranged with a respective data hypercube, 1.2 .. N

different from the data bypercubes of the other selected first nodes. The second
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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-]. Bach selected second node 703-1, 703-2 . .. 703-
N can be arranged to provide a respective selected first node702-1, 702-2 ..
702~} to which it is in the one-io-one relationship with a data hvpercube resultant
from operation of the respective selected second node 703-1, 703-2 .. . 703-N.
The result show in Figure 7 can also mclude an image cutput as ilustrated 1o
Figure 6.

[6031] Distributed rendering is inherently a render-composite operation, which
can be mapped to 2 MapReduce pattern, but the result is a specialized
dimensional reduction, an image. Thus denvation 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, i.e. the result could be an another
Spark RDD or an equivalent mechanism as would be expected from the cutput
of a map() function call. To do so, the communication path out is mirrored on
the return and each distributed result is presented back as an element of the new
RBD. The process goes bevond miumicking a unified pipeline and actually
consiructs one.

[0032] Consider a unified compute derivation. If the closure for the
MapReduce is implemented in such a way that it can execuie on the given
computational resource, whether 1t 1s 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, Java and other languages that use virtual machines,
which could be run on all machines that can perform calculations, do not exist,
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
D3SL is translated into the appropriate language for the computational device at
the last possible moment. The other approach is to take the BSL and compile it
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 AOT compilation on the

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

10
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mecharnisms, since the compilation section of the language need not be
distributed as part of the runtime deployment.

166331 Consider predictive streaming update derivation. Figurc 8isa
representation of a moving window 820 i1 a two dimensional (21) grid in
streaming update including a prediction process. The 2D grid containg 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, g prediciion is generated at 824, which is then streamed
as an update at 826, The streamed update provides the new state 824, This
scenaric 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 interast is a cubse.
[3434] Figure 91g a block diagram of an embodiment of an example aysiem
200 with predictive streaming. Process head node 906 is operatively coupled to
first nodes 902-1, 902-2 . . . 902-J, which can be nodes of node tvpe A, each
node having a respective data set 1, 2, .. . J. The first nodes 902-1, 802-2 . .
9G2-¥ can be operatively coupled to second nodes 203-1, 903-2 . . . 903-N, which
can be nodes of type B node. Each selected first node 202-1, 902-2 .. 902-§
can be arranged with a respective data hyvpercube, 1,2 .. N different from the
data hypercubes of the other selected first nodes. The second nodes 903-1, Y03~
2 ... 903-N can be in a one-to~one relationship with the first nodes 902-1, 902-2
... 902-). Each selected second node 903-1, 903-2 . . . 903-N can be mrrangad to
provide a respective selected first node 902-1, 902-2 . 902-J to which it is in
the one-to-one relationship with a data hyvpercube 1, 2, .. N that is resultant of
prediction of need.

[6635] The system 900 can be arranged as a server-side distributed systain
including the process head node 906 arranged 1o coordinate processing of the
first plurality of first nodes 902-1, 902-2 . .. 902-J. The process head node 906
can be arranged with respect to a predictive model of an N-dimensional
hypercube of data and/or metadata, where the N-dimensional 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 206 can stream, to a
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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 metadata 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
5 hypercubes of data and/or metadata provided by operation of the plurality of

second nodes second nodes 203-1, 903-2 . 903-N in response to mapping from
the plurality of first nodes 902-1, 902-2 . . . 902-]. The process head node 906
can be arranged 1o receive feedback from the client 94¢ as input o the predictive
model 1o operatively reduce the dimensionality of the N-dimensional hypercube

10 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.
[3136] There are a number of good reasons 1o have some amount of
information managed at a client. Latency is the most obvious. A further

15 dernivation is to use a server-side distributed system as a predictive model of an
N-dimensional hvpercube of data. Based on clhient-side feedback, the predictive
model reduces the dimensionality its hvpercube and subsets the result down to a
delta (A) that will be needed by the client for it to continue to respond to user
requests. This delta can be streamed 1o the client for consumption. This delta,

20 the difference between what the client has and what is needed, 1s the only set of
the ertire dataset sent by the service.
[6037} It is important to note the predictive model can be created via deep
learning, machine learning, or programmatic heuristics. In the case of a learning
model, the model would be continuously updated based on the chient feedback

25 The N-dimensional hypercube on the server-side is equal to or larger than the
hypercube stored on the client. The method will work for anv value of N. Part
of the predictive model includes determinung the dimensionality of the
hypercube needed by the client. For mstance the predictive model may
determine that a new type of data will be needed by the client, which would add

36 adimension to the client’s hypercube. Part of the predictive model can include
determining the data needed 1o populate or update the client hvpercube. For

mstance, if the chient 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
o the user asking to access that region. This predictive model 15 not constrained
to data model viewing but can be a predictive model of user intent, including
process goals.

S (0038 Statelessness is important so that dropped messages don’t introduce
cunulative error nto the svstenm. Therefore, the client feedback must be
“absolute”, meaning it must be relative ondy fo some well-known origin for the
dimension of the hypercube. Additionally, message compression can occur
etther client-side or server-side.

10 [6039] The system archutectures associated with Figures 1-9 can be used as
bulding blocks. Features of the system architectures associated with Figures 1-9
can be combined to form new architectures. For example, a system can be
structured as a comnbinalion of system 400 of Figure 4 and systern 300 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 single head
node to control operation of a system structured as system 400 in parallel system
500. Other combinations can be implemented.

[0040]  In addition, each type processing node can be implemented with
respect to a type of processor. Each processing node may include or have access

20 to amemory uril. A memory unit can be realized as a machine-readable storage
device that can comprise instructions, data, and/or metadata stored therson,
which, when executed by one or more processors cause performance of
operations. Further, a memory wnit such as a machine-readable siorage device,
herein, is 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

evice, an opiical 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 modiude may be implemented as a single unit m some
application, terms such as "roeroory roodule,” "machive-readable medium,™ "

machine-readable device," and sinular terms should be taken 1o include ali forms
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of storage media, either in the form of a single medium (or device) or mudtiple
media {or devices}, in all forms.
[0041} Figure 10 15 a flow diagram of features of an embodiment of an
example method 1000. At 1010, arequest 15 operated on using a first plurality of
S first nodes, each first node being a first type of processing unit. Each first node

carn 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 i3 operated on with respect to the request. each second node being 4

10 second fvpe 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 1o respond 10 the request using data and/or
metadata it holds and/or operable in response 1o data and/or metadata from one

15  or more of the first nodes. At 1030, responses are output from operation of the
first plurahty and the second phuralily in a format appropriate to respond to the
reguest.
[0042] Various architectures or combination of architectures of systems
similar or identical to the architectures associated with anv of Figures 1-9 or

20 combmations thereof can be implemenied to perform method 1000 or portions
thereof. Method 1000 or methods siniilar 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 limited to, appropnate filters and maps. Method 1000 or methods

25 sinvlar to method 1000 can include 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.
16643} Variations of method 1040 or methods similar {0 method 1000 can

30 include coordinating processing of the first plurality of first nodes by a firet
process head node; coordinating processing of the second plurality of second

nodes by a second process head node; and receiving the request at a request
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broker node and providing the request to the first plurality of first nodes from the
request 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.

[0044] Method 1000 and/or vanations of method 1000 or methods sinular to
method 1000 can include coordinating processing of the first plurabity of first
nodes by a first process head node; receiving the request and disinbuiing the
request to 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 generating an outpi from compostting 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 selected
second nodes arranged i a one-to~one relationship with a respective selected
first node. In various implementations, each selected first node can be arranged
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 sets of selected second nodes, each set of
selected second nodes arranged in a one-to-one relationship with a respective
selocted 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 selacted
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 output can
mclude generating the output as an image divectly from the second nodes.
[0045] Method 1000 and/or variations of method 1000 or methods simmlar to

method 1000 can include providing the selected first node to which each selected
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second node is i the one-io-one relationship with a data hypercube resultant
from operation of the respective selected second node. Such methods can
include operating a process head node arranged in a server-side distributed
system including: coordinating processing of the first plurality of first nodes by
5 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 hyvpercube of data and/or metadata being distributed among the first
nodes of the first plurality of first nodes; streaming to a clent a delia of hyper
dimnensionality and/or data and/or metadata with respect to a yvpercube 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 delfa 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 nodeg; 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-dimenstonal hypercube on the server-side can be equal
to or larger than the hvpercube stored on the client.
[0046]  Simular 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 1o form new
processing proceduras.
[6047F 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 consumesr and producers for easier
implementations of new hardware devices or software languages.
Heterogeneous hardware environmenis optinize cost by utilizing expensive
and/or spectalized hardware components (for example, GPUs) at quantities

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

arallelized transport.
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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 iroportant. Combining these
two needs to provide a heterogeneous, distributed, elastic platform can create a

S compute/visualization environment not, currently, in existence, for example in
the a1l & gas space.
[0049] The following are example embodiments of methods and systems in
accordance with the teachings herein.
[0050] A systermn 1 can comprise: a request input; a first plurality of first

10 nodes, 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, cach 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 type of processing unit, each second node operable in paraliel

15 with the other second nodes of the second plurality, each second node operable
to respond (o the request using exarnining 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 type of processing node being different from the first tvpe of
processing node; and an output to send responses from operation of the fiest

20 plurality and the second plurality 1 a format appropriate to respond to the
request.

[0051] A system 2 can include elements of system 1 and can include
ransformations to provide data and/or metadata from the first plurality of first
nodes to the second plurality of second nodes.

25 [0DR2] A system 3 can include elements of any of systems 1-2 and can include
a first process head node 1o 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 systern 4 can inchide elements of any of systems 1-3 and can mclude
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
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plurality 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,
60541 A system 3 can include elements of sysiem 4 and elements of any of
S 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 reguest broker node 15 operable to trigger the first process head node to start
appropriate fransformations with respect to respond 1o the request.
[B055] A systemn 6 can mclude elements of any of systems 1-3 and can include

10 afirst process head node arranged to 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 cutput from

15 compositing results of operation of the selected second nodes.
[8056] A systermn 7 can nclude elements of system 6 and elements of any of
syetems 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.
[B057] A system & can mclude elements of system 7 and elements of any of

20 sysiems 1-6 and can mclude each selected first node being asranged with a data
hypercube different from the data hypercubes of the other selected first nodes
and conversion occurs on the selected second nodes.
[0058] A systemn 9 can include elements of system 8 and elemenis of any of
svstems 1-7 and can mclude 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 resultant from operation of the respective selected second node.
[#088] A system 10 can include elements of system 6 and elements of any of
systems 1-3 and 7-9 and can include the selected second nodes being distnibuted
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.
[6066G] A system 11 can include 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 phurality 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.
[0061] A system 12 can include elements of system ¢ and elements of anv of
systems 1-3 and 7-11 and can include the composite node being arranged fo
S generate the output as an image directly from the second nodes.

[0062] A system 13 can include elements of system 9 and elements of any of
systems 1-8 and 10-12 and can mclude 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-dirnensional 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; siream to 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 needs, the delta based
on hypercubes of data and/or metadata provided by operation of the phurahity 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 hy percube of data and/or

20 metadata based on the fesdback.
[6063} A system 14 can include elements of system 13 and elements of any of
systems 1-12 and can inchude the N-dimensional hypercube on the server-side
being equal to or larger than the bypercube stored on the chient,
16064] A method 1 can comprise: operating on a request using a first plurality

25 of first nodes, each first node being a first tvpe 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 1o the request by examining data and/or
metadata it holds against the request; operaiing a second plurality of second
nodes with respect to the request, cach second node being a second type of

30 processing unil, 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
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and/or metadata from one or more of the [irst nodes, the second type of
processing node being different from the first type of processing node; and
outputiing responses from operation of the first plurality and the second plurality
in a format appropriate to respond 1o the request.

5 [00658] A method 2 can include elements of method 1 and can include using
transformations to provide data and/or metadata from the first plurality of first
nodes fo the second plurality of second nodes.

[8066] A method 3 can include elements of any of methods 1-2 and can
mclude receiving all requests in a first process head node; coordinating

10 processing of the first plurality of furst nodes by the first process head node; and
coordinating processing of the second plurality of second nodes by a second
process head node.
[3367F 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.
[3068] A method 5 can include elements of method 4 and elements of any of

20 methods §-3 and can inchude triggering the first process head node to start
appropriate transformations with respect {0 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.
16069] A method 6 can include elements of any of methods 1-3 and can

25  include coordinating processing of the first plurality of first nodes by a first
process head node; receiving the request and distributing the request to selected
first nodes of the first plurality of first nodes; recetving data and/or metadata
from the selected first nodes at selecied 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 divectly from the second

nodes.
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[6076}] A method 7 can include elements of method 6 and elements of any of
methods 1-5 and can include receiving data and/or metadaia from the selected
first nodes at selected second nodes of the second plurality of second nodes to
include receiving the data and/or metadata with each of the selected second
nodes arranged in a one-to-one relationship with a respective selected first node.
[6671} A method 8 can include elements of method 7 and elements of any of
methods 1-6 and can include each selected tfirst node being arranged with 3 data
hypercube different from the data hypercubes of the other selected first nodes.
[8072] A method 9 can include elements of method 8 and elements of any of
methods 1-7 and can inclade 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.

[3473] A method 16 can include elements of method 6 and elements of any of
methods 1-5 and 7-9 and can include receiving data and/or metadata from the
selected first nodes at selected second nodes of the second plurality of second
nodes {o include recerving 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.

[#074] A method 11 can include elements of method 6 and elements of any of
methods 1-3 and 7-10 and can include recetving data and/or metadata from the
selected first nodes at selected second nodes of the second plurality of second
nodes to include receiving the data and/or metadata with the selected first nodes
distributed m a plurality of sets of selected first nodes, each set of selected first
nodes arranged in a one-io-one relationship with a respective selected second
node.

[3758] A method 12 can include elements of method 6 and elements of any of
methods 1-5 and 7-11 and can include generating the ouiput to include
generating the output as an image directly from the second nodes.

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

j—

methods -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

[

s
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plurality of first nodes by the process head node, the process head node arranged
with respect to a predictive model of an N-dirmensional hy percube 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; sireaming to
S aclient a delta of hyper dimensionality and/or data and/or metadata with respect

to a hypercube 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 in response o mapping from the plurality of first nodes; and

10 receiving feedback from the client as input to the predictive model to operatively
reduce the dimensionahity of the M-dimensicnal hvpercube of data and/or
metadata based on the feadback.
[377F A method 14 can include elements of method 13 and elements of any
of methods 1-12 and can include the N-dimensional hypercube on the server-side

15  being equal to or larger than the hypercube stored on the client.
[6678]  Although specific embodiments bave been illustraied and described
herein, 1t will be appreciated by those of ordinary skill in the art that any
arrangerent that is calculated to achieve the same purpose may be substituted
for the specific embodiments shown. Various embodiments use permutations

20 and/or cornbinations of embodiments described herein. [t 18 o be understood
that the above description is intended to be illustrative, and not restrictive, and
that the phraseclogy 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 deseription.
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Claims

What is claimed is:

1. A system comprising:

a request input;

a first plurality of first nodes, cach first node being a first type of processing unit,
cach first node operable 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 it holds
against the request;

a second plurality of second nodes, each second node being a second type of
processing unit, each second node operable in parallel with the other second nodes of the
second plurality, each second node at least one of operable to respond to the request using
data and/or metadata it holds and operable in response to data 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;

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 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, wherein each of the selected second
nodes is arranged in a one-to-one relationship with a respective selected first 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.

2. The system of claim 1, wherein the system 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 further includes:
a second process head node to coordinate processing of the second plurality of
second nodes; and

a request broker node to receive a request from the second plurality of second nodes

23
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and to provide the request to the first plurality of first nodes.

4. The system of claim 3, 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 is operable to trigger the first process head node to start appropriate transformations

with respect to respond to the request.

5. The system of claim 1, wherein the system includes a composite node to

generate an output from compositing results of operation of the selected second nodes.

6. The system of claim 5, wherein

cach selected first node is arranged with a first data hypercube different from data
hypercubes of the other selected first nodes and conversion occurs on the selected second
nodes; and

cach selected second node is arranged to provide the selected first node to which it
is in the one-to-one relationship with a second data hypercube resultant from operation of

the respective selected second node.

7. The system of claim 5, 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-to-one relationship with a
respective selected first node; or

the selected first nodes are distributed in a plurality of sets of selected first nodes,
cach set of selected first nodes arranged in a one-to-one relationship with a respective
selected second node; or

the composite node 1s arranged to generate the output as an image directly from the

second nodes.

8. The system of claim 6, wherein the system is 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 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
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the first nodes of the first plurality of first nodes;

stream to a client at least one of a delta of hyper dimensionality and a delta of 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 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 metadata based on

the feedback.

9. The system of claim 8, wherein the N-dimensional hypercube on the server-side is

equal to or larger than the hypercube stored on the client.

10. 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 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 processing unit, each second node operating in parallel
with the other second nodes of the second plurality, each second node at least one of
operable to respond to the request using data and/or metadata it holds and operable in
response to data 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;

coordinating processing of the first plurality of first nodes by a first process head
node;

receiving the request and distributing the request to 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, 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 each of the selected second nodes arranged

in a one-to-one relationship with a respective selected first node; and
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outputting responses from operation of the first plurality and the second plurality in

a format appropriate to respond to the request.

11. The method of claim 10, wherein the method includes:
one of:
using transformations to provide data and/or metadata from the first
plurality of first nodes to the second plurality of second nodes; and
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.

12. The method of claim 10, wherein the method further includes:

coordinating processing of the second plurality of second nodes by a second
process head node;

receiving the request at a request broker node and providing the request to the first
plurality of first nodes from the request broker node; and

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.

13. The method of claim 10, wherein the method includes:
compositing results of operation of the selected second nodes; and

generating an output from compositing the results directly from the second nodes.

14. The method of claim 13, 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 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, 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-
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to-one relationship with a respective selected second node, wherein generating the output
includes generating the output as an image directly from the second nodes, wherein each
selected first node is arranged with a data hypercube different from the data hypercubes of
the other selected first nodes, wherein the method includes providing the selected first node
to which each selected second node is in the one-to-one relationship with a data hypercube

resultant from operation of the respective selected second node.

15. The method of claim 14, wherein the method includes operating a process head
node arranged in a server-side distributed system including:

coordinating processing of the first plurality of first nodes by 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 at least one of a delta of hyper dimensionality and a delta of
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 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

receiving 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,

wherein the N-dimensional hypercube on the server-side is equal to or larger than

the hypercube stored on the client.
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