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Title: MULTI-MULTIDIMENSIONAL COMPUTER ARCHITECTURE

FOR BIG DATA APPLICATIONS

BACKGROUND

[0001] The present invention, in some embodiments thereof, relates to a
computerized apparatus and, more specifically, but not exclusively, to a computerized
apparatus for executing data processing applications.

[0002] In modern computer systems, data processing applications are executed on
computer systems comprising standard computer architectures. As data processing
applications are continually analyzing larger and large datasets, such as big data
applications, the computer systems are being improved to meet the needs of the
applications and large datasets. As used herein, the term big data means any collection
of data that is too large to process using traditional data processing methods and
computers. For example, more than a terabyte of data is analyzed by a data processing
application to determine marketing trends. Typical computer systems executing big
data applications may incorporate 64 gigabytes of random access memory.

[0003] Following is a description of traditional computers and data flow in big data
applications. Reference is now made to FIG. 1A, which is a schematic illustration of
current computer components and interconnections. The main central processor
and/or processing unit 111 (CPU) executes a data processing application using
computer memory 112, using a direct memory access (DMA) interface, a front side
bus, and the like. As used herein, the term processing unit and/or processor means a
processor of a computer, computerized device, computerized apparatus, and the like.

As used herein, the term central processor means the main electronic integrated circuit
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that executes the instructions of a computer program, such as the main processor, a
central processing unit, multi-core central processor, and the like. The CPU 111 is
connected to a platform input and/or output (I0) controller hub 113, such as using a
direct media interface. For example, the CPU is an Intel® Itanium® processor, an
Intel® Xeon® processor, an Advanced Micro Devices Opteron™ processor, an
IBM® zEC12 processor, and the like. The platform IO controller hub 113 is
connected to computer peripherals such as a hard disk, a network interface, a
keyboard, a mouse, and the like.

[0004] Big data applications transfer large quantities of data from the hard disk
and/or network interface to be stored in the computer main memory and from main
memory to the CPU for pre-processing and analysis.

[0005] Reference is now made to FIG. 1B and FIG. 1C, which are schematic
illustration of standard data flow stages and a standard process graph, respectively, in
a data processing application showing the data reduction steps. The data flow
architecture comprises three stages: an 10 stage 403 where the big data 406 are
received by from repositories, such as terabytes of data, a memory stage 402 where
the big data 406 are stored in main memory, and a CPU stage 401 for pre-processing
and analysis. The CPU stage 401 applies a filter and aggregate process 404 to the big
data 406 to extract a smaller dataset 407, such as a dataset of megabytes in size. The
smaller dataset 407 is analyzed 405 to produce a structured dataset and/or results 408
stored in the memory during the memory stage 402. The structured dataset and results
408 may be sent during the IO stage to a user and/or a computer device for further
processing. The results 408 may again be pre-processed 404A and analyzed 405A,

resulting in a smaller dataset 408 A, such as a dataset size reduced to kilobytes of data.
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The CPU of standard computer architectures performs both the pre-processing and

processing using the computer main memory.

SUMMARY

[0006] The object of embodiments of the invention is to efficiently execute big data
processing applications. The object is solved by the independent claims of this
application, and the dependant claims protect further implementation forms.

[0007] According to some embodiments of the invention there is provided a data
processing apparatus comprising a front-end interface electronically coupled to a main
processor. The front-end interface is adapted to receive data stored in a repository, in
particular an external storage and/or a network. The front-end interface is adapted to
determine whether the data is a single-access data or a multiple-access data by
analyzing an access parameter designating the data. The front-end interface is adapted
to route the multiple-access data for processing by the main processor. The front-end
interface is adapted to route the single-access data for pre-processing by the front-end
interface and routing results of the pre-processing to the main processor.

[0008] Optionally, the access parameter is based on any from the group of a
reception time between two receptions of the same data on the front-end interface, and
a request time between two requests of the same data by the main processor.

[0009] Optionally, the access parameter is measured as a relative time between two
receptions and/or two request of the same data on the front-end interface.

[0010] Optionally, the access parameter is measured as an absolute time of a
second access of the same data on the front-end interface.

[0011] Optionally, the access parameter is measured by counting a number of

different data between two accesses of the same data on the front-end interface.
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[0012] Optionally, the single access data is determined by comparing the access
parameter to a threshold value.

[0013] Optionally, the front-end interface comprises one or more local processor
adapted to access a local memory unit, pre-process the single-access data and/or store
the single-access data to the local memory unit, and route results of the pre-processing
to the main processor for further processing.

[0014] Optionally, the pre-processing comprises a group of application specific
instructions for filtering and aggregating two or more data elements of the single-
access data.

[0015] Optionally, the one or more local processor of the front-end interface
incorporates a pre-processing instruction transfer module, wherein the pre-processing
instruction transfer module is configured to receive the group of application specific
instructions from the main processor, convert the group of application specific
instructions to a machine language of the one or more processor, and execute the
machine language on the one or more processor to perform the pre-processing.

[0016] Optionally, the front-end interface comprises a temporary memory unit for
storing at least some members of the results before routed to the main processor.
[0017] Optionally, the memory storage addressed in the temporary memory unit is
mapped into storage addresses of a main memory of the main processor.

[0018] Optionally, the front-end interface is adapted to receive a main processor
output from the main processor and to use the main processor output to pre-process

the single-access data.
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[0019] Optionally, a local processor instruction is generated by a device driver
incorporated into an operating system configured to operate the main processor to
perform the pre-processing.

[0020] According to some embodiments of the invention there is provided a
method that comprises an action of receiving data stored in a repository, in particular
an external storage and/or a network. The method comprises an action of determining
whether the data is a single-access data or a multiple-access data by analyzing an
access parameter designating the data. The method comprises an action of routing the
multiple-access data for processing by a main processor. The method comprises an
action of routing the single-access data for pre-processing by a front-end interface and
routing results of the pre-processing to the main processor.

[0021] According to some embodiments of the invention there is provided a
computer program product comprising a computer readable storage medium. The
computer readable storage medium has encoded thereon first program instructions
executable by a processor to receive data stored in a repository, in particular an
external storage and/or a network. The computer readable storage medium has
encoded thereon second program instructions executable by processor to determine
whether the data is a single-access data or a multiple-access data by analyzing an
access parameter designating the data. The computer readable storage medium has
encoded thereon third program instructions executable by the processor to route the
multiple-access data for processing by a main processor. The computer readable
storage medium has encoded thereon fourth program instructions executable by the
processor to route the single-access data for pre-processing by a front-end interface

and routing results of the pre-processing to the main processor.



10

15

20

WO 2016/146166 PCT/EP2015/055493

[0022] Unless otherwise defined, all technical and/or scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which the invention pertains. Although methods and materials similar or equivalent to
those described herein can be used in the practice or testing of embodiments of the
invention, exemplary methods and/or materials are described below. In case of
conflict, the patent specification, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only and are not intended to be
necessarily limiting.

[0023] Implementation of the method and/or system of embodiments of the
invention may involve performing or completing selected tasks manually,
automatically, or a combination thereof. Moreover, according to actual
instrumentation and equipment of embodiments of the method and/or system of the
invention, several selected tasks could be implemented by hardware, by software or
by firmware or by a combination thereof using an operating system .

[0024] For example, hardware for performing selected tasks according to
embodiments of the invention could be implemented as a chip or a circuit. As
software, selected tasks according to embodiments of the invention could be
implemented as a plurality of software instructions being executed by a computer
using any suitable operating system. In an exemplary embodiment of the invention,
one or more tasks according to exemplary embodiments of method and/or system as
described herein are performed by a data processor, such as a computing platform for
executing a plurality of instructions. Optionally, the data processor includes a volatile
memory for storing instructions and/or data and/or a non-volatile storage, for

example, a magnetic hard-disk and/or removable media, for storing instructions
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and/or data. Optionally, a network connection is provided as well. A display and/or a

user input device such as a keyboard or mouse are optionally provided as well.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0025] Some embodiments of the invention are herein described, by way of
example only, with reference to the accompanying drawings. With specific reference
now to the drawings in detail, it is stressed that the particulars shown are by way of
example and for purposes of illustrative discussion of embodiments of the invention.
In this regard, the description taken with the drawings makes apparent to those skilled
in the art how embodiments of the invention may be practiced.

[0026] In the drawings:

[0027] FIG. 1A is a schematic illustration of standard computer components and
interconnections;

[0028] FIG. 1B is a schematic illustration of standard data flow stages in a data
processing application showing the data reduction steps;

[0029] FIG. 1C is a schematic illustration of a standard process graph in data
processing application execution showing the data reduction steps;

[0030] FIG. 2A is a schematic illustration of a data processing apparatus showing a
front end interface to perform data pre-processing, according to some embodiments of
the invention;

[0031] FIG. 2B is a schematic illustration of a data processing apparatus showing a
front end interface with a single memory controller to perform data pre-processing,

according to some embodiments of the invention;
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[0032] FIG. 2C is a schematic illustration of a data processing apparatus showing a
front end interface with two memory controllers to perform data pre-processing,
according to some embodiments of the invention;

[0033] FIG. 3 is a flowchart of a method to perform data pre-processing on a front
end interface, according to some embodiments of the invention; and

[0034] FIG. 4 is a schematic illustration of data flow stages in a data processing
application incorporating a front end interface, according to some embodiments of the

invention.

DETAILED DESCRIPTION

[0035] The present invention, in some embodiments thereof, relates to a
computerized apparatus and, more specifically, but not exclusively, to a computerized
apparatus for executing data processing applications.

[0036] Standard computers, such as servers and workstations, are used to execute
data processing applications with terabytes of input data and typically only have
several tens of gigabytes of memory. The computers execute data processing
applications to pre-process the terabytes of input data by moving input data in batches
to the computer memory, such as using virtual memory, memory page swapping, and
the like. A processor retrieves the input data batches from memory and performs the
pre-processing, such as filtering and aggregating, according to the data processing
application instructions. When all the input data is pre-processed, the processor
performs the analysis. As the main processor may be a high power processor, and
some of the data is used infrequently or only once, such as single access data, there is

significant power consumption overhead due to transferring large amounts of data to
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the main processor for pre-processing. Therefore, data processing application
performance in current computers is limited by both processing speed and data
transfer rates to and from memory. The speed and transfer rates effect the energy
consumption of the computing device executing the data processing application. With
the advancement in main central processor and/or processing unit (CPU) architecture
and silicon technology, data movement to the CPU for pre-processing and analysis is
becoming the dominant factor affecting the energy consumption of and performance
big data applications. As used herein, the term big data application may mean a data
processing application than uses as input more than a hundred gigabytes of data.
[0037] Current solutions focus on minimizing the CPU energy consumption per
instruction without changing the data flow architecture between the computer
components. For example, design of new memory interfaces, such as double data rate
fourth generation synchronous dynamic random-access memory (DDR4), reduce the
energy consumption per data movement, but increasingly larger amounts of data
transferred to the CPU result in increasingly higher energy consumption rates.

[0038] Energy consumption of moving data across integrated circuits, such as
memory and CPU chips, does not scale up at the same rate as the energy required for
computational tasks. Data processing applications that have an ever increasing input
data size result in current solutions not being capable of scaling up relative to the size
of input data required by the big data applications. The power consumption overhead
of transferring the data to the CPU for the initial pre-processing of the input data to
reduce the terabytes to gigabytes is becoming the limiting factor in data processing
application performance. For example, this results in a bottleneck during processing,

such as the thermal design power of the computing device and/or CPU as the limiting
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factor of processing speed of the big data applications. The energy consumption is
also a significant expense in the operation of the data processing application
computing apparatuses.

[0039] According to some embodiments of the invention, a front end interface,
comprising one or more local processors, determines for each data element used as
input to a data processing application whether the data element is a single-access data
element or multiple-access data element according to the access order of the input
data. The multiple access data, which may be accessed more frequently than single
access data, is routed to the CPU by the front end interface for storage in main
computer memory, and the single access data is routed by the front end interface for
pre-processing by the one or more local processors. Pre-processing part of the input
data at the front end interface avoids the power consumption overhead of transferring
the single access data to the CPU, overcomes the processing bottleneck of big data
applications, and reduces energy consumption of a computer executing a big data
application.

[0040] The front end interface computes an access parameter value for each data
element of the input data by locating repeat accesses to that same data element and
computing a value based the other data element accesses between the two repeats. The
access parameter may be computed by counting the total number of accesses between
repeated accesses to the same data element, counting the total number of different
accesses to the same data element, time between accesses to the same data element,
and the like. The data access may be a sequence of requests for data elements, a
sequence of data elements received for pre-processing, a stream of data access

requests, a stream of data, and the like. The one or more local processor pre-processes
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the single access data that is used only once and/or needed infrequently, thus saving
the energy consumption overhead compared to sending the single access data to the
CPU and main memory.

[0041] For example, a computer with 100 megabytes of memory is executing a data
processing application with a terabyte of input data. In this example, the front end
interface determines from the application’s input data access that the first data
element is accessed a second time 200 megabytes downstream in an access sequence.
When the first data element is pre-processed by a computer without the front end
interface, the first data element would be stored in memory for the first access,
swapped out to a paging file after the 100 megabyte main memory is full, such as
using a virtual memory technique, and swapped back into main memory for the
second access. By determining that the first data element is a single access element,
and routing the first data element to the front end interface for pre-processing, the
power consumption can be reduced. For example, each transfer of a data element
requires one pico-joule of energy for main computer memory and half a pico-joule for
front end interface. Pre-processing the first data element by the CPU consumes three
pico-joules of energy for three transfers, and by the front end interface consumes one
pico-joule of energy for the two transfers. In this example, power consumption is
reduced by computing the access parameter value as the amount of input data between
two accesses to the same data element, and determining single access data by
comparing the parameter value of each element to a value based on the available
computer main memory.

[0042] According to some embodiments of the present invention there is provided a

method and an apparatus, for incorporating a front end interface, comprising one or

11



10

15

20

WO 2016/146166 PCT/EP2015/055493

more local processors, to reduce the power consumption during execution of data
processing applications by a data processing apparatus. As used herein, the term front
end interface means an input and/or output stage data pre-processing device
incorporated into a data processing apparatus that may include small processor cores,
memory, and one or more input/output interfaces. The front end interface determines
for each data element accessed whether the data element is a single access data
element or a multiple access data element according to a parameter value computed
from the access sequence. The front end interface pre-processes large amounts of
single access data, such as terabytes of data, prior to analysis by a CPU, thus reducing
the amount of data transferred to the CPU and the energy consumption of the CPU
and/or computer.

[0043] The single access data is routed to and pre-processed by one or more local
processors of the front end interface. The results may be stored in a local memory
unit, such as a memory cache. The front end interface routes the pre-processing
results to the CPU for storage in main memory and data analysis is continued by the
main CPU. When the input data and/or analysis results are needed for further pre-
processing by the front end interface, they may be stored on a memory unit that is
attached to the front end interface and accessible by the CPU.

[0044] Single access data may be present in any type of application. For example,
in big data applications a large percentage of the input data is single access data.
[0045] The front end interface performs the pre-processing stage of a big data
application, such as filtering and aggregation of the input data, without transferring a

large amount of data to the CPU and/or the main memory. The results of the pre-
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processing performed by the front end interface are significantly smaller than the
input data, and are transferred into the main memory for analysis by the CPU.

[0046] Optionally, the front end interface may include one or more memory
controllers that receive requests for input data from the CPU and/or receives the
corresponding input data from a hard disk or network interface. The memory
controllers may calculate the access parameter value of each input data element based
on the requested sequence and/or the received sequence, and may route the data
according to access type, such as single access data and multiple access data. A
memory controller may coordinate the mapping of memory address with the CPU
main memory.

[0047] Optionally, the access parameter is an absolute time between accesses of the
same data element. For example, when a data element has been accessed only once in
5 second the data element is determined to be a single access data element.

[0048] Optionally, the access parameter is a relative time between accesses of the
same data element. For example, relative time is determined by placing events in a
chronological order, such as a time sequence, and counting occurrences of events in
the time sequence. For example, when a data element has been accessed only once in
10 million data elements, the data element is determined to be a single access data
element.

[0049] Optionally, the access parameter is a count of different data elements
between accesses of the same data element. For example, when between two accesses
of the same data element 3 million different data elements, such as a reuse distance,

the data element is determined to be a single access data element.
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[0050] Optionally, the access parameter is a measure of the total size of different
data elements between accesses of the same data element. For example, when
between two accesses of the same data element 10 gigabytes of different data
elements are accessed, the data element is determined to be a single access data
element.

[0051] Optionally, the access parameter value is compared to a fixed threshold
value to determine that the data element is a single access data element.

[0052] Optionally, the access parameter value is compared to a dynamic threshold
value and the dynamic threshold value is computed based on resource availability of
the data processing apparatus. For example, the dynamic threshold value is computed
based on comparing a thermal design power to the instantaneous power consumption
of the data processing apparatus. For example, the dynamic threshold value is
computed based on the instantaneous available memory of the data processing
apparatus.

[0053] Optionally, the routing threshold value to compare with the access
parameter value is dynamically adjusted to minimize a power consumption of a data
processing apparatus. For example, an instantaneous power consumption value is
received from the power supply of the computer, and the routing threshold is adjusted
dynamically to lower the instantaneous power consumption value.

[0054] Optionally, the input data is selected for pre-processing at the front end
interface based on optimizing a cost function of the energy consumption needed for
processing the input data. For example, the cost function determines that a reuse
distance of 2.37 billion data elements is the optimal reuse distance to use in selecting

data for processing the input data using the front end interface. In this example, data
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elements with a reuse distance greater than a 2.37 billion threshold are considered
single access data elements and pre-processed by the front end interface.

[0055] The benefits of using the front end interface for pre-processing include a
significant reduction in the energy consumption of the computing device and/or CPU.
For example, the front end interface pre-processes the single access data and reduces
more than 50% of the energy consumption in comparison to performing all pre-
processing of this data by the CPU.

[0056] Before explaining at least one embodiment of the invention in detail, it is to
be understood that the invention is not necessarily limited in its application to the
details of construction and the arrangement of the components and/or methods set
forth in the following description and/or illustrated in the drawings and/or the
Examples. The invention is capable of other embodiments or of being practiced or
carried out in various ways.

[0057] The present invention may be a system, an apparatus, a device, a process
and/or a method.

[0058] Aspects of the present invention are described herein with reference to
flowchart illustrations and/or block diagrams of methods, apparatus, and systems
according to embodiments of the invention. It will be understood that each block of
the flowchart illustrations and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be implemented by computer
readable program instructions.

[0059] The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods, and

devices according to various embodiments of the present invention. In this regard,
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each block in the flowchart or block diagrams may represent a module, segment, or
portion of instructions, which comprises one or more actions for implementing the
specified logical function(s). In some alternative implementations, the functions noted
in the block may occur out of the order noted in the figures. For example, two blocks
shown in succession may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order, depending upon the
functionality involved. It will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in the block diagrams and/or
flowchart illustration, can be implemented by special purpose hardware-based
systems that perform the specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

[0060] Reference is now made to FIG. 2A, FIG. 2B, and FIG. 2C which are
schematic illustrations of a data processing apparatus showing a front end interface to
perform data pre-processing, according to some embodiments of the invention. The
data processing apparatus 100 comprises a main central processor and/or processing
unit (CPU) 111 for analyzing data elements, and a controller hub 113 for receiving an
incoming sequence and/or stream of data elements from a repository. The data
elements are sent from a local repository 122, such as an internal and/or external hard
disk, of a remote repository accessed through a network repository interface 121.
According to some embodiments of the invention, the data processing apparatus 100
comprises a front end interface 101 adapted to receive a sequence and/or stream of
data element requests from the CPU 111, and/or corresponding data elements from
one or more repositories via the controller hub 113.The front end interface 101

determines based on data access, such as the data elements received and/or data
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elements requested, when each data element belongs to a multiple access data or a
single access data. The multiple access data elements are routed to the CPU 111 for
storage in main memory 112 and the single access data elements are routed by the
front end interface for pre-processing by one or more local processors 106. The single
access data elements may be stored in the local memory unit 104 and/or front end
temporary memory 114 before and/or after pre-processing. For example, the front end
interface 101 determines when pre-processing results are sent to the CPU 111 for
analysis and/or stored in front end temporary memory 114 for future use by the front
end interface 101. When the CPU 111 has received all data elements needed for
analysis into the main memory 112, the CPU 111 performs the analysis and stores the
analysis results in the main computer memory 112. The front end interface 101 may
receive the data analysis results coming from the CPU stage for additional pre-
processing of incoming data elements. For example, a machine learning application
uses previously analyzed results stored in the front end temporary memory 114 during
the pre-processing of new incoming data elements.

[0061] Optionally, the front end interface uses a memory controller 108 to route the
data elements, access the local memory unit 104, such as a cache memory, and access
the front end temporary memory 114.

[0062] Optionally, the front end interface uses two or more memory controllers,
such as an IO memory controller 105 and a CPU memory controller 103 to route the
data elements, access the local memory unit 104, such as a cache memory, and access
the front end temporary memory 114. For example, the IO memory controller 105 is

adapted to route data elements received from the controller hub 113 and the CPU
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memory controller 105 is adapted to route the data elements to and/or from the CPU
I11.

[0063] The IO memory controller 105, CPU memory controller 103, and single
memory controller 108 transfer data elements and/or requests for data elements via an
input/output interface 107 of the front end interface 101. For example, the
input/output interface 107 is a direct memory access interface, a direct media
interface, a system bus interface, and the like. For example, the IO memory controller
105, CPU memory controller 103, or single memory controller 108 determine the data
elements that are single access data elements or multiple access data elements.

[0064] The pre-processing by the front end interface 101 of single access data
elements reduces the number of data element transfers to the main CPU memory 112
and thus reduces energy consumption of the data processing apparatus 100. For
example, data elements are sent to local memory unit 104 and/or the front end
temporary memory 114 do not pass through the CPU 111 and/or main memory
controller to reduce the overall power consumption of the apparatus 100.

[0065] The front end temporary memory 114 connected to the front end interface
101 1s different from the main CPU memory 112, but may be mapped into the same
memory address space as the main memory 112. By mapping the front end temporary
memory 114 storage addresses into the CPU main memory 112 address space, the
analysis results data sets may be used for further processing by the CPU 111 and/or
front end interface 101.

[0066] Reference is now made to FIG. 3, which is a flowchart of a method to
perform data pre-processing on a front end interface, according to some embodiments

of the invention. A CPU 111 executes 201 a data processing application and requests
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202 the data needed for analysis, such as a sequence of access requests for data
elements. The CPU 111 may send 211 the pre-processing instructions to the front end
interface 101. The data access requests are received by an 10 controller hub 113 that
retrieves 203 the requested data from the repository, such as a hard disk 122 or
network repository using a network interface 121. The data access requests may be
received 221 by the front end interface 101 for determining when each data element is
a single access data element or a multiple access data element. The front end interface
101 calculates 222 an access parameter for each data element request and/or date
element received to determine access type of the data element, such as a single access
data element or a multiple access data element. By comparing 223 the access
parameter value to a routing threshold value, the front end interface 101 determines
when the requested data element is a single access element or a multiple access
element. The controller hub 113 sends the requested data elements to the front end
interface 101 that routes the data elements according to the determined data access
type, such as single access data elements and multiple access data elements. The
multiple access data elements are routed to the CPU 111 for storage 204 in main
memory 112. The single access data elements are routed to the local memory unit 104
and/or the front end temporary memory 114 for pre-processing 224 by the front end
interface 101. The local processors 106 of the front end interface 101 pre-processes
224 the single access data elements, such as filtering and aggregating the single access
data elements, to produce the pre-processing results. The pre-processing results are
stored by the front end interface 101 in the front end temporary memory 114, the local
memory 104, and/or stored 204 in the main memory 112. The CPU 111 analyzes 206

the data and sends 207 the results to a repository, such as using a network interface
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121 and/or to a local hard disk 122, and/or to the front end temporary memory 114 for
further pre-processing of new data elements.

[0067] When the access parameter value is an absolute time between accesses of
the same data element, the front end interface 101 computes an estimated time
between data element requests, measures the time between data elements received,
and the like. For example, when each data element is received by the front end
interface 101 for pre-processing a first time, a timer is initiated for each data element.
For example, when a data element is received by the front end interface 101 for pre-
processing a second time after 5 second, and the multiple access threshold value is 4
seconds, the data element is determined to be a single access data element. In this
example, the second time the data element is received the data element is sent by the
front end interface 101 to the CPU 111 for pre-processing and/or analysis. For
example, a sequence of data element requests are analyzed by the front end interface
101 to emulate the reception time of the data elements received. In this example, the
front end interface 101 calculates that the second access of a data element is after 2
minutes, and when the multiple access threshold is 30 seconds, the front end interface
101 determines that the data element is a single access data element. In this example,
both receptions of the single access data element are routed and pre-processed by the
front end interface 101.

[0068] When the access parameter value is a relative time between accesses of the
same data element, the sequence of data element requests and/or data element
receptions may be analyzed by the front end interface 101 according to a counting of
the total number of data elements between accesses to the same data element. For

example, when a data element has been accessed only once in 10 million accesses and
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the threshold for single access is 5 million accesses, the data element is determined by
the front end interface 101 to be a single access data element. In this example, for
each data element a counter is initiated at the first access of a data element, and
incremented and/or decremented, according to the counter type, for each subsequent
data element that is accessed. Once the counter reaches the threshold, such as zero for
a countdown counter, the data element is determined by the front end interface 101 to
be single access. When the same data element is accessed a second time before the
counter reaches the threshold, the data element is determined by the front end
interface 101 to be a multiple access data element and routed to the CPU 111. As used
herein, the term access means a request for the data element is in a sequence of
requests or the data element is received in a sequence as in a stream by the front end
interface 101.

[0069] When the access parameter value is a reuse distance between accesses of the
same data element, the sequence of data element requests and/or data element
receptions may be analyzed by the front end interface 101 according to a counting of
the total number of different data elements between accesses to the same data
element. Single access data elements may be data elements that have a reuse distance
bigger than the size of the physical memory resources, such as the CPU main memory
and/or CPU cache memory, thus minimizing memory page swaps and reducing power
consumption. The reuse distance is defined as the number of unique input data
elements accessed between two consecutive accesses of the same input data element,
as described by Ding et al in “Reuse Distance Analysis” published in Technical
Report UR-CS-TR-741, Computer Science Department, University of Rochester,

Rochester, New York, February 2001.
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[0070] For example, when a data element has been accessed only once in 4 million
different data element accesses and the threshold for single access is 2 million
accesses to unique data elements, the data element is determined by the front end
interface 101 to be a single access data element. In this example, for each data
element a counter is initiated at the first access of a data element, and incremented
and/or decremented, according to the counter type, for each subsequent unique data
element that is accessed. For example, a sequence of requests to access data elements
is analyzed to calculate the reuse distance for each unique data element, and when the
reuse distance of a particular data element is above a routing threshold value, the data
element is determined to be a single access data element.

[0071] Optionally, the local memory unit 104 of the front end interface 101 is a
cache memory that is accessed by the local processors 106 for read and/or write
access. For example, the local memory unit is a fast static random-access memory
(SRAM). The local memory unit 104 may be accessed by the CPU memory controller
103, 10 memory controller 105, and/or memory controller 108 using a DMA interface
in order to store data into the front end temporary memory 114 and/or transfer data to
the main CPU memory 112.

[0072] The front end interface 101 local processors 106 are one or more application
specific processing cores that execute the filtering and aggregation of data elements
before transfer to the CPU for analysis. For example, the local processors 106 are
reduced instruction set computing (RISC) processors, such as an Acorn RISC
Machine (ARM) processor, and are incorporated into an integrated circuit of a front

end interface 101. For example, the local processors are complex instruction set
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computing (CISC) processors, such as an Intel® Atom™ processor, incorporated in a
printed circuit board.

[0073] The processing core chosen to implement embodiments of the invention as
the front end local processor influence the conversion of the pre-processing
instructions from the main CPU 111 to the front end interface 101 local processors
106, optionally, using a software module. Optionally, the choice of a processing core
is not limited to a specific type or brand of a processing core. Similarly, the make and
model of the main apparatus 100 CPU 111 is not limited to a specific make and model
of processor.

[0074] Optionally, in some embodiments of the invention, the front end interface
101 further comprises a software module that receives processor instructions to enable
the operation and/or pre-processing of the front end interface 101. For example, a text
file containing computer programming language code is compiled by a compiler, and
the compiler comprises a software module library containing functions to enable the
pre-processing to be performed on the front end interface 101. These functions may
be porting functions to transfer the pre-processing processor instructions from the
machine language of the main CPU 111 to the machine language of the local
processors 106. For example, porting of pre-processing instructions is performed from
a CISC instruction set to a RISC instruction set. For, example, during generation of a
data processing application the pre-processing instructions are directly compiled by a
compiler into a RISC processor instruction set used by a local processors 106.
Optionally, a device driver installed in an operating system of the computer controls
the pre-processing instructions and front end interface 101 operational instructions.

For example, an operational instruction, such as the access parameter type, is
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modified through a device driver that changes the front end interface 101 operation.
For example, the device driver has a user interface to select dynamic routing threshold
adjustment to lower the instantaneous power consumption. For example, the device
driver has a user interface to select an access parameter type, such as an absolute time,
a relative time, a reuse distance, a memory size, and the like.

[0075] Embodiments of a front end interface 101 to pre-process single access data
of a data processing application may be incorporated electronically and digitally into a
data processing apparatus 100 in a variety of technical means. For example, the front
end interface 101 is embodied as an IO stage group of integrated circuits, such as a
chipset, that is incorporated on a computer motherboard in addition to the existing
CPU 111 and chipsets. For example, the front end interface 101 is incorporated into a
chipset based on the Intel® model DH82Z97 PCH integrated circuit. For example, the
front end interface is incorporated into a printed circuit board attached as an add-on
card to an existing computer motherboard, and a device driver is used to transfer the
data using the system bus. For example, the front end interface is incorporated into the
motherboard as discrete components and specialized integrated circuits. For example,
the front end interface is incorporated into a single integrated circuit that is added to a
computer motherboard. For example, the front end interface is implemented as a
system-on-chip product.

[0076] Optionally, the front end interface 101 is incorporated electronically and
digitally into integrated circuit and/or printed circuit board using industry standard
computer interfaces and fabrication techniques. For example, the front end interface
101 is an add-on circuit board with a 16-lane Peripheral Component Interconnect

Express (PCle x16) expansion bus interface.
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[0077] Pre-processing the data at the IO stage may reduce memory allocation
resources for data analysis and may reduce CPU cache memory pollution, increasing
the overall performance of the data processing apparatus. Furthermore, embodiments
of the present invention scale well with the size of the data, and the energy savings
increase with an increase in the input data size.

[0078] Following is a schematic illustration giving an example of the data reduction
benefits for a data processing application. Reference is now made to FIG. 4, which is
a schematic illustration of data flow stages in a data processing application
incorporating a front end interface 101, according to some embodiments of the
invention. The 10 stage 403 of the data processing incorporates an front end interface
101, such as a front end engine, that performs the pre-processing 404 as part of the
data input stage 403 and reduces the large amounts of input data 406 to smaller
amounts of input data 407 transferred to the memory stage 402. The memory stage
thus saves a considerable amount of energy used to transfer and store the large
amounts of input data. The CPU stage 401 also saves a considerable amount of energy
in transferring the smaller amounts of input data 407 to the processor for analysis 405.
The data analysis results and/or output ordered results datasets 408 may be stored in
memory during the memory stage 402, and/or sent to a repository and/or second
computerized device in the 10 stage 403.

[0079] The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods and
devices according to various embodiments of the present invention. In this regard,
each block in the flowchart or block diagrams may represent a module, segment, or

portion of code, which comprises one or more executable instructions for
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implementing the specified logical function(s). It should also be noted that, in some
alternative implementations, the functions noted in the block may occur out of the
order noted in the figures. For example, two blocks shown in succession may, in fact,
be executed substantially concurrently, or the blocks may sometimes be executed in
the reverse order, depending upon the functionality involved. It will also be noted that
each block of the block diagrams and/or flowchart illustration, and combinations of
blocks in the block diagrams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the specified functions or acts,
or combinations of special purpose hardware and computer instructions.

[0080] The descriptions of the various embodiments of the present invention have
been presented for purposes of illustration, but are not intended to be exhaustive or
limited to the embodiments disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing from the scope and
spirit of the described embodiments. The terminology used herein was chosen to best
explain the principles of the embodiments, the practical application or technical
improvement over technologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments disclosed herein.

[0081] It is expected that during the life of a patent maturing from this application
many relevant processing cores will be developed and the scope of the term local
processing is intended to include all such new technologies a priori.

[0082] It is expected that during the life of a patent maturing from this application
many relevant central processor and/or processing units will be developed and the
scope of the term central processor and/or processing unit is intended to include all

such new technologies a priori.
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[0083] It is expected that during the life of a patent maturing from this application
many relevant data processing applications will be developed and the scope of the
term data processing application is intended to include all such new technologies a
priori.

[0084] As used herein the term “about” refers to + 10 %.

[0085] The terms "comprises”, "comprising”, "includes”, "including", “having” and
their conjugates mean "including but not limited to". This term encompasses the terms
"consisting of" and "consisting essentially of".

[0086] The phrase "consisting essentially of" means that the composition or method
may include additional ingredients and/or steps, but only if the additional ingredients
and/or steps do not materially alter the basic and novel characteristics of the claimed
composition or method.

[0087] As used herein, the singular form "a", "an" and "the" include plural
references unless the context clearly dictates otherwise. For example, the term "a
compound" or "at least one compound" may include a plurality of compounds,
including mixtures thereof.

[0088] The word “exemplary” is used herein to mean “serving as an example,
instance or illustration”. Any embodiment described as “exemplary” is not necessarily
to be construed as preferred or advantageous over other embodiments and/or to
exclude the incorporation of features from other embodiments.

[0089] The word “optionally” is used herein to mean “is provided in some
embodiments and not provided in other embodiments”. Any particular embodiment of

the invention may include a plurality of “optional” features unless such features

conflict.
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[0090] Throughout this application, various embodiments of this invention may be
presented in a range format. It should be understood that the description in range
format is merely for convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accordingly, the description of a
range should be considered to have specifically disclosed all the possible subranges as
well as individual numerical values within that range. For example, description of a
range such as from 1 to 6 should be considered to have specifically disclosed
subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
3 to 6 etc., as well as individual numbers within that range, for example, 1, 2, 3, 4, 5,
and 6. This applies regardless of the breadth of the range.

[0091] Whenever a numerical range is indicated herein, it is meant to include any
cited numeral (fractional or integral) within the indicated range. The phrases
“ranging/ranges between” a first indicate number and a second indicate number and
“ranging/ranges from” a first indicate number “to” a second indicate number are used
herein interchangeably and are meant to include the first and second indicated
numbers and all the fractional and integral numerals therebetween.

[0092] It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the invention,
which are, for brevity, described in the context of a single embodiment, may also be
provided separately or in any suitable subcombination or as suitable in any other
described embodiment of the invention. Certain features described in the context of
various embodiments are not to be considered essential features of those

embodiments, unless the embodiment is inoperative without those elements.
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[0093] Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad
scope of the appended claims.

[0094] All publications, patents and patent applications mentioned in this
specification are herein incorporated in their entirety by reference into the
specification, to the same extent as if each individual publication, patent or patent
application was specifically and individually indicated to be incorporated herein by
reference. In addition, citation or identification of any reference in this application
shall not be construed as an admission that such reference is available as prior art to
the present invention. To the extent that section headings are used, they should not be

construed as necessarily limiting.
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WHAT IS CLAIMED IS:

1. A data processing apparatus, comprising:

a front-end interface electronically coupled to a main processor;
said front-end interface is adapted to:

receive data stored in a repository, in particular an external storage
and/or a network;

determine whether said data is a single-access data or a multiple-access
data by analyzing an access parameter designating said data;

route said multiple-access data for processing by said main processor;
and

route said single-access data for pre-processing by said front-end

interface and routing results of said pre-processing to said main processor.

2. The data processing apparatus of claim 1, wherein said access parameter is
based on any from the group of a reception time between two receptions of a same
data on said front-end interface, and a request time between two requests of a same

data by said main processor.

3. The data processing apparatus of claim 2, wherein said access parameter is

measured as a relative time between two receptions and/or two request of a same data

on said front-end interface.
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4. The data processing apparatus of claim 2, wherein said access parameter is
measured as an absolute time of a second access of a same data on said front-end

interface.

5. The data processing apparatus of claim 2, wherein said access parameter is
measured by counting a number of different data between two accesses of a same data

on said front-end interface.

6. The data processing apparatus of claim 2, wherein said single access data is

determined by comparing said access parameter to a threshold value.

7. The data processing apparatus of any of the previous claims, wherein said
front-end interface comprises at least one local processor adapted to:

access a local memory unit;

pre-process said single-access data and/or store said single-access data to said
local memory unit; and

route results of said pre-processing to said main processor for further

processing.

8. The data processing apparatus of the preceding claim, wherein said pre-
processing comprises a group of application specific instructions for filtering and

aggregating a plurality of data elements of said single-access data.

9. The data processing apparatus of claim 8, wherein said at least one local

processor of said front-end interface incorporates a pre-processing instruction transfer
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module, wherein said pre-processing instruction transfer module is configured to
receive said group of application specific instructions from said main processor,
convert said group of application specific instructions to a machine language of said
at least one processor, and execute said machine language on said at least one

processor to perform said pre-processing.

10. The data processing apparatus of claim 1, wherein said front-end interface
comprises a temporary memory unit for storing at least some members of said results

before routed to said main processor.

11. The data processing apparatus of claim 10, wherein memory storage addressed
in said temporary memory unit is mapped into storage addresses of a main memory of

said main processor.

12. The data processing apparatus of claim 1, wherein said front-end interface is
adapted to receive a main processor output from said main processor and to use said

main processor output to pre-process said single-access data.

13. The data processing apparatus of claim 1, wherein a local processor instruction
is generated by a device driver incorporated into an operating system configured to

operate said main processor to perform said pre-processing.

14. A method performed by a data processing apparatus, comprising:
receiving data stored in a repository, in particular an external storage and/or a

network;
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determining whether said data is a single-access data or a multiple-access data
by analyzing an access parameter designating said data;

routing said multiple-access data for processing by a main processor; and

routing said single-access data for pre-processing by a front-end interface and

routing results of said pre-processing to said main processor.

15. A computer readable medium comprising a program code for encoding
thereon:
first program instructions executable by a processor to receive data
stored in a repository, in particular an external storage and/or a network;
second program instructions executable by processor to determine
whether said data is a single-access data or a multiple-access data by analyzing
an access parameter designating said data;
third program instructions executable by said processor to route said
multiple-access data for processing by a main processor; and
fourth program instructions executable by said processor to route said
single-access data for pre-processing by a front-end interface and routing

results of said pre-processing to said main processor.
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