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PROCESSING A DATA FLOW GRAPH OF A HYBRID FLOW

Background

[0001] A hybrid flow is an analytic flow that may execute on multiple
execution engines and/or storage engines. The hybrid flow may be partitioned
into fragments where each flow fragment of the hybrid flow can be executed on
an execution engine. The fragments may have execution dependencies and/or
there may be data flow between fragments. With existing analytic flow design
tools and execution engines, hybrid flows can be realized as a collection of
scripts and code (e.g., structured query language and Java code) thaf
implement fragments and where the execution of fragments is orchestrated by a

separate control flow. A control flow can be referred to as a “job flow”.

Brief Description of the Drawings

[0002] Figure 1 is a flow diagram of an example of an environment for
processing a data flow graph of a hybrid flow according to the present
disclosure. |
[0003] Figures 2A-2B illustrate examples of systems according to the

present disclostire.
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[0004] Figures 3A-3D illustrate examples of adding a new node during
processing of a data flow graph of a hybrid flow according to the present
disclosure.
[0005] Figures 4A-4D illustrate examples of switching positions of nodes
of a data flow graph of a hybrid flow according to the present disclosure
[0006] Figures 5A-5B illustrate exampies of distributing/factorizing a node
over an n-ary node of a data flow graph of a hybrid flow according to the present
disclosure.
[0007] Figures 6A-6B illustrate flow charts of examples of methods for
processing a data flow graph of a hybrid flow according to the present
disclosure.

Detailed Description
[0008] Analytic flow design tools and execution engines can model a

hybrid flow at two levels: task flow and job flow. A task flow can contain a series
of operators that form a data flow and data stores that contain a collection of
data. The data flow can move data from a particular set of input data stores to a
set of result data stores and/or can perform operations on the data. A complex
analytic flow (e.g., process) may comprise a number of task flows with data and
control dependencies. A job flow can represent a control flow for an entire
process. Forinstance, a job flow can show the flow of information and can
contain control capabilities like decision points.

[0009] A task flow can be represented by a directed graph with a plurality
of interconnected operators and data stores, wherein operators and/or data
stores are represented as nodes in the graph and the data fiow between
operators and/or data stores are represented as edges. An operator can
include computer-readable instructions that perform a particular function. Such
functions can include a type of computation like cleansing, schema modification,
data or text analytics, machine learning functions, stream processing
operations, event handling, etc. For example, an operator can include
computer-readable instructions to “convert dollars to euros” or “calculate the

distance between points x and y”.
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[0010] In addition, a job flow can be represented by a directed graph with
a plurality of interconnected task flows and control points, wherein task flows
and/or control points are represented as nodes in the graph and the control flow
of the job flow can be represented as edges connecting nodes. A task node
can be associated with a particular task flow. Each task node can represent a
data flow computation of the task flow that may run on a particular execution
engine. The workflow for the analytic process can be specified by control point
nodes. A control point node can specify a partial order in which to process task
nodes, starting and stopping points for the analytic process, decision points in
the workflow, and/or termination conditions, among other things. An analytic
flow that involves multiple execution engines can be referred to as a hybrid flow.
Without loss of generality, each task node can be assigned to execute on a
single execution engine.

[0011] In some instances, processing analytic flows can be beneficial to
improve efficiency and operation of the analytic flows. Such processing may
involve reordering operators, replicating data across data sources, and/or
reassigning operators from one execution engine to another, among other
processes. Processing can consider the operators and/or data fiow of the
analytic flow as a whole rather than as separate task flows.

[0012] To globally process a hybrid flow (e.g., process across the entire
hybrid flow), a hybrid flow can be converted to a data flow graph that contains
both control and data flow characteristics of the hybrid flow. This can be done
in an automated fashion, such as without human intervention. Converting a
hybrid flow to a data flow graph can include combining graphical structures of a
job flow with graphical structures of associated task flows (e.g., task flow graphs
that include internal operators of task flows represented by task nodes in the job
flow). Forinstance, operafors of a task flow can be combined with task nodes in
a job flow graph to flatten (e.g., expand) the job flow graph. The fiattened job
flow graph can then be converted to a data flow graph by converting the control
point nodes to data flow nodes using code templates. The converted data flow

graph can preserve control flow semantics of the hybrid flow.
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[0013] The data flow graph of the hybrid flow can be processed by a tool,
such as an optimizer. However, when the data flow graph of the hybrid flow is
processed by a tool, control flow semantics of the hybrid flow should remain
intact such that the data flow graph can be converted back into a job flow and a
plurality of task flows to be dispatched to appropriate execution engines (e.g.,
as code) and/or to be sent to an analytic flow design tool that it originally came
from. The conversion of the hybrid flow to the data flow graph can involve
adding a number of new operators (e.g., a connector, extractor, and loader) that
are added to the data flow graph to preserve the control flow semantics {e.g., as
discussed further herein). In addition, nodes can be revised and new nodes
(e.g., operators) can be added during processing of the data flow graph, such
that semantics may need to be defined to enable conversion of the data flow
graph back into a job flow and plurality of task flows.

[0014] For instance, in a variety of examples of the present disclosure,
processing a data flow graph of a hybrid flow can be performed in a way that is
global and preserves the control flow semantics of the hybrid flow. The global
processing of the data flow graph of the hybrid flow can modify the data flow
graph while maintaining accurate semantics such that the modified data flow
graph can be converted back into a job flow graph and a plurality of task flow
graphs to be input into appropriate execution engines. Additional examples,
advantages, features, modifications and the like are described below with
reference to the drawings.

[0015] In the following detailed description of the present disclosure,
reference is made to the accompanying drawings that form a part hereof, and in
which is shown by way of illustration how examples of the disclosure may be
practiced. These examples are described in sufficient detail to enable those of
ordinary skill in the art to practice the examples of this disclosure, and it is to be
understood that other examples may be used and the process, electrical, and/or
structural changes may be made without departing from the scope of the
present disclosure.

[0016] The figures herein follow a numbering convention in which the first

digit or digits correspond to the drawing figure number and the remaining digits
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identify an element or component in the drawing. Elements shown in the
various examples herein can be added, exchanged, and/or eliminated so as to
provide a number of additional éxamples of the present disclosure.

[0017] tn addttion, the proportion and the relative scale of the elements
provided in the figures are intended fo illustrate the examples of the present
disclosure, and should not be taken in a limiting sense. As used herein, "a
number of” an element and/or feature can refer to one or more of such elements
and/or features.

[0018] Figure 1 is a flow diagram of an example of an environment 100
for processing a data flow graph of a hybrid flow according to the present
disclosure. The environment 100 can be used to convert a hybrid flow to a
single data flow graph (e.g., data flow graph 102) and globally process the
single data flow graph of the hybrid flow. The hybrid flow, as used herein, can
include a job flow and a plurality of task flows.

[0019] The hybrid flow can be represented as a combination of script
and/or mixed control flows (e.g., job flows). A hybrid flow can be input 101 into
the environment 100 from analytic flow design tools, execution engines and/or
other tools. The analytic flow design tools, execution engines, and/or other
tools can be used to capture the schemata of nodes (e.g., input, output,
parameters, etc.), properties (e.g., selectivity, data size for data storages), and
other resources (e.g., memory) and features {e.g., the coordinates of the node
on the design canvas, if the input hybrid flow 101 comes from an analytic flow
design tool).

[0020] The input hybrid flow 101 can be converted to a data flow graph
102 using a conversion tool. The conversion tool can include hardware
components and/or software components designated and/or designed to
convert a hybrid flow to the data flow graph 102 and/or convert a data flow
graph fo a hybrid fiow (e.g., output hybrid flow 105).

[0021] For instance, the data flow graph 102 can be encoded in a logical
model (xLM) language, which is an example language to describe data flow
graphs such as analytic flows or extract-transfer-load (ETL) flows. As used

herein, xLM can include a computer-readable language that is represented in
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extensible markup language (XML). That is, the data flow graph 102 encoded
in xLM language can include a logical model expressed in XML. For instance, a
data flow graph 102 encoded in xLM can capture structural information for the
hybrid flow, like nodes and edges of the data flow graph 102. In addition, the
data flow graph 102 can contain requirements, resource information, features
and properties of the hybrid flow, and/or other metadata.

[0022] The data flow graph 102 of the hybrid flow can include a plurality
of nodes. The nodes can include representations of operators (e.g., internal
operators of a task flow represented by a task node in a job flow graph), control
point nodes of a job flow graph, and new operators added to convert the input
hybrid flow 101 to the data flow graph 102. The new operators added to convert
the input hybrid flow 101 to the data flow graph 102 can include new operators
added to decompose an operator with muitiple functions (e.g., extractor or
loader operators) and/or to connect task nodes of a job flow graph (e.g.,
connector operators). Extractor or loader operators can be added to
decompose an operator with multiple functions (e.g., a data store function and a
data computation function, such as extraction or load code, as discussed further
herein). A connector operator can capture control point logic and information on
how to connect task flows. The metadata of the connector operator can encode
the type of connection so that a tool can use the knowledge and can calculate
the cost of the connector operator. Further, the metadata of the connector
operator can include schemata of the connector operator (e.g., input, output,
parameters, etc.) that can be used to convert the connector operator back into
its original from (e.g., convert the data flow graph 102 to a hybrid flow 105).
[0023] The new operators added to the data flow graph 102 can be
added to allow a tool 103 to perform a computation or transformation on the
data flow graph 102. For instance, an example tool 103 can include an
optimizer. An optimizer (e.g., as discussed further below) can produce a global
optimal solution. For example, an optimlizer can apply a set of transitions to the
data flow graph 102 to create a space of alternative data flow graphs called
states. Each state can come with a cost, so that the optimizer can search the

state space for the state among the alternatives that optimizes a particular



WO 2014/209260 PCT/US2013/047296

function. As an example, an optimizer can assign all operators to run on the
same execution engine. This may push the operators down to the execution
engine, which may leverage the optimization capabilities of the execution
engine.

[0024] This technique, sometimes called pushdown optimization, is used
by some previous tools. However, pushdown optimization performed by such
previous tools is limited to operators running on a database engine and is not
applied to the entire data flow graph 102 (e.g., not global). For instance,
optimization of a data flow graph 102 of the hybrid flow, in various examples of
the present disclosure, can apply pushdown optimization to each alternative
data flow graph. Previous tools can optimize a single data flow graph and not
each alternative data flow graph (e.g., each state). Further, previous tools apply
the pushdown optimization of a task flow at the beginning and end of a job flow:
in contrast, optimization of the data flow graph 102 of the hybrid flow can apply
to any task flow in a job flow.

[0025] The data flow graph 102 (e.g., a single data flow graph of a hybrid
flow) can be input to a tool 103. A tool 103 (e.g., a process tool) can include
hardware components and/or software components designated and/or designed
to process and/or test data flows (e.g., the data flow graph 102). A tool 103
can, for instance, process a single data flow graph at a time. Therefore, a
hybrid flow (e.g., a job flow and a plurality of task flows) cannot be processed by
such a tool 103 because hybrid flows model computation at two levels and
comprise a plurality of flows. Converting the input hybrid flow 101 to the data
flow graph 102 enables such a tool 103 to process the hybrid flow (e.g., in the
form of the data flow graph 102). For instance, the data flow graph 102 can be
input to an optimizer. An optimizer can include a tool to optimize execution of
the hybrid flow for a particular function.

[0026] The data flow graph 102 can be input to a variety of tools. For
instance, the data flow graph 102 can be input to a tool that can decompose a
single, long task flow into a single job flow of multiple task flows where each
task flow executes after the next. In some instances, the data flow graph 102

can be input to a tool that modifies a job flow that includes task flows that are
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targeted to execute on a particular engine (e.g., engine x) to a new job flow in
which the particular engine (e.g., engine x) is replaced by a different engine
(e.g., engine y). In such an instance, the particular engine (e.g., engine x) may
be obsolete and/or unavailable. In various instances, the data flow graph 102
can be input to a tool that composes a number of individual task flows into a
single job fiow (e.g., because the task flows have a common sub-computation).
[0027] The tool 103 can, in accordance with various examples of the
present disclosure, maintain control flow semantics of the hybrid flow during
processing of the data flow graph 102. For instance, the control flow semantics
of the hybrid flow can include attributes of the hybrid flow and/or of a plurality of
nodes of the data flow graph of the hybrid fiow. The attributes, as illustrated in
Figure 1, can include functional attributes 106 and non-functional attributes 107.
Functional attributes 106 can be information that is used by the tool 103 to
process the data flow graph 102 of the hybrid flow. For instance, functional
attributes 106 can include cost estimates and statistics for the job flow and its
task flows.

[0028] Non-functional attributes 107, as used herein, can be information
that is not used by the tool 103 to process the data flow graph 102 of the hybrid
flow but that may be used to convert the processed data flow graph 104 into an
output hybrid flow 105. For instance, the output hybrid flow 105 can include
engine specific encoding for execution on the underlying execution engines.
Non-functional attributes 107 can be grouped into two groups: flow metadata
and node metadata.

[0029] Flow metadata can include non-functional attributes 107 of the job
flow and/or a plurality of task flows (e.g., associated task flows that contain
internal operators of task flows represented by task nodes in a job flow graph).
For instance, flow metadata can include information about database
connections, tunable parameters (such as timeouts for various processes, sleep
time for threats, shared objects, dependencies, error handling options, etc.), and
flow identifier “ID". A flow ID can identify a task flow that each node (e.g.,
operator) belongs to. For example, task flow 1 may use a database connection

1 (e.g., db1) and task flow 2 may use a database connection 2 (e.g., db2). The
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flow ID of the task flow 1 and task flow 2 can be used to identify which of the
two database connections (e.g., db1 and db2) are being used by an operator.
Flow metadata can include, for instance, a list of all flow IDs comprising a job
flow.

[0030] Node metadata can include non-functional attributes 107 of each
node of the data flow graph 102 of the hybrid flow. Each node of the data flow
graph 102 of the hybrid flow can include a representation of an operator, a
control point, and/or a new node added during conversion of the data flow graph
102 (e.g., extractor operator, lcader opefator, connector operators, etc.) and/or
added during processing of the data flow graph 102 by the tool 103. For
instance, node metadata can include a position identifier “ID” (e.g., node
coordinate data identifying a position of the node in the job flow), node ID (e.g.,
a unique identifier of each node), node metadata attribute values (e.g., as
discussed further herein), flow ID (e.g., identification of which task flow an
operator and/or other node belongs to), and/or execution engine (e.g., which
execution engine and/or type of execution engine does a node run on), among
other information.

[0031] The processed data flow graph 104 and/or the data flow graph
102 can be converted back to a job flow and/or task flows by the conversion tool
resulting in an output hybrid flow 105, in various examples of the present
disclosure. That is, the tool 103 can perform a computation and/or process
resulting in a change to the data flow graph .1 02 and can send the processed
data flow graph 104 back to the conversion tool. Converting the processed data
flow graph 104 back to a job flow and/or task flows (e.g., an output hybrid flow
105) can include reconverting each node (e.g., operator node, control point
node, and/or new operator node) of the processed data flow graph 104 back
into the form that an execution engine expects and/or can process (e.g., as
discussed further herein). Fragments of the reconverted hybrid flow can be
input into appropriate execution engines. An execution engine, as used herein,
can include hardware components and/or computer-readable instruction
components designated and/or designed to execute a particular function and/or

fragment of a hybrid flow.
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[0032] Figures 2A-2B illustrate examples of systems 210, 218 according
to the present disclosure. Figure 2A illustrates a diagram of an example of a
system 210 for processing a data flow graph of a hybrid flow according to the
present disclosure. The system 210 can include a data store 211, processing
system 216, and/or a number of engines 212, 213, 214, 215. The processing
system 216 can be in communication with the data store 211 via a
communication link, and can include the number of engines {e.g., metadata
engine 212, node metadata attribute engine 213, process tool engine 214,
revise engine 215, etc.) The processing system 216 can include additional or
fewer engines than illustrated to perform the various functions described herein.
[0033] The number of engines can include a combination of hardware
and programming that is configured to perform a number of functions described
herein (e.g., store metadata for each of a plurality of nodes of a data flow graph
of a hybrid flow in a defined data structure). The programing can include
program instructions (e.g., software, firmware, etc.) stored in a memory
resource (e.g., computer readable medium, machine readable medium, efc.) as
weil as hard-wired program (e.qg., iogic).

[0034] The metadata engine 212 can include hardware and/or a
combination of hardware and programming to store metadata for each of a
plurality of nodes of a data flow graph of a hybrid flow in a defined data
structure, wherein the metadata includes flow metadata and node metadata.
The defined structure, in various examples, can include a defined data structure
in & data flow specification and/or an index data structuré.

[0035] For instance, in accordance with some examples of the present
disclosure, the flow metadata can be stored as a defined data structure in the
data flow specification (e.g., xLM flow specification) and the node metadata can
be stored in an index data structure. For example, flow metadata can be stored
as character data "CDATA" in the xLM flow specification. CDATA can include
data that is marked for a parser to interpret as character data, not markup, for
instance. An index data structufe, as used herein, can inciude a data structure
that inciudes data retrieval operations using a database table. For example, an

index data structure can include a hash map data structure, a dense index,
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and/or a bitmap index, among other indexes. The index data structure can
include paired data for each node including a node ID and node metadata. The
node ID can include a unique identifier assigned to each node. When the index
data structure is probed (e.g., indexed) with a node ID, node metadata for the
node can be accessed.

[0036] Since new nodes are added to the data flow graph at a variety of
times, a node can be assigned a node metadata attribute value to keep the
index data structure synchronized at all times. If the value of the node metadata
attribute equals a particular value, one that cannot be used as a node ID (e.g., -
1), then the pair of <nodelD, node metadata> outputs the actual node metadata
for the node. If the value of the node metadata attribute is not equal to the
particular value (e.g., not equal to -1), then the node is a clone node and the
value of the node metadata attribute is the node D of the node from which the
clone node is cloned from (e.g., the original node). A clone node, as used
herein, can include an identical copy of a node. The pair of <nodelD, node
metadata> shows the node metadata of the original node, wherein the node ID
in the pair is the node metadata attribute value assigned to the clone node (e.g.,
the node metadata attribute value assigned to a clone node is the node ID of
the original node). Thereby, the value of the node metadata attribute for a clone
node shows a node ID of the original node. For example, a node may be
cloned to parallelize a task flow (e.g., as discussed further herein).

[0037] The node metadata attribute engine 213 can include hardware
and/or a combination of hardware and programming to assign a value of a node
metadata attribute to each of thé plurality of nodes of the data flow graph of the
hybrid flow. Each assigned value can identify the node metadata in the index
data structure.

[0038] The process tooil engine 214 can include hardware and/or a
combination of hardware and programming to process the data fiow graph of
the hybrid flow. In various examples, the process tool engine 214 can be an
optimizer. Forinstance, an optimizer can apply a set of transitions to the data
flow graph, such as swap, factorize, partition, function and data ship,
decomposition, etc., to create a space of alternative data flow graphs called
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states (e.g., a plurality of alternative data flow graphs). Each state can come
with a cost, so that the optimizer can searchl the state space for the state among
the alternatives that optimizes a particular function. Typically, the space state is
vast, so it is crucial for performance that each state uses a minimum amount of
memory. At the same time, any given state at any given moment should be
convertible to executable code (e.g., a job flow and plurality of task flows).
Thereby, the metadata (e.g., node metadata) of the operators and those of new
operators added to the data flow graph should be available but not stored in
each alternative space (e.g., by the metadata engine 212).

[0039] The revise engine 215 can include hardware and/or a combination
of hardware and programming to define metadata for a particular node affected
during processing of the data flow graph of the hybrid flow and assign a value of
a node metadata attribute to the particuiar node. A particular node can include
a new node added during processing of the data flow graph and/or a node
among the plurality of nodes that is changed during processing of the data flow
graph (e.g., as discussed further herein). Defining metadata for a node, as
used herein, can include identifying and/or storing metadata for the node in the
defined data structure. Defining metadata for a node among the plurality of
nodes that is changed during processing of the data flow graph can, for
instance, include updating existing metadata in the defined data structure (e.g.,
re-defining the metadata for the node in the defined data structure).

[0040] A particular node affected during processing of the data flow graph
of the hybrid fiow can, for example, include a new node and/or a revised node
added to an alternative data flow graph (e.g., a state) among the plurality during
processing of the data flow graph. That is, the revise engine 215 can track
metadata changes for each of a plurality of alternative data flow graphs during
processing of the data flow graph. The tracked metadata changes can be for
unique nodes (e.g., a unique new node or a unique revised node). A unigue
node can include a node (e.g., new or revised) that has not yet appeared in any
previously created alternative data flow graphs. Thereby, the particular node
can include a unique node. By tracking metadata for unique nodes in the

various aiternative data flow graphs, the amount of memory to store metadata
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for the data flow graph may not be proportional to the variations of the data flow
graph produced by the process tool engine 214. Rather, the amount of memory
to store an alternative data flow graph can depend on the number of unique
nodes in the alternative data flow graph that have not appeared in a previously
created alternative data flow graph.

[0041] The defined metadata for a particular node, in various examples,
can include node metadata. For instance, the metadata for the particular node
can include a flow ID, an execution engine, and/or a value of the node metadata
attribute. As discussed above, the value of the node metadata attribute
assigned (e.g., carried by) the pérticular node can include a pointer to the
appropriate index data structure entry. The flow ID can include an identifier of a
task flow that the node belongs to. The execution engine can include an
identifier of a current execution engine and/or type of execution engine that the
operator runs on. The execution engine can change during processing of the
data flow graph, in various examples of the present disclosure. Without ioss of
generality, a task flow can be executed on the same execution engine and each
operator belonging to the task flow can have the same flow ID; therefore, a
different flow ID indicates execution on a different execution engine.

[0042] In some examples of the present disclosure, a particular node can
include a plurality of new nodes added during processing of the data flow graph
of the hybrid flow (e.g., new nodes added to an alternative data flow graph
during processing). For instance, the plurality of new nodes added can include
a clone node of a node (e.g., an identical node of the node) among the plurality
of nodes, a fork node, and a merger node (e.g., as discussed further herein).
The process tool engine 214 can add each of the new nodes to the data flow
graph {e.g., in a state). The revise engine 215 can define metadata for each
new node.

[0043] In various examples, the process tool engine 214 can switch a
position of a first node among the plurality with a second node among the
plurality during processing of the data flow graph. The switch can be, for
instance, in an alternative data flow graph. The first node can include a

connector operator node (e.g., added connector operator to convert the hybrid
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flow to a data flow graph and/or added during processing) and the second
operator node can include a node connected to the first node (e.g., the
connector operator node). The revise engine 215 can update the node
metadata of the second node to include an execution engine of a third node
among the plurality, wherein the third node includes a node connected to the
first node (e.g., the connector operator node) prior to the switch of position of
the first node and the second node. The update of node metadata can include
updating a position identifier of the switched position of the first node and the
second node based on the value of the node metadata attribute assigned to the
first node and the second node (e.g., as discussed further herein with regards to
Figures 4A-4D).

[0044] In some instances, the system 210 can include a convert engine
(e.g., not illustrated in Figure 2A). The cohvert engine can include hardware
and/or a combination of hardware and programming to convert a hybrid flow to
a data flow graph and convert the data flow graph back to a hybrid flow (e.g., a
job flow and plurality of task flows). The data flow graph converted back to a
hybrid flow, in various instances, can include one of the alternative data flow
graphs (e.g., an alternative data flow graph with the lowest cost among the
plurality of alternative data flow graphs). The reconverted hybrid flow can be
executed on appropriate execution engines.

[0045] Figure 2B illustrates a diagram of an example computing device
218 according to the present disclosure. The computing device 218 can utilize
software, hardware, firmware, and/or logic to perform a number of functions
described herein.

[0046] The computing device 218 can be any combination of hardware
and program instructions configured to share information. The hardware, for
example can include a processing resource 219 and/or a memory resource 221
(e.g., computer-readable medium (CRM), machine readable medium (MRM),
database, etc.}) A processing resource 219, as used herein, can include any
number of processors capable of executing instructions stored by a memory
resource 221. Processing resource 219 may be integrated in a single device or

distributed across multiple devices. The program instructions (e.g., computer-
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readable instructions (CRI)) can include instructions stored on the memory
resource 221 and executable by the processing resource 219 to implement a
desired function (e.g., store metadata for each of a plurality of nodes of a data
flow graph of a hybrid flow).

[0047] The memory resource 221 can be in communication with a
processing resource 219. A memory resource 221, as used herein, can include
any number of memory components capable of storing instructions that can be
executed by processing resource 219. Such memory resource 221 can be a
non-transitory CRM or MRM. Memory resource 221 may be integrated in a
single device or distributed across multiple devices. Further, memory resource
221 may be fully or partially integrated in the same device as processing
resource 219 or it may be separate but accessible to that device and processing
resource 219. Thus, it is noted that the computing device 218 may be
implemented on a participant device, on a server device, on a collection of
server devices, and/or a combination of the user device and the server device.
[0048] The memory resource 221 can be in communication with the
processing resource 219 via a communication link (e.g., a path) 220. The
communication link 220 can be local or remote to a machine (e.g., a computing
device) associated with the processing resource 219. Examples of a local
communication tink 220 can include an electronic bus internal to a machine
(e.g., a computing device) where the memory resource 221 is one of volatile,
non-volatile, fixed, and/or removable storage medium in communication with the
processing resource 219 via the electronic bus. '

[0049] A number of modules 222, 223, 224, 225 can include CRI that
when executed by the processing resource 219 can perform a number of
functions. The number of modules 222, 223, 224, 225 can be sub-modules of
other modules. For example, the metadata module 222 and the node metadata
attribute module 223 can be sub-modules and/or contained within the same
computing device. In another example, the number of modules 222, 223, 224,
225 can comprise individual modules at separate and distinct locations (e.qg.,
CRM, etc.). '
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[0050] Each of the number of modules 222, 223, 224, 225 can include
instructions that when executed by the processing resource 219 can function as
a corresponding engine as described herein. For example, the metadata
module 222 can include instructions that when executed by the processing
resource 219 can function as the metadata engine 212. In another example,
the node metadata attribute module 223 can include instructions that when
executed by the processing resource 219 can function as the node metadata
attribute engine 213.

[0051] Figures 3A-3D illustrate examples of adding a new node during
processing of a data flow graph of a hybrid flow according to the present
disclosure. For instance, when processing the data flow graph (e.g., such as
creating alternative data flow graphs/states), a new node can be added to the
data flow graph to process the data flow graph for a particular function. The
new node can include a representation of a new operator added to the data flow
graph during processing of the data flow graph by the tool and/or after
application of the processing strategy. The new operators can have metadata
defined depending on the particular case.

[0052] The examples of Figures 3A-3D illustrate examples of creating
clones of nodes of the data flow graph (e.g., a number of nodes) for flow
partitioning or flow replication. Flow partitioning can include partitioning a data
set into N pieces and executing N copies of a flow, one for each partition. Flow
replication can include running multiple clones of a number of nodes of a data
flow graph on the identical data and comparing the results (e.g., if the results
are not identical, choose the most common result for fault tolerance).

[00531 In some instances, execution engines and/or analytic flow design
tools can allow operators to have multiple inputs and/or cutputs and allow
defining different semantics considering the distribution of that data. For
instance, a fork operator can have multiple outputs and data may be copied or
distributed in a round robin fashion. A fork operator node can include a
representation of a fork operator that creates multiple outputs for partitioning
and/or replication. Example fork operators can include a splitter or a router. In

the data flow graph, such information may not be encoded inside nodes (e.g.,
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an operator node) for enabling processing opportunities and may be stored in
the defined data structure. During processing and/or after processing, a fork
operator (e.g., a splitter and a router) can be added to create the multiple
outputs for partitioning and/or replication.

[0054] In addition, some execution engines and/or analytic design tools
can allow multiple inputs to be merged for operators to be defined and can allow
defining different semantics considering the distribution of the data that is input
in a variety of ways (e.g., round robin merging, sort merging, etc.). Such
information may not be encoded inside nodes (e.g.,-an operator node) in the
data flow graph to enable processing opportunities and can be stored in the
defined data structure. A merger operator node can include a representation of
a merger operator that merges multiple inputs. Example merger operators can
include a round robin merger operator and a sort merger operator, among
others merger operators. A merger operator node can be added to merge
multiple inputs for a consumer node. A consumer node, as used herein, can
include a node representing an operator whose input schema matches the
output schema of the previous operator (e.g., the merger operator). Such
merger operators and/or fork operators can be removed to reconvert the data
flow graph back into a hybrid flow using the stored metadata.

[0055] For instance, as illustrated in Figure 3A, a portion of the data flow
graph can include node a 327-1, node b 327-2, node ¢ 327-3, and node d 327-
4. The portion can include multiple task flows (e.g., task flow “TF” 1 329-1, and
TF 2 329-2). As illustrated, node b 327-2 and node ¢ 327-3 can be parallelized
or replicated (e.q., for optimization and/or other purposes) to create N branches
containing clone operators (e.g., identical operators), which are executed
independently from each other (e.g., in sebarate threads). After parallelizing or
replicating the nodes, new nodes can be added to the data flow graph including
node R 328-1, node b’ 328-2, node ¢’ 328-3, and node M 328-4. For instance,
node b’ 328-2 can include a cione node of node b 327-2 and node ¢’ 328-3 can
include a clone node of node ¢ 327-3. Node R 328-1 can include a fork node
{e.g., a router operator node “R” 328-1) and node M 328-4 can include merger

node that split and merge the portion of the data flow graph, respectively.
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[00&€6] Metadata for the new nodes (e.g., node R 328-1, node b’ 328-2,
node ¢’ 328-3, and node M 328-4) can be defined. For instance, each new
node can have node metadata and properties defined, such as flow ID,
execution engine, and value of a node metadata attribute. The metadata for the
new nodes can be defined based on the execution engines of the node that was
cloned (e.g., the original node b 327-2 and node ¢ 327-3), a producer node of
the new node, and/or a consumer node of the new node. In some instances
(though not illustrated by Figures 3A-3D), all nodes (e.g., all operators
represented by the nodes) can belong to the same task flow. In such an
instance, flow ID, execution engine, and value for node metadata attribute of
node b 327-2 and node ¢ 327-3 can be defined for node b’ 328-2 and node ¢
328-3, respectively. The same flow ID and execution engine can be defined for
the fork node (e.g., node R 328-1) and merger node (e.g., node M 328-4).
Figures 3A-3D illustrate examples of defining metadata and properties to
particular nodes wherein the particular nodes of the fragment of the data flow
graph belong to different task flows.

[0057] As illustrated in Figure 3A, node a 327-1 belongs to task flow “TF"
1 329-1, and node b 327-2, node ¢ 327-3, and node d 327-4 belong to TF 2
329-2. A node that belongs to a task flow can mean that the node (e.g., node a
327-1) runs on a particular engine (e.g., engine 1). After parallelizing or
replicating node b 327-2 and node ¢ 327-3, node b 327-2, node ¢ 327-3, node
d 327-4, and the plurality of new nodes (e.g., node R 328-1, node b’ 328-2,
node ¢’ 328-3, and node M 328-4) belong to and get their metadata from TF 2
329-2 (e.g., flow ID, execution engine, etc.). Getting metadata from a task flow,
as used herein, can include defining metadata in the data structure based on
the task flow. Node a 327-1 belongs (e.g., remains belonging) to TF 1 329-1.
[0058] As illustrated in Figure 3B, node a 330-1 belongs to TF 1 332-1,
node b 330-2 and node ¢ 330-3 belong to TF 2 332-2, and node d 330-4
belongs to TF 3 332-3. After parallelizing or repiicating node b 330-2 and node
¢ 330-3, node b 330-2, node ¢ 330-3, and the plurality of new nodes (e.g., node
R 331-1, node b’ 331-2, node ¢’ 331-3, and node M 331-4) belong to and get

their metadata and properties from TF 2 332-2 (e.g., flow ID, execution engine,
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etc.). Node a 330-1 belongs (e.g., remains belonging) to TF 1 332-1 and node
d 330-4 belongs (e.g., remains belonging) to TF 3 332-3.

[0059] As illustrated in Figure 3C, in some instances, the parallelized or
replicated nodes (e.g., node b 333-2 and node ¢ 333-3) can belong to different
task flows (e.g., TF 2 335-2 and TF 3 335-3) and can be executed on different
execution engines. This case can be treated at the job flow level. As iliustrated
in Figure 3C, node a 333-1 belongs to TF 1 335-1, node b 333-2 belongs to TF
2 335-2, node ¢ 333-3 belongs to TF 3 335-3, and node d 333-4 belongs to TF 4
335-4. Such a job flow can include a specialized job flow containing operators
executed on different execution engines. This job flow can be partitioned or
replicated by adding new connector operator nodes (e.qg., fork node “R” 334-1
and merger node "M” 334-4).

[0060] For instance, a job flow may comprise a plurality of task flows that
are connected to each other in a variety of ways. The task flows may be
between the same execution engine, such as data that may be stored on a file
system as they pass from one task flow to another and/or data that is pipelined
from one task flow to another. in addition, task flows may be connected
between different execution engines (such as engine 1 and engine 2), wherein
the data is transferred through the file system of either execution engine and/or
the data is pipelined from one task flow to another. Data transferred from one
task flow to another may be regulated by a control point operator (e.g., an
operator that performs a control function). To uniformly capture semantics (e.g.,
metadata), a connector operator node can be added to the data flow graph as a
regular node. The metadata of the connector operators can encode the type of
connections for processing of the data flow graph and for conversion of the data
flow graph back into a job flow graph and a piurality of task flows. in various
examples, a merger operator and/or a fork operator can include a connector
operator.

[0061] After parallelizing or repiicating node b 333-2 and node ¢ 333-3,
new nodes (e.g., node R 334-1, node b’ 334-2, node ¢’ 334-3, and node M 334-
4) can be added to the data flow graph. Node b’ 334-2 and node ¢’ 334-3 can

include clone nodes of node b 333-2 and node ¢ 333-3, respectively. The new
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clone nodes (node b’ 334-2 and node ¢’ 334-3) can belong to and get metadata
and properties of the task flows of the nodes they are a clone of. For example,
node b 333-2 and node b’ 334-2 can beilong to TF 2 335-2. Node ¢ 333-3 and
clone node ¢’ 334-3 can belong to TF 3 335-3. Node a 333-1 belongs (e.g.,
remains belonging) to TF 1 335-1 and node d 333-4 belongs (e.g., remains
belonging) to TF 4 335-4.

[0062] The new nodes of the node R 334-1 and node M 334-4 that
include specialized connector operator nodes to connect the task flows can
belong to either the task flow of their consumer node or the task flow of their
producer node (e.g., as illustrated by the dotted lines going through node R
334-1 and node M 334-4). As used herein, a consumer operator node can
include a representation of an operator whose input schema matches the output
schema of an operator represented by a previous node (e.g., the connector
operator). A producer node can include a representation of an operator whose
output schema matches the input schema of the predecessor operator (e.g., the
connector operator).

[0063] For instance, node R 334-1 can belong to TF 1 335-1 or TF 2 335-
2 (e.g., as illustrated by TF 1/TF 2 336-1). Node M 334-4 can belong to TF 3
335-3 or TF 4 335-4 (e.g., as illustrated by TF 3/ TF 4 336-2). Which task flow
the specialized connector operators (e.g., node R 334-1 and node M 334-4)
belong to, and thereby, get their metadata and properties from can depend on
the cost of shipping data (e.g., the network and data transfer cost) from an
engine that TF 1 335-1 runs on (e.g., engine 1) to an engine that TF 2 335-2
runs on (e.g., engine 2), and from an engine that TF 3 335-3 runs on (e.g.,
engine 3) to an engine that TF 4 335-4 runs on {(e.g., engine 4). Example
criterion for placement of the fork cperator (e.g., node R 334-1) can be the
existence or not of parallel copy connectors. Example criterion for placement of
the merger operator (e.g., node M 334-4) can be merging policy {e.g., union,
sort-merge, etc.).

[0064] Figure 3D illustrates an example of placement of a fork node (e.g.,
node R 338-1) and the merger node (e.g., node M 338-4) based on the cost of

shipping data in accordance with examples of the present disclosure. Figure
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3D, in various examples, can include a particular placement of the nodes in
Figure 3C, although examples in accordance with the present disclosure are not
so limited.

[0065] As illustrated by Figure 3D, the node a 337-1 can belong to TF 1
339-1, node b 337-2 can belong to TF 2 339-2, node ¢ 337-3 can belong to TF 3
339-3, and node d 337-4 can belong to TF 4 339-4. After parallelizing or
replicating node b 337-2 and node ¢ 337-3, new nodes (e.g., node R 338-1,
node b’ 338-2, node ¢’ 338-3, and node M 338-4) can be added to the data flow
graph. Node b’ 338-2 and node ¢’ 338-3 can include clone nodes of node b
337-2 and node ¢ 337-3, respectively. The new clone nodes (e.g., node b’ 338-
2 and node ¢’ 338-3) can belong to and get metadata and properties from the
task flows of the nodes they are a clone of. For example, node b 337-2 and
clone node b’ 338-2 can belong to TF 2 339-2. Node ¢ 337-3 and clone node ¢’
338-3 can belong to TF 3 339-3. The new fork node (e.g., node R 338-1) can
belong to TF 1 339-1 (e.g., as opposed to TF 2 338-2) based on the data
shipping cost being lower with the fork operator represented by the fork node
belonging to TF 1 339-1 than TF 2 339-2. The new merger node {e.g., node M
338-4) can belong to TF 3 339-3 (e.g., as opposed to TF 4 338-4) based on the
data shipping cost being lower with the merger operator represented by the
merger node belonging to TF 3 339-3 than TF 4 338-4. Node a 337-1 belongs
(e.g., remains belonging) to TF 1 339-1 and node d 337-4 belongs (e.g.,
remains belonging) to TF 4 339-4.

[0066] Although the examples of Figures 3A-3D illustrate a particular
number of each particular feature (e.g., nodes, new nodes, task flows, and
branches), examples in accordance with the present disclosure are not so
limited. The number of each particular feature can include a variety of numbers
that may be more or less than illustrated in Figures 3A-3D, for instance.

[0067] Figures 4A-4D illustrate examples of switching positions of nodes
of a data flow graph of a hybrid flow according to the present disclosure. The
nodes that are switched, as illustrated in Figures 4A-4D, can include unary
nodes. A unary node can include a node with a single input and/or a single

output. If the nodes belong to the same task flow, then flow ID, execution
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engine, and value of the node metadata attribute remain the same for the
switched nodes. In such an instance, only the position identifier of the switched
nodes may be revised (e.g., an identifier that identifies of the order of the
nodes). '

[0068] Figure 4A illustrates an example of switching two unary nodes
{e.g., node n 440-2 and node connector “conn” 440-3) in a data flow graph
containing node a 440-1, node n 440-2, node conn 440-3, and node d 440-4.
Prior to switching a position of the nodes, node a 440-1, node n 440-2 and node
conn 440-3 belong to TF 1 441-1 and node d 440-4 belongs to TF 2 441-2. A
connector operator node (e.g., node conn 440-3) can include a representation
of an operator added during conversion of the hybrid flow to a data flow graph
and/or during processing of the data flow graph. The metadata of the connector
operator node can encode the type of connection between two task flows.
Thereby, when switching the position of a connector operator node (e.g., node
conn 440-3) and a unary node (e.g., node n 440-2), two task flows (e.g., TF 1
441-1 and TF 2 441-2) are involved. The unary node switching positions with
the connector operator node has metadéta defined based on a node (e.g., node
d 440-4) that was a consumer node (e.g., was connected to) of the connector
operator node (e.g., node conn 440-3) prior to the switch. That is, node n 440-2
has metadata updated based on a consumer node (e.g., node d 440-4) of the
connector operator node (e.g., node conn 440-3) prior to the switch, wherein
node n 440-2 was a producer node for the connector operator node prior to the
switch.

[0069] As illustrated on the right side of the arrow, switching a position of
a connector operator node (e.g., node conn 440-3) with node n 440-2 results in
changes to metadata and properties of the node n 440-2. The metadata and
properties of the connector operator node may not change. After the switch,
node a 440-1 and node conn 440-3 belong to TF 1 441-1. Node n 440-2 and
node d 440-4 belong to TF 2 441-2. Thereby, node n 440-2 gets the flow ID
and execution engine metadata of the consumer node {e.g., node d 440-4) of

the node conn 440-3 prior to the switch.
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[0070] Figure 4B illustrates an example of switching two unary nodes
(e.g., node n 442-2 and node conn 442-3) in a data flow graph containing node
a 442-1, node n 442-2, node conn 442-3, and node d 442-4. Prior to switching
a position of the nodes, node a 442-1 and node n 442-2 belong to TF 1 443-1
and node conn 442-3 and node d 442-4 belong to TF 2 443-2. The node conn
442-3 can include a connector operator node, as discussed in Figure 4A. The
unary node (e.g., node n 442-2) switched with the connector operator node
(node conn 442-3) has metadata defined based on a node (e.g., node d 442-4)
that was a consumer node (e.g., was connected to) of the connector operator
node prior to the switch. That is, node n 442-2 has metadata updated based on
a consumer node {e.g., node d 442-4) of the connector operator node (e.g.,
node conn 442-3) prior to the switch, wherein node n 442-2 was a producer
node of the connector operator node prior to the switch.

[0071] As illustrated on the right side of the arrow, switching a position of
the node conn 442-3 with node n 442-2 results in changes to metadata and
properties of the node n 442-2. The metadata and properties of the connector
operator node do not change. After the switch, node a 442-1 belongs to TF 1
443-1. Node conn 442-3, node n 442-2, and node d 442-4 belong fo TF 2 443-
2. Thereby, node n 442-2 gets a flow ID and execution engine metadata of the
consumer node (e.g., node d 442-4) of the node conn 442-3 prior to the switch
updated in the defined data structure.

[0072] Figure 4C illustrates an example of switching two unary nodes
(e.g., node conn 444-2 and node n 444-3) in a data flow gréph containing node
a 444-1, node conn 444-2, node n 444-3, and node d 444-4, Prfor to switching
a position of the nodes, node a 444-1 and node conn 444-2 belong to TF 1 445-
1 and node n 444-3 and node d 444-4 belong to TF 2 445-2. The node conn
444-2 can include a connector operator node, as discussed in Figure 4A. The
unary node (e.g., node n 444-3) switched with the connector operator node
(node conn 444-2) has metadata defined based on a node (e.g., node a 444-1)
that was a producer node (e.g., was connected to) of the connector operator
node (e.g., node conn 444-2) prior to the switch. That is, node n 444-3 has
metadata updated hased on a producer node {e.g., node a 444-1) of the
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connector operator node (e.g., hode conn 444-2) prior to the switch, wherein
node n 444-3 was a consumer operator node of the connector node prior to the
switch. '
[0073] As illustrated on the right side of the arrow, switching a position of
the node conn 444-2 with node n 444-3 results in changes to metadata and
properties of the node n 444-3. The metadata and properties of the connector
operator node (e.g., node conn 444-2) do not change. After the switch, node a
444-1 node n 444-3, and node conn 444-2 belong to TF 1 445-1. Node d 444-4
belongs to TF 2 445-2. Thereby, node n 444-3 gets a flow ID and execution
engine metadata of the producer node (e.g., node a 444-1) of the node conn
444-2 prior to the switch updated in the defined data structure.

[0074] Figure 4D illustrates an example of switching two unary nodes
(e.g., node conn 446-2 and node n 446-3) in a data flow graph containing node
a 446-1, node conn 446-2, node n 446-3, and node d 446-4. Prior to switching
a position of the nodes, node a 446-1 belongs to TF 1 447-1, and node conn
446-2, node n 446-3 and node d 446-4 belong to TF 2 447-2. The node conn
446-2 can include a connector operator node, as discussed in Figure 4A. The
unary node (e.g., node n 446-3) switched with the connector operator node
(node conn 446-2) has metadata defined based on a node {e.g., node a 446-1)
that was a producer node (e.g., was connected to) of the connector operator
node (e.g., node conn 446-2) prior {o the switch. That is, node n 446-3 has
metadata updated based on a producer node (e.g., node a 446-1) of the
connector operator node (e.g., node conn 446-2) prior to the switch, wherein the
node n 446-3 was a consumer node of the connector operator node prior to the
switch. '

[0075] As illustrated on the right side of the arrow, switching a position of
the node conn 446-2 with node n 446-3 results in changes to metadata and
properties of the node n 446-3. The metadata and properties of the connector
operator node (e.g., node conn 446-2) do not change. After the switch, node a
446-1 and node n 446-3 belong to TF 1 447-1. Node conn 446-2 and node d
446-4 belong to TF 2 447-2. Thereby, node n 446-3 gets a flow ID and
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execution engine metadata of the producer node (e.g., node a 446-1) of the
node conn 446-2 prior to the switch updated in the defined data structure.
[0076] Although the examples of Figures 4A-4D illustrate four nodes and
two task flows, examples in accordance with the present disclosure are not so
limited. The number of each particular feature can include a variety of numbers
that may be more or less than illustrated in Figures 4A-4D, for instance.

[0077] In accordance with various examples of the present disclosure,
metadata for a switched node can be updated in response to the switch of
position. For instance, if a value of a node metadata attribute for a switched
node (e.g., node n) equals a first particular value (e.g., -1) than a position
identifier in the data structure (e.g., index data structure) corresponds to the
node identifier of the node and should be updated based on the switched
position. If the value of the node metadata attribute for a switched node equals
a second particular value (e.g., -2) than no change to the metadata of the
switched node is defined. A second particular value can indicate no node
metadata exists for the node. If the value of the node metadata attribute is not
equal to the either the first particular value or the second particular value (e.g.,
is not equal to -1 or -2) for a switched node, then the switched node is a clone of
another node whose node identifier is the value stored in the node metadata,
this value shows the position identifier of the original node and no node
metadata is changed. This assumes that b.ndMetadata !=c and c.ndMetadata
I= n, which is generally true, since a clone node is generally not in the same
linear flow with its original operator (e.g., clone nodes are introduced after
partitioning/ replication/ distribution/ factorization, in which cases the clone
nodes and original nodes are placed on a different linear flow).

[0078] In some examples, an auxiliary processing node (e.g., a recovery
node) can be attached to a node. For instance, if one of the nodes involved in a
switch of positions has an auxiliary processing node attached, then the node
metadata and the position identifier of the attached auxiliary processing node
remains the same in the index data structure. However, the flow ID and
execution engine metadata for the auxiliary processing node are updated to

match the attached node (e.g., the node that was switched). Thereby, the
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auxiliary processing node can serve its purpose (e.g., act as a recovery point)
after switching positions of nodes.

[0079] Figures 5A-5B illustrate examples of distributing/factorizing a node
over an n-ary node of a data flow graph of a hybrid flow according to the present
disclosure. An n-ary node, as used herein, can include a node with a plurality of
inputs and/or a plurality of outputs.

[0080] Figure 5A illustrates an example of distributing a node (e.g., node
¢ 548-4) over an n-ary node (e.g., nhode M 548-3). As illustrated in Figure 5A,
prior to distributing node ¢ 548-4 over node M 548-3, node a 548-1, node b 548-
2, and node M 548-3 belong to TF 1 549-1 and node ¢ 548-4 belongs to TF 2
549-2. Distribution, as used herein, can include an algebraic technique to move
operator nodes. For example, x*(a+b) is equivalent to (x*a) + (x*b). Thereby,
the multiplier x can be distributed over the addition.

[0081] To distribute node ¢ 548-4 over node M 548-3, homologous
versions of node ¢ 548-4 can be produced (e.g., node ¢’ 550-1 and node c”
550-2) , node ¢ 548-4 can be removed, and node ¢’ 550-1 and node ¢” 550-2
can be placed to the applicable input branches of node M 548-3. Node ¢’ 550-1
and node ¢” 550-2 can include representations of homologous operators (e.g.,
homologous operator nodes). Homologous operators, as used herein, can
include operators that are the same type (e.g., perform the same computation)
but on different data and schemata. As illustrated in Figured 5A, node ¢’ 550-1
and node ¢” 550-2 placed as a producer of node M 548-3 can get the flow ID
and execution engine metadata of the producer of node M 548-3 prior to
switching places with node ¢ 548-4 (e.g., node a 548-1 and node b 548-2). That
is, node ¢' 550-1 and node ¢” 550-2 belong to TF 1 549-1 with node a 548-1,
node b 548-2, and node M 548-3.

[0082] Further, the new homologous operator nodes (e.g., node ¢’ 550-1
and node ¢” 550-2) can inherit the metadata of node ¢ 548-4. If node ¢ 548-4
has node metadata (e.g., indicated by a value of the node metadata attribute
equaling a particular value, such as -1), then the value of the hode metadata
attribute assigned to node ¢’ 550-1 and node c¢” 5§50-2 points to the node

metadata (e.g., via a node ID) of node ¢ 548-4. If node ¢ 548-4 has an
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assigned node metadata attribute value that does not equal the particular value
(e.g., does not equal -1), then the assigned node metadata value points to the
node metadata (e.g., via a node ID) of the node that node ¢ 548-4 originally
comes from (e.g., node ¢ 548-4 is a clone node from a previous operation). In
either instance, the node metadata of node ¢ 548-4 is copied to the homologous
operator nodes (e.g., node ¢’ 550-1 and node ¢” 550-2) and a value of a node
metadata attribute is assigned to the homologous operator nodes to point to the
node ID for recovering them. And, because node M 548-3 is an n-ary operator,
a node attribute for node M 548-3 is updated (e.g., called card_origin) to show
which operators populate (e.qg., are producers) the input schemata of node M
548-3.

[0083] Figure 5B illustrates an example of factorizing nodes (e.g., node ¢’
551-3 and node ¢” 551-4) over an n-ary node (e.g., node M 551-5). As
iltustrated in Figure 5B, prior to factorizing .node ¢’ 551-3 and node ¢” 551-4
over hode M'551-5, node a 551-1, node b 551-2, node ¢’ 551-3, node ¢” 551-4
and node M 551-5 belong to TF 1 552-1. Node ¢’ 551-3 and node ¢” 551-4 can
include homologous operator nodes, as discussed in Figure 5A. Factorization,
as used herein, can include an algebraib technigue to move operator nodes.
For example, (x*a) + (x*b) is equivalent to x*(a+b). Thereby, the multiplier x can
be factored out.

[0084] To factorize node ¢’ 551-3 and node ¢” 551-4 over node M 551-5,
node ¢’ 551-3 and node ¢” 551-4 can be combined in the data flow graph to
form node ¢ 553-1, node ¢ 553-1 is place to the applicable output branch of
node M 551-5, and node a 551-1 and node b 551-2 are placed to the applicable
input branches of node M 551-5. Node ¢ 553-1 can inherit metadata (e.g., the
computation on different data and schemata) of node ¢’ 551-3 and node c” 551-
4 (e.g., as discussed in Figure 5A). That is, node ¢ 551-3 can perform the same
computation as node ¢’ 551-3 and node ¢” 551-4 on the combined data and
schemata of node ¢’ 551-3 and node ¢"551-4.

[0085] As illustrated in Figure 5B, node ¢ 553-1 placed as a consumer of
node M 551-5 can get the flow ID and execﬁtion engine metadata of node M

551-5 or of the consumer node of node ¢ 553-1 after the factorization based on



WO 2014/209260 PCT/US2013/047296
28

the cost of shipping data from an engine that TF 1 552-1 runs on to an engine
that TF 2 552-2 runs on. That is, node ¢ 553-1 can belong fo TF 1 552-1 or TF
2 552-2. The exampile illustrated in Figure 5B illustrates node ¢ 553-1 belonging
to TF 2 552-2, although examples in accordance with the present example are
not so limited. That is, node a 551-1, node b 551-2, and node M 551-5 belong
to TF 1 552-1 and node ¢ 553-1 belongs to TF 2 §52-2. Further, the position
identifier of node ¢ 553-1 is updated. And, because node M 651-5 is an n-ary
operator, a node attribute for node M 551-5 is updated (e.g., called card_origin)
to show which operators consume (e.g., are consumer) the output schemata
and which operators produce (e.g., are producers) the input schemata of node
M 551-5.

[0086] Although the examples of Figures 5A-5B illustrate a particular
number of each particular feature (e.g., nodes, additional nodes, and branches),
examples in accordance with the present disclosure are not so limited. The
number of each particular feature can inciude a variety of numbers that may be
more or less than iliustrated in Figures 5A-5B, for instance. For example,
distribution/ factorization of a node over an n-ary node can include more than
two branches, and thereby more than two homologous nodes can be added or
deleted.

[0087] in addition, the number of task flows can include more or less than
two task flows and the placement of distributed/factorized operator nodes can
include a variety of placements other than that illustrated in Figures 5A-5B. The
placement of the distributed/factorized operator nodes (e.g., which task flow a
distributed or factorized operator node belongs to) can depend on the cost of
shipping data. An example of a variety of numbers of task flows and
placements based on cost is illustrated in Figures 3A-3D.

[0088] Figures 6A-6B illustrate flow charts of examples of methods for
processing a data flow graph of a hybrid flow according to the present
disclosure. For instance, Figure 6A illustrates a flow chart of an example
method 660 for processing a data flow graph of a hybrid flow. At 662, the

method 660 can include defining a data structure {o store metadata for each of
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a plurality of nodes of a data flow graph of a hybrid flow. The metadata can
include flow metadata and node metadata, for instance.

[0089] At 664, the method 660 can include processing the data flow
graph of the hybrid flow using a tool. The tool, various examples, can include
an optimizer and the processing can include a global optimization of the data
flow graph of the hybrid flow.

[0090] At 666, the method 660 can include defining metadata in the
defined data structure for a particular node affected during processing of the
data flow graph of the hybrid flow. The particular node can include a new node
added during processing of the data flow graph of the hybrid flow by the tool
and/or a node among the plurality of nodes, wherein the node is revised during
processing of the data flow graph of the hybrid flow by the tool. The particular
node can be a new node added and/or revised in an alternative data flow graph
(e.g., a state), for instance.

[0091] For instance, the method 660 in various examples can include
tracking metadata changes for each of a plurality of alternative data flow graphs
(e.qg., states) created during processing of the data flow graph. The tracked
metadata changes can include changed metadata for the particular node (e.g.,
a revised node or a new node) of an alternative data flow graph among the
plurality of alternative data flow graphs. Thereby, the particular node affected
by processing of the data flow graph can be a node in an alternative version of
the data flow graph (e.g., a state). The particular node can include, for instance,
a node that is unique (e.g., metadata for the revised node or metadata for the
new node has not yet been defined) as compared to nodes in previously
created alternative data flow graphs among the plurality of alternative data flow
graphs. By defining metadata in the defined data structure for unique nodes in
the alternative data flow graphs, the amount of memory used to store the
metadata may not be proportional to the number of alternative data flow graphs.
The amount of memory for each aiternative flow can depend on the number of
new nodes or revised nodes that have not yet appeared in any previously

created alternative flow graph.
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[0092] Figure 6B iliustrates a flow chart of an example method 661 for
converting a hybrid flow. The method 661 can include defining a data structure
to store metadata for each of a plurality of nodes of a data flow graph of a hybrid
flow, and processing the data flow graph of the hybrid flow using a tool, as
illustrated by 662 and 664 of Figure 6A and Figure 6B.

[0093] At 663, the method 661 can include defining metadata for each of
the plurality of nodes in the defined data structure, wherein the metadata
includes flow metadata and node metadata. The defined data structure can
include, for instance, an index data structure and/or a defined data structure
(e.g., CDATA) stored in the data flow specification.

[0094] At 665, the method 661 can inélude defining metadata in the
defined structure for a new node added during processing of the data flow graph
of the hybrid flow. For instance, the new node can include a clone node of a
node among the plurality of nodes and/or a specialized connector node.

[0095] Further, in various examples, at 668, the method 661 can include
revising metadata for a node among the plurality of nodes defined the data
structure, wherein a location of the node in the data flow graph is revised during
the processing of the data flow graph. For instance, a location can be revised
by switching positions of two nodes, such as a two unary nodes.

[0096] The specification examples provide a description of the
applications and use of the system and method of the present disclosure. Since
many examples can be made without departing from the spirit and scope of the
system and method of the present disclosure, this specification sets forth some

of the many possible example configurations and implementations.
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What is claimed:

1. A method for processing a data flow graph of a hybrid flow, comprising:
defining a data structure to store metadata for each of a plurality of nodes
of a data flow graph of a hybrid flow; '
processing the data flow graph of the hybrid flow using a tool; and
defining metadata in the defined data structure for a particular node

affected during processing of the data flow graph of the hybrid flow.

2. The method of claim 1, wherein defining the data structure to store
metadata for each of the plurality of nodes includes defining the data structure
to store flow metadata for the data flow graph in a specification of the data flow

graph of the hybrid flow.

3. The method of claim 1, wherein defining the data structure to store
metadata for each of the plurality of nodes includes:
assigning a unique node identifier to each of the plurality of nodes; and
defining an index data structure to store node metadata for each of the
plurality of nodes of the data flow graph of the hybrid flow, wherein each node

identifier is used to index the indéx data structure to access the node metadata.

4, The method of claim 1, including:

tracking metadata changes for each of a plurality of alternative data flow
graphs during processing of the data flow graph;

wherein the tracked metadata changes for one of the plurality of
alternative data flow graphs includes metadata for the particular node; and

wherein the particular node is a unique node as compared to nodes in
previously created alternative flow graphs among the plurality of alternative data

flow graphs.

5. A non-transitory computer-readable medium storing a set of instructions

executable by a processing resource to cause a computer to:
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store metadata for each of a plurality of nodes of a data flow graph of a
hybrid flow including flow metadata and node metadata, wherein the node
metadata is stored in an index data structure;

assign a value of a node metadata attribute to each of the plurality of
nodes of the data flow graph of the hybrid flow, wherein each assigned node
metadata attribute value identifies the node metadata in the index data
structure; and

revise the stored metadata after processing the data flow graph
including:

update metadata for a node among the plurality of nodes, wherein
a location of the node in the data flow graph of the hybrid flow is revised during

processing of the data flow graph.

6. The non-transitory computer-readable medium of claim 5, wherein the
set of instructions executable by the processing resource to assign the value of
the node metadata attribute to each of the plurality of nodes includes
instructions executable to assign a particular value of a node metadata attribute

to the plurality of nodes.

7. The non-transitory computer-readable medium of claim 5, wherein the
set of instructions executable by the processing resource to assign the value of
the node metadata attribute to each of the plurality of nodes includes
instructions executable to:

assign a value of a node metadata attribute to a new node added during
processing of the data flow graph of the hybrid flow, wherein the new node is a
clone of a node among the plurality of nodes; and

wherein the assigned metadata attribute value of the new node is a node

identifier of the node.

8. The non-transitory computer-readable medium of claim 5, wherein the
set of instructions executable by the processing resource to update metadata

for the node among the plurality of nodes includes instructions executable to
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revise a flow identifier for the node in response to the revised location of the

node including a different execution engine.

9. The non-transitory computer-readable medium of claim 8, wherein the
set of instructions executable by the processing resource to update metadata
for the node among the plurality of nodes jncludes instructions executable to:

attach an auxiliary processing node to the node, wherein the value of the
node metadata attribute and a position identifier of the auxiliary processing node
is not revised from the value of the node metadata attribute and a position

identifier of the node.

10. A system for processing a data flow graph of hybrid flow, comprising:
a processing resource; and
a memory resource communicatively coupled to the processing resource
containing instructions executable by the processing resource to implement a
metadata engine, a node metadata attribute engine, a process tool engine and
a revise engine, wherein:
the metadata engine stores metadata for each of a plurality of
nodes of a data flow graph of a hybrid flow in a defined data structure, wherein
the metadata includes flow metadata and node metadata;
the node metadata attribute engine assigns a value of a node
metadata attribute to each of the plurality of nodes of the data flow graph of the
hybrid flow, wherein each assigned node metadata attribute value identifies the
node metadata;
the process tool engine processes the data flow graph of the
hybrid flow; and
the revise engine:
defines node metadata for a particular node affected
during processing of the data flow graph of the hybrid flow; and
assigns a value of a node metadata attribute to the

particular node.
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1. The system of claim 10, wherein:

the particular node includes a plurality of new nodes added during
processing of the data flow graph of the hybrid flow including a clone node of a
node among the plurality of nodes, a fork node, and a merger node;

the process tool engine adds the clone node; the fork node, and the
merger node to process the data flow graph; and

the revise engine defines the node metadata for the clone node, fork
node, and merger node based on the execution engines of the node, a producer

node of the node, and a consumer node of the node.

12.  The system of claim 10, wherein:

the process tool engine switches a position of a first node among the
plurality with a second node among the plurality in the data flow graph of the
hybrid flow; and

the revise engine updates the metadata in the defined data structure

based on the switched position of the first node and the second node.

13.  The system of claim 12, wherein:

the first node includes a connector operator node and the second node
includes a node connected to the connector operator node;

the revise engine updates the node metadata of the second node to
include an execution engine of a third node among the plurality, wherein the
third node includes a node connected to the first node prior to the switch of the

position of the first node and the second node.

14.  The system of claim 12, wherein the revise engine updates a position
identifier of the switched position of the first node and the second node based
on the value of the node metadata attribute assigned to the first node and the

second node.

15.  The system of claim 10, wherein:
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the process tool engine distributes a unary node among the plurality of
nodes over an n-ary node among the plurality of nodes in the data flow graph
during processing of the data flow graph of the hybrid flow; and

wherein the particular node includes a homologous node of the unary

node.
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