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DESCRIPTION
A METHOD FOR DATA PARTITIONING AND ASSIGNMENT

Field of the invention

The present invention relates to a method for data partitioning and assignment for
optimal multi-processor processing where processors can be stand-alone parallel

processors or cores within such stand-alone processors.

Background of the invention

Regardless of the type, in order for the data to be used, it has to be processed. For
example, data in a conventional hard disk drive consist of ones and zeros. These ones
and zeros are processed so that the type of file they form can be understood. Let’s say
one group of ones and zeros form a music file. In order to convert these ones and
zeros to sound, again, the data has to be processed. Data processing is used in a very
broad list of fields. Security systems use data processing for analyzing the audiovisual
feedbacks from the devices lying around in order to detect any security breaches.
Data processing is also used in analyzing connection parameters in phone systems.
While data processing can be realized by a single processing unit, harder tasks require
more processing units in order to complete the required work in a shorter time. For
this reason, multiple-cored processing units are developed and being used in the
personal computer systems. However, some data files are so large that they take a
long time to be processed by a typical processing unit. As the need for processing
large data grows, so does the number of processors to complete the processing in a

reasonable time.

One might know that projects such as SETI@home, Einstein@home etc. have such
huge data files that no single supercomputer can process the data in a reasonable time.
In order to overcome this problem, the data is divided into smaller chunks and these

chunks are distributed to volunteers all over the world to be processed. These chunks
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get processed in the computers of the volunteers and the results are sent back to a

central server. This approach is often called distributed computing.

State-of-the-art processing platforms are increasingly multi-core and heterogencous
due to the power efficiency and computation power advantages provided by such
architectures. Furthermore, state-of-the-art heterogeneous multi-core processing
platforms typically include GPUs (Graphics Processing Units) and FPGAs (Field
Programmable Gate Arrays) along with other multi-core processors such as ARM
(Advances RISC Machines) processors, DSPs (Digital Signal Processors), CPUs
(Central Processing Units) and CGRAs (Coarse Grain Reconfigurable Arrays). The
inherently multi-core nature of state-of-the-art heterogeneous processing platforms is
best leveraged by hardware aware massive multi-threading APIs such as OpenCL
(Open Computing Language, currently developed by the Khronos Group) and CUDA
(Compute Unified Device Architecture, owned and developed by NVIDIA
Corporation). OpenCL supports a wide array of multi-core processors including
ARM, CPU, GPU, DSP and FPGA, whereas CUDA is dedicated to NVIDIA GPUs.
Using these massive multi-threading APIs engineers can program FPGAs and GPUs
to execute massively multi-threaded (64 — 1536 threads) programs and gain
substantial performance increases over single threaded programs or simple multi-
threaded programs with a small number of threads (2 — 16 threads) typically observed
for CPUs, ARMs or DSPs.

Multi-threaded execution (with 2 — 16 threads) of generic algorithms and processing
tasks on CPUs, ARM processors and DSPs can provide performance gains that
roughly scale with the number of available cores. However, there exists a wide group
of algorithms and processing tasks that allow a very high level of parallelism. For
these embarrassingly parallel algorithms and processing tasks, massive multi-
threading (64 — 1536 threads) provides substantial performance gains over simple
multi-threading. GPUs and FPGAs currently present on state-of-the-art heterogeneous
multi-core processing platforms are designed for massive multi-threaded execution,
and for the algorithms that allow a high level of parallelism these processors are the

best choice of execution.
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State-of-the-art FPGAs and GPUs can both be used for massive multi-threaded
program execution. However, due to their distinctive architectural differences they
provide different trade-offs in terms of raw performance, power efficiency,
programmability, total execution time and handling thread branching. Current
approaches are based on conducting trial and error based studies for a given algorithm
or processing task that will be massively multi-threaded and based on these studies
picking GPU or FPGA as the final platform of execution. Once the decision is made,
the algorithm is mapped to a specific processing platform and executes on it. There
also exist more involved algorithm-to-processor mapping based approaches such as
clastic computing disclosed in W(02012142069, which assigns each processing task

or algorithm to a specific processor based on a detailed analysis.

The international patent application numbered W02011079942 discloses a method
for compiling code for a multi-core processor, comprising: detecting and optimizing a
loop, partitioning the loop into partitions executable and mappable on physical
hardware with optimal instruction level parallelism, optimizing the loop iterations
and/or loop counter for ideal mapping on hardware, chaining the loop partitions

generating a list representing the execution sequence of the partitions..

The international patent application numbered WQ02012142069 discloses clastic
computing tools which analyze available devices and resources (e.g., cores, GPUs,
FPGAs, ectc.) and current run-time parameters, and then transparently select from
numerous pre-analyzed implementation possibilities to optimize for performance,

power, energy, size, or any combination of these goals.
Objects of the invention
The object of the invention is to provide a method for data partitioning and

assignment for optimal multi-processor processing where processors can be stand-

alone parallel processors or cores within such stand-alone processors
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The object of the invention is to provide a method for data partitioning and
assignment where the partitions of data are assigned to processors according to

constraints.

Another object of the invention is to provide a method for data partitioning and

assignment, which can be utilized for heterogeneous systems.

Detailed description of the invention

A method for data partitioning and assignment in order to fulfill the objects of the

present invention is illustrated in the attached figures, where:

Figure 1 is the flowchart of the method for data partitioning and assignment.

A method for data partitioning and assignment (100) comprises the steps of;

— analyzing the constraints of the current ecosystem of processing units
(101),

— analyzing the expectations from the process (102),

— feeding the constraint and expectations into a decision function (103),

— partitioning the data to be processed according to the outcome of the
decision function (104),

— distributing the partitions of data to the processing units (105),

— processing units processing the partitions of data (106),

— combining the outcomes from the processing units (107)

In the method for data partitioning and assignment (100), the constraints of the
current ecosystem of processing units are analyzed (101). These constraints and
capabilities include but are not limited to power consumption, thread branching
capabilities, workloads per thread, memory access patterns, thread synchronization
requirements, processor functionality checks (to see a specific processor is still
functional), etc. After determining the constraints and capabilities of the current

processing units ecosystem, expectations from the process is also analyzed (102). The
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expectations include but are not limited to maximum power consumption, maximum
process time, the quality of the outcomes etc. After determining the expectations, the
capabilities, constraints and expectations are fed to a decision function (103). The
decision function is a function, which uses operations such as comparisons,
mathematical operations or any other operations, by itself or in combination with
other operations, in order to calculate the optimum set of processing units, taking the
expectations and constraints of every different application into consideration. The
decision function yields a set of processing units for the data to be fed. The data is
then partitioned in order to meet the set of processing units yielded by the decision
function (104). The partitions of data are distributed to different processing units in
order to be processed (105). The processing units then process the partitions and yield
outcomes (106). As the outcomes of the processing units represent the partitioned
data that is fed to the processing units, the outcomes are unified in order to form the

non-partitioned data (107).

In one embodiment of the invention, the decision function has learning capability. It
keeps an internal set of parameters, which pertain to linear or non-linear decision
and/or update function(s), which it updates upon every batch of input values. This

decision function is named decision function with learning.

In one embodiment of the invention, the constraints of the process remain constant
throughout the process. Thus, running the decision function once and processing the
data according to the outcome of this decision function is sufficient. This decision

function is named off-line decision function.

In another embodiment of the invention, the constraints of the process are subject to
change throughout the process. These changes include, but are not limited to
remaining battery power, number of different types of processing units, changing
time constraints etc. For example, if the system on which the method for data
partitioning and assignment (100) runs is a standalone system, the remaining battery
power can be taken into consideration. If the number of processing units can change

in a system during the execution of the method for data partitioning and assignment
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(100) (because of burnt processors etc.), the decision function can recalculate the set
of processing units for the data to be fed. In order to achieve this, the method for data
partitioning and assignment (100) is executed occasionally. This decision function is

named on-line decision function.

In one embodiment of the invention, there may be long periods of times when the
constraints of the process remain constant throughout the process with occasional
periods when the constraints of the process are subject to change throughout the
process. For such use cases, there will be an additional block right before the decision
function, named the steady state finder. This block will determine if the system is in
steady state and thus the off-line decision function should be used or if the system is
not in steady state and thus the on-line decision function should be used. Such

conjured aggregate decision function is named hybrid decision function.

In one embodiment of the invention, the input data may be a color image in planar
format consisting of red, green and blue color planes. Typically green color plane is
sampled twice more densely compared to red and blue color planes and contains more
spatial detail. As a result, green color plane is typically targeted for heavier spatial
processing. In such a scenario, each of the color planes can be processed on different
processing unit. For example, green plane can be processed on a GPU while red and

blue planes can be processed on FPGAs or vice versa.

In one embodiment of the invention, the input data may be a color image in planar
format consisting of Luminance (Y), and chrominance (Cb, Cr) planes. Due to the
nature of the YCbCr color space, most of the spatial details are present in the Y plane.
Furthermore, based on this observation Cb and Cr planes are down-sampled in the
spatial domain to save space. As a result, Y color plane is typically targeted for
heavier spatial processing. In such a scenario, the luminance plane can be processed
on a GPU and chrominance (Cb, Cr) planes can be processed on FPGAs or vice

versa.

In one embodiment of the invention, the input data may be consisting of separate
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frequency bands. In such a scenario, each of the frequency bands can be processed on
different processor. For example, higher frequency bands can be processed on GPUs

and lower frequency bands can be processed on FPGAs or vice versa.

5  Although the present invention has been described and illustrated in detail, it is
clearly understood that the same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of the present invention being

limited only by the terms of the appended claims.
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CLAIMS

. A method for data partitioning and assignment (100) characterized in that it

comprises the steps of;

— analyzing the constraints of the current ecosystem of processing units
(101),

— analyzing the expectations from the process (102),

— feeding the constraint and expectations into a decision function (103),

— partitioning the data to be processed according to the outcome of the
decision function (104),

— distributing the partitions of data to the processing units (105),

— processing units processing the partitions of data (106),

— combining the outcomes from the processing units (107).

. A method for data partitioning and assignment (100) according to claim 1

characterized in that the decision function is decision function with learning.

. A method for data partitioning and assignment (100) according to claim 1

characterized in that the decision function is off-line decision function.

. A method for data partitioning and assignment (100) according to claim 1

characterized in that the decision function 1s on-line decision function.

. A method for data partitioning and assignment (100) according to claim 1

characterized in that the decision function is hybrid decision function.

. A method for data partitioning and assignment (100) where data partitioning

and assignment is based on color plane characteristics.

. A method for data partitioning and assignment (100) where data partitioning

and assignment is based on frequency bands.
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