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graph absent node locking. For example, a processor executing a first thread
may receive a first task for updating a node ot an inference graph stored by a

TN TN storage device accessible to a second thread, the first task being assigned dur-
Ny e /) ) ing a first iteration of a graph update loop. Absent locking the node from ac-
‘‘‘‘ - \7 - cess by the second thread, the processor may generate a value for the node
/ and update the node with the value. Based on detecting that each node of the

/ inference graph has been updated, the processor may continue with a second

iteration of the graph update loop.
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UPDATING INFERENCE GRAPH ABSENT NODE LOCKING

BACKGROUND
{0001] Bicinformatics, computer vision, text analytics, finance and
marketing analytics, and other fields may use stalistical inferences to
generate predictions of expecied classifications, labels, or cutcomes. Such
systems may, by way of example and not limitation, be configured fo
determine a number of people that are likely to shop at a particular store on a
given day, a candidate a voter may likely vote for, and so forth.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] Some examples of the present application are described with
respect to the following figures:

[0003] FiG. 1 is a schemalic diagram of an example computer device for
gssigning tasks to threads updating an inference graph absent any logks;

{00G04] FIG. 2 is a block diagram of an example computing device for
processing task lists based on updating values of nodes absent locking the
nodes; and

{0005] FIG. 3 is a flowchart of an example method for updating nodes of
an inference graph absent locking the nodes.

DETAILED DESCRIPTION
{Q006] To generaie prediction madels, a computer system may use
training data that includes a number of samples for a given featurs or set of
features. Using the training data, the computer system can create, for
example, a histogram for a feature that can in twrn be used 1o build or
otherwise frain the prediction model.

{00671  Graphical models are graphs which compactly represent the joint
distributions of random variables. Graph inference algorithms, such as Gibbs
sampling, may be used to infer distributions of variables in inference graphs,
which are graphical modeis that compactly represent inferences of joint
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distributions of random variables. These algorithms may be used in various
applications, such as malware detection, detecting malicious domains, topic
modeling, information extraction, image processing anabytics, text analytics,
and the like. In many of these applications, the graphical models are of large
scale, often requiring a large numbey of random accesses of nodes and/or
edges of the graphical model. Parallelization of graph inference algorithms
may be used for large scale graph inference, but current techniques may do
s0 inefficiently. As such, running graph inference algorithms, even in paraliel,
may be time consuming and ineficient, sometimes taking houwrs {o finish on
hundreds of machines.

{0008]  Various parallelization computing modes may be used to perform
graph inference algorithms in mulli-core processing environments such that
gach processor in the multi-core processing environment may concurrently
execute a thread associated with the graph inference algorithm, where a
thread may be a seqguence of programmed instructions that may be managed
independently by a scheduler. Each thread may consist of any number of
tasks assigned o each thread by a scheduler of the multi-core processing
environment. A parallelization computing mode may include a bulk
synchronization paralielization {BSP) mode, which may consist of a sequence
of super steps performed by threads, where the threads communicate with
one another only at the end of each super step at a barrier. A barrier may be
a point during processing of a thread at which the processing must stop and
may not proceed untdl alt other concurrently processing threads reach the
same barrier. After a barrier is reached, each thread obtaing a copy of the
same consistent global state. Within each super step, each thread may work
on thelr own copy of the glohal state and may only update thelr own copy.
The global states of each thread may be communicated o other threads st
each barrier.

[0009]  Another parallelization computing mode may include asynchronous
parailelization, where each thread shares the same global data structure (e.g.,
the topology of the graphical model and the value of each vertex in the modal)
and each thread updates that globatl data structure concurrently. Each thread

may see updates from other threads as the updates are performed, and each
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thread may not need to wait for any other threads in order {o process {asks
(e.q., tasks may be processed without barriers). At any time, a thread may
pick up a fask and proceed with processing the task.

{0010]) in some examples, graph inference algorithms may be paralielized
efficiently using a lock-free in-memaory graph inference engine for mulli-core
environments based on a hybrid computing mode of asynchronous
parallefization and BSP. Each thread may share the same global data
structures and may update the global state concurrently. Each thread may
see updates from other threads as the data structures are updated. A barrier
may be enforced periodically such that, when the barrier is reached, a thread
may wail for other threads 1o finish their tasks before that thread may procesd
o its next task. When threads updats the global siate, they may do so
without acquiring locks. As such, when g thread updates a hode, the thread
may perform the update without locking the node.

[0011] For example, a processor core executing a thread may receive a
task for updating a node of an inference graph, where the inference graph
may be stored by a storage device accessible {o other concurrently-running
threads. The task may be assigned to that particular thread for a particular
iteration of a graph update foop. The graph update loop may be a loop that
itarates a graph inference algorithm such that nodes of the inference graph
may be updated during each teration of the loop. When the task assigned to
the thread is performed, a value for the node {o be updated may be
generated, and that node may be updated with that value, without locking the
node from access by the other concurrently-running threads. Once each
node of the inference graph has been updated during that Heration of the
graph update loop, 8 second itergtion of the graph update lcop may be
performed. A barrier may be used {0 prevent threads from starting that next
iteration until all threads have finished their respective tasks associated with
the previous iteration.

[0012]  Various sweep strategies may be used to update nodes of an
inference graph after each iteration of the graph update loop. A sweep
strategy may be an order in which nodes of an inference graph are updated.

In a sequential sweep strategy, all of the nodes of the inference graph may be



WO 2016/186651 PCT/US2015/031499

updated in any order, where the order that is chosen is used for all iterations
of the graph update oop. In a shuffling sweep strategy, in each iteration, a
random permutation of all of the nodes is generated, and the nodes are
updated according to that permutation order for that iteration. In a random
sweep strategy, @ complete sweep of all nodes is not performed, but instead,
at least one node of the inference graph is randomly chosen to be updated for
a particular fteration.

[0013] Referring now to the figures, FIG. 1 is a schematic diagram of an
examptle computer device 100 for assigning tasks to threads updating an
inference graph absent any locks. The computer device 100 is a physical
machine that is constructed from actual machine executable instructions, or
"software.” and actual hardware. The hardware of the computer device 100
includes a processing node 110, which may be part of, for example, a
particuiar multicore central processing unit (CPU) package or multiple
multicore CPU packages. As depicted in FIG. 1, the processing node 110
contains OPU processor cores 112 and a local memory 114, A CPU
processor core may be a processor device suitable to read and execute
processor executable instructions, such as a CPU, or an integrated circuit
configured 1o perform a configured function.

{00 14] The local memory 114 may he a slorage device that stores, amaong
other things, CPU executable instructions and data, such as graph update
instructions 116 and a plurality of {asks 118, The plurality of tasks 118 may
be data that represents any number of tasks {0 be processed in threads by
the CPU processor cores 112. For example, the graph update instructions
116 may be instructions to a first iteration of a graph update loop that, when
executed by one of the CPU processor cores, may cause the CPU processor
core o select a first subset of fasks and a second subset of tasks from the
plurality of tasks 118, where each task in the plurality of tasks 118
corresponds to an update {0 a respective node of an inference graph. The
inference graph may be a shared data structure accessible o both the first
thread and the second thread. The graph update instructions 118 may cause
the CPU processor core to assign the first subset of tasks to a first thread and

assign the second subset of tasks 10 a second thread, where the first thread
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and the second thread update the inference graph absent any locks. The
graph update instructions 116 may causea the CPU processor core to execuls
a second iteration of the graph update loop responsive to defecting that the
first thread and the second thread have completed the first subset of {asks
and the second subset of tasks.

{0015]  The graph update instructions 118 may also include instructions to
the second iteration of the graph update loop that, when executed, cause the
CPU processor core {o select a third subset of {asks and a fourth subset of
tasks from the plurality of tasks 118, assign the third subset of tasks to the
first thread, and assign the fourth subset of tasks to the second thread. In
some examples, the selection of the first subset of tasks, the second subset of
tasks, the third subset of {asks, and the fourth subset of tasks is based on an
ordering of the nodes of the inference graph. In some examples, the ordering
of the nodes of the inference graph may be updated according to a random
permuiation affer detecting that the first thread and the second thread have
completed the first subset of tasks and the second subsset of {asks.

{0G186] FIG. 1 also depicts that the processing node 110 may be coupled
to a persistent memory 130 (a non-volatile memory, such as flash memory, for
example) that may be accessed by the CPU processor cores 112 via the
memory hub 120, The persisterst memory 130 may store persistent copies of
the graph update instructions 116 and the plurality of tasks 118.

[0017] FIG. 2 is a block diagram of an example computing device 200 for
processing task lists based on updating values of nodes absent locking the
nodes. in some examples, computing device 200 may be similar o the
computer device 100 of FIG. 1.

[0018] Computing device 200 may be, for example, a web-based server, a
local area network server, a cloud-based server, a nolebook computer, a
deskiop computer, an all-in-one system, & tablet computing device, a mobile
phone, an electronic book reader, a printing device, or any other electronic
device suitable for processing task lisis based on updating values of nodes
absent locking the nodes. Computing device 200 may include a processor 202
and a machine-readable storage medium 204, Compuding device 200 may
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receive a first task list with tasks corresponding 10 a subset of nodes inan
inference graph and process the first task list based on updating valuss of the
subset of nodes absent focking the subset of nodes.

[0019]  Processor 202 is a tangible hardware component that may be a
CPU, a semiconductor-based microprocessor, andfor other hardware device
suitable for retrieval and execution of instructions stored in machine-readable
storage medium 204. Processor 202 may felch, decode, and execute
instructions 208, 208, and 210 to control a process of processing task lists
based on updating values of nodes absent locking the nodes. As an
alternative or in addition to retrieving and executing instructions, processor
202 may include at least one elecironic circuit that includes electronic
components for performing the functionality of instructions 206, 208, 210, or a
combination thereol

[0020] Machine-readable storage medium 204 may be any electranic,
magnetic, optical, or other physical storage device that conlaing or stores
execuiable instructions. Thus, machine-readable storage medium 204 may
be, for example, Random Access Memory (RAM), an EPROM, an Electrically
Erasable Programmable Read-Only Memory (EEPROM), a storage device, an
optical disg, and the like. In some examples, machine-readable storage
medium 204 may be a non-transitory storage medium, where the term “non-
transitory” does not encompass transitory propagating signals. As described
in detail below, machine-readable storage medium 204 may be encoded with
a series of processor executable instructions 208, 208, and 210 for receiving
a firs task list, where tasks in the first task list correspond to a subset of
nodes in an inference graph, the values of the subset of nodes being stored in
a shared data structure accessible {o another processor executing a thread,
processing the first task list based on updating the values of the subset of
nodes absent locking the subset of nodes; and after processing the first task
list, waiting for the thread executing on the other processor to finish execution
of a second task list.

{60211  Task receipt instructions 208 may manage and control the receipt
of task lists with tasks {o be executed by the processor 202, For example,

task receipt instructions 206 may receive a first task last, where tasks in the



WO 2016/186651 PCT/US2015/031499

first task list carrespond to a subset of nodes in an inference graph and where
the values of the subset of nodes are stored in a shared data structure
accessible to another processor executing a thread. The other processor may
be another processor that may concurrently update the values of the

inference graph with the processor 202.

[0022]  Task processing instrucions 208 may manage and control the
processing of task lists. For example, task processing instructions 208 may
process the first task list based on updating the values of the subset of nodes
absent locking the subset of nodes. In some examples, the subset of nodes
may include a first node, and, during an teration of a graph update loop, the
first node may be updated based on a value of a second node, where the

second node may be updated by the thread executing on the other processor.

[0023] Wait instructions 210 may wail for threads executing on other
processors to finish execution of other task lists. For example, after
processing the first task list, the wait instructions 210 may wait for the thread
executing on the other processor (o finish execution of a second task list. in
some examples, a barrier may be used to wait for the thread executing on the
other processor o finish the execution of the second task list. In some
examples, the first {ask list and the second task list may correspond o

different nodes in the inference graph.

[0024] FiG. 3 is a flowchart of an example method 300 for updating nodes
of an inference graph absent locking the nodes. i some examples, method
300 may be implemented using computer device 100 of FIG. 1 andior
computing device 200 of FIG. 2.

[0025] Maethod 300 includes, at 302, receiving a first task for updating a
node of an inference graph stored by a storage device accessible {o a second
thread, where the first task is assigned diuring a first iteration of a graph
update loop. The first task may be part of a subset of a plurality of tasks,
where each task from the plurality of tasks is assigned to update a respective
node of the inference graph.

{0028] Method 300 also includes, at 304, absent locking the node from
access by the second thread, generating 8 value for the node. The value of
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the node may depend on values of nodes neighboring the node. For
axample, the value of the node may be a value that is based on andfor

derived from values of those neighboring nodes.

{0027] Method 300 ailso includes, at 308, absent locking the node from
access by the second thread, updating the node with the value.

{op28] Method 300 also includes, at 308, based on detecting that each
node of the inference graph has been updated, continuing with a second
iteration of the graph update loop. 1 some examples, detecting that each
node of the inference graph has been updated may include coordinating the
first thread and the second thread with a barrier. For example, the first thread

and the second thread may execute in coordination based on a barrier.

[0029] In some examples, as part of the second iteration, a second task
for updating a different node of the inference graph may be received. Absent
locking the different node from access by the second thread, a value for the
different node may be generated, and the different node may be updated with
the value. Based on detecting that each node of the inference graph has
been updated, a third iteration of the graph update loop may be confinued.

{60381 Examples provided herein {e.g., methads) may be implemented in
hardware, software, or a combination of both. Example systems may include
a controller/processor and memory resources for executing instruckons stored
in a tangible non-transitory medium {e.g., volatile memory, non-volatile
memory, and/or machine-readable media). Non-transitory machine-readable
media can be tangible and have machine-readable instructions stored thereon
that are executable by a processor to implement examples according to the
present disclosure.

{0031]  An example system can include and/or receive g tangible non-
transitory machine-readable medium storing a set of machine-readable
instructions {(e.g., software}. As used herein, the controller/processor can
include one or a plurality of processors such as in a parallel processing
system. The memaory can include memory addressable by the processor for
execution of machine-readable instructions. The machine-readable medium
can include volatile and/or non-volatile memory such as a random access
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memory ("RAMT), magnstic memory such as a hard disk, floppy disk, andior
{ape memary, a solid state drive SSD7), flash memary, phase ¢change
memaory, and the like.



WO 2016/186651 PCT/US2015/031499
10

Claims

What is claimed ig:

1. A method comprising.
receiving, by a processor executing a first thread, a first task for
updating a node of an inference graph stored by a storage device accessible
to a second thread, the first task being assigned during a first itergtion of a
graph update locop;
abseant locking the node from access by the second thread:
generating, by the processor, a value for the node, and
tipdating, by the processor, the node with the value; and
based on detecting that each node of the inference graph has been
updated, continuing with a second iteration of the graph updates loop.

2. The methaod of claim 1, wherein the first taskis part of a subsst
of a plurality of tasks, each task from the plurality of tasks being assigned to
update a respective node of the inference graph.

3. The method of claim 1, further comprising, as part of the second
iteration:
receiving, by the processor, 3 second {ask for updating a different node
of the inference graph;
aghsent locking the different node from access by the second thread:
generating, by the processor, a value for the different node, and
tpdating, by the processor, the different node with the value;
and
based on detecting that each node of the inference graph has been
updated, continuing with a third iteration of the graph update loop.

4. The method of claim 1, wherein the value for the node depends
on values of nodes neighboring the node.
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5. The method of claim 1, wherein detecting that each node of the
inference graph has been updated comprises coordinating the first thread and
the second thread with a barrier.

6. A device comprising:
a processor; and
a machine-readable storage device comprising instructions {o a first
fteration of a graph update loop that, when executed, cause the processor {0:

select a first subset of tasks and a second subset of tasks from
a plurality of tasks, each task from the plurality of tasks corresponds to
an update to a respsctive node of an inference graph;

assign the first subset of tasks o a first thread;

assign the second subset of tasks 1o a second thread, wherein
the first thread and the second thread update the inference graph
absent any locks; and

axeciite a second iteration of the graph update ioop responsive
to detecting that the first thread and the second thread have completed
the first subset of tasks and the second subset of tasks.

7. The device of claim 8, wherein the inference graph is a shared
data structure accessible to both the first thread and the second thread.

8. The device of claim 8, wherein the machine-readable storage
device comprises instructions to the second iteration of the graph update loop
that, when executed, causs the processor to:

select a third subset of tasks and a fourth subset of tasks from
the plurality of tasks;
assign the third subset of tasks {o the first thread; and

assign the fourth subset of fasks 10 the second thread.

Q. The device of ¢laim 8, wherein the selection of the first subset of
tasks, the second subset of tasks, the third subset of tasks, and the fourth
subset of tasks is based on an ordering of the nodes of the inference graph.
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10.  The device of claim 8, wherein the machine-readable storage
device comprises instructions that, when execuled, cause the processar to
update the ordering of the nodes of the inference graph according to a
random permutation after detecting that the first thread and the second thread
have compieted the first subset of tasks and the second subset of tasks.

11. A machine-readable storage device comprising instructions that,
when exgcuted, cause g processor {o:

receive a first task list, tasks in the first task list corresponding to a
subset of nodes in an inference graph, the values of the subset of nodes
being stored in a shared data structure accessible {o another processor
executing a thread,

process the first task fist based on updating the values of the subset of
nodes absent locking the subset of nodes; and

after processing the first task list, wait for the thread executing on the

another processaor 1o finish execution of a second {ask list.

12.  The machine-readable storage device of claim 11, wherein the
processor and the another processor concurrently update the values of the
inference graph.

13. The machine-readable storage device of claim 11, wherein the
subset of nodes includes a first node, and wherein the instructions, when
executed, further cause the processor to, during an iteration of a graph update
loop, update the first node based on a value of a second node, the second

node being updated by the thread executing on the another processor.

14.  The machine-readable storage devics of claim 11, wherein the
instructions, when sxeculed, further cause the processor 1o use a barriser o
wait for the thread execuling on the another processor 1o finish the execution
of the second task list.
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15, The machine-readable storage device of claim 11, wherein the
first task list and the second task list correspond o different nades inthe

inference graph.
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