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ABSTRACT

The high-performance computing (HPC) discipline of computer science utilizes the front line of the
computational capacity to run the algorithms faster. The implementation of high-performance
computing developed rapidly in many other disciplines besides computer science to solve complex
problems. Due to this issue, it is also essential for researchers in the field of Mining engineering to
be familiar with this topic and utilize this tool to solve complex problems in mining engineering. This
tutorial provides major concepts to implement high-performance computing for mining engineers
and those unfamiliar with this area. The first section provides a general introduction to high-
performance computing. The second section describes essential concepts such as cluster structure,
technical jargon in HPC, and resource scheduling in the area of high-performance computing. The
following sections explain resource scheduling and the job submission procedures in detail. This
tutorial is useful for solving mathematical optimization problems in mining engineering.

1. Introduction

Computer science approaches are integrated into various engineering practices and applications [12,
16, 22]. In the 21st century, engineering science is passionate about solving more complex
engineering problems [3, 6]. Currently, engineering problem-solving is dedicated to designing more
complex algorithms to solve complex problems [5, 13, 17, 24]. The complexity of problems and
algorithms increases the solution time and provides more challenges to make algorithms or machines
faster.

Generally, engineering problems aim to solve optimization or simulation problems. However,
assessing the uncertainties and providing the different scenarios are inseparable parts of every
engineering problem. Essentially, obtaining reliable results sometimes requires running hundreds of
scenarios to achieve reliable and robust results.

Recently High-Performance Computing (HPC) approach implemented in several engineering fields
such as social media [25], semantics [9], geology [4], archeology [8], materials[1], urban planning
[2], graphics [16], genomics [26], brain imaging [23], economics [19], game design [16], and even
music [21]. Moreover, developments in sensing tools provide us with a reliable platform for
collecting big data to analyze them. The existence of a considerable amount of data would help us to
recognize complex patterns and relations on the underlying problem [2].

During the last decades, mining engineering has constantly been challenged with computational time
for solving structurally complex or large-scale problems. These problems are mainly in mine
planning by solving the optimization problem [7, 14].Most problems are formulated by linear
programming optimization, and the non-linear formulation is converted to the approximate and its
linearized equivalent [15, 18, 20]. The problems formulated as Linear (stochastic) mixed-integer
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optimization models also require high computational time. For instance, solving a large-scale mixed-
integer problem (MIP) for an open-pit mine requires hours and even days.

The issues mentioned above reveal the importance of HPC in the engineering area. So, HPC
implementation in the mining area would be beneficial to enhance the algorithm and solve
computationally expensive problems.

Giving a comprehensive insight into the HPC required an extensive literature review on this area,
which is out of the scope of this paper (See [10, 11]). This paper is dedicated to providing a basic
tutorial around HPC implementation and, more specifically, parallel computing for the optimization
problem.

In the following, the basic concepts of HPC, such as resource scheduling, cluster etc. will be
introduced. After that, the procedure for connecting to the cluster, job submission, running a job on
the cluster and data transformation will be discussed.

2. Essential Concepts

In this section, the details of the infrastructure and definition of HPC are reviewed, and concepts
such as cluster, node, thread, scheduling, job, etc., are explained. The range of definitions has been
narrowed as required for our application. Furthermore, as the cluster available for our research is
provided by the Digital Research Alliance of Canada, the implementation of the procedure is
explained based on their cluster and its policies. The same procedure applies to other clusters with
slight changes.

2.1. What is High-Performance Computing?

High-performance computing (HPC) is computing in a "Supercomputer," a computer with high
capacity on CPU (or GPU), memory, and storage disks processing millions of operations in a second.
The architecture of a supercomputer and its OS system differ from conventional desktop computers.

2.2. What is a Cluster?

To perform the HPC and provide the computational capacity of several CPUs or GPUs, memory and
storage disks should connect and perform coherently as a single system. This system is known as a
cluster. The fast local or global network usually provides a loose or tightened connection between
several clusters. A cluster consists of several nodes (computer servers) that run their shareable
operating system.

2.3. What is a Node?

Each node on an HPC system is essentially an individual computer. Each node has a certain amount
of sharable memory (typically 64-256 GB per node) and storage disk. Figure 1 illustrates a schematic
overview of a cluster.

2.4. What is Job Submission?

Commonly, a user sends several thread(s) to the desktop computer CPU, and then the CPU
commences to process the user task(s) and send back the results to the user. This is how a client
normally uses the desktop computer for a specific goal, such as running codes, drawings, etc.
However, as in HPC, clusters are typically shared between several users simultaneously; we need to
send our command to the cluster in an understandable way for the other users and the CPUs. The job
submission procedure implements this process in which a script introduces our task(s) to the cluster
network(s). The process of sending a task to the cluster to run a specific code or algorithm and receive
the results is called "Job submission". The scheduler controls this process (Figure 1).
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2.5. What is the Scheduler?

The details of resource scheduling for the cluster are beyond the scope of this paper, but it is essential
to be familiar with the workflow of the job schedulers. Usually, clusters are available for several
people to take the computational advantage of supercomputers for their own computational approach.
It means several users are always eager to run their jobs on the same cluster environment shared by
other users.
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1. https://www.extremetech.com/wp-content/uploads/ 201 7/05/core-i9-640x353.jpg

2. By ChrisDag - Flickr. CC BY 2.0, https://commons.wikimedia.org/w/index.php? curid=9420347

Figure 1. Schematic structure of a cluster.

The scheduler will decide when a job starts based on the user's defined parameters on a job
submission batch file. The scheduler always makes a trade-off between available resources and job
submission requirements. For example, a job with a longer computational time and lower required
resources (number of CPU and amount of memory) may have a higher priority than a job with a
shorter computational time and higher resource allocation (Figure 1)

3. Digital Research Alliance of Canada

The Digital Research Alliance of Canada (Alliance) serves Canadian researchers intending to
advance Canada's global knowledge economy leader position. By integrating, championing, and
funding the infrastructure and activities required for advanced research computing (ARC), research
data management (RDM), and research software (RS), they provide the platform for the research
community to access tools and services faster than ever before. The Alliance is a nonprofit
organization funded by the Canadian government.
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ARC is an important component of Canada's digital research infrastructure and is used by the public
and private sectors for innovation. The term refers to the elements required to perform
computationally and data-intensive research and data management, including HPC and storage. ARC
relies on high-speed networks, software, standards, and data-management services.

ARC researchers come from science and industry. They come from all disciplines, including
engineering, medical, biological, and life sciences, chemistry and biochemistry, physics,
environmental and Earth sciences, humanities and social sciences, and astronomy.

Collaborations between researchers and industry frequently occur in the ARC realm and cut across
many sectors, including finance, advanced materials and manufacturing, artificial intelligence, drug
development, and aerospace.

3.1. Compute Canada Database (CCDB) Account

Users can access Alliance resources through the Compute Canada Database (CCDB) web portal. The
CCDB is the single access source for all Alliance resources.

First, user needs to get an account. The CCDB has 12 classifications of roles, which can be seen on
the registration page. All undergraduates, MSc, PhD, PDF, external collaborators, and visiting
faculty are considered sponsored users. Sponsored users must be identified and approved by a
Principal Investigator (Academic supervisor with an account with CCDB) for access to resources
and services. The approval process can take up to 2 business days. When a CCDB registration has
been approved, a confirmation email will be sent that includes user’s Role Identifier (RI). For
registration, use the link below:

https://alliancecan.ca/en/services/advanced-research-computing/account-management/apply-
account

After getting an account, the user can use the available resources.

3.2. How to connect a CCDB's server

Secure Shell (SSH) is a widely used standard to connect to remote machines securely. An alternative
way to make this connection is to use a software called MobaXterm, which provides all the
essential remote network tools (SSH, X11, RDP, VNC, FTP, MOSH, ...) and Unix commands (bash,
Is, cat, sed, grep, awk, rsync, ...) for windows users.

Compute Canada's general-purpose clusters are Béluga, Cedar, Graham, and Narval. Information
about other clusters, login node names, and node characteristics can be found on the Alliance Canada
portal or wiki pages (https://docs.alliancecan.ca/wiki/Technical documentation). Table 1 shows a
summary of these clusters.
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Table 1. Information about Compute Canada's general-purpose clusters.

Cluster Description Location Information
Béluga a general-purpose cluster Ecole de technologie Availability: March 2019
designed for a variety of supérieure Montreal Login node: beluga.alliancecan.ca
workload Globus Endpoint: computecanada#beluga-dtn
Data Transfer Node (rsync, scp, sftp,...): beluga.alliancecan.ca
Cedar  a heterogeneous cluster suitable ~Simon Fraser University Availability: Compute RAC2017 allocation started June 30, 2017
for a variety of workloads Login node: cedar.alliancecan.ca
Globus endpoint: computecanada#cedar-globus
System Status Page: https://status.alliancecan.ca/
Graham a heterogeneous cluster, University of Waterloo Availability: In production since June 2017
suitable for a variety of Login node: graham.alliancecan.ca
workloads Globus endpoint: computecanada#graham-globus
Data transfer node (rsync, scp, sftp,...): gra-dtnl.alliancecan.ca
Narval a general-purpose cluster Ecole de technologie Availability: Since October 2021
designed for a variety of supérieure Montreal Login node: narval.alliancecan.ca
workloads Globus Collection: Compute Canada - Narval
Data transfer node (rsync, scp, sftp,...): narval.alliancecan.ca
Niagara a homogeneous cluster University of Toronto & Availability: Since April 2018

intended to enable large

parallel jobs of 1040 cores and

more

operated by SciNet

Login node: niagara.alliancecan.ca
Globus Collection: computecanada#niagara

Data mover nodes (rsync, scp, ...): nia-dm2, nia-dm2 see moving
data

System Status Page: https://docs.scinet.utoronto.ca
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In this paper, the cedar cluster is used to explain the procedure. Cedar has a total of 94,528 CPU
cores for computation and 1352 GPU devices. The complete information about the cedar cluster
properties can be found on the cedar wiki page: https://docs.alliancecan.ca/wiki/Cedar/en

The primary step to connect a cluster is to know the login node. A login node is a node that functions
as a head node or a gateway on the cluster. Users can perform them at manipulation on the login
node. The shared file system is also stored on the login node database. Login node for all the compute
Canada clusters are following the same pattern as follows (4™ column of Table 1):

<clustername>.alliancecan.ca e.g. cedar.alliancecan.ca
1) Download MobaXterm and install it.
2) Execute MobaXterm and after finishing the installation, execute it.

3) In the opened window, choose Session, and then select SSH, and put the Cedar cluster's log
in information (Figure 2).

a. Remote host: cedar.alliancecan.ca

4) The SSH terminal will be opened by clicking the Open button, and the user name and
password will be asked for.

a. Username: is the username that the user has under Compute Canada account, for
example

Digital Research Alliance de recherche

Alliance of Canada numérique du Canada
English || Frangais
Logged in as Yashar Pourrahimian (WM || Logout

m My Account ~ | Resource Applications~ | Support ~ | Browse~ |

Account for Yashar Pourrahimian (CCI: Username: pourrahi
Account: pourrahi, Email:ﬁ Office phone:

b. Password: is the same one used to log in to CCDB

c. The user needs to create an SSH-browser password. This must be provided every
time for logging in to the cluster.
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Figure 2. MobaXterm configuration for cedar cluster SSH connection.
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After logging in, the user will receive a welcome message indicating that the SSH connection
between our desktop computer and the cluster was established successfully (Figure 3).

B cedar.alliancecan.ca — O X
Terminal Sessions View Xserver Tools Games Settings Macros Help

& % % =& &« N B2 Y EH & F 0 X ©

Session  Servers Tools Games  Sessions View Split MultiExec Tunneling Packages Settings Help X server Exit

%

Quick connect...

© )
.. User sessions

cedaralliancecan.ca | |

Multifactor authentication is now available to all users. Please help us secure
(=L ELERE
digital research by activating it for your account. More details available here

If you need unattended connections, please contact our technical support
at support@tech.alliancecan.ca before activating multifactor authentication.

mpte avec l'Alliance.

Nous comptons sur votre participation pour protéger notre infrastructure de rec
herche numérique.

Pour plus d'information, consultez la page https://docs.alliancecan.ca/wiki/Mul
tifactor_authentication/fr.

S1i votre projet nécessite des connexions automatisées,

écrivez a support@tech.alliancecan.ca avant d'activer cette nouvelle fonctionna

1ité.

[pourrahi@cedar5 ~1$ [ %
UNREGISTERED VERSION - Please support MobaXterm by subscribing to the professional edition here: https://mobaxterm.mobatek.net =

Figure 3. The initial window of Mobaxterm.

To check the connection establishment and see the available logic nodes, type Iscpu on the command
line (Figure 4).

[name@server ~]$ Iscpu

Two types of nodes are available on the node system: login nodes and compute nodes. Lscpu prints
the information on processors on login nodes (Figure 4). The login node is the launch point to connect
to the cluster (gateway), but the compute node is the computational unit of the cluster.

Figure 4 indicates 16 core processors per node and two threads per core. The processor model is
Intel(R) Xeon(R) CPU E5-2683 v4 @ 2.10GHz.

To obtain the exact amount of available memory type head -1 /proc/meminfo on the command line
(Figure 5).

[name@server ~]$ head -1 /proc/meminfo
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B cedaralliancecan.ca - O X

Terminal Sessions View Xserver Tools Games Settings Macros Help

E % % 8 &k BB Y EH & £ 0 X ©

Session  Servers Tools Games  Sessions View Split MultiExec Tunneling Packages Settings Help X server Exit
Quick connect... (O (212 cedaralliancecan ca X a
750 User sessions Architecture: x86_64 ~
darali CPU op-mode(s): 32-bit, 64-bit
I Byte Order: Little Endian

Address sizes: 46 bits physical, 48 bits virtual

CPU(s): 64

On-1line CPU(s) list: 0-63

Thread(s) per core: 2

Core(s) per socket: 16

Socket(s): 2

NUMA node(s): 2

Vendor ID: GenuineIntel

CPU family: 6

Model: 79

Model name: 1(R) Xeon(R) CPU E5-2683 v4 @ 2.10GHz

Stepping: il

CPU MHz: 2805.212

CPU max MHz: 3000.0000

CPU min MHz: 1200.0000

BogoMIPS: 4190.40

Virtualization: VT-x

Lid cache: 32K

L1t cache: 32K

L2 cache: 256K

L3 cache: 40960K

NUMA nede0 CPU(s): 0,2,4,6,8,10,12,14,16,18,20,22,24,26,28,30,32,34,36,38,40,

NUMA nodel CPU(s): 1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31,33,35,37,39,41,
Flags: fpu vme de pse tsc msr pae mce cx8 apic sep mtrr pge mca c
2 ss ht tm pbe syscall nx pdpelgb rdtscp lm constant_tsc arch_perfmon pebs bts

eagerfpu pni pclmulqdq dtes64 monitor ds_cpl vmx smx est tm2 ssse3 sdbg fma cxi
popcnt tsc_deadline_timer aes xsave avx f16¢ rdrand lahf_lm abm 3dnowprefetch
ibrs ibpb stibp tpr_shadow vnmi flexpriority ept vpid fsgsbase tsc_adjust bmil
rdseed adx smap intel_pt xsaveopt cqm_llc cqm_occup_llc cqm_mbm_total cqm mbm_1
intel_stibp flush_lid

[pourrahi@cedar5 ~1$ [l v

UNREGISTERED VERSION - Please support MobaXterm by subscribing to the professional edition here: https://mobaxterm.mobatek.net [

Figure 4. Node information.

B cedar.alliancecan.ca — O X
Terminal  Sessions View Xserver Tools Games Settings Macros Help
.0 Y - o
@ % % o« & BB Y E & &0 X ©
Session  Servers Tools Games  Sessions View Split MultiExec Tunneling Packages Settings Help X server Exit

Quick connect... O (%2 cedaralliancecan ca x 74

[0 User sessions [pourrahi@cedar5 ~]$ head -1 /proc/meminfo
§ MemTotal: 264049392 kB
cedar.alliancecan.ca [pourrahi@cedars ~J$ I

=

UNREGISTERED VERSION - Please support MobaXterm by subscribing to the professional edition here: https://mobaxterm.mobatek.net

Figure 5. Available memory on the login node.
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4. File Transfer

Transferring files is a frequent task for all users to and from an HPC system. This paper will explain
the Globus interface to perform file transformation.

4.1. Globus

Globus is a nonprofit service for secure and reliable research data management. Globus provides a
transfer API to monitor the progress of a user's file transfer task and manages the endpoint. An
endpoint is a remote computing device that communicates back and forth with a network to which it
is connected. A complete installation guide for Globus is available at: https://docs.globus.org/how-
to/globus-connect-personal-windows/.

1) Follow the installation guide in the link above and install Globus on user’s computer.

2) Launch the program at the end of the installation to see the Globus Connect Personal Setup
page and then push the login button (Figure 6).

e’ Globus Connect Personal Setup X

J [
connect

Advanced Options

Figure 6. Globus Connect Personal Setup login page.

3) A window will be opened in user’s browser. At the top of the window, under Use your
existing organizational login, select University of Alberta, and then press Continue.

4) Log in using university CCID and Password, and then press Yes, continue button.

5) In the opened window, there is a name in the box in front of "Provide a label for future
reference”. The user can change or keep it. This name will help the user know from what
computer he/she is connecting (Figure 7), then press Allow.
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Globus Connect Personal Setup would like to
@ View your identity (j

@ View information about your linked identities (j

@ Create Globus Connect Personal collections in the Globus Transfer service (i)

@ View identity details (j

Provide a label for future reference Lenovo X1

You can rescind this consent at any time by visiting the Manage Consents (] page.

By clicking "Allow", you allow Globus Connect Personal Setup, in accordance with its terms of
service (iz] and privacy policy (2 , to use the above listed information and services.

Allow Deny

Figure 7. Globus Connect Personal Setup window.

6) In the Collection Details window, give a name for the collection, describe it, and save it
(Figure 8).

@ Globus Connect Personal Setup X

connect
I
v |

Collection Details

Owner ldentity pourrahi@ualberta.ca

Collection Name Lenovo X1

Description My Laptop

Choose this option only if your computer stores sensitive data
High Assurance  [] such as Protected Health Information or Controlled Unclassified
Information.

Save

Figure 8. Collection Details window.

7) After completing the setup, a window appears, mentioning that the setup was successful and

the Globus Connect Personal is running in the taskbar's notification arca. Press Exit the
setup.

8) Go to the notification area of the taskbar (the bottom right of the monitor under hidden icons)
and find the Globus icon (Figure 9).
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11/16/2023

Figure 9. Globus icon at the bottom right of the monitor.

9) Right-click the icon and select "Web: Transfer Files" (Figure 10). A new window will appear
in user’s web browser (Figure 11). This environment will enable the user to transfer files from
local computer to the other endpoints. In the opened window at the top right corner, choose
"set two pane" from the panels section.

Pause

Web: Transfer Files
Web: Activity

Web: Collection Details
View debug log

Check for updates...
Options...
About Globus Connect Personal

Quit

Figure 10. Globus-Web: Transfer Files.

Panels Panels [ OO0 [

f File Manager %S
Your computer Destination

Path

: Tansi & Timer Ofuons

SRECYCLE.BIN 11/6/2023, 02:40 PM > < Search for a collection wo begin
s “ s - ? \_I @95 Get started by taking a short tour.
AutoRun Pro Enterprise Projects 8 8 ] b

cache /202 . _ 3

CC Cluster Data 18, 1.51 PM >

CIRCLYZ.0 ; 14 >

] Clock on the powerpoint.txt

Custom Office Templates 5/17/2023, 12.49 PM _ 5

| Defaultrdp

deckran ini

Figure 11. Globus file manager environment.

10) Go to the taskbar's notification area, right-click the Globus Connect Personal icon, and select
"Options" to configure Globus Connect Personal (Figure 12).
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Pause

Web: Transfer Files
Web: Activity
Web: Collection Details

View debug log

Check for updates...
Options...

About Globus Connect Personal

Quit

Figure 12. Globus-Options.
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11) The options window has five tabs; the most important (and commonly used) are "Access"
and "General". The "Access" tab lists folders that will be accessible via Globus for file
transfer and sharing. By default, the only folder listed is user’s home directory. The user can
create a folder and give access to that. Add folders by clicking the "+" icon and selecting the
folder he/she wish to make accessible. Then, add it to the accessible list and check the

"Sharable" box to share a folder (Figure 13).

09 Options

Access General Logs Info Advanced

Accessible Folders:

Enabie sharing
Learn more-

Figure 13. Globus 's “Access’

Folder Shareable Writable

P\ O O

D:\CCDB
Reset to Defaults +

” tab under options.

12) The "General" tab allows the user to specify whether he/she wants Globus Connect Personal
to run when Windows starts and whether the software should automatically check for
updates. It is recommended that the user leaves the "Automatically check for updates" box
checked to ensure that the most stable and secure version of Globus Connect Personal is

running (Figure 14).
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@& Options X

Access General Logs Info Advanced
[ Run when Windows starts
Automatically check for updates

Home Folder: D:\CCDB

Reset to Default

Save Cancel

Figure 14. Globus 's “General” tab under options.

13) Now, select the computer as an endpoint on one side and choose the cedar endpoint
(computecanada#cedar-globus) on the other side (see Table 1). The endpoint selection
should be like Figure 15. By dragging and dropping the files from one side to the other, the
files are transferred between the user side and the HPC system (cedar cluster). The login
node consists of several folders.

) File Manager Panels [ 0 [

Collection
Path /D/CCDB/ 'home/pourrahi/

Transfer & Timer Options

(] selectall T_ uponefolder () refreshlist 7 filter

This folder is empty. nearline 1 >

File Manager Parels [J 00 [

Figure 15. Web browser after endpoint selection.
The projects folder is a permanent folder to save user’s projects, and the scratch directory expires
every two months.
5. 1BM ILOG CPLEX

CPLEX is a software for optimization developed by IBM and available for academic users. To use
CPLEX on Compute Canada clusters, the user must first register with IBM and then download a
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personal version of the software. If there is a choice of architectures, choose Linux x86-64.
Depending on the downloaded version, the name of the file can be like this:

cplex studio2211.linux x86 64.bin
After downloading CPLEX, upload the file on the cluster.

1) Create a folder and call it CPLEX, upload the downloaded file into the CPEX folder. The
directory is as follows: /home/username/CPLEX/

2) Now, the uploaded binary file should be executable.
a. Inthe MobaXterm go to the directory in which the CPLEX installer file is copied.

[name@server ~]$ cd CPLEX

[name@server CPLEX]$

b. Make the binary file executable.

[name@server CPLEX]$ chmod +x cplex studio2211.linux x86 64.bin

c. Execute the binary file to install CPLEX on the cluster

[name@server CPLEX]S bash ./cplex studio2211.linux x86 64.bin

Follow the steps to complete the installation. Install CPLEX in the following
directory:

/home/username/CPLEX/

d. To use the Python API of CPLEX, such as DOcplex. it is required to load the Python
module first. Then, the virtual environment is activated to execute the setup python
file. If the CPLEX folder is not the active root, the directory must be changed.

[name@server]$ cd CPLEX

[name@server CPLEX]$ module load python/3.9

[name@server CPLEX]$ virtualenv --no-download ENV

[name@server CPLEX]$ source ENV/bin/activate

(ENV) [name@server CPLEX]$ python /home/username/CPLEX/python/setup.py
install
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This will also create a new directory, "ENV" in the current directory. Finally, execute the
following command to install DOcplex.

(ENV) [name@server CPLEX]S pip install docplex

Also, make sure that you upgrade pip and install pandas and pyarrow.

(ENV) [name@server CPLEX]$ pip install --no-index --upgrade pip

(ENV) [name@server CPLEX]S$ pip install pandas

(ENV) [name@server CPLEX]S$ pip install pyarrow

To exit from the virtual environment, use the following command.

(ENV) [name@server CPLEX]$ deactivate

3) To access CPLEX, a personal module should be created. To find our installed CPLEX
modules, the configuration file SHOME/.bashrc should be modified to point to the root of
this hierarchy.

[name@server CPLEX]$ export MODULEPATH=$HOME/modulefiles:3SMODULEPATH

4) Now, create a directory structure where the new CPLEX module is located (Figure 16. Created
folders on the server).

[name@server CPLEX]$ mkdir -p SHOME/modulefiles/mycplex
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E computecanada#cedar-globus Q /X)

H fhome/pourrahi/ H

-

[ ] selectall T_ upone folder .4 refreshlist Y/ filter

NAME ~ LAST MODIFIED SIZE

'\\ CPLEX 11/17/2023, 10:5.. - >
O

javasharedresources 11/17/2023, 04:3. — >
modulefiles 11/17/2023, 11:13.. - >
nearline 5/15/2019, 02:19 .. - >
project 10/9/2018, 11:17 .. = >
@ projects 9/25/2017, 11:47 . - >
o scratch 11/17/2023, 08:1. - >

Figure 16. Created folders on the server.

5) Now, go to the "mycplex" directory.

[name@server CPLEX]$ cd ..

[name@server ~]$ cd modulefiles

[name@server modulefiles]$ cd mycplex

[name@server mycplex]$

6) Create a directory in the current directory. The name of this directory is the same as the
downloaded CPLEX version from IBM (in this paper: 22.1.1).

[name@server mycplex]$ mkdir 22.1.1

617



Pourrahimian, Y. 503-18
R e -

A file should be uploaded into the 22.1.1 folder. The file name is "cplex_module.sh". Open a text
editor copy and paste the following blue text into the file. After creating "cplex module.sh", it
should be uploaded into folder 22.1.1 on the server using Globus.

(Path: /home/username/modulefiles/mycplex/22.1.1/) The user can do this easily using Globus.

#%Modulel.0####

#Hit

## cplex

Hit

proc ModulesHelp { } {
global cplexversion

puts stderr "\tIBM ILOG cplex "
puts stderr "\tThis module provides configuration for cplex, concert, cpoptimizer and opl"

}

module-whatis "IBM ILOG cplex (cplex, concert, cpoptimizer, opl). This version doesn't ask for a
licence file."

# for Tcl script use only

set  cplexversion 22.1.1

set studio_root /home/pourrahi/CPLEX/
set  cplexroot $studio_root/cplex

set  concertroot $studio_root/concert

set  oplroot $studio_root/opl

set  cpoptimizerroot  $studio_root/cpoptimizer

set cplexbin x86-64 linux

set cplexlib $cplexbin/static pic

set concertbin x86-64_linux

set concertlib $concertbin/static_pic

set oplbin x86-64 linux

set opllib $oplbin/static pic

set cpoptimizerbin x86-64 linux

set cpoptimizerlib $cpoptimizerbin/static pic

prepend-path PATH $cplexroot/bin/$cplexbin
prepend-path PATH Soplroot/bin/S$oplbin
prepend-path PATH $cpoptimizerroot/bin/$cpoptimizerbin

prepend-path CPATH $cplexroot/include
prepend-path CPATH $concertroot/include
prepend-path CPATH $oplroot/include
prepend-path CPATH $cpoptimizerroot/include

prepend-path -d " " CPATH_EXPANDED -I$cplexroot/include
prepend-path -d " " CPATH_EXPANDED -I$concertroot/include
prepend-path -d" " CPATH EXPANDED -I$oplroot/include
prepend-path -d " " CPATH_EXPANDED -I$cpoptimizerroot/include

prepend-path LIBRARY PATH S$cplexroot/lib/$cplexlib
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prepend-path LIBRARY_ PATH S$concertroot/lib/$Sconcertlib
prepend-path LIBRARY PATH S$oplroot/lib/$opllib

prepend-path LIBRARY PATH S$oplroot/bin/x86-64 linux/
prepend-path LIBRARY PATH S$cpoptimizerroot/lib/$cpoptimizerlib

prepend-path -d " " LIBRARY PATH EXPANDED -L$cplexroot/lib/$cplexlib
prepend-path -d " " LIBRARY PATH _EXPANDED -L$concertroot/lib/$concertlib
prepend-path -d " " LIBRARY PATH EXPANDED -LS$oplroot/lib/$opllib

prepend-path -d " " LIBRARY PATH EXPANDED -LS$oplroot/bin/x86-64 linux/
prepend-path -d " " LIBRARY PATH EXPANDED -LS$cpoptimizerroot/lib/$cpoptimizerlib

prepend-path LD LIBRARY PATH  $cplexroot/bin/$cplexbin
prepend-path LD LIBRARY PATH  Soplroot/bin/$oplbin

prepend-path  CLASSPATH S$cplexroot/lib/cplex.jar
prepend-path MATLABPATH $cplexroot/matlab
prepend-path  STUDIO_ROOT $studio_root

Note: depending on the installed CPLEX version, the red lines correspond to the variables
"cplexversion” and "studio root” must be updated.

6. Scheduling jobs

Running tasks (jobs) on a cluster differs greatly from running files on a local computer. The users
use a logic node to install the packages, python environments, and files, but the jobs will run on
compute nodes. The basic form of job submission is non-interactively through the command line.
Any command running on a cluster is a job, and running jobs using the Scheduler is called "batch
job submission".

To run a task on a personal computer using Python, the following syntax is used:

[user@laptop ~]$ python pythonfile.py

This syntax runs the file on a local computer, while the procedure is totally different from running a
pythonfile.py on a cluster.

To run a job (file) on a cluster, the user should provide a batch file and submit the job to the Scheduler.
After submitting the job, the Scheduler will take the job, put it in a queue, and wait until proper
resources are available to run the job based on user definition. Compute Canada clusters use SLURM
as a Scheduler.

619



Pourrahimian, Y. 503-20
R e -

An example of a batch file for running a mathematical optimization model is presented below. Open
Notepad-++, then copy and paste the text inside the box into Notepad++.

#!/bin/bash

#SBATCH --account def-pourrahi
#SBATCH --mem=30G

#SBATCH --nodes=1

#SBATCH --cpus-per-task=40

#SBATCH --job-name myTest optimization
#SBATCH --time=23:59:00

#SBATCH --output=myTest _output %;.txt
#SBATCH --mail-user=pourrahi@ualberta.ca
#SBATCH --mail-type=ALL

#Second part of the batch file.
source /home/pourrahi/CPLEX/ENV/bin/activate
module load mycplex/22.1.1

#Run the optimization code
python ./RunOptimizer.py

#Deactivate the Python virtual environment on the logic node
deactivate

Line 1 tells LINUX that this file is a bash file. This line should be placed in the first line of every
bash script file. #SBATCH submits the command to Slurm; notice that # sign before SBATCH is
part of the syntax, which is different from a comment on the line on LINUX.

Line 2 specifies the account that will be charged due to resource allocation. This account is always
the main account on the cluster account, and all the sub-accounts under the main account supervision
use the main account resources.

Line 3 requests the required memory per node; the default value for memory is gigabytes, and 15G
means 15 gigabytes per node. It is essential to specify memory correctly.

o If'the user does not ask for enough, and the job needs more, the job will be killed.

o If the user asks for too much, it will take a much longer time to schedule a job, and the
resources will be wasted.

e If the user asks for more memory than is available on the cluster, the job will never run. The
scheduling system will not stop the user from submitting such a job or even send any
warning.

Always ask for slightly less than the total memory on a node, as some memory is used for the OS,
and the job will not start until enough memory is available.

Line 4 specifies the number of nodes required to perform the job; it can be specified with a min and
max values or just a number which will be considered as a min and max number of nodes.

Line 5 sets the number of CPU that is required for each task; the default value is one cpu per each
task. Here 40 CPUs have been requested.

Line 6 gives a name for the job.
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Line 7 specifies the run time for the cluster scheduler. Specifying the exact time is a trial and error
process, an estimation for the first run, and can be optimized after several runs. Longer run-time
causes a longer queue time on a scheduler queue. Each cluster has its own time limit. These limits
have been summarized in Table 2.

Table 2. The time limit for the CCDB's clusters.

Cluster Béluga  Cedar  Graham Nalrv a Niagara
Maximum run time (day) 7 28 7 7 1

Line 8 ensures that the output log file in myTest_output_%j.txt where %j would be job ID assigned
by the Scheduler.

Line 9 specifies the email for the user who wants to receive the notifications. The type of notification
is defined after defining the target email in the following line.

Line 10 can be one of the following options or a few in several lines. Considering the used code in
this example, the server will notify whenever a job is BEGIN, END, FAIL, or REQUEUE.

#SBATCH — mail-type=BEGIN

#SBATCH — mail-type=END

#SBATCH — mail-type=FAIL

#SBATCH — mail-type=REQUEUE

#SBATCH — mail-type=ALL
After setting up the requirement to run a model on the cluster in the second part of the batch file, the
created ENV is activated, and the created module is loaded. Then, another file (RunOptimizer.py)

in which there is the codes for running the optimization model is executed, and finally, after finishing
the optimization, the activated ENV is deactivated.

Before saving the file, go to Edit > EOL Conversion and select Unix (LF). By doing this, when the
file is saved, it will be saved with UNIX-style line endings. Save the file as a Unix script file and call
it iniRun.sh.

RunOptimizer.py is the code in which the required libraries are imported, and the created model.lp
in Python is loaded. Then, the required maximum relative mip_gap tolerance is set up, and the model
is executed. Finally, the output, which is a vector of the decision variables (solution), is saved in a
.csv file. The following text in the box, shows RunOptimizer.py file. Transfer the following files
into the scratch folder on the server using the Globus.

1) iniRun.sh
2) RunOptimizer.py
3) model.lp
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import cplex
import pandas as pd
import sys

# Initialize CPLEX
cpx = cplex.Cplex()

# Try reading the model, handle exceptions if the file is not found or other 10 errors
try:

cpx.read("model.lp") # Update path if necessary
except Exception as e:

print(f"Error reading model.lp: {e}")

sys.exit(1)

# Define the maximum allowable relative MIP gap tolerance (e.g., 5%)
max_relative mip gap tolerance = 0.05

class FileLogger:
def init_ (self, file object):
self.log = file object

def write(self, message):
self.log.write(message)

def flush(self):
self.log.flush()

# Attempt to open the log file, handle exceptions
try:
with open("cplex log.txt", "w") as log_file: # Update path if necessary
file logger = FileLogger(log_file)
cpx.set_log stream(file logger)
cpx.set_results_stream(file logger)
cpx.parameters.mip.tolerances.mipgap.set(max_relative mip_gap tolerance)

relative mip gap=1.0

while relative mip gap > max_relative mip gap tolerance:
cpx.solve()
relative_mip_gap = cpx.solution.MIP.get mip relative gap()

if relative_mip_gap <= max_relative_mip_gap tolerance:

# Store the results in a DataFrame and save it as a CSV file
df = pd.DataFrame({

"Variable names": cpx.variables.get names(),

"Variable values": cpx.solution.get values()
b))
df.to_csv("solution.csv") # Save the DataFrame in CSV format

else:

print("No optimal solution found within the specified tolerance.")

except IOError as e:
print(f"10 Error: {e}")
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To run a batch file named iniRun.sh on a compute node, go to the /scratch/username.

[name@server]$ cd /scratch/pourrahi

Then set the execute permission on the file, allowing it to be run as a program. For this purpose, use
the following commands:

[name@server pourrahi]$ chmod +x iniRun.sh

Then execute the file using the following command:

[name@server]$ sbatch iniRun.sh

Upon submitting a job, a job ID will be assigned to it, for example, 19074616.

Submitted batch job 19074616

The general command for checking the status of Slurm jobs is squeue, but by default, it supplies the
user’s own jobs or use the following code (Figure 17 ):

[name@server]$ sq

OR

[name@server]$ squeue -u <username>

[pourrahi@cedar5 ~]$% sq
JOBID USER ACCOUNT NAME ST TIME_LEFT NODES CPUS TRES_PER_N MIN_MEM NODELIST (REASON)
19159867 pourrahi def-pourrahi myTest_optimiz R 6-17:45:55 1 20 N/A 306G cdr1744 (None)

[ pourrahi@cedar5 /]$ squeue -u pourrahi
JOBID USER ACCOUNT NAME ST TIME_LEFT NODES CPUS TRES_PER_N MIN_MEM NODELIST (REASON)
19159867 pourrahi def-pourrahi myTest optimiz R 6-17:33:11 1 20 N/A 30G cdr1744 (None)

Figure 17: Checking the status of the submitted job(s).

To show only running jobs, or only pending jobs, Use the following commands:

[name@server]$ squeue -u <username> -t RUNNING

[name@server]$ squeue -u <username> -t PENDING

To estimate when a certain job is going to start, use the following command:

[name@server]$ squeue --start -j <jobID>

To check the list of the completed jobs, use the following command:

[name@server]$ sacct

To cancel a running or submitted job on the cluster, use the following command:

[name@server]$ scancel <jobID>
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To show detailed information for a specific job, use the following command:

[name@server]$ scontrol show job -dd <jobID>

To get a summary of the CPU and memory efficiency of a job, use the following command:

[name@server]$ seft <jobID>
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