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Solution Overview

Scenarios

This solution helps you quickly set up a scalable HPC environment on Huawei
Cloud based on the open-source software Slurm and Huawei's open-source
Gearbox. Slurm is configured to run in "configless" mode for cloud servers
functioning as compute nodes. The Gearbox program interconnects with Huawei
Cloud Auto Scaling and Cloud Eye to monitor the job status of a Slurm cluster and
automatically scale in or out cloud servers in the Slurm cluster in real time. In
addition, new cloud servers are automatically registered with and added to the
cluster, or cloud servers are automatically deregistered from the cluster and then

destroyed.

Solution Architecture

The solution architecture is illustrated below.

Figure 1-1 Architecture
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This solution will:

Advantages

Constraints

Create two Linux Elastic Cloud Servers (ECSs), install the open-source
software Slurm, install the Gearbox program on the scheduling node, and
configure the Java environment.

Create one EIP for internal and external communication.

Create security groups and configure rules to control access to ECSs so as to
secure the ECS environment.

Use Image Management Service (IMS) to prepare the initialization
environment for compute node servers during auto scaling.

Use Auto Scaling to create and configure an auto scaling group as well as
define scaling policies to automatically scale in or out cluster resources.

Use Cloud Eye for resource monitoring. The Gearbox program monitors the
job status, calculates the workload value of custom metrics, and reports the
metrics to Cloud Eye.

Use Scalable File Service (SFS) to mount SFS file systems to the ECSs to
provide shared file storage for clusters.

Auto scaling

In this solution, auto scaling groups are configured and the Gearbox program
is built in the server that functions as the scheduling node. The program
periodically monitors cluster metrics, summarizes metric data, and reports the
data to Cloud Eye. Cloud Eye alarm rules then trigger auto scaling, reducing
costs.

Personalized customization

This solution and the built-in Gearbox program are both open-source and free
for commercial use. You can also make custom development based on source
code.

Easy deployment
In just a few clicks, you can easily deploy a scalable HPC cluster.

Before deploying this solution, register a HUAWEI ID, enable Huawei Cloud
services, and complete real-name authentication. If you select the yearly/
monthly billing mode, ensure that your account has sufficient balance. If you
do not have sufficient balance, you can go to the Billing Center to manually
pay for the order.

Before deploying this solution, ensure that your account has sufficient IAM
permissions. For details, see (Optional) Creating the rf_admin_trust
Agency.

Ensure that you have sufficient quotas. Specifically, log in to the Huawei
Cloud management console and choose Resources > My Quotas to check
your quotas. If the quotas are insufficient, submit a service ticket to increase
the quotas.

- Compute: number of ECSs, number of CPU cores, and RAM capacity
- Storage: Elastic Volume Service (EVS) and Scalable File Service (SFS)

Issue 1.0.0 (2024-04-30) Copyright © Huawei Technologies Co., Ltd. 2
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- Network: VPC, subnets, EIPs, and security groups

Issue 1.0.0 (2024-04-30) Copyright © Huawei Technologies Co., Ltd. 3



solution

Deploying a Scalable HPC Cluster with Slurm
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Resource Planning and Costs

This solution will deploy the resources listed in the following table. The costs are
only estimates and may differ from the final prices. For details, see Huawei Cloud

Pricing.

Table 2-1 Resource planning and costs (pay-per-use)

Huawei Cloud
Service

Example Configuration

Estimated Monthly
Cost

Elastic Cloud Server
(ECS) (scheduling
node)

e Pay-per-use: $0.17 USD/
hour

e Region: AP-Singapore

e Billing Mode: Pay-per-use

e Type: X86 | General
computing-plus |
c6s.xlarge.2 | 4vCPUs | 8
GiB

e Image: CentOS 7.9 64bit

e System Disk: High 1/O |
100 GB

e Quantity: 1

$118.80 USD

Elastic Cloud Server
(ECS) (compute
node)

e Pay-per-use: $1.27 USD/
hour

e Region: AP-Singapore

e Billing Mode: Pay-per-use

e Type: X86 | General
computing-plus |
c6s.8xlarge.2 | 32vCPUs |
64GiB

e Image: CentOS 7.9 64bit

e System Disk: High 1/O |
100 GB

e Quantity: 1

$915.12 USD
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Huawei Cloud

Example Configuration

Estimated Monthly

hour
e Region: AP-Singapore
e Billing Mode: Pay-per-use

e Routing Type: Dynamic
BGP

e Billed By: Bandwidth
e Bandwidth: 5 Mbit/s
e EIP Quantity: 1

Service Cost
Scalable File Service | o Pay-per-use: $0.06 USD/ $ 46.08 USD
(SFS) hour

e Region: AP-Singapore

e Billing Mode: Pay-per-use

e SFS turbo standard |

500GB

Elastic IP (EIP) e Pay-per-use: $0.13 USD/ $ 90.00 USD

Total

$1170 USD + Price of
public network traffic

Table 2-2 Resource planning and costs (yearly/monthly)

Huawei Cloud
Service

Example Configuration

Estimated Monthly
Cost

Elastic Cloud Server
(ECS) (scheduling
node)

e Region: AP-Singapore

e Billing Mode: Yearly/
Monthly

e Type: X86 | General
computing-plus |
c6s.xlarge.2 | 4vCPUs | 8
GiB

e Image: CentOS 7.9 64bit

e System Disk: High 1/O |
100 GB

e Quantity: 1

$91.82 USD
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Huawei Cloud
Service

Example Configuration

Estimated Monthly
Cost

Elastic Cloud Server
(ECS) (compute
node)

e Region: AP-Singapore

e Billing Mode: Yearly/
Monthly

e Type: X86 | General
computing-plus |

c6s.8xlarge.2 | 32vCPUs |

64GiB

e Image: CentOS 7.9 64bit

e System Disk: High 1/O |
100 GB

e Quantity: 1

$ 701.52 USD

Scalable File Service
(SFS)

e Region: AP-Singapore

e Billing Mode: Yearly or
Monthly (The default

billing mode is pay-per-
use. You need to manually
change the billing mode

to yearly/monthly.

e SFS turbo standard |
500GB

$ 40.00 USD

Elastic IP (EIP)

e Region: AP-Singapore

e Billing Mode: Yearly/
Monthly

e Routing Type: Dynamic
BGP

e Billed By: Bandwidth
e Bandwidth: 5 Mbit/s
e Quantity: 1

$ 57.00 USD

Total

$890.34 USD + Price of
public network traffic
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Procedure

3.1 Preparations

3.2 Quick Deployment
3.3 Getting Started

3.4 Quick Uninstallation

3.1 Preparations

(Optional) Creating the rf_admin_trust Agency
Step 1 Access the Huawei Cloud official website, log in to the console, hover your mouse

over the account name in the upper right corner, and choose Identity and Access
Management.

Figure 3-1 Huawei Cloud console

" HUAWEI CLOUD
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Figure 3-2 Identity and Access Management

@p Int-English

Information

Security Settings

My Credentials

dentity and Ac Management
Switch Role

Tag Management

Operation Log

Log Out

Step 2 Choose Agencies in the left navigation pane and search for the rf_admin_trust
agency.

Figure 3-3 Agency list
A Agencies @

Description J=

e If the agency is found, skip the following steps.
e If the agency is not found, perform the following steps.
Step 3 Click Create Agency in the upper right corner of the page. On the displayed page,

set Agency Name to rf_admin_trust, Agency Type to Cloud service, Cloud
Service to RFS, and click Next.
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Figure 3-4 Creating an agency

Agencies | Create Agency

# Agency Mame rf_admin_frust

* Agency Type Account
Delegate another HUAWEI CLOUD account to perform operations on your resour

(®) Cloud service

[=]
[1+]
w

)elegate a cloud service to access your resources in other cloud services.

# Cloud Service RFS -
# Validity Period Unlimited -
Description
0/255
Next Cancel

Step 4 Search for Tenant Administrator, select it in the search results, and click Next.

Figure 3-5 Selecting a policy

@ selctpotcyroe
Assign selected permissions o f_admin_rust Create Polcy

Al poiciesioes « | [ Ansenices | | Tenant Asmistrator x Q

System-defined polcy

System-defined roe

Step 5 Select All resources and click OK.

Figure 3-6 Setting the authorization scope

< Authorize Agency

-:i:- Select Policy/Role e Select Scope 3 ) Finish

0 The follewing are recommended scopes for the permissions you selecied. Select the desired scope requiring minimum authorization.

Scope

(@) Allresources

ers will be able to use all resources, including those in enlerprise projecis, region-specific projects, and global services under your account based on assigned permissions

Show More

Step 6 Check that the rf_admin_trust agency is displayed in the agency list.
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Figure 3-7 Agency list

1AM Agencies (@ [—
a x Q
goncy NamarD DolegatedPary = Vahan wperiod Descrption 4=
’’’’’’ t Uniimited Created by RF, Not delete. Authorize | Modify Delete

--—-End

Creating an AK/SK Pair

Before deploying this solution, you need to configure an AK/SK pair on the Huawei
Cloud console and create an account key pair for logging in to ECSs.

Step 1 Follow the instructions in the official documentation to create an AK on the
Access Keys page and download the SK. The AK/SK pair will be used as
configuration items for starting Gearbox. (After this solution is successfully
deployed, you need to delete the AK/SK pair and create a new pair.)

Figure 3-8 Creating an AK/SK pair

My Credentials Access Keys @

AP| Credentials

Last Used Operation

Step 2 Follow the instructions in the official documentation to create an account key
pair on the Kay Pair Service page. The account key pair will be used as the login
key of the added ECS in subsequent quick deployment.

Figure 3-9 Creating a key pair

DEWConsole O ey pair Service ® @ cuce

Key Management Service: °

vate key pairs are only user. Account key p: the

Key Pair Service

ET FERE TR Account Key Pairs Private Key Pairs ECS List

Service
el —
Etasic Cloud Server (7 Create Key Pair
Select a property or enter a keyword. al(®
Oblect Storage Service (4 Key /e. When ci nt key pair fo t

iin
s
Cloud Backup and Key Pair Name & Operation

Recovery (%

HPCTEST KeyPair-7047 Delete Import Private Key

Elastic Volume Service (%

Type SSH_RSA_2048
TotalRecords: 1 | 10 v 1

1f you have not enabled your account key pair this parameter is invalid. An
SSH_RSA_2048 key pair will be created by default
Currently, only the RSA algorithm can be used with Windows.

agree to host the priv

have read and agree
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Figure 3-10 Key pair created

DEW Console

Key Management Service
Key Pair Service

Cloud Secret Management
v
Service

Dedicated HSM /
Elastic Cloud Server [
Object Storage Service [F

Cloud Backup and
Recovery (7

Elastic Volume Service 4

--—-End

3.2 Quick Deployment

Key Pair Service &

@ Ausers private key pairs are only available to that user. Account key

Account Key Pairs

Private Key Pairs

'd )
[ Create Key Pair
\_ ¥

\I

A

I/

p.

Import Key Pair

Select a property or enter a keyword.

Key Pair Name

HPC-TEST

Total Records: 1

Fay
=

10

This section describes how to quickly deploy this solution.

\|
ey

ECS List

Fingerprint &

SHAZ562tbWQFVIM

Issue 1.0.0 (2024-04-30)

Copyright © Huawei Technologies Co., Ltd.

11



Deploying a Scalable HPC Cluster with Slurm

3 Procedure

Table 3-1 Parameter

Name

Type

Mandatory

Description

Default
Value

vpc_name

string

Yes

Virtual Private
Cloud (VPC)
name. This
template uses
a newly
created VPC.
The VPC
name must
be unique. It
can contain 1
to 54
characters.
Only letters,
digits,
underscores
(1), hyphens
(-), and
periods (.) are
allowed.

scalable-hpc-
cluster-with-
slurm-demo

security_grou
p_name

string

Yes

Security
group name.
This template
uses a newly
created
security
group. It can
contain 1 to
64 characters.
Only letters,
digits,
underscores
(L), hyphens
(-), and
periods (.) are
allowed.

scalable-hpc-
cluster-with-
slurm-demo

bandwidth_siz
e

number

Yes

Bandwidth
size, in Mbit/s.
Value range:
1-2,000

Issue 1.0.0 (2024-04-30)
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Name

Type

Mandatory

Description

Default
Value

ecs_name

string

Yes

ECS name. It
must be
unique. The
name is in the
{ecs_name}-
master or
{ecs_name}-
node format.
It can contain
1to57
characters.
Only
lowercase
letters, digits,
and hyphens
(-) are
allowed.

scalable-hpc-
cluster-with-
slurm-demo

ecs_password

string

Yes

Initial
password of
an ECS. It can
contain 8 to
26 characters,
and it must
include at
least three of
the following
character
types:
uppercase
letters,
lowercase
letters, digits,
and special
characters ($!
@%-_=+[]../7,
{}?). The
password
cannot
contain the
username or
the username
spelled
backwards.
The default
administrator
account is
root.

Left blank
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Name

Type

Mandatory

Description

Default
Value

ecs_master_fl
avor

string

Yes

The flavor of
an ECS that
can function
as a
scheduling
node. For
more flavors,
see A
Summary
List of x86
ECS
Specification
S.

c6s.xlarge.2

ecs_node_flav
or

string

Yes

The flavor of
an ECS that
can function
as a compute
node. For
more flavors,
see A
Summary
List of x86
ECS
Specification
S.

c6s.8xlarge.2

keypair_name

string

Yes

The name of
the existing
SSH key pair.
Only account
key pairs
under Key
Pair Service
are
supported.
For details,
see Key Pair
Management

Left blank
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Name

Type

Mandatory

Description

Default
Value

sfs_turbo_na
me

string

Yes

The name of
an SFS file. It
can contain 4
to 64
characters,
and it must
start with a
letter, case-
insensitive.
Only letters,
digits,
hyphens (-),
and
underscores
() are
allowed.

scalable-hpc-
cluster-with-
slurm-demo

sfs_turbo_size

number

Yes

The size of an
SFS file, in
GB. SFS file
systems
provide
shared file
storage for
clusters. Value
range:
500-32,768

500

as_name

string

Yes

The name of
an auto
scaling
resource. This
template uses
a newly
created auto
scaling group
to provide
auto scaling
for clusters.
The name
must be
unique. It can
contain 1 to
50 characters.
Only letters,
digits, and
hyphens (-)
are allowed.

scalable-hpc-
cluster-with-
slurm-demo
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Name

Type

Mandatory

Description

Default
Value

charge_mode

string

Yes

Billing mode.
It can be
prePaid
(yearly/
monthly) or
postPaid
(pay-per-use).

postPaid

charge_period
_unit

string

Yes

Unit of a
subscription
term. This
parameter is
mandatory
only when
charging_mo
de is set to
prePaid.
Value range:
month or
year

month

charge_period

number

Yes

Subscription
term. This
parameter is
mandatory
only when
charging_mo
de is set to
prePaid.
Value range:
e 19
(charging_
period_uni
t set to
month)

o 1-3
(charging_
period_uni
t set to
year)

Issue 1.0.0 (2024-04-30)
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Name

Type

Mandatory

Description

Default
Value

AK

string

Yes

The Access
Key ID (AK)
created for
configuring
Gearbox. For
details about
how to create
and obtain an
access key,
see Step 1.

Left blank

SK

string

Yes

The Secret
Access Key
(SK) created
for
configuring
Gearbox. For
details about
how to create
and obtain an
access key,
see Step 1.

Left blank

project_id

string

Yes

The project ID
for the region
where the
solution is
deployed. For
details about
how to obtain
the project ID,
see ldentity
and Access
Management
> Projects.

Left blank

Step 1 Access the Quick-Start Guides of Huawei Cloud and choose Deploying a Scalable

HPC Cluster with Slurm.
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Figure 3-11 Selecting a solution

Solution Architecture

This solution helps you quickly set up a scalable HPC environment on Huawei Cloud.

Deploying a Scalable HPC Cluster with Slurm
] Version: 1.0.0

Last Updated: April 2024
ke o Built By: Huawei Cloud
Time Required for Deployment: About 40 minutes
— - Time Required for Uninstallation: About 10 minutes
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View Source Code ¥
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~ ( I 2
g A View Deployment Guide
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i
ST——
Rapart cesom macs ¥

Step 2 Click Deploy to switch to the Create Stack page.

Figure 3-12 Easy deployment

< Create Stack

@ sectempiae @ contgue Parameters @ contgure stack @ contm contguratons
« Creation ose e P —
& Tempiate Source oy Tempiates R Upload Tempiate
Template URL s idocumentato: samples obscr-1ofth 4.y

@ RS only uses the data you upload for resource management. Your template willnot be encrypted. KMS and DEWY are recommended for encryption of sensitive vartabies. Currenty, the RFS console can automatically use KIS to

encrypt your sensilive variables,

Step 3 Click Next and configure user-defined parameters based on Table 3-1.

Figure 3-13 Configuring parameters

) sekect Tempiate © Contgure Parameters (3) Configure Stack (@) Confim Configurations
StackName | deploy-a-scalable-hpc-cluster-wih-sium
The stack name must be unique.
Descripion | Deploying a Scalable HPC Cluster with Sium
43
Configure Parameters
Q Encrypt some resources based on the template requirements. ()
Parameter Value Type Description
vpe_name Scalable hpc-cluster-yith-siurm-demo sting Virtual Private Cloud (VPC) name. This template uses a newy created VPC. The VPC name must be unigue. It can contain 1105
secutty_oroup_name Scalable-npc-cluster-ith-siurm-demo sting Securty group name. This template uses a newly created securty group. For detals about how to Configure a secury group ule,
bandvidin_size 5 number Bandwidih size, in Mbits. The default value s 5. Value range: 1-2,000
ecs_name Scalable-npc-cluster-with-siurm-demo sting ECS name. It must be unique. The name is n the {ecs_name}-master of {ecs_name}-node format.ecs_name}-node format. t can

Step 4 Click Next to create an execution plan.
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Figure 3-14 Creating an execution plan

() Select Tempiate:

(@) Contgure Parametrs

() Configure Stack

© Contm Contguratons

@ RS s free of charge, but the resources i the stack are not, Currenty, you need o create an execution plan (free of charge) to Obtain the esfimated price.

Template Info

Name deploy-a-scalable-hpe-cluster-wi-slum Description Depioying a Scalable HPC Cluster wih Slurm

Parameters £

Parameter Name Value ype Description

vc_name scalable-hpc-clusterwith-sium-gemo string Vitual Private Cloud (VPC) name. This template uses a newly created VPC. The VEC name must be unique. It can contain 110 54 characters. On.. =
security_group_name Scalable-hpe-cluster-with-slumm-demo string Security group name. This tempiate uses a newly created security group. For details about how to configure a security group rule, see the ceploy.
bandwidtn_size 5 number Bandwidth size, in Mbits. The defaultvalue is 5. Value range: 1-2,000

ecs_name scalable-hpc-cluster-ilh-siurm-gemo string ECS name. It must be unique. The name is in the {ecs_name}-master or {ecs_name}-niode omat.ecs_name}-node format. It can contain 1 10 57
ecspassword e sting Inital password of an ECS. Afler an ECS s created, feset the password by folowing the Insiructions n the deployment guide. It can contain 8 10 2.
ecs_master_flavor c6s xiarge 2 string “The flavor of an ECS that can function as a scheduling node: For more flavors, see the deployment guide. The default value is c6s xiarge 2
ecs_node_flavor cs.8uarge.2 string The flavor of an ECS that can function as a compute node. For more flavors, see the deployment guide. The default value is C6s.8xarge.2

Estimated fee: You can obtain the estimated fee after creating an execution plan (free of charge) Previous Create Execution Plan Directly Deploy Stack

Step 5 On the Confirm Configurations page, click Create Execution Plan. In the
displayed dialog box, enter an execution plan name and click OK.

Figure 3-15 Creating an execution plan

Create Execution Plan

o To preview your resource billing information, you can create an execution plan.

* Execution Plan Name executionPlan_20240415_1211_5kot

Description

=
(%]
n
n

Step 6 Wait until the execution plan is successfully created, and locate that plan and click
Deploy in the Operation column. In the displayed dialog box, click Execute.
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Step 7

Step 8

Figure 3-16 Deploying the execution plan

depl lable-hpe-cluster-with-sl
<
ploy P Detete Update TemplatelParameter | | C

Basic Information Resources Outputs Events Template Execution Plans

status Estimated Price () Created Description Operation

Figure 3-17 Confirming the execution plan

Execution Plan

Are you sure you want to execute the plan?
Execution Plan Name Status Created

executionPlan_20240415_121...  Available Apr 15, 2024 12:11:58 GMT+0....

. After the plan is executed, the stack is updated accordingly, and resources in the
template are enabled, which may incur fees based on resource payment
requirements.

Execute Cancel

(Optional) If you select the yearly/monthly billing mode and your account balance
is insufficient, log in to the Billing Center to manually pay for the order. You can
refer to Table 2-2 to see the total price.

Wait until the execution plan is successfully deployed, as shown in the following
figure. Wait for another 30 minutes until the cluster is successfully deployed.

Figure 3-18 Execution plan deployed

< depl lable-hpc-cluster-with-s|
ploy P Delete Update Template/Parameter | | C

Basiclnformation ~ Resources ~ Oufputs ~ Events  Template  Execution Plans

Time |z pe ¥ Description Resource Name/Type Associated Resource ID

Apr 15, 2024 12:18:35 GMT+08:00 Log Apply required resource success.

Note: Do not log in to any ECS to perform other operations before the cluster
deployment is complete. Otherwise, the cluster deployment may fail.

--—-End
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3.3 Getting Started

This section describes the basic usage of Slurm. For the detailed usage, see Slurm
Documentation.

By default, all service ports involved in this solution are accessible within the same

subnet. You can modify the security group rules if needed. The following Slurm
service ports are involved:

e 6817: port on the service plane for communicating with Slurm on the
scheduling node

e 6818: port on the service plane for communicating with Slurm on compute
nodes

(11 NOTE

e By default, the Slurm version 22.05.3 and the Java version jdk1.8.0_202 are used in this
solution.

e By default, a cluster named cluster has been created in Slurm.

(Optional) Modifying Security Groups

A security group is a collection of access control rules to control traffic to and
from cloud resources, such as cloud servers, containers, and databases. Cloud
resources associated with the same security group have the same security
requirements and are mutually trusted within a VPC.

You can modify security group rules, for example, by adding, modifying, or
deleting a TCP port, as follows:

e Adding a security group rule: Add an inbound rule and enable a TCP port if
needed.

e Modifying a security group rule: Inappropriate security group settings may
cause serious security risks. You can modify a security group rule to ensure
network security of your ECSs.

e Deleting a security group rule: If the source or destination IP address of an
inbound or outbound security group rule changes, or a port does not need to
be enabled, you can delete the security group rule.

Checking Node Status

Step 1 Check the Slurm status on the scheduling node. Specifically, run the systemctl
status munge and systemctl status slurmctld commands to check whether
Munge and Slurmctld are running properly.
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Step 2

Step 3

Figure 3-19 Munge running properly

[root@master ~]# systemctl status munge
® munge.service - MUNGE authentication service
Loaded: loaded (/usr/lib/systemd/system/munge.service; enabled; vendor preset: disabled)
Active: active (running) since Wed 2023-04-26 11:40:35 CST; 2 weeks 0 days ago
Doc man:munged(8)
Proces 12632 ExecStart=/usr/sbin/munged (code=exited, status=0/SUCCESS)
Main PID: 12634 (munged)
Tasks: 4
Memory: 1.3M
CGroup: /system.slice/munge.service
12634 /usr/sbin/munged

26 11:40:35 master systemd[1]: Starting MUNGE authentication service...
26 11:40:35 master systemd[1]: Started MUNGE authentication service.
[root@master ~]# ]

[root@master ~]# systemctl status slurmctld
ice - Slurm controll daemon
d (/usr /systemd/system/slurmctld. »; disabled; vendor preset: disabled)
ctive (running) since Wed 2023-04-26 15:0 ; 1 weeks 6 days ago
2387 (slurmctld)
7
6.7M
system.slice/slurmctld.service
usr/sbin/slurmctld -D -s
slurmctld: slurmscriptd

87]: slurmctld: _job_complete: JobId=3063_49(3112) done
urmctld( slurmctl job_complete: J 63_50(3063) WEXITSTATUS ©
r slurmctld[ slurmctl _Jjob_complete: J 63_50(3063) done
slurmctl e a urm-node-copy-4kwl reason set to: scale in
slurmc H de m-node-copy-4kw et to DRAINED
master “tl slurmctl rror: _ d_node_ lookup failure for no lurm-node_copy-
master L 2 slurmctl rr Unable to T
master L slurmctl rror: failed to delete node 'as
: master slurmctld[1. slurmctl _slurm_rpc_delete_node for as-sl de_copy-4kw Invalid node nf
:59 master slurmctld[ 87]: slurmctld: error: Nodes as-slurm-node-copy-4kwk9x4w not responding, setting DOWN

If Munge is not started, run the following command to enable it:
systemctl start munge

If Slurmctld is not started, run the following command to enable it:
systemctl start slurmctld

#Check the node status in the cluster

sinfo

Each time the cloud server that functions as the scheduling node restarts, enter
the username root and its password to log in to the cloud server and run the
preceding commands to start the services. Run the sinfo command to view the
cluster node information.

Figure 3-21 Slurm successfully configured

[rootPmaster “1# =sinfo
PARTITION AvAIL TIMELIMIT HODES STATE NODELIST

pl= up infinite 1 idle nodel
[rootBmaster ~1# _

If there are no nodes under NODELIST, log in to the compute node to enable

Slurmd by running the following command:
# Enable Slurmd on node1

ssh 192.168.0.2

systemctl start slurmd

exit

Check the operating status of Slurm and Gearbox on the scheduling node.
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Step 4

Step 5

Go to the directory where the Gearbox program package is located (/usr/local/ by

default) and start Gearbox.
cd /usr/local/
nohup java -jar gearbox-0.0.1-SNAPSHOT.jar --spring.config.name=gearboxConfig > /dev/null 2>&1 &

Check the Gearbox status on the scheduling node by running the ps aux|grep
gearbox command.
ps aux|grep gearbox

Figure 3-22 Gearbox running properly

[root@master ~]# ps aux|grep gearbox
root 4492 0.0 0.0 112812 980 pts/1 R+ 14:40 0:00 grep --color=auto gearbox
root 16314 0.2 4.0 569573 24216 pts/1 Sl May@s 6:10 java -jar gearbox-0.0.1-SNAPSHOT.jar --spring.config.name=Config

[rootemaster ~1# I

Set the quota for the Slurm root user. This quota is related to the number of ECSs
for auto scaling.

#Modify the quota

sacctmgr modify user root set GrpTRES="node={required quota}"
#List the quota

sacctmgr list ass

Note: After Gearbox is started, the nodes that do not have computing tasks will be
set to the drain state. If you want to use the nodes, activate them again by
running the following command:

scontrol update NodeName={Node name under NODELIST} State=idle

Figure 3-23 Node in the drain state

[rootPmaster locall# sinfo
PARTITION AVvAIL TIMELIMIT HNODES STATE NODELIST

pl= up infinite 1 |drain nodel
[rootBmaster locall# _

--—-End

Creating an Image

Step 1
Step 2

Confirm that the cluster is normal. Then, log in to the ECS console.

Locate the compute node whose private IP address is 192.168.0.2 and choose
More > Manage Image > Create Image in the Operation column.
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Figure 3-24 Creating an image

Elastic Cloud Server &

& Troubieshootng [ auickLinke (K

‘The password reset plug-in can now be installed after creating an ECS,

Step 3

Start Stop Restart Reset Passvord wore v Export v
®llc| @
O Namen Monit.. Se.. Status az Specifications/image 05 Type 1P Address. Billing Mode Enterpri... ©  Tag Operation
scalable-hpc-clust 4VCPUS |8 GIB | cBs xlarge 2 14119172 Pay-per-use
U snesaaoscnsa Rumning A2t Cent0S 7.9 64nit L 192.168.0.10, Createdonpr 15,2, “efault - Femele Lo More
scalable-hpc-clust. 32vCPUs | 64 GiB | cBs.8xlarg. - Pay-per-use
1 - .
a0t dotr £ Ruming  AZ1 Ao Linux Crontod onpr 15,2, default Remote Login
Buy Same ECS
10 | Total Records:2 [1]
) stop

Restart
Reset Password
Modity Specifcations

Change Biling Mods

Delete

Change OS

Reinstall 0S4 Manage Disk/Backup

< Manage Network

Set Image Type to System disk image and set the name to hpc-image (an
example name).

Figure 3-25 Selecting the system disk image

< Create Image

ﬂ IMS is now commercially available. Any private images stored will be billed according to IMS pricing. x

Image Type and Source

* Region 9 AP-Singapors v
each other. Resources are region-specific and cannot be ons through internal net connections. For low network
e nearest region

+* Type Create Image Import Image ®

* Image Type FUI-ECS image Data disk image @

* Source ECS BMS

« Only ECSs in the running or stopped state can be used to create private images.

« Before creating an image, configure and optimize the ECS. Ensure Cloud-Init is installed if the ECS runs Linux and Cloudbase-Init is installed if the ECS
runs Windows. Learn more

« Do not perform any operation on the selected ECS or associated resources when an image is being created

Figure 3-26 Configuring details

Image Information

Encryption Unencrypted ()
+ Name hpc-image
+ Enterprise Project default | C®

Tag

Description

Agreement

01,024

I have read and agree fo the Image Disclaimer,

predefined tag function to add the same tag to different cloud resources. View predefined tags C

—
Next
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Step 4 Click Next. You will be navigated to the IMS console and can view the image
creation progress.

Figure 3-27 An image being created

Image Management Service (@)

IMS is now commercially available. Any private images stored will be billed according to IMS pricing.

Public Images Private Images Images Shared with Me

" Image creation Create Now 2 Image importing Import Mow

A private image can be a system disk image, Select an import method based on the image
data disk image, or fullECS image. You can file type, format, or size. Leam more
create or import a private image. Learn more

‘ You are advised to optimize private images that do not support fast ECS creation. To check whether a private im

You can create 99 more private images

Export =
|:| Mame/ID Status 05 Type oS Image
hpc-image i
[ Peimad Creating Linux CentOS 7.9 64bit ECS®
d89cafc3-344-41 | = 20%
10 v | Total Records 1 n
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Figure 3-28 An image created

Cloud Server
Console

Dashboard
Events
Troubleshooting (5

[ NEW]

Servers and
Images

Elastic Cloud Server
Dedicated Host
Bare Metal Server
Image Management

Service

Network and
Security

Security Groups
Elastic IP [

Key Pair (3

Storage and
Backup

--—-End

Configuring Auto Scaling

Q

s

Image Management Service (@

IMS i now commercially available. Any private images stored will be billed according to IMS pricing.

Public Images Private Images Images Shared with Me

™ Image creation Create Now 3 Image importing Import Moy
A private image can be a system disk image,
data disk image, or fulFECS image. You can

create or import a private image. Learn more

Select an import method bazed on the image
file type, format, or size. Learn more

You are advised to optimize private images that do not support fast ECS creation. To check whether a priv

You can create 99 more private images

Export
|:| Name/ID Status 0S8 Type 0s 1
—  hpc-image . .
| | Mormal Linux Cent0S 7.9 64bit

— d89cafc3-f344-41.

n -

Total Records: 1 n

Step 1 Access the IMS console to check that your image is successfully created.

Step 2 Access the Auto Scaling console. Then, locate the auto scaling configuration for
this solution and click Copy in the Operation column. In the displayed dialog box,
select the private image you created in Creating an Image and rename it. Do not
include underscores () in the name. If underscores are included, instances will not
be automatically deleted. Then, click OK to create an auto scaling configuration.
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Figure 3-29 Creating an auto scaling configuration

Copy AS Configuration

# Image Public image Shared image
hpc-image (100 GiB) - C

* Disk
System Disk High 110 - 100 |+ |GiB 10PS limit 2,600, I0PS burst limit 5,000 (2
(¥) Add Data Disk *You can add 23 more disks
# Security Group lscalanle—npc-cluster—\f.'nn-slurm-demn (l X v | C Create Security Group (3)

Similar to a firewall, a security group logically controls network access. Learn how fo create a security group.

Inbound: TCP; UDP; ICMP | Qutbound: -

EIP Automatically assign @

An ECS without an EIP cannot access the Intemnet. However, it can still be used as a service ECS deployed in a cluster or on a private network

Step 3 Select Key pair as the login mode. In this example, set the key pair name to the
one (HPC-TEST as an example) you specified when you make preparations, and
select the check box below.

Figure 3-30 Setting the login mode

EIP Do not use Automatically assign @

An ECS without an EIP cannot access the Internet. However, it can still be used as a service ECS deployed in a cluster or on a private network.

# Login Mode Password
required for logging in to the ECS and for reinstalling or changing the OS. Keep it secure.
* Key Pair ¥ | (& Create Key Pair
have the private key file HPC-TEST.pem and that | will not be able to log in to my ECS without this file
Advanced Settings Do not configure Configure now
Price price $1.271 USDimour ©)]

“ Cancel

Step 4 In the auto scaling group list, locate the group for this solution and choose More
> Change AS Configuration in the Operation column. In the displayed dialog
box, select the auto scaling ¢ configuration you created and click OK.

Figure 3-31 Changing auto scaling configurations
Instance Scaling @ [ Guick Links

ASGroups  AS Configurations

You can create 9 more AS groups

Export v

Name/D status AS Configuration & Current nstan... Expected Insta... Min.Instances Max.Instances = Enterprise Pro... +  Operation

g D e ustert . demo

% Enabled scalable-hpe-cluste 0 0 0 100 defaut View AS Poicy ' Disable | More
08104363-4325-4340-b278-08e39c 189765

Changs AS Configuration
jon

. [ o) vmmeest < @

Modify AS Group

Delete
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Step 5 On the Huawei Cloud Auto Scaling console, locate the auto scaling group created
for this solution and click View AS Policy in the Operation column.

Figure 3-32 Auto scaling instances
Instance Scaling @ 5 Quick Links

ASGroups  AS Configurations

more AS groups.

NamenD status AS Configuration = Current nstanc... Expected insta... Min. nstances Max. nstances < Enterprise Proj...

scalable-hpc-cluster-vith-slurm-demo
98100363-4325-4340-0878-08e39c 139165

Enabled scalable-hpe-cluster. 0 0 0 100 default

0 <] ereocst < [

Step 6 Specifically, click Add AS Policy and set Policy Type to Alarm. You can configure
up to 10 refined policies for each auto scaling policy if needed. After the
configuration is complete, click OK.

Figure 3-33 Adding an auto scaling policy

Add AS Policy *
Monitoring Type System monitoring ‘Custom monitering A
Before creating an alarm-iriggered AS policy, ensure that you have uploaded custom monitoring data to Cloud Eye
Resource Type test HPC ~ | C
Dimension autoscaling_group -
Monitored Object 9810d363-4325-4340-b87...
Trigger Condition workload hd hd == - 1
Consecutive Occurrences 1 ®@
Enterprise Project | C @
Alarm Policy Type Simplified scaling Refined scaling
Scaling Action 1 <= workloadRaw data = | 2
-
Add - 1 instances v

Step 7 Click Add AS Policy to add more policies if the number of servers you added for
refined policies is less than required.

Figure 3-34 Adding more policies

< scalable-hpe-cluster-with-slurm-demo Disable Modity AS Configuration ModtyAS Growp | | C

Overview  Monitoring g Instances  ScalngActions  ASPolicies  Noffications  Tags  LifecycleHooks  Planned Tasks

Name - Q c

riod(s)  Created & Operation

300 ADr15,20241437.07...  Disable | Execute Now  More v
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Step 8 Log in to the ECS and install the required software in the shared file directory /

data.

Slurm management systems:

e Log file directory for Slurmd, Slurmdbd, and Slurmctld: /var/log

e Configuration file for Slurmdbd: /etc/slurm/slurmdbd.conf

e  Configuration file for Slurmctld and Slurmd: /etc/slurm/slurm.conf

For details, see Slurm Documentation. The common commands are as

follows:

Table 3-2 Common commands

Command Function Example
sinfo Shows the system sinfo
resource usage.
squeue Shows the job status. squeue
srun Submits an interactive srun -N 2 -n 48 -p debug
job. A.exe
sbatch Submits batch jobs. sbacth -n -2 -n 48 job.sh
salloc Submits a non- salloc -p debug
interactive job.
scancel Cancels a job that has scancel JOBID
been submitted.
scontrol Queries nodes or scontrol show job JOBID
running jobs.
sacct Queries historical jobs. | sacct -u pp100 -S
03/01/17 -E 03/31/17 --
field=joid,partitionjobna
me,user,nnodes,start,end,
elapsed,state
----End

Gearbox Working Process

This section uses batch jobs as an example to describe how Gearbox automatically

scales a Slurm cluster.

Step 1
#Modify the quota

sacctmgr modify user root set GrpTRES="node={required quota}"

#List the quota
sacctmgr list ass

Start Gearbox and set the quota for the Slurm root user.
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Figure 3-35 Listing the user quota

GrpTRES GrpSubmit GrpWall — GrpTRESMi

Step 2 Submit batch jobs (for reference only).

Figure 3-36 Submitting batch slurm jobs

[root@master locall#f cat myscript
it b in-bash

SBATCH -J test

SBATCH --cpus-per-task=1

SBATCH -N 1

hostname

=leep 6H8

[root@master locall#ft sbatch myscript
Submitted batch job 1681
[root@master locall#

Step 3 View alarm status on the Cloud Eye console. If the job status is queued, the job is
in queue, indicating that the compute node resources in the current cluster are
insufficient. If the workload value of custom metrics is greater than or equal to 1,
auto scaling instances will be notified to perform auto scale-out.

Figure 3-37 Changes in the workload value

n 3h 12h d 7d 3od Auto Refresh
Period | Raw data b
workload
3 0
A
P
v 14:3 Al AE0) P

wn
(]

Step 4 Access the Auto Scaling console, and click the auto scaling group created for this
solution. You will see the instance is being added.
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Step 5

Step 6

Step 7

Figure 3-38 Triggering auto scaling

< scalable-hpc-cluster-with-slurm-demo Disavle Modity AS Configuration ModtyAsGrow | [ C

Use the image of a compute node for the newly added ECS, log in to the ECS by
using the key pair created in Step 2, and run the Slurmd program. The ECS will be
managed by the Slurm cluster and participate in cluster jobs.

Figure 3-39 ECS successfully added

< scalable-hpc-cluster-with-slurm-demo Disable Modity AS Configuration ModtyAS Grow | [ C

,,,,,,

The Slurm scheduling node distributes job tasks to the compute node added to
the Slurm cluster.

Figure 3-40 Executing jobs (added ECSs)

Every 1.0s: squeue

JOBID PARTITION S USER ST TIME NODES NODELIST(REASON)
3113_[31-50] pl Y root PD 0:00 1 (Resources)
3113_29 pl y root R 0:02 1 as-slurm-node-copy-esiubyqgp

3113 30 pl y root R 0:02 1 master

Gearbox periodically checks the status of compute nodes in the Slurm cluster. If
there are idle compute nodes, their states will be set to drain. Gearbox then
checks whether there are jobs running on these compute nodes. If there are not,
the compute nodes will be deleted and their states will be set to down. Gearbox
then identifies all the computes nodes in the down or drain state and delete them
from the Slurm cluster.

Note: drain indicates that the node is faulty, alloc indicates that the node is in
use, idle indicates that the node is available, down indicates that the node is
taken offline, and mix indicates that the node is partially occupied with remaining
resources available.

Figure 3-41 Changing the state of an idle instance to drain
Every 1.0s: sinfo

PARTITION AVAIL TIMELIMIT NODES STATE NODELIST
] infinite drain as-slurm-node-copy-esiubyqgp

1
infinite 1 idle master
0]

infinite n/a

Access the Auto Scaling console and click the auto scaling group created for this
solution. You will see the instance is being deleted.
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Figure 3-42 An idle instance being deleted
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--—-End

Example Gearbox Configuration File

The following is an example Gearbox configuration file. Store it in the Gearbox
installation directory. When configuring the gearboxconfig.yaml file, delete all
comments marked by the number sign (#) in the example.

user:
# AK for the login account
ak:
# SK for the login account
sk:
# Project ID of the region where the user is located
project-id:
# Proxy address, port, username, and password. This parameter is not required if no proxy is needed.
proxy-address:
proxy-port:
proxy-user-name:
proxy-password:
as:
# Endpoint domain name of the onsite Auto Scaling
endpoint: as.ap-southeast-3.myhuaweicloud.com
# Scaling group ID of the preset scaling group resource
group:
# Maximum number of instances displayed on a page. The default value is 100 and cannot be changed.
list-instance-limit: 100
# Maximum number of instances to be deleted. The Auto Scaling service supports a maximum of 50
instances. You do not need to change the value.
delete-instance-limit: 50
ecs:
# Endpoint domain name of the onsite ECS
endpoint: ecs.ap-southeast-3.myhuaweicloud.com
metric:
# Namespace of a custom metric. You do not need to change the value.
namespace: test. HPC
# Name of a custom metric
name: workload
# Dimension name of a custom metric. You do not need to change the value.
dimension-name: autoscaling_group
# Dimension ID of the custom metric. It can be set to the scaling group ID. This value does not affect
functions.
dimension-id:
#TTL reported by the metric. You do not need to change the value.
report-ttl: 172800
# Endpoint domain name of the onsite Cloud Eye
metric-report-endpoint: ces.ap-southeast-3.myhuaweicloud.com
task:
# Period for checking the node status, in seconds
health-audit-period: 30
# Period for reporting custom metrics, in seconds
metric-report-period: 60
# Period for checking whether scale-in is required, in seconds
scale-in-period: 5
# Period for automatically deleting nodes to be scaled in, in seconds
delete-instance-period: 5
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# Auto-discovery period for newly added nodes, in seconds

discover-instance-period: 20

# Period for comparing the number of nodes in the scaling group with that of nodes in the slurm cluster,
in seconds

diff-instance-and-node-period: 60

# Period for refreshing the internal cache, in seconds

refresh-cache-period: 100
system:

# deadline/slurm

type: slurm

# Names of stable nodes. Separate multiple names with commas (,).

stable-nodes: master

# Partition where stable nodes are located

stable-partition: p1

# Partition where variable nodes are located

variable-partition: p1

# Period of idle time after which idle nodes will be scaled in, in seconds

scale-in-time: 1

# Job waiting time. If the waiting time of a job is longer than this value, the job is considered to be in a
queue and will be counted in related metrics. The recommended value is 0.

job-wait-time: 1

# Timeout interval for registering a new node, in minutes. If a new node fails to be registered after the
timeout interval expires, the node will be deleted in Auto Scaling. The recommended value is 10.

register-timeout-minutes: 10

# Number of CPU cores of the elastic node

cpu: 4

# Memory size of the elastic node. This is a reserved field. It can be set to any value greater than 0.

memory: 12600

# This parameter is valid only for the slurm cluster. The default value is true, indicating that the CPU
requirements of jobs with GPU requirements are ignored during workload calculation.

ignore-cpu-request-of-gpu-job: true

# Whether to use PowerShell to execute commands. This parameter takes effect only in Windows
environments.

use-powershell-executor: true

3.4 Quick Uninstallation

Step 1 Log in to the Resource Formation Service (RFS) console, locate the target stack,
and click Delete in the Operation column. In the displayed dialog box, enter
Delete and click OK to uninstall the solution.
Figure 3-43 Uninstalling the solution
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Dashboard
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Figure 3-44 Confirming the deletion
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Step 2 Log in to the IMS console to manually delete the image you created.
Figure 3-45 Deleting an image
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Name/ID Status 0S8 Type 0s Image T... Disk Capacity (GiB) Encrypted Created Enterpri...
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Step 3 Access auto scaling configurations to manually delete the auto scaling
configuration you created.
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Figure 3-46 Deleting an auto scaling configuration
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Appendix

Terms

Elastic Cloud Server (ECS): ECS provides secure, scalable, on-demand compute
resources, enabling you to flexibly deploy applications and workloads.

Elastic IP (EIP): EIP enables your cloud resources to communicate with the
Internet using static public IP addresses and scalable bandwidth. You can
easily bind an EIP to an ECS, BMS, virtual IP address, NAT gateway, or load
balancer, enabling immediate Internet access.

Scalable File Service (SFS) Turbo: SFS Turbo provides a fully hosted shared file
storage, which is expandable to 320 TB. It is highly available and stable to
support small files and applications requiring low latency and high IOPS.

Slurm: Slurm is an open-source, highly scalable cluster management tool and
job scheduling system for Linux clusters of various scales. It provides the
following key features:

- Resource allocation

Slurm allocates exclusive or non-exclusive resources of a certain period
for users to run jobs.

- Job management framework

Slurm provides a framework for starting, executing, and monitoring
parallel jobs on the allocated resources.

- Queue

Slurm places jobs in a queue when the submitted jobs require more
resources than available.

- Abundant job scheduling policies

Slurm provides advanced job scheduling policies, such as resource
reservation, fair-share scheduling, and backfilling.

- Other tools

Slurm provides tools such as job information statistics and job status
diagnosis.

Gearbox: Gearbox is a Huawei's open-source resource collaboration system. It
works with, Slurm, a scheduling platform, to coordinate on-premises and
cloud resources. Gearbox offers lossless elastic scaling by:
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- Supporting custom workload metrics
- Providing metric-based auto scale-out
-  Detecting job status

- Releasing idle resources
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Change History

Table 5-1 Change history

Released On Description

2023-05-30 This issue is the first official release.

2023-11-30 Revised the solution description and
procedure.
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