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Unreliable Broadcast Synchronization Mechanisms”
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Al/ML Users and the Need for Responsive

P
Job Execution FUJITSU

The demand for interactivity on HPC is increasing
Growing number of HPC users in the AI/ML fields

Time

Node
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Al/ML Users and the Need for Responsive

P
Job Execution FUJITSU

Users must wait for long periods even though
the submitted jobs finish quickly

Node



Transition from Batch Scheduling FUfTsU

Short Job Short Job
submission Pending duration of the short job start

BatCh Long Job #1 Short Yo

. Time-sliced
Scheduling - Instant Execution Time

_ Job #2
Scheduling | :
Short Job I
start I |
ned Tt '
Short Job Short job starts I shoﬂe
Ti e submission Immediately ! |
m - |
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Requirements of Parallel W

Scheduling

Unsynchronized ‘

Node

40 Running

YPISend _»’ \
MPI Recv¥

Poor Performance

Only one message can be sent per
time-slice (the worst case)

Running

Node
#1

Synchronized

Scheduling

Also Known as Gang Scheduling

Time
Node

40 Running Running ...
MPI_Send
MPI_Recv

Node . q

#1 Running Running

The Same Performance as usual

Multiple messages can be sent
in a single time-slice
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The Impact of Job Switching Jitter ~ ijirsu

Impact of jitter on communication performance

\_siwtch

send

Wait to be :
| ; ; active ]
Node #1 - suspended .-.

'0" 'i

Immediate Longer round-trip time

Time->

Node #0

response caused by jitter
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Scalable Synchronization with

Broadcast Control Signals

Controller

-

1 n
Send sighals SEQUEN Y

<Unicast>

Compute Node Node Node
Nodes 1 2 \
Switch job _ = I . l
Switch job - =
4 1
S 4 . .
T . | JobZ | .
ime [ B

Jitter caused by sequential
unicast communications
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FUJITSU

<Broadcast> __
Q

Broadcasted Signal

Node
C2i]

Node
[i]

Switch job -
. h n L] u
TimeV = :

Good synchronization with a single
broadcast communication
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Unreliable Broadcast Synchronization in FUJiTSU

Large-Scale Gang Scheduling Systems

XX _
Broadcast sync. Signal

Unreliable communication. Sent via IP over InfiniBand network)
Compute
Nodes

XN (oo X XN
L L | I
#0 #1 #2 N
. @ 31 3] @
Job list on @é/ @G/ @@/ @@/
Scheduler (Slurm) Obtaining Process IDs for Each Job ID
1N mm .........................
JOB_ID 12345 12346 12347 i OActive Job ID i
T — 31 23456 23457 G NSTEEIEOEE T |
v — 32 34567 34568

Table on Node #0t3/40



Unreliable Broadcast Synchronization in

Large-Scale Gang Scheduling Systems

XX _
Broadcast sync. Signal

Unreliable communication. Sent via IP over InfiniBand network)
Compute
_Nodes

w2 1. Send SIG_STOP to PIDs of Job 30

(12345, 12346, 12347)
2. Send SIG_CONT to PIDs of Job 31
(23456, 23457)

(o2
FUJITSU

Job list on @ﬁ/@ @
Scheduler (Slurm)

xqcess IDs for Each Job ID

-> It just fails to switch jobs but doesn’t lead to critical error ZZErSEm



Broadcast Messages: »

O
Unreliable Yet Rarely Dropped in Practice T

Paper [1] reports zero packet loss during the
transfer of 50PB data on the InfiniBand Network

[1] Kalia et al, FaSST: Fast, Scalable and Simple Distributed Transactions with Two-Sided
(RDMA) Datagram RPCs, USENIX OSDI'16

Similarly, we observed no packet loss during our
experimental testing of this system

© 2024 Fuijitsu Limited



What Happens if »

O
Broadcast Messages are Dropped? T

Broadcast Control Message Drop:

Leads to failure in job switching.

However, it does not cause any error, but rather continues the
current job.

Performance degradation:

The degradation caused by the drop is limited.

If 0.001% of messages are dropped, it results in just 0.001% of
performance degradation.

© 2024 Fuijitsu Limited



Demos » FUjiTSU

Running two rdbench™ visualization jobs
Simulation programs are running on a parallel cluster

Demonstrating how short jobs start immediately with Gang
scheduling

Jupyter Notebook Interactive Demo

Running Multiple 256-node MPI Jobs Concurrently

* K. Hiraga, rdbench, https://github.com/range3/rdbench
© 2024 Fuijitsu Limited



https://github.com/range3/rdbench

Running two rdbench™ visualization jobs

eSimulation programs are running on a parallel cluster

eDemonstrating how short jobs start immediately with Gang
scheduling

* K. Hiraga, rdbench, https://github.com/range3/rdbench
© 2024 Fuijitsu Limited



https://github.com/range3/rdbench

Batch Scheduling Gang Scheduling

Every 1.0s: squeue Every 1.0s: squeue
JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON) JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)
[kinoshita@compute5 ~]$ [kinoshita@compute5 ~]$ kinoshita@compute5 ~]$ [kinoshita@compute5 ~]%

Long Job-0.0% Short Job-0.0% Long Job-0.0% Short Job-0.0%

In this demonstration, we submit two jobs on a batch
scheduling system and a gang scheduling system.



Batch Scheduling Gang Scheduling

JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON) JOBID PARTITION NAME USER ST TIME MNODES NODELIST(REASON)

Long Job-0.0% Short Job-0.0% Long Job-0.0% Short Job-0.0%

The short job starts instantly with the gang scheduling system while
the batch scheduling system requires the completion of the long job.



Batch Scheduling Gang Scheduling

Every 1.0s: squeue Every 1.0s: squeue
JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON) JOBID PARTITION NAME USER ST TIME MNODES NODELIST(REASON)
[kinoshita@gcompute5 ~]$ [kinoshita@computes ~1% kinoshita@compute5 ~]% [kinoshita@compute5 ~]$

Long Job-0.0% Short Job-0.0% Long Job-0.0% Short Job-0.0%

The results of the visualization for each job appear on the movie.



Batch Scheduling Gang Scheduling

Every 1.8s: squeue Every 1.0s: squeue
JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON) JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)
kinoshita@computeS ~]§ sbatch -N 3 -p osl-4 long_job.sh [kinoshita@computes ~]§ kinoshita@compute5 ~]$ sbatch -N 3 -p 0s2-4 long_job.sh kinoshita@computes ~])$

Long Job-0.0% Short Job-0.0% Long Job-0.0% Short Job-0.0%

Submitting long jobs on both batch and gang scheduling systems



Jupyter Notebook Interactive Demo

@ Instances of IPython parallel are running on a parallel cluster

@ Comparison between batch scheduling and gang scheduling

© 2024 Fuijitsu Limited



Batch scheduling Gang scheduling

— O X = O X
Home X nteractive X + Home X nteractive +
C  (® 127.0.0.1:8888/notebooks/Interactive.ipynt e v R 0O & : C ® 127.0.0.1:8888/notebooks/Interactive.ipynb % R 0O &
File Edit View Run Kemnel Settings Help Trusted File Edit View Run Kernel Settings Help Trusted
B + XD O » m C » Code v Jupyterlab [7  Python 3 (ipykernel) @ B + X O8O » ®m C » Code v JupyterLab [ Python 3 (ipykernel) O

I_]- I::-
I

This is a demonstration of an iglieractive Jupyter Notebook that
uses a parallel cluster as itg ?@@D@@ﬁﬂ@l pProcessing systems

© 2024 Fujitsu Limited



Batch scheduling Gang scheduling

Home X Interactive X + V Home X Interactive X +
C @® 127.0.0.1:8888/notebooks/Interactive.ipynb 2 v » 0O &2 : C ® 127.0.0.1:8888/notebooks/Interactive.ipynb 2 Y« B 0O 2
File Edit View Run Kernel Settings Help Trusted File Edit View Run Kernel Settings Help Trusted
B + X 0O 0O Fﬂ B C » Code v JupyterLab [ Python 3 (ipykernel) @ B+ X DO 0O >, @ C » Code v JupyterLab [7  Python 3 (ipykernel) O
™ QM)
™ Y,
import ipyparallel as ipp import ipyparallel as ipp
rc = ipp.Client(profile='example-profile') rc = ipp.Client(profile='example-profile')
L ¥ [ ]:
%%pX FXpX
from mpidpy import MPI from mpidpy import MPI (
import random import random
import time import time
comm = MPI.COMM_WORLD comm = MPI.COMM_WORLD
rank = comm.Get_rank() rank = comm.Get_rank()
print(f"rank = {rank}")| print(f"rank = {rank}")|

Preparing the parellel environment
Writing the parallelicode to execute



Batch scheduling Gang scheduling

Home X Interactive X + Home X Interactive X +
C @ 127.00.1:8888/notebooks/Interactiveipynb 12 % ® O & C @ 127.00.1:8888/notebooks/Interactiveipynb 12 v N O &
File Edit View Run Kernel Settings Help Trusted File Edit View Run Kernel Settings Help Trusted
B + XD O » m C » Code v JupyterLab [7  Python 3 (ipykernel) @ B+ X O O » m C » Code v JupyterLab [7  Python 3 (ipykernel) O

Y

import ipyparallel as ipp import ipyparallel as ipp
rc = ipp.Client(profile='example-profile') rc = ipp.Client(profile='example-profile')
%%pX %%pX
) from mpidpy import MPI from mpidpy import MPI (
import random import random
import time import time
comm = MPI.COMM_WORLD comm = MPI.COMM_WORLD
rank = comm.Get_rank() rank = comm.Get_rank()
print(f"rank = {rank}") print(f"rank = {rank}")

[stdout:3] rank
[stdout:5] rank
[stdout:2] rank
[stdout:4] rank
[stdout:6] rank
[stdout:7] rank
[stdout:@] rank
[stdout:1] rank

We can see the result ﬁmm@@ﬂﬁ@ﬂy;@m gang scheduling system,
but nothing appears on HFbatch scheduling system

I " sepx: 100% | ¢/ (0001 <00:00, 6.60tasks/s]
|

L LU LN | BN | B | O L | B |}

H O NOERENDUVW



Batch scheduling

Gang scheduling

Home Interactive X + Home X Interactive X +
C @ 127.0.0.1:8888/notebooks/Interactive.ipynb L W *» 0O 2 C ® 127.0.0.1:8888/notebooks/Interactive.ipynb 2 W » 0O 2
File Edit View Run Kernel Settings Help Trusted File Edit View Run Kernel Settings Help Trusted
B + XD O » m C » Code v JupyterLab [7  Python 3 (ipykernel) @ B+ X O O » m C » Code v Jupyterlab [7  Python 3 (ipykernel) O
N

import ipyparallel as ipp import ipyparallel as ipp

rc = ipp.Client(profile='example-profile"') rc = ipp.Client(profile='example-profile')

%%pX %%pX

from mpidpy import MPI
import random

import time
MPI.COMM_WORLD
rank = comm.Get_rank()
print(f"rank = {rank}")

comm =

import
import
comm =
rank =

[stdout

from mpid4py import MPI

print(f"rank =

[stdout:
[stdout:
[stdout:
:4]
[stdout:
[stdout:
[stdout:
[stdout:

random

time
MPI.COMM_WORLD
comm.Get_rank()
rank}")

rank
rank
rank
rank
rank
rank
rank
rank

3]
5]
2]

non

6]
7]
e]
1]

H O NOEAE NV W

Providing interactive parallel programming environment

lar

and runnin

e-scale real-time applications immediatel



Demo #3 — large scale jobs: :
Running three 256-node MPI jobs

Running multiple 256-node MPI sample programs

Running on ARM-based compute nodes

Multiple jobs are submitted to a 256-node Slurm partition
Using Allreduce operations on each iteration

Time-slice duration is 100ms

O
FUJITSU

© Evaluation Environment (Demo 2 and evaluation)
i Computing Node:

© FUJITSU Supercomputer PRIMEHPC FX700

i CPU: FUJITSU A64FX Arm8.2-A SVE

: 48cores @ 2.0GHz

i RAM: 32 GiB HBM2

' Network interface: InfiniBand HDR100

. Interconnect: Full-bisection bandwidth fat-tree
' OS: Rocky Linux 8.5

© Slurm: 22.05

' OpenMPI: 4.1.5

© 2024 Fuijitsu Limited



[ohtsuji@scheduler ~]$ srun -N 256 -p 0703test-all-256 --reservation maint 30925 . /mp [ohtsuji ler 71§ [ohtsuji@scheduler 18
i

i-pi 128 2>81
L]
Submitti | Tele)
Every 0.5s: squeue scheduler: Mon Sep 25 17:45:33 2023
JOBID PARTITION NAME USER ST IllE NODES NODEL IST (REASON)
115515 0703test- mpi-pi ohtsuji 0:01 256 fx-14-34-(01-07], fx-15-18-[00-07], fx-15-20-[00-07], fx-15-22-[00-07]. fx-15-24-(00-07], fx-15-26-[00-07], fx-15-28-[00-07], fx-15-30-[00-07]. fx-15-32-(00-07]. fx-16-12-[00-07], fx-16-14-[00-07], fx-16-16-[00-07]. fx-16-18-[00-07]. fx-1

6- 20‘[00—07] fx-l5<22~[00-07] fx~|6~24—[00—07] fl~|6~26~[00-07] fx=17-10-[00-07], fx-17-12-[00-07]. fx-17-14-[00-07]. fx-17-16-[00-07]. fx-17-18-[00-07]. fx-17-20-[00-07]. fx-17-22-[00-07]. fx-17-24-[00-07]. fx-18-10-[00-07], fx-18-12-[00-07]. fx-18-14-[00-07]. fx-18-16-[00-07]. fx-18-18-[00-07], fx-18-2C

256 nodes allocated

Job allocation (squeue)

2023-09-25 (Mon) 17:45




[ohtsuji@ischeduler ~)$ srun -N 256 -p 0703test-all-256 --reservation maint 30925 . /mp [ohtsuji ler “]$ srun -N 256 -p 0703test-al|-256 --reservation maintenance20230925 . /mpi-pi 16 2 [ohtsuji@scheduler ~]$
i-pi 128 2>81 281

Initialization complete. Total ranks: 256 Initialization complete. Total ranks: 256

iteration: 1 of 128 iteration: 1 of 16

iteration: 2 of 128 iteration: 2 of 16

iteration: 3 of 128 I

iteration: 4 of 128
iteration: 5 of 128
iteration: 6 of 128
iteration: 7 of 128
iteration: 8 of 128
iteration: 9 of 128
iteration: 10 of 128
iteration: 11 of 128
iteration: 12 of 128
iteration: 13 of 128
iteration: 14 of 128

Submitting a short job #1

Every 0.5s: squeue scheduler: Mon Sep 25 17:45:36 202
JOBID PARTITION NAME USER ST TIIE NODES NODELIST (REASON)
115516 0703test- mpi-pi ohtsuji R 02 256 fx-14-34-[01-07]. fx-15-18-[00-07], fx-15-20-[00-07]. fx-15-22-[00-07], fx-15-24-[00-07], fx-15-26-[00-07], fx-15-28-[00-07], fx-15-30-[00-07]. fx-15-32-[00-07], fx-16-12-[00-07], fx~16-14-[00-07]. fx-16-16-[00-07]. fx-16-18-[00-07]. fx-

6[20—(0(])—07] fx- |5[22 [D(]Hn] fx-16-24- [00—07] fx-16- 25-[00—07] fx-17-10-[00-07]., fx-17-12-[00-07]. fx-17-14-[00-07]. fx-17-16-[00-07]. fx-17-18-[00-07], fx-17-20-[00-07]. fx-17-22-[00-07]. fx-17-24-[00-07]. fx-18-10-[00-07]. fx-18-12-[00-07]. fx-18-14-[00-07]. fx-18-16-[00-07]. fx-18-18-[00-07]. fx-18-2C
~[00-07], fx-18-22-[00-07]. fx-18-24-00

116615 0703test- mpi-pi 104 266 fx-14-34-[01-07], fx-15-18-[00-07]. fx-15-20-[00-07]. fx-16-22-[00-07]. fx-15-24-[00-07]. fx-15-26-[00~07], fx~156-28-[00~07]. fx~15-30-[00-07]. fx~15-32-[00-07]. fx-16-12-[00-07]. fx-16-14-[00-07]. fx-16-16-[00-07]1. fx-16-18-[00-07]. fx-

6-20-[00-07], fx-16-22-[00-07]. fx-16~ 24~[00 07] fx 16- 26-[00 07]. fx-17-10-[00-07]. fx-17-12-[00-07]. fx-17-14-[00-07]. fx-17-16-(00-07]. fx-17-18-[00-07]. fx-17-20-[00-07]. fx-17-22-[00-07]. fx~17-24-[00-07]. fx-18-10-[00-07]. fx-18-12-[00-07]. fx-18-14-[00-07]. fx-18-16-[00-07]. fx-18-18-[00-07], fx-18-2C
-[00-07], fx-18-22-[00-07]. fx-18-24-00

Two 256-node jobs are
sharing the same partition

Job allocation (squeue)




“iteration: 1 of 128 [ohtsuji@scheduler ~1$ srun -N 256 -p 0703test-al|-256 --reservation maintenance20230925 . /mpi-pi 16 2 [ohtsuji@scheduler ~)$ srun -N 256 -p 0703test-al|-256 --reservation maintenance20230925 . /mpi-
iteration: 2 of 128 &1 i 16 281

iteration: 3 of 128 Initialization complete. Total ranks: 256 Initialization complete. Total ranks: 256
iteration: 4 of 128 iteration: 1 of 16 iteration: 1 of 16

iteration: 5 of 128 iteration: iteration: 2 of 16

iteration: 6 of 128 iteration:

iteration: 7 of 128 iteration:

iteration: 8 of 128 iteration:

iteration: 9 of 128 iteration:
iteration: 10 of 128 iteration:
iteration: 11 of 128
iteration: 12 of 128
iteration: 13 of 128
iteration: 14 of 128
iteration: 15 of 128
iteration: 16 of 128
iteration: 17 of 128
iteration: 18 of 128
iteration: 19 of 128
iteration: 20 of 128

iteration:

iteration: 21 of 128 global = -1077943643. local = 786020. total = 16000000
iteration: 22 of 128 Average Pl value

iteration: 23 of 128 [ohtsuudschedulev ~18 srun -N 256 -p 0703test-al|-256 —reservation maintenance20230925 . /mpi-pi 16 2
iteration: 24 of 128

iteration: 25 of 128 lmtullzntlon complete. Total ranks: 256

iteration: 26 of 128 iteration: 1 of 16

iteration: 27 of 128 iteration: 2 of 16

iteration: 28 of 128 iteration: 3 of 16

iteration: 29 of 128 iteration: 4 of 16

iteration: 30 of 128 iteration: 5 of 16

iteration: 31 of 128 iteration: 6 of 16

iteration: 32 of 128 iteration: 7 of 16

iteration: 33 of 128

iteration: 34 of 128

iteration: 35 of 128

iteration: 36 of 128

iteration: g; o; lgg L 4

iteration of 1

e B Submitting two short
iteration: 40 of 128

iteration: 41 of 128

iteration: 42 of 128 (] .

iteration: 43 of 128

Haraton: 4 of 128 oS a e same time
iteration: 45 of 128

iteration: 46 of 128

iteration: 47 of 128

Every 0.5s: squeue scheduler: Mon Sep 25 17:45:47 202
JOBID PARTITION NAME USER ST TIIE NODES NODEL IST (REASON)
115518 0703test- mpi-pi ohtsuji 256 fx-14-34-[01-07]. fx-15-18-[00-07]. fx-15-20-[00-07], fx-15-22-[00-07]. fx-15-24-[00-07], fx-15-26-[00-07], fx-15-28-[00-07]. fx-15-30~[00-07]. fx-15-32-[00-07]. fx-16-12-[00-07], fx-16-14-[00-07]. fx-16-16-[00-07], fx-16-18-[00-07]. fx-

6[20—[0?—07] fx—lﬁfzz [0%)—07] fx-16-24- [00—07] fx—IG 25—[00—07] fx-17-10-[00-07], fx-17-12-[00-07]. fx-17-14-[00-07]. fx-17-16-[00-07]. fx-17-18-[00-07]. fx~17-20-[00-07]. fx-17-22-[00-07]. fx-17-24-([00-07). fx~18-10-[00-07], fx-18-12-[00-07], fx-18-14-[00-07]. fx-18-16-[00-07]. fx-18-18-[00-07], fx-18-2
~[00-07], fx-18-22-[00-07], fx-18-. 24-00
115517 0703test-  mpi-p suji 256 fx-14-34-[01-07], fx-15-18-[00-07]. fx-156-20~[00-07]. fx-156-22-[00-07]. fx-15-24-[00-07]. fx-15-26-[00-07], fx-15-28-[00-07]. fx~15-30~[00-07]. fx-15-32-[00-07]. fx~16-12-[00-07], fx-16-14~[00-07]. fx-16-16-[00-07]. fx-16-18-[00-07], fx-

6[&5%0—?1]I;xzéﬁ[gg_tlgg-g'llIfxz‘liiogl-[wo'll fx 16~ 26-[00—07] fx-17-10-[00-07]. fx-17-12-[00-07]. fx-17-14-[00-07]. fx-17-16-[00-07]. fx~17-18-[00-07]. fx-17-20-[00-07]. fx-17-22-[00-07]. fx-17-24-[00-07]. fx-18-10-[00-07]. fx-18-12-[00-07]. fx-18-14-[00-07]. fx-18-16-[00-07]. fx-18-18-[00-07]. fx-18-2
- x-18-] x-18-]

115515 0703test- mpi-pi ohtsuji R 256 fx-14-34-[01-07], fx~15-18-[00-07]. fx-15-20~[00-07], fx-15-22-[00-07]. fx-15-24~[00-07]. fx-15-26-[00-07], fx~15-28-[00-07], fx-15-30~[00-07]. fx-15-32-[00-07]. fx-16-12-[00-07], fx~16-14~[00-07], fx-16-16-[00-07]. fx-16-18-[00-07], fx-
6}&_5%)—(}7] ?;6;5&#}(}%})7] gxilf&z’d [00—07] fx-|6-26-[00—07] fx-17-10-(00-07], fx-17-12-[00-07]. fx~17-14-[00-07]. fx-17-16-(00-07]. fx-17-18-[00-07]. fx~17-20~[00-07], fx-17-22-(00-07]. fx-17-24-[00-07], fx-18-10~[00-07]), fx-18-12-[00-07], fx-18-14-[00-07], fx-18-16-[00-07]. fx-18-18-(00~07], fx-18-2
B x=1 x-18-24-

Job allocation (squeue)

[2023-09-25 (Mon) 17:45



“iteration: 11 of 128 [ohtsuji(’schedulcr 1§ srun -N 256 -p 0703test-al|-256 —-reservation maintenance20230925 . /mpi-pi 16 2 [ohtsuji@scheduler ~]$ srun -N 256 -p 0703test-al|-256 —-reservation maintenance20230925 . /mpi-{
iteration: 12 of 128 i 16 &1

iteration: 13 of 128 lnmallzatvon complete. Total ranks: 256 Initialization complete. Total ranks: 256
iteration: 14 of 128 iteration: 1 of 16 iteration: 1 of 16
iteration: 15 of 128 iteration: 2 of 16 iteration: 2 of 16
iteration: 16 of 128 iteration: 3 of 16 iteration: 3 of 16
iteration: 17 of 128 iteration: 4 of 16 iteration: 4 of 16
iteration: 18 of 128 iteration: 5 of 16 iteration: 5 of 16
iteration: 19 of 128 iteration: 6 of 16 iteration: 6 of 16
iteration: 20 of 128 iteration: 7 of 16 iteration: 7 of 16
iteration: 21 of 128 iteration: 8 of 16 iteration: 8 of 16
iteration: 22 of 128 iteration: 9 of 16 iteration: 9 of 16
iteration: 23 of 128 iteration: 10 of 16 iteration: 10 of 16
iteration: 24 of 128 iteration: 11 of 16 iteration: 11 of 16
iteration: 25 of 128 iteration: 12 of 16 iteration: 12 of 16
iteration: 26 of 128 iteration: 13 of 16 [ |
iteration: 27 of 128 iteration: 14 of 16
iteration: 28 of 128 iteration: 15 of 16
iteration: 29 of 128 iteration: 16 of 16
iteration: 30 of 128
iteration: 31 of 128 global = -1077943643. local = 786020, total = 16000000
iteration: 32 of 128 Average Pl value: 3.142
iteration: 33 of 128 [ohtsujléschedular "1$ srun -N 256 -p 0703test-al|-256 —reservation maintenance20230925 . /mpi-pi 16 2
iteration: 34 of 128
iteration: 35 of 128 lnltlallzatlen complete. Total ranks: 256
iteration: 36 of 128 iteration: 1 of 16
iteration: 37 of 128 iteration: 2 of 16
iteration: 38 of 128 iteration: 3 of 16
iteration: 39 of 128 iteration: 4 of 16
iteration: 40 of 128 iteration: 5 of 16
iteration: 41 of 128 iteration: 6 of 16
iteration: 42 of 128 iteration: 7 of 16
iteration: 43 of 128 iteration: 8 of 16
iteration: 44 of 128 iteration: 9 of 16
iteration: 45 of 128 iteration: 10 of 16
iteration: 46 of 128 iteration: 11 of 16
iteration: 47 of 128 iteration: 12 of 16
iteration: 48 of 128 iteration: 13 of 16
iteration: 49 of 128 iteration: 14 of 16
iteration® 50 of 128 iteration: 15 of 16
iteration: 51 of 128 iteration: 16 of 16
iteration: 52 of 128
iteration: 53 of 128 global = -1077981451, local = 785194, total = 16000000
iteration: 54 of 128 Average Pl value: 3.142
iteration: 55 of 128 [ohtsuji@scheduler “]$
iteration: 56 of 128
iteration: 57 of 128
L
Every 0.5s: squeue scheduler: Mon Sep 25 17:45:52 202
JOBID PARTITION NAME USER ST TIIE NODES NODELIST (REASON)
115517 0703test- mpi-pi ohtsuji C6 255 fx-14-34-[01-07], fx-15-18-[00-07], fx-15-20-[00-07], fx-15-22-[00-07], fx-15-24-[00-07], fx-15-26-[00-07]. fx-15-28-[00-07]. fx-15-30-[00-07], fx-15-32-[00-07]. fx-16-12-[00-07]. fx-16-14-[00-07]. fx-16-16-[00-07]. fx-16-18-[00-07], fx-

6~ 20—[0([)—07] {x 16-22- [0?—0] D?—O?] fx-16-24-[00-07]. fx—ls 26—[00—07] fx-17-10-[00-07]. fx-17-12-[00-07]. fx-17-14-[00-07]. fx-17-16-[00-07]. fx-17-18-[00-07], fx-17-20-[00-07]. fx~17-22-[00-07]. fx-17-24-[00-07]. fx-18-10-[00-07], fx-18-12-[00-07], fx-18-14-[00-07]. fx~18-16-[00-07]. fx-18-18-[00-07]. f:
-18-20-[00-07), fx-18-22-[00-07]. fx-18-24-00

115518 0703test- mpi-pi ohtsu 266 fx-14-34-[01-07]. fx-15-18-[00-07]. fx-16-20~[00-07]. fx-15-22-[00-07]. fx-15-24-[00-07], fx-16-26-[00-07]. fx-15-28-[00-07]. fx-156-30-[00-07]. fx-15-32-[00~07]. fx-16-12-[00-07], fx-16-14-[00-07]. fx~16-16-[00-07]. fx-16-18-[00~07]. fx-
Glgg:y;(]) (fl7] ;xZIG[sg_gg(])—(fm gxglﬁ 24~ 00~ 07] fx 16~ 26-[00-07] fx-17-10-[00-07], fx-17-12-[00-07]. fx-17-14-[00-07). fx~17-16-[00-07]. fx-17-18-[00-07]. fx-17-20-[00-07]. fx~17-22-[00-07). fx-17-24-[00-07]. fx-18-10-[00-07], fx-18-12-[00-07], fx-18-14-[00-07]. fx~18-16-[00-07]. fx-18-18-[00-07], fx-18-2(
- x-18-22- x-18-24-00

115515 0703test-  mpi-pi 256 fx-14-34-[01-07], fx-15-18-[00-07], fx-15-20~[00-07]. fx-15-22-[00-07], fx-15-24-[00-07], fx~15-26-[00-07]. fx~15-28~[00-07]. fx-15-30-[00-07]. fx-15-32-[00-07], fx~16-12-[00-07]. fx~16-14-[00-07]. fx-16~16-[00-07]. fx-16-18-[00-07], fx~
6~ 20-[00—07] fx-1 6—22 [00-07] = 16—24—[00-07] fx-|6-26-[00—07] fx=17-10-[00-07], fx-17-12-[00-07]. fx-17-14-[00-07]. fx-17-16-[00~07]. fx-17-18-[00-07]. fx~17-20-[00-07]. fx~17-22-(00-07]. fx-17-24-[00-07]. fx-18-10~[00-07], fx-18-12-[00-07], fx-18-14-[00-07]. fx-18-16-[00-07]. fx-18-18-[00-07] fx-18-2(

Three 256-node jobs are
Job allocation (squeue) sharing the same partition

[2023-09-25 (Mon) 17:45




) . 85 of 128
iteration: 86 of 128
iteration: 87 of 128
iteration: 88 of 128
iteration: 89 of 128
iteration: 90 of 128
iteration: 91 of 128
teration: 92 of 128
iteration: 93 of 128
iteration: 94 of 128
iteration: 95 of 128
iteration: 96 of 128
97 of 128
© 98 of 128
: 99 of 128
100 of 128
< 101 of 128
© 102 of 128
iteration: 103 of 128
iteration: 104 of 128
iteration: 105 of 128
iteration: 106 of 128
teration: 107 of 128
teration: 108 of 128
iteration: 109 of 128
iteration: 110 of 128
iteration: 111 of 128
iteration: 112 of 128
< 113 of 128

114 of 128
© 115 of 128
116 of 128
© 117 of 128
118 of 128
iteration: 119 of 128
iteration: 120 of 128
iteration: 121 of 128
iteration: 122 of 128
iteration: 123 of 128
iteration: 124 of 128
iteration: 125 of 128
iteration: 126 of 128
iteration: 127 of 128
iteration: 128 of 128

The long job
completed

global = -33885674, local = 785836, total = 128000000
Average Pl value: 3.142
[ohtsuji@scheduler 7§
Every 0.5s: squeue
JOBID PARTITION NAME USER ST TIME NODES NODELIST (REASON)

Job allocation (squeue)

global = -1077943643. local = 786020, total =
Average Pl value. 3.
[nhtsujiﬂscheduler ~1$ srun -N 256 -p 0703test-al|-256 —reservation maintenance20230925 . /mpi-pi 16 2

16000000

lnltlnllzatlon complete. Total ranks: 256
iteration: 1 of 16
iteration: 2 of 16
iteration: 3 of 16
iteration: 4 of 16
iteration: 5 of 16
iteration: 6 of 16
iteration: 7 of 16
iteration: 8 of 16
iteration: 9 of 16
iteration: 10 of 16
iteration: 11 of 16
iteration: 12 of 16
iteration: 13 of 16
iteration: 14 of 16
iteration: 15 of 16
iteration: 16 of 16

global = -1077981451, local = 785194, total = 16000000
Average Pl value: 3.1
[ahtsujiOscheduler ~]$ srun -N 256 -p 0703test-al|-256 —reservation maintenance20230925 . /mpi-pi 16 2

Inltlallzatlon complete. Total ranks: 256
iteration: 1 of 16
iteration: 2 of 16
iteration: 3 of 16
iteration: 4 of 16
iteration: 5 of 16
iteration: 6 of 16
iteration:
iteration: 8 of 16
iteration: 9 of 16
iteration: 10 of 16
iteration: 11 of 16
iteration: 12 of 16
iteration: 13 of 16
iteration: 14 of 16
iteration: 15 of 16
iteration: 16 of 16

global = -1077959275, local = 785317. total = 16000000
Average Pl value: 3. 14;
[ohtsuji@scheduler ~1$ |

[ohtqulecheduler ~]$ srun -N 256 -p 0703test-al|-256 --reservation maintenance20230925 . /mpi-
i 16 28

lnltlallzatlan complete. Total ranks: 256

iteration: 1 of 16

iteration 2 of 16

iteration: 3 of 16

iteration: 4 of 16

iteration: 5 of 16

iteration: 6 of 16 »
iteration: 7 of 16

iteration: 8 of 16

iteration: 9 of 16

iteration: 10 of 16

iteration: 11 of 16

iteration: 12 of 16

iteration: 13 of 16

iteration: 14 of 16

iteration: 15 of 16

iteration: 16 of 16

global = -1077988639, local = 784990, total =
Average Pl value: 3.142

[oll\twgltschedular 1§ srun -N 256 -p 0703test-al 1-256 ——reservation maintenance20230925 . /mpi-
i

Initialization complete. Total ranks: 256

iteration f 16

iteration: 2 of 16

iteration: 3 of 16

iteration: 4 of 16

16000000

iteration: 5 of 16
iteration: 6 of 16
iteration: 7 of 16
iteration: 8 of 16

iteration: 9 of 16
iteration: 10 of 16
iteration: 11 of 16
iteration: 12 of 16
iteration: 13 of 16
iteration: 14 of 16
iteration: 15 of 16
iteration: 16 of 16

global = -1077997074, local = 785302, total
Average Pl value: 3.142
[ohtsuji@scheduler ~]$

= 16000000

scheduler: Mon Sep 25 17:46:17 202

[2023-09-25 (Mon) 17:46
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and a real application

e Comparison: Our broadcast sync and
Slurm/OpenMPI signal propagation
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e Communication performance R

GROMACS (benchRIB) 128nodes execution time

e MPI AlltoAll: Improved scalability 1200 (05sec time shce)

1050

e Application performance
e 2.7x speedup on GROMACS (128nodes)

® The overhead caused by time-sliced
execution was only 6.3% 0

M Broadcast sync. M Slurm+OpenMPl M 2x time of single executior
Signal Propagation  (optimal for reference)
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385
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Unreliable Broadcast synchronization enables
scalable interactivity cn large-scale clusters




Improved Interactivity and Throughput Fujitsu

® \We have already deployed the mechanism on the actual

system _ _
e Integrated with Slurm Scheduler Time;
® Successfully eliminated I |
gaps caused by large jobs § [ ]
=z

® We confirmed
® Shortened waiting time
® Job throughput acceleration

on our on-premise cluster

Nodes

Gaps are eliminated by
i the gang scheduling
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Improved Interactivity and Throughput Fujitsu

® \We have already deployed the mechanism on the actual
system

. Ordinally batch scheduling
® Integrated with Slurm Scheduler

® Successfully eliminated ': | —
[ 1] [ ]
'

gaps caused by large jobs
With our gang scheduling

® We confirmed
® Shortened waiting time
® Job throughput acceleration o

on We have implemented this mechanism on -
the 1056-nodes ARM-based cluster. uling
More results will be available soon!

D24 Fujitsu Limited
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