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Scalable Method And Apparatus For Parallel Computation Using
Hybrid Heterogeneous Processor Capable Of Dynamic Resource

Configuration

Field of the Invention

[0001] The present invention relates to parallel computing. Specifically, the
present invention relates to system and method for parallel computation using hybrid

heterogeneous processor.
Background

[0002] Conventional software techniques that relies on general purpose
processor alone for computation analysis. These techniques generally suffer from
latency issues due to computationally intensive nature of multiple applications acquiring
massive amount of data such as financial instrument analytics modeling, which requires
quick processing for rendering the required analytical results within a reasonable time

frame.

Summary

fo003] In accordance with one aspect of the present invention, there is provided
a method to determine an application execution path on a parallel computing
environment. The method comprises analysing inputs data set characteristics and data-
set parameters; analysing characteristics of algorithms and algorithm parameters;
determining available computing resources and compute-resource parameters; and

selecting and configuring specific path for execution based on said outcome.
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[0004] In one embodiment, the method further comprises receiving input from a
data preparation unit; and receiving feedback from a resource selection and
configuration unit adapted for the selecting and configuring the specific path. The
receiving feedback further comprises reformatting data to suite the available resource
based on a ranked criteria. Further, selecting and configuring the specific path further
comprises receiving inputs from data set analyser, algorithm analyser and compute
resource analyser; receiving heuristic rules from heuristic rules database; and

determining an optimal configuration selection based on the heuristic rules.

[0005] Further the method comprises identifying Available Data-Sets,
Algorithm List, Compute-Resource list and make an Initial Data-set List, Algorithm-
List, Compute-Resource-List; selecting a parameter from an Initial Data-Set List;
adding the parameter to an Ordered Data-set List based on the heuristic rules; selecting
a parameter from an Initial Algorithm-Set List; adding the parameter to an Ordered
Algorithm-set List based on the heuristic rules; selecting a parameter from an Initial
Compute Resource-Set List; adding the parameter to an Ordered Compute Resource-
Set List based on the heuristic rules; selecting a parameter from the Ordered Data-set
List starting from the first parameter against other parameter listed in the Ordered
Algorithms List by satisfying specific heuristic rule; adding a node to a Rule Based
Ordered List; checking the parameters matching with the specific heuristic rules;
selecting the ordered parameters from rule based ordered list; selecting one parameter
from rule based ordered list satisfying the specific heuristic rule; adding a paired

parameter to the rule based pair list for the data-set and the algorithm; selecting one

paired parameter pair from the rule based ordered list of data-set and algorithm that

satisfies a specific heuristic rule; adding the paired parameter to rule based triplet list
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comprises the data-set, the algorithm and the computing resource; selecting a triplet
parameter from rule based triplet list; selecting an optimum configuration; ranking the
optimum configuration based on ranking rules with specific matching from rules
database; selecting specific configuration if the specific configuration is available; and
selecting a lower rank configuration if the optimal configuration is not available. The

method may further comprise returning status if the selected path is not available.

[0006] In another aspect of the present invention, there is provided a system for
determining an application execution path on a parallel computing environment. The
system comprises a data-set analyser that operably analyses input data-set
characteristics and determine data-set parameters; an algorithm analyser that operably
analyses characteristics of algorithms and determine algorithm parameters; a compute-
resource analyser that operably analyses available computing resources and determine
compute-resource parameters; a resource selection and configuration unit that selects
and configures specific path for execution based on the outcome rendered by the data-

set analyser, the algorithm analyser and the computer-resource analyser.

[0007] In one embodiment, the data-set analyser further comprises a data
configuration selector operably selecting an appropriate data configuration based on
input from resource selection and configuration executor; an algorithm configuration
selector operably selecting an appropriate algorithm configuration based on input from
resource selection and configuration executor; and an compute-resource selector
operably selecting an appropriate computing resource and configuration based on input

from resource selection and configuration executor.
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Brief Description of the Drawings

[0008] Preferred embodiments according to the present invention will now be
described with reference to the figures accompanied herein, in which like reference

numerals denote like elements;

[0009] FIG. 1 illustrates a three dimensional chart of data-set configuration
against algorithm configuration against compute resource configuration for a parallel

computing framework that are considered in the present invention;

[0010] FIG. 2 illustrates an overall computing network in accordance with one

embodiment of the present invention;

[0011] FIG. 3 illustrates schematically architecture of the computing network of

FIG. 2 in accordance with an embodiment of the present invention;

[0012] FIG. 4 is a block diagram illustrating the operational flow of the

computing network in accordance with one embodiment of the present invention;

[0013] FIG. 5 exemplifies an execution flow in accordance with one

embodiment of the present invention;

[0014] FIG. 6 illustrates an initialization process in accordance with one

embodiment of the present invention;

[0015] FIG. 7 illustrates a processing flow of the analyzer of FIG. 4 in

accordance with one embodiment of the present invention;
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[0016] FIG. 8 illustrates a diagram of the data preparation unit of FIG. 4
preparing data for classification in accordance with one embodiment of the present

invention;

[0017] FIG. 9 exemplifies a process flow of data formatting in accordance with

one embodiment of the present invention;

[0018] FIG. 10 illustrates a block diagram of the algorithm preparation unit of

FIG. 7 in accordance with one embodiment of the present invention;

[0019] FIG. 11 illustrates a process flow in accordance with one embodiment of

the present invention;

[0020] FIG. 12 illustrates execution portion for data path of one embodiment of

the present invention;

[0021] FIG. 13 illustrates a flow diagram of the computation resource selector

in accordance with one embodiment of the present invention; and

[0022]- FIG. 14 illustrates a process flow for algorithm selector in affordance

with one embodiment of the present invention.
Detailed Description

[0023] Embodiments of the present invention shall now be described in detail,
with reference to the attached drawings. It is to be understood that no limitation of the
scope of the invention is thereby intended, such alterations and further modifications in

the illustrated device, and such further applications of the principles of the invention as
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illustrated therein being contemplated as would normally occur to one skilled in the art

to which the invention relates.

[0024] FIG. 1 illustrates a three dimensional chart of data-set configuration
against algorithm configuration against compute resource configuration for a parallel
computing framework that are considered in the present invention. The cross markings
“X” indicate possible optimal or desired matching conditions. At it can be shown, the
optimal matching conditions may not necessary be set based on one specific
configuration, but rather, a mixture of data-set, algorithm and compute resources based
a determination in real-time, i.e. various use-case may have the cross marking at a

different position.

[0025] FIG. 2 illustrates an overall computing network 200 in accordance with
one embodiment of the present invention. The computing network 200 includes servers
201, client computers 202, and databases 203. These devices may be connected via a
WAN (including internet) 205 or LAN 206 networks. Each of the servers may further
includes one or more processing units, such as Central Processing Units (CPU) 212,
Graphical Processing Units (GPU) 211, Field Programmable Grid Arrays (FPGA) 213,
or the likes. Each of the processing units or arrays may be single or multi-core
processing units. The databases 203 may be any one or more central databases that
collate data from various sources. For example, a database that stores finance related
information for computing value at risk (VAR) on a financial system may contains a
vast amount of historical data, which requires high computational resources to process

the data.
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[0026] The servers 201 acquire a large amount of data from the databases 203.
The client computers 202, or simply clients, include applications adapted for displaying
or outputting results processed by the computing network. These applications further
provide interaction and control module between the users and the servers 201. The
servers 201 can be used as a dedicated computational unit, or viewing client, or the

database can be part of server 201.

[0027] FIG. 3 illustrates schematically architecture of the computing network
200 of FIG. 2 in accordance with an embodiment of the present invention.
Computations on the server 201 are handled by one or more processing units 350,
which include CPU, GPU and/or FPGA under a parallel computing environment. The
server 201 includes a communication layer 311, which allows the server 201 to connect
to the computing network 200, an interface layer 312 of the server 201, which facilitates
computation services to the client computer’s 202 application, and a parallel computing
library 313, which facilitates services on the server 201. The communication layer 311
may provide a web service allowing the client computers 202 to interact with the server
201. The interface layer 312 includes a database interaction interface 321, a data
handler interface 322, a task handler interface 323 and a resource handler interface 324.
For the purpose illustrating the present invention, the services of the parallel computing
library 313 exemplifies herein includes equity VAR 331, interest rate VAR 332, Monte
Carlo 333, supporting functions 334 such as text sort/searches, and etc., which are to be

processed by the processing units 350.

[0028] The server 201 computes the data stored on the databases 203, which can

be a local database or a remote database as input source. The client computer 202



10

15

20

WO 2014/163484 PCT/MY2014/000052

accesses the services available on the server 201 through the web service, which also

provide a user interface (UI) 351.

[0029] FIG. 4 is a block diagram illustrating the operational flow of the
computing network in accordance with one embodiment of the present invention. As
shown, a user 401 uses the client computer 202 to access services on the server 201
through the user interface available from the web service from the server 201. The
client computer 202 consists of user interaction components 402, which include server
interaction component 403, a display 404, and user data location and server
configuration component 405. The user data location and server configuration
component 405 allows the user 401 to configure the server 201 to acquire computation
services therefrom, and define the raw data location. Preliminary processing can be
done at the client computer’s 202 side to place the data in appropriate data form. Such
preliminary processing is done through a data locator 406, a raw data parser 407, a raw
data processor 408 and data loader 409. It is readily understood to a skilled person that
the data locator 406 allows user to select input data source, which can be local or remote
data source. Local data source includes files and data stored on the client computer 202
storage while the remote data source may be references such as hyperlink, to a remote
data source. The raw data parser 407 and the raw data processor 408 processes and
converts the input data into a suitable format for processing by the server 201. The
processed data from the client computer 202 are transmitted to store as part of the

database for processing by the server 201.

[0030] The server 201 on the other hand consists of a main manager 451, a data
handler 452, an analyzer 453 and a computation handler 454. The main manager 451

handles the overall processing flow on the server. The main manager 451 triggers the
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data handler 452 by passing data pointer to input/output extractor 461 of the data
handler 452. Once data is extracted from database 203, a data preparation unit 462 of
the data handler 452 provides a first level data processing for efficient data
representation or standard format to support next level of analysis and to make eventual
data processing more efficient. The first level data processing includes creating
mapping tables, and identifying unique fields. The input/output data extractor 461 also
decouples results and formats the results back to desired format to suite respective
database table format. The analyzer 453 determines the input data types, algorithms to
execute and the resources to use to achieve desired output. Once analysis is completed
at the analyzer 453, main manager 451 is triggered to passed the analyzed results to an
execution unit 471 of the compute handler 454 for handling the computations through
the processing units under the parallel computing. The analyzed results are also stored
on a server database 455. The compute handler 454 is adapted primarily to receive
resources information, the requirements information, required operational instructions
from the main manager and handle processing accordingly. The compute handler 454
comprises a resource configurator and selector 472, a data processing unit 473 and an
algorithm configurator/selector 474. The resource configurator and selector 472 is a
unit that determines the computational resources available on the server 201 and select
an appropriate path accordingly. The data processing unit 473 determines the type and
possibly the amount of data to be processed to manage the data to be processed by the
respective processors. The data processing unit 473 may partition or segment the data,
for example, segmenting the data for streaming based on main memory, local memory
and register memory. Once execution done, pass back to data processing unit to merge
back the partial results. The algorithm configurator and selector 474 is an algorithm

functional unit. It manages and prepares algorithm for execution (i.e. initializes,



10

16

20

WO 2014/163484 PCT/MY2014/000052

10

prepares hardware), partitions algorithm sequential, parallel, loops, and recursive — just
the execution part. Considering the resources information, data to be processed and the
algorithm required for processing data, a selected path can be established, the data will
be channeled according for execution. When the path is not available, feedback is given

to analyzer 453.

[0031] The compute handler 454 further comprises function controllers 475,
476, 477 for the respective CPU, GPU and FPGA, for executes instruction from the
execution unit based on the selected path. Each controller may be adapted to control

one or more (1...n) processing engines, where available.

[0032] FIG. 5 exemplifies an execution flow in accordance with one
embodiment of the present invention. Example is shown for a possible execution path
selection for a given task that is to sort certain set of data, i.e. the request from user is
from data set perspective at step 501. The request from user to sort certain set of data
includes providing parameter field and orientation (i.. ascending/descending), and the
server shall compute accordingly and provide with a sorted results. The users need not
to be aware of the path to select as it will be determined automatically. Once request is
made to sort data, the input data will be analyzed first at step 502. The input data
includes parameters for the data set which will be used for heuristic rules matching are
data field size 511, data field type 512 and number of records requires sorting 513.
Available algorithm will then be classified at step 504 based on optimized performance
and execution capability within execution environment. In this example, three

algorithms are available: Algorithm A1, A2 and A3.



10

15

20

WO 2014/163484 PCT/MY2014/000052

11

[0033] Algorithm Al is provided for sorting text data type using an index to the
record and the required string field data; Algorithm A2 is provided for sorting float or
integer data type using an index and the required integer or float field data; and
Algorithm A3 is provided for sorting text data type by splitting the input data into
different chunks to be processed independently using an index to the record and the

required string field data.

[0034] The processing resource status will further be determined at a resource
analysis 506. There are two GPUs 532, 534 available in this given example, one
capable of supporting up to 2GB of data and the other capable of supporting up to 4GB

of data.

[0035] There are three possible paths to execute. The rules to select execution

path for this example will be:

[0036] EP1 - When the user requires to sort data type integer, and the size of
data to sort (i.e. field size (p) X number of records to sort (q)) is less than 2 GB of data,
thus it can be fitted to either one of the GPUs 532, 534, and the Algorithm A2 shall be

used for processing. Based on the resources analysis, the execution path will be

utilizing GPU 532 for optimal result.

[0037] EP2 - When the user requires to sort data type text, and the size of data
to sort (i.e. field size (p) X number of records to sort (q)) is more than 2 GB of data but
less than 4 GB, thus it can be handled only by the GPU 534 as GPU 532 does not have

sufficient resource to handle this request. Algorithm Al shall be used in this case.
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[0038] EP3 - When the user requires to sort data type text, and the size of data
to sort (i.e. field size (p) X number of records to sort (q)) is more than 5 GB of data but
less than 6 GB, both GPUs 532, 534 will be utilized in parallel to process the request.
Algorithm A3 will be utilized to segment the data between the two GPUs for parallel

processing.

[0039] When the conditions are not met to provide an execution path, an error

alert will be returned to the user.

[0040] FIG. 6 illustrates an initialization process in accordance with one
embodiment of the present invention. At step 601, initialization parameters are acquired
based on XML/file configuration 602, such as server location and customization. The
configuration file that can be resided in another machine will be obtained at step 603.
At step 604, server initialization will be initiated based on input parameters such as
database location etc. At step 605, the data is being prepared at the server under the

parallel computing environment.

[0041] FIG. 7 illustrates a processing flow of the analyzer 453 of FIG. 4 in
accordance with one embodiment of the present invention. The analyzer comprises a
data set analyzer 702 that analyses data set parameters, an algorithm preparation unit
704 that classifies and segregates available algorithms, a compute resource analyzer 706
that analyses computing resource 750 of the respective processing units, and a resource
selection and configuration unit 708 that selects an optimal execution path for
computing and processing the data. As shown in FIG. 7, the data set analyzer 702
recetved input 712 from the data preparation unit 462 of FIG. 4. During the path

selections, the resource selection and configuration unit may feedback to the data set
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analyzer and the data may be reformatted at the data set analyzer 702 when the selected
path is not available. It is to be noted that the present embodiment provides a rule-
based selection and rules are generated based on historical experience. When a rule is
selected and the data set is formatted accordingly, it will be executed. However, the
selected configuration may be put in queue at the processor, and when a particular
kernel (such as GPU execution unit) gets overloaded due to the runtime requirements
(such as stack overuse), the selected configuration may fail to be executed, even though
optimal configuration is selected after checking the available resource. The feedback to
reformat the data set can be desired for new optimal configuration. Similarly, the
algorithm preparation unit 704 further receives sequential and parallel algorithms 714
operationally. The resource selection and configuration unit 708 further receives
heuristic rules from a heuristic rules database 716. Accordingly, the resource election
and configuration unit 708 may process the results from the data set analyzer 702, the
algorithm preparation unit 704 and the compute resource analyzer 706 to select an
optimal execution path based on the heuristic rules. Thereafter the resource election
and configuration unit 708 informs the main manager 451 of the selection outcomes at

step 710.

[0042] FIG. 8 illustrates a diagram of the data preparation unit 462 of FIG. 4
preparing data for classification in accordance with one embodiment of the present
invention. At step 801, the data is processed by the data preparation unit 462. The data
will be grouped and when required, bit packing at the data preparation unit 462. At step
802, the data are being classified by a data classification unit. The data classification
unit classifies data because GPU and FPGA process data in a specific data type. During

the data classification, data type is checked at step 810 and data size is checked at step
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820. The data types may includes, but not limited to, finance data 811, text data 812,
integer data 813 and floating data 814. At step 820, the data size checking also includes
checking data groupings at step 821, verifying columns/field at step 822 and checking

data alignments at step 823.

[0043] Once the data is classified, the data is being further processed at data
processing unit 473 at step 803, then the control will be passed to resource selection &
configuration unit 472 at step 804, to get feedback if data formatting is appropriate at
step 805. The data will then be mapped to index the same at step 806 and an index
mapping table will be created at step 807. A data relationship is also mapped out at

step 808 and a relational mapping table is created at step 809.

[0044] FIG. 9 exemplifies a process flow of data formatting in accordance with
one embodiment of the present invention. The illustrated diagram shows that data
formatting is carried out on GPU, i.e. the resource selection and configuration unit
selected GPU bit packing algorithm as the select the GPU as the execution path. Over
at the data handler, a huge data 901 is segmented into chunks. The data will be
processed at the data classification and index mapping 902 and a specific data bit index
table 904. The data passes through the data structure analyser 906 and a data
relationship map 908, such as tree flow structure, is created. Preferably, these are
carried out on the CPU. It is a one time processing to avoid moving data back and
forth. Accordingly, a bit packing table can be created to pack the bits based on relation
and unique field bit mapping. Once the path is selected, the data is sent to compute
handler for processing. And in the illustrated figure, as mentioned, a GPU is selected.
The compute handler first determines if data chunks are available for handling by the

GPU. Then it is being loaded onto the GPU 950. The data will be formatter to fit for
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GPU processing. The GPU 950 also receives the specific data bit index table 904. The
GPU 950 then indexes, maps, compresses/packs, and stores the newly presented data.

The original chinks are deleted accordingly.

[0045] FIG. 10 illustrates a block diagram of the algorithm preparation unit 704
of FIG. 7 in accordance with one embodiment of the present invention. The algorithm
processing unit 704 has an algorithm classification unit 1001 for classifying the
algorithm. The algorithm classification unit 1001 includes an algorithm analytical unit
1003, a data dependency analytical unit 1004, a performance analytical unit 1005 and a

processor analytical unit 1006.

[0046] The algorithm analytical unit 1003 further includes a functional specific
algorithm unit 1011 adapted for sorting, matching and searching; a logical specific
algorithm unit 1012 that provides logical functions such as recursive, procedural, serial,
parallel, interactive; an implementation specific algorithm unit 1013 for handling device
and conquer algorithm, and dynamic programming for implementation on sub-kernels;
and a complexity specific algorithm unit 1014 for handling algorithms in single and
double precision. The data dependency analytical unit 1004 is adapted for string
processing, initializing processing and floating point processing. The performance and
processor analytical units 1005, 1006 determine the available resources available to
execute the relevant algorithms. Besides availability of the resources, the performance
and processor analytical units 1005, 1006 will also determine the viability of the
respective processors to handle the respective algorithms. The viability is determined

based on the complexity in relation to the processor.
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[0047] FIG. 11 illustrates a process flow in accordance with one embodiment of
the present invention. The process starts with identifying an initial or available data-set,
algorithm and resource list is made based on current available parameters at step 1101.
The available parameters may include data-sets data type, size, number of records, total

record size etc.; the available parameters for algorithm may include complexity,

.execution environment, data type processing capability etc.; the available parameters for

resource may include number of processor available, global memory, local memory,
registers etc. The parameters would be initial individual variable parameters within
specific domain, i.e. data-set, algorithm or computing resource. At step 1102, the initial
list will be ordered according to heuristic rules e.g. “select size, followed by data type”.
At step 1103, the ordered data set list is created based on heuristic rules from Heuristic
Rule Database (HRDB). Example of the heuristic rule for data sets may include “for
data type int multiply number of records by 4 to get total size” followed by “add index
id of size 4 bytes per record”. These ordered lists are created within specific domain
based on respective rules from HRDB. At step 1104, the parameters are being checked
if all parameters are matched with ah specific HRDB rule. This cycle is iterated until

are the matching rules are rectified.

[0048] Next, the ordered parameters from the Rule Based Ordered List is
selected at step 1105. At step 1106, first level matching is done to create a Rule Based
Pair List between data-set and algorithm. The rules may include “for data type int

algorithm should be able to support int or float data type”.

[0049] At step 1107, from entries in first level matching, a second level
matching is done to create a Rule Based Triplet List (RBTL) comprises matching rules

for data-set, algorithm and compute resource configuration permutation based on
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heuristic rules. Examples of the rules may include “for data set type int with total size
less than 2GB and algorithm type int or float process compute resource capable of

supporting less than or equal to 2GB data should be used.

[0050] At step 1108, the triplet parameters from the RBTL are selected.

[0051] At step 1109, an optimum path is selected for particular execution.
Optimum path is selected based on hardcoded HRDB rules from previous execution
experience. For example, a rule that defines: “for any data less than size of available
FPGA and FPGA device algorithm and memory is available use FPGA device, rank it
1”. Through experience, it is recognized that FPGA is relatively faster, that form one
factor of the above rule. However, it is also known that when the data set is too small,
CPU is suitable than the FPGA because moving data to FPGA is relatively costly.

Accordingly, these two rules can be paired to formed said rule.

[0052] The step 1110 is provided to loop back to step 1109 to select the
optimum path. At step 1111, the path ranking is reviewed and checked. If the path
configuration is available at step 1112, a lower rank path configuration is chosen at step
1113 and return to the step 1111. The optimum path is ranked and verified if the
selection is available at step 1112, the information is passed to main manager at step

1114.

[0053] In short, the Initial Data-Set List is selected to create Ordered Data-set
List” based on Heuristic Rules from HRDB. The same is done to create the ordered
algorithm list and the ordered compute-resource list.  Subsequently, a rule based
ordered list is created for data-set, algorithm and the compute-resource. A rule based

pair list is created to pair data-set with algorithm, data-set with compute-resource and



10

15

20

WO 2014/163484 PCT/MY2014/000052
18
algorithm with compute-resource. Following that, the rule based triplet list combining
the data-set, algorithm and the compute-resource is created from the pair list. The

optimum configuration can be determined.

[0054] FIG. 12 illustrates execution portion for data path of one embodiment of
the present invention. At the data processing unit 1201, the data is being process by the
data set configurator/selector 1203 to determine an optimal path for processing the data.
Data is managed according to specific selected resource. Depending on the selected
path, the data may be split or merged by a data partitioning unit 1205. The data
partitioning unit includes a specific data splitting unit 1212, a specific data merging unit
1214, a partial result combining unit 1216 and a final results producing unit 1218.
Through these units, the data can be split or merge as required, and similarly, the partial
results can be combined and formed as one final results accordingly. The processed data
is then channeled to the respective handler, which includes a GPU data handler 1222, a
CPU data handler 1224 and FPGA data handler 1226, for processing. In the case of
GPU, the data is to be segments into GPU streaming data 1232, GPU global data 1234,
GPU local data 1236 and GPU register data 1238 for respectively placed on the GPU
registers, local storage or global storage for processing. In the case of CPU, the data

will be segmented for handling on the CPU RAM 1242 and I/O or hard disk drive 1244,

[0055] FIG. 13 illustrates a flow diagram of the computation resource selector
in accordance with one embodiment of the present invention. At step 1301, a trigger is
received for a specific computation resource configuration. At step 1302, the compute-
resource configuration and selection is triggered. At step 1303, the input data set will
be matched to perform specific computation resource configuration and this

configuration will be selected. At step 1304, if a matching path is available, the path
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will be selected for execution at step 1306. At step 1305, status that the matching path

not available will be returned if the path is not available.

[0056] FIG. 14 illustrates a process flow for algorithm selector in affordance
with one embodiment of the present invention. At step 1401, a trigger is received for a
specific algorithm configuration. At step 1402, the algorithm configuration and
selection is triggered. At step 1403, the input data set will be matched to perform
specific algorithm configuration and this configuration will be selected. At step 1404, if
a matching path is available, the path will be selected for execution at step 1406. At
step 1405, status that the matching path not available will be returned if path not

available.

[0057] While specific embodiments have been described and illustrated, it is
understood that many changes, modifications, variations, and combinations thereof
could be made to the present invention without departing from the scope of the

invention.
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Claims

1. A method to determine an application execution path on a parallel computing
environment, the method comprising:
analysing (502) input data-sets characteristics and data-set parameters;
5 analysing (504) characteristics of algorithms and algorithm parameters;
determining (506) available computing resources and compute-resource
parameters; and
selecting and configuring specific path (708) for execution based on the outcome

of the aforesaid steps.

10
2. The method according to claim 1, wherein analysing input data-sets
characteristics and data-set parameters further comprising:
receiving input from a data preparation unit (462); and
receiving feedback from a resource selection and configuration unit (472)
15 adapted for the selecting and configuring the specific path.
3. The method according to claim 2, wherein receiving feedback further comprises
reformatting data to suite the available resource based on a ranked criteria.
20 4. The method according to claim 1, wherein selecting and configuring the specific

path further comprising:

receiving inputs (712) from data set analyser (702), algorithm analyser (704) and

compute resource analyser (706);
receiving heuristic rules from heuristic rules database (716); and
25 determining an optimal configuration selection based on the heuristic rules.
5. The method according to claim 4, further comprising:

identifying (1101) Available Data-Sets, Algorithm List, Compute-Resource list
and make an Initial Data-set List, Algorithm-List, Compute-Resource-List;
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selecting (1102) a parameter from an Initial Data-Set List;

adding (1103) the parameter to an Ordered Data-set List based on the heuristic

rules;
selecting a parameter from an Initial Algorithm-Set List

adding the parameter to an Ordered Algorithm-set List based on the heuristic

rules;
selecting (1102) a parameter from an Initial Compute Resource-Set List;

adding the parameter to an Ordered Compute Resource-Set List based on the

heuristic rules;

selecting (1103) a parameter from the Ordered Data-set List starting from the
first parameter against other parameter listed in the Ordered Algorithms List by

satisfying specific heuristic rule;
adding a node to a Rule Based Ordered List;
checking (1104) the parameters matching with the specific heuristic rules;
selecting (1105) the ordered parameters from rule based ordered list;

selecting (1106) one parameter from rule based ordered list satisfying the

specific heuristic rule;

adding a paired parameter to the rule based pair list for the data-set and the

algorithm;

selecting (1107) one paired parameter pair from the rule based ordered list of

data-set and algorithm that satisfies a specific heuristic rule

adding the paired parameter to rule based triplet list comprises the data-set, the

algorithm and the computing resource;
selecting (1108) a triplet parameter from rule based triplet list;
selecting (1109) an optimum configuration;

ranking the optimum configuration based on ranking rules with specific

matching from rules database;
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selecting (1112) specific configuration if the specific configuration is available;

and

selecting (1113) a lower rank configuration if the optimal configuration is not
available.
6. The method according to claim 2, wherein receiving feedback from the resource

selection and configuration unit further comprises returning status if the selected path is

not available.

7. A system for determining an application execution path on a parallel computing
environment, the system comprising:

a data-set analyser (702) that operably analyses input data-set characteristics and
determine data-set parameters;

an algorithm analyser (704) that operably analyses characteristics of algorithms
and determine algorithm parameters;

a compute-resource analyser (706) that operably analyses available computing
resources and determine compute-resource parameters; the

a resource selection and configuration unit (708) that selects and configures
specific path for execution based on the outcome rendered by the data-set analyser

(702), the algorithm analyser (704) and the computer-resource analyser (706).

8. The system according to claim 7, wherein the data-set analyser further
comprises:
a data configuration selector (1203) operably selecting an appropriate data

configuration based on input from resource selection and configuration executor;

an algorithm configuration selector (474) operably selecting an appropriate
algorithm configuration based on input from resource selection and configuration

executor; and

an compute-resource selector (472) operably selecting an appropriate computing
resource and configuration based on input from resource selection and configuration

executor.



WO 2014/163484 PCT/MY2014/000052

1711
Algorithm
F Configuration
Compute
Resource
Configuration —
7 Optimal
ATT—A .
ﬁ' 11 Matching
% Conditions
Z -
&
Data-Sef
Configuration
FIG. 1 201
00 203

database
203 ( O
*1 database ‘ } '

202



WO 2014/163484

Client computer (202)

User- Web service
{Communication
Interface Layer)
351/
\l | User- Web service
(Communication
\\Interface Layen

PCT/MY2014/000052
2/
203 322 323
\ |
Server (201)
. DB
N \Communication Layfr ///311
Call interface for
specific \ Interface Layer / //312
computation 7 324
resuits |—
i | +— DB \ Data Task[ Resource T |
321 ™ Interaction | Handler | Handier | Handler 313
Parallel Computing Library =gl
e.g. Equity [e.g. interest| e.g. Monte | supporting
331\\\ VAR Rate-VAR Carlo functions, /334
203 ™~ e.g.testh
14 || §+ 4 | [sotkepro
B /c UIGPUFF d;A\ i' ///350
DB
332 333

FIG. 3



WO 2014/163484

PCT/MY2014/000052

203

3711
201
: - Sewer Entiy
401 ! 471 - Yoo
: \g\\ Executlon Unit  [e— |
: 472 | !
t
. N ——— !
xmi 473 E ™ R Confi tar! E
i esource Configura
con’s 451 474 ™ Selector 4 :
] 1
t
202 b\ 475\ ::\ 5
i ) 4 Data Precessing Unit e |
Main manager ! 1
i H !
406 Client Entity / H [ " PN v — |
N y 404 i L _| Algorithm Configuratorf s
I Data Locator User lnlem+n : 461 : Selector :
i i
407 ‘J i \'\l‘nputhulput Data ! N\ E
G l \ Server interaction ] A exiractor | ({GPU Function Controller '
S [} i ¢
Raw data parser \ ; t 46 l : :
408 : ata Preparation : GPU Engine 1 :
~ Rasults Display s Unit — : gine 1..n :
™~ Raw data t H H
processar! L 2 Data Handier H '
4 09 raformatter 1 | Bt 45 H ﬁ CPU Function Controller H
¢ User Data t \ H '
\\~ Location & Server : : :
DB data loader — Conﬁg;raﬁon N Analyzer / ‘ \
4 $ H CPU Engine 1.0 H
o L Arle 1 ! !
2 Uo [ T 4 —/t\ ' '
i 476 | i
1 ! FPGA Function H
database [} H Controller !
1
A i 3
- : |
: E
i i
1 {

- —— - - - e - -

- M. - . S . M S G o - -

L N L L R R I A R g e N R N e Y L L L



LR

WO 2014/163484

%

4/11

PCT/MY2014/000052

descending) — return sorted results

User — select sort - parameter field and orientation (e.g. ascending/ 501

Y

511 |

data analysis J Algorithm analysis J A1
504/[ /

T.7]1 Getfield size (p) e g it Text -> index + string
2 12 I )
L

i Y

L .-é-_; Resolve field

B Get no of
records (q)

t
1
i
'
1
]
t
]
]
]
]
]
[
]
1
1
]
1
1
1
1
'
'
'
'
]
]
1
Y.

3

506

| Resource analysis

A?_l——‘———

GPU 2GB GPU 4GB
""""""""""""" v _—:I _» Int/float-> index + int/fioat card card
f ’ e T 534
: ! A3: | 532 v
: ' Text (split + merge ) ->index |~ .
: : . +string N v !
: ! I
: | x ! Co
et ae e, T R R T ] .
513: ! : ; o
: e e e cceemeeem b .
____EP1 | ; , ;
Eg.Typeint |~ 1 i ! 1
& (pXa< ; L S :
2GB) : '
Eg. Type text & !
_____________ o (pXq>2G8,<4 EP3 :
GB) .
Eg. Type text & (p

X q > 5GB < 6B)

FIG. 5



WO 2014/163484

5/11

( Start Client )

PCT/MY2014/000052

750

\

602
601 ¥
~d Init Xml canfig
603 |
N
Get Config
Call inlt function in server with par
604 ¥
\‘mlt server instance
605 l
\\ Init and Prepare
Data at Server
712 714
Inpuit From Daia
Preparation Unit Sequential & Parallel
Algorithms
702 706
h 4 \ v e \‘
Algorithm ompute
22: i:: Preparation Resource
Y Unit Analyzer
716 708 1 [ ]

Haurtstic Rules
Database

\

Resource Selection & Configuration

h 2

—
710 Inform Main Manager

FIG. 7

» Compute Resource

(CPU)

Compute Resource
{(FPGA)

» Compute Resource

/ (GPU)

/

750



WO 2014/163484 PCT/MY2014/000052
6/11
801
\
\ Data Preparation Unit
802 l 810 820
AY 7
804 8 O 3 Data Classification unit |«—m={ Check Data Type »  Check Size
811 823
R S>ect‘ o \% * \ 74
BS0Urca Selectio ¢~ Data Processing A \
Configuration 8 0 5 ~ Finance Data L
[ ~ 812 Check Groupings »{ Chack Aligoments
Data Farmatter/ N———%
807 | Reformauar N 1
Text Data
\ 8 06 l 8 1 3 Verify Columns/
N N Fields \
Create index ; \
ina table l«——— Data Index Mapping | D,
809\\'““9 808 g14| " 822
) N
Cr:ate e Ialllznb‘semp Data Relationship Mapping Fioating Data

Data Handler

Done using CPU, 1 time processing (avoid

available

delete original chunk

]
]
: 902 moving da‘\ta back and forth)
! A v 904
I — /
: Chunk 1 Data Classification & Create specific data bit
1 . . .
X > index mapping index table
X Chunk 2
i1 Huge
l —
 data Chunk 3 908
X Data Structure Create data relationship >
map(e.g tree-flow structure)
: Chunk 4 Analyzer ple.g
A4 7
1901 906
[}
| 950 loads v
: AN
L AN loads Create bit-packing table
Combute hagdler 50 you can pack the bits
Get data p i GPU based on relationship
, l and unique field bit
mapping
yes -> Index -> map ->
loads compress/pack ->store | | _________________
Data chunks new represented data ->

FIG. 9

o e = e e e = o = e = e m e ek e e e e e M a e AR = v e M e At e e e e e M e e e e e e e e e



WO 2014/163484

PCT/MY2014/000052
77111
704
\ Algorithm Preparation Unit
1001 !
N\l Algorithm Classification
1004 Unit 1006
1003 l /
' . Y 1005 v y
Algorithm Data Dependency ~{ Performance Processor
1011 Analytical Unit Analytical Unit Analytica!l Unit Analytical Unit
\ h 4 h 4 k 4
Sorting, Matching, " Functional Specific .
Searching ] Algorithm Uinit String Processing GPRU Single
01
N g
Recursive, Procedural, | Logical Specific Algorithen —» it Processing > crPu MMulti Card
serial, parallel, interative Unit
i :
¥ e e | M oA
Divide & Congquer, Implementation Specific TN
Dynamic Algorithrm Unit \
1013
S
Single Precision/double Complexlly Specific |~
precision Algorithm Unit 1 0 1 4

FIG. 10



WO 2014/163484 PCT/MY2014/000052

8/11

1101

Identify Available Data-Sets, Algorithm List, Compute-Resource list and make an "Initial Data-set List,

\

Algorithm-List, Compute-Resource-List" 1102
h J
Select a parameter from “Initial Data-Set List" and add the parameter to “Ordered Data-set List" based /
on Heuristic Rules from HRDB - do same for other two {Algo & Compute-Resource) 1103
¥
Select a parameter from the "Ordered Data-set List” starfing from the first parameter against other /
parameter list in “Ordered Algorithms List” by satisfying specific Rule from HRDB and add the node to
“Rule Based Ordered List" - do for compute resource
104
eck if any paramele Y
matching to the specific HRDB
tule is left 1105
Select the ordersd parameters from "Rule Based Ordered List” J/,] 106
Select one parameter from "Rule Based Ordered List" that satisfies specific Rule from HRDB and add /
the pair parameter to “Rule Based Pair List (Data-set & Algo)” 1107
¥
Select one pair parameter from "Rule Based Ordered List (Data-set & Algo)” that satisfies specific /
Rule from HRDB and add the parameter to ‘Rule Based Triplet List (Data-set, Algo & Compute-
Resource}” /1 108
‘ N T . 1109
Select Triplet paramelers fram “Rule Based Triplet List (Data-set, Aigo & Gompute-Resource) /
(]
Given the list of “Rule Based Triplet List (Data-set, Aigo & Compute-Resource)", with reference to the
specific Rule from HRDB (e.g //f) choose most optimum configuration and rank it based on ruies
ranking 1110
Rule Based Triplet Y
List {Data-set, Algo &
Compute-Resource)”
Go through path ranking and 1113
check if path configuration path
is available 41 112

Choose lower rank path

Path available ;
configuration.

[ Inform Maih Manager /f/

FIG. 11



WO 2014/163484 PCT/MY2014/000052

9/11
1201
Data Procassing unit L~
1232
v 1203
Data Sesta?: ggguratorf »  GPU streaming Data
1222 A
‘ 1205 e 1234
Data pariitioning unit » GPU Data Handler > GPU Global Data
1224 1236
| 1212 -~
4 »  CPUDataHandler | — » GPU Local Data
Specific Data Spliting
Unit 238
1214 ~
7 > FPGA Data Handler » GPU regaster Data
Specific Data Merging \
) Unit 1226 242
/
/1 216 » CPU RAM
Partial Result Combining 4
Unit
1218 » YO or hardisk
|| Final Resﬂt:lrroducing ] 1224

FIG. 12



WO 2014/163484

PCT/MY2014/000052

10 /11

Begin

!

Receive Trigger for Specific Compute-Resource Configuration & Selection

\

Trigger Compute-Resource Configuration & Selection

A 4

Perform Specific Compute-Resource Configuration & Selection

ANNE
ToUJ

Vs 1304
Return Status Not 7 ath Availabi
Available N oAl
< 1306
r—
Execute 1
Y
End

FIG. 13

1301

1302

1303



WO 2014/163484 PCT/MY2014/000052

11711
Begin 1401
v
Receive Trigger for Specific Algorithm Configuration & Selection
' 1402
Trigger Algorithm Configuration & Selection //
1403
| 4
o
Perform Specific Algorithm Configuration & Selection

1405 1404

Retum Status Not
Available
L 1406
¥
Execute
Y
End

FIG. 14



INTERNATIONAL SEARCH REPORT

International application No

PCT/MY2014/000052

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6F9/50
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

abstract
paragraph [0013]

paragraph [0052]
paragraph [0064]

abstract

paragraph [0034] - paragraph [0035]
paragraph [0058] - paragraph [0059]
paragraph [0067] - paragraph [0069]

paragraph [0007] - paragraph [0012]

X US 2009/204789 Al (GOODING THOMAS M [US] 1-8
ET AL) 13 August 2009 (2009-08-13)

A US 6 959 372 B1 (HOBSON RICHARD F [CA] ET 1-8
AL) 25 October 2005 (2005-10-25)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

15 August 2014

Date of mailing of the international search report

21/08/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Archontopoulos, E

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/MY2014/000052
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2009204789 Al 13-08-2009  NONE
US 6959372 Bl 25-10-2005 US 6959372 Bl 25-10-2005
US 2006129777 Al 15-06-2006
US 2007113038 Al 17-05-2007
US 2011047354 Al 24-02-2011

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

