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The Delta documentation has
moved to https://docs.ncsa.
illinois.edu/systems/delta/.
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Delta is a dedicated, ACCESS-allocated resource allocated resource designed by HPE and NCSA,
delivering a highly capable GPU-focused compute environment for GPU and CPU workloads. Besides
offering a mix of standard and reduced precision GPU resources, Delta also offers GPU-dense nodes
with both NVIDIA and AMD GPUs. Delta provides high performance node-local SSD scratch filesystems,
as well as both standard Lustre and parallel filesystems spanning the entire resource.

Delta's CPU nodes are each powered by two 64-core AMD EPYC 7763 ("Milan") processors, with 256
GB of DDR4 memory. The Delta GPU resource has four node types: one with 4 NVIDIA A100 GPUs (40
GB HBM2 RAM each) connected via NVLINK and 1 64-core AMD EPYC 7763 ("Milan") processor, the
second with 4 NVIDIA A40 GPUs (48 GB GDDR6 RAM) connected via PCle 4.0 and 1 64-core AMD
EPYC 7763 ("Milan") processor, the third with 8 NVIDIA A100 GPUs in a dual socket AMD EPYC 7763
(128-cores per node) node with 2 TB of DDR4 RAM and NVLINK, and the fourth with 8 AMD MI100
GPUs (32GB HBM2 RAM each) in a dual socket AMD EPYC 7763 (128-cores per node) node with 2 TB
of DDR4 RAM and PCle 4.0.

Delta has 124 standard CPU nodes, 100 4-way A100-based GPU nodes, 100 4-way A40-based GPU
nodes, 5 8-way A100-based GPU nodes, and 1 8-way MI100-based GPU node. Every Delta node has
high-performance node-local SSD storage (740 GB for CPU nodes, 1.5 TB for GPU nodes), and is
connected to the 7 PB Lustre parallel filesystem via the high-speed interconnect. The Delta resource
uses the SLURM workload manager for job scheduling.

Delta supports the ACCESS core software stack, including remote login, remote computation, data
movement, science workflow support, and science gateway support toolkits.
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Account Administration

® For ACCESS projects please use the ACCESS user portal for project and account
management.

®* Non-ACCESS Account and Project administration, such as adding a someone to a project, is
handled by NCSA Identity and NCSA group management tools. For more information, please
see the NCSA Allocation and Account Management documentation page.

Configuring Your Account

® Bash is the default shell, submit a support request to change your default shell
® Environment variables: ACCESS CUE, SLURM batch
® Using Modules

Allocation Policies

® ACCESS awarded projects and allocations should receive periodic messages regarding
approaching project expiration.
© ACCESS projects are marked for inactivation once it has no valid resource allocation
on the system.
O Current ACCESS policy is for user access to be removed for users who are not a
member of any active project on Delta.
® |llinois awarded projects and allocations currently do not receive periodic messages regarding
approaching project expiration.
© Manual notifications are being provided as needed.
© The Delta Project office is working on a process for notifications, project and account
inactivation based on expiration dates.
® There is a 30-day grace-period for expired Delta projects to allow for data management access
only..

Allocation Supplements and Extensions

Requests for resource allocation supplements (compute, GPU, or storage) and extensions can be made
via the appropriate XRAS website.

® ACCESS allocation Pls can go to the ACCESS Manage Allocations page for instructions.

® NCSA allocation Pls can find instructions for requesting supplements and extensions at the Delt
a Allocations page.

System Architecture

Delta is designed to help applications transition from CPU-only to GPU or hybrid CPU-GPU codes. Delta
has some important architectural features to facilitate new discovery and insight:

® A single processor architecture (AMD) across all node types: CPU and GPU
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© Hybrid MP1/OpenMP

Support for NVIDIA A100 MIG GPU partitioning allowing for fractional use of the A100s if your

= Cray xthi.c workload isn't able to exploit an entire A100 efficiently
sample code ® Ray tracing hardware support from the NVIDIA A40 GPUs
© OpenACC ® Nine large memory (2 TB) nodes
© CUDA ® Alow latency and high bandwidth HPE/Cray Slingshot interconnect between compute nodes
© HIP /ROCM (AMD ® Lustre for home, projects and scratch file systems
MI100) .
® Software ® Shared-node jobs and the single core and single MIG GPU slice
© modules/Imod ® Resources for persistent services in support of Gateways, Open OnDemand, and Data
© Python Transport nodes.
= Anaconda ® Unique AMD MI-100 resource
® ana
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sin 1. Dual-socket CPU-only compute nodes
ana 2. Single socket 4-way NVIDIA A100 GPU compute nodes
con 3. Single socket 4-way NVIDIA A40 GPU compute nodes
da3 4. Dual-socket 8-way NVIDIA A100 GPU compute nodes
I_Cpr 5. Single socket 8-way AMD MI100 GPU compute nodes
® Inte
_Al The CPU-only and 4-way GPU nodes have 256 GB of RAM per node while the 8-way GPU nodes have 2
_to TB of RAM. The CPU-only node has 0.74 TB of local storage while all GPU nodes have 1.5 TB of local
olkit  storage.
® ana
con Each socket contains an AMD 7763 processor: https://www.amd.com/system/files/documents/amd-epyc-
da3 7003-sb-hpc-esi-vps.pdf Consistent with AMD's advice for HPC nodes and our own testing all Delta
_9p nodes have Simultaneous Multi Treading (SMT) turned off.
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EPYC 7003 Series Architecture Quick Look
CUd The AMD EPYC 7003 Series Processor retains the proven Multi-Chip Module (MCM) Chiplet Architecture of prior successful AMD
EPYC server-class processors while making further improvements. One of the most important upgrades is the new “Zen 3” core.
a) 1 The “Zen 3" core is manufactured using a 7nm process and designed to provide a significant instructions per cycle (IPC) uplift
ana over prior generation “Zen 2" cores. Like EPYC 7002 Series processors, each core supports Simultaneous Multi-Threading (SMT),
allowing up to 2 threads per core. In a typical 2-socket system with 64-core processors, EPYC 7003 Series processors offer up to
con 128 physical cores per system and up to 256 threads per system.
The L3 cache was also improved in the Gen 3 EPYC processors. EPYC 7003 Series CPUs took the same total L3 cache as the prior
da3 generation (up to 256MB/CPU) and created significantly more cache sharing between cores. The Gen 3 EPYC processors now
B offer a unified 32MB of L3 cache per compute die. Up to 8 cores per compute die can now share 32MB of unified L3 cache in
_mi this generation of processors.
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version)

® Launching Applications

® Running Jobs Specification Value
© Job Accounting
® Local Number of nodes 132
Account
Charging CPU AMD EPYC 7763
= Job "Milan" (PCle Gen4)
Accounting
Consideratio Sockets per node 2
ns
" QOSGrpBilli Cores per socket 64
ngMinutes
= Reviewing Cores per node 128
job charges
]for a pro?ect Hardware threads per core | 1 (SMT off)
(jobcharge )
o Performance tools Hardware threads per node | 128
© Accessing the
Compute Nodes Clock rate (GHz) ~2.45
© Scheduler
© Partitions (Queues) RAM (GB) 256
* SV Cache (kB) L1/L2IL3 64/512/32768
\\/I\je Local storage (TB) 0.74TB
of

The AMD CPUs are set for 4 NUMA domains per socket (NPS=4).
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Table. 4-way NVIDIA

Specification
Number of nodes

GPU

GPUs per node

GPU Memory (GB)

CPU

CPU sockets per node
Cores per socket

Cores per node

Hardware threads per core
Hardware threads per node
Clock rate (GHz)

RAM (GB)

Cache (KB) L1/L2/L3

Local storage (TB)

The AMD CPUs are set for 4 N

The A40 GPUs are connected via PCle Gen4 and have the following affinitization to NUMA nodes on the

A40 GPU Compute Node Specifications

Value
100

NVIDIA A40
(Vendor page)

4
48 DDR6 with ECC
AMD Milan

1

64

64

1 (SMT off)

64

~2.45

256

64/512/32768

15TB

UMA domains per socket (NPS=4).

CPU. Note that the relationship between GPU index and NUMA domain are inverse.

Table. 4-way NVIDIA A40 Mapping and GPU-CPU Affinitization

GPUO GPUl1 GPU2 GPU3 HSN  CPU Affinity NUMA Affinity
GPUO X SYS SYS SYS | SYS 48-63 3
GPU1l SYS X SYS | SYS  SYS  32-47 2
GPU2 SYS SYS (X SYS  SYS  16-31 1
GPU3 SYS SYS SYys X PHB | 0-15 0
HSN ' SYS SYS SYS PHB X

Table Legend

X = Self

SYS = Connection traversing PCle as well as the SMP interconnect between NUMA nodes (e.g., QPI

UPI)

NODE = Connection traversing PCle as well as the interconnect between PCle Host Bridges within a

NUMA node

PHB = Connection traversing PCle as well as a PCle Host Bridge (typically the CPU)
NV# = Connection traversing a bonded set of # NVLinks

Table. 4-way NVIDIA

Specification
Number of nodes

GPU

GPUs per node
GPU Memory (GB)
CPU

CPU sockets per node

A100 GPU Compute Node Specifications

Value

100

NVIDIA A100
(Vendor page)

4
40
AMD Milan

1


https://www.nvidia.com/en-us/data-center/a40/#specs
https://www.nvidia.com/en-us/data-center/a100/#specifications

Cores per socket

Cores per node

Hardware threads per core
Hardware threads per node
Clock rate (GHz)

RAM (GB)

Cache (KB) L1/L2/L3

Local storage (TB)

The AMD CPUs are set for 4 N

64
64

1 (SMT off)
64

~245

256
64/512/32768

15TB

UMA domains per socket (NPS=4).

Table. 4-way NVIDIA A100 Mapping and GPU-CPU Affinitization

GPUO GPU1 GPU2 GPU3 HSN  CPU Affinity  NUMA Affinity
GPUO X NV4 | NV4 NV4  SYS 48-63 3
GPU1 Nv4 X NV4 | NV4  SYS 32-47 2
GPU2 Nv4 Nv4 | X NvV4 | SYS 16-31 1
GPU3 NV4 Nv4 Nv4 X PHB | 0-15 o]
HSN ' SYS SYS SYS PHB X

Table Legend

X = Self

SYS = Connection traversing PCle as well as the SMP interconnect between NUMA nodes (e.g., QPI

/UPI)
NODE = Connection traversing
NUMA node

PHB = Connection traversing PCle as well as a PCle Host Bridge (typically the CPU)

PCle as well as the interconnect between PCle Host Bridges within a

NV# = Connection traversing a bonded set of # NVLinks

Table. 8-way NVIDIA
Specifications

Specification

Number of nodes

GPU

GPUs per node

GPU Memory (GB)

CPU

CPU sockets per node
Cores per socket

Cores per node

Hardware threads per core
Hardware threads per node
Clock rate (GHz)

RAM (GB)

Cache (KB) L1/L2/L3

Local storage (TB)

A100 GPU Large Memory Compute Node

Value

6

NVIDIA A100
(Vendor page)

8

40

AMD Milan
2

64

128

1 (SMT off)
128

~2.45
2,048
64/512/32768

15TB

The AMD CPUs are set for 4 NUMA domains per socket (NPS=4).

Table. 8-way NVIDIA A100 Mapping and GPU-CPU Affinitization


https://www.nvidia.com/en-us/data-center/a100/#specifications

GPUO GPUl1 GPU2 GPU3 GPU4 GPU5 GPU6 GPU7 HSN CPU Affinity NUMA Affinity

GPUO X NV12 | NV12 NV12 NV12 NV12 NVI12 NV12 SYS  48-63 3
GPU1 NVi12 X NV12 | NV12 NV12 NV12 NV12 NV12 SYS  48-63 3
GPU2 NV12 NV12 X NV12 'NV12 NV12 NV12 NV12 SYS 16-31 1
GPU3 NV12 NV12 Nvi2 X NV12 NV12 NV12 NvV12 SYS 16-31 1
GPU4 NV12 NV12 Nv12 Nvi2 X NV12 | NV12 Nv12 SYS 112-127 7
GPU5 NV12 NV12 NV12 NV12 NvV12 X NV12 | NV12 SYS 112-127 7
GPU6 NV12 NVI12 | NV12 NV12 NV12 NVi2 X NV12  SYS 80-95 5
GPU7 NV12 NV12 NV12 NV12 NV12 NV12 Nviz X SYS  80-95 5

HSN ' SYS SYS SYS SYS SYS SYS SYS SYs X

Table Legend

X = Self

SYS = Connection traversing PCle as well as the SMP interconnect between NUMA nodes (e.g., QPI
/UPI)

NODE = Connection traversing PCle as well as the interconnect between PCle Host Bridges within a
NUMA node

PHB = Connection traversing PCle as well as a PCle Host Bridge (typically the CPU)

NV# = Connection traversing a bonded set of # NVLinks

Table. 8-way AMD MI100 GPU Large Memory Compute Node
Specifications

Specification Value
Number of nodes 1
GPU AMD MI100

(Vendor page)

GPUs per node 8
GPU Memory (GB) 32
CPU AMD Milan
CPU sockets per node 2
Cores per socket 64
Cores per node 128

Hardware threads per core | 1 (SMT off)

Hardware threads per node | 128

Clock rate (GHz) ~245
RAM (GB) 2,048
Cache (KB) L1/L2/L3 64/512/32768
Local storage (TB) 1.5TB
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Login Nodes

Login nodes provide interactive support for code compilation.

Specialized Nodes

Delta will support data transfer nodes (serving the "NCSA Delta" Globus collection)

Network


https://www.amd.com/en/products/server-accelerators/instinct-mi100

Delta is connected to the NPCF core router & exit infrastructure via two 100Gbps connections, NCSA's
400Gbps+ of WAN connectivity carry traffic to/from users on an optimal peering.

Delta resources are inter-connected with HPE/Cray's 100Gbps/200Gbps SlingShot interconnect.

File Systems

Note: Users of Delta have access to 3 file systems at the time of system launch,

Delta

The Delta storage infrastructure provides users with their HOME and SCRATCH areas. These file
systems are mounted across all Delta nodes and are accessible on the Delta DTN Endpoints. The
aggregate performance of this subsystem is 70GB/s and it has 6PB of usable space. These file systems
run Lustre via DDN's ExaScaler 6 stack (Lustre 2.14 based).

Hardware:
DDN SFA7990XE (Quantity: 3), each unit contains

® One additional SS9012 enclosure
® 168 x 16TB SAS Drives
® 7x1.92TB SAS SSDs

The HOME file system has 4 OSTs and is set with a default stripe size of 1.

The SCRATCH file system has 8 OSTs and has Lustre Progressive File Layout (PFL) enabled which
automatically restripes a file as the file grows. The thresholds for PFL striping for SCRATCH are

File size stripe count
0-32M 10ST
32M-512M 4 OST

512M+ 8 OST

Best Practices

® To reduce the load on the file system metadata services, the Is option for context dependent
font coloring, --color, is disabled by default.

Future Hardware:

An additional pool of NVME flash from DDN has been installed in early summer 2022. This flash is initially
deployed as a tier for "hot" data in scratch. This subsystem will have an aggregate performance of
500GB/s and will have 3PB of raw capacity. As noted above this subsystem will transition to an
independent relaxed POSIX namespace file system, communications on that timeline will be announced
as updates are available.

Taiga

Taiga is NCSA's global file system which provides users with their $WORK area. This file system is
mounted across all Delta systems at /taiga (note that Taiga is used to provision the Delta /projects file
system from /taiga/nsf/delta ) and is accessible on both the Delta and Taiga DTN endpoints. For NCSA
& lllinois researchers, Taiga is also mounted across NCSA's HAL, HOLL-I, and Radiant compute
environments. This storage subsystem has an aggregate performance of 110GB/s and 1PB of its
capacity allocated to users of the Delta system. /taiga is a Lustre file system running DDN's Exascaler 6
Lustre stack. See the Taiga and Granite NCSA wiki site for more information.

Hardware:
DDN SFA400NVXE (Quantity: 2), each unit contains

® 4 x SS9012 enclosures
®* NVME for metadata and small files

DDN SFA18XE (Quantity: 1), each unit contains

® 10 x SS9012 enclosures
®* NVME for for metadata and small files

(i) $WORK and $SCRATCH
A "module reset" in a job script will populate $WORK and $SCRATCH environment variables

automatically, or you may set them as WORK=/projects/<account>/$USER , SCRATCH=
Iscratch/<account>/$USER .


https://wiki.ncsa.illinois.edu/pages/viewpage.action?pageId=148538533

File Quota

System
HOME (/u) | 50GB. 600,000 files per user.
WORK ( 500 GB. Up to 1-25 TB by allocation
/projects) request. Large requests may have a

monetary fee.

SCRATCH | 1000 GB. Up to 1-100 TB by allocation
(/scratch) request.
/tmp 0.74 (CPU) or 1.50 TB (GPU) shared or

quota usage

Snapshots

No/TBA

No/TBA

No

No

dedicated depending on node usage by job

(s), no quotas in place

Purged

No

No

No

After
each job

Key Features

Area for software,

scripts, job files, etc. NOT
intended as a source
/destination for 1/O

during jobs

Area for shared data for
a project, common data
sets, software, results,
etc.

Area for computation,
largest allocations,
where I/O from jobs
should occur

Locally attached disk for
fast small file 10.

The quota command allows you to view your use of the file systems and use by your projects. Below is a
sample output for a person "user" who is in two projects: aaaa, and bbbb. The home directory quota does
not depend on which project group the file is written with.

guota command

<user>@Ilt-10gin01 ~]$ quota

Quota usage for user <user>:

User |
Soft |
Quot a|

| Directory Path | User |
| | Bl ock|
| | Used |
| /ul<user> | 20k

G oup
Sof t

Quot a

| Directory Path | Goup |
| | Block |
| | Used

| /projects/aaaa | 8k

| /projects/bbbb | 24k

| /scratch/aaaa | 8k

| /scratch/bbbb | 24k

User | User | User | User |

Hard | File | Soft | Hard |
Limt | Used | Quota | Limt]|
27.5G | 5 | 600000 | 660000 |

| Goup | Goup | Goup | Goup |
| Hard | File | Soft | Hard |
| Limt | Used | Quota | Linmit |
| 550G | 2 | 300000 | 330000 |
| 550G | 6 | 300000 | 330000 |
| 607.29 2 | 500000 | 550000 |
| 10.74T| 6 | 500000 | 550000 |

File System Dependency Specification for Jobs

We request that jobs specify file system or systems being used in order for us to respond to resource
availability issues. We assume that all jobs depend on the HOME file system.

Table of Slurm Feature/constraint labels

File system

WORK (/projects)

projects

SCRACH (/scratch) = scratch

IME (/ime)

ime

Feature/constraint label

Note

depends on scratch



TAIGA (/taiga) taiga

The Slurm constraint specifier and slurm Feature attribute for jobs are used to add file system
dependencies to a job.

Slurm Feature Specification

For already submitted and pending (PD) jobs, please use the Slurm Feature attribute as follows:

$ scontrol update job=JOBI D Features="featurel&f eature2"

For example, to add scratch and ime Features to an already submitted job:

$ scontrol update job=713210 Features="scratché& ne"

To verify the setting:
$ scontrol show job 713210 | grep Feature

Feat ur es=scr at ch& nme Del ayBoot =00: 00: 00

Slurm constraint Specification

To add Slurm job constraint attributes when submitting a job with sbatch (or with srun as a command line
argument) use the following:

#SBATCH - -constrai nt="constrai nt 1&onstraint2.."

For example, to add scratch and ime constraints to when submitting a job:

#SBATCH - - constrai nt="scrat ch& nme"

To verify the setting:

$ scontrol show job 713267 | grep Feature
Feat ur es=scr at ch& me Del ayBoot =00: 00: 00
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Accessing the System

Direct Access

Direct access to the Delta login nodes is via ssh using your NCSA username, password and NCS Duo
MFA. Please see NCSA Allocation and Account Management page for links to NCSA Identity and NCSA
Duo services. The login nodes provide access to the CPU and GPU resources on Delta.

login node hostname example usage with ssh
dt-loginO1.delta.ncsa.illinois.edu ssh -Y usernane@it -1 ogi n01. del ta. ncsa.
illinois.edu
( -Y allows X11 forwarding fromlinux
hosts )
dt-login02.delta.ncsa.illinois.edu ssh -1 usernane dt-1ogin02.delta. ncsa.
illinois.edu

( -1 username alt. syntax for user@ost )


https://wiki.ncsa.illinois.edu/display/USSPPRT/NCSA+Allocation+and+Account+Management

login.delta.ncsa.illinois.edu ssh username@ogi n.delta.ncsa.illinois.edu

(round robin DNS name for the set of
login nodes)

Please see NCSA Allocation and Account Management for the steps to change your NCSA password for
direct access and set up NCSA DUO. For ACCESS awarded projects, to find your local NCSA
username please go your ACCESS Profile page and scroll to the bottom for the Resource Provider Site
Usernames table. Please contact help@ncsa.illinois.edu for assistance if you do not know your NCSA
username.

Use of ssh-key pairs is disabled for general use. Please contact NCSA Help at help@ncsa.illinois.edu for
key-pair use by Gateway allocations.
G} maintaining persistent sessions: tmux
tmux is available on the login nodes to maintain persistent sessions. See the tmux man page
for more information. Use the targeted login hostnames (dt-login0O1 or dt-login02) to attach to

the login node where you started tmux after making note of the hostname. Avoid the round-
robin hostname when using tmux.

@ ssh keyboard-interactive

For commrand line ssh clients, nmake sure to use the followi ng settings
if you have trouble logging in to delta:

ssh -o PreferredAut henti cati ons=keyboard-interactive, password

An OpenOnDemand shell interface is available at: https://openondemand.delta.ncsa.illinois.edu/pun/sys
/shell/ssh/dt-login02

Open OnDemand  Files~ Jobs~ Clusters =  Interactive A

>_Delta Shell Access
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Citizenship

You share Delta with thousands of other users , and what you do on the system affects others.
Exercise good citizenship to ensure that your activity does not adversely impact the system and the
research community with whom you share it. Here are some rules of thumb:

® Don't run production jobs on the login nodes (very short time debug tests are fine)

® Don't stress filesystems with known-harmful access patterns (many thousands of small files in a
single directory)

® submit an informative help-desk ticket including loaded modules (module list) and stdout/stderr
messages

Managing and Transferring Files

File Systems

Each user has a home directory, $HOME, located at /Ju/$USER.

For example, a user (with username auser) who has an allocated project with a local project serial code a
bcd will see the following entries in their $HOVE and entries in the project and scratch file systems. To

determine the mapping of ACCESS project to local project please use the account s command.

Directory access changes can be made using the f acl command. Contact help@ncsa.illinois.edu if you
need assistance with enabling access to specific users and projects.


https://wiki.ncsa.illinois.edu/display/USSPPRT/NCSA+Allocation+and+Account+Management
https://allocations.access-ci.org/profile
mailto:help@ncsa.illinois.edu
mailto:help@ncsa.illinois.edu
https://openondemand.delta.ncsa.illinois.edu/pun/sys/shell/ssh/dt-login02
https://openondemand.delta.ncsa.illinois.edu/pun/sys/shell/ssh/dt-login02
https://linux.die.net/man/1/setfacl
mailto:help@ncsa.illinois.edu

$ Is -1d /u/ $USER
drwxrwx---+ 12 root root 12345 Feb 21 11:54 /u/ $USER

$ Is -1d /projects/abcd
drwxrws---+ 45 root del t a_abcd 4096 Feb 21 11:54 /projects/abcd

$ Is -1 /projects/abcd

total 0O

drwxrws---+ 2 auser delta_abcd 6 Feb 21 11:54 auser
drwxrws---+ 2 buser delta_abcd 6 Feb 21 11:54 buser

$ Is -1d /scratch/abcd
drwxrws---+ 45 root del ta_abcd 4096 Feb 21 11:54 /scratch/abcd

$ I's -1 /scratch/abcd

total O

drwxrws---+ 2 auser delta_abcd 6 Feb 21 11:54 auser
drwxrws---+ 2 buser delta_abcd 6 Feb 21 11: 54 buser

To avoid issues when file systems become unstable or non-responsive, we recommend not putting

symbolic links from $HOME to the project and scratch spaces.

0)

/tmp on compute nodes (job duration)

The high performance ssd storage (740GB cpu, 1.5TB gpu) is available in /tmp (unique to
each node and job—not a shared filesystem) and may contain less than the expected free
space if the node(s) are running multiple jobs. Codes that need to perform i/o to many small
files should target /tmp on each node of the job and save results to other filesystems before
the job ends.

Transferring your Files

To transfer files to and from the Delta system :

0)

GUI apps need to support DUO 2-factor authentication

Many GUI applications that support ssh/scp/sftp will work with DUO. A good first step is to
use the interactive (not stored/saved) password option with those apps. The interactive login
should present you with the 1st password prompt (your kerberos password) followed by the
2nd password prompt for DUO (push to device or passcode from DUO app).

scp - to be used for small to modest transfers to avoid impacting the usability of the Delta login
node (login.delta.ncsa.illinois.edu).
rsync - to be used for small to modest transfers to avoid impacting the usability of the Delta login
node.
© This page on Campus Cluster (which is a different system than Delta) has examples
of using these text-mode file transfer methods (but do not follow the examples directly,
because they refer to nodes on Campus Cluster itself): https://campuscluster.illinois.
edu/resources/docs/storage-and-data-guide/
Globus - to be used for large data transfers.

G} Upgrade your Globus Connect Personal
Upgrade to at least version 3.2.0 before Dec 12, 2022. See: https://docs.globus.org

/ca-update-2022/#notice

O Use the Delta collection "NCSA Delta".


https://campuscluster.illinois.edu/resources/docs/storage-and-data-guide/
https://campuscluster.illinois.edu/resources/docs/storage-and-data-guide/
https://docs.globus.org/ca-update-2022/#notice
https://docs.globus.org/ca-update-2022/#notice

o O 00 0

O Please see the following documentation on using Globus
= https://docs.globus.org/how-to/get-started/
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Building Software

The Delta programming environment supports the GNU, AMD (AOCC), Intel and NVIDIA HPC compilers.

Modules provide access to the compiler + MPI environment.

The default environment includes the GCC 11.2.0 compiler + OpenMPI with support for cuda and
gdrcopy. nvcc is in the cuda module and is loaded by default.

AMD recommended compiler flags for GNU, AOCC, and Intel compilers for Milan processors can be
found in the AMD Compiler Options Quick Reference Guide for Epyc 7xx3 processors.

U

Compiler Option... Processors.pdf

Serial

To build (compile and link) a serial program in Fortran, C, and C++:

gce aocc nvhpc

gfortran myprog.f = flang myprog.f nvfortran myprog.f
clang myprog.c

gcc myprog.c clang myprog.cc | nvc myprog.c
g++ myprog.cc nvc++ myprog.cc
MPI

To build (compile and link) a MPI program in Fortran, C, and C++:

MPI Implementation modulefiles for MPI/Compiler Build Commands


https://docs.globus.org/how-to/get-started/
https://developer.amd.com/wp-content/resources/Compiler%20Options%20Quick%20Ref%20Guide%20for%20AMD%20EPYC%207xx3%20Series%20Processors.pdf

aocc/ 3. 2.0 opennpi

OpenMPI )
(Home Page / Documentat = gcc/11.2.0 opennpi
ion)

nvhpc/ 22. 2 opennpi

i ntel -oneapi - conpi |l ers/2022.
0.2

opennpi

OpenMP

To build an OpenMP program, use the -fopenmp /-mp option:

gce aocc nvhpc

Fortran

7

Fortran

90:

C:

C++:

gfortran -fopenmp myprog.f = flang -fopenmp myprog.f nvfortran -mp myprog.f

clang -fopenmp myprog.c

gcc -fopenmp myprog.c clang -fopenmp myprog.cc | nvc -mp myprog.c
g++ -fopenmp myprog.cc nvc++ -mp myprog.cc

Hybrid MPI/OpenMP

mpif77 myprog.f
mpif90 myprog.
f90

mpicc myprog.c

mpic++ myprog.
cc

To build an MP1/OpenMP hybrid program, use the -fopenmp / -mp option with the MPI compiling

commands:

GCC PGI/NVHPC
mpif77 -fopenmp myprog.f mpif77 -mp myprog.f
mpif90 -fopenmp myprog.fo0 mpif90 -mp myprog.fo0
mpicc -fopenmp myprog.c mpicc -mp myprog.c
mpic++ -fopenmp myprog.cc mpic++ -mp myprog.cc

Cray xthi.c sample code

Document - XC Series User Application Placement Guide CLE6..0UP01 S-2496 | HPE Support

This code can be compiled using the methods show above. The code appears in some of the batch

script examples below to demonstrate core placement options.


http://www.open-mpi.org/
http://www.open-mpi.org/doc/
http://www.open-mpi.org/doc/
https://support.hpe.com/hpesc/public/docDisplay?docId=a00114008en_us&page=Run_an_OpenMP_Application.html

xthi.c

#defi ne _GNU_SOURCE

#i ncl ude <stdio. h>
#i ncl ude <uni std. h>
#i ncl ude <string. h>
#i ncl ude <sched. h>
#i ncl ude <npi . h>
#i ncl ude <onp. h>

/* Borrowed fromutil-linux-2.13-pre7/schedutils/taskset.c */
static char *cpuset_to_cstr(cpu_set_t *mask, char *str)
{

char *ptr = str;

int i, j, entry_nade = 0;

for (i =0; i < CPU_SETSIZE; i++) {
if (CPU_I SSET(i, nmask)) {
int run = 0;
entry_made = 1;

for (j =i + 1; j < CPU_SETSIZE;, j++) {
if (CPU_ISSET(j, mask)) run++;
el se break;
}
if (lrun)
sprintf(ptr, "%,", i);
else if (run == 1) {
sprintf(ptr, "%, %,", i, i + 1);
i ++;
} else {
sprintf(ptr, "%l-%,", i, i + run);
i += run;
}
while (*ptr !'= 0) ptr++;
}
}
ptr -= entry_made;
*ptr = 0;
return(str);

}

int main(int argc, char *argv[])
{
int rank, thread,
cpu_set _t coremask;
char clbuf[7 * CPU_SETSI ZE], hnbuf[64];

MPI _I nit(&argc, &argv);

MPI _Conmm r ank( MPI _COW WORLD, &rank);

nmenset (cl buf, 0, sizeof(clbuf));

menset (hnbuf, 0, sizeof (hnbuf));

(voi d) get host name( hnbuf, si zeof (hnbuf));

#pragma onp parallel private(thread, coremask, clbuf)

thread = onp_get _t hread_nun();

(void)sched_getaffinity(0, sizeof(coremask), &coremask);

cpuset _to_cstr(&corenmask, clbuf);

#pragma onp barrier

printf("Hello fromrank %, thread %, on %. (core affinity = %)\n",
rank, thread, hnbuf, clbuf);

}
MPI _Finalize();
return(0);

A version of xthi is also available from ORNL



%git clone https://github. conf ol cf/XC30-Traini ng/ bl ob/ master/affinity
I Xthi.c

OpenACC

To build an OpenACC program, use the -acc option and the -mp option for multi-threaded:

NON-MULTITHREADED MULTITHREADED
nvfortran -acc myprog.f nvfortran -acc -mp myprog.f
nvc -acc myprog.c
nvc++ -acc myprog.cc nvc -acc -mp myprog.c

nvc++ -acc -mp myprog.cc

CUDA

Cuda compilers (nvcc) are included in the cuda module which is loaded by default under modtree
/gpu. For the cuda fortran compiler and other Nvidia development tools, load the "nvhpc" module.

nv* commands when nvhpc is loaded

[arnol dg@it - | ogi n03 nand] $ nv

nvaccel error nvi di a- bug-report. sh nvlink
nvaccel i nfo nvi di a- cuda- nps-control nv-nsight-cu
nvc nvi di a- cuda- nps- server nv-nsi ght-cu-cli
nvc++ nvi di a- debugdunp nvprepro
nvcce nvi di a- nodpr obe nvpr of

nvcpui d nvi di a- per si st enced nvprune
nvcudai ni t nvi di a- powerd nvsi ze
nvdecode nvi di a-settings nvunzi p

nvdi sasm nvi di a- sl eep. sh nvvp
nvextract nvi di a- sni nvzip
nvfortran nvi di a-xconfig

See also: https://developer.nvidia.com/hpc-sdk

HIP / ROCM (AMD MI100)

To access the development environment for the gpuMI100x8 partition, start a job on the node with srun
or sbatch. Then set your PATH to prefix /opt/rocm/bin where the HIP and ROCM tools are installed. A
sample batch script to obtain an xterm is shown along with setting the path on the compute node:

interactive xterm batch script for slurm

#!/ bi n/ bash -x

MYACCOUNT=$1
GPUS=- - gpus- per - node=1
PARTI TI ON=gpuM 100x8-i nteractive
srun --tasks-per-node=1 --nodes=1 --cpus-per-task=4 \
--nmen¥l6g \
--partition=$PARTI TI ON \
--time=00:30:00 \
- -account =$MYACCOUNT \
$GPUS --x11 \
xterm


https://developer.nvidia.com/hpc-sdk

AMD HIP development environment on gpud01

[arnol dg@pud0l bin]$ export PATH=/opt/rocn bi n: $PATH
[ arnol dg@pudOl bin]$ hipcc

No Argunents passed, exiting ...

[ arnol dg@pud0l bin]$

See also: https://developer.amd.com/resources/rocm-learning-center/fundamentals-of-hip-programming/
, https://rocmdocs.amd.com/en/latest/
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Software

Delta software is provisioned, when possible, using spack to produce modules for use via the Imod
based module system. Select NVIDIA NGC containers are made available (see the container section
below) and are periodically updated from the NVIDIA NGC site. An automated list of available software
can be found on the ACCESS website.

modules/Imod

Delta provides two sets of modules and a variety of compilers in each set. The default environment is mo
dtree/gpu which loads a recent version of gnu compilers , the openmpi implementation of MPI, and

cuda. The environment with gpu support will build binaries that run on both the gpu nodes (with cuda)
and cpu nodes (potentially with warning messages because those nodes lack cuda drivers). For
situations where the same version of software is to be deployed on both gpu and cpu nodes but with
separate builds, the modtree/cpu environment provides the same default compiler and MPI but without
cuda. Use module spider package_name to search for software in Imod and see the steps to load it for
your environment.

module (Imod) command example

module list .
$ nodul e list

(display the currently loaded
modules) Currently Loaded Mbdul es:
1) gcc/11.2.0 3) opennpi/4.1.2 5)
nodt r ee/ gpu
2) ucx/1.11.2 4) cuda/11.6.1

lel <pack >
module load <package_name $ nodul e | oad nodtree/cpu

(loads a package or metamodule

such as modtree/gpu or netcdf-c) Due to MODULEPATH changes, the follow ng
have been rel oaded:
1) gcc/11.2.0 2) opennpi/4.1.2 3)
ucx/1.11.2

The foll ow ng have been reloaded with a
version change:
1) nodtree/ gpu => nodtreel/ cpu


https://developer.amd.com/resources/rocm-learning-center/fundamentals-of-hip-programming/
https://rocmdocs.amd.com/en/latest/

dul id k
module spider <package_name> $ nodul e spider openbl as

(finds modules and displays the
ways to load them) | mmmmmmssmoosmcosscoomooomooooomoommoonooo

openbl as: openbl as/ 0. 3. 20

module -r spider "regular expression"

You will need to load all nodule(s) on
any one of the lines bel ow before the
"openbl as/ 0. 3.20" nodule is available to
| oad.

aocc/3.2.0
gcec/11.2.0

Hel p:
QpenBLAS: An optimzed BLAS library
$ nodule -r spider "Ar$"

Ver si ons:
r/4.1.3

see also: User Guide for Lmod

Please open a service request ticket by sending email to help@ncsa.illinois.edu for help with software
not currently installed on the Delta system. For single user or single project use cases the preference is
for the user to use the spack software package manager to install software locally against the system
spack installation . Delta support staff are available to provide limited assistance.
For general installation requests the Delta project office will review requests for broad use and installation
effort.

Python

submitting python issues

When submitting support issues for python, please provide the following and understand that Delta
support staff time is a finite resource while python developments (new software and modules) are
growing at nearly infinite velocity.

® python version or environment used ( describe fully, with the commands needed to
reproduce )

= error output or log from what went wrong ( screenshots are more difficult to work with than
text data, we don't run trained inference on screenshots attached to Jira )

= pertinent URLs describing what you were following/attempting (if applicable), note that URL
recipes specific to vendors may be difficult to reproduce when not using their cloud
resources (Ex: Google colab )

On Delta, you may install your own python software stacks as needed. There are a couple choices when
customizing your python setup. You may use any of these methods with any of the python versions or
instances described below (or you may install your own python versions):

1. venv (python virtual environment)
a. can name environments (metadata) and have multiple environments per python
version or instance
2. conda environments
a. similar to venv but with more flexibility , see this comparison (1/2 way down the page)
3. pip3: pip3 install --user <python_package>
a. useful when you need just 1 python environment per python version. CAUTION:
Python modules installed this way into your $HOME/.local/ will match on python



https://lmod.readthedocs.io/en/latest/010_user.html
mailto:help@ncsa.illinois.edu
https://docs.python.org/3/library/venv.html
https://docs.conda.io/projects/conda/en/latest/user-guide/tasks/manage-environments.html
https://docs.conda.io/projects/conda/en/latest/user-guide/concepts/environments.html
https://docs.python.org/3/installing/index.html

versions and this can create incompatibilities between containers or python venv or
conda environments when they have a common python version number.

A couple examples using all of the above are shown at this site covering scikit-learn-intelex (an
Intel accelerated scikit learn subset library for x86_64 architecture) : https://github.com/intel
/scikit-learn-intelex/blob/master/INSTALL.md

G} NGC containers for gpu nodes

The Nvidia NGC containers on Delta provide optimized python frameworks built for Delta's
A100 and A40 gpus. Delta staff recommend using an NGC container when possible with the
gpu nodes (or use the anaconda3_gpu module described later).

The default gcc (latest version) programming environment for either modtree/cpu or modtree/gpu
contains:

Anaconda

anaconda3_cpu

Use python from the anaconda3_cpu module if you need some of the modules provided by Anaconda in
your python workflow. See the "managing environments" section of the Conda getting started guide to
learn how to customize Conda for your workflow and add extra python modules to your environment. We
recommend starting with anaconda3_cpu for modtree/cpu and the cpu nodes, do not use this module
with gpus, use anaconda3_gpu instead. The Delta team frequently updates anaconda3_* to track the
latest packages.

@ anaconda and containers

If you use anaconda with NGC containers, take care to use the python from the container and
not the python from anaconda or one of its environments. The container's python should be
1stin $PATH. You may --bind the anaconda directory or other paths into the container so that
you can start your conda environments, but with the container's python (/usr/bin/python).

G} older versions of python and modules

https://repo.anaconda.com/archive/ contains previous Anaconda versions. The bundles are
not small, but using one from Anaconda would ensure that you get software that was built to
work together at a point in time. If you require an older version of a python lib/module, we
suggest looking back in time at the Anaconda site.

$ nodul e | oad nodtree/ cpu

$ nodul e | oad gcc anaconda3_cpu

$ whi ch conda

/ swl ext er nal / pyt hon/ anaconda3_cpu/ conda
$ nodule list Currently Loaded Mdul es:

1) cue-login-env/1.0 6) libfabric/1.14.0 11) ucx/1.11.2

2) default 7) lustre/2.14.0_ddn23 12) opennpi/4.1.2

3) gcc/11.2.0 8) openssh/ 8. 0pl 13) nodtree/cpu

4) knem 1.1.4 9) pmix/3.2.3 14) anaconda3_cpu/4.13.0
5) libevent/2.1.8 10) rdma-core/ 32.0

List of modules in anaconda3_cpu

The current list of modules available in anaconda3_cpu is shown via "conda list", including tensorflow,
pytorch, etc:

anaconda3_cpu modules: conda list

# packages in environment at /sw external/python/anaconda3_cpu: #

Nane Ver si on Build Channel
_ipyw_j I ab_nb_ext _conf 0.1.0 py39h06a4308_1

_l'i bgcc_mut ex 0.1 mai n
_opennp_mnut ex 4.5 1_gnu

absl - py 1.1.0 pypi _0 pypi
ai obot ocor e 2.3.3 pypi _0 pypi
ai ohttp 3.8.1 py39h7f 8727e_1


https://github.com/intel/scikit-learn-intelex/blob/master/INSTALL.md
https://github.com/intel/scikit-learn-intelex/blob/master/INSTALL.md
https://docs.conda.io/projects/conda/en/latest/user-guide/getting-started.html#managing-environments
https://repo.anaconda.com/archive/
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ai osi gna

al abast er
anaconda
anaconda- cl i ent
anaconda- navi gat or
anaconda- pr oj ect
anyi o

appdirs
argon2-cff
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backports
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bcrypt
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brotlipy

br unsl
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ca-certificates
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certifi
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char det
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click
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conda
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Intel_Al_toolkit

The Intel Al toolkit module contains a subset of what you'll find in anaconda_cpu. It contains conda
environments optimized for cpu execution: pytorch & tensorflow. We have seen up to 2x speedup when
using the Intel_AI_toolkit compared to the stock anaconda_cpu. For best results, set
OMP_NUM_THREADS to the number of cores you'd like to use ( --cpus-per-task in slurm). See also: htt
ps://www.intel.com/content/www/us/en/developer/tools/oneapi/ai-analytics-toolkit.ntml .

anaconda3_gpu (for cuda) , anaconda3_mil00 (for rocm)

Similar to the setup for anaconda_cpu, we have gpu versions of anaconda3 (module load
anaconda3_gpu) and have installed pytorch and tensorflow cuda aware python modules into these
versions. You may use these module when working with the gpu nodes. See conda list after loading the
module to review what is already installed. As with anaconda3_cpu, let Delta staff know if there are
generally useful modules you would like us to try to install for the broader community. A sample
tensorflow test script:


https://www.intel.com/content/www/us/en/developer/tools/oneapi/ai-analytics-toolkit.html
https://www.intel.com/content/www/us/en/developer/tools/oneapi/ai-analytics-toolkit.html

anaconda3_gpu tensorflow example

#!'/ bi n/ bash

#SBATCH - - nen¥64g

#SBATCH - - nodes=1

#SBATCH - - nt asks- per - node=1

#SBATCH - - cpus- per -t ask=16 # <- match to OVP_NUM THREADS
#SBATCH - -partiti on=gpuAl00x4-interactive
#SBATCH - -ti me=00: 10: 00

#SBATCH - - account =YOUR_ACCOUNT- del t a- gpu
#SBATCH - - j ob- nane=t f _anaconda

### GPU options ###

#SBATCH - - gpus- per - node=1

#SBATCH - - gpus- per -t ask=1

#SBATCH - - gpu- bi nd=ver bose, per _task: 1
###SBATCH - - gpu- bi nd=none # <- or closest

nodul e purge # drop npdul es and explicitly |oad the ones needed
# (good job netadata and reproducibility)

nodul e | oad anaconda3_gpu
nmodul e list # job docunentati on and netadata

echo "job is starting on "~hostnane™"

whi ch pyt hon3
conda list tensorflow
srun python3 \

tf_gpu. py
exit

Jupyter notebooks

The Detla Open OnDemand portal provides an easier way to start a Jupyter notebook. Please see Open
OnDemand to access the portal.

The jupyter notebook executables are in your $PATH after loading the anaconda3 module. _Don't run
jupyter on the shared login nodes. Instead, follow these steps to attach a jupyter notebook running on a
compute node to your local web browser:




1) Start a jupyter job via srun and note
the hostname (you pick the port number
for --port).

srun jupyter (anaconda3_cpu on a cpu node)

$ srun --account =wxyz-delta-cpu --
partition=cpu-interactive \
--tine=00: 30: 00 --nenr32g \
j upyt er - not ebook --no-browser \
--port=8991 --ip=0.0.0.0

O copy and paste one of these URLs:

http://cn093. del ta.internal . ncsa. edu:
8891/ ?
t oken=e5b500e5aef 67b1471ed1842h2676e0cOae4b5¢
52656f eea

or http://127.0.0.1:8991/7?

t oken=e5b500e5aef 67b1471ed1842h2676e0cOae4b5¢
52656f eea

Use the 2nd URL in step 3. Note the internal hostname in the
cluster for step 2.

When using a container with a gpu node, run the container's
jupyter-notebook:

NGC container for gpus, jupyter-notebook, bind a

directory

# cont ai ner not ebook exanple show ng how to
access a directory outside
# of $HOVE ( /projects/bbka in the exanple )
$ srun --account=wxyz-delta-gpu --
partition=gpuAl00x4-interactive \

--time=00: 30: 00 --nenr64g --gpus- per-
node=1 \

singularity run --nv --bind /projects/bbka
\

/ sw ext er nal / NGC/ pyt or ch: 22. 02- py3 j upyter-
not ebook \

--not ebook-dir /projects/wyz \

--no-browser --port=8991 --ip=0.0.0.0

http://hostnane: 8888/ ?
t oken=73d96b99f 2cf c4c3932a3433d1b8003c052081«
5411795d5

In step 3 to start the notebook in your browser, replace http://f
tname:8888/ with http://127.0.0.1:8991/ ( the port number yol
selected with --port=)

You may not see the job hosthame when running with a
container, find it with squeue:

squeue -u $USER

$ squeue -u $USER

JOBI D PARTI TI ON NAVE
USER ST TI ME NODES NODELI ST( REASON)

156071 gpuAl00x4 si ngul ar
arnoldg R 1: 00 1 gpua045

Then specifu the host your job is using in the next step
(gpua045 for example ).


http://hostname:8888
http://hostname:8888

2) From your local desktop or laptop
create an ssh tunnel to the compute node ssh tunnel for jupyter
via a login node of delta.

$ ssh -1 ny_del ta_usernane \
-L 127.0.0.1:8991: cn093. del ta.internal .
ncsa. edu: 8991 \
dt-login.delta.ncsa.illinois.edu

Authenticate with your login and 2-factor as usual.

3) Paste the 2nd URL (containing
127.0.0.1:port_number and the token
string) from step 1 into your browser and
you will be connected to the jupyter
instance running on your compute node
of Delta.

~ Jupyter

= Jupyter

Python (arecent or latest version)

If you do not need all of the extra modules provided by Anaconda, use the basic python installation under
the gcc module. You can add modules via "pip3 install --user <modulename>", setup virtual
environments, and customize as needed for your workflow but starting from a smaller installed base of
python than Anaconda.

$ nodul e |1 oad gcc python

$ whi ch python

/ sw/ spack/ del t a- 2022- 03/ apps/ pyt hon/ 3. 10. 4- gcc- 11. 2. 0- 3cj j p6w bi n/ pyt hon
$ nodul e |ist

Currently Loaded Mdul es:
1) nodtree/ gpu 3) gcc/11.2.0 5) ucx/1.11.2 7) python/3.10.4
2) default 4) cuda/11.6.1 6) opennpi/4.1.2

This is the list of modules available in the python from "pip3 list":

python modules: pip3 list

Package Ver si on
certifi 2021.10.8
cffi 1.15.0
charset-normalizer 2.0.12
click 8.1.2
cryptography 36.0.2
gl obus-cli 3.4.0
gl obus-sdk 3.5.0

i dna 3.3

j mespat h 0.10.0
pi p 22.0.4
pycpar ser 2.21
PyJWr 2.3.0
requests 2.27.1
set upt ool s 58.1.0
urllib3 1.26.9

Top of Page


https://packaging.python.org/en/latest/tutorials/installing-packages/
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Top of Page

Running Jobs

Job Accounting

The charge unit for Delta is the Service Unit (SU). This corresponds to the equivalent use of one
compute core utilizing less than or equal to 2G of memory for one hour, or 1 GPU or fractional GPU
using less than the corresponding amount of memory or cores for 1 hour (see table below). Keep in mind
that your charges are based on the resources that are reserved for your job and don't necessarily reflect
how the resources are used. Charges are based on either the number of cores or the fraction of the
memory requested, whichever is larger. The minimum charge for any job is 1 SU.

Node Type Service Unit Equivalence

Cores | GPU Fraction ' Host Memory

CPU Node 1 N/A 2GB

GPU Node = Quad A100 @ 16 1 A100 62.5GB
Quad A40 16 1 A40 62.5GB
8-way A100 16 1 A100 250 GB
8-way MI100 16 1 MI100 250 GB

Please note that a weighting factor will discount the charge for the reduced-precision A40 nodes, as well
as the novel AMD MI100 based node - this will be documented through the ACCESS SU converter.

Local Account Charging

Use the account s command to list the accounts available for charging. CPU and GPU resources will
have individual charge names. For example in the following, abcd- del t a- cpu and abcd- del t a- gpu
are available for user gbauer to use for the CPU and GPU resources.

$ accounts
Proj ect Sunmary for User 'kingda':

Proj ect Description Bal ance (Hours)
Deposi ted (Hours)

bbka-del ta-gpu ncsa/delta staff allocation

5000000 5000000
bbka-del ta-cpu ncsa/delta staff allocation 100000000
100000000

Job Accounting Considerations

® A node-exclusive job that runs on a compute node for one hour will be charged 128 SUs (128
cores x 1 hour)

® A node-exclusive job that runs on a 4-way GPU node for one hour will be charge 4 SUs (4 GPU
x 1 hour)

® A node-exclusive job that runs on a 8-way GPU node for one hour will be charge 8 SUs (8 GPU
x 1 hour)

QOSGrpBillingMinutes



If you see QOSGrpBillingMinutes under the Reason column for the squeue command, as in

JOBI D PARTI TI ON NAVE USER ST TIME NCDES
NCDEL| ST( REASON)
1204221 cpu nyj ob .... PD 0: 00 5

(QOSG pBi | | i ngM nut es)

then the resource allocation specified for the job (i.e. xyzt-delta-cpu ) does not have sufficient balance to
run the job based on the # of resources requested and the wallclock time. Sometimes it maybe other jobs
from the same project that in the same QOSGrpBillingMinutes state are could cause other jobs using the
same resource allocation that are preventing a job that would "fit" from running. The PI of the project
needs to put in a supplement request using the same XRAS proposal system that was used for the
current award (ACCESS or NCSA).

Reviewing job charges for a project (jobcharge)

jobcharge in /sw/user/scripts/ will show job charges by user for a project. Example usage:

jobcharge_grp.py

[arnol dg@lt -1 ogi n03 ]$ jobcharge bbka-delta-gpu -b 10 --detail | tail -15
106 1662443 gpuM 100x8 0

nan

ki ngda bash 2023- 04-06T09: 39:
01 0 0

107 1662444 gpuM 100x8 291 billing=1000, cpu=2, gres/ gpu:
m 100=1, gr es/ gpu=1, mem=3G, node=1 ki ngda

bash 2023- 04- 06T09: 44: 11

1000 0.08

108 1662449 gpuM 100x8 614 billing=1000, cpu=2, gres/ gpu:
m 100=1, gr es/ gpu=1, men¥3G, node=1 ki ngda

bash 2023- 04- 06T10: 07: 23

1000 0.17

109 1662477 gpuM 100x8 446 billing=1000, cpu=2, gres/ gpu:
m 100=1, gr es/ gpu=1, mem=3G, node=1 ki ngda

bash 2023- 04- 06T10: 15: 08

1000 0.12

110 1662492 gpuM 100x8 760 billing=8000, cpu=2, gres/ gpu:
m 100=8, gr es/ gpu=8, men¥3G, node=1 ki ngda

bash 2023- 04- 06T10: 28: 00

8000 1.69

111 1662511 gpuM 100x8-interactive 1521 billing=16000,cpu=128, gres/ gpu:
m 100=8, gr es/ gpu=8, mem=64G, node=1 ar nol dg

bash Unknown
16000 6.76

___ SUMVARY.

User Charge (SU)

ar nol dg 25.76

babr eu 6. 66

ki ngda 2.06

r nrokos 0. 96

svcdel t aj enki ns 0.23

Tot al 35. 67

[arnol dg@it -1 ogi n03 scripts]$ jobcharge bbka-delta-gpu -b 10
Qut put for 2023-03-27-11:25:24 through 2023-04-06-11: 25: 24:

User Charge (SU)
ar nol dg 26. 04
babr eu 6. 66
ki ngda 2.06
r nokos 0.96
svcdel t aj enki ns 0.23
Tot al 35.95

[arnol dg@it -1 ogi n03 ]$ j obcharge bbka-delta-gpu -h
usage: jobcharge [-h] [-m MONTH [-y YEAR] [-b DAYSBACK] [-s STARTTI ME] [-



e ENDTI ME] [--detail]
accountstring

posi ti onal argunents:
account string account nane

optional argunents:
-h, --help show this hel p message and exit
-m MONTH, --nonth MONTH
Month (1-12) Default is current nmonth
-y YEAR --year YEAR Year (20XX) default is current year
-b DAYSBACK, --daysback DAYSBACK
Nunber of days back
-s STARTTIME, --starttinme STARTTIME
Start tine string in format (format: %v-%mn %d- % %
M %5)
Exanpl e: 2023- 01- 03- 01: 23: 21)
-e ENDTIME, --endtine ENDTI ME
End time time string in format (format: %-%n %l- %

H: %Vt u8)
Exanpl e: 2023- 01- 03- 01: 23: 21)
--detail detail output, per-job [svchydroswranage@ydrol 1
scripts]$

Performance tools

®* AMDuProf guide
® NVIDIA Nsight Systems

Accessing the Compute Nodes

Delta implements the Slurm batch environment to manage access to the compute nodes. Use the Slurm
commands to run batch jobs or for interactive access to compute nodes. See: https://slurm.schedmd.com
/quickstart.html for an introduction to Slurm. There are two ways to access compute nodes on Delta.

Batch jobs can be used to access compute nodes. Slurm provides a convenient direct way to submit
batch jobs. See https://slurm.schedmd.com/heterogeneous_jobs.html#submitting for details. Slurm
supports job arrays for easy management of a set of similar jobs, see: job_array.html.

Sample Slurm batch job scripts are provided in the Job Scripts section below.

Direct ssh access to a compute node in a running batch job from a dt-loginNN node is enabled, once the
job has started.

$ squeue --job jobid

JOBI D PARTI TI ON NAVE USER ST TIME NODES
NODEL| ST( REASON)
12345 cpu bash gbauer R 0: 17 1 cn001

Then in a terminal session:

$ ssh cn001

cn001. del ta.internal.ncsa. edu (172.28.22. 64)
OS: RedHat 8.4 HW HPE CPU 128x RAM 252 GB
Site: ngnt Role: conpute

$

See also: Monitoring a node during a job.
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Scheduler

For information, consult:

https://slurm.schedmd.com/quickstart.html


https://wiki.ncsa.illinois.edu/display/DSC/AMDuProf+guide
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https://slurm.schedmd.com/job_array.html
https://wiki.ncsa.illinois.edu/pages/viewpage.action?pageId=212830552
https://slurm.schedmd.com/quickstart.html

slurrm_surmimary . pdf

Partitions (Queues)

Table. Delta Production Default Partition Values

Property Value

Default Memory per core ' 1000 MB

Default Wallclock time 30 minutes

Table. Delta Production Partitions/Queues

Partition/Queue

cpu
cpu-interactive
gpuA100x4
gpUA100x4*

(asterisk indicates this is the default
queue, but submit jobs to gpuA100x4)
gpuA100x4-interactive

gpuA100x8

gpuA100x8-interactive

gpuA40x4

gpuA40x4-interactive

gpuMI100x8

gpuMI100x8-interactive

sview view of slurm partitions

Node
Type

CPU
CPU

quad
A100

quad-
A100

octa-
A100

octa-
A100

quad-
A40

quad-
A40

octa-
MI100

octa-
MI100

slurm quick reference guide

Max Max

Nodes Duration

per Job
TBD 48 hr
TBD 30 min
TBD 48 hr
TBD 1hr
TBD 48 hr
TBD 1hr
TBD 48 hr
TBD 1hr
TBD 48 hr
TBD 1hr

Max
Running in
Queue/user*

TBD
TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

Charge
Factor

1.0
2.0
1.0

2.0

15

3.0

0.5

1.0

0.5
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Node Policies

Node-sharing is the default for jobs. Node-exclusive mode can be obtained by specifying all the
consumable resources for that node type or adding the following Slurm options:

--excl usive --nmenms0

Job Policies

The default job requeue or restart policy is set to not allow jobs to be automatically requeued or restarted
(as of 12/19/2022).

To enable automatic requeue and restart of a job by slurm, please add the following slurm directive
--requeue

When a job is requeued due to an evant like a node failure, the batch script is initiated from its beginning.
Job scripts need to be written to handle automatically restarting from checkpoints etc.

Interactive Sessions
Interactive sessions can be implemented in several ways depending on what is needed.
To start up a bash shell terminal on a cpu or gpu node

® single core with 16GB of memory, with one task on a cpu node

srun --account=account_nane --partition=cpu-interactive \
--nodes=1 --tasks=1 --tasks-per-node=1\
--cpus-per-task=4 --nenrlég \
--pty bash

® single core with 20GB of memory, with one task on a A40 gpu node

srun --account=account_nane --partiti on=gpuA40x4-interactive \
--nodes=1 --gpus-per-node=1 --tasks=1 \
--tasks- per-node=16 --cpus-per-task=1 --nem=20g \
--pty bash

@ MPI interactive jobs: use salloc followed by srun

Since interactive jobs are already a child process of srun, one cannot srun (or mpirun)
applications from within them. Within standard batch jobs submitted via sbatch, use srun to
launch MPI codes. For true interactive MPI, use salloc in place of srun shown above, then
"srun my_mpi.exe" after you get a prompt from salloc ( exit to end the salloc interactive
allocation).



interactive MPI, salloc and srun

[arnol dg@it -1 ogi n01 col |l ective]$ cat osu_reduce.salloc

sal | oc --account =bbka-delta-cpu --partition=cpu-interactive \
--nodes=2 --tasks-per-node=4 \
--cpus-per-task=2 --nmem=0

[arnol dg@lt -1 ogi n01 col lective]$ ./osu_reduce.salloc
sal l oc: Pending job allocation 1180009

salloc: job 1180009 queued and waiting for resources
salloc: job 1180009 has been all ocated resources
salloc: Granted job allocation 1180009

salloc: Wiiting for resource configuration

sal |l oc: Nodes cn[009-010] are ready for job

[arnol dg@it -1 ogi n01 col | ective]$ srun osu_reduce

# OSU MPI Reduce Latency Test v5.9

# Size Avg Latency(us)
4 1.76
8 1.70
16 1.72
32 1.80
64 2.06
128 2.00
256 2.29
512 2.39
1024 2.66
2048 3.29
4096 4.24
8192 2.36
16384 3.91
32768 6. 37
65536 10. 49
131072 26. 84
262144 198. 38
524288 342. 45
1048576 687. 78
[arnol dg@it -1 ogi n01 col lective]$ exit
exit

sal l oc: Relinquishing job allocation 1180009
[arnol dg@it - | ogi n01 col | ective] $

Interactive X11 Support

To run an X11 based application on a compute node in an interactive session, the use of the - - x11
switch with sr un is needed. For example, to run a single core job that uses 1g of memory with X11 (in
this case an xterm) do the following:

srun -A abcd-delta-cpu --partition=cpu-interactive \
--nodes=1 --tasks=1 --tasks-per-node=1\
--cpus-per-task=2 --nenrlég \
--x11 xterm

File System Dependency Specification for Jobs

Please see the FileSystemDependencySpecificationforJobs section on setting job file system
dependencies for jobs.

Jobs that do not specify a dependency on the WORK(/projects) and SCRATCH (/scratch) will be
assumed to depend only on the HOME (/u) file system.

Sample Job Scripts



® Serial jobs on CPU nodes

serial example script

$ cat job.slurm

#! / bi n/ bash

#SBATCH - - nenv16g

#SBATCH - - nodes=1

#SBATCH - - nt asks- per - node=1

#SBATCH - - cpus- per -t ask=4 # <- match to OVP_NUM THREADS
#SBATCH --partition=cpu # <- or one of: gpuAl00x4 gpuA40x4
gpuAl100x8 gpuM 100x8

#SBATCH - - account =account _nane

#SBATCH - - j ob- name=nyj obt est

#SBATCH - -ti me=00: 10: 00 # hh:mmss for the job

#SBATCH - -constrai nt ="scratch"

### GPU options ###

##SBATCH - - gpus- per - node=2

##SBATCH - - gpu- bi nd=none # <- or closest

##SBATCH - - mai | - user =you@ouri nstitution. edu

##SBATCH - - mai | -type="BEGQ N, END' See sbatch or srun man pages for
nore email options

nodul e reset # drop nodules and explicitly |oad the ones needed
# (good job netadata and reproducibility)
# $WORK and $SCRATCH are now set

nodul e 1 oad python # ... or any appropriate nodul es

nmodul e list # job docunentati on and netadata

echo "job is starting on "“hostnane "

srun python3 nyprog. py

® MPI on CPU nodes

mpi example script

#!'/ bi n/ bash

#SBATCH - - meme16g

#SBATCH - - nodes=2

#SBATCH - - nt asks- per - node=32

#SBATCH - - cpus- per -t ask=2 # <- match to OVP_NUM THREADS
#SBATCH - -partition=cpu # <- or one of: gpuAlOOx4 gpuAd40x4
gpuAl100x8 gpuM 100x8

#SBATCH - - account =account _nane

#SBATCH - - j ob- nane=nynpi

#SBATCH - -ti me=00: 10: 00 # hh:mmss for the job

#SBATCH --constrai nt="scratch"

### GPU options ###

##SBATCH - - gpus- per - node=2

##SBATCH - - gpu- bi nd=none # <- or closest ##SBATCH --mail -
user =you@ouri nstitution. edu

##SBATCH - - nai | -t ype="BEG N, END' See sbatch or srun man pages for
nore emmil options

nodul e reset # drop nodules and explicitly |oad the ones needed
# (good job netadata and reproducibility)
# $WORK and $SCRATCH are now set
nodul e | oad gcc/11.2.0 opennpi  # ... or any appropriate nodul es
nodul e list # job docunentati on and netadata
echo "job is starting on "~hostnane™"
srun osu_reduce

® OpenMP on CPU nodes



openmp example script

#!'/ bi n/ bash

#SBATCH - - meme16g

#SBATCH - - nodes=1

#SBATCH - - nt asks- per - node=1

#SBATCH - - cpus- per -t ask=32 # <- match to OVP_NUM THREADS
#SBATCH - -partition=cpu # <- or one of: gpuAlOOx4 gpuA40x4
gpuAl100x8 gpuM 100x8

#SBATCH - - account =account _nane

#SBATCH - - j ob- nane=nyopennp

#SBATCH - -ti me=00: 10: 00 # hh:mmss for the job

#SBATCH --constrai nt="scratch"

### GPU options ###

##SBATCH - - gpus- per - node=2

##SBATCH - - gpu- bi nd=none # <- or closest

##SBATCH - - mai | - user =you@ouri nstitution. edu

##SBATCH - - nai | -t ype="BEG N, END' See sbatch or srun man pages for
nore emmil options

nodul e reset # drop nodules and explicitly |oad the ones needed
# (good job netadata and reproducibility)
# $WORK and $SCRATCH are now set

nodul e load gcc/11.2.0 # ... or any appropriate nodul es

nmodul e list # job docunentati on and netadata

echo "job is starting on "~hostnane™"

export OVP_NUM THREADS=32

srun streamgcc

® Hybrid (MPI + OpenMP or MPI+X) on CPU nodes

mpi+x example script

#!'/ bi n/ bash

#SBATCH - - menr16g

#SBATCH - - nodes=2

#SBATCH - - nt asks- per - node=4

#SBATCH - - cpus- per-task=4 # <- match to OVP_NUM THREADS
#SBATCH - -partition=cpu # <- or one of: gpuAlOOx4 gpuA40x4
gpuAl100x8 gpuM 100x8

#SBATCH - - account =account _nane

#SBATCH - - j ob- nane=nynpi +x

#SBATCH - -ti me=00: 10: 00 # hh:mmss for the job

#SBATCH --constrai nt="scratch"

### GPU opti ons ###

##SBATCH - - gpus- per - node=2

##SBATCH - - gpu- bi nd=none # <- or closest

##SBATCH - - mai | - user =you@ouri nstitution. edu

##SBATCH --nmi | -type="BEG N, END' See sbatch or srun man pages for
nore enmil options

nodul e reset # drop nodul es and explicitly |oad the ones needed
# (good job netadata and reproducibility)
# $WORK and $SCRATCH are now set

nodul e | oad gcc/11.2.0 opennpi # ... or any appropriate nodul es

nmodul e list # job docunentati on and netadata

echo "job is starting on "~hostnane™"

export OVP_NUM THREADS=4

srun xthi

® 4 gpus together on a compute node



4 gpus on acompute node

#!'/ bi n/ bash

#SBATCH - -j ob- nane="a. out _symetric"

#SBATCH - - out put ="a. out . % . %\. out "

#SBATCH - - partiti on=gpuA100x4

#SBATCH - - nen¥208G

#SBATCH - - nodes=1

#SBATCH - - nt asks-per-node=4 # could be 1 for py-torch

#SBATCH - - cpus- per-task=16 # spread out to use 1 core per nuns,
set to 64 if tasks is 1

#SBATCH - -constrai nt="scratch"

#SBATCH - - gpus- per - node=4

#SBATCH - - gpu- bi nd=cl osest # select a cpu close to gpu on pci bus
t opol ogy

#SBATCH - - account =bbj w del t a- gpu

#SBATCH - - excl usive # dedicated node for this job

#SBATCH - - no-r equeue

#SBATCH -t 04: 00: 00

export OWP_NUM THREADS=1 # if code is not nultithreaded, otherw se
set to 8 or 16

srun -N' 1 -n 4 ./a.out > nyjob. out

# py-torch exanple, --ntasks-per-node=1 --cpus-per-task=64

# srun python3 nul tipl e_gpu. py
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Job Management

Batch jobs are submitted through a job script (as in the examples above) using the sbatch command.
Job scripts generally start with a series of SLURM directives that describe requirements of the job such
as number of nodes, wall time required, etc... to the batch system/scheduler (SLURM directives can also
be specified as options on the sbatch command line; command line options take precedence over those
in the script). The rest of the batch script consists of user commands.

The syntax for sbatch is:

sbatch [list of sbatch options] script_name

Refer to the sbatch man page for detailed information on the options.

squeue/scontrol/sinfo

Commands that display batch job and partition information .

SLURM EXAMPLE DESCRIPTION
COMMAND
squeue -a List the status of all jobs on the system.
squeue -u $USER List the status of all your jobs in the batch system.
squeue -j JobID List nodes allocated to a running job in addition to basic
information..
scontrol show job JobID List detailed information on a particular job.
sinfo -a List summary information on all the partition.

See the manual (man) pages for other available options.

Job Status

NODELIST(REASON)



MaxGRESPerAccount - a user has exceeded the number of cores or gpus allotted per user or project for
a given partition.

Useful Batch Job Environment Variables

DESCRIPTION SLURM DETAIL DESCRIPTION
ENVIRONMENT
VARIABLE
JobID $SLURM_JOB_ID ' Job identifier assigned to the job

Job Submission $SLURM_SUBMIT | By default, jobs start in the directory that the job was
Directory _DIR submitted from. So the "cd $SLURM_SUBMIT_DIR"
command is not needed.

Machine(node) $SLURM_NODELI | variable name that contains the list of nodes assigned to the
list ST batch job

Array JoblD $SLURM_ARRAY_ | each member of a job array is assigned a unique identifier
JOB_ID

$SLURM_ARRAY _
TASK_ID

See the sbatch man page for additional environment variables available.
srun
The srun command initiates an interactive job on compute nodes.

For example, the following command:

srun

srun -A account_nane --tine=00:30:00 --nodes=1 --ntasks-per-node=16 \
--partition=gpuAlO0Ox4 --gpus=1 --menmrl6g --pty /bin/bash

will run an interactive job in the gpuA100x4 partition with a wall clock limit of 30 minutes, using one node
and 16 cores per node and 1 gpu. You can also use other sbatch options such as those documented
above.

After you enter the command, you will have to wait for SLURM to start the job. As with any job, your
interactive job will wait in the queue until the specified number of nodes is available. If you specify a small
number of nodes for smaller amounts of time, the wait should be shorter because your job will backfill
among larger jobs. You will see something like this:

srun: job 123456 queued and waiting for resources

Once the job starts, you will see:

srun: job 123456 has been allocated resources

and will be presented with an interactive shell prompt on the launch node. At this point, you can use the
appropriate command to start your program.

When you are done with your work, you can use the exit command to end the job.
scancel
The scancel command deletes a queued job or terminates a running job.

® scancel JobID deletes/terminates a job.

Refunds

Refunds are considered, when appropriate, for jobs that failed due to circumstances beyond user control.

Projects wishing to request a refund should email help@ncsa.illinois.edu. Please include the batch job
ids and the standard error and output files produced by the job(s).


mailto:help@ncsa.illinois.edu

Visualization

Delta A40 nodes support NVIDIA raytracing hardware.
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Containers

Apptainer (formerly Singularity)
Container support on Delta is provided by Apptainer/Singularity.

Docker images can be converted to Singularity sif format via the si ngul arity pul | command.
Commands can be run from within a container using si ngul arity run command (or apptainer run).

If you encounter quota issues with Apptainer/Singularity caching in ~/ . si ngul ari ty , the environment
variable SI NGULARI TY_CACHEDI R can be used to use a different location such as a scratch space.

Your $HOME is automatically available from containers run via Apptainer/Singularity. You can "pip3
install --user" against a container's python, setup virtualenv's or similar while useing a containerized
application. Just run the container's /bin/bash to get a Apptainer> prompt (or use apptainer shell
<container> for a quick look from a login node ). Here's an srun example of that with tensorflow:

srun the bash from a container to interact with programs inside it

$ srun \
--menr32g \
--nodes=1 \
--nt asks- per - node=1 \
--cpus-per-task=16 \
--partition=gpuAlOOx4-interactive \
--account =bbka- del t a- gpu \
- - gpus- per - node=1 \
- -gpus- per-task=1 \
- - gpu- bi nd=ver bose, per _task: 1 \
--pty \
apptainer run --nv --bind /projects/bbXX \
/ sw ext ernal / NGC/ t ensor f | ow: 22. 06-t f 2- py3 / bi n/ bash
# job starts ...
Appt ai ner > host nane
gpual68. del ta. i nternal . ncsa. edu
Appt ai ner> which python # the python in the container
/usr/bin/ pyt hon
Appt ai ner> python --version
Pyt hon 3.8. 10

NVIDIA NGC Containers

Delta provides NVIDIA NGC Docker containers that we have pre-built with Singularity/Apptainer. Look
for the latest binary containers in /sw/external/NGC/ . The containers are used as shown in the sample
scripts below:


https://sylabs.io/guides/3.2/user-guide/cli/singularity_pull.html#singularity-pull
https://sylabs.io/guides/3.2/user-guide/cli/singularity_run.html#singularity-run

PyTorch example script

#!'/ bi n/ bash

#SBATCH - - neme64g

#SBATCH - - nodes=1

#SBATCH - - nt asks- per - node=1

#SBATCH - - cpus- per -t ask=16 # <- match to OVP_NUM THREADS, 64 requests
whol e node

#SBATCH --partiti on=gpuAl00x4 # <- one of: gpuAl0Ox4 gpuA40x4 gpuAl00x8
gpuM 100x8

#SBATCH - - account =bbka- del t a- gpu

#SBATCH - - j ob- nane=pyt or chNGC

### GPU opti ons ###

#SBATCH - - gpus- per - node=1

#SBATCH - - gpus- per -t ask=1

#SBATCH - - gpu- bi nd=ver bose, per _task: 1

nodul e reset # drop nodul es and explicitly |oad the ones needed
# (good job netadata and reproducibility)
# $WORK and $SCRATCH are now set

nmodul e list # job docunentati on and netadata

echo "job is starting on "~hostnane’

# run the container binary with argunents: python3 <program py>
# --bind /projects/bbXX # add to apptainer arguments to nount directory
i nsi de cont ai ner
apptainer run --nv \
/ sw/ ext ernal / NGC/ pyt or ch: 22. 02- py3 pyt hon3 tensor _gpu. py

Tensorflow example script

#!'/ bi n/ bash

#SBATCH - - nenv64g

#SBATCH - - nodes=1

#SBATCH - - nt asks- per - node=1

#SBATCH - - cpus- per -t ask=16 # <- match to OVP_NUM THREADS
#SBATCH --partiti on=gpuAl00x4 # <- one of: gpuAl0Ox4 gpuA40x4 gpuAl00x8
gpuM 100x8

#SBATCH - - account =bbka- del t a- gpu

#SBATCH - - j ob- name=t f NGC

### GPU opti ons ###

#SBATCH - - gpus- per - node=1

#SBATCH - - gpus- per -t ask=1

#SBATCH - - gpu- bi nd=ver bose, per _task: 1

nodul e reset # drop nodul es and explicitly | oad the ones needed
# (good job netadata and reproducibility)
# $WORK and $SCRATCH are now set

nmodul e list # job docunentati on and netadata

echo "job is starting on " hostnane’

# run the container binary with arguments: python3 <program py>

# --bind /projects/bbXX # add to apptainer arguments to nount directory
i nsi de cont ai ner

apptainer run --nv \

/ sw/ ext ernal / NGC/ t ensor f | ow: 22. 06-t f 2- py3 pyt hon3 \

tf_mat mul . py

Container list (as of March, 2022)



catalog.txt

caf fe: 20. 03- py3 caffe2: 18. 08- py3
catal og. t xt

cntk: 18. 08- py3
cp2k_v9.1.0.sif

cuquant um appl i ance_22.03-cirq.sif
digits:21.09-tensorfl ow py3
gronacs_2022. 1.sif

hpc- benchmar ks: 21. 4- hp

| anmps: pat ch_4May 2022

mat | ab: r2021b
mxnet: 21. 09- py3

nxnet _22. 08-py3.si f
nand_2. 13- nul ti node. si f
nand_3. 0- al phall. sif

paravi ew_egl -py3-5.9.0.sif
pytorch: 22. 02- py3
pytorch_22. 07-py3.sif
pytorch_22. 08- py3. si f
tensorfl ow_19. 09-py3.sif
tensorflow 22.02-tf1-py3
tensorfl ow 22. 02-tf 2-py3
tensorflow 22.05-tf1-py3.sif
tensorflow 22.05-tf2-py3.sif
tensorfl ow 22.06-tf1-py3
tensorflow 22. 06-tf2-py3
tensorflow 22.07-tf2-py3.sif
tensorflow 22.08-tf1-py3.sif
tensorflow 22.08-tf2-py3.sif
tensorrt:22.02-py3
tensorrt_22.08-py3.sif

t heano: 18. 08
torch: 18. 08- py2

see also: https://catalog.ngc.nvidia.com/orgs/nvidia/containers

AMD Infinity Hub containers for MI100

The AMD node in partition gpuMI100x8 (-interactive) will run containers from the AMD Infinity Hub. The
Delta team has pre loaded the following containers in /sw/external/MI100 and will retrieve others upon
request.

AMD MI100 containers in /sw/external/MI100

cp2k_8.2.sif

gromacs_2021.1.sif

| ammps_2021.5.14_121.si f

m | c_c30ed15el-20210420. si f

nand_2. 15a2-20211101. si f

nand3_3. 0a9. si f

openmm 7.7.0_49.sif
pytorch_rocnb. 0_ubuntul8. 04_py3. 7_pytorch_1.10.0.sif
tensorflow rocnb.0-tf2.7-dev.sif

A sample batch script for pytorch resembles:


https://catalog.ngc.nvidia.com/orgs/nvidia/containers
https://www.amd.com/en/technologies/infinity-hub

MI100 sample pytorch script

#!'/ bi n/ bash

#SBATCH - - nen¥64g

#SBATCH - - nodes=1

#SBATCH - - nt asks- per - node=1
#SBATCH - - cpus- per -t ask=16
#SBATCH --partiti on=gpuM 100x8
#SBATCH - - account =bbka- del t a- gpu
#SBATCH - - j ob- nane=t f AMD
#SBATCH - -reservati on=and
#SBATCH - -ti me=00: 15: 00

### GPU options ###

#SBATCH - - gpus- per - node=1
##SBATCH - - gpus- per -t ask=1
##SBATCH - - gpu- bi nd=none # <- or closest

nodul e purge # drop npdul es and explicitly |oad the ones needed
# (good job netadata and reproducibility)

nodul e list # job docunentation and netadata
echo "job is starting on "“hostnane™"

# https://apptainer.org/docs/user/1.0/gpu. htm #and- gpus-rocm

# https://pytorch. org/ docs/ stabl e/ notes/ hi p. ht nl

time \

apptainer run --rocm\
~ar nol dg/ del t a/ AMD pyt or ch_rocnb. O_ubunt ul8. 04_py3. 7_pytorch_1.10.0.sif \
pyt hon3 tensor_gpu. py

exit

Other Containers

Extreme-scale Scientific Software Stack (E4S)

The E4S container with GPU (cuda and rocm) support is provided for users of specific ECP packages
made available by the E4S project (https://e4s-project.github.io/). The singularity image is available as :

/ sw ext ernal / EAS/ e4s- gpu-x86_64. si f

To use E4S with NVID A GPUs

$ srun --account=account_nanme --partition=gpuAl00-interactive \
--nodes=1 --gpus-per-node=1 --tasks=1 --tasks-per-node=1 \
--cpus-per-task=16 --nmem28g \
--pty bash

$ singularity exec --cleanenv /sw external/E4S/ e4s-gpu-x86_64.sif \
/ bin/bash --rcfile /etc/bash. bashrc

The spack package inside of the image will interact with a local spack installation. If ~/.spack directory
exists, it might need to be renamed.

More information can be found at https://e4s-project.github.io/download.html
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Delta Science Gateway and Open OnDemand


https://e4s-project.github.io/
https://e4s-project.github.io/download.html

Open OnDemand

The Delta Open OnDemand portal is now available for use. Current supported Interactive apps: Jupyter
notebooks.

To connect to the Open OnDemand portal, point a browser to https://openondemand.delta.ncsa.illinois.
edu/ and use your NCSA username, password with NCSA Duo with the ClLogin page.

Please make sure to match the account to charge with the resource partition as shown below. The
account names end in -cpu and -gpu. The matching partition would start with cpu or gpu (as in
gpuA100x4 interactive).

Interactive Apps Jupyter Lab version: 9e800e4

This app will aunch a Jupyter Lab server on one compule
noda.

Hame of account

bbka-dalta-cpu
Partitin

cpu-interactive ¥
ntaractiva partitions are limited to 30 minutas
Duration of job

0050

To customize your JupyterLab experience for Python or R, see: customizing Delta Open OnDemand

Delta Science Gateway
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Help

For assistance with the use of Delta

® For ACCESS allocations issues create a ticket via the ACCESS Help page.
® All other issues regardless of allocation type, please send email to help@ncsa.illinois.edu.
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