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PARTITIONING A WORKFLOW

Background

[0001] Workflows may be partitioned into smaller workloads.

Partitioning of workloads may accelerate the completion of the full

workflow. For example, parallel execution of workloads may cause a

more rapid completion of a workflow than a serial execution of the

workloads. A workflow, or task, is considered complete when both

independent components are complete, with the completion time taken as

the maximum of the two components. Each component operates on

distinct processing units with different configurations and capabilities, so

each component may have a completion time that follows a different

statistical distribution.

Brief Description of the Drawings

[0002] Figure 1 illustrates an example system, according to the

disclosure;

[0003] Figures 2A-2C illustrate example graphs, according to the

disclosure;

[0004] Figures 3A-3B illustrate example graphs, according to the

disclosure;

[0005] Figures 4A-4B illustrate example graphs, according to the

disclosure;

[0006] Figure 5 illustrates an example of a computing device,

according to the disclosure;



[0007] Figure 6 illustrates a flow chart of an example of a method,

according to the disclosure; and

[0008] Figure 7 illustrates a flow chart of an example of a method,

according to the disclosure.

Detailed Description

[0009] A workflow can be any job, task, and/or set of operations.

An example of a workflow can be a large file to be transmitted over the

Internet, a large print job capable of being executed on more than one

printer, a manufacturing process capable of being broken into different

streams, traffic capable of being routed over more than one route, and/or

a number of other job, tasks, and/or set of operations capable of execution

on a plurality of executors.

[0010] An executor can be any mechanism capable of executing

the workflow or a workload portion thereof. For example, an executor can

be a processor of a computing device, a virtual machine, a printer, a

manufacturing stream, a traffic route, and/or a number of other

mechanisms by which to execute a portion of a workflow.

[0011] An executor can have a property associated therewith. For

example, the executor can have an associated execution speed. An

execution speed can be a rate of performing the workflow and/or a

workload portion thereof. For example, an execution speed can be a

processing speed of a processor of a computing device, an operations

rate of a virtual machine, a page printing rate of a printer, a widget

producing rate of a manufacturing stream, a traffic capacity and/or traffic

speed associated with a traffic route, and/or any other metric related to the

speed at which an executor is capable of executing a workflow.

[0012] Executors can be heterogeneous. Executors can have

different properties, such as execution speed, from one another.

Additionally, each executor can possess a distinct amount of uncertainty

or variance associated with its execution speed. This variance can be a

result of fluctuations in the properties and/or characteristics of the

executor and/or demands placed on the executor and/or its resources.



[0013] Partitioning a workflow into workloads allocated among

heterogeneous executors can be accomplished through equal partitioning

of the workflow. However, this can lead to a workflow reaching completion

at an undesired time; for instance upon completion by the slowest

executor of its workload portion of the workflow.

[0014] In contrast, examples herein relate to determining an

expected completion time for a workflow and an expected corresponding

variance of the completion time for the workflow associated with each of a

number of partitions of the workflow among a number of executors each

executing a respective workload portion of the workflow in parallel. The

workflow can then be partitioned into workloads allocated among the

number of executors based on the determined expected completion time

for the workflow and the determined expected corresponding variance of

the completion time for the workflow associated with each of the number

of partitions of the workflow. That is, in contrast to assuming homogeneity

among executors and equally dividing a workflow into equally sized

workloads for executors, examples herein relate to partitioning the

workflow into workloads based on expected completion times and

corresponding variance thereof associated with the partition.

[0015] The parallelization procedure examples herein include a

decision on how to partition a workflow so that its full completion process

takes the shortest amount of time to complete with a relatively minimal

amount of uncertainty and/or variance in the completion time. Uncertainty

and/or variance are relevant variables because, for example, unavoidable

fluctuations in executing a workload that each executor (e.g., processing

unit, channel, virtual machine, etc.) undergoes when having to time share

with other processes and/or workflows. This can introduce a stochastic

component into the execution of any workflow, which can at times

increase the amount of time it takes for a given workflow and/or workload

portion of a workflow to complete. Therefore, incorporating these

fluctuations into a partitioning procedure can result in shorter times to

completion than an original non-partitioned workflow.

[0016] The parallelization procedure can include partitioning a

workflow into a plurality of workloads in such a way that their outputs are



joined and their full completion time takes less time and uncertainty and/or

variance than when running it in one executor. The parallelization

procedure can be implemented to affect a partitioning for joint parallel

execution of workload portions of a workflow with an implication that the

overall execution time of the workflow is determined by the longest

running executor.

[0017] For instance, examples in accordance with the present

disclosure may be directed to estimating processing characteristics of a

processing unit. A variant of the Gibbs sampling method (e.g., algorithm)

can be used to learn processing characteristics of heterogeneous parallel

processing unit(s) so that a decision can be made with respect to what

value f should take, where f is a proportion for processing in parallel. For

instance, large and time-consuming tasks can be broken down into two

independent workloads, with proportions f and 1-f for processing in

parallel.

[0018] Figure 1 illustrates an example of a workflow partition

system 100, according to examples of the present disclosure. As

illustrated in Figure 1, the workflow partition system can include a

database 102, a partition manager 104, a number of engines 105, 106,

107, 108, and 109. The partition manager 104 can include the number of

engines 105, 106, 107, 108, and 109 in communication with the database

102 via a communication link. The system can include additional or fewer

engines than illustrated to perform the various tasks described herein.

[0019] The number of engines 105, 106, 107, 108, and 109 can

include a combination of hardware and instructions (e.g. programming)

which are executed by the hardware to perform tasks including those

described herein (e.g., estimate processing capabilities of system

components, partition a workflow associated with the plurality of system

components into a plurality of workloads, etc.). The instructions can

include instructions (e.g., software (e.g., instructions that can be executed

by hardware such as a processor), hardware with instructions, etc.) stored

in a memory resource (e.g., computer readable medium (CRM), machine

readable medium (MRM), etc.) as well as hard-wired program (e.g., logic).



[0020] The first estimation engine 105 can include hardware and/or

a combination of hardware and instructions (e.g., programming) which are

executed by the hardware to estimate a processing capability of each of a

plurality of system components. For instance, a workflow can be received

by the first estimation engine, and an estimation can be made as to the

processing capabilities of components associated with the system and the

workflow. The processing capabilities can be workload completion times

of each of the plurality of workloads. The first estimation engine may

estimate the processing capability of each of the plurality of system

components using a Bayesian approach, as will be discussed further

herein. The workflow can include real workflows processing in parallel.

As used herein, components are entities that process workloads. For

instance, depending on a workflow, a component can be a central

processing unit (CPU), among others.

[0021] The workflow engine 106 can include hardware and/or a

combination of hardware and instructions (e.g., programming) which are

executed by the hardware to perform tasks to partition the workflow

associated with the plurality of system components into a plurality of

workloads. The workflow can be partitioned randomly. As used herein,

randomly partitioning includes an inconsistent splitting of the workflow.

For instance, the partition may be 50/50, 40/60, 55/45, or any other

combination between two workloads. A partition between two workloads

is used as an example here, but the partition may be into more than two

workloads.

[0022] The partition can reduce an expected workflow completion

time and reduce an expected variance corresponding to the expected

workflow completion time. That is, the workflow engine 106 can include

hardware and/or a combination of hardware and instructions (e.g.,

programming) to perform tasks to measure statistical properties of a

workflow allocation system and determine a partition of the workflow

based on the measure of statistical properties such that an expected

workflow completion time and an expected variance corresponding to the

expected workflow completion time are reduced.



[0023] The component engine 108 can include hardware and/or a

combination of hardware and instructions which are executed by the

hardware to run each of the plurality of workloads through each of the

plurality of components, and the observation engine 107 can include

hardware and/or a combination of hardware and instructions which are

executed by the hardware to evaluate how each of the plurality of

components handles each of the plurality of workloads. For example, the

observation engine can determine how long each workload takes to

complete in each component. The second estimation engine 109 can

include hardware and/or a combination of hardware and instructions which

are executed by the hardware to update the processing capability

estimates of each of the plurality of system components based on

evaluation. For instance, as will be discussed in further detail below, the

system can "learn" how to better partition the workflow.

[0024] Determining the partition can include determining an

expected workflow completion time associated with each of a plurality of

partitions of the workflow among a plurality of parallel executors of the

workflow. That is, determining the expected workflow completion time can

be based on a rate of performing a workload and a property of the

workload. The expected completion time for the workflow can be

determined based on the rate of performing the workload and a property

of the workload. The rate of performing the workflow can include an

execution speed associated with one or more of the executors. The

execution speed can be a known stored value (e.g., in database 102)

and/or can be measured across repeated trials of a partitioning process

conducted over a period of time utilizing various partitions. The property

of the workload can include a metric of how intensive the workload will be

on an executor/executors. A metric of how intensive the workload will be

can include a size of the workflow/workload, a time associated with

executing the workflow/workload, a complexity of the workflow/workload,

an amount of resource demand associated with executing the

workflow/workload, an amount of operations involved in executing the

workflow/workload. The expected completion time can additionally be



determined based on the expected corresponding variance of the

completion time for the workflow.

[0025] Determining the partition can further include determining an

expected variance corresponding to each expected workflow completion

time. That is, determining the expected workflow completion time and an

expected corresponding variance of the completion time can include

numerically deriving values of the expected completion time for a workflow

and an expected corresponding variance of the completion time for each

of a number of potential partitions of the workflow. The expected workflow

completion time and an expected corresponding variance of the workflow

completion time can be determined based on the fluctuations in an

execution speed associated with each of the plurality of parallel executors.

Parallel executors can include executors that separately perform the joint

execution of workload portions of a workflow in a parallel. The parallel

executors can be heterogeneous in that they each are associated with

distinct execution speeds and fluctuations of those execution speeds

brought on by characteristics of the executor, characteristics properties of

the executor resources, and/or competition/depletion of executor

resources, among other demands. The expected variance of the workflow

completion time can be a numerical categorization of the fluctuation in the

workflow and/or workload completion time brought on by the distinct

fluctuations associated with utilizing particular executors to execute

particular workload portions of the workflow.

[0026] As described above, the expected variance corresponding to

each expected workflow completion time can be determined based on

fluctuations in the execution speed associated with the each number of

executors executing a respective workload portion of the workflow in

parallel. These fluctuations can be stored as fluctuation values (e.g., in

database 102) associated with each executor and/or be measured through

repeated trials of a partitioning process conducted over a period of time

utilizing various partitions and/or measured by inducing competition for an

executor resource during test trials.

[0027] Further, the numerical values for the expected workflow

completion time and an expected corresponding variance of the workflow



completion time can be derived according to a model of the executors of

the workflow and how they can execute a workflow based on their

properties. For example, as noted above, a workflow can be partitioned

into two workloads and (while this example only characterizes the

partitioning of the workflow into two workloads to be allocated across two

executors the examples included herein are not so limited are equally

applicable to additional partitions and additional executors), each of which

can be executed on different executors, with different execution speeds

and fluctuating performance parameters. The workloads can have

proportions of fand - for processing in parallel. The workflow can be

considered complete when both independent components complete, with

the completion time taken as the maximum of the two workloads. Given

that each workload operates on distinct executors (e.g., processing units)

with different configurations and capabilities, each component has a

completion time that follows a different statistical distribution.

[0028] With Θ representing the parameters of i's completion time ,

and j representing the parameters ofy's completion time tj , the probability

that the task has a completion time t before e is given by:

Pit < e\f, Θ) = P t ≤ e\f, Θ ) P t ≤ e\f, Θ )

Q= {Qi,Q} .

[0029] The expected completion time of the task t is given by:

while the variance of completion time t is given by:

Var{t\f, & = {2 Q
∞ e[l - P t ≤ e\f, Q)] de} —[E(t\f, Θ) ]2.

[0030] For brevity, the expected completion time E(t\f, Θ) can be

denoted as µ(ί ) and the variance of completion time Var{t\f,Q) as o2(f).

For the purpose of illustration as to how µ(ί ) and o2(f) varies as a function

off, it can be assumed that the completion times on each processing unit

is Gaussian, with known values of Θ, which governs the processing

capabilities of the two processing units. By using the hypothetical values µ,

= 30, Oi = 2 , = 20, Oi = 6, the numerical results as shown in Figures 2A,

2B, and 2C can be obtained.



[0031] Figures 2A-2C illustrate example graphs, according to the

disclosure.

Figure 2A illustrates µ(ί ) (y-axis 271-1 ) and o2(f) (x-axis 269-1 ) for each

value off. Figure 2B illustrates µ(ί ) (y-axis 271-2) with respect to f (x-axis

273-1 ) , and Figure 2C illustrates o2(f) (y-axis 269-2) with respect to f (x-

axis 273-2). In Figure 2A, each point gives the respective value of µ(ί )

and o2(f) for a specific f . The curve formed from these points is parabolic

which indicates that for some values of µ(ί ) , there are two possible choices

of o2(f). The converse is true as well, for example, some values of o2(f)

have two choices of µ(ί ) . If the assumptions on the statistical distribution

of completion times for the two parallel machines holds, then the

theoretical results derived in Figure 2A allow a decision on an appropriate

value of f that minimizes the expected time µ(ί ) for a desired amount of

uncertainty o2(f) and minimizes the amount of uncertainty o2(f) for a

desired expected time µ(ί ) .

[0032] The appropriate choice of f that provides the optimal values

of µ(ί ) and o2(f) is given by the efficient frontier 270-1 (as will be discussed

further herein) in the lower left portion of the curve f thus denotes the

amount of appropriate parallelism necessary to achieve a desired level of

Quality-of-Service (QoS). The scenarios that find QoS important may

include supply chain management, computer networking, parallel and

distributed systems, or military strategies that often require the

achievement of a common objective orchestrated by several teams

working in parallel, among others.

[0033] In some examples, knowledge of a processing unit may be

vague or unknown. Other approaches may include addressing this issue

by performing many controlled experiments of different workloads by

varying f , with each f having multiple numbers of trials in order to estimate

the mean and variance at each value off. However, in realistic or

deployed systems, such controlled experiments represent an opportunity

cost and the resources used to conduct such experiments would reap

more benefits by running actual workloads.

[0034] As such, examples of the present disclosure use a method

(e.g., algorithm) that learns the (processing) system parameters based on



trials of using the processing units without deliberate selection off. A

Bayesian approach may be used to infer the parameters Θ. Using a

Bayesian approach may allow for a current understanding of a system's

performance given as input to the method using prior beliefs expressed

using statistical distributions. Also, based on an observed batch of data,

such as completion time with respect to the amount of parallelism f , the

likelihood of the observations can be combined with the prior beliefs to

obtain a posterior belief of the systems' performance. In addition, a

posterior belief obtained from the previous batch of observations can

become the prior belief for the next batch of observations. By chaining a

sequence of prior and posterior updates, the method can adjust the

system's parameters for a dynamically changing environment.

[0035] For simplification (but without loss of generality) of the

learning algorithm description, we shall assume that the completion time

ti, t for each of the processing unit i , j follows that of a Normal

distribution:

tj \f^ j , j , } , β } ) ~ Ν ([1 - ]¾ , [(1 - f < )

[0036] The notation may be simplified, so that:

[0037] As such, the analysis for i and j is identical:

p t \f , µ , β ) ~ Ν f , f i ) .

[0038] The purpose of simplifying for i and j is to show that if the

Bayesian updates of i can be derived, then similarly, the same equations

can be applied to j . With that, clutter can be reduced in the equations by

dropping the subscripts i and j leaving the following:

ν ,µ, σ , α, β ) ~ Ν { µ, σ ) . (1)

[0039] As stated in equation 1, the completion time t can be

predicted conditioned on the assumption that µ, σ, α, αηά β are known.



[0040] As noted, Bayesian inference equations can be used to

obtain estimates for the values of µ , σ , a , and β . Since µ and σ are

unknowns, it can be assumed that they are drawn from some statistical

distributions. For notational convenience, the variance o2 can be replaced

with the precision λ using the following relationship:

[0041] An appropriate choice of prior distribution for µ is the

following Normal distribution :

µ \µ , , λ ~ Ν µ , (V ) - 1)

[0042] While the prior distribution of λ is the Gamma distribution:

where µ , k , v , and are parameters for the prior distributions of µ and

λ, which are constants that can be set based on subjective prior

knowledge.

[0043] Then, expressing the probability density function of the

posterior distribution function as a multiplication of the two distributions

can be given as:

ρ µ , λ \µ , κ ,ν , ) oc exp - [κ µ - µ ) 2 + 2 ]

(2)

ρ µ , λ \Τ , , α , β , µ , , ν , ψ ) oc ρ Τ \ , µ , λ , α , β ) ρ µ , λ \µ , κ 0 , ν , ψ )

(3)

[0044] The likelihood is then given by:

(4)

[0045] Equations 2 and 5 can be substituted into equation 3 , and

through algebraic manipulations (e.g., expansion, completing the square,

factorization and simplification), the following can be obtained, and the

posterior distribution given by:



η

Ν
νΝ = ν + —

- µΝ κΝ + µ κ +

[0046] α and β represent the scalability of the processing unit when

given different workloads governed by f . A perfect system would have a =

1.0 and β = 1.0 indicating that the expected completion time and variance

scales linearly with the size of the workload. However, a > 1.0 and β > 1.0

may represent an impossible scenario since this suggests that the system

takes less time and has less uncertainty when given more workload.

[0047] Since a and β may only take values between 0 and 1, it may

be appropriate to use the Beta distribution as the prior of a and β

ρ \θ 0 , ο oc - ΐ - -

[0048] Using the likelihood given by Equation 5 , the posterior

distribution of a conditioned on a set of observations T for a given set of F

is:

[0049] For the posterior distribution of β , the likelihood given by

Equation 4 may be used, which gives the following:

ρ β \Τ , , µ , λ , δ 0 , η0 , α ) oc p T \F, µ , λ , α , β ) ρ β \δ , η )



[0050] Then, using the standard definitions for E a and Var(a) to

derive their specific values:

E a) = ρ α \Τ,Ε ,µ ,λ ,θ ,φ ,β ) da ( 12)

E a2 = a2 ρ α \Τ,Ε ,µ ,λ ,θ ,φ ,β da ( 13)

Var(a) = E a2) - [E(a)] ( 14)

ν α β = Ε β - [Ε β ]2 ( 17)

[0051 ] Figures 3Α and 3Β illustrate example graphs, according to

the disclosure. For instance, Figures 3A and 3B illustrate an example of

the differences between the true and approximate posterior distribution of

a . Figures 4A and 4B illustrate example graphs, according to the

disclosure. For instance, Figures 4A and 4B illustrate an example of the

differences between the true and approximate posterior distribution of β .

[0052] Figures 3A and 4A include exact curves 375 and 474,

respectively, while Figures 3B and 4B includes approximate curves 377

and 476, respectively. Equations producing curves 375 and 474 may not

be used for Bayesian inferences. In order for the equations to be suitable

for Bayesian inference, the posterior and prior must exhibit similar forms.

As such, in accordance with the present disclosure, a method may be

used to approximate an exact posterior equation in the form of the prior

equation . The approximated posterior equation produces curves 377 and

476.

[0053] Equation 1 summarizes the use of the Bayesian inference

equations for estimating the parameters of the processing system. In

response to updating the parameters of the prior distributions, the

distributions can be sampled instead of taking their mode or mean, so as



to avoid getting trapped in a local maxima of the log likelihood. Because

the mean is close to the mode (as illustrated in Figures 3B and 4B), the

sampling from their distributions may have a desired side effect of

increasing the log likelihood of the overall system. An example Gibbs

sampling of µ ,λ, α,β may be performed showing a convergence of the

Gibbs sampling method presented in equation 1. It may illustrate that the

Bayesian inference equations and the Gibbs sampling method may be

used to estimate system parameters.

[0054] Returning to Figure 1, the workflow engine 106 and/or a

receipt engine (not pictured) can include hardware and/or a combination of

hardware and instructions which are executed by the hardware to partition

the workflow into workloads according to the determined priority. For

instance, in response to the estimations, a different workflow may be

received, and the workflow partition may be updated. The workloads can

be workloads allocated among the plurality of executors. The partition can

be based on the determined partition which can be based on the

determined (e.g., estimated) expected completion time associated with

each of the plurality of partitions of the workflow and the determined

expected variance corresponding to each expected work flow completion

time. For example, as illustrated in Figures 2A-2C, utilizing the above

stated models the expected completion time µ( ) and expected

corresponding variance of the completion time for the workflow o2( ) can

be numerically derived for different values of /"representing various

potential partitions of the workflow which can be graphed as µ with respect

to each value of f and o2 with respect to each value of f . An efficient

frontier 270-1, 270-2, 270-3 can be identified representing range of

partition values of f which provide a targeted combination of µ and o2

values. For example, the efficient frontier can be a target value can be a

minima of µ and o2 on these graphs, but since the value of fthat provides

a minimum point of µ and o2 can be different, then the efficient frontier can

include the range of values of f which include at least both of these

minima. This can provide a range of choices of workload size for

partitioning the workflow to achieve the target combination of µ and o2

values for the workflow.



[0055] The efficient frontier can additionally be identified in a graph

where µ and o2 are graphed parametrically as a function of each other

resulting in a parabolic curve. The statistical distribution assumptions of

the completion times for the two parallel workloads characterized in the

above stated model can permit selection of an appropriate value of f which

minimizes µ and o2 for the full workflow execution .

[0056] Therefore, determining the partition can include determining

a partition of the workflow into workloads by selecting a particular partition

value (e.g., f which minimizes both µ and o2 relative to other values of f)

from a range of partition values, of the number of partitions, corresponding

to a minima for the determined completion time for the workflow and a

minima the determined variance of the completion time (e.g., the efficient

frontier and/or the range of values including the minima of µ and o2) .

[0057] Further examples of the application of the above stated

workflow partition system 100 can include a parallel partitioning of a least

squares error function which is quadratic and therefore convex. Although

a map-reduce application can be applicable to such a partitioning, it does

not produce the targeted solution. The input D to the convex function, in

this example, can be partitioned into two workloads D,and D . A classical

operation can then be applied to each of the workloads D,and to obtain

a globally optimized solution Θ, and based on each of their inputs. The

solution Θ for the original workflow D can be obtained as a linear

combination of the solution from each of the workloads.

Θ = / Θ , + ( 1 - / ) ,

[0058] The parallel global algorithm can be processed on two

executors (e.g., virtual machines, each one with a CPU core). The mean

completion times µ and variance o2 can be obtained at each partition

value of f by repeating a plurality of trials of the process over a period of

time using different partitions (values of f). The mean completion times µ

and variance o2 can be graphed as a function of and a performance

curve similar to the performance curve derived in the above examples can

be obtained. A curve can be fitted to the observed behavior of mean



completion times µ and variance o2 across various partition values Ho

identify an efficient frontier and/or a partition value Ho achieve a target

mean completion time µ and variance o2.

[0059] Another example of the application of the above stated

workflow partition system 100 can include performing a file transmission of

a fixed size file in parallel from a source node to a destination node over

two network paths. Since the TCP network protocol may not allow fine

grain control of how file packets travel through the Internet, an

intermediate overlay can be created to redirect a fraction of the file

packets through a different path. In this example, the source node can be

hosted in New York City, while the destination node can be hosted in

Singapore. A traceroute can be utilized to demonstrate that network

packets can be transmitted through the west coast of the United States

before reaching the destination in Singapore, which implies that the

network packet from New York City route through the Pacific Ocean to

Singapore.

[0060] In order to determine if utilizing an alternate route of sending

file packets from New York through the Atlantic Ocean using Europe as

the overlay before finally reaching Singapore is a more efficient network

channel, another host can be created in London to act as an overlay to

receive file packets from New York City and forward them to Singapore. A

file can be partitioned into workloads based on different values of fand

sent across the two different networks (e.g., Atlantic Ocean, Pacific

Ocean). Disk I/O delays can be excluded to ensure that network

transmissions times' contribution to completion times are analyzed alone.

[0061] To measure the completion time of the two parallel file

transfers, the node at the destination can measure the time of the last

packet (from either channel) and then subtract the time of the request for

the first packet (e.g., from both channels).

[0062] In order to measure the mean completion times µ and

variance o2 thereof, the file transfer can be repeated a number of times

over a time period. For each trial, a randomized value of fcan be used.

The results obtained for this file transmission example can be consistent

with the performance curve derived in the above examples.



[0063] Figure 5 illustrates an example computing device 520

according to examples of the disclosure. The computing device 520 can

utilize instructions (software and/or hardware with instructions) hardware,

and/or logic to perform a number of tasks including those described

herein. The computing device 520 can be a combination of hardware and

program instructions to share information. The hardware, for example,

can include a processing resource 522 and/or a memory resource 524

(e.g., CRM, MRM, database, etc.).

[0064] A processing resource 522, as used herein, can include a

processor capable of executing instructions stored by a memory resource

524. Processing resource 522 can be implemented in a single device or

distributed across multiple devices. The program instructions (e.g.,

computer readable instructions (CRI)) can include instructions stored on

the memory resource 524 and executable by the processing resource 522

to implement a desired task (e.g., partition the workflow into workloads

allocated to each of a first plurality of executors associated with the

workflow according to the determined partition value, etc.).

[0065] The memory resource 524 can be in communication with the

processing resource 522 via a communication link (e.g., a path) 526. The

communication link 526 can be local or remote to a machine (e.g., a

computing device) associated with the processing resource 522.

Examples of a local communication link 526 can include an electronic bus

internal to a machine (e.g., a computing device) where the memory

resource 524 is one of volatile, non-volatile, fixed, and/or removable

storage medium in communication with the processing resource 522 via

the electronic bus.

[0066] A module and/or modules 528, 530, and 532 can include

CRI that when executed by the processing resource 522 can perform a

number of tasks including those described herein. A number of modules

528, 530, and 532 can be sub-modules of other modules. For example,

the completion module 528 and the value module 530 can be sub-

modules and/or contained within the same computing device. In another

example, the number of modules 528, 530, and 532 can comprise

individual modules at separate and distinct locations (e.g., CRM, etc.).



[0067] Each of the number of modules 528, 530, and 532 can

include instructions that when executed by the processing resource 522

can operate as a corresponding engine described herein. For example,

the completion module 528 and value module 530 can include instructions

that when executed by the processing resource 522 can operate as the

workflow engine 106. The partition module 532 can include instructions

that when executed by the processing resource 522 can operate as the

receipt engine (not illustrated).

[0068] The completion module 528 can include instructions that

when executed by the processing resource 522 can determine an

expected completion time for a workflow and a corresponding expected

variance of the completion time for the workflow across a plurality of

partition values. In some examples this can be among a plurality of

heterogeneous executors. The expected completion time of a workflow

and the corresponding expected variance of the completion time of the

workflow can be derived based on a size of the workflow, a portion of the

workflow to be allocated to a particular executor, and an execution speed

of the particular executor. That is, the expected completion time and

expected variance can be derived by stored values (e.g., in database 102)

of a size of a workflow, a workload portion of the workflow to be allocated

to a particular executor, and an execution speed associated with the

particular executor and/or values of a size of a workflow, a workload

portion of the workflow to be allocated to a particular executor, and/or an

execution speed associated with the particular executor obtained from

trials with the executors handling various workloads. The expected

completion time of the workflow can be determined by a derived amount of

time involved in totally executing a workflow obtained from times involved

in executing partitioned workloads of a given size on an executor with a

given execution speed, and a given variance of that execution speed. The

derived expected completion time and expected variance thereof can be

expressed as a function of the partition at various values. The executors

can be heterogeneous in that they each are associated with a distinct

execution speed and/or a distinct variance thereof.



[0069] The value module 530 can include instructions that when

executed by the processing resource 522 can determine a partition value

of the plurality of partition values that produces a shortest expected

completion time and a smallest corresponding expected variance of the

completion time. For example value module 530 can determine a number

of workflow partitions of the plurality of workflow partitions that achieve a

target expected completion time of the workflow and a corresponding

target expected variance of the completion time of the workflow. That is,

the value module 530 can include instructions that when executed by the

processing resource 522 can determine the number of workflow partitions

of the plurality of workflow partitions that achieve the target values by

application of the models described above in more detail with regard to

Figure 1. That is, the value module 530 can include instructions that when

executed by the processing resource 522 can compare the derived

expected completion time of a workflow and the corresponding expected

variance of the completion time of the workflow across a plurality of

workflow partitions with a target value for each. For example, this can

include deriving the expected completion time of a workflow and the

corresponding expected variance of the completion time of the workflow

as a function of the partition value fand identifying a target range of

values of partition values including the minima of the expected

completion time of a workflow as a function of f and/or the minima of the

corresponding expected variance of the completion time of the workflow

as a function of f .

[0070] The partition module 532 can include instructions that when

executed by the processing resource 522 can partition the workflow into

workloads allocated to each of a first plurality of executors associated with

the workflow according to the determined partition value. The workloads

may be executed in parallel by each of the number of executors according

to a selected partition of the determined number of partitions. Partitioning

the workflow can include splitting the workflow into workloads to be

executed in parallel by each of the number of executors. The partition can

be a partition value /"selected from the target range of values of partition

values /"including the minima of the expected completion time of a



workflow as a function of f and/or the minima of the corresponding

expected variance of the completion time of the workflow as a function of

f . The selected partition value fcan be the partition that produces a

shortest expected completion time with a smallest corresponding expected

variance relative to the other derived expected completion times and

corresponding expected variances of the completion time of other

workflow partitions of the plurality of workflow partitions.

[0071] The partition module 532 can further include instructions that

when executed by the processing resource 522 can determine an

execution speed and a corresponding variance of the execution speed of

each of a second plurality of executors and determine a property of a

workflow associated with the second plurality of executors. The first

plurality of executors may be heterogeneous, while the second plurality of

executors may be homogeneous.

[0072] The partition module 532 can further include instructions that

when executed by the processing resource 522 can piece completely

executed workloads together to output a completed workflow.

[0073] Figure 6 illustrates a flowchart of an example method 640

according to examples of the disclosure. The example method 640 can

be implemented using the system 100 illustrate in Figure 1 and/or the

computing device 520 illustrated in Figure 5 .

[0074] At 642, the method 640 can include determining an

execution speed of a plurality of homogeneous executors and/or a

corresponding variance thereof. Determining the execution speed and/or

corresponding variance thereof can be accomplished by obtaining

corresponding measurements throughout trials of the executor and/or from

stored values (e.g., in database 102) associated with the executor.

[0075] At 644, the method 640 can include determining a property

of a workflow associated with the plurality of homogeneous executors.

Determining a property of the workflow can include determining a size,

technical complexity, and/or resource demand of a particular workflow.

Determining a property of the workflow can also include determining how

a workflow may be partitioned into workloads and/or compatible executors

to execute the workload.



[0076] At 646, the method 640 can include determining an expected

completion time of a workflow and a corresponding expected variance of

the completion time for the workflow across a plurality of partition values.

That is, the method 640 can include numerically deriving an expected

completion time of a workflow and an expected variance of the completion

time of the workflow as a function of various partition values f

corresponding to potential partitions of the workflow into workloads to be

allocated to the plurality of heterogeneous executors.

[0077] At 648, the method 640 can include determining a partition

value of the plurality of partition values that will produce a shortest

expected completion time and a smallest corresponding expected

variance of completion time as compared to the others associated with the

plurality of partition values. The determined partition value can be a range

of values including the minima of the expected completion time and the

expected variance of completion time as a function of various partition

values f . Alternatively, the partition value can be a single value of f

corresponding to the shortest expected completion time along with a

smallest expected variance of completion time.

[0078] At 650, the method 640 can include partitioning the workflow

into workloads allocated to a plurality of heterogeneous executors

according to the determined partition value (e.g., from 648 of the method

640).

[0079] At 652, the method 640 can include joining together the

completed workloads upon completion by the plurality of heterogeneous

executors to form a completed workflow.

[0080] Figure 7 illustrates a flowchart of an example method 780

according to examples of the disclosure. The example method 780 can

be implemented using the system 100 illustrated in Figure 1 and/or the

computing device 520 illustrated in Figure 5 .

[0081] At 782, the method 780 can include determining an expected

completion time and a corresponding expected variance of the completion

time of an execution of a portion of a workflow for each of a plurality of

executors based on a corresponding execution speed of the executor and

a property of the portion of the workflow. The plurality of executors can be



heterogeneous executors. The execution speed of the executor can be

determined based on estimates of the execution speed collected during

deployment of the executor in executing workloads.

[0082] At 784, the method 780 can include determining a partition

of the workflow into workloads to be allocated among the plurality of

executors that achieves a workflow completion time under a threshold

completion time. The determined partition of the workflow can be a

partition of the workflow into workloads allocated to executors that

produces a workflow completion time under a threshold completion time

wherein the threshold completion time is a predetermined threshold

completion times based on a Quality-of-Service level agreement. For

example, the determined expected completion time and a corresponding

determined expected variance of the completion time of an execution of a

portion of a workflow for each of a plurality of heterogeneous executors

can be utilized as the basis for formulating a pricing model for different

levels of Quality-of-Service. The determined expected completion times

and corresponding determined expected variances of the completion time

of an execution of a portion of a workflow for each of a plurality of

heterogeneous executors can be segmented into different pricing

structures which a customer may select from. A selection of a particular

pricing structure can correspond to a particular Quality-of-Service level

agreement. A threshold completion time and/or a threshold variance of

the completion time can be indicated by the selected pricing structure.

Accordingly, the determined partition of the workflow can be a partition

that has an expected completion time and/or a corresponding expected

variance of the completion time that is at least under the threshold

completion time and/or a threshold variance of the completion time

specified in the Quality-of-Service level agreement associated with the

pricing structure.

[0083] At 786, the method 780 can include allocating the workloads

to each of the plurality of executors according to the determined partition.

Allocating the workloads can include splitting the workflow into workloads

determined by the determined partition value and disseminating the

workloads to the executors for execution.



[0084] In the disclosure, reference is made to the accompanying

drawings that form a part hereof, and in which is shown by way of

illustration how a number of examples of the disclosure can 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 can be used and that process,

electrical, and/or structural changes can be made without departing from

the scope of the disclosure.

[0085] The figures herein follow a numbering convention in which

the first digit corresponds to the drawing figure number and the remaining

digits identify an element or component in the drawing. Elements shown

in the various figures herein can be added, exchanged, and/or eliminated

so as to provide a number of additional examples of the disclosure. In

addition, the proportion and the relative scale of the elements provided in

the figures are intended to illustrate the examples of the disclosure, and

should not be taken in a limiting sense.

[0086] As used herein, "logic" is an alternative or additional

processing resource to perform a particular action and/or function, etc.,

described herein, which includes hardware, e.g., various forms of

transistor logic, application specific integrated circuits (ASICs), etc., as

opposed to computer executable instructions, e.g., software firmware, etc.,

stored in memory and executable by a processor. Further, as used

herein, "a" or "a number of" something can refer to one or more such

things. For example, "a number of widgets" can refer to one or more

widgets. Also, as used herein, "a plurality of something can refer to more

than one of such things.

[0087] The above specification, examples and data provide a

description of the method and applications, and use of the system and

method of the disclosure. Since many examples can be made without

departing from the spirit and scope of the system and method of the

disclosure, this specification merely sets forth some of the many possible

configurations and implementations.



What is claimed is:

1. A method, comprising:

determining, using a machine, an expected completion time and a

corresponding expected variance of the expected completion time of an

execution of a portion of a workflow for each of a plurality of executors

based on a corresponding execution speed of the executor and a property

of the portion of the workflow;

determining, using the machine, a partition of the workflow into

workloads to be allocated among the plurality of executors that achieves a

workflow completion time under a threshold completion time; and

allocating the workloads to each of the plurality of executors

according to the determined partition.

2 . The method of claim 1, wherein the plurality of executors is a

plurality of heterogeneous executors.

3 . The method of claim 1, including determining the corresponding

expected variance based on a fluctuation in an execution speed

associated with each of the plurality of executors executing a respective

portion of the workflow, wherein the plurality of executors are a plurality of

parallel executors.

4 . The method of claim 1, further comprising determining, using the

machine, an updated completion time and an updated corresponding

expected variance based on and evaluation of a length of time the

workflow takes to complete a component associated with the machine.

5 . A non-transitory machine-readable medium storing instructions

executable by a processing resource to:

determine an expected completion time for a workflow and a

corresponding expected variance of the completion time for the workflow

across a plurality of partition values;



determine a partition value of the plurality of partition values that

produces a shortest expected completion time and a smallest

corresponding expected variance of the completion time; and

partition the workflow into workloads allocated to each of a first

plurality of executors associated with the workflow according to the

determined partition value.

6 . The non-transitory machine-readable medium of claim 5 , the

instructions further executable to:

determine an execution speed and a corresponding variance of the

execution speed of each of a second plurality of executors; and

determine a property of a workflow associated with the second

plurality of executors.

7 . The non-transitory machine-readable medium of claim 5 , the

instructions further executable to join together the completed workloads

upon completion of execution by the first plurality of executors to form a

completed workload

8 . The non-transitory machine-readable medium of claim 5, wherein

the first plurality of executors is a plurality of heterogeneous executors.

9 . The non-transitory machine-readable medium of claim 6, wherein

the first plurality of executors is a plurality of heterogeneous executors and

the second plurality of executors is a plurality of homogeneous executors.

10. A system, comprising:

a first estimation engine to estimate a processing capability of each

of a plurality of system components;

a workflow engine to partition a workflow associated with the

plurality of system components into a plurality of workloads;

a component engine to run each of the plurality of workloads

through each of the plurality of components;



an observation engine to evaluate how each of the plurality of

components handles each of the plurality of workloads; and

a second estimation engine to update the processing capability

estimates of each of the plurality of system components based on

evaluation.

11. The system of claim 10, further comprising a receipt engine to:

receive a different workflow; and

update the workflow partition based on the updated processing

capability estimates.

13. The system of claim 10, the workflow engine to randomly partition

the workflow.

14. The system of claim 10, the first estimation engine to estimate the

processing capability of each of the plurality of system components using

a Bayesian approach.

15. The system of claim 10, wherein the processing capability of each

of the plurality of system components is a workload completion time of

each of the plurality of workloads.
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