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Slurm szolgaltatas

= Szamitasi eroforrasok hatekonyabb, dinamikusabb elosztasa egy kozos
szamitasi kornyezetben

= Magas rendelkezesre allas

HUN-REN Cloud
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Slurm szolgaltatas

= /storage mappa =2 kozos halozati meghajto
= A felhasznalok /home mappai itt talalhatoak
= Celszeru minden esetben innen dolgozni
= Pelda kodok es image-ek a /storage/shared_ konyvtarak alatt talalhatoak

@ User X @ Slurm_PaaS

konrad@slurm—-master:~$ cd ~
konrad@slurm—master:~$ pwd
/storage/konrad

konrad@slurm—master:~$ cp /storage/shared_singularity_images/jupyterlab.sif ~
konrad@slurm—master:~$ I
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Slurm szolgaltatas

= ~13 TB kozOs tarhely
= 100 GB / user @ user PR p—— <1 <1~

/7 Cj L(" ; L( konrad@slurm-master:~$ 1s -1 /storage ——group-directories—-first
[ ] total 64
snare - C)FW}/\/tEiFEﬂ drwxr-x-——— 3 emodi emodi 4e96 Feb 10 17:36 emodi
drwxr-x--— 3 fsattila fsattila 4096 Feb 10 17:36 fsattila
drwxr—-x——— kacsukd kacsukd 1e96 Feb 10 17:36 kacsukd
drwxr—-x——— konrad konrad 4e96 Feb 14 10:11 konrad
drwxr-x-——— 3 kpora kpora 1e96 Feb 10 17:36 kpora
root root 16384 Feb 9 09:41 lost+found
drwxr-xr-x 2 ubuntu  ubuntu 4e96 Feb 9 22:26 shared_batch_examples
drwxr—-xr-x 2 ubuntu  ubuntu 1e96 Feb 13 14:12 shared_code_examples
drwxr—-xr-x 2 ubuntu  ubuntu 4e96 Feb 9 11:02 shared_singularity_images
root root 7168 Feb 10 19:15 aquota.group
root root 7168 Feb 10 19:15 aquota.user
konrad@slurm-master:~$ I
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Slurm szolgaltatas

= Slurm klaszter
= Particiok
= Slurm node-ok (virtualis gepek)
= Feladat (Batch / Job)
= Feladat lepések (Job steps)

=  Adott virtualis gep tagja lehet tobb particionak is
= Jelen felosztas 2 GPU eroforrasok szerint
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GPU particiok

= Tervezett rendelkezesre allo eroforrasok
= m2large 24
= gz2large 2 10
= g2xlarge 2 6
= g2.2xlarge =2 2

Nev VCPU GPU RAM
gz.large 4 8GB
g2.xlarge 38 16GB
g2.2xlarge 16 32GB
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GPU particiok

= Skalazhato klaszter

= A GPU eroforrasok dinamikusan hozzarendelhetoek a szamitasi

kornyezethez

= Felhasznaloi igenyekhez igazitott eroforras menedzsment
= 1 Slurm Node : 1GPU

&) User = @ Slurm_Paa5

konrad@slurm—master:~% sinfo

-

PARTITION AVAIL TIMELIMIT NODES

batch_cpu_m2.large
batch_gpu_g2.large_8%
batch_gpu_g2.xlarge_16
batch_gpu_g2.2xlarge_32
interactive_cpu_m2.large
interactive_gpu_g2.large_38
konrad@slurm-master:~$%

up
up
up
up
up
up

1-60
1-00
1-00

1-00:
7-00:
7-00:

:00:
100:
:00:
00 :
00 :
00 :

00
olo)
olo)
00
ofo)
00

St

NODELIST
slurm-master,slurm-worker-cpu-m2-large—[1-3]
slurm-worker-gpu-g2-large-[1-7]
slurm-worker-gpu-g2-xlarge-[1-2]
slurm-worker-gpu-g2-2xlarge-1

slurm-master, slurm-worker-cpu-m2-large—[1-3]
slurm-worker—-gpu—g2-large-[1-7]
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GPU particiok

= 4 Batch particio
= csillag szimbolum - alapertelmezett particio

= sbatch -p <particio> <feladat.batch> > particio kivalasztasa

@ User = @ Slurm_Paas

konrad@slurm—master:~$ sinfo
AVAIL TIMELIMIT NODES

PARTITION
batch_cpu_m2.large
batch_gpu_g2.large_8x*
batch_gpu_g2.xlarge_16
batch_gpu_g2.2xlarge_32
interactive_cpu_m2.large
interactive_gpu_g2.large_8
konrad@slurm-master:~$

up
up
up
up
up
up

1-00:
1-00:
1-00:
1-00:
7-00:
7-00:

ofe)

00 :
00:
00 :
00 :
00:

X 4 v

100
00
0]0)
8]8)
00
o]0}

NODELIST

slurm—master, slurm-worker-cpu-m2-large-[1-3]
slurm-worker—-gpu-g2-large-[1-7]
slurm-worker—-gpu-g2-xlarge—[1-2]
slurm-worker—-gpu—-g2-2xlarge-1

slurm—master, slurm-worker-cpu-m2-large-[1-3]
slurm-worker—-gpu-g2-large-[1-7]
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Integralt szolgaltatasok — GPU particiok

= NVIDIA GRID 550.144.03

@ User * @ Slurm_Paa5 X + | ~

ubuntu@slurm-worker-gpu-g2-xlarge-1:~% nvidia-smi
Fri Feb 14 16:47:07 2025

NVIDIA-SMI 5560.144.03 Driver Version: 550.144.03 CUDA Version: 12.4

Programok Tamogatott verziok

GPU Name Persistence-M | Bus-Id Disp.A | Volatile Uncorr. ECC
Fan Temp Perf Pur:Usage/Cap | Memory-Usage | GPU-Util Compute M.

e . Cuda 11.0 - 12.3

I
0 GRID V100DX-16C on | POEEAEAA:06:00.0 OFf | 0
N/A PO N/A /S N/A | 1MiB / 16384MiB | Default

I

WA | Pytorch 1.12.0 - 2.2.X

| Processes: ' Jupyterlab 3.0 — 4.X

GPU GI C(CI PID Type Process name GPU Memory
ID 1ID Usage

Tensorflow 2.10.0 - 2.15X

No running processes found

ubuntu@slurm-worker—gpu—g2-xlarge-1:~$ ]
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Job letrehozasa - pelda

@} User = @ Slurm_Paas > +

= | epesek GNU nano 7.2
#!/bin/bash
= batch fajl (job) letrehozasa #SBATCH —job—name=helloworld_job

) oo #SBATCH —output=helloworld_job.out
=  #SBATCH paraméterek definialasa - !

#SBATCH —error=helloworld_jobb.err
= Futtatni kivant allomany definialasa

echo "Hello World"
= Shell parancs srun hostname

- Shell szkript ‘=
= Kod (Python, C++ etc)

Job bekuldese konrad@slurm—master:~/demo_batch$ sbatch helloworld.batch
= . = Submitted batch job 300

Eredmenyek lekerdezese konrad@slurm-master:~/demo_batch$ cat helloworld_job.out

Hello World

slurm-worker—gpu—g2-large-1

/storage/konrad/demo_batch

konrad@slurm—master:~/demo_batch$ I

@ Slurm_PaaS * + ~
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Slurm hasznalata - #BATCH job parameterek

#BATCH

Adott feladatra vonatkozo beallitasok

Kimeneti fajlok

Eroforras allokalas feladat szinten

Nem szamit a sorrend

4> HUN-REN Cloud
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A hazai tudomanyos felho.

#SBATCH --job-name=example_job
#SBATCH --output=example_job.out
#SBATCH --error=example_job.err
#SBATCH --time=00:01.00
#SBATCH --partition

#SBATCH --gres=gpu:nvidia:l




BATCH parameter GPU hasznalathoz

" #BATCH --gres=gpu:1 = batch paraméter GPU hasznalathoz

= a Slurm feladatutemezo szamara szukseges

&) User % (&) Slurm_PaaS x + v

GNU nano 7.2

#!/bin/bash

#SBATCH ——job—name=pytorch_code # Job name

#SBATCH ——output=pytorch_job.out # Standard output log file
#SBATCH ——error=pytorch_job.err # Standard error log file
#SBATCH ——ntasks=1 # Number of tasks (typically 1)
#SBATCH ——nodes=1

#SBATCH ——ntasks—per—node=1

# Run a script inside the Singularity container:
srun singularity exec pytorch.sif python3 pytorch_code.py

@ HUN-REN Cloud 2025. 06. 16. A hazai tudomanyos felhé.



Slurm szolgaltatas elerese

= SSH kapcsolat
= domain =2 slurm.science-cloud.hu
= publikus IP cim = 193.225.251.214
= Proxy kapcsolat (optional)
= bongeszo proxy beallitasok
= SCP vagy rsync fajlok es mappak fel-es letoltesehez

@ HUN-REN Cloud 2025. 06. 16. A hazai tudomanyos felhé.



Slurm hasznalata - parancsok

sinfo 2> Megjeleniti a klaszter node-ok allapotat

sacctmgr show user > Kilistazza a felhasznalokat és jogosultsagaikat.

sbatch example_job.batch - Bekuld egy batch feladatot az utemezesi sorba.
scancel <job_ id> > Megszakit egy futo vagy varakozo feladatot az id alapjan.
sstat <job_ id> > Valos ideju statisztikakat mutat egy futo feladatrol

squeue > Kilistazza az aktualis felhasznalo varakozo és futo feladatait.

sacct -2 Kilistazza minden korabban és jelenleg futo feladat statuszat.

@ HUN-REN Cloud 2025. 06. 16. A hazai tudomanyos felhé.



Slurm hasznalata - feladat allapotok

Running (R) 2> A feladat épp fut.

Completed (CD) > A feladat sikeresen lefutott.

Pending (PD) > A feladat eréforrasokra varakozik.

Suspended (S) > A feladat felfliggesztése kerUlt (rendszer altal).
Canceled (CA) > A feladat visszahivasra kerUlt (felhasznalé altal).
Failed (F) 2> A feladat hibara futott.

Timeout (TO) > A feladat elérte az idékorlatot meég a sikeres futas elétt.
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Slurm hasznalata - squeue

® User X & Slurm_PaaS X + o~

konrad@slurm—master:~$ sbatch example2.batch
Submitted batch job 141
konrad@slurm—master:~$ squeue —u konrad
JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)

141 batch_gpu example2  konrad R 0:07 1 slurm-worker-gpu—-g2-large-1
konrad@slurm—master:~$

® User X @ Slurm_Paas = Futo job allapotanak lekerdezese

konrad@slurm-master:~$ cat example2.out = squeue parancs
Job started at: Fri Feb 14 16:05:04 UTC 2025
Running on node: slurm—-worker—gpu—g2-large-1
Job output - iteration
Job output - iteration
Job output - iteration
Job output - iteration
Job output - iteration

@ HUN-REN Cloud 2025. 06. 16. A hazai tudomanyos felhé.




Slurm hasznalata — hibakereses

= Hibauzenet a feladat futtatasat kovetoen
= Klaszter vagy futtato kornyezet szintu hibak

@ User

Submitted batch job

WARNING: An invalid

Value: ethO

konrad@slurm—master:
konrad@slurm—-master:

konrad@slurm—-master:
konrad@slurm—master:
konrad@slurm—-master:

X ) Slurm_PaaS X 4 v

~$ nano mpidpy.batch

~$ sbatch mpildpy.batch

148

~$ watch squeue -u konrad
~$ cat mpidpy_test_148.out
~$ cat mpildpy_test_1u8.err

value was given for btl_tcp_if_include.

value will be ignored.
Local host: slurm—worker—-gpu-g2-large-1

Message: Unknown interface name




Slurm hasznalata - Parameter sweep

= Azonos muvelet futtatasa kulonbozdo
bemeneti adathalmazokon

&) User

konrad@slurm—master:
total 4OK
-I'W-rw-r-—-
-I'"-rw-r--
-I'w-rw-r-—-
-Irw-rw-r--
-I'w-rw-r-—-
-Irw-rw-r--
-I'w-rw-r-—-
-Irw-rw-r--
—rwxrwxr-x 1 konrad
-rw-rw-r-— 1 konrad
konrad@slurm—master:

konrad
konrad
konrad
konrad
konrad
konrad
konrad
konrad

e e e e e

* @ Slurm_Paas

~/demo_paramsweep/n2$

konrad
konrad
konrad
konrad
konrad
konrad
konrad
konrad
konrad
konrad
~/demo

107
107
107
107
lo4
107
105
107
476
2.6K

Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb
Feb

18
18
18
18
18
18
18
18
18
18

12:
12:
12:
12:
12:
12:
12:
12:
12:
14:

1ls

a7
57
a7
57
a7
57
a7
57
a7
19

_paramsweep/n2$ |}
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=,

=1lh

data_1.txt
data_2.txt
data_3.txt
data_4.txt
data_5.txt
data_6.txt
data_7.txt
data_8.txt
gen_data.sh
paramsweep_n2

echo "Starting distributed job steps processing..."

# Get the node list
NODELIST=(%(scontrol show hostname $SLURM_JOE_NODELIST))
NUM_NODES=% {#NODELIST[@]}

# Process each file as a separate job step

for i in {1..8}; do
# Distribute tasks across available nodes in a round-robin fashion
NODE_INDEX=$%$(($(($i-1)) % $NUM_NODES))
NODE=% {NODELIST[$NODE_INDEX]}

echo "Starting step for file $i on node $NODE™
# Run as a job step with srun, specifically on the selected node
i) —nodes=1 \
——nodelist=$NODE \
——output=step_${i}_%j.out \
——error=step_${i}_%j.err \
-—gres=gpu:nvidia:1l \
/bin/bash -c "
echo 'Processing data_${i}.txt on '\‘hostname\’;
INPUT_FILE=data_${i}.txt;
OUTPUT_FILE=results_${i}.txt;
# Check if input file exists
if [ ! —F \$INPUT_FILE ]; then
echo \"Error: Input file \$INPUT_FILE not found!\";
exit 1;

A hazai tudomanyos felho.




Slurm hasznalata - Parameter sweep

@ User = @ Slurm_Paas

GNU nano 7.2

#!/bin/bash

#SBATCH ——job—name=steps_job

#SBATCH —output=steps_%j.out

#SBATCH ——error=steps_%j.err

#SBATCH —time=01:00:00

#SBATCH —mem=4G

#SBATCH ——cpus—per—task=1
——nodes=2
—ntasks—per—-node=4

#SBATCH —partition=batch_gpu_g2.large_8

#SBATCH ——gres=gpu:nvidia:l

Job name

OQutput file name

Error file name

Time 1limit: 1 hour

Memory per node

CPU cores per task

Use 2 available GPU nodes

Allow U4 tasks per node (we have 8 tasks total)
Specify the GPU partition (optional)

GPU requirement per task

H OHEEAH B B A H

=  Muvelet(ek) futtatasa 8 bemeneti adathalmazzal 2 node-on

= nntasks-per-node=4

@ HUN-REN Cloud 2025. 06. 16. A hazai tudomanyos felhé.



Slurm hasznalata - Parameter sweep

@) Slurm_Paas o + o~

konrad@slurm-master:~/demo_paramsweep/n2$ sbatch paramsweep_n2.batch
Submitted batch job 278

Honrad@slurm—master:~fdemo_paramsweepfn2$ watch squeue
konrad@slurm-master:~/demo_paramsweep/n2$ cat steps_278.out

Starting distributed job steps processing...

Starting step for file 1 on node slurm—-worker—gpu-g2-large-1

Step 1 submitted to node slurm-worker—-gpu—g2-large-1

Starting step for file 2 on node slurm-worker-gpu-g2-large-2

St 2 bmitted t d 1 = ker- -g2-1 -2 o , .
i e T B e R = Mulvelet(ek) futtatasa 8 bemeneti

Step 3 submitted to node _
Starting step for file 4 on node adatha[mazzal’ 2 nOde on

Step 4 submitted to node
Starting step for file 5 on node
Step 5 submitted to node
Starting step for file 6 on node
Step 6 submitted to node
Starting step for file 7 on node
Step 7 submitted to node
Starting step for file 8 on node
Step 8 submitted to node

All steps submitted
Konrad@slurm-master:~/demo_paramsweep/n2$ I

= nntasks-per-node=4

@ HUN-REN Cloud 2025. 06. 16. A hazai tudomanyos felhé.



Slurm hasznalata - Parameter sweep

&) User = @ Slurm_Paas > + -

GNU nano 7.2 param

#!/bin/bash

#SBATCH —job—name=steps_job

#SBATCH —output=steps_%j.out

#SBATCH ——error=steps_%j.err

#SBATCH —time=01:00:00

#SBATCH ——mem=UG

#SBATCH ——cpus—per—-task=1
——nodes=4
——ntasks—per—-node=2

#SBATCH ——partition=batch_gpu_g2.large_8

#SBATCH ——gres=gpu:nvidia:l

Job name

Output file name

Error file name

Time limit: 1 hour

Memory per node

CPU cores per task

Request 4 nodes

Allow 2 tasks per node (we have 8 tasks total)
GPU partition

GPU requirement per task

H HEEEdH H AR

=  Muvelet(ek) futtatasa 8 bemeneti adathalmazzal 4 node-on

= nntasks-per-node=2

@ HUN-REN Cloud 2025. 06. 16. A hazai tudomanyos felhé.



Slurm hasznalata - Parameter sweep

@) Slurm_Paas b + -~

konrad@slurm-master:~/demo_paramsweep/nd$ sbatch paramsweep_ni.batch
Submitted batch job 279

konrad@slurm—-master:~/demo_paramsweep/n4$ watch squeue
konrad@slurm-master:~/demo_paramsweep/nu$ cat steps_279.out

Starting distributed job steps processing...

Starting step for file 1 on node slurm-worker—gpu-g2-large-1

Step 1 submitted to node slurm-worker-gpu-g2-large-1 . . .
Starting step for file 2 on node slurm-worker-gpu-g2-large-2 = Muvelet(ek) futtatasa 8 bemeneti
Step 2 submitted to node slurm-worker-gpu-g2-large-2

Starting step for file 3 on node slurm-worker—gpu-g2-large-3 adathalmazzal 4 node-on
Step 3 submitted to node slurm-worker-gpu-g2-large-3
Starting step for file 4 on node slurm-worker—gpu-g2-large-u
Step 4 submitted to node slurm-worker-gpu-g2-large-u
Starting step for file 5 on node

Step 5 submitted to node

Starting step for file 6 on node

Step 6 submitted to node

Starting step for file 7 on node

Step 7 submitted to node

Starting step for file 8 on node

Step 8 submitted to node

All steps submitted
konrad@slurm-master:~/demo_paramsweep/nu$ |

= nntasks-per-node=2

@ HUN-REN Cloud 2025. 06. 16. A hazai tudomanyos felhé.



Tobb node - #BATCH job parameterek

= Memoria

= #SBATCH —--mem
= #SBATCH -mem-per-task :
= #SBATCH --mem-per-cpu -

4> HUN-REN Cloud

2025. 06. 16.

= CPU

A hazai tudomanyos felho.

#SBATCH --nodes
#SBATCH --ntask

#SBATCH --ntasks-per-node
#SBATCH --cpus-per-task




Tobb node - #BATCH job parameterek

" 2node 1 node

= 4 feladat (job step) node-onkéent 3 feladat

= 2 CPU es 4GB memoria feladatonkent CPU feladatonkeént
= #SBATCH --nodes-2
= #SBATCH --ntasks-per-node=4
= #SBATCH --cpus-per-task=2

= #SBATCH --mem-per-task=4G

= #SBATCH --ntasks-=8
= #SBATCH --cpus-per-task=1

@ HUN-REN Cloud 2025. 06. 16. A hazai tudomanyos felhé.



Tobb node - #BATCH job parameterek

& User = @ Slurm_Paas > + ~

GNU nano 7.2 param:

#!/bin/bash

#SBATCH ——job—name=steps_job # Job name

#SBATCH ——output=steps_%j.out # Output file name

#SBATCH ——error=steps_%j.err # Error file name

#SBATCH —time=01:00:00 # Time limit: 1 hour
#SBATCH ——mem=32G # Memory per node

#SBATCH ——cpus—per-task=1 # CPU cores per task
#SBATCH ——nodes=U # Request U4 nodes

#SBATCH ——ntasks—per—-node=2 # Allow 2 tasks per node (we have 8 tasks total)
#SBATCH —partition=batch_gpu_g2.large_8 # GPU partition

#SBATCH ——gres=gpu:nvidia:1l # GPU requirement per task

&) User 4 @ Slurm_Paas X + ~

konrad@slurm-master:~/demo_paramsweep/nud$ sbatch paramsweep_nt.batch
sbatch: error: Batch job submission failed: Memory required by task is not available
konrad@slurm—master:~/demo_paramsweep/nd$ |

= Nem megfeleld memoria parameterezes

@ HUN-REN Cloud 2025. 06. 16. A hazai tudomanyos felhé.



Tobb node - #BATCH JOb parameterek

&) User * Slurm_Paas o

GNU nano 7.2
#!/bin/bash
#SBATCH ——job—name=steps_job
#SBATCH —output=steps_%j.out
#SBATCH ——error=steps_%j.err
#SBATCH —time=01:00:00
#SBATCH ——mem=4G
#SBATCH ——cpus—per-task=1
#SBATCH ——nodes=8
#SBATCH ——ntasks—per—-node=2

Job name

OQutput file name

Error file name

Time 1limit: 1 hour

Memory per node

CPU cores per task

Request 4 nodes

Allow 2 tasks per node (we have 8
ition

irement per task

o === - - -

&) User X @ Slurm_Paas

konrad@slurm-master:~/demo_paramsweep/ni4$ sbatch paramsweep_nid.batch

sbatch: error: Batch job submission failed: Node count specification invalid
konrad@slurm—master:~/demo_paramsweep/nd4$ sinfo

PARTITION AVAIL TIMELIMIT NODES STATE NODELIST

batch_cpu_m2.large up 1-00:00:00 idle slurm-master,slurm—worker—-cpu-m2-large-[1-3]
batch_gpu_g2.large_8+* up 1-00:00:00 idle slurm-worker—gpu-g2-large-[1-7]
batch_gpu_g2.xlarge_16 up 1-00:00:00 idle slurm-worker-gpu-g2-xlarge-[1-2]
batch_gpu_g2.2xlarge_32 up 1-00:00:00 idle slurm-worker-gpu-g2-2xlarge-1
interactive_cpu_m2.large up 7-00:00:00 idle slurm-master,slurm-worker-cpu-m2-large-[1-3]
interactive_gpu_g2.large_8 up 7-00:00:00 idle slurm-worker-gpu-g2-large-[1-7]
konrad@slurm-master:~/demo_paramsweep/nu$ I

= Nem megfeleld node szam parameterezes

@ HUN-REN Cloud 2025. 06. 16. A hazai tudomanyos felhé.




Slurm hasznalata - job steps

= Tobb srun parancs (job steps) egyetlen .batch feladatban
for ciklusba agyazott srun parancsok
szekvencialisan futo srun parancsok
futtatott srun parancsok szama > nincs limit
potencialis eroforras limitacio

amennyiben az srun parancsok futasi ideje atlepi az
idOkeretet, a feladat CANCELED statuszba kerul

@ HUN-REN Cloud 2025. 06. 16. A hazai tudomanyos felhé.



Koszonom a figyelmet!

workload manager
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