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LOAD BALANCING IN STREAMS PARALLEL REGIONS

BACKGROUND

[0001] The present invention relates generally to the field of stream computing applications,
and more particularly to balancing the flow of data in parallel regions of stream data

processing.

[0002]  Stream processing is the processing of data in motion, or in other words, computing
on data directly as it 1s produced or received. Stream processing is a big data technology. The
majority of data are born as continuous streams: sensor events, user activity on a website,
financial trades, and so on — all these data are created as a series of events over time and stream
processing can detect conditions quickly, within a small time period of receiving the data. The
detection time period varies from few milliseconds to minutes. For example, with stream
processing, an alert can be received when the temperature has reached the freezing point by
querying data streams coming from a temperature sensor. Before stream processing, this type
of data was often stored in a database, a file system, or other forms of mass storage.
Applications would query the data or compute over the data as needed. Steam processing is
also called by many other names: real-time analytics, streaming analytics, Complex Event

Processing, real-time streaming analytics, and event processing.
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SUMMARY OF THE INVENTION

[0003] Embodiments of the present invention include an approach for analyzing electrical
circuit schematics to determine their function. In one embodiment, in response to receiving a
flow of data, one or more operators in a parallel region included in a distributed data
processing system for stream processing the flow of data are initialized. In response to
identifying a change to the flow of data or a change to the distributed data processing system,
at least one of the flow of data and a size of the parallel region included in the distributed data
processing system are dynamically adjusted. The flow of data is processed via the dynamically
adjusted one of the flow of data and the parallel region included in the distributed data

processing system.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004]  Figure 1 depicts a functional block diagram illustrating a computing environment
which includes a stream processing application, in accordance with an embodiment of the

present invention;

[0005]  Figure 2 is a flowchart depicting operational steps of a stream optimization program
providing for the balancing of the flow of data in parallel regions of a stream data process, on a
computing device within the computing environment of Figure 1, in accordance with an

embodiment of the present invention;

[0006] Figure 3A depicts a first example of a parallel region within a stream processing

application, in accordance with an embodiment of the present invention;

[0007]  Figure 3B depicts a second example of a parallel region within a stream processing

application, in accordance with an embodiment of the present invention; and

[0008]  Figure 4 depicts a block diagram of components of a computing device executing a
stream optimization program within the computing environment of Figure 1, in accordance

with an embodiment of the present invention.
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DETAILED DESCRIPTION

[0009] Embodiments of the present invention recognize that the amount of available data is
increasing rapidly. Sources of data include, but are not limited to, Internet of Things devices,
any number of sensors (temperature, barometric pressure, wind, water level, water pressure,
seismic, etc.), data from machines in various industries, social media data, and transactional
data such as financial transaction data. Processing large volumes of these structured and/or
unstructured data can mean first storing the data, which is costly due to the required memory
resources (e.g., computer servers with database storage), and then querying the data. Because
of the time involved with this methodology, real-time trends in the data can be missed resulting
in missed opportunity. A method for processing data faster, in real, or near real-time, 1s

needed.

[0010] Embodiments of the present invention recognize that there may be a method,
computer program product, and computer system for balancing the flow of data in parallel
regions of a distributed data processing system for processing a stream of data in the real-time
analysis of big data. In an embodiment, the flow of data within a stream processing application
can be directed by the method, the computer program product, and the computer system based
on (1) attributes of the data (e.g., highest versus constant data rate, throttling of data, priority
queueing of data, etc.) and (i1) attributes of the computing system (e.g., amount of resources
within the system, usage of resources, failover/failback of resources, parallelizing resources,
etc.). Further, the method, the computer program product, and the computer system can
dynamically balance the plurality of operators within the parallel region of the stream
processing application to react to changes in the data or computing system. In various
embodiments, the method, computer program product, and computer system improve computer
technology by providing a more efficient means to process large volumes of data in real- or

near real-time without storing said data prior to processing.

> < >

[0011]  References in the specification to “one embodiment”, “an embodiment”, “an
example embodiment”, etc., indicate that the embodiment described may include a particular

feature, structure, or characteristic. Moreover, such phrases are not necessarily referring to the
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same embodiment. Further, when a particular feature, structure, or characteristic is described
in connection with an embodiment, it is submitted that it is within the knowledge of one skilled
in the art to affect such feature, structure, or characteristic in connection with other

embodiments whether or not explicitly described.
[0012]  The present invention will now be described in detail with reference to the Figures.

[0013]  Figure 1 is a functional block diagram illustrating a computing environment,
generally designated 100, in accordance with one embodiment of the present invention. Figure
1 provides only an illustration of one implementation of the present invention and does not
imply any limitations with regard to the systems and environments in which different
embodiments may be implemented. Many modifications to the depicted embodiment may be
made by those skilled in the art without departing from the scope of the invention as recited by

the claims.

[0014] In an embodiment, computing environment 100 includes data source 120-1, data
source 120-2, data source 120-N, and computing device 130, interconnected by network 110.
In example embodiments, computing environment 100 includes other computing devices (not
shown in Figure 1) such as smartwatches and other wearable technology, cell phones,
smartphones, phablets, tablet computers, additional laptop computers, additional desktop
computers, other computer servers, or any other computer system known in the art,
interconnected with data source 120-1, data source 120-2, data source 120-N, and computing
device 130 over network 110. For ease of readability, data source 120-N will be used (where
feasible) in this paper to collectively refer to data source 120-1, data source 120-2, and data

source 120-N.

[0015] In embodiments of the present invention, data source 120-N and computing device
130 are connected to network 110, which enables data source 120-N and computing device 130
to access other computing devices and/or data not directly stored on data source 120-N and
computing device 130. Network 110 may be, for example, a short-range, low power wireless
connection, a local area network (LAN), a telecommunications network, a wide area network

(WAN) such as the Internet, or any combination of the four, and include wired, wireless, or
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fiber optic connections. Network 110 includes one or more wired and/or wireless networks
that are capable of receiving and transmitting data, voice, and/or video signals, including
multimedia signals that include voice, data, and video information. In general, network 110 is
any combination of connections and protocols that will support communications between data
source 120-N and computing device 130, and any other computing devices (not shown in
Figure 1) connected to network 110, in accordance with embodiments of the present invention.
In an embodiment, data received by another computing device (not shown in Figure 1) in

computing environment 100 is communicated to computing device 130 via network 110.

[0016] In an embodiment, data source 120-N is one of any number of data sources
accessible by computing device 130 over network 110. According to an embodiment of the
present invention, data source 120-N is a big data source. Big data is comprised of large
volumes of data presented in a continuous stream. Data source 120-N can include, but is not
limited to, social media data (e.g., user comments and photos), transactional data (e.g.,
financial trading), sensor (e.g., temperature and pressure) data, Internet of Things data (e.g.,
video security data), and data from manufacturing machines (e.g., operating temperature and

oxygen content).

[0017]  According to an embodiment of the present invention, computing device 130 may be
one of a laptop, tablet, or netbook personal computer (PC), a desktop computer, a personal
digital assistant (PDA), a smartphone, a standard cell phone, a smartwatch or any other
wearable technology, or any other hand-held, programmable electronic device capable of
communicating with any other computing device within computing environment 100.
According to embodiments, computing device 130 can be a standalone computing device, a
management server, a web server, a mobile computing device, or any other electronic device or
computing system capable of receiving, transmitting, and processing data. In other
embodiments, computing device 130 can represent computing systems utilizing multiple
computers as a server system, such as in a cloud computing environment. In certain
embodiments, computing device 130 represents a computer system utilizing clustered
computers and components (e.g., database server computers, application server computers,

etc.) that act as a single pool of seamless resources when accessed by elements of computing
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environment 100. In general, computing device 130 is representative of any electronic device
or combination of electronic devices capable of executing computer readable program
instructions. In an embodiment, computing environment 100 includes any number of
computing device 130. Computing device 130 may include internal and external hardware
components as depicted and described in further detail with respect to Figure 4, in accordance
with embodiments of the present invention. According to an embodiment of the present
invention, computing device 130 includes display 131, user interface 132, memory 133, and

stream application 134.

[0018]  According to an embodiment, display 131 is an electronic visual device for a
desktop computer, laptop computer, tablet computer, smartphone, smart-watch, and the like.
Display 131 may include a touchscreen which is an input device layered on top of the display
for allowing a user to control an electronic device via simple or multi-touch gestures by
touching display 131 with a special stylus and/or one or more fingers. Display 131 displays
open programs and applications, allowing a user of computing device 130 to interact with the
open programs and applications via a keyboard, mouse, and buttons (not shown in Figure 1).
Display 131 may be a thin film transistor liquid crystal display (TFT-LCD), a flat panel LED
(light emitting diode) display, a cathode ray tube (CRT), or any type of display device known
in the art or developed in the future. Display 131 may be connected to computing device 130
via VGA (video graphics array), DVI (digital video interface), HDMI (High Definition Multi-

Media Interface), or any other connection type known in the art or developed in the future.

[0019] In an embodiment, user interface 132 provides an interface between a user of
computing device 130 and stream optimize program 139 (discussed below). User interface 132
may be a graphical user interface (GUI) or a web user interface (WUI) and can display text,
documents, web browser windows, user options, application interfaces, and instructions for
operation, and include the information (such as graphic, text, and sound) that a program
presents to a user and the control sequences the user employs to control the program. User
interface 132 may also be mobile application software that provides an interface between
computing device 130 and stream optimize program 139. Mobile application software, or an

“app,” 1s a computer program designed to run on smartphones, tablet computers and other
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mobile devices. User interface 132 enables a user of computing device 130 to interact with

stream optimize program 139 and any other computing devices not shown in Figure 1.

[0020]  According to an embodiment, memory 133 is storage that is written to and/or read
by stream optimize program 139, and any other programs and applications on computing
device 130. In one embodiment, memory 133 resides on computing device 130. In other
embodiments, memory 133 resides on any other device (not shown in Figure 1) in computing
environment 100, in cloud storage, or on another computing device accessible via network 110.
In yet another embodiment, memory 133 represents multiple storage devices within computing
device 130. Memory 133 may be implemented using any volatile or non-volatile storage
media for storing information, as known in the art. For example, memory 133 may be
implemented with a tape library, optical library, one or more independent hard disk drives,
multiple hard disk drives in a redundant array of independent disks (RAID), solid-state drives
(SSD), or random-access memory (RAM). Similarly, memory 133 may be implemented with
any suitable storage architecture known in the art, such as a relational database, an object-
oriented database, or one or more tables. In an embodiment of the present invention, stream
optimize program 139, and any other programs and applications (not shown in Figure 1)
operating on computing device 130 may store, read, modify, or write data to memory 133. In
an embodiment of the present invention, data stored to memory 133 includes, but is not limited
to, data stored by stream optimize program 139 such as various results of processing data

source 120-N.

[0021] In an embodiment, stream application 134 is one of a plurality of applications used
in the stream processing of large volumes of data, such as data source 120-N. According to an
embodiment, stream application 134 takes data from a data source that feeds the data, passes
said data onto any number of operators (which process the data into one or more results), and
then the results are passed downstream by a data sink for storage or further processing. In an

embodiment, stream application 134 includes operator 135 and stream optimize program 139.

[0022]  According to an embodiment, operator 135 are a plurality of operators within stream

application 134 that act on data (i.e., process data in an incoming data stream and produce an
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output stream of results). Operator 135 are written by program developers. Operator 135 can
be replicated (i.e., parallelized) to distribute workload from the incoming data stream. A set of

replicated operator 135 is called a channel.

[0023] In an embodiment, stream optimize program 139 can be a program, a subprogram of
a larger program, an application, a plurality of applications, or mobile application software,
which functions to dynamically balance the flow of data in parallel regions of a stream data
process used in the real-time analysis of big data. According to an embodiment, a parallel
region 1s a region within a stream application where existing operators are replicated allowing
for data streams to be split amongst the replicated operators for improved data processing. A
program is a sequence of instructions written to perform a specific task. In an embodiment,
stream optimize program 139 runs independently. In other embodiments, stream optimize
program 139 depends on system software and/or other programs (not shown in Figure 1) to
execute. According to an embodiment, stream optimize program 139 is a cognitive system
based on artificial intelligence utilizing machine learning and deep learning that analyzes the
flow of one or more data streams in order to balance the data flow of said one or more streams.
In the embodiment, stream optimize program 139 can split data streams and replicate operators
so that the data can be processed in parallel. In one embodiment, stream optimize program 139
functions as a stand-alone program residing on computing device 130. In another embodiment,
stream optimize program 139 works in conjunction with other programs, applications, etc.,
found in computing environment 100. In yet another embodiment, stream optimize program
139 resides on other computing devices (not shown in Figure 1) in computing environment

100, which are interconnected to computing device 130 via network 110.

[0024]  According to an embodiment, stream optimize program 139 receives data from one
or more data sources. In the embodiment, stream optimize program 139 determines a data flow
(i.e., a volume of data, a data rate, etc.). Further yet in the embodiment, stream optimize
program 139 initializes one or more operators. Further yet in the embodiment, stream optimize
program 139, transmits the data to the initialized operators. Further yet in the embodiment,
stream optimize program 139, monitors both the data flow and the computing system

processing said data flow. Further yet in the embodiment, stream optimize program 139
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identifies a change to the received data. Further yet in the embodiment, based on the identified
change to the received data, stream optimize program 139 adjusts the data stream and/or the
operators. Further yet in the embodiment, stream optimize program 139 processes the data.
Further yet in the embodiment, stream optimize program 139 transmits the results of the

processed data.

[0025]  Figure 2 is a flowchart of workflow 200 depicting a method for dynamically
balancing the flow of data in parallel regions of a stream data process used in the real-time
analysis of big data. In one embodiment, the method of workflow 200 is performed by stream
optimize program 139. In an alternative embodiment, the method of workflow 200 is
performed by any other program working with stream optimize program 139. In an
embodiment, a user of computing device 130 invokes workflow 200 upon accessing a data
stream. In an alternative embodiment, a user of computing device 130 invokes workflow 200

upon identifying one or more sources of data.

[0026] Inan embodiment, stream optimize program 139 receives data (step 202). In other
words, stream optimize program 139 receives data from one or more data sources. According
to an embodiment, the received data is comprised of a large volume of streaming data and the
data 1s received at a near constant rate. In an embodiment, stream optimize program 139
receives a stream of data from data source 120-N over network 110. For example, Dan is an
engineer at a jet engine manufacturing company responsible for new engine development.
Today, Dan is running a flight simulation on a new engine and a program on the company
server is receiving tens of terabytes of data from hundreds of sensors that monitor the engine

during the three hour simulation.

[0027]  According to an embodiment of the present invention, stream optimize program 139
determines data flow (step 204). In other words, stream optimize program 139 determines a
data flow rate of the received data. In one embodiment, the data flow rate is near constant and
the determination is simply data volume for a specific time period (e.g., terabytes/hour). In
another embodiment, the data flow rate is constantly changing, and the determination is an

instantaneous rate at each point in time the determination is made. According to an

10
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embodiment, stream optimize program 139 determines the data flow rate of the received data
from data source 120-N. For example, the program on the company server determines an
approximate data flow rate of twenty terabytes of data per hour for an anticipated total of sixty

terabytes of data for the entire three hour simulation.

[0028] In an embodiment, stream optimize program 139 initializes operator (step 206). In
other words, responsive to determining the data flow rate, stream optimize program 139
initializes a number of operators within the stream application to properly process the data. A
low volume/flow rate of data requires fewer operators than a high volume/flow rate would
require. According to an embodiment, an operator is a functional piece of a stream application
that acts on data to determine a specific result. A stream application can include any number
of operators. In an embodiment, stream optimize program 139 initializes a number of operator
135 within stream application 134. For example, the program on the company server
initializes eight operators on an application server to process the twenty terabytes per hour of

simulation data associated with the jet engine.

[0029] According to an embodiment of the present invention, stream optimize program 139
transmits data to operators (step 208). In other words, stream optimize program 139 transmits
the received data to the initialized operator(s) for processing. In one embodiment, data is
transmitted within a computing device for processing. In another embodiment, data is
transmitted over a network from one computing device to another computing device (where the
operator(s) are located) for processing. According to an embodiment, stream optimize
program 139 on computing device 130 transmits the received data to operator 135 within
stream application 134. For example, the program on the company server transmits the engine

simulation data to the application server, where the eight operators reside, for processing.

[0030] According to some embodiments, stream optimize program 139 monitors
system/data (step 210). In other words, stream optimize program 139 monitors both the
computing system processing the stream of data as well as the data stream for any changes that
may impact data processing. In an embodiment, items monitored by stream optimize program

139 include, but are not limited to, the overall status of the computing system, available

11
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computing resources in the computing system, usage of said resources within the computing
system, the initialized operator(s) within the stream application, and the flow of data into the
computing system. According to an embodiment of the present invention, stream optimize
program 139 monitors computing device 130, the flow of data from data source 120-N, and
stream application 134 for changes. For example, the program on the company server

monitors the application server and the engine simulation data for any changes.

[0031] According to an embodiment of the present invention, stream optimize program 139
identifies change (step 212). In other words, responsive to monitoring the computing system
and the data, stream optimize program 139 identifies a change. In an embodiment, the
identified change is to one or both of the computing system processing the data stream and the
data stream itself. Stream optimize program 139 may use available system monitors installed
in the computing system to monitor the health of said system. Further, stream optimize
program 139 may identify when data processing slows or stops as part of the identification of a
change to the system or the data. According to an embodiment, stream optimize program 139
identifies a change to one or both of computing device 130 and the flow of data from data
source 120-N. For example, the program on the company server identifies that the flow rate of
engine simulation data has increased from the determined twenty terabytes per hour to forty

terabytes per hour.

[0032] In an embodiment, stream optimize program 139 performs adjustment (step 214). In
other words, responsive to identifying a change to one or both of the computing system and the
received data, stream optimize program 139 performs an adjustment to compensate for the
identified change. According to an embodiment, stream optimize program 139 may perform
an adjustment to the computing system, perform an adjustment to the transmission of data to
the operator(s), or perform both adjustments. In an embodiment, stream optimize program 139
performs on adjustment on one or both of computing device 130 and the transmission of data
from data source 120-N to operator 135 in stream application 134 on computing device 130.
For example, in response to the rate of data flow doubling, the program on the company server
parallelizes (replicates) the eight operators in the application server resulting in a total of

sixteen operators. In the example, there are eight pairs of operators. The original eight

12
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operators, which can be represented as OP-1A through OP-8A, are replicated creating
parallelized operators OP-1B through OP-8B. Operators OP-1A and OP-1B perform the same
operation or function on the data, OP-2A and OP2-B perform the same operation, and for each
subsequent pair of operators one individual operator performs the same operation in a like

manner as the other operator in the pair.

[0033] In addition to the parallelization of operators described above, the following
paragraphs will discuss other embodiments of the present invention that may be identified by
stream optimize program 139 as well as an appropriate response to the embodiment by stream
optimize program 139. None of the changes discussed below to the size of the parallel region
of a stream application made by stream optimize program 139 are disruptive to the processing

of the data.

[0034] In a first additional embodiment, stream optimize program 139 may identify that the
size of the computing resources for processing the data stream has changed. For example, if
the total capability of the central processing unit is reduced by the loss of one or more
processing cores, the transmission of data to the operator(s) can be reduced by stream optimize
program 139 so that processing of the data can continue. In another example, data may be
routed by stream optimize program 139 to one or more operators in channels (a channel is a set
of replicated operators) that include more computing resources (e.g., processor capability,

memory, network bandwidth, etc.) than some other channels.

[0035] Ina second additional embodiment, stream optimize program 139 may identify a
change to the usage of computing resources available to process the data stream. For example,
if memory available in the computing system, currently used in the processing of the data, is
occupied by a higher priority application, stream optimize program 139 can slow or stop the
transmission of data to the operator(s) until such time that the memory becomes available again
for the processing of the data stream. In another example, stream optimize program 139 may
transmit data to a particular channel over other channels if the particular channel has lower

resource usage.

13
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[0036] In a third additional embodiment, stream optimize program 139 may determine that
for some period of time, achieving the highest data rate is required rather than achieving a
constant data rate, which is the preferred condition of the flow of data through the computing
system. For example, if stream optimize program 139 identifies a fluctuating power supply to
the computing system, which would be an anomalous situation, stream optimize program 139
may increase the transmission of data to a highest possible rate to complete the processing of
the data before a potential interruption to the supply of power. Alternatively, stream optimize
program 139 may determine a situation where sending data at a constant rate is beneficial; in
said situation, stream optimize program 139 is capable of adjusting the flow of data in such a

manner.

[0037] In a fourth additional embodiment, stream optimize program 139 may determine that
a throttling of the data flow is required for one or more channels. For example, if a portion of
the computing resources are taken offline for a security update, stream optimize program 139
can dynamically throttle, or reduce, the flow of data to the remaining channels/operator(s) so
that processing can continue. The flow rate can be returned to an optimal rate when the

computing resources are again online.

[0038] In a fifth additional embodiment, stream optimize program 139 may identify a
situation where priority queuing of the actual data is required. For example, if data is being
processed for a social media study and data becomes available that is associated with an
immediate healthcare problem, stream optimize program 139 is able to prioritize the processing
of the healthcare data tuples over the social media data tuples so that the healthcare data is
processed to completion first. In addition to prioritizing the healthcare data, stream optimize
program 139 can preferentially transmit said data to channels with the highest available

computing resources.

[0039] In a sixth additional embodiment, stream optimize program 139 is capable of
dynamic learning as data is processed over time. For example, stream optimize program 139
can learn that the healthcare data discussed above always becomes available on Monday at

1:00PM Eastern Standard Time. Accordingly, stream optimize program 139 will stop the

14
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processing of other data to assess the processing of the available healthcare data. After
ensuring sufficient processing capability for the healthcare data, stream optimize program 139
will begin the processing of any other available data. In the event that even higher priority data
becomes available, stream optimize program 139 is able to make the appropriate adjustments
to process said higher priority data over the healthcare data. Therefore, stream optimize
program 139 is able to use machine learning techniques to determine which of the load
balancing techniques discussed above achieves the best results over time and is further able to

apply that determined load balancing technique in the appropriate situation.

[0040] In a seventh additional embodiment, stream optimize program 139 is capable of
responding to both failover and failback situations. Failover is switching to a redundant
computing system upon the failure or abnormal termination of the processing application or
computing system. Failback is the process of restoring the application or computing system to
the previous operating condition. Failover and failback are part of a disaster recovery system
for a computing system that requires high reliability and near-continuous availability. In the
event of failover, stream optimize program 139 is able to transition the on-going processing of
data to other available channels and a redundant computing system. In the event of failback,
stream optimize program 139 restores the data processing on the initial computing system.
Further, stream optimize program 139 can dynamically replicate operators on a critical path for

data in the event of failover to eliminate single points of failure.

[0041] In an eighth additional embodiment, stream optimize program 139 is able to
dynamically change the size of the parallel region (i.e., resize the parallel region) within the
stream processing application by increasing and/or decreasing the quantity of operators in the
parallel region. Please refer to the previous discussion of parallelizing the operators within the
application server to increase the available operators from eight to sixteen as well as the
discussion of Figures 3A and 3B below. In this embodiment, stream optimize program 139 is
also able to reduce (i.e., decrease) the number of operators in the parallel region of the stream

application in response to a reduction to the flow of data to be processed.
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[0042] In a ninth additional embodiment, stream optimize program 139 is able to detect a
change to the size (i.e., width) of a parallel region and dynamically reduce the data rate in
response. For example, if one or more nodes containing operators suddenly become
unavailable, stream optimize program 139 is able to reduce the flow of data so that the

remaining operators can process the data without interruption.

[0043] According to an embodiment of the present invention, stream optimize program 139
processes data (step 216). In other words, responsive to performing an adjustment to the
channels and/or the data flow, stream optimize program 139 allows for the downstream
processing of the data by the operator(s). In an embodiment, based on the adjustment
performed by stream optimize program 139, the processing occurs in the most efficient manner
available for the computing system. According to an embodiment, stream optimize program
139 allows for the processing of the data by operator 135 on computing device 130. For
example, the program on the company server allows the sixteen operators on the application

server to process the engine simulation data.

[0044] Inan embodiment, stream optimize program 139 transmits result (step 218). In
other words, stream optimize program 139, upon completion of the data processing, transmits
the results of said processing, to a destination. According to an embodiment, the destination
may be a user, one or more other applications for additional processing, or a memory for
storage. In an embodiment, stream optimize program 139 stores the results of the processed
data to memory 133 on computing device 130. For example, the program on the company
server transmits the processed engine simulation data to a laptop computer utilized by Dan so

that Dan can study the data by comparing the new data to historical simulation data.

[0045] The above described process is iterative in nature. As additional data is received, the
process repeats in a dynamic manner to process the data in the most efficient manner. This is
achieved by stream optimize program 139 performing the described load balancing

adjustments.

[0046]  Figure 3A depicts example 300 of a first parallel region within stream application
134 of Figure 1. Figure 3A includes data flow 310, stream optimize program 139, parallel
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region 320, and output 330. Parallel region 320 includes operator 135-1 and operator 135-2
and thus is a width of two. Due to the size and rate of data flow 310, only operator 135-1 and
operator 135-2 are required to efficiently process data flow 310 of example 300. The results of

the data processing are output 330.

[0047]  Figure 3B depicts example 350 of a second parallel region within stream application
134 of Figure 1. Figure 3B includes data flow 360, stream optimize program 139, parallel
region 370, and output 380. Parallel region 370 includes operator 135-1, operator 135-2,
operator 135-3, and operator 135-4 and thus is a width of four. In example 350, data flow 360
is double that of data flow 310 in Figure 3A. Therefore, stream optimize program 139
dynamically parallelizes (or replicates) the original parallel region 320 (in Figure 3A) creating
parallel region 370 thus doubling the operators from two (i.e., operator 135-1 and operator 135-
2) to four (i.e., operator 135-1, operator 135-2, operator 135-3, and operator 135-4). This
allows for the efficient processing of data flow 360. The results of the data processing are

output 380.

[0048]  Figure 4 depicts computer system 400, which is an example of a system that
includes stream optimize program 139. Computer system 400 includes processors 401, cache
403, memory 402, persistent storage 405, communications unit 407, input/output (I/O)
interface(s) 406 and communications fabric 404. Communications fabric 404 provides
communications between cache 403, memory 402, persistent storage 405, communications unit
407, and input/output (I/O) interface(s) 406. Communications fabric 404 can be implemented
with any architecture designed for passing data and/or control information between processors
(such as microprocessors, communications and network processors, etc.), system memory,
peripheral devices, and any other hardware components within a system. For example,

communications fabric 404 can be implemented with one or more buses or a crossbar switch.

[0049] Memory 402 and persistent storage 405 are computer readable storage media. In
this embodiment, memory 402 includes random access memory (RAM). In general, memory

402 can include any suitable volatile or non-volatile computer readable storage media. Cache
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403 1s a fast memory that enhances the performance of processors 401 by holding recently

accessed data, and data near recently accessed data, from memory 402.

[0050] Program instructions and data used to practice embodiments of the present invention
may be stored in persistent storage 405 and in memory 402 for execution by one or more of the
respective processors 401 via cache 403. In an embodiment, persistent storage 405 includes a
magnetic hard disk drive. Alternatively, or in addition to a magnetic hard disk drive, persistent
storage 405 can include a solid-state hard drive, a semiconductor storage device, read-only
memory (ROM), erasable programmable read-only memory (EPROM), flash memory, or any
other computer readable storage media that is capable of storing program instructions or digital

information.

[0051] The media used by persistent storage 405 may also be removable. For example, a
removable hard drive may be used for persistent storage 405. Other examples include optical
and magnetic disks, thumb drives, and smart cards that are inserted into a drive for transfer

onto another computer readable storage medium that is also part of persistent storage 405.

[0052] Communications unit 407, in these examples, provides for communications with
other data processing systems or devices. In these examples, communications unit 407
includes one or more network interface cards. Communications unit 407 may provide
communications through the use of either or both physical and wireless communications links.
Program instructions and data used to practice embodiments of the present invention may be

downloaded to persistent storage 405 through communications unit 407.

[0053] T/O interface(s) 406 allows for input and output of data with other devices that may
be connected to each computer system. For example, I/O interface 406 may provide a
connection to external devices 408 such as a keyboard, keypad, a touch screen, and/or some
other suitable input device. External devices 408 can also include portable computer readable
storage media such as, for example, thumb drives, portable optical or magnetic disks, and
memory cards. Software and data used to practice embodiments of the present invention can
be stored on such portable computer readable storage media and can be loaded onto persistent

storage 405 via I/O interface(s) 406. 1/O interface(s) 406 also connect to display 409.
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[0054] Display 409 provides a mechanism to display data to a user and may be, for

example, a computer monitor.

[0055]  The present invention may be a system, a method, and/or a computer program
product at any possible technical detail level of integration. The computer program product
may include a computer readable storage medium (or media) having computer readable
program instructions thereon for causing a processor to carry out aspects of the present

mnvention.

[0056] The computer readable storage medium can be a tangible device that can retain and
store instructions for use by an instruction execution device. The computer readable storage
medium may be, for example, but is not limited to, an electronic storage device, a magnetic
storage device, an optical storage device, an electromagnetic storage device, a semiconductor
storage device, or any suitable combination of the foregoing. A non-exhaustive list of more
specific examples of the computer readable storage medium includes the following: a portable
computer diskette, a hard disk, a random access memory (RAM), a read-only memory (ROM),
an erasable programmable read-only memory (EPROM or Flash memory), a static random
access memory (SRAM), a portable compact disc read-only memory (CD-ROM), a digital
versatile disk (DVD), a memory stick, a floppy disk, a mechanically encoded device such as
punch-cards or raised structures in a groove having instructions recorded thereon, and any
suitable combination of the foregoing. A computer readable storage medium, as used herein, is
not to be construed as being transitory signals per se, such as radio waves or other freely
propagating electromagnetic waves, electromagnetic waves propagating through a waveguide
or other transmission media (e.g., light pulses passing through a fiber-optic cable), or electrical

signals transmitted through a wire.

[0057] Computer readable program instructions described herein can be downloaded to
respective computing/processing devices from a computer readable storage medium or to an
external computer or external storage device via a network, for example, the Internet, a local
area network, a wide area network and/or a wireless network. The network may comprise

copper transmission cables, optical transmission fibers, wireless transmission, routers,
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firewalls, switches, gateway computers and/or edge servers. A network adapter card or
network interface in each computing/processing device receives computer readable program
instructions from the network and forwards the computer readable program instructions for
storage in a computer readable storage medium within the respective computing/processing

device.

[0058] Computer readable program instructions for carrying out operations of the present
invention may be assembler instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions, microcode, firmware instructions, state-
setting data, configuration data for integrated circuitry, or either source code or object code
written in any combination of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++, or the like, and procedural
programming languages, such as the "C" programming language or similar programming
languages. The computer readable program instructions may execute entirely on the user's
computer, partly on the user's computer, as a stand-alone software package, partly on the user's
computer and partly on a remote computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the user's computer through any type
of network, including a local area network (LAN) or a wide area network (WAN), or the
connection may be made to an external computer (for example, through the Internet using an
Internet Service Provider). In some embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate arrays (FPGA), or programmable logic
arrays (PLA) may execute the computer readable program instructions by utilizing state
information of the computer readable program instructions to personalize the electronic

circuitry, in order to perform aspects of the present invention.

[0059]  Aspects of the present invention are described herein with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems), and computer program
products 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.
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[0060] These computer readable program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions, which execute via the processor of
the computer or other programmable data processing apparatus, create means for implementing
the functions/acts specified in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored in a computer readable storage
medium that can direct a computer, a programmable data processing apparatus, and/or other
devices to function in a particular manner, such that the computer readable storage medium
having instructions stored therein comprises an article of manufacture including instructions
which implement aspects of the function/act specified in the flowchart and/or block diagram

block or blocks.

[0061] The computer readable program instructions may also be loaded onto a computer,
other programmable data processing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable apparatus or other device to
produce a computer implemented process, such that the instructions which execute on the
computer, other programmable apparatus, or other device implement the functions/acts

specified in the flowchart and/or block diagram block or blocks.

[0062]  The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods, and computer
program products 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
instructions, which comprises one or more executable instructions for implementing the
specified logical function(s). In some alternative implementations, the functions noted in the
blocks 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
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purpose hardware-based systems that perform the specified functions or acts or carry out

combinations of special purpose hardware and computer instructions.

[0063] The programs described herein are identified based upon the application for which
they are implemented in a specific embodiment of the invention. However, it should be
appreciated that any particular program nomenclature herein is used merely for convenience,
and thus the invention should not be limited to use solely in any specific application identified

and/or implied by such nomenclature.
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CLAIMS

What 1s claimed is:

1. A method, the method comprising:

responsive to receiving a flow of data, initializing, by one or more computer processors,
one or more operators in a parallel region included in a distributed data processing system for
stream processing of the flow of data;

responsive to identifying a change in the flow of data or a change in the distributed data
processing system, dynamically adjusting, by one or more computer processors, at least one of
the flow of data and a size of the parallel region included in the distributed data processing
system; and

processing, by one or more computer processors, the flow of data via the dynamically
adjusted one of the flow of data and the parallel region included in the distributed data

processing system.

2. The method of claim 1, wherein the step of dynamically adjusting, by one or more
computer processors, at least one of the flow of data and a size of the parallel region included
in the distributed data processing system, comprises:
dynamically resizing, by one or more computer processors, the parallel region by
parallelizing the one or more operators in the parallel region, wherein dynamically resizing the
parallel region comprises:
responsive to the flow of data increasing, increase the size of the parallel region;
and
responsive to the flow of data decreasing, decrease the size of the parallel

region.
3. The method of claim 1, wherein the step of dynamically adjusting, by one or more

computer processors, at least one of the flow of data and a size of the parallel region included

in the distributed data processing system, comprises:
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dynamically adjusting, by one or more computer processors, the flow of data between

the one or more operators in the parallel region to balance a load of the flow of data.

4. The method of claim 1, wherein the step of dynamically adjusting, by one or more
computer processors, at least one of the flow of data and a size of the parallel region included
in the distributed data processing system, comprises:

achieving, by one or more computer processors, a highest data rate to the parallel

region.

S. The method of claim 1, wherein the step of dynamically adjusting, by one or more
computer processors, at least one of the flow of data and a size of the parallel region included
in the distributed data processing system, comprises:

responsive to a reduction in one or more computing resources included in the
distributed data processing system, dynamically throttling, by one or more computer

processors, the flow of data in the distributed data processing system.

6. The method of claim 1, wherein the step of dynamically adjusting, by one or more
computer processors, at least one of the flow of data and a size of the parallel region included
in the distributed data processing system, comprises:

responsive to receiving a higher priority flow of data, queuing, by one or more
computer processors, one or more data tuples which comprise the higher priority flow of data

over one or more other flows of data.

7. The method of claim 1, further comprising:

dynamically learning, by one or more computer processors, a plurality of load
balancing methodologies via machine learning techniques based on a plurality of distributed
data processing scenarios; and

applying, by one or more computer processors, one of the plurality of learned load
balancing methodologies for a specific distributed data processing scenarios that is best able to

process the flow of data in the specific distributed data processing scenario.

24



WO 2022/017372 PCT/CN2021/107323

8. The method of claim 1, wherein the step of dynamically adjusting, by one or more
computer processors, at least one of the flow of data and a size of the parallel region included
in the distributed data processing system, comprises:

responsive to a failover, transmitting, by one or more computer processors, the flow of
data to a redundant distributed data processing system; and

responsive to a failback, restoring, by one or more computer processors, the flow a data

to the distributed data processing system.

9. The method of claim 1, wherein the step of dynamically adjusting, by one or more
computer processors, at least one of the flow of data and a size of the parallel region included
in the distributed data processing system, comprises:
responsive to a change in a quantity of operators in the parallel region, dynamically
adjusting, by one or more computer processors, the flow of data to the parallel region, wherein:
responsive to an increase in the quantity of operators, increase the flow of data;
and

responsive to a decrease in the quantity of operators, decrease the flow of data.
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10. A computer program product, the computer program product comprising:
one or more computer readable storage media; and
program instructions stored on the one or more computer readable storage media, the
program instructions comprising;
responsive to receiving a flow of data, program instructions to initialize one or
more operators in a parallel region included in a distributed data processing system for
stream processing of the flow of data;
responsive to identifying a change in the flow of data or a change in the
distributed data processing system, program instructions to dynamically adjust at least
one of the flow of data and a size of the parallel region included in the distributed data
processing system; and
program instructions to process the flow of data via the dynamically adjusted
one of the flow of data and the parallel region included in the distributed data

processing system.

11. The computer program product of claim 10, wherein the program instructions to
dynamically adjust at least one of the flow of data and a size of the parallel region included in
the distributed data processing system, comprise:

program instructions to dynamically resize the parallel region by parallelizing the one

or more operators in the parallel region, wherein dynamically resizing the parallel region

comprises:
responsive to the flow of data increasing, increase the size of the parallel region;
and
responsive to the flow of data decreasing, decrease the size of the parallel
region.
12. The computer program product of claim 10, wherein the program instructions to

dynamically adjust at least one of the flow of data and a size of the parallel region included in

the distributed data processing system, comprise:
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program instructions to dynamically adjust the flow of data between the one or more

operators in the parallel region to balance a load of the flow of data.

13. The computer program product of claim 10, wherein the program instructions to
dynamically adjust at least one of the flow of data and a size of the parallel region included in
the distributed data processing system, comprise:

program instructions to achieve a highest data rate to the parallel region.

14. The computer program product of claim 10, wherein the program instructions to
dynamically adjust at least one of the flow of data and a size of the parallel region included in
the distributed data processing system, comprise:

responsive to a reduction in one or more computing resources included in the
distributed data processing system, program instructions to dynamically throttle the flow of

data in the distributed data processing system.

15. The computer program product of claim 10, wherein the program instructions to
dynamically adjust at least one of the flow of data and a size of the parallel region included in
the distributed data processing system, comprise:

responsive to receiving a higher priority flow of data, program instructions to queue
one or more data tuples which comprise the higher priority flow of data over one or more other

flows of data.

16. The computer program product of claim 10, wherein the program instructions to
dynamically adjust at least one of the flow of data and a size of the parallel region included in
the distributed data processing system, comprise:

program instructions to dynamically learn a plurality of load balancing methodologies
via machine learning techniques based on a plurality of distributed data processing scenarios;

and
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program instructions to apply one of the plurality of learned load balancing
methodologies for a specific distributed data processing scenarios that is best able to process

the flow of data in the specific distributed data processing scenario.

17. The computer program product of claim 10, wherein the program instructions to
dynamically adjust at least one of the flow of data and a size of the parallel region included in
the distributed data processing system, comprise:

responsive to a failover, program instructions to transmit the flow of data to a redundant
distributed data processing system; and

responsive to a failback, program instructions to restore the flow a data to the

distributed data processing system.

18. The computer program product of claim 10, wherein the program instructions to
dynamically adjust at least one of the flow of data and a size of the parallel region included in
the distributed data processing system, comprise:
responsive to a change in a quantity of operators in the parallel region, program
instructions to dynamically adjust the flow of data to the parallel region, wherein:
responsive to an increase in the quantity of operators, the flow of data is
increased; and
responsive to a decrease in the quantity of operators, the flow of data 1s

decreased.
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19.

A computer system, the computer system comprising:
one or more computer processors;
one or more computer readable storage media; and

program instructions stored on the one or more computer readable storage media for

execution by at least one of the one or more computer processors, the program instructions

comprising;

20.

responsive to receiving a flow of data, program instructions to initialize one or
more operators in a parallel region included in a distributed data processing system for
stream processing of the flow of data;

responsive to identifying a change in the flow of data or a change in the
distributed data processing system, program instructions to dynamically adjust at least
one of the flow of data and a size of the parallel region included in the distributed data
processing system; and

program instructions to process the flow of data via the dynamically adjusted
one of the flow of data and the parallel region included in the distributed data

processing system.

The computer system of claim 19, wherein the program instructions to dynamically

adjust at least one of the flow of data and a size of the parallel region included in the

distributed data processing system, comprise:

program instructions to dynamically resize the parallel region by parallelizing the one

or more operators in the parallel region, wherein dynamically resizing the parallel region

comprises:
responsive to the flow of data increasing, increase the size of the parallel region;
and
responsive to the flow of data decreasing, decrease the size of the parallel
region.
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