UberCloud on VMware vSphere:

Introduction:

Enterprise HPC Infrastructure teams supporting engineers have a challenging task keeping up with the latest
advances in Hardware and capabilities. Until recently, engineers relied on their workstations and bare metal
compute clusters for their HPC simulations. The downside, a workstation is not suitable for running very large,
compute intensive simulation jobs and bare metal clusters are not the best solution for an organization. Legacy
HPC are usually independent HPC Silos per organization resulting in underutilization of resources. In the article
VMWare Solutions Enhance HPC, we showed the tremendous benefits of consolidation and virtualizing HPC
infrastructure compared to bare metal environments

Cloud like Capabilities for HPC environments:

HPC Cloud solution providers like UberCloud can combine powerful virtualized HPC hardware with superior
management capabilities to help, IT dynamically provision and manage HPC clusters, deploy simulation
software applications, monitor their spend, and give them complete control. In this solution we combine the
capabilities of the VMware platform, with the solution provided by HPC Cloud provider UberCloud. The
UberCloud solution leverages the automation capabilities of Terraform with the unique packaging and
distributing capabilities of docker containers to dynamically deploy HPC applications on the vSphere platform.
Containers complement VMs in application management and distribution. By sandboxing applications in
containers, applications become portable, and the same application can be deployed to different VMs without
requiring creating multiple variations of VM images for every application. It speeds up the development and
testing, yielding significant acceleration to the change management process. Containers that fail can be removed
and replaced without noticeable impact on service.

The core capabilities that are enabled by the solution include:

e Provisioning and managing HPC clusters that are easily setup for users in minutes.

e Rapidly deploying ready-to-run instances with pre-installed HPC software eliminating the need for
complex software installation and configuration.

e Optimized use of resources shared across multiple groups of HPC users with scale up and scale down
capabilities.

UberCloud on vSphere Solution:
In this solution we deployed two different use cases

o Single node deployment with all components included
o Distributed deployment with a head node, a GUI node and three worker nodes for a distributed workload

Single Node Deployment:

This is a simple deployment of UberCloud on vSphere. A Single VM is deployed and all components are
downloaded and installed dynamically. The single node includes the head node, GUI node and the worker node
components.

The vCenter access and the components of the deployment are defined in the Terraform file. The single virtual
machine with the requisite cores and memory is automatically created in the vCenter at the specified location
and the template UberCloud VM image is deployed. Followed by deployment the requisite docker images are
downloaded and installed automatically.

The Terraform script is launched and is use to create the VM, download and install docker, configure the
application and verify its readiness for use as shown below



! ; ndows
H;—‘»r“‘trdr‘w s\Desktop\terraform_Q .11_windows_amd64> $env:
PS C:\Users\baris\Des L Mv:‘n\!-rl'q"u"' 0.11.11_windows_amd64> terraform apply

network_
network_
network_ inter f‘
network_interfa
mﬂfWﬁvF interfa
interf:
= lvF interfa:
network_interfa
network_ nfvrfa
num_: . —=pPer_S
num_cpus: e
reboot _4u1r~J ' => "<computed>"
re DO ! resgroup-815
i > "true"
run_tools_scripts_ "es - N "true"
run_tools_scripts_before_gue 7 OWn : =S MEpyet
run_tools_scripts_before_gu _standby: =t e
scsi_bus_sharing: B =Sl NOS AR O
csi_controller_count: > ”l”
i Typw: s py
shutdown_wait_timeout: => "3
swap_| r11v~m~nr policy: ‘wnh~r1r
uuid: = Uk 'rn[‘vlJT'r‘i
vapp_transport. #: ' => "<comp
vmware_tools_status: > omp
vmx_path: et computed»'
wait_for_guest_net_rc table: "" =3 "true"
wait_for_guest_n = LD

1

.adapter_type
.bandwidth_limit:
.bandwidth_reservation:
.bandwidth are_count:
.bandwidth_share_level: "'=> "normal"
.device_z 3 = <computed>"
cey: > "<computed>"
3 Ss: => "<computed>
rwﬁu-r |- 410 > "dvportgroup-484"

o W)
1 MM

W
\b

N
\1\

'™

NnNNnnNnnNnnoonnNnnnN
0

e

N M

A
1]
‘—T

"423246d6-b621-03db-bccd-F3ad1lbl34c68

(remote

m
M

"emote host via 'SSH. V.

<
(remote-

e e

]
M

1]
M

hea dmu dv:
.headnode (remote-
.headnode (remote-
.headnode (remot
.headnode (remot
.headnode (

MM
MM
M M

iecking Host Key: false
Connected!
Loaded plugins: f langpacks
Determining fa

|1:.
)
|
]

 m
1

D ™
)

0

Figure 1: Virtual machine deployment and configuration
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Figure 3: Virtual machine representing the single node deployment

Once all the components are deployed successfully the end user is sent an email with a link to login to the
environment along with a uniquely generated password as shown below.



Your UberCloud compute environment is Ready nbox

Support <help@theubercloud.com>
tome v

Your ANSYS compute environment is now ready.

Access your compute environment via remote desktop connection

Your password is: [gIgiKe|y{@:y48) e

The link and the password can be used to login to the environment with a browser and the user interface on

login is as shown below.
Applications  System = [l @

Figure 4: UberCloud email with remote access details
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Figure 5: ANSYS application running on the vSphere based private cloud




Distributed Use cases (ANSYS)

HPC uses distributed computed pervasively to solve many of the most difficult problems. Ansys provides the
Distributed Solve Option (DSO) as a productivity enhancement tool that accelerates sweeps of design variations
by distributing the design parameters across a network of processors. A distributed solution was deployed with
UberCloud and ANSYS leveraging Terraform automation as a second phase of the solution.

Distributed Computing solves many high-level business challenges:

e Enterprises can more effectively and robustly utilize their compute resources to optimize their designs.

o Design iterations are faster, delivering new products to market in a fraction of the time.

e Design evaluation is approaching true scalability.

e Businesses can use this flexible heterogeneous computing infrastructure in private and public cloud
environments to solve engineering challenges locally or tie into any compute resources worldwide.

Distributed Deployment:

Using similar Terraform based automation a distributed deployment of ANSYS HPC components was
accomplished. The virtual machines deployed for the distributed solution as shown below. This deployment
uses a GUI node, a head node and three compute nodes. The GUI node was allocated a NVIDIA vGPU for good
graphical performance leverage vSphere capabilities with acclerators.
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Figure 6: Virtual components of distributed HPC workload



The solution was deployed and a distributed test script was executed on the HPC cluster leveraging ANSY'S
FLUENT. The script shown below leverages MPI over TCP and uses 12 processors.

|Openv Hi /home/nfssharre‘;‘lf'l‘G::t’_t basic_testcase !E’ ‘%‘ SoLB Mt
#!/bin/sh

export FLUENT ARCH=lnamd64

export PATH=$PATH:/opt/ansys/v192/fluent/bin
#export I _MPI NETMASK=192.168.27.0/8

export I MPI FABRICS=shm:tcp

#export I_MPI_OFA NUM ADAPTERS=1

#export I _MPI_OFA ADAPTER NAME=vmw_pvrdma®

ARC=-64 ®—o

# Number of procs

NUM_PROC=12

COMMUNICATOR=pethernet
PATH1=/home/nfsshare/fluent_basic_testcase
MPI=intel

fluent 3ddp $ARCH -t$NUM PROC -$COMMUNICATOR -mpi=$MPI -cnf=/home/hpcuser/mpd.hosts -ssh -g -i
$PATH1/uc.jou > $PATH1/uc.out

Vcomposebasecompute.yaml (/home/nfsshare)r' gedit
1 i

Figure 7: Script for test use case

The image below shows execution of the script with the three worker nodes.

E uc.out (/home/nfsshare/fluent basic testcase) - Pluma
File Edit View Search Tools Documents Help

) Bopen v Esave : £ Qg
|_J uc.out X
Build Time: Aug 08 2018 12:59:02 EDT Build Id: 10236 ~

Host spawning Node 0 on machine "gpunode" (unix).

|/opt/ansys/v192/fluent/fluent19.2.0/bin/fluent -r19.2.0 3ddp -flux -node -alnamd64 -t12 -pethernet -mpi=intel -cnf=/home/
hpcuser/mpd.hosts -ssh -mport 192.168.27.142:192.168.27.142:41601:0

Starting /opt/ansys/v192/fluent/fluent19.2.0/multiport/mpi/1namdé4/intel/bin/mpirun -f /tmp/fluent-appfile.hpcuser.32159 --
|rsh=ssh -genv I_MPI_FABRICS shm:tcp -genv I_MPI_FALLBACK DEVICE disable -genv I_MPI_DEBUG © -genv I_MPI_PIN disable -genv
I_MPI_ADJUST REDUCE 2 -genv I_MPI_ADJUST_ALLREDUCE 2 -genv I_MPI_ADJUST BCAST 1 -genv I_MPI_PLATFORM auto -genv
I_MPI_DAPL_SCALABLE_PROGRESS 1 -genv PYTHONHOME /opt/ansys/v192/fluent/fluent19.2.0/../../commonfiles/CPython/2 7 _13/1inx64/
Release/python -genv FLUENT PROD DIR /opt/ansys/v192/fluent/fluent19.2.0 -genv KMP_AFFINITY=disabled -genv LD_PRELOAD /opt/
ansys/v192/fluent/fluent19.2.0/multiport/mpi/1lnamd64/intel/1lib/libmpi_mt.so -genv TMI_CONFIG /opt/ansys/v192/fluent/
fluent19.2.0/multiport/mpi/lnamd64/intel/etc/tmi.conf -machinefile /tmp/fluent-appfile.hpcuser.32159 -np 12 /opt/ansys/v192/
|fluent/fluent19.2.0/1namd64/3ddp_node/fluent mpi.19.2.0 node -mpiw intel -pic ethernet -mport
1192.168.27.142:192.168.27.142:41601:0

n8-11 compute3 4/4 Linux-64 24484-24487 Intel(R) Xeon(R) Platinum 8168
n4-7 compute2 4/4 Linux-64 24547-24550 Intel(R) Xeon(R) Platinum 8168
no-3  computel 4/4 Linux-64 25935-25938 Intel(R) Xeon(R) Platinum 8168
|host  gpunode Linux-64 31818 Intel(R) Xeon(R) Platinum 8168

MPI Option Selected: intel

|Selected system interconnect: ethernet

|Multiple networks are configured on the system.

|Ensure optimal choice of network interface and FLUENT communicator!

ANSYS Product Improvement

| |
| |
| ANSYS Product Improvement Program helps improve ANSYS |
| products. Participating in this program is like filling out a |
|1 survey. Without interrupting your work, the software reports
| anonymous usage information such as errors, machine and
| solver statistics, features used, etc. to ANSYS. We never
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Figure 8: Execution of distributed workload



The computation proceeds to convergence over multiple steps as show below.

Updating solution at time level N...
done.

iter continuity x-velocity y-velocity z-velocity time/iter
! 167 solution is converged
167 4.0056e-08 4.2138e-06 4.3938e-09 3.358le-09 0:00:12 1060
! 168 solution is converged
168 2.9120e-08 3.9440e-06 4.4914e-09 3.6130e-09 0:00:10 99
Flow time = 1.06s, time step = 106
4 more time steps

Updating solution at time level N...

done.
iter continuity x-velocity y-velocity z-velocity timpAiter
! 168 solution is converged

168 2.9120e-08 3.9440e-06 4.4914e-09 3.6130e-09 0:00:10 100
! 169 solution is converged

169 2.1400e-08 3.6921e-06 4.5005e-09 3.7538e-09 0:00:08 99
Flow time = 1.07s, time step = 107
3 more time steps

Updating solution at time level N...
done.

iter continuity x-velocity y-velocity z-velogjity time/iter
! 169 solution is converged
169 2.1400e-08 3.6921e-06 4.5005e-09 3.7538e-09 0:00:08 100
! 170 solution is converged
170 1.5988e-08 3.4567e-06 4.4424e-09 3.7956e-09 0:00:07 99
Flow time = 1.08s, time step = 108
2 more time steps

Figure 9: Convergence of the distributed computation

Conclusion:

vSphere is an excellent platform for High Performance computing. This UberCloud based HPC solution on
vSphere was deployed with Terraform and successfully demonstrated. All the applications were
containerized and hosted within vSphere. The solution show cased the ability to fully package a HPC
application with automated deployment and tear down in a matter of minutes. HPC users can be highly
productive and get the environment ready on demand rather than having to wait for many weeks or
months in the case of bare metal environments. The solution can scale to tens of nodes and also be
leveraged for distributed computing.



Appendix A: lerratorm Script used tor environment creation

variable "vsphere_user" {

default = "xxxx@xxxx.local"

variable "vsphere_password" {

default = "XXXXXX"

variable "vsphere_server" {

default = "sc2vc03.xxxx.local"

variable "datacenter_name" {

default = "SC2"

variable "datastore_name" {

default = "UberCloud01"

variable "iso_datastore_name" {

default = "UberCloud01"

variable "resource_pool_name" {

default = "UberCloud"

variable "network_name" {

default = "vDS-Mgmt-Comp-Management"



variable "network1_name" {
default = "vDS-Comp-vMotion"

}

variable "network2_name" {
default = "vDS-1610"

}

variable "vm_template_name" {

default = "newbscentos"

variable "resource_name" {

default = "centos7-VM"

variable "vm_admin_password" {

default = Wkkkkkkn

variable "vm_admin_user" {

default = "root"

variable "headnode_number_of_cpucore" {

default ="4"

variable "headnode_memorysize" {

default ="15360"



variable "number_of_computenode" {

default =3

variable "computenode_number_of cpucore" {

default = "4"

variable "computenode_memorysize" {

default ="15360"

variable "guinode_number_of_cpucore" {

default = "4"

variable "guinode_memorysize" {

default ="15360"

variable "cluster_name" {

default = "VSphereCluster"



locals {

head_node_name = "${var.cluster_name}-hn"

gui_node_name = "${var.cluster_name}-gui"

compute_node_prefix="${var.cluster_name}-cn"

}

variable "customer_email_address" {

default = "baris.inaloz@theubercloud.com"

variable "isv_license_server" {

default = "2325:1055@ansys-Is118.theubercloud.net”

variable "dcv_license_server" {

default = "5053@Is-001.theubercloud.net"

variable "container_ssh_port" {

default = "22"



variable "container_gui_port" {

default = "443"

variable "docker_registry_login_uri" {

default = "registry.theubercloud.com”

variable "docker_registry_username" {

default = "baris"

variable "docker_registry_password" {

default = "nnobankimun1001"

variable "container_image_uri" {

default = "registry.theubercloud.com/library_staging/ansys_19.2_centos_7"
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user = "${var.vsphere_user}"
password = "${var.vsphere_password}"

vsphere_server = "${var.vsphere_server}"

# If you have a self-signed cert

allow_unverified_ssl = true

data "vsphere_datacenter" "dc" {

name = "${var.datacenter_name}"

data "vsphere_datastore" "datastore” {
name = "${var.datastore_name}"

datacenter_id = "${data.vsphere_datacenter.dc.id}"

data "vsphere_datastore" "iso_datastore" {
name = "${var.iso_datastore_name}"

datacenter_id = "${data.vsphere_datacenter.dc.id}"

data "vsphere_resource_pool" "pool" {
name = "${var.resource_pool_name}"

datacenter_id = "${data.vsphere_datacenter.dc.id}"



data "vsphere_network" "network" {
name = "${var.network_name}"

datacenter_id = "${data.vsphere_datacenter.dc.id}"

data "vsphere_network" "network1" {
name = "${var.network1_name}"
datacenter_id = "${data.vsphere_datacenter.dc.id}"
}
data "vsphere_network" "network2" {
name = "${var.network2_name}"

datacenter_id = "${data.vsphere_datacenter.dc.id}"

data "vsphere_network" "emptynetwork" {
name ="VM Network"

datacenter_id = "${data.vsphere_datacenter.dc.id}"

data "vsphere_virtual_machine" "template” {
name = "${var.vm_template_name}"

datacenter_id = "${data.vsphere_datacenter.dc.id}"
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name = "${local.head_node_name}"
resource_pool_id = "${data.vsphere_resource_pool.pool.id}"

datastore_id = "${data.vsphere_datastore.datastore.id}"

num_cpus = "${var.headnode_number_of cpucore}"
memory = "${var.headnode_memorysize}"
guest_id = "${data.vsphere_virtual_machine.template.guest_id}"

scsi_type = "${data.vsphere_virtual_machine.template.scsi_type}"

network_interface {

network_id = "${data.vsphere_network.network.id}"

adapter_type = "${data.vsphere_virtual_machine.template.network_interface_types[0]}"
}
network_interface {

network_id = "${data.vsphere_network.network2.id}"

adapter_type = "${data.vsphere_virtual_machine.template.network_interface_types[0]}"

}
disk {
label = "disk0"
size = "${data.vsphere_virtual_machine.template.disks.0.size}"
size =160
eagerly_scrub = "${data.vsphere_virtual_machine.template.disks.0.eagerly_scrub}"

thin_provisioned = "${data.vsphere_virtual_machine.template.disks.0.thin_provisioned}"

wait_for_guest_net_timeout=15



clone {

template_uuid = "${data.vsphere_virtual_machine.template.id}"

resource "null_resource" "headnode" {

connection {
host="${vsphere_virtual_machine.headnode.*.default_ip_address}"
user ="${var.vm_admin_user}"

password = "${var.vm_admin_password}"

provisioner "file" {
source = "compose.yaml"

destination = "/home/centos/compose.yaml"

provisioner "remote-exec" {

inline = [

"${local.headnode_init_script}",

triggers = {

"after" = "${vsphere_virtual_machine.headnode.id}"



resource "vsphere_virtual_machine" "guinode" {
name = "${local.gui_node_name}"

resource_pool_id = "${data.vsphere_resource_pool.pool.id}"

datastore_id = "${data.vsphere_datastore.datastore.id}"

num_cpus = "${var.guinode_number_of cpucore}"
memory = "${var.guinode_memorysize}"
guest_id = "${data.vsphere_virtual_machine.template.guest_id}"

scsi_type = "${data.vsphere_virtual_machine.template.scsi_type}"

network_interface {

network_id = "${data.vsphere_network.network.id}"

adapter_type = "${data.vsphere_virtual_machine.template.network_interface_types[0]}"
}
network_interface {

network_id = "${data.vsphere_network.network2.id}"

adapter_type = "${data.vsphere_virtual_machine.template.network_interface_types[0]}"

}

disk {
label = "disk0"
size = "${data.vsphere_virtual_machine.template.disks.0.size}"
eagerly_scrub = "${data.vsphere_virtual_machine.template.disks.0.eagerly_scrub}"

thin_provisioned = "${data.vsphere_virtual_machine.template.disks.0.thin_provisioned}"



wait_for_guest_net_timeout=15

clone {

template_uuid = "${data.vsphere_virtual_machine.template.id}"

resource "null_resource" "guinode” {

connection {
host="${vsphere_virtual_machine.guinode.*.default_ip_address}"
user ="${var.vm_admin_user}"

password = "${var.vm_admin_password}"

provisioner "file" {
source = "compose.yaml"

destination = "/home/centos/compose.yaml"

provisioner "remote-exec" {

inline = [

"${local.gui_init_script}",



triggers = {

"after" = "${vsphere_virtual_machine.guinode.id}"

resource "vsphere_virtual_machine" "computenode" {

depends_on = ["vsphere_virtual_machine.headnode","vsphere_virtual_machine.guinode"]

count ="${var.number_of _computenode}"
name = "${local.compute_node_prefix}${count.index+1}"
resource_pool_id = "${data.vsphere_resource_pool.pool.id}"

datastore_id = "${data.vsphere_datastore.datastore.id}"

num_cpus = "${var.computenode_number_of cpucore}"
memory = "${var.computenode_memorysize}"
guest_id = "${data.vsphere_virtual_machine.template.guest_id}"

scsi_type = "${data.vsphere_virtual_machine.template.scsi_type}"

network_interface {

network_id = "${data.vsphere_network.network.id}"

adapter_type = "${data.vsphere_virtual_machine.template.network_interface_types[0]}"
}
network_interface {

network_id = "${data.vsphere_network.network?2.id}"

adapter_type = "${data.vsphere_virtual_machine.template.network_interface_types[0]}"



disk {

label = "disk0"
size = "${data.vsphere_virtual_machine.template.disks.0.size}"
eagerly_scrub = "${data.vsphere_virtual_machine.template.disks.0.eagerly_scrub}"

thin_provisioned = "${data.vsphere_virtual_machine.template.disks.0.thin_provisioned}"
}
wait_for_guest_net_timeout=15
clone {

template_uuid = "${data.vsphere_virtual_machine.template.id}"

resource "null_resource" "computenode" {

count = "${var.number_of computenode}"
triggers {
cluster_instance_ids = "${vsphere_virtual_machine.headnode.id}"
}
connection {
host="${element(vsphere_virtual_machine.computenode.*.default_ip_address, count.index)}"

user ="${var.vm_admin_user}"

password = "${var.vm_admin_password}"

provisioner "file" {

source = "compose.yaml"

destination = "/home/centos/compose.yaml”
provisioner "remote-exec" {

inline = [

"${local.compute_init_script}",






