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(57) Abstract: Examples relate to deploying distributed
applications using virtual nodes. In some examples, virtu-
al nodes are created and are each assigned a core subset
of a number of processing cores, an Internet protocol (IP)
address, and an in-memory file system configured to
provide access to a portion of physically shared memory.
At this stage, a distributed application that is configured
to be deployed to a plurality of machine nodes is de-
ployed to the plurality of virtual nodes. On a first virtual
node, a reference to a first dataset stored in physically
shared memory is sent to a second virtual node, where the
physically shared memory is accessible to each of the
plurality of virtual nodes. Next, on the second virtual
node, the first dataset is accessed through the in-memory
file system of the first virtual node.
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VIRTUAL NODE DEPLOYMENTS OF CLUSTER-BASED APPLICATIONS

BACKGROUND
(00011 In-memory and multicore computing is becoming more prevalent in
today’s information technology (IT) industry. Customers can be offered with more
powerful compulers equipped with larger amount of memory {0 provide (T
applications {e.g., real-lime data analytics). Immediate performance gains can be
achieved by deploying cluster-based applications (i.e., distributed applications) to
a single machine environment that includes one 08 image, a large number of
processor cores, and a large amount of memory. Typically, the cluster-based
application is migrated or rewritten o be compatible with the single machine
environment, which involves, for exampls, source code changes, deployment

scripts, elc.

Brisr DESCRIPTION OF THE DRAWINGS

[0002]  The following detailed description references the drawings, wherein:

[0003]  FIG. 1 is a block diagram of an example computing device for providing

a cluster-based application on viriual nodes in a single machine environmant;

[Q004]  FIG. 2 is a block diagram of an example computing device that includes
an application-management application for providing virtual node deployments of

cluster-based applications;

[0005] FiG. 3 is a flowchart of an example msthod for execution by a
computing device for providing virtual node deployments of cluster-based

applications; and

[0008]  FiG. 4 is a workflow diagram showing an example virtual node

deployment that is configured o provide a cluster-based application.

DeTaiLeED DESCRIPTION
(00077  As discussed sbovs, cluster-based applications can be migrated to
singie machine environments. For example, a cluster-based application can be

completely re-designed to lake advaniage of shared-memory and inter-thread
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communication (ITC) in a single maching environment. In ancther example, the
cluster-based application can be installed on a ilypical machine cluster and
modified to support virtual shared memory that exisis across the machines in the

cluster.

{00087 Single machine environments provide operating  system-level
virtualization andfor other lowerdevel containers that allow for mulliple execution
environments to simullanecusly exist in the single machineg environment. For
example, a container may be a lightweight virtualized environment managed by a
singie OF image, which beller supports resource allocation and resource isolation.
in this example, control groups supported by the OF may allocats resources such
as CPU, system memory, biock IO devices and network bandwidth to user

processes based on sharing policies.

{0081 In examples described herein, a virlual node solution using 08
containers is provided, where each formerly distributed machine node is
implemented as a viriual node. Conlainer features are used to manage allocation
of in-memory file systems, which are localized o optimize memory access for
each node. Further, per-container iP address assignments are used in the viriual
nodes fo provide fast inter-process communication (IPC) between virtual nodes
using the same interface the cluster-based application used in its origingl
distributed environment. The virtual node deployment provides a general solution
for the deployment of cluster-based applications in single machine environments

such as a large mullicore big-memory system.

(00101 In some examplas, virtual nodes are created and are each assigned a
core subset of a number of processing cores, an Infernet protocol (1P} address,
and an in-memory file system configured to provide access 0 a portion of
physically shared memory, where the physicaily shared memory is accessible to
each of the plurality of virtual nodes. At this stage, a cluster-based application
that is configured to be deployed o a plurality of machine nodes is deployed (0
the plurality of virtual nodes. On a first virtual node, a reference o a first

dataset stored in the physically shared memory is sent to a second virtual node.
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Next, on the second virtual node, the first dataset is accessed through the in-

memory file system of the first virtual node.

[0011]  Referring now o the drawings, FIG. 1 is a block diagram of an example
computing device 100 for providing a cluster-based application on virtual nodes in
a single machine environment. The computing device 100 provides a single
machine environment and may be implemenied as, for example, a large multicore
big-memory system. In the example of FIG. 1, computing device 100 includes
cores 110, shared memory 116, distributed application 120, and virtual nodes
122A, 122N,

[06012] Cores 110 may be any number of ceniral processing units (CPUs),
MICroprocessors, processing cores, andfor other hardware devices suilable for
retrieval and execution of insiructions stored in g8 machine-readable storage
medium. Cores 110 may fetch, decode, and execule instructions 124, 126 o
enable the distributed application 120 to be execuled on virtual nodes 1224,
122N, as described below. As an alternalive or in addition to relrieving and
executing instructions, cores 110 may include any number of electronic circuits
including a number of elecironic components Tor performing the functionality of

instructions 124 andfor 126.

[0013]  Shared memory 116 is physically shared memory that is accessible to
virtual nodes 1224, 122N. Shared memory 116 may be random access memory
(RAM]) that provides, for example, non-uniform memory access. Shared memory

116 may be encoded with executable instructions from distributed application 120.

{00147 Distribuled application 120 is a cdlusier-based application that is
configured to be installed on a cluster of maching nodes. Examples of disiributad
applications 120 include HADGOP®, High Performance Computing Cluster, efc.
HADQOP® is a framework for storing and processing large-scale datasets {e.g.,
file-based dala records, database records, elc.) on a clusier. HADOOP® is a
registered frademark of Apache Software Foundation, which is headquartered in

Forest Hill, Maryland.

(00151 Virlual nodes 1224, 122N are virlualized servers that are provided by

operating system conlainers. For example, each virtual nede {e.g., virtual node A
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12247, virtual node N 122N} may be a lightweight virtualized environment
managed by a LINUX® OS5 instance that supports resource allocation and
resource isoiation.  Specifically, each virlual node (e.g., virtual node A 1224,
virtual node N 122N} can be assigned a subset of cores 110, an internet protocol
(1P} address, and an in-memory file system for accessing a portion of shared
memory 116. The resources can be assigned when the virtual nodes 122A, 122N
are initially configured fo provide distributed application 120, LINUXE is a

registered trademark of Linus Torvalds, an individual living in Portland, Oregon.

[00167  During the execution of distributed application 120, virtual nodes 1224,
122N may iransmit dataset references to gach other to allow multiple virtual nodes
122A, 122N to asccess a common dataset in shared memory 116, Datasst
reference transmitling instructions 124 transmit a dalaset reference from, for
example, virtual node A 122A io virtual node N 122N, The dalaset reference may
include a location to access the commeon dataset siored in shared memory. For
example, the dataset reference may include a file path for accessing the common
dataset and an identifier for an in-memory file sysitem that has access o g portion

of the shared memory where the common dataset is stored.

[0017]  Dataset accessing instructions 126 may be execuled by virtual node N
122N to access the common dataset. The dataset reference received from virtual
node A 122A may be used fo identify the in-memory file system, which is then
used io access the common dataset. The in-memory file system may be assigned
to virtual node A 122A to minimize memory access time of datasels that are

fraquently accessed by virlual node A 122A,

[0018] FIG. 2 is a block diagram of an example computing device 200 including
shared memory 216, distributed application 220, virlual nodes 2224, 222N, and
application-management application 230, The components of computing device
200 may be similar to the corresponding components of computing device 100

described with respect to FIG. 1.

(00191 Application-management application 230 configures the virtual nodes
2224, 222N of compuling device 200. Specifically, application-management

application 230 creates virtual nodes 2224, 222N and assigns resources of
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computing device 200 to each virual node. In this example, virlual node A 222A
has been assigned cores 210A, 2108, 1P address A 226A, and in-memory file
system A 224A, which provides virtual node A 222A with access 1o porlion A 218A
of shared memory 216. Similarly, virtual node N 222N has been assigned cores
210C, 210D, 1P address N 226N, and in-memory file system N 224N, which
provides virtual node N 222N with access to portion N 218N of shared memory
216, Each virtual node 2224, 222N has access o the in-memory file systems
2244, 224N of the other virtual node. The access to the in-memory file systems
2244, 224N may be provided by application-management application 230, which
acts as the primary operaling system of compuling device 200 and manages
execution environments for the virlual nodes 2224, 222N, Further, each virtual
node 2224, 222N can be assigned any number of process nodes {not shown) of
distributed application 220, where each process node provides a service {e.q.,
HADOOP® distributed file systemn (HDFS™) or MapReduce in the case of
HADOOP®, elc.) of distributed application. In FIG. 2, two virtual nodes 2224,
222N are shown, but computing device 200 can include any number of virtual
nodes. HDFS™ is a registered frademark of Apache Software Foundation, which

is headquariered in Forest Hill, Maryland,

[0020] Shared memory 216 may be non-uniform memory where memory
access lime is dependent on a location in the shared memory 216 relative o the
accessing core {e.g., core A 210A, core B 2108, core C 210C, core D 2100). In
this case, each portion {(8.g., portion A 218A, portion N 218N, etc.) of shared
memory 216 is assigned to a virtual node (e.g., virtual node A 2224, virtual node N
222N) such that memory access timeas are minimized. Further, the use of mulliple
in-memory file systems 224A, 224N reduces locking contention when, for
example, atlempling o updatle the meladata of dala within shared memory 216 if
multiple readers and wrilers are launched from muliiple virlual nodes
simuitansously {e.g., virtual node A 222A, virtual node N 222N). For example, a
Linux O8 command can be used to create temporary file storage facilities ("impfs”)
as in-memory file systems 224A, 224N with the comwmand option of “o
mpol=bind:<processor id>" to explicitly bind the in-memory file system 224A, 224N

fo a processor.
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(00211 IP addresses 220A, 226N aliows virtual nodes 2224, 222N o
communicate with each other via typical TCPH/IF-based channels used by
disiributed application 220. In other cases, olher types of addresses may be used
such as addresses that are compliant with a comesponding inter-process
communication protocol. In a typical cluster environment, a process node may be
bound fo the machine node’s 1P address. in a single machine environment like
computing device 200, mulliple 1P addresses 22064, 226N are crealed such thai
one IP address can be assigned o each virlual node {e.g., virtual node A 222A,
virtual node N 222N). A process node bound fo the virtual node {e.g., virtual node
A 2224, virtual node N 222N} can then use the assigned P address for data
communication. For example, IP address aliasing can be used o create muitiple
IP addresses 226A, 226N on computing device 200. In some cases, multiple 1P
addresses 226A, 226N are created from a physical network card. In other cases,
when a machine has multiple physical network cards, different IP address groups
can be craated and bound to a different network card, where a virtual node {e.g.,
virtual node A 2224, virtual node N 222N} is assigned an 1P address 226A, 228N

from the 1P address groups.

(00221 Cores 210A-210D are cores of mulli-core processors configured for
single machine environments.  Computing device 200 includes muitiple
processors {i.e., sockels), and each processor has mulliple processing cores. Any
number of cores may be assigned {o each of the virtual nodes 22247, 222N, For
example, a virtual node {e.g., virtual node A 2224, virtual node N 222N} can be
assigned with all of the cores {e.g., core A 210A - core B 2108, core C 210C ~
core D 210D} that belong fo a particular sockel. Alternatively, a virtual node {e.g.,
virtual node A 2224, virtual node N 222N) can be assigned with only a portion of
the cores {g.g., core A 210A, core C 210C) that belong to the particular socket.
Application-managemaent appiication 230 may be configured o ensure that a
virtual node {8.g., virtual node A 222A, virtual node N 222N) is restricted o the
cores afiocated to the virtual node. In the case of a Linux OF, a “numact] -
membind <sockst id> -physcpubind <the cpu cores>” command can be used to
confine a virlual node {e.g., virtlual node A 2224, virlual node N 222N} to run on

the specified cores. The “membind” option specifies that all process nodes
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execuling on the virtual node {(g.q., virtual node A 2224, virlual node N 222N)
should access a portion {(2.g., portion A 2184, portion N 218N, efc.) of shared
memory 216 bound io the specified processor.  Similarly, the option of “
physcpubind” specifies the cores {e.g., core A 2104, core B 2108, core C 210C,
core [ 210D} that are bound to the virtual node {e.g., virtual node A 2224, virtual
node N 222N).

{0231  Application-management application 230 is configured to deploy
distributed application 220 o virfual nodes 222A, 222N. Distributed application
220 is a cluster-based application that is configured to bs inslalied on a cluster of
machine nodes and, for example, provide a framework for sioring and processing
large-scale datasets. In this case, a machine node is a physical machine with a
distinct operating environment and hardware {e.g., 8 server, a deskiop computer,
etc.). In FIG. 2, distributed application 220 may be adapted to be deployed on
virtual nodes 2224, 222N rather than physical machine nodes. For example,
because virlual nodes 222A, 222N have physically shared memory, distributed
application 220 may be adapled o pass large data sets between virtual nodes
222A, 222N using references rather than aclually transferring the large dals sels.
in this example, performance of the distributed application is improved by reducing
the fatency of inter-node communications. In the case that distributed application
220 is HADOOP®, userdefined applications crealed using, for example,
MapReduce can be deployed in the HADOOP® environment provided by

distributed application 220 without modification.

(00247  Distributed application 220 executss on the virtual nodes 2224, 222N 1o
provide access to large-scale dalasets. For example, a virtual node A 2224 may
initiate a process for creating or modifying a dataset (e.g., file-based data records,
database records, elc.}, which is performed in a portion A 218A of shared memory
216. In this example, the process launched from virlual node A 2224 may be
performed on a subset of cores {e.g., core A 210A, core B 210B) of virlual node A
222A and may use in-memory file system A 224 to access portion A 218A. Virtual
node A 222A may be configured to provide other virtual nodes {e.g., virtual node N
222N on computing device 200 with access {0 the dataset by sending the other

virtual nodes a reference to the dataset. The reference may identify in-memory
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file system A 224A and inciude a location {e.g., memory address, file path, efc.) of
the dataset in portion A 2184, where the other virlual nodes {e.g., virtual node N
222N} can use the reference 1o gecess the dalaset directly in shared memory 216

without fransmitting a portion of or the entire dataset,

[0025] FIG. 3 is a flowchart of an example method 300 for execution by a
computing device 100 for providing virtual node deployments of dlusier-based
applications. Although exeacutlion of method 300 is described below with reference
to computing device 100 of FIG. 1, other suitable devices for execution of method
300 may be used, such as computing device 200 of FIG. 2. Method 300 may be
implemented in the form of execuiable instructions stored on a machine-readable

storage medium and/or in the form of electronic circuitry.

(00267  Method 300 may start in block 305 and continue fo block 310, where
computing device 100 creates virtual nodes and assigns rescurces fo the virtual
nodes. Specifically, each virtual node may be assigned cores, an {P address, and
in-memory file systemn. In block 315, a distributed application that is configured for
a cluster of machine nodes is deployed io the virtual nodes. In some cases, the
disiributed application is modified fo optimize performance for a single machine

environment betore it is deployed to the virtual nodes.

(00271 in block 320, a first virtual node of compuling device 100 sends a
dataset reference to a second virlual node. The dataset reference may include a
focation in shared memory of the common dataset t© be shared. in block 325, a
second virtual node of computing device accesses ihe common dataset through
an in-memory file system that is assigned o the first virtual node. Method 300

may then procesd to block 330, where method 300 ends.

(0281  FIG. 4 is a workflow diagram 400 showing an exampie virtual node
deployment that is configured o provide a cluster-based application. Workflow
diagram 400 shows shared memory 402, virlual node A 404A, virtual node N
404N, and application-management application 4086, which may sach be similar
to their corresponding components described above with respeact to FIGS. 1 and
2.
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(0291  In block 420, application-management application 406 creates virtual
node A 404A and then assigns resources {2.g., IP address, processing cores, in-
memory file system, etc.) o virtual node A 404A. In block 422, application-
managemeni application 406 creates virtual node N 404N and then assigns
resources {e.g., 1P address, processing cores, in-memory file system, efc.) to
virtual node N 404N,

{0307  In block 424, application-management application 4086 depioys a
distributed application to virtual node A 404A and virtual node N 404N. The
disiributed applicalion was originglly configured to be installed on a clusier of
machine nodes, and in this example, each of the virtual nodes 404A, 404N acls as
a machine node so that the distributed application can be insialled in a single

machine environment such as computing device 200 of FIG. 2.

[G031]  In block 426, virtual node A 404A accesses a first in-memory file system
thal manages daia in a first portion of shared memory 402, The first in-memory
file system may be mounied and shared to the virlual nodes 4044, 404N by
application-management application 406 when resources were assigned in block
420, in block 428, virlual node A 404A uses the first in-memory files system to
create a first file in shared memory 402, Virtual node A 404A may then proceed fo

modify and close the first file in shared memory 404 in blocks 430 and 432.

{00321  In block 434, virtual node A 404A sends a first file reference to virtual
node N 404N, In block 436, virtual node N 404N accesses the first in-memory file
system that manages data in the first portion of shared memory 402, In block 438,
virtual node N 404N uses the first in-memory files system o access the first file in
shared memory 402, Virtual node N 404N may then proceed {o read and close
the first file in shared memory 404 in blocks 440 and 442.

(00331 in block 444, virtual node N 404N accesses a second in-memory file
system that manages data in a second portion of shared memory 462, Similar to
the first in-mermory file system, the second in-memory file system may be mounted
and shared o the virlual nodes 404A, 404N by application-management

application 406 when resources were assigned in block 422, In block 446, virtual
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node N 404N uses the second in-memory files system to creale a second file in

shared memory 402.

[0034]  The foregoing disclosure describes a number of examples for deploving
cluster-based applications using virtual nodes.  In this manner, the sxamples
disclosed herein facilitate deploving a distributed application to a single machine
environment by using virtual nodes that are assigned resources to simulale 3

cluster of machine nodes.
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CLAIMS
We claim;
1. A system for deploying cluster-based applications using virfual nodess,
comprising:

a plurality of operating system containers that each provides an isolated
environment for one of a plurality of virtual nodes;
physically shared memory that is accessible 1o each of the plurality of
virtual nodes;
an application-management application that is exscuted {o:
create the plurality of virtual nodes that are each assigned a core
subset of g pluralily of processing cores, an Internet protoco! {I1P) address
of a plurality of IP addresses, and an in-memory file system of a plurality
of in-memory file systems configured to provide gecess (o 8 portion of the
physically shared memory; and
deploy a distributed application that is configured to be deploved
to a plurality of machine nodes to the plurality of virtual nodes; and
the distribuled application that is executed {o:
on a first virtual node of the plurality of virtual nodes, send a
reference io a first dataset sfored in the physicaily shared memory to a
second virtual node of the plurality of virtual nodes; and
on the second virtual node, access the first dataset through the in-

memory file system of the first virtual node.

2. The system of claim 1, wherein the physically shared memory is non-
uniform memory, and whergin the core subsel is assigned o the first virtual
node to minimize a memory access time that is based on a relative location of
the core subset of the first virlual node with respect 1o the portion of the non-

uniform memory assigned to the first virtual node,

3. The systemn of claim 1, wherein the distributed application is further

gxacuted to:
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on the second virtual node, receive a reguest o creale a second dataset
in the physically shared memory; and

on the second virtual node, use the in-memory file system of the second
virfual node to create the second dataset in the portion of the non-uniform

memory assigned o the second virtual node.

4. The sysiem of claim 1, wherein gach of the plurality of virtual nodes has

access to the in-memory file system of each of the plurality of virtual nodes.

5. The system of claim 1, wherein the reference 10 the first datase! identifies

the in-memory file system of the first virtual node,

8. The system of claim 1, wherein the distributed application is modified to

transmil the reference {o the first dataset rather than the first dalaset,

7. A method for deploying cluster-based applications using virtual nodes,
comprising:

creating a plurality of virtual nodes that are each assigned a core subsst
of a plurality of processing cores, an Internet protocol (1P} address of a plurality
of IP addresses, and an in-memory file system of g plurality of in-memory file
systems configured o provide access 0 a portion of physically shared memory,
wherein the physically shared memory is accessible to each of the plurality of
virtual nodes;

deploying a distributed application that is configured {o be deployed o a
plurality of machine nodes to the pluralily of virtual nodes;

on a first virtual node of the plurality of virtual nodes, sending a reference
to a first datasetl stored in the physically shared memory to a second virtual
node of the plurality of virtual nodes;

on the second virtual node, accessing the first dataset through the in-

memory file system of the first virtual node; and
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on the second virual node, using the in-memory file system of the
second virlual node {o create a second dataset in the portion of the non-uniform

memory assigned {o the second virtual node

8. The method of claim 7, wherein the physically shared memory is non-
uniform memory, and wherein the core subsel is assigned to the first virtual
node to minimize a memeory access time that is based on a relative location of
the core subset of the first virtual node with respect 1o the portion of the non-

uniform memory assigned to the first virtual node.

g. The method of claim 7, wherein gach of the plurality of virtual nodes has

access o the in-memory file system of each of the plurality of virtual nodes.

10. The method of claim 7, wherein the reference to the first dalasst

identifies the in-memory file system of the first virtual node.

1. The method of claim 7, wherein the distributed application is modified 10

fransmit the refarence 1o the first datase! rather than the first dalasel.

12. A non-fransitory machine-readable siorage medium  encoded  with
instructions executable by a processor for deploying cluster-based applications
using virtual nodes, the machine-readable siorage medium  comprising
instructions to:

create a plurality of virtual nodes that are each assigned a core subset of
a plurality of processing cores, an Internst protocol {IP) address of a plurality of
IP addresses, and an in-memory file system of a plurality of in-memory file
systems configured {o provide access o a portion of physically shared memory,
wherein the physically shared memory is accessible o each of the plurglity of
virtual nodes;

deploy a distributed application that is configured to be deploved 1o &

pluraiity of machine nodes {o the plurality of virtual nodes, wherein each of the
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plurality of virtual nodes has access to the in-memory file system of each of the
pluraiity of viriual nodes;

on a first virtual node of the plurality of virtual nodes, send g reference o
a first dataset siored in the physically shared memory to a second virtual node
of the plurality of virtual nodes;

on the second virtual node, access the first dataset through the in-
memory file system of the first virtual node; and

on the second virtual node, use the in-memory file system of the second
virtual node to creale a second dataset in the portion of the non-uniform

memory assigned o the second virtual node

13. The non-fransitory machine-readable storage medium of claim 12,
wherein the physically shared memory is non-uniform memory, and wherein the
core subsel is assigned to the first virtual node to minimize g memory access
time that is based on a relative location of the core subset of the first virtual
node with respect to the portion of the non-uniform memory assigned fo the first

virtual node.

14, The non-fransitory machine-readable storage medium of claim 12,
wherein the reference to the first datasel identifies the in-memory file system of

the first virtual node.

15. The non-iransitory machine-readable storage medium of claim 12,
wherein the distribuled application is modified to transmit the reference o the

first datasst rather than the first dalasel.
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